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The socioeconomic burden of traumatic brain injury

Incidence

Worldwide traumatic brain injury (TBI) represents a major cause of death and 
long-term disability. The most common causes are tra!c and cycling accidents, 
a fall from height or a blow to the head. An European-based systematic 
review found an annual incidence of hospitalized and fatal casualties of 
TBI of 235/100,000 inhabitants.1 Within Europe, reported incidence ranges 
from 11/100,000 inhabitants (in Belgium) to 453/100,000 inhabitants (in the 
United Kingdom).2,3 These findings are comparable to Australian data.4 The 
Centers for Disease Control and Prevention in the United States report an 
annual incidence of emergency department visits of 403/100,000 inhabitants 
from which 85/100,000 patients are admitted because of neurotrauma.5 Most 
studies emphasize the high socio-economic burden of TBI in Western societies. 
Patients are often male with a median age of 30-45 years.4,6,7 While in the past 
decades tra!c accidents played a major role, ongoing improvements in safety 
laws and preventive measures (seatbelt, airbag, helmet, speed limit) begin 
to change patient demographics among TBI victims. The number of fatalities 
due to tra!c accidents decreased by 50% between 1985 and 2005, and the 
overall hospital admittance after a tra!c incident was reduced by 16%.8 In 
the Netherlands, about 130,000 patients per year are admitted to a hospital 
because of TBI varying from mild contusions to severe blunt or invasive 
cerebral injury.9-12  Tra!c accidents are still the number one cause of moderate 
and severe TBI in the Netherlands,6 while the number of severe TBI patients due 
to a fall from height has increased.13 

Outcome

Recently, the POCON-study (Prospective Observational Cohort on Neurotrauma) 
in moderate to severe TBI in the Netherlands, investigated outcome variables 
of patients with TBI.6 In this study, the mortality rate at six months was 21% in 
moderate TBI and 46% in severe TBI. In surviving patients, with moderate or severe 
TBI, 45% and 52% showed some level of disability as measured by the extended 
Glasgow Outcome Scale (GOSE) at 1-year post-injury, respectively.6 These 
findings clearly demonstrated the unfavorable and long-term consequences 
of moderate and severe TBI and emphasize that moderate and severe traumatic 
brain injuries represent a relevant health care problem in the Netherlands.
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TBI classification

The classification of TBI is based on trauma mechanisms as well as injury 
severity levels. The primary injury can be blunt or penetrating by nature, and 
initiates a cascade of pathophysiological mechanisms leading to secondary 
brain injury.14 The combination of primary and secondary injuries determine 
long-term outcome. Often the Glasgow Coma Scale (GCS) score is used in the 
prehospital and emergency department setting based on the combination of 
the best eye, movement and verbal response, which is also known as the EMV 
score. Patients with a GCS score of 14 or 15 are classified to have mild TBI, while 
a score from 9-13 indicates moderate TBI and a score of 3-8 a severe TBI. In 
sedated patients this simple classification cannot be used, and these patients 
are frequently scored as a GCS of 3. The present thesis focused on patients with 
severe TBI with a GCS score of 8 or lower. 
Another TBI classification is based on cranial computed tomography (CT) 
where the presence or absence of mass lesions, di"use injuries or signs of 
increased intracranial pressure (ICP) could be diagnosed. There is increasing 
attention to the validity of currently used CT classifications15,16 and the relation 
of quantifiable CT characteristics with patient survival to improve predictive 
outcome models for patients with cerebral injury.17-21

Prehospital health care organization in the Netherlands
Treatment of victims with TBI starts on-scene and is the first step in the chain 
of survival. Prehospital management focuses on stabilization and prevention 
or limitation of secondary brain injury by cerebral hypoxia, hypocapnia, 
hypercapnia, decreased cerebral perfusion pressure, intracranial hemorrhage 
and metabolic derangements.7,22-24 In 1995, the Brain Trauma Foundation (BTF) 
published the first guidelines for management of severe TBI. These guidelines 
were updated in 2007.25 
In the Netherlands, a relatively small but densely populated country, prehospital 
trauma care is organized by law enforcements aiming to provide uniform care 
in all regions. Patients with mild to moderate TBI receive basic life support (BLS) 
provided by paramedic Emergency Medical Services (EMS). Paramedic teams are 
trained according to the Dutch Landelijk Protocol Ambulancezorg (LPA).26 This 
protocol includes guidelines for intravenous access, endotracheal intubation of 
patients with a GCS score of 3 and oxygen therapy with facemask or bag-valve 
ventilation. Dutch paramedics are not allowed to apply anesthetics or muscle 
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relaxants for endotracheal intubation in patients with existing airway reflexes. 
In more severe TBI patients with a GCS score # 8, Advanced Life Support (ALS) 
should be provided by physician-based helicopter Emergency Medical Services 
(P-HEMS). These teams are sta"ed with physicians (anesthesiologists, trauma 
surgeons) and a nurse, and treat patients according to the Medical Mobile Team 
(MMT) protocol based on BTF guidelines.25,27 The first helicopter teams started 
in Amsterdam (VU University Medical Center, 1995) and Rotterdam (Erasmus 
Medical Center, 1997) resulting in a reduced mortality in patients su"ering 
from road tra!c accidents. Subsequently, two additional helicopter teams 
(St. Radboud University Nijmegen Medical Center and the University Medical 
Center Groningen) were started. These four helicopter services cover most of 
the surface of the Netherlands within medical reasonable time. In some remote 
areas, Belgian and German helicopter teams support these teams. In 2010 day 
and night-time availability was introduced, leading to a 24-hour coverage in 
case of severely compromised patients.

Referral of TBI patients

There is an ongoing discussion whether secondary referral from a level II or III 
trauma center of neurotrauma victims to a level I trauma center impacts final 
patient outcome. Härtl and others showed that patients with severe traumatic 
brain injury who were first transported to a non-tertiary center showed 
higher mortality rates, and suggested that all severely injured patients should 
directly be transferred from the accident scene to a Level I or II trauma center 
with neurosurgical facilities.28,29 In contrast, a retrospective study in patients 
with severe traumatic brain injury showed no di"erences in outcome among 
subjects who were directly transported to a level I trauma center or secondary 
referred patients.30 Overall, these findings suggest that direct transportation 
of severe brain injury patients to specialized neurotrauma center should be 
preferred over secondary referral.

Guidelines and ongoing controversies
The actual BTF-guidelines address three major topics: 1) airway, ventilation and 
oxygenation, 2) fluid resuscitation and 3) treatment of increased intracranial 
pressure. In addition, a chapter on prehospital decision-making is included 
addressing dispatch, scene, transportation and destination.25 
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Airway, ventilation and oxygenation

The level of evidence for the BTF recommendations on airway, ventilation and 
oxygenation is weak and recommendations are based on studies with a low 
class of evidence.25 For example, guidelines recommend that patients who 
are spontaneously breathing, thereby maintaining SpO2 levels above 90% 
on supplemental oxygen, should not receive anesthetics for endotracheal 
intubation. However, it remains questionable whether the initiation of ALS 
should depend on prehospital SpO2 values as suggested above.25 An Australian 
study showed that only 7.2% of neurotrauma patients had prehospital SpO2 
values below 90%, while the highest mortality rates were observed in patients 
with SpO2 levels between 90% and 95%.31 In another study, the e"ectiveness 
of BLS and ALS in a subgroup of patients with severe TBI were compared.32 
ALS with endotracheal intubation was beneficial in patients with severe TBI, 
but only when ALS was performed by physician-based emergency medical 
services.32 The German guidelines come to a similar conclusion. Anesthesia 
and endotracheal intubation in severely injured patients play a crucial role, 
but should only be performed or supervised by a trained and experienced 
anesthesiologist.33 In the Netherlands, the induction of anesthesia and the use 
of neuromuscular blocking agents are restricted to anesthesiologists, as both 
may lead to serious complications. 
Furthermore, the BTF guidelines recommend to establish a secure airway in 
all patients with severe TBI who are unable to maintain an adequate airway 
or su"er from uncorrectable hypoxia.25 Currently, this recommendation is 
controversial. The literature can be divided in studies recommending ‘scoop 
and run’ strategies or ‘stay and play’ scenarios with establishment of a secure 
airway.34-36 There is increasing evidence that the presence of a well-trained 
team during prehospital endotracheal intubation in severe TBI contributes 
to a beneficial outcome, and in these cases ‘stay and play’ scenarios may be 
beneficial for patients with severe TBI.27,32,37-43

Prevention of hypoxia 

There is consensus that hypoxia and cerebral ischemia are major risk factors 
for secondary brain injury and unfavorable outcome.44 The reported incidence 
of prehospital hypoxia varies between 7% and 20%7,31 originating from 
cerebral hypoperfusion due to tissue injury, increased intracranial pressure 
(ICP), cerebral edema and hypocapnic vasoconstriction. During hypoperfusion 
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the balance between oxygen supply and oxygen demand is disturbed which 
may lead to further progression of cerebral ischemic injury. Hypoxic events 
often occur immediately after the primary brain injury requiring prehospital 
treatment to improve cerebral blood flow. The combined e"ects of hypoxia 
and hypotension on patient outcome is substantially greater than the sum of 
both.25,44-47 Adequate monitoring, including end-tidal CO2 or SpO2 may help 
to guide prehospital ventilation. Arterial pO2 levels ranging between 110-487 
mmHg were associated with favorable outcome when compared to lower or 
higher ranges of arterial oxygen tension.48 Of note, also extreme hyperoxemia 
shows negative e"ects. Hyperoxemia can lead to cerebral vasoconstriction, 
reduced cerebral blood flow and hypoxia, formation of reactive oxygen radicals 
and inhibition of metabolic enzymes, thereby contributing to an unfavorable 
outcome in brain injury.48-50

In addition, both hypocapnia and hypercapnia are associated with cerebral 
hypoxia due to local vasoconstriction or vasodilation.51,52 Studies using 
cerebral near-infrared spectroscopy and cerebral microdialysis showed that 
hypercapnia increased intracranial pressure and cerebral blood flow velocity in 
brain injured patients.53 TBI patients with normal pCO2 values (35-45 mmHg) 
upon Emergency department admission had a lower in-hospital mortality 
than patients with lower (< 35 mmHg) or higher (> 45 mmHg) pCO2 values.54 
Prehospital hyperventilation should be strictly limited to patients with signs of 
cerebral herniation. In order to improve the safety of prehospital endotracheal 
intubation and mechanical ventilation in severe TBI, health care organizations 
should implement capnography in prehospital emergency care. Novel 
instruments for prehospital airway management include video laryngoscopy 
devices, like the C-MAC or Glidescope. 

Fluid resuscitation

Arterial hypotension due to acute hypovolemia represents a major secondary 
risk factor after neurotrauma. A single episode of hypotension has been shown 
to be associated with increased morbidity and mortality.7,44,45,47 On the other 
hand, hypertensive episodes with systolic blood pressures (SBP) exceeding 150 
mmHg are also associated with unfavorable outcome.55

The BTF guidelines recommend to treat hypotension by isotonic fluid 
resuscitation targeting for a systolic blood pressure above 90 mmHg.25 Lactated 
Ringer’s is preferred over normal saline for extracellular fluid replacement 
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due to a lower risk of hyperchloremic metabolic acidosis.56 In recent years, 
hypertonic solutions received more and more attention. It has been suggested 
that hypertonic solutions, such as hypertonic saline or saline-dextran and 
osmotic diuretics like mannitol, have a beneficial e"ect on intracranial 
pressure, and should therefore be preferred over isotonic fluid resuscitation 
in the prehospital setting. However, the value of hypertonic fluid resuscitation 
remains unclear. A comparison of isotonic with hypertonic solution showed that 
both types of acute fluid resuscitation promote similar systemic and cerebral 
hemodynamic benefits.57 A systematic review showed no clear benefits of 
hypertonic over isotonic solutions on long-term outcome in traumatic brain 
injury.56 Hypertonic fluid resuscitation was associated with a lower intracranial 
pressure when compared to lactated Ringer’s.57 More studies are definitively 
required to define the optimal time-point for fluid administration, dosing and 
type of  fluid resuscitation in traumatic brain injury.

Old and new outcome predictors in severe TBI
Outcome predictors for survival or 6-month neurological outcome include age, 
prehospital Glasgow Coma Scale score, pupillary response to light, cranial CT 
classification, pattern of extracranial injury and secondary injury parameters 
like hypotension and hypoxia.20,58,59 Recently it has been suggested that also 
biomarkers may predict outcome in severe TBI (Glial Fibrillary Acidic Protein and 
S100B), but more research is required to further validate these biomarkers.60,61

Interestingly, patients with brain injury are at high risk for the development of 
hemostatic abnormalities, even in the absence of extracranial injuries or visible 
hemorrhage. There is a growing interest in the pathophysiology and predictive 
value of hemostatic abnormalities in these patients. First reports about 
coagulopathy in patients with head injury were published in the 1960s and 
1970s. Drayer et al. showed a state of disseminated intravascular coagulation in 
two cases of head injury. They ascribed this phenomenon to the cerebral release 
of thromboplastin, which consists of a combination of phospholipids and 
tissue factor.62 Intact cerebral tissue contains high levels of tissue factor. Large 
amounts of brain tissue factor can release thrombin, leading to activation of 
the coagulation pathway and resulting in traumatic intravascular coagulation 
and consumption of required clotting factors.63-65 This process is frequently 
accompanied by the formation of microthrombi and the development of 
thromboembolic events. Additionally, hypoperfusion promotes endothelial 
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thrombomodulin expression that binds thrombin, thereby inhibiting fibrin 
generation from fibrinogen. Moreover, the thrombomodulin-thrombin 
complex additionally activates protein C, which inhibits plasminogen activator 
inhibitor 1 (PAI-1) and the coagulation factors Va and VIIIa.66-68 Simultaneously, 
endothelial t-PA release contributes to the initiation of fibrinolysis. This finally 
leads to a disturbed balance between clot formation and clot breakdown.66-68

In addition to coagulopathy, acidosis and hypothermia further deteriorate 
hemostasis in patients with traumatic brain injury.69,70 Thrombin formation 
is impaired by both acidosis and hypothermia. Whereas acidosis reduces 
maximum thrombin formation, hypothermia reduces the rate of thrombin 
formation. The combination of both parameters has a cumulative e"ect 
on coagulation, thereby contributing to the development of hemostatic 
abnormalities.71,72

The reported incidence of coagulopathy in TBI ranges between 10% and 90%. 
Recent studies showed an incidence proportion of about 25% in the acute 
phase of TBI, which increased up to as much as 50% in the days following 
the accident.73,74 Interestingly, these studies particularly focused on isolated 
TBI so that disturbances of coagulation parameters due to extracranial injury 
could be excluded. Classical coagulation tests like the prothrombin time 
(PT) and activated partial thromboplastin time (aPTT) are time-consuming 
and unspecific. In contrast, point-of-care coagulation monitoring, like 
thromboelastography or thromboelastometry may facilitate, in the future, fast 
diagnosis and goal-directed therapy.75-80 Therapeutic options in patients with 
TBI associated coagulation disorders include the administration of recombinant 
factor VIIa, which initiates thrombus formation and may lead to a decreased 
progression of cerebral hemorrhage.81-83 However, as recombinant factor VIIa 
preferably migrates to hypoxic areas, the administration of this coagulation 
factor may additionally be associated with ischemia.84 A second treatment 
modality represents the inhibition of hyperfibrinolysis with tranexamic acid. 
Ongoing studies, like the CRASH-3 trial, may provide a definite answer for the 
e"ectiveness of anti-fibrinolytic therapy in brain-injured patients.
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Aim of this thesis
Within the context described above, this thesis focuses on specific aspects 
of prehospital care and secondary risk factors in patients with TBI, including 
hypotension, hypoxia, and hemostatic disorders, on patient outcome. In 
addition, it discusses current prehospital management strategies and will 
provide some novel evidence for prehospital assessment and treatment of 
patients with severe TBI.

In chapter 2, the current state of the art and the ongoing discussion with 
respect to prehospital care of traumatic brain injury is described. In chapter 
3 the adherence to the BTF guidelines for prehospital care in severe TBI is 
addressed. Chapter 4 describes the association of secondary risk factors 
with patient outcome. Chapter 5 investigates whether the deployment of 
a physician-based helicopter Emergency Medical Service in a multicenter 
setting, impacts prehospital run times. Chapter 6 studies the characteristics of 
patients with severe TBI that received prehospital Advanced Life Support by a 
physician-based Emergency Medical Service. Chapter 7 describes the incidence 
proportion of hemostatic disturbances in patients with severe, isolated TBI as 
well as the association of the occurrence of coagulopathy with the Traumatic 
Coma Data Bank (TCDB) CT classification. Chapter 8 describes the occurrence 
of early or delayed coagulopathy in patients with severe, isolated TBI that 
were admitted to hospitals participating in the POCON registry. Hemostatic 
abnormalities were investigated in relation to cranial CT characteristics, 
mortality and 6-month outcome. 
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Abstract

Purpose of review
Prehospital management a"ects long-term outcome of patients with 
severe traumatic brain injury (TBI). This article reviews current concepts 
and ongoing controversies of prehospital treatment of severe traumatic 
brain injury. 

Recent findings
Prehospital management focuses on prevention of secondary brain injury 
and rapid transport to a neurotrauma center for definitive diagnosis and 
life- as well as brain-saving emergency treatment such as decompressive 
craniotomy. There is broad consensus that adequate airway 
management, oxygenation, normocarbia, prevention of hypotension 
and control of hemorrhage represent preclinical therapeutic modalities 
that may contribute to improved survival in severe traumatic brain injury. 
The precise role of prehospital endotracheal intubation, osmotic agents 
and early therapeutic hypothermia needs to be clarified in the context 
of time required for transportation to the nearest neurotrauma center, 
local infrastructure, geographical factors and availability of experienced 
emergency teams.

Summary
Prehospital management of traumatic brain injury remains challenging. 
There are no universal objectives suitable to all patients because local 
infrastructure, geographical factors and availability of trained and 
experienced teams play a key role. More prospective, randomized, 
controlled clinical trails are necessary for developing optimal protocols 
for paramedic and physician emergency medical teams. 
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Introduction
Severe traumatic brain injury (TBI) represents a leading cause of death and long-
term disability, with substantial public health impact.1,2 Functional outcome 
after TBI is determined by the extent and reversibility of cerebral injury as 
well as multiple patient- and treatment-related factors.3-7 Interestingly, when 
all costs of treatment of severe TBI are considered, aggressive treatment has 
been shown to be a cost-e"ective option with more quality-adjusted life years.8 
Since on-scene treatment is the first step in this chain of survival9, this review 
highlights concepts and ongoing controversies of prehospital treatment of 
severe TBI.

Pathophysiology
The pathophysiological processes following TBI are complex and dynamic. 
Primary brain injury results from kinetic energy transferred to the brain 
during the traumatic event. Secondary injury develops as a consequence of 
a variety of factors, such as intracranial hemorrhage, cerebral hypoxia, hypo- 
or hypercapnia, hypo- or hyperglycemia and cerebral edema formation.10-12 
Prolonged elevated intracranial pressure (ICP) and decreased cerebral perfusion 
further result in irreversible brain damage.13,14 
One of the most important secondary injury mechanisms is the hemorrhagic 
progression of a contusion during the first hours after the kinetic impact, 
leading to necrotic cell death.10 At the same time, many TBI patients develop 
hemostatic abnormalities that may worsen secondary injury.15-17 Early 
prevention of secondary injury is therefore essential to improve outcome and 
patient prognosis. 

Treatment
Management of severe TBI starts in the prehospital setting.9,18 Primary on-scene 
treatment focuses on limiting secondary brain injury by application of a group 
of interventions. These include adequate airway management, oxygenation 
and ventilation,19-21,22-24 and maintenance of arterial blood pressure25 to ensure 
an optimum cerebral perfusion pressure between 50 and 70 mmHg.13 In 
particular, hypoxia (SpO2 <90%) and hypotension (systolic blood pressure < 90 
mmHg) after severe TBI have been identified as independent, but preventable 
risk factors for unfavorable outcome.11 These prehospital interventions 
should be applied as rapidly as possible. At the same time, patients should be 
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transported to the nearest neurotrauma center as soon as possible for definitive 
diagnosis and life- as well as brain-saving emergency treatment measures, such 
as decompressive craniotomy in cases of increased intracranial pressure.26,27 
In this context, transportation distance, local and regional infrastructure and 
experience of the prehospital teams are critical success factors for long-term 
morbidity as well as mortality in patients with severe TBI.28,29

Prehospital interventions can be divided into basic life support (BLS) and 
advanced life support (ALS). BLS is usually applied by paramedic emergency 
medical services (EMS), and includes spine protection, fluid resuscitation, 
oxygen therapy, control of any active hemorrhage and rapid transportation. 
In contrast, advanced life support is usually applied by emergency physicians 
and additionally includes induction of anesthesia, endotracheal intubation 
and mechanical ventilation. 
The Brain Trauma Foundation (BTF) guidelines for prehospital management of 
severe TBI were updated in 2007.18,30 These guidelines advocate early advanced 
life support in TBI patients. In reality, compliance to guidelines varies with 
infrastructure, geographical factors and availability of trained teams.19 The 
controversy whether ALS unnecessarily delays transportation to the next 
neurotrauma center remains an ongoing debate.31 As of now, data is inconclusive 
as regards whether a “scoop and run” or “stay and play” scenario results in better 
long-term outcome. Due to fundamental di"erences in infrastructures and 
emergency team qualifications, available studies are not comparable.

Prehospital airway management
There is broad consensus that adequate airway management and ventilation 
represent crucial prehospital interventions in the early management of 
TBI. Guidelines advise that a secured free airway will be established by the 
most appropriate means.18,30 However, the role of prehospital endotracheal 
intubation in severe TBI remains controversial and the ongoing discussions 
focus on two questions. Who is best qualified for prehospital endotracheal 
intubation,21 and whether a rapid sequence induction technique with sedating 
and neuromuscular blocking agents should be applied or not.22 
Most studies on the benefits and risks of prehospital intubation are observational 
and/or retrospective,19-21,32-34 and there is a need for standardization of 
data reporting for prehospital airway management.35 A systematic review 
concluded that as of now available evidence is not adequate to define the 
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best practice in these circumstances.32 Multiple factors, including emergency 
medical service organization, skills of sta" and expected transportation times 
should be considered. Esophageal intubation, aspiration and circulatory e"ects 
of induction drugs may complicate prehospital endotracheal intubation 
performed under time pressure. In addition, administration of neuromuscular 
drugs to facilitate intubation can result in life threatening situations if 
intubation fails. Emergency medical services attempting endotracheal 
intubation without sedation and/or neuromuscular drugs showed low success 
rates and worse outcomes when compared to basic airway management, such 
as bag-valve-mask ventilation and application of oxygen. Adequate training 
and skill retention of sta" is crucial and should be subject of future quality 
improvement studies.36-38 Of note, prehospital rapid sequence induction had 
a low complication rate when performed by appropriately trained personnel.39 
Particularly, while ground-based paramedics experienced problems in 31% of 
all intubation attempts,23 physician-based emergency medical services were 
more successful (97-99% success) in securing a free airway.38

Interestingly, a large trauma registry showed that on-scene intubation 
particularly improved outcomes in more critically injured TBI patients with 
higher injury severity scores if the airway is managed by an experienced 
emergency medical service.20 The presence of an anesthesiologist may add 
to the beneficial e"ects of prehospital airway management as reflected by 
a lower number of intubation attempts, higher intubation success rates and 
less oxygen desaturation during the intubation procedure when compared 
to rapid sequence induction done by paramedics.37-39 This was confirmed in a 
second study showing improved adjusted mortality in severe TBI if managed 
by a paramedic team with su!cient experience in prehospital intubation 
at the site of the accident.21 In the first and only prospective randomized 
controlled clinical trial of prehospital intubation in adult patients with severe 
TBI, paramedic managed RSI significantly improved favorable outcome at 6 
months post-injury.22 At this point more prospective, randomized, controlled 
clinical trails are necessary in order to formulate consensus-based protocols for 
prehospital endotracheal intubation. 

Prehospital anesthetic drugs
There are no trials comparing the e!cacy of di"erent anesthetics for prehospital 
RSI in patients with severe TBI. Anesthetics with vasodilatory actions may 
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induce unwanted hypotension, resulting in secondary brain injury. Recently, 
an incidence of prehospital hypotension of 23% was reported in patients who 
were intubated in the field, and this hypotension was an independent predictor 
of unfavorable patient outcome.11

Ketamine is suggested to be contraindicated in patients with neurotrauma 
because of possible rise in intracranial pressure. This dogma is being 
reconsidered in the last decade.40 A randomized controlled study compared 
etomidate with ketamine for rapid sequence intubation in acutely ill patients.41 
The authors reported that ketamine is a safe alternative to etomidate for 
endotracheal intubation in critically ill patients. 

Prehospital normoventilation 
Prehospital hypoxemia is an independent predictor of mortality in TBI, and 
adequate ventilation is therefore crucial in the management of severe TBI 
patients.42-45 Prehospital hypo- as well as hypercapnia may adversely a"ect 
the outcome in TBI. In particular, hypocapnia (end-tidal CO2 < 35 mmHg) 
due to spontaneous or mechanical hyperventilation decreases arterial pCO2 
and results in cerebral vasoconstriction, thereby contributing to secondary 
brain injury and cerebral edema formation.46,47 In contrast, mechanically 
ventilated TBI patients with end-tidal CO2 in the normal range (35-44 mmHg) 
have significantly better outcome.23 While hypocapnia induces cerebral 
vasoconstriction, reduced cerebral blood flow and hypoxia, hypercapnia results 
in vasodilatation, increase in cerebral blood flow and cerebral blood volume 
and intracranial pressure. Both, hypo- as well as hypercapnia is associated with 
cerebral tissue acidosis. 
Hyperventilation may be a life-saving intervention in the setting of acute 
brainstem herniation. Apart from this specific indication there is consensus that 
preclinical hypo- as well as hyperventilation should be avoided in severe TBI.  In 
this context, it has been suggested that prehospital capnometry monitoring 
may help to perform normocapnic mechanical ventilation.24 However, 
adequate monitoring, including pulse oxymetry or end-tidal capnography, is 
frequently not available in the prehospital setting.

Mild hyperoxemia
Hyperoxemia has been proposed to improve cerebral oxygenation and 
outcome in TBI patients. The optimal oxygen tension for TBI patients is unclear, 
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however, there are no data supporting the application of an inspiratory oxygen 
fraction of 1.0. While mild to moderate hyperoxemia (PO2 110-487 mmHg) has 
been suggested to have beneficial e"ects in TBI, extreme hyperoxemia (PO2 
> 487 mmHg) is associated with increased mortality.45 Acute hyperoxia may 
improve pressure autoregulation, although this e"ect is milder compared to 
hyperventilation.48 
Possible negative e"ects of hyperoxemia include hyperoxic cerebral 
vasoconstriction, inhibition of metabolic enzymes and formation of oxygen 
free radicals,49 which may further exacerbate brain injury. However, increasing 
evidence shows that the benefits of hyperoxemia in TBI depend on the baseline 
metabolic state of patients, and this intervention should probably be restricted 
to a specific group of patients.50 

Prehospital volume resuscitation 
Volume management of multiple trauma patients with concomitant brain injury 
is challenging.51 In the presence of TBI, the potential benefits of permissive 
hypotension and limited fluid resuscitation have to be weighed against the 
adverse consequences of cerebral hypoperfusion.44 Blood products are usually 
unavailable on-scene, leaving infusion of other solutions as treatment options. 
In theory, hypertonic solutions, such as hypertonic saline (HS) or saline-
dextran (HSD), have a salutary e"ect on intracranial pressure by producing an 
osmotic gradient between the intravascular and the intracellular/interstitial 
compartments.52-54 This gradient results in shrinkage of swollen brain tissue in 
regions where the blood brain barrier is intact. In addition, hypertonic saline 
has immunomodulatory and anti-inflammatory e"ects, which may have 
beneficial e"ects on brain injury.52,55 Hyperosmotic saline may further improve 
cerebral blood flow, although this has only been demonstrated for the post-
acute setting.55 A recent investigation was however unable to demonstrate 
improvement in six-month neurologic outcome or survival for patients 
with severe TBI who were initially resuscitated with a single 250 mL bolus of 
hypertonic saline/dextran or saline only.56 
The combination of hypertonic saline with mannitol may even be more 
beneficial in the prevention of rises in intracranial pressure in TBI patients.55 
Interestingly, a small study in patients with increased intracranial pressures 
showed that hypertonic saline and mannitol exert comparable e"ects when 
administered in equiosmolar doses,57 while a second randomized clinical trial 
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showed similar neurological outcome in hypertonic saline- as well as mannitol-
treated groups.58 Both solutions failed to increase oxygen and glucose 
metabolic rates, while hypertonic saline was slightly superior in improving 
cerebral perfusion. Further randomized controlled trials are needed to clarify 
the role of osmotic agents such as hypertonic saline and mannitol in the 
prehospital setting.

Coagulopathy following TBI 
Isolated TBI is often associated with hemostatic abnormalities, including hyper- 
as well as hypocoagulable states, which can lead to secondary injury either by 
the induction of microthrombosis or the progression of hemorrhagic brain 
lesions.15 It has been suggested that cerebral tissue factor release, disseminated 
intravascular coagulation, hyperfibrinolysis, protein C activation and platelet 
dysfunction all contribute to the complex and still poorly defined mechanisms 
of coagulopathy following TBI.15 Upon hospital admission, 25% of patients with 
severe isolated TBI have hemostatic derangements, while more than 50% of the 
patients develop coagulopathy within the first 72 hours following trauma.16,17,59 
Interestingly, sustained coagulopathy was more frequently associated with 
computed tomography abnormalities and unfavorable outcome at 6 months 
after TBI than early, short-lasting coagulopathy.16 The introduction of point-
of-care devices like rotational thromboelastometry or thromboelastography 
in the acute clinical setting may further contribute to our insight in the 
development of coagulation disorders in severe TBI, and may help to guide 
therapy.17,60 Although TBI-related coagulopathy has been repeatedly elaborated 
as independent predictor for patient outcome after severe head injury, the 
presence of hemostatic abnormalities are not yet included as prognostic 
indicator for severe TBI in the guidelines of the BTF.18

In the randomized controlled Clinical Randomisation of an Antifibrinolytic 
in Significant Haemorrhage (CRASH-2) trial it was hypothesized that the 
antifibrinolytic tranexamic acid may prevent the development of intracranial 
hemorrhage.61 This trial showed that while there was no evidence of benefit 
when tranexamic acid is administered harmful e"ects could not be excluded. 
There was a tendency towards decreased progression of intracranial 
hemorrhage in a subgroup of patients. The ongoing CRASH-3 trial is intended 
to reliably determine the e"ectiveness of early administration of tranexamic 
acid in patients with TBI.
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Early therapeutic hypothermia
Although the BTF grades the use of hypothermia as a Level III recommendation,18 
the clinical utility of therapeutic hypothermia in TBI still remains inconclusive.62-65 
The inconsistent e"ects of therapeutic hypothermia in TBI are possibly related 
to the delay between injury and initiation of treatment. Early prophylactic 
mild-to-moderate hypothermia is considered as the most beneficial in severe 
TBI.64,65 A recent randomized trial examined the e"ects of early therapeutic 
hypothermia on outcome.66 Patients with severe TBI were cooled to 35°C until 
trauma assessment completion, and thereafter to 33°C. Early hypothermia 
initiated within 2.5 hours following injury however constituted no beneficial 
e"ect on outcome when compared to normothermia.66 Of note, experimental 
and clinical data suggest an association between posttraumatic hyperthermia 
in feverish patients and worse outcome.67.68 The question arises whether 
prevention of hyperthermia should be started during the prehospital period. Up 
to now no randomized controlled studies are available to support prehospital 
therapeutic hypothermia. 

Pediatric TBI 
The specific aspects of treatment of pediatric TBI have been reviewed recently.69 
Although there are unique features of mechanisms of trauma and patterns of 
injury70 and di"erent predictors of outcome and recovery in pediatric victims,71-75 
prehospital treatment concepts do not basically di"er from treatment concepts 
for adult patients. Whether prehospital endotracheal intubation in pediatric 
TBI patients is beneficial remains under investigation. One study showed that 
on-scene emergency tracheal intubation was only performed e"ectively by a 
physician-based EMS, which resembles adult reports on the role of intubation 
experience.21,76 The implementation of appropriate guidelines led to a more 
standardized practice of RSI in children with a decreased rate of immediate 
complications, but insu!cient control of PaCO2 during transport.77 All other 
neuroprotective concepts, such as normocapnia, avoidance of hypoxia and 
hypotension, osmotherapy, and avoidance of hyperthermia are similar to 
established concepts in adults.78
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Conclusion 
Prehospital management is the first chain of survival and clearly a"ects long-
term outcome of patients with severe traumatic brain injury. There is broad 
consensus that in particular airway management, oxygenation, normocarbia, 
prevention of hypotension and control of hemorrhage contribute to improved 
survival. The availability of trained and experienced emergency teams is 
crucial. The precise role of prehospital endotracheal intubation, osmotic 
agents and early therapeutic hypothermia has to be clarified in the context of 
transportation distance to the nearest neurotrauma center, local infrastructure 
and geographical factors. More prospective, randomized, controlled clinical 
trails are necessary for developing optimal treatment protocols for paramedic 
and physician-managed emergency medical teams.

Key points
%� TBI patients should be transported without unnecessary delay and in the 

best possible condition to the nearest neurotrauma center for further 
diagnosis and treatment.

%� Prehospital management focuses on limiting secondary brain injury by 
instituting interventions including airway management, normocarbia and 
prevention of hypoxia and hypotension. The availability of trained and 
experienced emergency teams is crucial.

%� There is no evidence that the use of osmotic agents or therapeutic 
hypothermia improve neurological and overall outcome in patients with 
traumatic brain injury.

%� Early hemostatic derangements in traumatic brain injury are associated with 
worse outcome. Future studies should reveal whether the use of point-of-
care hemostatic monitoring and goal-directed treatment of coagulopathy 
might contribute to an improved prognosis in patients with brain injury.
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Abstract

Background
The international Brain Trauma Foundation guidelines recommend 
prehospital endotracheal intubation in all patients with traumatic brain 
injury (TBI) and a Glasgow Coma Scale (GCS) # 8. Close adherence to these 
guidelines is associated with improved outcome, but not all severely 
injured TBI patients receive adequate prehospital airway support. Here 
we hypothesized that guideline adherence varies when skills are involved 
that rely on training and expertise, such as endotracheal intubation.

Methods
We retrospectively studied the medical records of CT-confirmed TBI 
patients with a GCS # 8 who were referred to a level 1 trauma center 
in Amsterdam (n = 127). Records were analyzed for demographic 
parameters, prehospital treatment modalities, involvement of an 
emergency medical service (EMS) and respiratory and metabolic 
parameters upon arrival at the hospital.

Results
Patients were mostly male, aged 45 ± 21 years with a median injury 
severity score (ISS) of 26. Of all patients for whom guidelines recommend 
endotracheal intubation, only 56% were intubated. In 21 out of 106 
severe cases an EMS was not called for, suggesting low guideline 
adherence. Especially those TBI patients treated by paramedics tended 
to develop higher levels of stress markers like glucose and lactate.

Conclusion
We observed a low degree of adherence to intubation guidelines in a 
Dutch urban area. Main reasons for low adherence were the unavailability 
of specialized care, scoop and run strategies and absence of a specialist 
physician in cases where intubation was recommended. The discrepancy 
between guidelines and reality warrants changing practice to improve 
guideline compliance and optimize outcome in TBI patients.

24482 Franschman, Gaby.indd   44 13-04-13   11:10



PREHOSPITAL ENDOTRACHEAL INTUBATION: GUIDELINES VERSUS REALITY

CHAPTER

3

45

Introduction
The prognosis of patients with severe traumatic brain injury (TBI) and a low 
Glasgow Coma Scale (GCS) strongly relies on early support of vital functions.1-3 
In particular, prehospital prevention of hypoxia by adequate respiratory 
management including endotracheal intubation, normoventilation and 
prevention of aspiration is strongly associated with improved outcome in 
these patients.4-8 Prehospital airway management of TBI patients is well 
defined in national and international trauma rules, all based on the guidelines 
of the Brain Trauma Foundation (BTF).9,10 Despite these guidelines, not all 
severely injured TBI patients are endotracheally intubated prior to arrival at 
the emergency department of the trauma center. Although Hesdor"er et al. 
(2007) reported significant improvement of guideline adherence in the last 
few years, compliance has remained relatively low and ranged from 16-33% 
in other studies.11-14 This may have a"ected patient outcome, since guideline 
implementation has demonstrated a marked reduction in mortality.15,16

Most studies investigating the implementation of prehospital intubation 
guidelines in TBI patients are performed in the USA, and the results may not 
always be applicable for smaller European countries like the Netherlands. The 
Netherlands comprises several urban areas with short travelling distances of 
less than 15 minutes from trauma scenes towards level 1 trauma centers. This 
geographic situation, together with the specific Dutch prehospital health care 
system comprises mixed prehospital strategies of ‘scoop and run’ and ‘stay and 
play’. Furthermore, it is questioned which determinants influence guideline 
adherence, and how this may a"ect the health status of the patient upon arrival 
at the emergency department. Dutch paramedic emergency medical service 
(EMS) act according to national ambulance guidelines and law enforcements, 
and may only intubate patients when application of drugs facilitating 
intubation like anesthetics or muscle relaxants is unnecessary, e.g. in case of 
cardiopulmonary arrest or when airway reflexes are completely absent.10 In all 
trauma patients with severe to moderate TBI, a specialized physician-based 
helicopter emergency medical service (P-HEMS) should primarily be requested 
by the alarm center. Furthermore, an EMS team that is present at the trauma 
scene should request for a physician-based emergency medical service in 
order to assure appropriate respiratory support when necessary. Physician-
based emergency medical services are sta"ed by anesthesiologists or trauma 
surgeons and act, in contrast to paramedics, according to the BTF guidelines. 
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The discrepancy between Dutch prehospital intubation guidelines for 
paramedics and the BTF prehospital guideline may typically result in suboptimal 
treatment of TBI patients. We therefore investigated the degree of guideline 
adherence of EMS paramedics and physicians as well as other factors that may 
influence the adherence in severely injured TBI patients who were transported 
to an urban level 1 trauma center. Furthermore, we evaluated the association 
between guideline adherence and the health state of the patient upon arrival 
at the emergency department (ED). With this study we aimed to provide 
support for closing the gap between guidelines and reality in prehospital care 
of patients with severe neurologic injury.

Methods

Patient characteristics

Our retrospective study includes data from patients with CT-scan confirmed 
traumatic brain injury (TBI). All patients were primarily admitted to the 
Emergency Department of the VU University Medical Center Amsterdam 
during the period 2003 to 2007. Data were obtained after approval of the 
Local Human Subjects Committee of the VU University Medical Center. Study 
parameters were obtained from the electronic hospital admission register and 
patient medical records. The initial database consisted of 272 patients, and from 
this database 231 TBI patients were eligible for further analysis. Patients were 
excluded when they were younger than 16 years of age or in case of a missing 
Glasgow Coma Scale (GCS) at the trauma scene. In all patients, arterial blood 
pressure and peripheral oxygen saturation continuously were documented at 
a five-minute interval at the accident scene and during the prehospital period. 
Patients were assigned to three groups according to the level of GCS. The group 
of severe TBI patients included subjects with a GCS # 8, the moderate TBI group 
consisted of patients with a GCS > 8 and # 13 and the mild TBI group included 
subjects with a GCS > 13. 

Prehospital treatment guidelines

Patients were either treated in accordance with the guidelines of the paramedic 
or physician-based EMS. Emergency medical services are trained based on the 
Dutch national ambulance guidelines from the National Ambulance Protocol 
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Foundation (Stichting LAMP).10 These guidelines advise to intubate all patients 
with a GCS of 3 who have no reflexes, while patients with a GCS of 4-8 require 
the presence of a physician-based EMS team that consists of a physician and 
specialized nurse to assure proper endotracheally intubation and mechanical 
ventilation. Thus, guidelines and law enforcements prohibit endotracheal 
intubation by an EMS team in patients with present airway reflexes. Furthermore, 
EMS physicians are trained to treat TBI patients in the prehospital phase 
according to the ‘Guidelines for the prehospital management of traumatic 
brain injury’ from the Brain Trauma Foundation.9 Briefly, these guidelines 
recommend maintenance of a systolic blood pressure of > 90 mmHg and an 
oxygen saturation of > 92%. Furthermore, patients with a GCS # 8 should be 
intubated at the trauma scene. Of importance, a physician-based EMS was not 
available for 24 hours per day during the study period. Due to the urban level 
of the Amsterdam service area, the average time between the trauma incident 
and arrival in a level 1 trauma center was less than one hour.

Data collection and definitions

Patients records were evaluated for the following variables: year and date of 
trauma, presence of a physician-based EMS at the trauma scene, availability of 
physician-based EMS, reason for traumatic injury, age, sex, reported Glasgow 
Coma Scale (GCS) score, Injury Severity Score (ISS), presence of an endotracheal 
tube at ED arrival, pupil reflexes, incidence of a hypotensive or hypoxic event at 
the trauma scene or during transportation (Lifepack 12, summary Emergency 
Medical Service), need for acute surgery, and TBI-related mortality in the post-
trauma period. Furthermore, PaO2, PaCO2, glucose, pH and lactate levels were 
recorded upon arrival at the ED. Probability of survival was determined by the 
Major Trauma Outcome Score,17 the TARN outcome prediction parameter18 and 
the Medical Research Council (MRC) CRASH score.19 TBI was defined as brain 
tissue injury caused by external mechanical force confirmed by CT analysis. A 
disturbed pupil reflex was defined as an unilateral or bilateral failure of pupil 
reflexes. A hypotensive or hypoxic event was defined as one or more episodes 
of hypotension (systolic blood pressure (SBP) < 90 mmHg) or hypoxia (O2 

saturation < 92%) in the prehospital phase, independent of endotracheal 
intubation. Mortality was defined as TBI-related death.
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Statistical analysis

Two independent researchers rated GCS and ISS values. Variables are presented 
as mean ± standard deviation or mean ± standard error of the mean where 
appropriate. Non-parametric variables like the Glasgow Coma Scale (GCS) and 
Injury Severity Score (ISS) are presented as median and interquartile range. 
Parametric data were analyzed by ANOVA, whereas Chi-square, Kruskal-Wallis 
or Mann-Whitney tests were used to compare non-parametric variables. A 
P-value of < 0.05 was considered statistically significant.

Results

Patient characteristics

The study included 231 TBI patients aged 16 years and older. Patients were 
typically male (71%) and the average age was 45 ± 21 years. Major causes of TBI 
were fall from a height (32%), bicycle accident (15%), car accident (10%) and 
motorcycle/moped accidents (8%). From these 231 patients, 127 presented 
with severe brain injury (GCS # 8), 40 with moderate brain injury (GCS = 9-13) 
and 64 with mild brain injury (GCS = 14-15). Demographic variables of the total 
population are presented in table 1.

Table 1. Characteristics of all patients with traumatic brain injury (TBI) divided according to GCS values 
(n = 231).

Severity level of TBI Severe Moderate Mild

Included number of patients 127 40 64
Age (years) 45 ± 21 49 ± 20 51 ± 20
Males/Females 93/34 30/10 42/22
Median GCS 3 (3-5) 12 (10-13)* 15 (14-15)*
Median ISS 26 (25-34) 25 (16-25) 19 (12-25)*
Involvement P-HEMS 54 (n=112) 3 (n=29) 3 (n=55)
Intubated patients 71 (n=127) 0 (n=40) 0 (n=64)
Secondary referral 6 (n=127) 5 (n=40) 14 (n=64)
Need for acute surgery 95 (n=127) 24 (n=40) 29 (n=64)
ICU admission 109 (n=127) 16 (n=40) 13 (n=64)

Values are presented as mean ± SD or median with interquartile range. The number of valid cases is 
presented in brackets. GCS = Glasgow Coma Scale; ISS = Injury Severity Score; P-HEMS = Physician-
based Helicopter Emergency Medical Service; ICU = Intensive Care Unit. *P<0.01 versus GCS # 8.
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Adherence to prehospital intubation guidelines

In compliance with prehospital intubation guidelines, it was expected that all 
patients in the severe category would be intubated in the prehospital phase. 
Figure 1 demonstrates the number of endotracheal intubations in the severe 
category who were primarily referred to the VU University Medical Center and 
with complete medical dossiers with respect to prehospital support (n=106). 
Of these patients, 52 were treated by a paramedic emergency medical service, 
whereas the physician-based EMS supported prehospital care in 54 patients. 
Figure 1 depicts the number of patients who were endotracheally intubated 
prior to arrival at the emergency department. Of all patients for whom 
guidelines recommend endotracheal intubation, only 56% were intubated.
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Figure 1. This figure depicts the number of patients with severe traumatic brain injury (TBI) who were 
endotracheally intubated in the prehospital phase prior to arrival at the emergency department. Our 
data shows that 44% of patients with a Glasgow Coma Score (GCS) # 8 did not receive an endotracheal 
tube in the prehospital phase.

One important explanation for the low intubation rate in our cohort of severely 
injured TBI patients may be the unavailability or absence of an EMS. Here 
we particularly evaluated the number of patients who met the criteria for 
EMS support, but were solely treated by a paramedic team, thereby limiting 
the chance for successful endotracheal intubation. Table 2 represents the 
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frequency of endotracheal intubation of patients who were treated by either 
paramedics or paramedics with support of an EMS when available. Most 
endotracheal intubations occurred when EMS medical care was accessible 
(51%). Remarkably, despite the availability of an EMS, 21 patients were not 
intubated (20%). Six of these patients were taken care of by an EMS, whereas 
15 patients were treated by a paramedic EMS only. 

Table 2. Incidence of prehospital intubation in patients with TBI.

P-HEMS unavailable P-HEMS available

No endotracheal intubation 26 21 (6)

Endotracheal intubation 5 54 (48)

Representation of the number of endotracheally intubated or non-intubated traumatic brain injury (TBI) 
patients with a GCS # 8 when an physician-based helicopter emergency medical service (P-HEMS) was 
available or unavailable. Values in brackets represent the number of patients treated by the P-HEMS. 

Medical status according to the prehospital treatment level

Patient data were further examined for complicating events (table 3; n = 106). 

Table 3. Prehospital occurrence of complicating events in patients with a GCS # 8 (n = 121).

EMS

(n=52)

P-HEMS (n=54) P-value

Disturbed pupil reflex 54% 39% 0.08

Occurrence of hypoxic event 40% 50% 0.24

Occurrence of hypotensive event 15% 37% 0.01*

Observed survival rate 0.48 0.52 0.38

Survival probability MTOS15 0.45

Survival probability TARN16 0.44

14-days mortality CRASH17 0.49

The occurrence of a hypoxic or hypotensive event was defined as one or more incidents of hypoxia 
(O2 saturation < 92%) or hypotension (systolic blood pressure < 90 mmHg) in the prehospital phase, 
independent of endotracheal intubation. Finally, observed survival rates and predicted outcome values 
according to MTOS, TARN and CRASH are represented. *P<0.05 (EMS versus P-HEMS).

There was no di"erence in the occurrence of a disturbed pupil reflex, a 
hypoxic event and mortality between paramedic and EMS-treated patients. 
However, the present study was not powered to reveal these di"erences. There 
was a significant lower occurrence of hypotension in TBI patients treated by 
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paramedics only (P=0.01 vs. EMS treated patients) but the observed di" erence 
may have been due to the requirement for administration of drugs to allow 
intubation. TBI-related mortality rates in the study population were similar in 
ambulance and EMS treated TBI patients. Interestingly, observed survival rates 
were slightly higher as compared to the survival probability as predicted by 
MTOS, TARN and the 14-days mortality rate calculated by CRASH, in particular 
in EMS-treated patients. 
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pO2 at ED (mmHg) 225 ± 134 235 ± 144 320 ± 187 286 ± 152 

pCO2 at ED (mmHg) 43 ± 8 47 ± 23 56 ± 38 42 ± 10 

pH 7.33 ± 0.12 7.29 ± 0.21 7.29 ± 0.18 7.33 ± 0.12 

Glucose (mmol/l) 8.8 ± 2.0 9.9 ± 4.3 7.8 ± 1.8 8.2 ± 2.7 

Lactate (mmol/l) 3.3 ± 3.3 4.7 ± 5.5 1.9 ± 0.1 2.6 ± 2.1 

TBI GCS = 3-8 

EMS P-HEMS 

Intubated 
(n=11) 

Not intubated 
(n=41) 

Intubated 
(n=48) 

Not intubated 
(n=6) 

Figure 2. Analysis of the medical conditions of endotracheally intubated and not intubated patients 
with a GCS # 8 per prehospital treatment service (EMS versus P-HEMS).

Figure 2 represents a more detailed analysis of intubated versus not-intubated 
TBI patients with a GCS # 8 treated by paramedics or the EMS. Intubated 
patients treated by EMS trended to have higher PaO2 and lower PaCO2 values, 
and lower glucose (P=0.12) and lactate (P=0.07) levels. Low patient numbers 
however prohibited retrieval of statistically signifi cant di" erences.
We fi nally analyzed di" erences in clinical values of patients with a GCS = 3 and 
complete EMS data records (n = 74). In this group, endotracheal intubation is 
obligatory under all circumstances. However, paramedic-treated patients were 
less frequently intubated (P<0.001) and had higher glucose and lactate levels 
(both P<0.05; table 4).
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Table 4. Traumatic brain injury (TBI) patients with a GCS = 3 (n = 74) were either treated by EMS or by 
P-HEMS in combination with EMS.

EMS P-HEMS

N 27 47

Median ISS 25 (25-29) 29 (25-38)

Endotracheally intubated patients 11/27 45/47*

Art. pO2 upon arrival ED [mmHg] 223 ± 128 286 ± 157

Art. pCO2 upon arrival ED [mmHg] 45 ± 16 44 ± 17

pH upon arrival ED 7.28 ± 0.17 7.32 ± 0.13

Glucose upon arrival ED [mmol/l] 9.9 ± 3.1 8.3 ± 2.7*

Lactate upon arrival ED [mmol/l] 5.2 ± 5.0 2.5 ± 2.1*

Values are represented as mean ± SD or median with interquartile range. GCS = Glasgow Coma Scale; 
ISS = Injury Severity Score; EMS = Emergency Medical Service; P-HEMS = physician-based helicopter 
emergency medical service. *P<0.05. 

Discussion

Prehospital intubation guidelines in severely injured TBI patients

Accurate intubation guideline application during prehospital management 
of severely injured TBI patients is associated with reduced morbidity and 
mortality.15,16,20 In this context, endotracheal intubation of patients with a 
GCS # 8 is recommended by the BTF in all cases.9 Recent literature however 
reveals controversy regarding optimal prehospital airway management.21 
First, endotracheal intubation may lead to a transition of ‘scoop and run’ into 
‘stay and play’, with a consequent prolongation of the prehospital treatment 
phase. Secondly, there is evidence that early endotracheal intubation may 
increase mortality if subsequent ventilation is inadequate.7,22 In particular, 
hyperventilation following endotracheal intubation results in hypocapnia with 
serious consequences for brain function.14 Positive pressure ventilation may 
reduce cardiac output, especially in hypovolemic patients, and any reduction 
of venous return from the brain to the heart during ventilation may critically 
increase intracranial pressure. In addition, hypocapnia decreases cerebral blood 
flow resulting in cerebral ischemia and deteriorated patient outcome.23-25  
Thus, endotracheal intubation must be followed by normoventilation, which 
requires knowledge and expertise in mechanical ventilation. The Dutch 
ambulance guidelines for TBI therefore only recommend endotracheal 
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intubation by paramedic EMS in patients with a GCS = 3. For all other patients 
with an indication for endotracheal intubation in the prehospital phase 
(GCS = 4-8) it is recommended to summon a physician-based EMS, which is 
trained according to the BTF recommendations. This study however shows 
that the physician-based EMS team was not called for in some patients where 
endotracheal intubation was necessary, thereby providing suboptimal care to 
patients at risk for severe complications of their neurologic injury. International 
guidelines for prehospital treatment of patients with severe TBI recommend 
immediate endotracheal intubation, thereby reducing the incidence of 
hypoxia and improving patient outcome. In particular, patients with GCS 
values # 8 should be intubated in all cases. Here we show low adherence to 
intubation guidelines in severely injured TBI patients located in an urban area 
of the Netherlands. Although low compliance was sometimes caused by the 
unavailability of specialized care, physician-based EMS was not always called 
for in cases where intubation would have been indicated, thereby possibly 
leading to suboptimal prehospital care. Moreover, physician-based EMS 
support was associated with more physiological pO2, pCO2 glucose and lactate 
values, thereby suggesting that improvement of hemodynamic and respiratory 
function in TBI patients is better assured when EMS are supported by an EMS 
physician. The study was underpowered to show a clear relation between 
suboptimal prehospital treatment and outcome, but the observed survival rates 
were comparable with predicted outcome scores. The discrepancy between 
guidelines and reality warrants re-evaluation of prehospital management of 
severely injured TBI patients who require endotracheal intubation.

Reasons for low adherence to intubation guidelines in the prehospital phase

The two major reasons for low adherence to international intubation guidelines 
for severely injured TBI patients in our population were unavailability of 
the physician-based helicopter EMS on the one hand, and solitary patient 
treatment by EMS team without calling for physician-based EMS support on 
the other hand. In the period 2003-2007, governmental regulations restricted 
physician-based helicopter EMS team availability to daytime. In the remaining 
hours, patient treatment is provided by EMS paramedics. About one third of 
our patients with severe TBI were treated in the period where a physician-
based EMS was unavailable, which may have lead to suboptimal treatment 
of these TBI trauma patients. Our findings support the recent broadening of 
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the flight hours of physician-based EMS teams in the Netherlands towards 24-
hour availability. However, in 20% of the cases, EMS paramedics independently 
treated severely injured TBI patients while a physician-based EMS team was 
available but not called for. 
Moreover, only half of the patients with severe TBI were endotracheally 
intubated, and the lowest adherence to intubation guidelines was found in 
patients treated by EMS. In case of a primary request for physician-based EMS 
support by the alarm center, the physician-based EMS team would arrive within 
20 minutes at the trauma scene. However, we found several cases showing 
that a physician-based EMS was not requested by the alarm center but only 
requested for by EMS at the trauma scene, thereby delaying specialized patient 
care with respect to endotracheal intubation and mechanical ventilation. 
Furthermore, in some patients a physician-based EMS was not alarmed at 
all, thereby prohibiting appropriate respiratory support in severely injured 
patients. Thus, guideline adherence might improve when physician-based EMS 
team are more frequently alarmed on a primary base by the alarm center. Since 
our population lives in an urban area, short travel distances are guaranteed, 
irrespective of the presence of a physician-based EMS. Indeed, almost all TBI 
patients included in our study were transported to a trauma center within 
one hour after the incident. In some cases, the call for physician-based EMS 
support may lead to increased transportation time and unwanted transition 
of ‘scoop and run’ into ‘stay and play’ when the trauma scene was located 
near a level 1 trauma center but far from the area where the helicopter was 
stationed. Variability in international prehospital healthcare systems does not 
allow comparison of our findings with international literature, and our specific 
geographic situation including an urban area with short travelling distances to 
a level 1 trauma center is unique. Several reports however suggest that there 
should be an exclusive role for a physician-based EMS to secure rapid sequence 
induction followed by intubation and adequate mechanical ventilation.26-28

Possible consequences of low adherence to intubation guidelines in TBI patients

Although we observed that guideline adherence was relatively low in severe 
TBI patients with an indication for endotracheal intubation, observed survival 
rates were comparable to predicted outcome values using MTOS, TARN or 
CRASH irrespective of treatment by EMS or physician-based EMS.17-19 However, 
there were di"erences observed between EMS and physician-based EMS 
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treated patients regarding respiratory and metabolic parameters. Patients 
treated by a physician-based EMS team showed higher PaO2 levels and 
lower glucose and lactate levels upon arrival at the emergency department. 
Stress hyperglycemia is common in critically ill patients and is considered 
part of a systemic response triggered by an increase in cortisol, glucagon, 
catecholamines and cytokines.29-32 Hyperglycemia may additionally aggravate 
pathophysiological pathways, thereby compromising the already impaired 
cerebral microcirculation and promoting the development of cerebral ischemic 
areas. Higher levels of glucose additionally have a prognostic value related to 
poorer outcome.33   Furthermore, serum lactate levels were higher in paramedic 
EMS treated patients, which might be due to increased anaerobic glycolysis 
during ischemia irrespective of the intracerebral pressure.34,35 Thus, elevated 
levels of glucose and lactate in patients treated by EMS paramedics may be 
an indication for relatively more compromised brain function.36 Di"erences in 
respiratory and metabolic parameters could not be explained by di"erences 
in the injury severity, since median ISS levels were even higher in physician-
based EMS treated patients. Finally, the incidence of hypotensive events in 
the prehospital phase was more abundant in physician-based EMS treated 
patients, which might be due to medication used for endotracheal intubation. 
Our results suggest that current prehospital management strategies of 
TBI patients are related to patient outcome comparable with international 
figures. However, our results indicate higher physiological stress parameters 
in paramedic treated patients, suggesting that prehospital care by a physician-
based EMS might be more appropriate in severe TBI patients.

In summary, our results show a discrepancy between guidelines and reality in 
prehospital treatment strategies of severe TBI patients. Although our data are 
underpowered to relate low adherence to prehospital guidelines with patient 
outcome, we showed trends towards respiratory and metabolic deterioration 
in patients who were treated without consideration of prehospital intubation 
guidelines. With this study we raise the question that the discrepancy between 
guidelines and practice in the Netherlands may a"ect the treatment of TBI 
victims. Our results warrant a re-evaluation of the ambiguity in prehospital 
intubation guidelines in our country and advocate optimization of physician-
based EMS participation in the care for severely injured TBI patients in the 
prehospital phase.

24482 Franschman, Gaby.indd   55 13-04-13   11:10



CHAPTER 3

56

References
1. Chesnut RM, Marshall LF, Klauber MR, Blunt BA, Baldwin N, Eisenberg HM, Jane JA, Marmarou 

A, Foulkes MA. The role of secondary brain injury in determining outcome from severe head injury. J 
Trauma 1993;34:216-222.

2. Stocchetti N, Furlan A, Volta F. Hypoxemia and arterial hypotension at the accident scene in head 
injury. J Trauma 1996;40:764-767.

3. Eckstein M, Chan L, Schneir A, Palmer R. E!ect of prehospital advanced life support on outcomes of 
major trauma patients. J Trauma 2000;48:643-648.

4. Wang HE, Peitzman AB, Cassidy LD, Adelson PD, Yealy DM. Out of hospital endotracheale intubation 
and outcome after traumatic brain injury. Ann Emerg Med 2004;44:439-450.

5. Murray JA, Demetriades D, Berne TV, Stratton SJ, Cryer HG, Bongard F, Fleming A, Gaspard D. 
Prehospital intubation in patients with severe head injury. J Trauma 2000;49:1065-1070.

6. Davis DP. Prehospital intubation of brain-injured patients. Curr Opin Crit Care 2008;14:142-148.
7. Walls RM. Rapid-sequence intubation in head trauma. Ann Emerg Med 1993;22:1008-1013.
8. Davis DP. Early ventilation in traumatic brain injury. Resuscitation 2008;76:333-340.
9. Brain Trauma Foundation. Guidelines for prehospital management of Traumatic Brain Injury. J 

Neurotrauma 2007;24:Suppl 1. 
10. Foundation for national ambulance and emergency room protocols. Landelijk protocol 

Ambulancezorg (LPA7.2), Ambulancezorg Nederland. Zwolle. Maart 2011.
11. Hesdor"er DC, Ghajar J, Iacono L. Predictors of compliance with the evidence-based guidelines for 

traumatic brain injury care: a survey of United States trauma centers. J Trauma 2002;52:1202-1209.
12. Huizenga JE, Zink BJ, Maio RF, Hill EM. Guidelines for the management of severe head injury: are 

emergency physicians following them? Acad Emerg Med 2002;9:806-812. 
13. Hesdor"er DC, Ghajar J. Marked improvement in adherence to traumatic brain injury guidelines in 

United States trauma centers. J Trauma 2007;63:841-847.
14. Neumann JO, Chambers IR, Citerio G, Enblad P, Gregson BA, Howells T, Mattern J, Nilsson P, Piper 

I, Ragauskas A, Sahuquillo J, Yau YH, Kiening K; BrainITGroup. The use of hyperventilation therapy 
after traumatic brain injury in Europe: an analysis of the Brain IT database. Intensive care Med 
2008;34:1676-1682.

15. Palmer S Bader MK, Qureshi A, Palmer J, Shaver T, Borzatta M, Stalcup C. The impact on outcomes 
in a community hospital setting of using the AANS traumatic brain injury guidelines. J Trauma 
2000;50:657-664.

16. Fakhry SM, Trask AL, Waller MA, Watts DD. Management of brain-injured patients by an evidence-
based medicine protocol improves outcome and decreases hospital charges. J Trauma 2004;56:492-
500.

17. Champion HR, Copes WS, Sacco WJ, Lawnick MM, Keast SC, Frey CF. The Major Trauma Outcome 
Study: Establishing national norms for trauma care. J Trauma 1990;30:1356-1365.

18. Bouamra O, Wrotchford A, Hollis S, Vail A, Woodford M, Lecky F. A new approach to outcome 
prediction in trauma: A comparison with the TRISS model. J Trauma 2006;61:701-710.

19. MRC CRASH Trial Collaborators, Perel P, Arango M, Clayton T, Edwards P, Komolafe E, Poccock 
S, Roberts I, Shakur H, Steyerberg EW, Yutthakasemsunt S. Predicting outcome after traumatic brain 
injury: practical prognostic models based on large cohort of international patients. BMJ 2008;336:425-
429.

20. Watts DD, Hanfling D, Waller MA, Gilmore C, Fakhry SM, Trask AL. An evaluation of the use of 
guidelines in prehospital management of brain injury. Prehosp Emerg Care 2004;8:254-261. 

21. Parr M. Prehospital airway management for severe brain injury. Resuscitation 2008; 76: 321-22.
22. Davis DP, Peay J, Sise MJ, Vilke GM, Kennedy F, Eastman AB, Velky T, Hoyt DB. The impact of 

prehospital endotracheal intubation on outcome in moderate – severe traumatic brain injury. J 
Trauma 2005;59:794-801.

23. Stringer WA, Hasso WA, Thompson JR, Hinshaw DB, Jordan KG. Hyperventilation-induced cerebral 
ischaemia in patients with acute brain lesions. Am J NeuroRad 1993;14:475-484.

24482 Franschman, Gaby.indd   56 13-04-13   11:10



PREHOSPITAL ENDOTRACHEAL INTUBATION: GUIDELINES VERSUS REALITY

CHAPTER

3

57

24. Skippen P, Seear M, Poskitt K, Kestle J, Cochrane D, Annich G, Handel J. E!ect of hyperventilation on 
regional cerebral blood flow in head- injured children. Crit Care Med 1997;25:1402-1409.

25. Ausina A, Baquena M, Nadal M, Manrique S, Ferrer A, Sahuquillo J, Garnacho A. Cerebral 
hemodynamic changes during sustained hypocapnia in severe head injury: can hyperventilation 
cause cerebral ischaemia? Acta Neurochir Suppl (Wien) 1998;71:1-4.

26. Garner A, Rashford S, Lee A, Bartolacci R. Addition of physicians to paramedic helicopter services 
decreases blunt trauma mortality. Aust N Z J Surg 1999;69:697-701.

27. Timmermann A, Russo SG, Hollmann MW. Paramedic versus emergency phycisian emergency 
medical service: role of the anaesthesiologist and the European versus the Anglo-American concept. 
Current Opinion in Anesthesiology 2008;21:222-227. 

28. Davis DP, Douglas DJ, Koenig W, Carrison D, Buono C, Dunford JV. Hyperventilation following 
aero-medical rapid sequence intubation may be a deliberate response to hypoxemia. Resuscitation 
2007;73:354–361.

29. Khani S, Tayek JA. Cortisol increases gluconeogenesis in humans: its role in the metabolic syndrome. 
Clin Sci 2001;101:739-747.

30. Hill M, McCallum R. Altered transcriptional regulation of phosphoenolpyruvate carboxykinase in rats 
following endotoxine treatment. J Clin Invest 1991;88:811-816.

31. Watt MJ, Howlett KF, Febbraio MA, Spriet LL, Hargreaves M. Adrenaline increases skeletal muscle 
glycogenolysis, pyruvate dehydrogenase activation and carbohydrate oxidation during moderate 
exercise in humans. J Physiol 2001;534:269-278.

32. Flores EA, Istfan N, Pomposelli JJ, Blackburn GL, Bistrian BR. E!ect of interleukin-1 and tumor necrose 
factor/cachectin on glucose turnover in the rat. Metabolism 1990;39:738-743.

33. Young B, Ott L, Dempsey R, Haack D, Tibbs P. Relationship between admission hyperglycemia and 
neurologic outcome of severly brain injured patients. Ann. Surgery 1989;210:466-472.

34. Lannoo E, van Rietvelde F, Colardyn F, Lemmerling M, Vandekerckhove T, Jannes C, De Soete 
G. Early predictors of mortality and morbidity after severly closed head injury. J. Neurotrauma 
2000;17:403-414.

35. Walia S, Sutcli"e AJ. The relationship between blood glucose, mean arterial pressure and outcome 
after severe head injury: an observational study. Injury 2002;33:339-344.

36. Rovlias A, Kotsou S. The influence of hyperglycemia on neurological outcome in patients with severe 
head injury. Neurosurgery 2000:46:335-342.

24482 Franschman, Gaby.indd   57 13-04-13   11:10



24482 Franschman, Gaby.indd   58 13-04-13   11:10



4Chapter

E!ect of secondary prehospital 
risk factors on outcome in severe 

traumatic brain injury in the 
context of fast access  

to trauma care

G. Franschman, S.M. Peerdeman, T.M.J.C. Andriessen,  
S. Greuters, A.J. Toor, P.E. Vos, F.C. Bakker, S.A. Loer, C. Boer

The ALARM-TBI investigators

J Trauma 2011; 71:826-832.

24482 Franschman, Gaby.indd   59 13-04-13   11:10



CHAPTER 4

60

Abstract

Background
Prevention of secondary prehospital risk factors such as hypoxia and 
hypotension is likely to improve patient prognosis in severe traumatic 
brain injury (TBI). Because the Dutch trauma care organization is 
characterized by fast access to specialized trauma care due to the 
geographical situation, we investigated whether and to what extent 
secondary risk factors, such as hypoxia and hypotension, and measures, 
such as endotracheal intubation, a"ect outcome in severe TBI in the 
context of a region with fast access to trauma care.

Methods
The medical records of 339 subsequent computed tomography 
confirmed patients with TBI with a Glasgow coma scale (GCS) score # 8 
who were primarily referred to a Level I trauma center in Amsterdam or 
Nijmegen in the Netherlands were retrospectively analyzed.

Results
Multinomial logistic regression revealed that the strongest outcome 
predictors in our population were a disturbed pupillary reflex (odds ratio 
[OR], 5.8), a GCS score of 3 (OR, 4.9), and arterial hypotension (OR, 3.5). 
Interestingly, we observed no di"erences between intubated and non-
intubated patients with respect to metabolic and respiratory parameters 
or mortality whereby the injury severity score was slightly higher in 
endotracheally intubated patients (32 [25– 41]) versus non-intubated 
patients (25 [22–29]).

Conclusion
In agreement with others, Glasgow Coma Scale score, a disturbed 
pupil reflex, and arterial hypotension were predictive for the prognosis 
of primarily referred patients with severe TBI in the Netherlands. In 
contrast, in the perspective of slightly higher injury scores in intubated 
patients, prehospital endotracheal intubation was not predictive for 
patient outcome.
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Introduction
Prehospital trauma care organization in the Netherlands is characterized by 
emergency medical services (EMS) with highly trained medical professionals, 
pre- as well as in-hospital management of vital functions and a fast access to 
trauma care, which all may contribute to improvement of prognosis in severe 
traumatic brain injury (TBI).1-3 In particular, EMS paramedics are required to be 
educated as intensive care nurses with extended prehospital training, whereas 
24-hour helicopter physician-based EMS teams (P-HEMS) with anesthesiologists 
or trauma surgeons support prehospital care in case of severe injuries. The 
majority of TBI patients is transported by road ambulances, and arrives within 
one hour after initial trauma in a level 1 trauma center with neurosurgical 
facilities that are located throughout the Netherlands.
Large patient registries revealed that outcome in TBI profoundly relies on 
demographic and trauma-related factors like age, motor score, pupillary 
reactivity and computer tomography (CT) classification and secondary factors 
like hypoxia and arterial hypotension.4-7 Although hypoxia may be prevented 
by prehospital endotracheal intubation, a systematic review by von Elm et 
al. showed that the benefits from prehospital intubation and mechanical 
ventilation after TBI are uncertain.8-11 Indeed, it has been reported that 
prehospital endotracheal intubation in TBI may unexpectedly be associated 
with poor prognosis.8,9,12-18 The benefit and harm of prehospital endotracheal 
intubation likely depends on factors including organization of emergency 
medical services, the training level of the EMS and expected trauma times. 
Desaturation during intubation attempts, arterial hypotension due to the 
requirement of anesthetics and the type of mechanical ventilation following 
endotracheal intubation further a"ect outcome in TBI.9,12,13,19,20

Several studies in TBI patients were performed in trauma care organizations 
that do not resemble the Dutch situation with respect to short transportation 
times and a high density of level 1 trauma centers. A recent evaluation in a 
Dutch urban trauma region revealed that 56% of patients with severe TBI 
were endotracheally intubated, whereas a substantial part of our population 
developed a hypoxic and/or hypotensive event in the prehospital period.21 
Interestingly, the rather low intubation guideline adherence in our trauma 
region was associated with mortality rates comparable with the predicted 
and observed mortality rates reported by other TBI patient registries.4,5 In the 
present study we therefore aim to more specifically elucidate the relation 
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between treatable secondary risk factors including a prehospital hypoxic and/
or hypotensive event and absence of adherence to the intubation guideline 
with outcome in patients with severe TBI in a population with fast access to 
specialized trauma care. This evaluation was performed in the context of other 
predictors that are of value in the prehospital treatment phase, including age, 
Glasgow Coma Scale (GCS) score and pupillary reactivity. This study provides 
more insight in the impact of di"erent prehospital indicators on the prognosis 
of severely injured TBI patients in the context of the local geographical situation.

Methods

Patient characteristics

This study included all patients with CT-confirmed severe traumatic brain injury 
(GCS # 8), aged 16 years who were primarily admitted to two level 1 trauma 
centers. Patients were admitted between 2003 and 2007 to the emergency 
departments of the VU University Medical Center (VUMC) Amsterdam and the 
Radboud Nijmegen University Medical Center (RUNMC). Data were obtained 
with approval of the local Human Subjects committee of the VUMC and RUNMC. 
Patients were retrieved via the assurance database of the department of 
medical coding of the VUMC and the Traumatic Brain Injury database (part from 
the ongoing Prospective Observational Cohort on Outcome in Neurotrauma 
[POCON] study) of the department of Neurology of the RUNMC. In all patients 
(n = 339 TBI patients), intermittent measurements of arterial blood pressure and 
continuous measurements of peripheral oxygen saturation were documented 
at five-minute intervals at the accident scene and during the complete 
prehospital period (Lifepack 12, Physio-Control, Redmond, USA).

Prehospital treatment guidelines

Patients were either treated by a team of EMS paramedics or by a team of EMS 
paramedics and physicians (P-HEMS). In the Netherlands, EMS paramedics 
are trained Intensive Care Unit nurses with an extended 2-years training 
in prehospital care including prehospital trauma life support (PHTLS). This 
training of EMS paramedics is according to the Dutch ambulance guidelines 
from the National Ambulance Protocol Foundation.22 Dutch EMS are not 
allowed to induce anesthesia, and may only intubate patients with a GCS of 3. 
Alternatively, they administer oxygen through mask ventilation or bag-valve-
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mask ventilation until arrival of a physician-based EMS team or arrival at the 
emergency department (ED). All trauma patients with a GCS of 3 - 8 require 
the presence of an EMS physician to assure proper anesthesia, endotracheal 
intubation and subsequent mechanical ventilation. In contrast, EMS physicians 
(anesthesiologists or trauma surgeons), traveling by helicopter, were trained to 
treat TBI patients according to the ‘Guidelines for the prehospital management 
of traumatic brain injury’ from the Brain Trauma Foundation.11  Primary dispatch 
criteria for the Dutch physician-based EMS teams include patients with an acute 
compromised airway or suspicion of inhalation trauma, abnormal breathing 
patterns, severe bleeding, unconsciousness due to trauma, traumatic spine 
or brain injury, penetrating trauma and/or high energetic trauma. Secondary 
criteria include need for medication to sedate, intubate and ventilate and 
progressive circulatory failure. Between 2003 and 2007, a physician-based 
EMS was, due to law restrictions only available during day hours, and thus not 
always available during prehospital care of TBI victims. As a consequence, EMS 
paramedics were sometimes confronted with TBI patients with a GCS from 
3 - 8 where they were not allowed to perform an endotracheal intubation. 
According to the BTF guidelines, non-intubated patients with a GCS score # 8 
were endotracheally intubated as soon as they arrived at the ED.

Data collection and definitions

Patient records were evaluated for the following variables: age, gender, injury 
severity score (ISS), presence of a EMS physician, prehospital endotracheal 
intubation, disturbed pupillary reflexes, incidence of a hypotensive and/or 
hypoxic event at the trauma scene or during transportation, length of hospital 
stay, first documented GCS and mortality due to trauma. Furthermore, PaO2, 
PaCO2, glucose, pH and lactate levels were recorded upon arrival at the ED. In 
addition, GCS was evaluated upon arrival at the ED and probability of survival 
was determined by the Medical Research Council CRASH score.5 TBI was 
defined as brain tissue injury caused by external mechanical force confirmed 
by CT analysis. The severity of brain injury was graded using the Marshall CT 
classification. The classification ranges from I (mild injury) through VI (severe 
injury) and is based on diagnosis of multiple characteristics including the status 
of mesencephalic cisterns, the degree of midline shift and the presence or 
absence of local lesions. A disturbed pupillary reflex was defined as a unilateral 
or bilateral failure of pupillary reflexes. A hypotensive or hypoxic event was 
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defined as one or more episodes (duration minimal 5 minutes) of hypotension 
(systolic blood pressure < 90 mmHg) or hypoxia (peripheral O2 saturation < 
92%) in the prehospital phase in the presence of the EMS paramedics and/or 
physician-based EMS. Mortality was defined as TBI-related death.
The Glasgow Outcome Scale (GOS) was determined six months following the 
initial injury using the following classification: 1) Death; 2) Persistent vegetative 
state: unable to interact with environment; unresponsive; 3) Severe disability: 
able to follow commands/unable to live independently; 4) Moderate disability: 
able to live independently, unable to return to school or work; 5) Good recovery: 
able to return to work or school.26 

Statistical analysis

Descriptive values are presented as mean ± standard deviation, whereas the 
mean ± standard error of the mean was used in case of statistical testing. Non-
parametric variables like the Glasgow Coma Scale (GCS) and injury severity 
score (ISS) were presented as median and interquartile range. Parametric 
data are represented by median and interquartile range and were analyzed 
by ANOVA, whereas Chi-square or Mann-Whitney tests were used to compare 
non-parametric variables. Multinomial logistic regression was performed to 
determine independent prehospital predictors of mortality. These prehospital 
predictors were chosen based on the consensus with respect to predictors 
of outcome in TBI patients as based on the CRASH score and included age, 
pupillary reactivity and GCS. The presence of hypoxia, hypotension, the ISS 
and endotracheal intubation were additionally included in the regression 
analysis to evaluate their explanatory value for outcome. A p-value of < 0.05 
was considered as statistically significant.
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Results
All 339 patients, primarily referred, with severe TBI who were admitted between 
2003 and 2007 to the ED of both level 1 trauma centers were included in the 
analysis. Patients were typically male (70%) with an average age of 44 ± 21 
years (table 1). 

Table 1. Characteristics of the total patient population with severe traumatic brain injury (TBI; n = 339).

Population

N 339

Male gender 70%

Age (years) 44 ± 21

Median GCS upon ED arrival 3 (3-4)

Median ISS 29 (25-38)

Median time between emergency call and ED arrival (min) 65 (51-85)

Involvement physician-based EMS 63%

Intubated patients at ED arrival 70%

Observed overall mortality 43%

ICU admission 90%

Values are presented as mean ± SD or median with interquartile range. GCS = Glasgow Coma Scale; ISS = 
Injury Severity Score; ED = Emergency Department; EMS = Emergency Medical Service; ICU = Intensive 
Care Unit.

The median injury severity score (ISS) of the total patient group was 29 (25-
38). The median time between the emergency call and ED arrival averaged 
65 (51-85) minutes. Most patients were treated during the prehospital phase 
by a physician-based EMS (206 out of 339 patients). Patients treated by the 
physician-based EMS had higher ISS values when compared to patients treated 
by ambulance paramedics (34 (25-43) versus 25 (25-30; P<0.01). The incidence 
of a disturbed pupillary reflex and hypoxia were similar in both EMS modalities, 
whereas the incidence of prehospital hypotension was higher in patients 
treated by the physician-based EMS (25% versus 15% for physician-based EMS 
and ambulance paramedics; p=0.04).
The distribution of patient outcome as evaluated by the Glasgow Outcome 
Scale (GOS; n = 292) is represented in figure 1. The GOS distribution did not di"er 
between spontaneously breathing and endotracheally intubated patients.
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Figure 1. Classification of the Glasgow Outcome Scale (GOS) in spontaneously breathing and 
endotracheally intubated TBI patients (n = 292).

TBI patients were further analyzed based on the modality of prehospital 
respiratory support. The total patient group included 102 spontaneously 
breathing patients who were not intubated upon arrival at the emergency 
department, and 233 endotracheally intubated, mechanically ventilated 
subjects (table 2). 

In 4 cases, airway management data were missing. Prehospital intubated 
patients were slightly younger, had a lower GCS values and a higher ISS. 
Prehospital intubated patients were Moreover, prehospital intubated patients 
more frequently developed hypotension in the prehospital phase as compared 
to non-intubated patients (23% vs. 11% respectively; p=0.02). The median time 
between the emergency call and ED arrival in patients who were endotracheally 
intubated (65 (52-77) minutes) was comparable with patients who were not 
endotracheally intubated (68 (47-120) minutes). No di"erences between 
groups were observed in mortality due to trauma, the incidence of a hypoxic 
period, blood gas analysis at the ED and the predicted 14-day mortality (CRASH 
score; table 2).
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Table 2. Admission characteristics in non-intubated (n=102) and endotracheally intubated, mechanically 
ventilated TBI patients (n = 233). 

Not
intubated

Endotracheally
intubated

P-value

N 102 233
Age (years) 48 ± 20 43 ± 21 0.03*
Median GCS 5 (3-7) 3 (3-3) <0.001*
Median ISS 25 (22-29) 32 (25-41) <0.001*
Physician-based EMS involved (n) 16 (16%) 190 (82%) <0.001*
Time between call and ED arrival (min) 68 (47-120) 65 (52-77)
Median Marshall classification 3 (2-5) 3 (2-5)
PaO2 at admission (mmHg) 260 ± 134 265 ± 141
PaCO2 at admission (mmHg) 45 ± 17 43 ± 10
Glucose at admission (mmol/liter) 8.6 ± 2.6 8.9 ± 2.9
Lactate at admission (mmol/liter) 3.06 ± 2.54 2.63 ± 2.13
pH at admission (mmol/liter) 7.32 ± 0.11 7.31 ± 0.11
Prehospital hypoxia (n) 29 (28%) 84 (36%)
Prehospital pupil disturbances (n) 45 (44%) 102 (44%)
Prehospital hypotension (n) 11 (11%) 54 (23%) 0.02*
Median length of hospital stay (days) 19 (5-42) 16 (2-39)
Need for acute surgery (n) 63 (62%) 129 (55%)
CRASH 14-days mortality 0.52 0.51
Actual mortality (n) 42 (41%) 101 (43%)

The occurrence of a hypoxic or hypotensive event was defined as one or more incidents of hypoxia (SpO2 
< 92%) or hypotension (systolic blood pressure < 90 mmHg) in the prehospital phase, independent 
of endotracheal intubation. GCS = Glasgow Coma Scale; ISS = Injury Severity Score; ED = emergency 
department; EMS = Emergency Medical Service. Values are represented as mean ± SD, percentage 
or median with interquartile range. *P<0.05 (not intubated patients versus endotracheally intubated 
patients).

Prehospital airway management

Multinomial regression analysis was performed in a subgroup of patients with 
complete datasets for the outcome predictors age, ISS, GCS, pupillary reflex, the 
incidence of hypoxia and hypotension and prehospital endotracheal intubation 
(n=274). Table 3 presents the odds ratios for all parameters for patients who died 
(n=121) or survived (n=153) after TBI. A disturbed pupil reflex strongly a"ected 
the mortality probability by 4.94 and 5.75, respectively (all P<0.05). Additionally, 
age and ISS significantly influenced outcome, although their odds ratios were 
low (1.06 (P<0.01) and 1.03 (P=0.05), respectively). Interestingly, prehospital 
endotracheal intubation and hypoxia were not explanatory for outcome in TBI 
patients, whereas a hypotensive incident was strongly prognostic for mortality 
(odds ratio 3.54; P=0.004).
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Table 3. Representation of odds ratios (OR) for age, ISS, GCS value, pupillary reflex, the incidence of 
hypoxia or hypotension and endotracheal intubation with respect to mortality.

Died Survived OR (95% CI) P-value
Valid cases (n) 121 153
Age (years) 52 ± 3 36 ± 7 1.06 (1.04-1.08) 0.001*
ISS 29 (25-41) 29 (22-36) 1.03 (1.00-1.06) 0.05*
GCS (n)

3 97 102 4.94 (0.86-28.35) 0.07
4 8 9 3.87 (0.52-29.00) 0.19
5 6 6 7.59 (0.84-68.71) 0.07
6 4 11 1.61 (0.16-16.25) 0.69
7 3 16 0.38 (0.04-3.82) 0.41
8 3 9

Pupillary reflex (n)
Normal pupillary reflex 37 (31%) 110 (72%)
Disturbed pupillary reflex 84 (69%) 43 (28%) 5.75 (3.00-11.00) 0.001*
Hypoxia (n)
No hypoxia (%) 62 (51%) 109 (71%)
Hypoxia (%) 59 (49%) 44 (29%) 1.42 (0.7-2.79) 0.31
Hypotension (n)
No hypotension 84 (69%) 136 (89%)
Hypotension 37 (31%) 17 (11%) 3.54 (1.51-8.31) 0.004*
Endotracheal intubation (n)
Spontaneous breathing 33 (27%) 43 (28%)
Endotracheally intubated 88 (73%) 110 (72%) 0.63 (0.27-1.49) 0.29

Nagelkerke R2 = 0.50

Values are represented as number of patients, mean ± SD or median with IQR. In case of patient 
numbers, percentages were calculated for both groups (died versus survived). *P<0.05.

Discussion
Secondary risk factors like hypoxia and arterial hypotension may a"ect outcome 
of patients with severe TBI. Although preventive measures like prehospital 
endotracheal intubation are assumed to improve patient prognosis in TBI, 
recent studies show that factors like trauma care organization, the EMS training 
level and response time and may a"ect the beneficial impact of intubation on 
patient survival.1-3 The present study was performed in the Netherlands, which 
is characterized by fast access to specialized trauma care and highly trained 
EMS professionals. We investigated the relation between treatable secondary 
risk factors with outcome in severe TBI in this specific geographical context. 
We found that a disturbed pupillary reflex, a low Glasgow Coma Scale and 
a hypotensive event were strong prognostic factors for patient prognosis, 
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whereas prehospital hypoxia was not conclusive for patient outcome. We 
further focused on the association of prehospital endotracheal intubation 
and patient prognosis. In contrast to our expectations, our data revealed no 
di"erences in mortality figures in non-intubated and endotracheally intubated 
TBI patients. 
Our finding should be interpreted in the context of our population and 
prehospital setting. Endotracheally intubated patients had higher injury severity 
scores (ISS) and were more frequently treated by physician-based EMS due to 
the severity of their traumatic injury, which may explain the missing di"erence 
in outcome between non-intubated and intubated patients. Interestingly, a 
recent evaluation by Berlot et al. showed that aggressive and early treatment of 
severely injured TBI patients is associated with a better outcome independent 
of ISS levels, likely because of the prevention of secondary brain injury and a 
shorter interval elapsing from the trauma.23 Indeed, prehospital trauma care 
in our specific TBI population was characterized by relatively short traveling 
distances to a level 1 trauma center. Upon arrival at the ED, non-intubated 
patients were immediately endotracheally intubated, frequently within one 
hour after trauma. This factor may have contributed to the absent impact of 
prehospital endotracheal intubation on patient outcome. We have no data 
about the time between the emergency call and endotracheal intubation so 
that analysis of the impact of time to intubation on patient outcome cannot 
be made. 

Study population

The geographic basis of our TBI population comprises one urban and one 
more rural but densely populated trauma region with relative short traveling 
distances to level 1 trauma centers. This is in contrast to significantly longer 
transportation times reported by others of 1.5-4.5 hours due to complex 
geographical circumstances and unstructured prehospital trauma care 
systems.1-3 We further included patients who were primarily admitted to a 
level 1 trauma center and excluded a small group of secondary referrals. Other 
investigators frequently report a mix of primary and secondary referrals, which 
might be a confounder for the evaluation of patient prognosis.24 As the GCS 
was reevaluated upon admission to the ED, we observed a high incidence of 
patients with a GCS of 3, which is in part due to prehospital administration of 
anesthetic drugs. Our study did not include an in-hospital follow-up period and 
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therefore lacks information about subsequent GCS scores after the traumatic 
incident. Furthermore, we did not evaluate the impact of endotracheal 
intubation on length of hospital stay and ventilation days. 
The retrospective character of most TBI studies as well as the di"erences 
between national and international prehospital healthcare systems hinder 
mutual comparison of trauma registries. The representativeness of large 
trauma registries is currently under the attention of key opinion leaders in the 
field of outcome prognosis in TBI victims.25-27 An increasing number of reports 
show that enrollment criteria are frequently targeted to select patients that 
are most likely to benefit from the study treatment.25-27 The latter may result 
in exclusion of patients with an excellent or very bad prognosis based on 
pathophysiological, age-dependent or methodological reasons.28 

Endotracheal intubation in severely injured TBI patients

Despite its central role in the treatment algorithm of severe TBI patients, it has 
been suggested that prehospital endotracheal intubation and ventilation is not 
always beneficial and may be associated with increased mortality rates.10,29      There 
are various mechanisms that might be responsible for the worsened outcome 
in intubated patients, including hemodynamic, cerebrovascular, immunologic 
and cellular e"ects.30 Moreover, TBI patients might be inadequately ventilated 
despite intubation, leading to serious adverse consequences like hyper- or 
hypocapnia.28,31-32 In several countries, prehospital endotracheal intubation is 
often performed by EMS, with minimal use of sedatives and muscle relaxants. 
This approach has been reported to be associated with a high risk for 
complications, such as failed intubation or hypoxemia.10,29 Our study does not 
allow such a conclusion because we have no intention-to-treat data including 
the number endotracheal intubation attempts and failed intubations. 
Furthermore, laryngoscopy in inadequately anesthetized patients may lead 
to an increase in intracranial pressure possibly resulting in increased mortality 
and poor neurologic outcome in these patients.10,33 On the other hand, 
induction of anesthesia may be associated with subsequent hypotension 
and a reduced cerebral perfusion pressure, thereby unfavorably a"ecting 
patient prognosis when not adequately opposed.34 Our data further showed 
that patients with severe brain injury and relatively high ISS values were more 
frequently intubated by well-trained physicians, which may have influenced 
our outcome analysis. Although a prospective comparative investigation of the 
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impact of standardized prehospital intubation by physician-based EMS teams 
is warranted, this is limited by medical ethical boundaries as reflected by the 
crucial role of endotracheal intubation in the survival of severely injured TBI 
patients. 

The impact of hypotension

Previous studies have shown that an incidence of hypotension, defined as a 
systolic blood pressure (SBP) # 90 mmHg, is an important secondary insult with 
adverse e"ects on outcome in TBI.35,36 Indeed, both lower and higher levels of 
systolic and mean arterial blood pressure are found to be strongly related to 
final outcome after TBI.36 Analysis of a large trauma registry (Traumatic Coma 
Data Bank) revealed that one single episode of a SBP < 90 mmHg doubles 
mortality.37 The combination of severe TBI and hemorrhagic shock provides 
a complex situation for paramedics and emergency physicians, leading to 
conflicting therapeutic goals for di"erent organ systems. Previous studies 
show a detrimental interaction of TBI and extracranial traumatic injury, leading 
to a decrease in systemic blood pressure and compromising brain function.37,38 
Systemic hypotension superimposed on TBI may subsequently induce 
secondary brain injury, whereas severe TBI may a"ect the cardiovascular 
response to hemorrhage.37,38      It is therefore recommended by the BTF to prevent 
hypotension in TBI victims, thereby opposing low cerebral perfusion pressures 
and the development of secondary brain injury.8 Our study emphasizes that 
hypotension is a strong predictor for poor outcome in severe TBI patients. The 
relation between hypotension and mortality was even more profound in non-
intubated patients, suggesting that low blood pressures due to intra- and extra 
cranial injuries are highly associated with a worse prognosis. Our study results 
therefore provide support for the recommendations of the BTF to prevent 
hypotension in TBI victims, thereby opposing low cerebral perfusion pressures 
and the development of secondary brain injury.8

Is it time that counts?

The present study confirms prognostic factors like age, pupillary reflexes and 
hypotension as strong predictors for outcome in severe TBI patients located in 
an urban region, with short transportation times and a management mixture 
of scoop and treat. There are several indications that short transportation times 
might be of influence on our study results. First, our patients were primarily 
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admitted to a level 1 trauma center, thereby limiting the impact of delay 
due to secondary referral on major intra- and extra cranial lesions. Secondly, 
patients without secured airway upon arrival in the emergency department 
were eligible to be endotracheally intubated within the first hour after the 
traumatic incident due to short transportation times. This might have blunted 
the prognostic value of endotracheal intubation on outcome. 

Conclusion

In agreement with others, our results show that the GCS, a disturbed pupil 
reflex and hypotension are predictive for the prognosis of primarily referred 
severe TBI patients who received prehospital care in a trauma region with short 
EMS response times. Hypoxia was not associated with worse outcome in our 
population. Additionally, prehospital endotracheal intubation was also not 
associated with outcome, but this finding has to be seen in the context of higher 
ISS values in the group of intubated patients. Moreover, our study suggests that 
prevention of hypotension is of significant importance in improving outcome 
in severely injured TBI patients.
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Abstract

Background
Prehospital care by physician-based helicopter emergency medical 
services (P-HEMS) may prolong total prehospital run time. This has raised 
an issue of debate about the benefits of these services in traumatic brain 
injury (TBI). We therefore investigated the e"ects of physician-based 
EMS deployment on prehospital run time and outcome in severe TBI.

Methods
Prehospital run times of 497 patients with severe TBI who were solely 
treated by a paramedic EMS (n=125) or an EMS/P-HEMS combination 
(n=372) were retrospectively analyzed. Other study parameters included 
the injury severity score (ISS), Glasgow Coma Scale (GCS), prehospital 
endotracheal intubation and predicted/observed outcome rates.

Results
Patients who received physician-based care were younger and had 
higher ISS values than solely EMS-treated patients (10%; P=0.04). The 
overall prehospital run time was 74 ± 54 minutes, with similar out-of-
hospital times for paramedic or physician-based EMS-treated patients. 
Prehospital endotracheal intubation was more frequently performed 
in the P-HEMS group (88%) than in the EMS group (35%; P<0.001). The 
prehospital run time for intubated patients was similar for physician-
based (66 (51-80) min) and paramedic-based EMS-treated patients (59 
(41-88 min). Unexpectedly, mortality probability scores and observed 
outcome scores were less favorable for paramedic EMS-treated patients 
when compared to patients treated by a physician-based EMS team.

Conclusion
P-HEMS dispatch does not increase prehospital run times in severe 
TBI, while it assures prehospital intubation of TBI patients by a well-
trained physician. Our data however suggest that a subgroup of the 
most severely injured patients received prehospital care by an EMS, 
while international guidelines recommend advanced life support by a 
physician-based EMS in these cases.
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Introduction 
International guidelines for the prevention of secondary cerebral damage 
in severe traumatic brain injury (TBI) require early control of life-threatening 
injuries. Moreover, prehospital preservation of hemodynamic function and 
advanced airway management is recommended in all TBI patients with a 
Glasgow Coma Scale (GCS) score # 8.1 In the Netherlands, the prehospital care 
system developed in 1995 from a solely paramedic emergency medical service 
(EMS) towards a system that additionally allows dispatch of an helicopter EMS 
(P-HEMS) sta"ed with anesthesiologists or trauma surgeons.2-3 Herein, the role 
of the helicopter is primarily to transport the physician to the accident scene 
as quickly as possible, while patients are generally transported by ground 
ambulance due to short distances to trauma centers. 
According to Dutch national ambulance protocols, all trauma patients with 
a GCS score # 8 require the presence of an EMS physician to assure proper 
anesthesia, endotracheal intubation and mechanical ventilation. We earlier 
showed that adherence to these guidelines was low in an urban Dutch trauma 
region, with only 56% of all severe TBI patients receiving proper prehospital 
airway management.4 The main reasons for low guideline adherence were the 
unavailability of physician-based EMS or scoop and run strategies by paramedic 
services.4

The evolution in prehospital care by specialized physician-based EMS has raised 
an issue of debate about the benefits of prehospital advanced life support for 
individual patients with severe TBI.5,6 Likewise, the benefit of physician-based 
EMS interventions in the prehospital setting is unclear.7,8 It has been suggested 
that the dispatch of a physician-based EMS in case of severe TBI may increase 
the on-scene time and result in an unwanted transition of ‘scoop and run’ into 
‘stay and play’, thereby reducing the chance for favourable patient outcome.9-11 
These Dutch reports are however limited as they are monocenter by nature 
and only include a small subgroup of patients with TBI.9,10 On the other hand, 
prehospital endotracheal intubation may prevent further hypoxia and allows 
goal-directed ventilation during transportation, and saves time in case of the 
necessity of endotracheal intubation upon emergency department arrival. 
In order to elucidate whether the involvement of a physician-based EMS team 
in prehospital care increases the out-of-hospital time of severe TBI patients, 
we retrospectively investigated the time cost of physician-based EMS dispatch 
in three Dutch trauma regions in the context of patient characteristics and 
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predicted and observed outcome. In particular, we evaluated whether 
prehospital endotracheal intubation by physician-based EMS increased the 
out-of hospital time in severe TBI. 

Methods

Patients

The study parameters used in the present study were part of the Amsterdam 
Lifeliner: Analysis of Results and Methods-TBI (ALARM-TBI) database, which 
has earlier been used for research purposes.4,12 Data from patients with cranial 
CT-confirmed severe TBI and a GCS # 8 who were admitted to the emergency 
departments of the VU University Medical Centre (VUMC) Amsterdam, the 
Radboud University Nijmegen Medical Centre (RUNMC) and the University 
Medical Centre Groningen (UMCG) between 2003 and 2007 were retrospectively 
analyzed. Data were obtained in accordance with the regulations of the local 
Human Subjects committee of the VUMC, RUNMC and UMCG and informed 
consent was waived. Inclusion criteria were age of 10 years or older and 
primary referral to one of the abovementioned level 1 trauma centers, as 
national trauma protocols should guarantee proper prehospital triage with low 
secondary referrals. 
Patients were retrieved via the insurance database of the department of medical 
coding and the Lifeliner I database of the VUMC, the Traumatic Brain Injury 
database (part of the Radboud University Brain Injury Cohort Study [RUBICS] 
database) of the department of Neurology and the P-HEMS database of the 
Radboud UMC, the EMS database of the Gelderland-Zuid regional ambulance 
organization and Luftrettungs-, Informations- und Kommunikationssystem 
(LIKS) database of the German Allgemeiner Deutscher Automobil-Club (ADAC) 
air rescue service used in the UMCG.11 Trauma regions were characterized as 
urban (ED of the VUMC in Amsterdam) or rural (ED of the RUNMC or UMCG) 
based on the 2010 population densities of the urban county (Noord-Holland 
(993 inhabitants/km2) and rural counties (Groningen/Friesland/Drenthe (247, 
193 and 183 inhabitants/km2, respectively) and Gelderland/Noord-Brabant 
(401 and 495 inhabitants/km2, respectively)). In 2010, 34,822, 27,487 and 36,762 
patients visited the emergency departments of VUMC, RUNMC and UMCG, 
respectively. All patients admitted to the emergency department of one of the 
participating hospitals with a GCS # 13 or any other sign of vital instability are 
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primarily treated by a sta" anesthesiologist, trauma surgeon, neurologist, and 
radiologist who are supported by emergency department nurses and residents. 

Prehospital treatment 

Patients were treated by a paramedic emergency medical service (EMS) solely or 
a combination of EMS supported by a physician-based helicopter EMS (P-HEMS). 
In the latter situation, the physician-based EMS is primarily responsible for 
advanced life support. In the Netherlands, EMS paramedics are trained intensive 
care unit or emergency department nurses with an extended two-year training 
in prehospital care. This training is performed in accordance with the National 
Ambulance Protocol Foundation and includes, among others, prehospital 
trauma life support (PHTLS).13 Dutch EMS paramedics are neither allowed 
nor fully trained to induce anesthesia, and may only perform endotracheal 
intubation in patients with a GCS of 3. Alternatively, they administer oxygen 
through facemask or bag-valve-mask ventilation until arrival of a physician-
based EMS or arrival at the emergency department. Emergency medical service 
physicians are taken directly to the scene by helicopter or transported by a rapid 
response vehicle when the estimated ground transportation time was less than 
10 minutes or in case of unfavorable weather conditions for helicopter take 
o". Only a very small part of patients treated by physician-based EMS teams 
are transported by helicopter to a hospital. The vast majority of patients are 
transported by ground ambulance. By national ambulance-protocol, dispatch 
of physician-based EMS is required for all trauma patients with a GCS of 3-8 to 
assure proper anesthesia, endotracheal intubation and mechanical ventilation. 
Emergency medical service physicians are trained to treat TBI patients 
according to the guidelines from the Brain Trauma Foundation (BTF).1 Dispatch 
criteria for physician-based EMS care in the Netherlands other than severe TBI 
include an acute compromised airway, abnormal breathing patterns, suspicion 
of inhalation trauma, major burns, severe bleeding, penetrating and/or high 
energetic trauma or progressive circulatory failure. The primary dispatch of a 
physician-based EMS is made by the centralist at the emergency call center 
based upon the information received from bystanders. Advanced life support 
by physician-based EMS teams is always an adjuvant to primary EMS care. A 
secondary physician-based EMS dispatch can be requested by the EMS at the 
accident scene. Law regulations require an EMS to arrive within 15 minutes after 
the emergency call at the emergency call center. Rapid sequence induction 
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(RSI) by a physician-based EMS is most likely to be performed using etomidate 
and succinylcholine. Maintenance of anesthesia is performed by midazolam, 
fentanyl and rocuronium.
Due to law restrictions, the physician-based EMS teams were not always 
available for 24 hours per day between 2003 and 2006. Starting from 2006, 
the RUNMC and VUMC physician-based EMS started with a 24-hour dispatch 
pilot. As a consequence, EMS paramedics were during this period regularly 
confronted with TBI patients with a GCS ranging from 4 to 8 and not allowed 
to perform endotracheal intubation. According to the BTF guidelines, these 
patients were intubated as soon as they arrived at the emergency department.

Data collection and definitions

The GCS was recorded upon arrival at the emergency department, and 
frequently estimated 3 due to the prehospital anesthesia and endotracheal 
intubation of the patient. Patient records were further evaluated for the 
following variables: age, gender, injury severity score (ISS), the presence of 
disturbed pupillary reflexes, the incidence of a hypotensive and/or hypoxic 
event at the trauma scene or during transportation, length of hospital stay, 
the Glasgow Outcome Scale (GOS) at six months after trauma and TBI-related 
mortality. The GOS was prospectively collected for the ALARM-TBI database. 
The AIS value was calculated based on the final diagnosis after hospital 
admission. To calculate the observed and expected rates for mortality and 
outcome, we calculated the CRASH score and the outcome prediction model 
as proposed by Hukkelhoven.14,15 Both scores are typically designed to predict 
mortality and outcome in TBI patients. The 14-day mortality prediction of the 
CRASH score is based on age, GCS score, pupillary reflexes and the presence 
of isolated or non-isolated head injury.14 The Hukkelhoven probability models 
for 6-month mortality and 6-month unfavorable outcome are based on age, 
motor score, pupillary reflexes, hypotensive and hypoxic events, the Marshall 
CT classification and the presence of traumatic subarachnoid haemorrhage.15

Information regarding the time of the emergency call and arrival time of the 
paramedic EMS or physician-based EMS at the emergency department to 
calculate the transportation time, the presence of an EMS physician and the 
incidence of prehospital tracheal intubation was retrieved from the electronic 
paramedic EMS and physician-based EMS report. Total run time was defined as 
the time from emergency call until patient arrival at the trauma center.
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TBI was defined as intracranial lesions caused by external mechanical force 
confirmed by CT analysis. A disturbed pupillary response was defined as a 
unilateral or bilateral failure of pupillary reflexes. A hypotensive or hypoxic 
event was defined as one or more episodes (5-minute intervals) of hypotension 
(systolic blood pressure < 90 mmHg) or hypoxia (peripheral O2 saturation < 
92%) in the prehospital phase.
The Traumatic Coma Data Bank CT-classification was used to score TBI and 
defines six levels of brain injury according to the definition by Marshall et al.16 
The Glasgow Outcome Scale was determined at six months following the initial 
injury using the following classification: 1) Death; 2) Persistent vegetative state: 
unable to interact with environment, unresponsive; 3) Severe disability: able to 
follow commands/unable to live independently; 4) Moderate disability: able to 
live independently, unable to return to school or work; 5) Good recovery: able 
to return to work or school.17

Statistical analysis

Parametric data were represented as mean with standard deviation, whereas 
non-parametric data (i.e. ISS, GCS, TCDB and GOS) are shown as frequencies 
or median with interquartile range. Median with interquartile range was used 
for bar graphs. Parametric data were analyzed by a Student’s T-test for 2-group 
comparison. Chi-square or Mann-Whitney U tests were used to perform 
2-group comparisons for non-parametric variables. *P<0.05 was considered as 
statistically significant.
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Results 

Population characteristics

The initial database included 564 patients with post-hoc CT-confirmed 
traumatic brain injury (TBI) and a GCS score # 8. After exclusion of 24 patients 
aging nine years or younger, 19 records with missing P-HEMS data and 24 
records of secondary referred patients, the final database included 497 patients. 
Table 1 shows the characteristics for patients solely treated by a paramedic 
emergency medical service (EMS; n=125) or a combination of a paramedic EMS 
with physician-based EMS (EMS/P-HEMS; n=372) prehospital care. 

Table 1. Characteristics of patients with severe TBI treated by a paramedic emergency medical service 
(EMS) or a combination of a paramedic and physician-based EMS (P-HEMS).

EMS P-HEMS P-value
N 125 372
Males [n] 85 (68%) 267 (72%) n.s.
Age (years) 47 ± 20 41 ± 21 0.002
Median ISS 25 (25-34) 33 (25-43) <0.001
Median GCS upon ED arrival 4 (3-6) 3 (3-5) <0.001
Disturbed pupillary response [n] 52 (42%) 147 (40%) n.s.
Incidence of hypotension [n] 13 (10%) 73 (20%) 0.04
Incidence of hypoxia [n] 50 (40%) 144 (39%) n.s.
Median TCDB CT classification 3 (2-5) 3 (2-4) n.s.

EMS = emergency medical service; P-HEMS = physician-based EMS; ISS = injury severity score; GCS = 
Glasgow Coma Scale; ED = emergency department; TCDB = Traumatic Coma Data Bank CT classification; 
Data represent frequencies, mean with standard deviation or median with interquartile range.

Patients who received physician-based prehospital care were younger and had 
higher ISS values when compared to single paramedic EMS-treated patients. 
There were no di"erences in the prehospital incidence of disturbed pupillary 
response or hypoxia among groups, whereas the number of patients with 
prehospital hypotension was higher in the physician-based EMS group (20%) 
than in the EMS group (10%; P=0.04). The TCDB CT classification was similar in 
both groups. 

Transportation times and endotracheal intubation

The overall prehospital run time was 74 ± 54 minutes. There was a di"erence in 
prehospital run time between the urban trauma region (54 ± 30 min) and the 
rural trauma regions (80 ± 59 min; P<0.001). Figure 1 shows that the median 
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prehospital transportation time in the urban and rural regions was similar for 
patients who received prehospital life support by a paramedic or physician-
based EMS.
Sixty-four percent of EMS-treated patients arrived within 60 minutes after 
the emergency call, while a prehospital run time of < 60 minutes was only 
observed in 43% of the physician-based EMS-treated subjects. In total, 75% 
of all patients were endotracheally intubated in the prehospital phase. The 
number of endotracheally intubated patients that arrived within 60 minutes 
after the emergency call (43%) was lower than the number of non-intubated 
patients (60%).

Figure 1. Median prehospital run time for patients treated by a physician-based EMS or paramedic 
EMS in the urban and rural regions. The total prehospital run time was defined as the time between 
emergency call and arrival at the emergency department. EMS = Emergency Medical Service; P-HEMS = 
physician-based emergency medical service. Data represent median with interquartile range. 

The percentage of prehospital endotracheal intubations was significantly 
higher in the physician-based EMS group (88%) compared to the paramedic 
EMS group (35%; P<0.001). The median prehospital run time in endotracheally 
intubated patients was similar between paramedic and physician-based EMS-
treated patients, whereas the prehospital run time of non-intubated patients 
was slightly longer in physician-based EMS-treated patients compared to the 
paramedic EMS group (P=0.03; figure 2). 
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Figure 2. Median prehospital run time for prehospital endotracheally intubated and non-intubated 
patients treated by the EMS (panel B; white bars) or P-HEMS (grey bars). EMS = emergency medical 
service; P-HEMS = physician-based emergency medical service. * Data represent median with 
interquartile range. P=0.03 vs. EMS-treated patients.

Predicted and observed mortality and unfavorable outcome

Table 2 shows the predicted CRASH mortality scores, the median mortality sum 
scores and the observed mortality rates for paramedic and physician-based 
EMS-treated patients. 

Table 2. Predicted and observed mortality and 6-month outcome in patients with severe TBI treated by 
a paramedic emergency medical service or a combination of a paramedic and physician-based EMS.

EMS P-HEMS P-value

CRASH predicted 14-day mortality rate14 0.52 0.43 0.009

Median mortality sum score15 8 (5-10) a 7 (5-9) a n.s.

Observed mortality rate 0.44 0.38 n.s.

Median outcome sum score15 6 (4-8) b 5 (4-7) b n.s.

Median GOS 2 (1-5) 4 (1-6) 0.03

EMS = emergency medical service; P-HEMS = physician-based emergency medical service; GOS = 
Glasgow Outcome Scale. Data represent predicted and observed mortality rates, or median with 
interquartile range. a The Hukkelhoven 6-month mortality sum score for EMS and P-HEMS-treated 
patients corresponds with a predicted mortality probability of about 40% and 35%, respectively. 
b The Hukkelhoven 6-month unfavorable outcome sum score for EMS and P-HEMS-treated patients 
corresponds with a predicted unfavorable outcome probability of about 75% and 60%, respectively.15

24482 Franschman, Gaby.indd   86 13-04-13   11:10



EFFECTS OF PHYSICIAN-BASED EMERGENCY MEDICAL SERVICE ON PREHOSPITAL RUN TIME

CHAPTER

5

87

Due to the lower age in the physician-based EMS group, the predicted CRASH 
mortality was higher for patients treated by the paramedic EMS (0.52) when 
compared to the physician-based EMS group (0.43; P=0.009). The mortality 
sum scores according to Hukkelhoven et al. were similar in the paramedic 
EMS (predicted mortality probability ~ 40%) and in the physician-based EMS 
group (~ 35%; n.s.). The observed mortality rates in physician-based and 
paramedic EMS-treated patients were not di"erent. The outcome sum score for 
unfavorable outcome was similar in paramedic EMS-treated patients (predicted 
unfavorable outcome score ~ 75%) and physician-based EMS patients (~60%; 
n.s.). Despite higher ISS values in the physician-based EMS group, the median 
6-month GOS was more favorable in physician-based EMS-treated patients (4 
(1-6) than in patients who only received paramedic EMS care (2 (1-5); P=0.03; 
Table 2). 

Discussion
This retrospective study focused on the prehospital total run times in severe 
traumatic brain injury (TBI) in three level 1 trauma centers located in urban 
and rural regions in the Netherlands. A physician-based advanced life support 
system as implemented in the Netherlands has the potential disadvantage of 
prolonged out-of-hospital time due to the use of advanced techniques such 
as anesthesia, endotracheal intubation, or chest decompression.9,18 On the 
other hand, prehospital endotracheal intubation by a well-trained physician 
specialist and subsequent goal-directed ventilation may prevent further 
hypoxia during transportation while avoiding hypo- or hypercapnia, and saves 
time in case of the necessity of endotracheal intubation upon ED arrival. In 
order to investigate the relationship between physician-based prehospital 
treatment, prehospital runtime and patient outcome, we collected prehospital 
paramedic and physician-based EMS time data. 
Our findings show that physician-based EMS dispatch does not prolong 
prehospital total run times when compared to EMS-only treatment, while 
the number of severe TBI patients who were endotracheally intubated in the 
prehospital setting was significantly higher in the physician-based EMS group 
when compared to the EMS group. The prehospital run times were higher in 
the rural setting compared to the urban situation. The out-of-hospital time for 
endotracheally intubated patients was similar in case of physician-based EMS 
dispatch when compared to prehospital paramedic EMS life support. 
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Mortality tended to be lower in the physician-based EMS group, but this might 
be explained by the lower CRASH predicted mortality in patients treated by the 
physician-based service. In particular, the CRASH predicted mortality was lower 
in physician-based EMS patients due to the lower average age when compared 
to the EMS group.14 However, the Hukkelhoven sum score for mortality 
probability did not reveal a di"erence among groups. Although we did not 
perform an extensive clinical neurological outcome analysis, 6-month outcome 
was more favorable in the physician-based EMS group, while the Hukkelhoven 
sum score for unfavorable outcome probability was similar among groups.15 
Interestingly, our findings suggest that the most severely injured patients were 
treated by an EMS, while in these patients a physician-based EMS is typically 
indicated and should be dispatched when available. Our observations might 
hint towards ambiguous guidelines for physician-based EMS deployment used 
by the ambulance dispatch centers and EMS paramedics in the Netherlands in 
the particular study period.
Although others demonstrated a gain in health benefit and life years in case 
of an anesthesiologist-based physician-based EMS dispatch.19-21 Aydin et al. 
described that involvement of a physician-based EMS increases on-scene 
times by 2.7 minutes without evident benefits for overall patient outcome.9 
This short delay however may not necessarily have been a direct consequence 
of physician-based EMS involvement, but may likely be due to unaccounted 
covariates such as extrication times and secondary dispatch rate.18 Moreover, 
their study was based on patient data from one level 1 trauma center located 
in an urban region, while the subgroup of patients with TBI was relatively small, 
which may further limit the conclusions in this study. Interestingly, Aydin et 
al. observed a trend towards increased survival in the subgroup of physician-
based EMS treated patients with severe TBI.9 
The absent extension of prehospital run times in case of physician-based EMS 
deployment are further in contrast to the findings in the single center study 
of de Jongh et al.10 They recently showed that prehospital run times of TBI 
patients treated by physician-based EMS almost doubled when compared to 
EMS-treated patients.10 One of the explanations for these contrasting findings 
is that the reporting hospital in the publication of de Jongh et al. has no own 
physician-based EMS team. For advanced life support in severely injured 
patients in the near region of this particular hospital, one of the physician-
based EMS teams is deployed from two teaching hospitals that are localized 

24482 Franschman, Gaby.indd   88 13-04-13   11:10



EFFECTS OF PHYSICIAN-BASED EMERGENCY MEDICAL SERVICE ON PREHOSPITAL RUN TIME

CHAPTER

5

89

outside the county borders. Although patients were matched on ISS, age and 
the severity of TBI, the study did not account for similarities in type of accident 
and distance from the accident scene towards the reporting hospital. 
Dutch national law requires prehospital paramedic services to arrive at the 
accident scene within 15 minutes after the first emergency call to an ambulance 
dispatch center. After the initial prehospital treatment by paramedics alone or 
paramedic plus physician-based EMS, travelling distance to a level 1 trauma 
center from a more rural area is longer than in an urban area. As expected, 
the total prehospital run time for severe TBI patients was significantly longer 
in rural than in urban level 1 trauma centers, most probably due to the longer 
distances towards these hospitals. 
We earlier observed a low degree of adherence (56%) to the BTF intubation 
guidelines in severe TBI patients in an urban trauma region.1,4 The present 
retrospective multicenter evaluation, which included data from rural level 1 
trauma centers, showed a guideline compliance of 75%. Longer transportation 
distances in rural trauma regions may explain the observed improvement in 
adherence to the BTF intubation guidelines. On the other hand, it might be 
assumed that paramedics in urban regions more frequently perform a ‘scoop 
and run’ strategy due to the shorter travelling distances towards a level 1 
trauma center.
The present study is limited by its retrospective design. Both paramedic and 
physician-based EMS manually recorded prehospital treatment times, and we 
therefore focused on total prehospital run time rather than on-scene time. Total 
run time was defined as the time from emergency call until patient arrival at 
the trauma center. Hence this time includes on-scene time plus transportation 
time and therefore reflects total prehospital treatment time more accurately 
than the on-scene time alone. Moreover, since the reported GCS was evaluated 
upon emergency department admission, we observed a high incidence of 
patients with a GCS of 3, which is in part due to prehospital administration of 
anesthetic drugs. 

Conclusions

In this retrospective multicenter study we showed that physician-based EMS 
dispatch does not prolong prehospital run times, while the number of patients 
who are endotracheally intubated at the prehospital scene, as is recommended 
by international guidelines, is higher when compared to paramedic EMS-treated 
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patients. Our data unexpectedly suggest that a subgroup of the most severely 
injured patients solely received prehospital care by a paramedic EMS, while 
international guidelines recommend advanced life support by a physician-
based EMS in these cases. Further studies focusing on the determinants of 
physician-based EMS deployment in severely injured patients with intracranial 
injuries may be a prerequisite to draw further conclusions with respect to the 
added value of physician-based EMS care in advanced prehospital life support.
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Abstract

Background
Dutch national prehospital trauma guidelines advice advanced life 
support in all patients with severe traumatic brain injury (TBI). Although 
it is recommended that prehospital advanced life support is particularly 
provided by a physician-based helicopter emergency medical service 
(P-HEMS), a substantial part of severe TBI patients is exclusively treated 
by an EMS team. In order to better understand this phenomenon, 
we evaluated P-HEMS deployment characteristics in severe TBI in a 
multicenter setting.

Methods
The database included patient demographics, prehospital and injury 
severity parameters and determinants of EMS or EMS/P-HEMS dispatch 
in 334 patients with severe TBI admitted to level 1 trauma centers in the 
Netherlands.

Results
The physician-based EMS was deployed in 62% of patients with severe 
TBI. Patients treated by the physician-based EMS had a higher injury 
severity score (29 (20-38)) vs. (25 (16-30); P<0.001), more frequently 
required blood product transfusions (41% vs. 29%; P=0.03) and 
recurrently su"ered from TBI with extracranial injuries (33% vs. 6%; 
P<0.001) than patients solely treated by an EMS. The prehospital 
endotracheal intubation rate was higher in the physician-based EMS 
group in isolated TBI (93% vs. 19%; P<0.001) or non-isolated TBI (96% 
vs. 43%; P<0.001) compared to the EMS group. Notwithstanding higher 
injury severity levels in P-HEMS patients, 6-month mortality rates were 
similar among EMS groups. Deployment of P-HEMS estimated 52% and 
72% (P<0.001) in urban and rural regions, respectively, with comparable 
endotracheal intubation rates among regions.
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Conclusions
Despite 24-hour availability, the physician-based EMS was not 
deployed in all cases of severe brain injury. In particular, P-HEMS was 
more frequently deployed in patients with severe TBI in the presence 
of extracranial injuries, and in rural trauma regions. There was no full 
adherence to prehospital guidelines for severe TBI patients, despite the 
24-hour availability of a physician-based EMS.
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Introduction
In patients with severe traumatic brain injury (TBI), preservation of vital functions 
and prevention of secondary injury requires advanced prehospital life support, 
including early control of life-threatening injuries, hemodynamic stabilization 
and maintenance of respiratory function.1 Prehospital hemodynamic and 
respiratory stabilization in severe TBI should therefore preferably be performed 
by well-trained emergency medical services (EMS) to prevent further hypoxia 
during transportation while avoiding hypo- or hypercapnia.2,3 The benefits 
of prehospital endotracheal intubation and ventilation are however largely 
influenced by the skills and experience of the EMS team.4,5

In the Netherlands, paramedic EMS teams provide basic life support in case 
of life-threatening circumstances. When needed, prehospital care is intensified 
by adding a physician-based helicopter EMS (P-HEMS).6 Determinants 
of physician-based EMS deployment are defined in the national Dutch 
ambulance protocol, which is developed and implemented by paramedics. 
These guidelines recommend the presence of an EMS physician in trauma 
patients with a Glasgow Coma Scale (GCS) score # 8 to facilitate the use of 
intravenous anesthetics, and the implementation of endotracheal intubation 
and mechanical ventilation. In daily practice, EMS teams however frequently 
execute scoop and run strategies in order to reduce the prehospital run time, 
although this practice is not in accordance with their national guidelines. 
We earlier showed that physician-based EMS dispatch in patients with severe 
TBI was relatively low, with an overall adherence of 56% to national guidelines.7 
The main reasons for low national guideline adherence were the unavailability 
of a physician-based EMS during night hours by law restriction, or scoop and 
run strategies by paramedic services.7 On the contrary, physician-based EMS 
deployment did not prolong prehospital total run times when compared to 
EMS-only treatment, while it assured prehospital intubation of TBI patients by 
a well-trained physician.8

Recent changes in Dutch law restrictions for physician-based EMS deployment 
have resulted in a 24-hour availability of physician-based acute prehospital care.9     
Here we evaluated whether this extended availability increased physician-
based EMS dispatch in patients with severe TBI, and specifically focused on the 
type of TBI and regional di"erences as characteristics for physician-based EMS 
deployment in these patients. 
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Methods

Study population

The study population consisted of patients with severe traumatic brain injury 
(TBI) aging 16 years or older with a Glasgow Coma Scale (GCS) score between 
3 and 8 who were included in the Prospective Observational COhort study 
Neurotrauma (POCON) study. The POCON study is a multicenter TBI registry 
of 508 patients who were primarily or secondarily admitted to the emergency 
department (ED) of one of the following ACS-COT level I trauma centers: 
Radboud University Nijmegen Medical Center (RUNMC), University Medical 
Center Groningen, VU University Medical Centre, Academic Medical Center and 
Erasmus Medical Center between June 1 2008 and May 31 2009.10,11

Protocol approval and patient consent

The local ethics committee of the coordinating hospital (RUNMC) approved 
the study protocol. The other participating hospitals all provided a feasibility 
statement.10

Prehospital trauma care system in the Netherlands

The prehospital trauma care system is uniform for all regions in the Netherlands. 
Dutch ambulance paramedics are intensive care unit (ICU) certified nurses. 
They are not allowed nor fully trained to induce anesthesia, and may only 
perform endotracheal intubation in patients with a GCS of 3.12 Alternatively, 
they administer oxygen through facemask or bag-valve-mask ventilation until 
arrival of a physician-based helicopter EMS (P-HEMS) or arrival at the emergency 
department. The four physician-based EMS teams are strategically divided over 
the Netherlands for an optimal coverage of almost the total country. Physician-
based EMS teams are sta"ed by anesthesiologists or trauma surgeons and 
dispatched to support ambulance paramedics in severely injured patients. 
Dutch prehospital treatment guidelines are described in the national 
ambulance protocol, which is developed by the ambulance paramedic trade 
union. These guidelines mandate that dispatch of a physician-based EMS is 
required for all trauma patients with a GCS of 3-8 to assure proper anesthesia, 
correct endotracheal intubation and mechanical, end-tidal CO2 controlled 
ventilation. These prehospital guidelines aim for maximal use of anesthesia 
and endotracheal intubation in every trauma patient with a GCS score # 8 to 
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prevent hypoxia, hypotension and hyper- or hypocapnia as described in the 
guidelines from the Brain Trauma Foundation.1 The role of the helicopter is 
primarily to transport the physician to the accident scene as quickly as possible, 
while patients are generally transported by ground ambulance due to relative 
short distances to trauma centers and the restricted air sides at most of these 
trauma centers. All patients with suspected severe TBI should primarily be 
transported to a level 1 trauma center immediately after prehospital treatment 
has ended.
The physician-based EMS was available for 24 hours in all four regions. The 
trauma regions were divided into an urban (VU University Medical Centre, 
Academic Medical Centre and Erasmus Medical Centre) or rural region (Radboud 
University Nijmegen Medical Centre, University Medical Centre Groningen) 
based on the 2010 population densities of the urban counties (Noord-Holland 
(993 inhabitants/km2) and Zuid-Holland (1239 inhabitants/km2)) and rural 
counties (Groningen/Friesland/Drenthe (247, 193 and 183 inhabitants/km2, 
respectively) and Gelderland/Noord-Brabant (401 and 495 inhabitants/km2, 
respectively)). 

Demographic and injury severity variables

Study parameters included demographic and clinical variables and prehospital 
treatment modalities. Data were collected from medical records by trained 
research sta" a!liated to the trauma centers and entered into a Microsoft 
Access® database.10 Demographic and injury severity variables included age, 
gender, trauma mechanism, Glasgow Coma Scale (GCS) at the accident scene 
and upon ED admission, injury severity score (ISS), pupillary response upon ED 
arrival, transfusion requirements in the first 48-hour post-injury, abbreviated 
extracranial injury score (AIS), extracranial AIS, the presence of a paramedic EMS 
or physician-based HEMS, endotracheal intubation, location of trauma region, 
secondary referral and mortality within six months after trauma. Patients were 
divided into an isolated TBI (AIS # 3) or TBI with extracranial injury category 
(AIS > 3)

Statistical analysis

Data were collected and analyzed using IBM SPSS Statistics 18.0 (IBM, New York, 
USA). Descriptive statistics included mean with standard deviation (age, blood 
pressure), frequencies or median with interquartile range (ISS, GCS). Data were 
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analyzed by a one-way ANOVA (parametric data), a Mann Whitney test for a 
two-group comparison of ordinal data or a Chi-square test for nominal data. A 
P<0.05 was considered as statistically significant.

Results

The original POCON database included 339 patients with severe traumatic brain 
injury (TBI). Five patients were excluded from the database due to gunshot 
injuries (n=4) and the unavailability of P-HEMS data (n=1). In the subgroup 
of patients with severe TBI, 168 patients were diagnosed with isolated TBI 
(extracranial AIS < 3) and 166 with TBI with extracranial injuries TBI (extracranial 
AIS $ 3).

Physician-based HEMS dispatch in severe TBI

Table 1 represents the demographic characteristics of patients with severe TBI 
treated by a paramedic or physician-based EMS. The physician-based EMS team 
was dispatched in 62% of all cases. Patients treated by the physician-based EMS 
were younger and more frequently su"ered from TBI with extracranial injuries  
(60%) when compared to EMS-treated patients (33%; P<0.001). Physician-
based EMS dispatch was higher for tra!c accidents (61% vs. 34%; P<0.001 vs. 
EMS), while patients with TBI due to falling from height were more often treated 
by an EMS (51% vs. 28%; P<0.001 vs. P-HEMS). Secondary referral to a level 1 
trauma center was more frequently observed in the EMS than in the physician-
based EMS group (32% vs. 4%; P<0.001), while both primary and secondary 
referred patients had a median GCS score # 8 at the accident scene (5 (3-7) vs. 
6 (3-12); P=0.02). Moreover, secondary referral was more profound in patients 
with isolated TBI than in patients with TBI and extracranial injuries (20% vs. 
9%; P=0.007). Due to the higher endotracheal intubation rate in the physician-
based EMS group requiring patient sedation, a comparison of GCS scores 
between physician or paramedic-based EMS-treated patients upon patient 
arrival at the ED is not applicable. Although patients had a higher median ISS 
in the physician-based EMS group (29 (20-38) vs. 25 (16-30); P<0.001) and more 
48-hour transfusion requirements (P-HEMS 41% EMS 29%; P=0.03) compared 
to the EMS group, 6-month mortality rates were similar between groups. There 
were no di"erences in mortality rates between patients with isolated TBI or TBI 
with extracranial injuries treated by paramedic or physician-based EMS. Figure 
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1A shows a lower endotracheal intubation rate in patients solely treated by the 
EMS when compared to the physician-based EMS group. In case of isolated TBI, 
intubation rates estimated 19% and 93% in paramedic and physician-based 
EMS treated patients, respectively (P<0.001). The number of patients with TBI 
with extracranial injuries intubated by an EMS was higher when compared to 
EMS-treated patients with isolated TBI (43%: P<0.001). In case of physician-
based EMS deployment in patients with TBI with extracranial injuries, the 
intubation rate estimated 96% (P<0.001 vs. EMS-treated patients).

Table 1. Demographic characteristics of patients with severe TBI treated by an EMS or P-HEMS.

EMS P-HEMS P-value

N 127 207

Age (years) 52 ± 20 42 ± 19 <0.001

Males 70% 71% n.s.

TBI with extracranial injury (AIS $ 3) 33% 60% <0.001

Secondary referral 32% 4% <0.001

Median GCS accident scene 5 (3-8) 5 (3-7) n.s.

SBP ED arrival (mmHg) 136 ± 43 129 ± 35 n.s.

SpO2 ED arrival (%) 97 ± 5 98 ± 5 n.s.

pH ED arrival 7.30 ± 0.16 7.28 ± 0.14 n.s.

Median ISS 25 (16-30) 29 (20-38) <0.001

48-hour transfusion 29% 41% 0.03

Disturbed pupillary reflex 42% 46% n.s.

Survival 56% 53% n.s.

EMS = paramedic-based emergency medical service; P-HEMS = physician-based helicopter emergency 
medical service; AIS = abbreviated injury score; GCS = Glasgow Coma Scale; ED = emergency 
department; SBP = systolic blood pressure; SpO2 = oxygen saturation; ISS = injury severity score.

Figure 1, panel A shows a lower endotracheal intubation rate in patients sole-
ly treated by the EMS when compared to the physician-based EMS group. In 
case of isolated TBI, intubation rates estimated 19% and 93% in EMS and phy-
sician-based EMS-treated patients, respectively (P<0.001). The number of pa-
tients with TBI with extracranial injuries intubated by an EMS was higher when 
compared to EMS-treated patients with isolated TBI (43%: P<0.001). In case of 
P-HEMS deployment in patients with TBI with extracranial injuries, the intuba-
tion rate estimated 96% (P<0.001 vs. EMS-treated patients).
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Figure 1. Prehospital endotracheal intubation in patients with isolated severe traumatic brain injury (TBI) 
or TBI with extracranial injury treated by a paramedic (EMS) or physician-based (P-HEMS) emergency 
medical service (panel A). Prehospital endotracheal intubation in patients with severe TBI located in 
urban or rural trauma regions treated by a paramedic or physician-based EMS (panel B). §P=0.004 versus 
EMS-treated patients with isolated TBI, *P<0.001 vs. paramedic EMS-treated patients.
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Regional di!erences in physician-based EMS dispatch in severe TBI

Overall, 50% of the TBI patients were located in a rural trauma region with 
a regional di"erence in physician-based EMS dispatch in severe TBI. The 
physician-based EMS was dispatched in 52% of all patients located in an 
urban region, which was significantly lower when compared to the rural 
region (72%; P>0.001). Table 2 represents the characteristics of patients with 
severe TBI located in urban and rural regions. The number of patients with 
TBI with extracranial injuries was lower in urban regions (39%) than in rural 
regions (60%; P<0.001). The GCS upon emergency department arrival was 
lower in the rural setting, while there were no di"erences in ISS between both 
trauma regions. Figure 1, panel B shows that the number of patients who were 
endotracheally intubated by the paramedic EMS or physician-based EMS did 
not di"er between trauma regions.

Table 2. Physician-based EMS dispatch in urban and rural trauma regions.

Urban Rural P-value

N 168 166

Age (years) 48 ± 21 44 ± 19 n.s.

Males 70% 72% n.s.

Secondary referral 18% 11% <0.001

TBI with extracranial injury (AIS $ 3) 39% 60% <0.001

P-HEMS dispatch 52% 72% <0.001

Median GCS accident scene 5 (3-7) 5 (3-8) n.s.

Median ISS 25 (16-33) 29 (20-40) n.s.

Disturbed pupillary reflex 49% 40% n.s.

Survival 57% 51% n.s.

P-HEMS = physician-based helicopter emergency medical service; AIS = abbreviated injury score; GCS = 
Glasgow Coma Scale; ED = emergency department; ISS = injury severity score.

Discussion
In this prospective patient cohort study we re-evaluated the compliance to 
national prehospital treatment guidelines for patients with severe traumatic 
brain injury (TBI) in the Netherlands. National trauma guidelines recommend 
prehospital endotracheal intubation in all cases of severe TBI, while international 
guidelines focus on monitoring and prevention of hypoxia, hypotension and 
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hyper/hypocapnia.1,12 These national guidelines put emphasis on the presence 
of highly experienced professionals to perform prehospital endotracheal 
intubation, like anesthesiologists or surgeons.4,5

Our investigation particularly focused on determinants of physician-based 
EMS dispatch in severe TBI. We found that a physician-based EMS is frequently 
dispatched in patients with severe traumatic injury with extracranial injuries. 
In case of physician-based EMS dispatch, patients were almost always 
endotracheally intubated irrespective of the absence or presence of extracranial 
injuries. The incidence of prehospital endotracheal intubation by patients 
solely treated by paramedic EMS was low, as expected due to law restrictions, 
especially in patients without extracranial injury. Furthermore, physician-based 
EMS dispatch was substantially less in urban than in rural regions, while the 
injury severity score was comparable between regions. Our findings suggest 
that the threshold for physician-based EMS dispatch is lower in multitrauma 
patients than in patients without visible extracranial injuries. Moreover, scoop 
and run strategies by paramedic EMS were more regularly observed in urban 
regions, and national prehospital trauma guideline compliance was therefore 
the highest in rural areas. Scoop and run strategies for severely injured patients 
in the close neighborhood of a level 1 trauma center might be an acceptable 
strategy especially when expected time of arrival of physician-based EMS is 
longer than the transportation time to the level 1 trauma center. Recently, a 
third prehospital strategy in the Netherlands is developing: meet and treat. A 
severely injured patient is primarily treated by paramedics according to “scoop 
and run” strategies, followed by a rendezvous with a EMS physician during 
patient transportation. The EMS physician subsequently treats the patient 
during transportation by the ground ambulance until arrival in the level 1 
trauma center. Recent data by our group however showed that physician-
based EMS dispatch does not increase prehospital run times in patients with 
severe TBI, while it assures endotracheal intubation of these patients by a well-
trained physician at the accident scene.8 Furthermore, we found no evidence 
for improved adherence to national trauma guidelines in urban regions when 
compared to earlier findings, despite the 24-hour availability of a physician-
based EMS.7

In the ongoing discussion regarding the beneficial e"ect of advanced 
life support on patient outcome in severe TBI, earlier studies showed that 
advanced prehospital medical procedures, such as endotracheal intubation, 
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were associated with worse outcome in TBI patients13-16 or did not improve 
outcome in patients with non-lethal injuries17 or compared to bag-valve-
mask ventilation.18 In-depth analysis revealed that prehospital mechanical 
ventilation strategies, and not endotracheal intubation, were mainly 
responsible for the increased mortality rates in these patients. In particular, 
inappropriate prehospital mechanical ventilation with either (iatrogenic) 
hypoventilation or hyperventilation was clearly associated with reduced 
survival rates in TBI patients.19-21 Others showed that abnormal paCO2 levels 
upon emergency department arrival can be considered an important outcome 
predictor in severe TBI.2 Ideally, prehospital intubation and ventilation should 
be performed by experienced medical professionals like anesthesiologists in 
Europe or emergency physicians in the USA.4,5,22,23

However, the discussion remains whether dispatch of a physician-based EMS 
improves patient outcome in severe TBI. However, it is di!cult to show mortality 
benefits of prehospital advanced life support, as patient outcome is frequently 
blurred by the higher injury severity of patients treated by a physician-based 
EMS. This is also illustrated by the present study, as patients treated by a 
physician-based EMS had more frequently extracranial injuries, higher injury 
severity scores and more transfusion requirements than paramedic EMS-
treated subjects, with comparable 6-month mortality rates between paramedic 
EMS and physician-based EMS groups. Indeed, we earlier showed that patients 
with higher injury severity levels as reflected by ISS levels and the presence of 
hemostatic abnormalities are at increased risk for unfavorable outcome.11

Our study shows that the presence of extracranial injuries is an important 
determinant of physician-based EMS dispatch in severe TBI in the Netherlands. 
There are two explanations for the higher compliance to national prehospital 
trauma guidelines in multitrauma patients with severe TBI. First, the prehospital 
diagnosis of isolated severe TBI is primarily based on the Glasgow Coma Scale 
score. Our data suggest that a GCS score # 8 in patients without extracranial 
injuries not always triggers for physician-based EMS assistance nor endotracheal 
intubation. Davis et al. showed that this is not due to an inadequate GCS score 
calculation by the EMS.24 The presence of isolated severe TBI may however not 
be recognized as such by bystanders or the central emergency dispatch center, 
thereby refraining these patients from physician-based EMS assistance. In 
particular, absence of physician-based EMS assistance in TBI patients with initial 
signs of preserved vital function followed by a severely deteriorating condition 
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in the immediate post-injury period may be associated with a reduced chance 
of favorable outcome. Secondly, the presence of extracranial injuries, frequently 
reflected by bone fractures or bleeding, may trigger physician-based EMS 
dispatch, as the injuries are more visible for witnesses. 
Furthermore, we found that national prehospital trauma guideline adherence 
for severe TBI patients was di"erent between patients located in urban and 
rural trauma regions. This might be explained by dissimilarities in prehospital 
run times between both trauma regions. It might be possible that EMS teams 
in urban trauma regions more frequently decide for a “scoop-and-run” strategy, 
irrespective of the medical condition of the patient, but based on the expected 
run time to a hospital. Interestingly, the relative number of undertriaged 
patients who were secondary referred to a level 1 trauma center, thereby 
delaying adequate treatment, was higher in the urban than in the rural region, 
despite the relatively higher concentration of level 1 trauma centers in the 
urban region. Moreover, local habits may further explain the di"erences in 
physician-based EMS deployment frequencies in the Netherlands.25 Finally, the 
slightly higher injury severity levels in rural areas, which may have triggered 
physician-based EMS assistance, might also explain the di"erences in national 
prehospital trauma guideline adherence levels between urban and rural 
regions. Future evaluation of national prehospital trauma guidelines should put 
more emphasis on regional di"erence in the care for severely injured patients. 
In this prospective observational study we found no di"erences in vital 
parameters like systolic blood pressure, pH or SpO2 between paramedic EMS 
and physician-based EMS groups. These findings are in agreement with an 
earlier single center study by our group that showed no di"erence in hypoxic 
events in severe TBI patients between paramedic and physician-based EMS-
treated patients.7 However, in order to draw firm conclusions more data are 
required on prehospital mechanical ventilation parameters including end-tidal 
CO2 and outcome determinants like the paCO2 upon ED admission.2

Our study is limited by the absence of prehospital run times and the influence 
of di"erent post-injury treatment modalities among level 1 trauma centers 
on patient outcome. In order to investigate the e"ect of physician-based EMS 
dispatch on outcome in severely injured neurotrauma patients, a case-control 
study or randomized controlled investigation is required. These types of studies 
are however not feasible due to complex environment of the acute care setting 
and medical ethical reasons. Moreover, it is unclear whether our findings can be 
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generalized to other European or US settings, as physician-based EMS dispatch 
criteria show a lack of uniformity on an international level.26

We earlier raised the question that the discrepancy between guidelines and 
practice in the Netherlands may have a"ected the treatment of TBI victims, and 
advocated optimization of physician-based EMS participation in the care for 
severely injured TBI patients in the prehospital phase.7 Our current findings at 
least indicate that adherence to national prehospital treatment guidelines in 
severely injured TBI patients is not a"ected by the availability of a physician-
based HEMS, and that physician-based EMS dispatch was the highest in TBI 
patients with (visible) extracranial injuries and patients located in rural trauma 
regions. Further research should reveal whether outcome in severe TBI patients 
might be improved in case of prehospital advanced life support, and thus a 
higher adherence to national prehospital guidelines. 

Conclusions

This multicenter study shows that physician-based EMS deployment is more 
frequently observed in patients with severe TBI in the presence of extracranial 
injuries. Physician-based EMS dispatch rates were lower in urban than in rural 
regions, although the injury severity score was comparable between regions. 
These findings suggest that scoop and run strategies by paramedic EMS teams 
are more frequently observed in urban regions. We showed that prehospital 
treatment of severe TBI patients is at variance with national prehospital 
guidelines, despite the 24-hour availability of a physician-based EMS.

24482 Franschman, Gaby.indd   106 13-04-13   11:10



PHYSICIAN-BASED EMERGENCY MEDICAL SERVICE DEPLOYMENT CHARACTERISTICS

CHAPTER

6

107

References
1. Badjatia N, Carney N, Crocco TJ, Fallat ME, Hennes HM, Jagoda AS, Jernigan S, Letarte PB, Lerner 

EB, Moriarty TM, Pons PT, Sasser S, Scalea T, Schleien CL, Wright DW. Brain Trauma Foundation; BTF 
Center for Guidelines Management. Guidelines for prehospital management of traumatic brain 
injury 2nd edition. Prehosp Emerg Care 2008;12:S1-S52. 

2. Dumont TM, Visioni AJ, Rughani AI, Tranmer BI, Crookes B. Inappropriate prehospital ventilation 
in severe traumatic brain injury increases in-hospital mortality. J Neurotrauma 2010;27:1233-1241.

3. Franschman G, Peerdeman SM, Andriessen TMJC, Greuters S, Toor AE, Vos PE, Bakker FC, Loer 
SA, Boer C. For the Amsterdam Lifeliner: Analysis of Results and Methods Traumatic Brain Injury 
(ALARM-TBI) Investigators. E!ect of Secondary Prehospital Risk Factors on Outcome in Severe 
Traumatic Brain Injury in the Context of Fast Access to Trauma Care. J Trauma 2011;71:826-832.

4. Davis DP, Peay J, Sise MJ, Kennedy F, Simon F, Tominaga G, Steele J, Coimbra R. Prehospital airway 
and ventilation management: a trauma score and injury severity score-based analysis. J Trauma 
2010;69:294-301.

5. Davis DP, Koprowicz KM, Newgard CD, Daya M, Bulger EM, Stiell I, Nichol G, Stephens S, Dreyer 
J, Minei J, Kerby JD. The relationship between out-of-hospital airway management and outcome 
among trauma patients with Glasgow Coma Scale Scores of 8 or less. Prehosp Emerg Care 
2011;15:184-192.

6. Ten Duis HJ, van der Werken C. Trauma care systems in The Netherlands. Injury 2003;34:722-727.
7. Franschman G, Peerdeman, SM, Greuters S, Vieveen J, Brinkman AC, Christiaans HMT, Toor 

EJ, Jukema GN, Loer SA, Boer C. ALARM-TBI investigators. Prehospital endotracheal intubation in 
patients with severe traumatic brain injury: guidelines versus reality. Resuscitation 2009;80:1147-
1151. 

8. Franschman G, Verburg N, Brens-Heldens V, Andriessen TMJC, Van der Naalt J, Peerdeman SM, Valk 
JP, Hoogerwerf N, Greuters S, Schober P, Vos PE,Christiaans HM, Boer C. E!ects of physician-based 
emergency medical service dispatch in severe traumatic brain injury on prehospital run time. Injury 
2012;43:1838-1842.

9. Hoogerwerf N, Heijne A, Geeraedts LM Jr, van Riessen C, Sche"er GJ. Helicopter emergency medical 
service missions at night: 2 years of experience in the Dutch Regional Emergency Healthcare Network 
East. Ned Tijdschr Geneeskd 2010;154:A2149.

10. Andriessen TMJC, Horn J, Franschman G, van der Naalt J, Haitsma I, Jacobs B, Steyerberg EW, Vos 
PE. Epidemiology, severity classification, and outcome of moderate and severe traumatic brain injury: 
a prospective multicenter study. J Neurotrauma 2011;28:2019-2031.

11. Franschman G, Boer C, Andriessen TMJC, van der Naalt J, Horn J, Haitsma I, Jacobs B, Vos PE. 
Multicenter Evaluation of the Course of Coagulopathy in Patients with Isolated Traumatic Brain Injury: 
Relation to CT Characteristics and Outcome. J Neurotrauma 2012;29:128-136.

12. Foundation for national ambulance and emergency room protocols. Landelijk protocol 
Ambulancezorg (LPA7.2), Ambulance Zorg Nederland. Zwolle. March 2011.

13. Eckstein M, Chan L, Schneir A, Palmer R. E!ect of prehospital advances life support on outcomes of 
major trauma patients. J Trauma 2000;48:643-648.

14. Murray JA, Demetriades D, Berne TV, Stratton SJ, Cryer HG, Bongard F, Fleming A, Gaspard D. 
Prehospital intubation in patients with severe head injury. J Trauma 2000;49:1065-1070.

15. Stiel IG, Nesbitt LP, Pichett W, Munkley D, Spaite DW, Banek J, Field B, Luinstra-Toohey L, Maloney 
J, Dreyer J, Lyver M, Campeau T, Wells GA. OPALS Study Group. The OPALS major trauma study: 
impact of advanced life-support on survival and morbidity. CMAJ 2008;178:1141-1152.

16. Wang HE, Peitzman AB, Cassidy LD, Adelson PD, Yealy DM. Out-of-hospital endotracheal intubation 
and outcome after traumatic brain injury. Ann Emerg Med 2004;44:439-450.

17. Bochicchio GV, Ilahi O, Joshi M, Bochicchio K, Scalea TM. Endotracheal intubation in the field does 
not improve outcome in trauma patients who present without an acutely lethal traumatic brain injury. 
J Trauma 2003;54:307-311. 

18. Stockinger ZT, McSwain NE jr. Prehospital endotracheal intubation for trauma does not improve 
survival over bag-valve-maks ventilation. J Trauma 2004;56:531-536.

24482 Franschman, Gaby.indd   107 13-04-13   11:10



CHAPTER 6

108

19. Davis DP, Idris AH, Sise MJ, Kennedy F, Eastman AB, Velky T, Vilke GM, Hoyt DB. Early ventilation 
and outcome in patients with moderate to severe traumatic brain injury. Neurologic Crit Care 
2006;34:1202-1208.

20. Di Bartolomeo S, Sanson G, Nardi G, Michelutto V, Scian F. Inadequate ventilation of patients with 
severe brain injury: a possible drawback to prehospital advanced trauma care? Eur J Emerg Med 
2003;10:268-271.

21. Thomas SH, Orf J, Wedel SK, Conn AK. Hyperventilation in traumatic brain injury patients: 
inconsistency between consensus guidelines and clinical practice. J Trauma 2002;52:47-53.

22. Davis DP, Dunford JV, Poste JC, Ochs M, Holbrook T, Fortlage D, Size MJ, Kennedy F, Hoyt DB. The 
impact of hypoxia and hyperventilation on outcome after paramedic rapid sequence intubation of 
severely head-injured patients. J Trauma 2004;57:1-8.

23. Davis DP, Heister R, Poste JC, Hoyt DB, Ochs M, Dunford JV. Ventilation patterns following paramedic 
rapid sequence intubation of patients with severe traumatic brain injury. Neurocrit Care 2005;2:165-
171.

24. Davis DP, Vadeboncoeur TF, Ochs M, Poste JC, Vilke GM, Hoyt DB. The association between field 
Glasgow coma score and outcome in patients undergoing paramedic rapid sequence intubation. J 
Emerg Med 2005;29:391-397.

25. Lemson J, van Grunsven PM, Schipper IB, Valk JP, Christiaans HMT, Gerritse EM, Sche"er GJ. 
Helicopter-Mobile Medical Teams in The Netherlands: significant di!erences in deployment frequencies 
between di!erent emergency room regions. Ned Tijdschr Geneeskd 2008;152:1106-1112.

26. Wigman LD, van Lieshout EM, de Ronde G, Patka P, Schipper IB. Trauma-related dispatch criteria for 
Helicopter Emergency Medical Services in Europe. Injury 2011;42:525-33. 

24482 Franschman, Gaby.indd   108 13-04-13   11:10



24482 Franschman, Gaby.indd   109 13-04-13   11:10



24482 Franschman, Gaby.indd   110 13-04-13   11:10



7Chapter

Hemostatic and cranial 
computed tomography 

characteristics in patients with 
acute and delayed coagulopathy 

after isolated traumatic brain 
injury

G. Franschman, S. Greuters, W.H. Jansen, L.M. Posthuma,
S.M. Peerdeman, M.P. Wattjes, S.A. Loer, C. Boer

Brain Injury 2012; 26:1464-1471.

24482 Franschman, Gaby.indd   111 13-04-13   11:10



CHAPTER 7

112

Abstract

Background
To investigate whether the development of coagulopathy at di"erent 
stages after isolated traumatic brain injury (TBI) is associated with 
distinct cranial computed tomography characteristics,

Methods
Retrospective cohort study in 226 patients with moderate to severe 
isolated TBI who were categorized as subjects without coagulopathy 
or with acute temporary, acute sustained or delayed coagulopathy. 
Coagulopathy was defined as an activated partial thromboplastin time 
>40 seconds and/or prothrombin time (PT) >1.2 and/or platelet count 
<120*109/l. Cranial CT scans were assigned to the six-point Traumatic 
Coma Data Bank (TCDB) CT-classification. 

Results
Coagulopathy occurred in 44% of patients in the first 24-hours post-
trauma. Patients with acute, sustained coagulopathy showed a 
prolonged PT (1.64 ± 0.89) when compared to patients without (1.03 
± 0.07), acute temporary (1.27 ± 0.22) or delayed coagulopathy (1.08 ± 
0.06; P<0.05). Patients with acute temporary or delayed coagulopathy 
had the worst TCDB CT classification scores, while mortality rates were 
the highest in patients with sustained or delayed coagulopathy.

Conclusions
Not only the mere presence of coagulopathy, but also the course of 
hemostatic alterations following neurotrauma may hold predictive value 
for patient outcome, irrespective of the severity level of cerebral injury.
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Introduction
Traumatic brain injury (TBI) is an important cause of morbidity and mortality 
of young-aged individuals.1,2 In addition to cerebral lesions induced by the 
traumatic event itself, delayed secondary injury due to hypotension, hypoxia 
and coagulopathy may additionally influence outcome in patients with TBI.3-5 
We recently showed that a quarter of all patients with isolated severe TBI are 
admitted to the emergency department with early coagulopathy in the absence 
of extracranial bleeding.5 Moreover, the incidence of coagulopathy increases 
in the first 24 hours after trauma, and this so-called delayed coagulopathy is 
independently and strongly associated with poor outcome in TBI.5-11 
Despite limited numbers of studies, indications arise that early and delayed 
coagulopathy may be considered as distinct entities in patients with isolated 
neurotrauma. The development of delayed coagulopathy in isolated TBI is 
associated with an increased risk for unfavorable outcome when compared 
to patients with acute coagulation abnormalities.5 Others found that early 
signs of coagulopathy may be indicative for the development of delayed 
or secondary brain injury after head trauma.12 Moreover, it has been shown 
that an increase in the cranial abbreviated injury scale (AIS) was related to a 
decreased time interval to onset of coagulopathy.13 The latter may suggest 
that the cerebral injury severity level is associated with the development of 
coagulation abnormalities in di"erent stages after the traumatic incident. 
Cranial computed tomography (CT) is still gold standard in the initial 
diagnosis of brain injury and determination of the level of injury severity and 
patient prognosis in TBI. Marshall et al. proposed a classification according to 
subsequent cranial CT characteristics, which may be useful in early identification 
of patients with TBI at risk as well as monitoring of progressive secondary 
injury.14,15 Whether early and delayed coagulopathy are associated with distinct 
initial cranial CT characteristics has only scarcely been investigated. In this 
study we therefore investigated whether the development of coagulopathy at 
di"erent stages after the traumatic incident is associated with distinct cranial 
CT characteristics in patients with isolated moderate to severe TBI without 
extracranial bleeding. This study may contribute to the recognition of acute 
and delayed coagulopathy as distinct pathophysiological phenomena in 
isolated brain injury. 
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Methods

Patient population

This retrospective cohort analysis was performed in patients with isolated TBI 
without extracranial injuries that were included in the Amsterdam Lifeliner: 
Analysis of Reports and Methods database – Traumatic Brain Injury database 
(ALARM-TBI). Patient data as included in the ALARM-TBI database have earlier 
been described in publications of Franschman et al.4,16 and Greuters et al.5 Data 
were obtained with approval of the local Institutional Review Board of the VUMC. 
All patients were primarily admitted to the emergency department (ED) of the 
VU Medical Center (VUMC; Amsterdam, the Netherlands) between 2003 and 
2009. Isolated TBI was defined as cranial CT scan confirmed brain tissue injury 
and absence of other major injuries as indicated by an extracranial abbreviated 
injury scale (AIS) score below 3. Exclusion criteria were an extracranial AIS score 
$ 3, age < 16 years, missing of an admission CT scan of the head and missing 
data with respect to coagulation parameters during hospital admission.

Study parameters

The ALARM-TBI database included information with regard to age, gender, 
trauma mechanism, use of anticoagulants, Glasgow Coma Scare upon ED 
arrival, injury severity score (ISS), AIS, pupil reflexes, need for acute surgery 
and TBI-related mortality in the post-trauma period. The use of anticoagulants 
during hospital stay was not taken into account in the present investigation. 
The trauma database registration o!cer systematically calculates the ISS for 
every admitted trauma patient. The calculation of extracranial AIS was based 
on the final diagnosis after hospital admission. A disturbed pupillary reflex 
was defined as a unilateral or bilateral failure of pupillary reflexes. Total fluid 
resuscitation was defined as the sum of volume therapy during the prehospital 
phase, upon ED admission and during surgery.
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Definition of coagulopathy

The activated partial thromboplastin time (aPTT), the international normalized 
ratio (INR) in the prothrombin time (PT), platelet count, hemoglobin, 
hematocrit, glucose, pH and lactate levels were recorded until 24 hours after 
trauma. The first blood samples were immediately drawn after ED arrival, 
whereas subsequent samples were drawn every 6-8 hours until 24 hours after 
trauma. Coagulopathy was defined as an aPTT > 40 seconds and/or a PT in 
INR >1.2 and/or a platelet count < 120*109 per liter. Patients were categorized 
into the following 4 groups: No coagulopathy, acute temporary coagulopathy, 
acute sustained coagulopathy and delayed coagulopathy.

Cranial computed tomography

Admission cranial computed tomography (CT) scans were reviewed in their 
original digital form and the following cranial CT findings were evaluated: status 
of mesencephalic cisterns, degree of midline shift and presence or absence of 
local lesions. Midline shift was measured in millimeters at the level of maximum 
deviation. The volume of high- or mixed-density lesions was calculated by 
evaluating the largest horizontal and vertical diameter of the lesion combined 
with the depth of the lesion. Together these three values were multiplied by 
each other and subsequently divided by two, hence making an estimation of 
the volume of the lesion. Cranial CT scans were graded following the Traumatic 
Coma Data Bank (TCDB) CT-classification by two independent raters. The TCDB 
CT-classification systematically groups abnormalities visible on the cranial CT 
scan, and has been shown to be associative with elevated intracranial pressure 
and mortality.15,17-19 The TCDB CT-classification makes di"erentiation possible 
between patients with or without mass lesions and absence or presence of 
signs of intracranial pressure elevations, and allows division of patients with 
TBI in six di"erent groups (table 1). To verify the incidental inter-observer 
variability, a neuroradiologist and neurosurgeon who were blinded for clinical 
patient information independently reviewed an additional 10% of the total CT 
scans. No brain abnormalities were detected by the second rater in addition to 
those already recorded by the primary reviewer, indicating a low inter-observer 
variability between reviewers. For data analysis we combined category V and 
VI. 
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Table 1. Overview of the Traumatic Coma Data Bank (TCDB) CT-classification.

TCDB classification Description

I Di"use injury not visible on cranial CT scan

II Di"use injury with cisterns present, a midline shift of 0-5 mm, lesions pres-
ent, but no high or mixed density lesion > 25 cc, presence of bone frag-
ments and/or foreign bodies 

III Di"use injury and swelling with cisterns compressed or absent, a shift of 
0-5 mm and no high or mixed density lesions > 25 cc

IV Di"use injury with a midline shift of more than 5 mm with no high or 
mixed density lesions more than 25 cc

V Evacuated mass lesions with high or mixed lesion more than 25 cc

VI Non-evacuated mass lesion with high or mixed lesion more than 25 cc, not 
surgically evacuated

Statistical analysis

Statistical analysis was performed using SPSS statistical software package (SPSS 
Inc.®, Chicago USA). The ALARM-TBI database was used for data analysis and 
included parametric and non-parametric data. Descriptive statistics include 
mean, standard deviation and median with interquartile range. Data were 
analyzed by a Student’s T-test (parametric data), a Mann-Whitney U or Kruskal-
Wallis test for 2-group or 4-group analysis (ordinal data) or a Chi-square test 
(nominal data). P<0.05 is considered to be statistically significant.

Results

General patient characteristics

The initial database included 249 patients with moderate to severe traumatic 
brain injury (TBI) age 16 years or older. Twenty-three patients were excluded 
due to the absence of hemostatic data. The final database consisted of 226 
patients with CT-confirmed isolated TBI and extracranial AIS < 3. Patients with 
isolated TBI were typically male (68%) and aged 49 ± 20 years, with a median 
ISS of 20 (range 13-25) and a median GCS of 9 (3-13). Blunt trauma occurred 
in 92% and 98% of the patients with or without TBI-related coagulopathy, 
respectively (P=0.001). Age, gender, and the use of anticoagulant agents were 
similar between patients with or without coagulopathy.
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Hemostatic parameters

Coagulopathy upon emergency department (ED) admission was observed in 
25% of the patient population, and this number increased to 44% within 24 
hours after trauma. Overall, 4% of patients had acute temporary coagulopathy, 
21% acute sustained coagulopathy and 19% delayed coagulopathy. Table 2 
represents the hemostatic and metabolic characteristics of patients without 
coagulopathy or with acute temporary, acute sustained, or delayed hemostatic 
abnormalities. In general, patients with acute sustained coagulopathy showed 
the largest hemostatic and metabolic alterations upon emergency department 
admission, including hemoglobin, hematocrit, glucose, aPTT and the INR in 
PT. Patients in the acute sustained coagulopathy and delayed coagulopathy 
received the largest volumes of fluid resuscitation.

Table 2. Hemostatic and metabolic characteristics in isolated TBI patients with or without coagulopathy.

Coagulopathy in TBI None Acute,  
temporary

Acute,  
sustained

Delayed

N 127 (56%) 8 (4%) 48 (21%) 43 (19%)

ED hemoglobin (mmol/l) 8.3 ± 0.9 8.5 ± 0.9 7.6 ± 1.4* 8.5 ± 0.7

ED hematocrit 0.39 ± 0.04 0.40 ± 0.02 0.37 ± 0.06# 0.38 ± 0.04

ED platelet count (*109) 244 ± 60 167 ± 63* 188 ± 71* 233 ± 56

ED pH 7.33 ± 0.39 6.89 ± 1.06 7.27 ± 0.39 7.36 ± 0.07

ED glucose (mmol/l) 7.8 ± 2.3 7.4 ± 2.3 8.5 ± 2.5# 7.9 ± 1.8

ED aPTT (s) 32 ± 7 31 ± 3 37 ± 14* 32 ± 5

Highest aPTT in 24-hr (s) 31 ± 3 32 ± 4 51 ± 32$ 37 ± 5

INR in PT 1.03 ± 0.07 1.27 ± 0.22 1.64 ± 0.89* 1.08 ± 0.06

Total fluid resuscitation (ml) 1516 ± 1513 576 ± 722 3697 ± 3300^ 3885 ± 2079^

ED = emergency department; aPTT = activated partial thromboplastin time; INR = international 
normalized ratio; PT = prothrombin time; RBC = red blood cells; FFP = fresh frozen plasma. Values are 
presented as mean ± SD. *P<0.05 vs. no or delayed coagulopathy; # P<0.05 vs. no coagulopathy; $ 
P<0.05 vs. no, acute or delayed coagulopathy; ^ P<0.05 vs. no or acute coagulopathy.
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Table 3. Cranial CT characteristics in isolated TBI patients with or without coagulopathy.

Coagulopathy in TBI None Acute,  
temporary

Acute,  
sustained

Delayed P-value

N 127 8 48 43

ISS (median) 16 (10-25) 22 (16-28) 25 (16-25) 25 (25-29) 0.001

GCS (median) 13 (5-15) 11 (7-14) 3 (3-12) 3 (3-8) 0.001

Disturbed pupillary response 16% 14% 45% 38% 0.001

TCDB CT classification (median) 2 (2-5) 4.5 (2-5) 2 (2-5) 4 (2-5) 0.017

I [n] 20 (16%) 0 (0%) 6 (12%) 2 (5%)

II [n] 55 (44%) 3 (38%) 19 (40%) 12 (28%)

III [n] 14 (11%) 0 (0%) 7 (15%) 7 (16%)

IV [n] 3 (2%) 1 (12%) 2 (4%) 5 (12%)

V / VI [n] 34 (27%) 4 (50%) 14 (29%) 17 (39%)

Mass lesions at > 2 sites 30% 28% 37% 29% 0.07

Subarachnoid hemorrhage 6% 14% 44% 60% 0.06

Intraventricular hemorrhage 11% 17% 26% 10% 0.07

Compressed or abnormal cisterns 49% 43% 70% 76% 0.02

Midline shift (mm) 3.4 ± 4.1 3.0 ± 4.5 2.9 ± 4.0 4.8 ± 5.2 0.14

ISS = injury severity score, GCS = Glasgow Coma Scale, TCDB = Traumatic Coma Data Bank, CT = 
computed tomography. Values are presented as mean ± SD, frequencies or median with interquartile 
range.

Cranial CT characteristics

Patients with acute sustained and delayed coagulopathy had higher ISS values 
(25 (16-25) and 25 (25-29), respectively) when compared to patients without 
coagulopathy 16 (10-25) or with acute temporary coagulopathy (22 (16-
28); Kruskal-Wallis test P=0.001) (table 3). The GCS was significantly lower in 
patients with acute sustained and delayed coagulopathy (3 (3-12) and 3 (3-8), 
respectively). This was paralleled by the highest incidence of disturbed pupillary 
responses in the acute sustained (45%) and delayed coagulopathy groups (38%) 
when compared to patients without coagulopathy (16%) or acute temporary 
coagulopathy (14%; Chi-square test P=0.001). A worse TCDB CT-classification was 
particularly observed in patients with acute temporary coagulopathy or patients 
with delayed coagulopathy. The incidence of subarachnoidal hemorrhage and 
increased midline shift tended to be higher in patients with delayed or sustained 
coagulopathy, whereas intraventricular hemorrhage was more frequently 
observed in patients with acute coagulopathy. There was a higher incidence of 
ambient cistern compression patients with delayed or sustained coagulopathy. 
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The relation between the course of coagulopathy and mortality in isolated TBI

Figure 1 shows the mortality rates for the four di"erent coagulopathy 
categories. Mortality rates were the highest in patients with acute sustained 
or delayed coagulopathy. Multinomial regression analysis was performed in all 
patients with complete datasets for age, TCDB CT-classification, GCS category, 
pupillary reflex, the presence of coagulopathy upon emergency department 
admission and the development of delayed coagulopathy (n=192). 

Figure 1. Mortality rates for patients without coagulopathy, with acute but temporary coagulopathy, 
with acute but sustained coagulopathy and delayed coagulopathy. Di"erences in frequencies among 
groups were tested by a Chi-square test.

Table 4 presents the odds ratios for patients who died (n=47) or survived (n=147) 
after isolated TBI. In agreement with international literature, age and disturbed 
pupil reflex a"ected the mortality probability by 1.06 and 7.7, respectively 
(both P<0.001). The TCDB CT classification was no independent predictor for 
mortality in this analysis. The lowest GCS category increased the odds ratio for 
death by 8.7 (95% CI 1.5-50.5; P=0.016). The presence of acute coagulopathy 
upon emergency department admission was strongly predictive for patient 
survival (OR 9.7; 95% CI 3.1-30.8; P<0.001), whereas delayed coagulopathy 
increased the relative risk for mortality with 4.6 (1.2-16.8; P=0.022). The 
likelihood ratio X2 was 94.4 (P<0.001) with a coe!cient of determination for 
this model (Nagelkerke R2) of 0.58.

24482 Franschman, Gaby.indd   119 13-04-13   11:10



CHAPTER 7

120

Table 4. Multinomial regression for outcome after traumatic brain injury.

Died Survived OR (95% CI) P-value
Valid cases [n] 47 147
Acute coagulopathy 24 (51%) 25 (17%) 9.7 (3.1-30.8) <0.001
Delayed coagulopathy 13 (28%) 27 (18%) 4.6 (1.2-16.8) 0.022
TCDB CT classification (median) 4 (2-5) 2 (2-5) 1.2 (0.8-1.6) n.s.
Age (years) 59 ± 18 46 ± 20 1.1 (1.0-1.1) <0.001
GCS category [n]

< 9 40 (85%) 56 (38%) 8.7 (1.5-50.5) 0.016
9-13 5 (6%) 36 (24%) 4.5 (0.7-29.4) n.s.
> 13 2 (4%) 56 (38%)

Pupillary reflex (n)
Disturbed pupillary reflex 31 (66%) 21 (14%) 7.7 (2.6-23.1) <0.001
Normal pupillary reflex 16 (34%) 127 (86%)

Likelihood ratio X2 94.4 
(P<0.001); Nagelkerke R2 = 0.58

TCDB = Traumatic Coma Data Bank, CT = computed tomography, GCS = Glasgow Coma Scale. Values are 
presented as mean ± SD, frequencies or median with interquartile range.

Discussion
About 50% of the patients with moderate to severe isolated traumatic brain 
injury (TBI) develop coagulopathy in the period following trauma, which 
independently enhances the relative risk for unfavorable outcome.5-10 Increasing 
evidence shows that not only the mere presence, but also the time course of 
coagulopathy holds predictive value for patient outcome. The exact course of 
coagulopathy in the first 24 hours following TBI in the context of hemostatic 
and cranial CT characteristics has however not yet been elaborated. Our data 
show that acute sustained coagulopathy is associated with the largest changes 
in hemostatic and metabolic parameters upon emergency department 
admission. We further found that patients with acute temporary coagulopathy 
or delayed coagulopathy had the most profound brain injury severity levels 
according to the TCDB CT classification, while mortality rates were the highest 
in patients with sustained or delayed coagulopathy.
The disparity between early or delayed signs of coagulopathy may be based 
on distinct pathophysiological mechanisms. Brain injury is associated with the 
initiation of a cascade of intracerebral and systemic processes that may finally 
reflect outcome and morbidity. In this perspective, coagulopathy might either 
enhance the development of secondary injury, or be a result from secondary 
pathophysiological mechanisms.20 The pathophysiological mechanism 

24482 Franschman, Gaby.indd   120 13-04-13   11:10



HEMOSTATIC AND CRANIAL CT CHARACTERISTICS IN ISOLATED TRAUMATIC BRAIN INJURY

CHAPTER

7

121

underlying the development of coagulopathy in isolated TBI is however complex 
and multifactorial. The initiation of the procoagulant cascade primarily lies in 
the excessive release of tissue factor due to the injury itself, which may result 
in systemic activation of the coagulation pathway.21-22 This may lead to the 
development of cerebral microthrombi, disseminated intravascular coagulation 
and consumption coagulopathy.20,22-24 Moreover, Cohen and others proposed 
that mechanisms secondary to brain injury, including cerebral hypoperfusion, 
may activate the anticoagulant protein C pathway and result in a rise in 
plasma thrombomoduline levels and hyperfibrinolysis.25-26 The Brain Trauma 
Foundation has identified several evidence-based risk factors for outcome 
after traumatic brain injury (TBI). These factors include age, disturbed pupil 
reflex, a low Glasgow Coma Scale (GCS), hypotension and abnormal cranial CT 
scan features.11 Although the occurrence of coagulopathy in the first 24 hours 
after trauma is independently and strongly associated with poor outcome in 
TBI, it has not been identified as independent risk factor for survival.5-10 Future 
studies should focus whether acute and delayed coagulopathy are separate 
entities with distinct pathophysiological mechanisms in patients with isolated 
brain injury.
We investigated whether significant impairment of hemostasis, as observed 
in TBI patients with acute sustained or delayed coagulopathy, was associated 
with more sever levels of brain injury. Although indicators like the TCDB CT-
classification are specifically designed for risk assessment and outcome 
estimation in TBI victims, we found no profound relation between the level of 
brain injury severity and outcome in our investigation.27 Others groups also 
showed that the presence of subarachnoid blood and the overall findings 
on the cranial CT scan were stronger predictors for patient outcome than 
the TCDB CT-classification.28,29 From these studies it might be concluded that 
specific abnormalities, like intracerebral hemorrhage or the absence of cisterns 
may be more predictive for the development of hemostatic disorders after TBI. 
Secondary brain injuries, except for edema and hemorrhage, may be however be 
di!cult to distinguish as specific cranial CT abnormality. Future studies using a 
more elaborate cranial CT classification, including secondary injury parameters, 
might therefore reveal more insight in the relation between specific cranial 
CT abnormalities and the development of coagulopathy. The present study 
focused on the relation of the primary cranial CT scan with the development 
of hemostatic disorders, while others have shown that consecutive cranial CT 
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scans could be more representative for the severity of brain injury.30 The first 
cranial CT-scan may therefore not reflect the evolvement of further intracranial 
injury after trauma, and might thus not be indicative for the development of 
coagulopathy. Future studies should reveal whether coagulopathy in isolated 
traumatic brain injury either reflects the level of cerebral injury severity or 
should be considered as independent predictor of outcome.
The most commonly used screening tests for coagulation abnormalities are 
prothrombin time (PT) and activated partial thromboplastin time (aPTT).31 In 
this study we used the international normalized ratio (INR), which is calculated 
from the PT and is easier to use to compare laboratory results between 
di"erent laboratories. The use of PT, aPTT and INR for evaluation of coagulation 
abnormalities includes important limitations. The specificity and sensitivity of 
aPTT and PT in trauma patients is disappointing and point-of-care testing for 
hemostasis and thrombogenesis may provide an important alternative.32 In 
particular, thromboelastometry or thromboelastography are not only less time 
consuming than classical coagulation testing, these methods provide more 
information about the pathway involved in TBI-related coagulopathy.33 Further 
studies are warranted to explore the additional value of point-of-care testing 
for early diagnosis of coagulopathy in patients with brain injury.
The present study was limited by its retrospective nature and the lack of data 
for body temperature before patient arrival at the emergency department 
of our hospital. Although unlikely, we cannot exclude that patients with 
TBI-related coagulopathy were more frequently hypothermic than patients 
without hemostatic abnormalities. Furthermore, patients in the coagulopathy 
group had lower GCS values, and were more frequently sedated and 
endotracheally intubated. Hemostatic laboratory parameters such as ionized 
calcium, fibrinogen, D-dimer and protein C levels were not measured. Future 
investigations should further focus on the mechanisms underlying TBI-related 
coagulopathy. 
In conclusion, the present study suggests that the distinct courses of 
coagulopathy following isolated TBI are associated with di"erent alterations in 
hemostatic and cranial CT parameters. Further studies should reveal whether 
the progression into coagulation disorders in patients with TBI might be 
related to more specific cranial CT abnormalities, thereby contributing to early 
diagnosis of secondary injury and the development of target therapy for TBI-
related coagulopathy.
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Abstract

Background
This prospective multicenter study investigated the association of the 
course of coagulation abnormalities with initial computed tomography (CT) 
characteristics and outcome in patients with isolated traumatic brain injury.

Methods
Patient demographics, coagulation parameters, CT characteristics 
and outcome data of moderate and severe TBI patients without major 
extracranial injuries were prospectively collected. Coagulopathy was 
defined as absent, early but temporary, delayed or early and sustained.

Results
Delayed/sustained coagulopathy was associated with a higher 
incidence of disturbed pupillary responses (40% vs. 27%; P<0.001) 
and higher Traumatic Coma Data Bank (TCDB) CT classification (5 (2-5) 
vs. 2 (1-5); P=0.003) than in patients without or with early, but short-
lasting coagulopathy. The initial CT of patients with delayed/sustained 
coagulopathy more frequently showed intracranial hemorrhage and 
signs of raised intracranial pressure compared to patients with early 
coagulopathy only. This was paralleled by higher in-hospital mortality 
rates (51% vs. 33%; P<0.05) and poorer 6-month functional outcome 
in patients with delayed/sustained coagulopathy. The relative risk for 
in-hospital mortality was particularly related to disturbed pupillary 
responses (OR 8.19; 95% CI 3.15-21.32; P<0.001), early, short-lasting 
coagulopathy (OR 6.70; 95% CI 1.74-25.78; P=0.006) or delayed/sustained 
coagulopathy (OR 5.25; 95% CI 2.06-13.40; P=0.001).

Conclusions
Delayed/sustained coagulopathy is more frequently associated with CT 
abnormalities and unfavorable outcome at 6 months after TBI than early, 
short-lasting coagulopathy. Our finding that not only the mere presence 
but also the time course of coagulopathy holds predictive value for 
patient outcome underlines the importance of systematic hemostatic 
monitoring over time in TBI.
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Introduction
Brain tissue injury is associated with release of cerebral tissue factor and 
alterations in the thrombomodulin-protein C pathway, both contributing 
to a disparity in clot formation and lysis.1-4 The consequent development 
of coagulation disturbances in patients with traumatic brain injury (TBI) is 
frequently independent of the presence of extracranial bleeding.5 The incidence 
of early coagulopathy as complication of TBI in patients without extracranial 
injuries is estimated at 20-35%, and is strongly associated with unfavorable 
outcome.6-8 Moreover, several studies have shown that the number of patients 
with isolated TBI-associated coagulopathy increased in the days following 
trauma, further contributing to TBI-related mortality.6,9

Although TBI-related coagulopathy is an independent predictor for 
unfavorable outcome6, it is not included as prognostic indicator for severe 
TBI in the evidence-based guidelines of the Brain Trauma Foundation (BTF)10 
and recently developed prognostic models.11,12 This is partly due to the limited 
number of prospective studies focusing on coagulopathy in isolated TBI. 
Although coagulation parameters have been proposed as possible predictors 
of outcome, they did not contribute to an improved prognostic value when 
added to a multifactorial model.13 Moreover, a large number of investigations 
only focused on signs of hemostatic disorders upon emergency department 
(ED) admission.7,13 As a consequence, data describing the relation of clinical 
indicators for the severity of TBI and the development of coagulopathy after 
TBI is limited.
Evidence-based predictors for outcome in patients with TBI include age, the 
initial Glasgow Coma Scale (GCS) score, disturbances in pupillary responses 
and computed tomography (CT) abnormalities.10,15,16 CT imaging of the brain 
is the current radiological investigation of choice to detect acute intracranial 
abnormalities related to head injury. During the last decade, (distinct) cranial 
CT characteristics predictive for outcome in TBI patients have been identified, 
including the Traumatic Coma Data Bank (TCDB) CT classification and the 
presence of intraparenchymal contusions, midline shift or subarachnoid 
hemorrhage.16-19 The association between intracranial pathology and the 
development of coagulopathy is however unclear. We therefore investigated 
whether the initial presence of specific CT characteristics, such as intracerebral 
hemorrhage and signs of raised intracranial pressure (ICP), are associated with 
the development of coagulopathy in the first 48 hours after trauma. This was 
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addressed by investigating the incidence and course of coagulopathy in a 
prospective, multicenter cohort of patients with isolated TBI and by exploring 
the relation of the development of TBI-associated coagulopathy with initial CT 
characteristics and outcome.

Methods

Study population

The Prospective Observational COhort study Neurotrauma (POCON) study 
is a multicenter study executed in the Netherlands.20  The POCON database 
includes prospective data for moderate (GCS score 9-13) and severe (GCS 
score 3-8) TBI patients admitted between June 1 2008 and May 31 2009 to the 
emergency department (ED) of one of the following ACS-COT level I trauma 
centers: Radboud University Nijmegen Medical Center (RUNMC), University 
Medical Center Groningen, VU University Medical Center, Academic Medical 
Center and Erasmus Medical Center. Patients were eligible for study inclusion 
in case of TBI and an ED admission GCS score # 13. For the present study, a 
selection was made of patients with isolated TBI defined as head CT-scan 
confirmed brain tissue injury without other major extracranial injuries, like 
pelvis or femur fractures or severe abdominal or thoracic invasive injuries, as 
indicated by an extracranial Abbreviated Injury Scale (AIS) < 3. Exclusion criteria 
were an extracranial AIS score $ 3, age <16 years, use of coumarins, liver failure 
or missing coagulation parameters upon ED admission. 
The prehospital trauma care system is uniform for all regions in the 
Netherlands. Ambulance paramedics are educated in advanced basic life 
support, including intravenous access, and oxygen therapy through facemask 
or bag-valve ventilation. Dutch ambulance paramedics are not allowed to 
perform endotracheal intubation in case of a GCS of 4 or more. Additionally, 
four centrally divided helicopter-based emergency medical services sta"ed by 
anesthesiologists or trauma surgeons are dispatched to support ambulance 
paramedics in severely injured patients.

Protocol approval and patient consent

The local ethics committee of the coordinating hospital (RUNMC) approved 
the study protocol. The other participating hospitals all provided a feasibility 
statement. After discharge, surviving patients or their proxy received a study 
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information letter inviting patients to contact their local physician or the study 
coordinator if they had any objections against being contacted for follow-
up. For follow-up through telephone interview, verbal informed consent was 
obtained, and in case of outcome assessment through postal questionnaires, 
written informed consent was gained.

Demographic and injury severity variables

Demographic and clinical variables, complications and treatment modalities 
were collected from medical records by trained research sta" a!liated to 
the trauma centers. The data were checked for completeness by the study 
coordinator and were entered into a Microsoft Access® database available as 
stand-alone at each individual study center. Demographic and injury severity 
variables included age, gender, injury severity score (ISS), AIS head, extracranial 
AIS, TCDB classification, placement of an intracranial pressure (ICP) catheter, the 
GCS score at the scene of the accident and upon ED admission, pupil responses 
defined as both responding versus 1 or both not responding or dilated and 
day-of-injury alcohol intoxication. TBI severity was categorized as moderate 
(GCS = 9-13) or severe (GCS = 3-8). 

CT classification

CT imaging of the head was performed upon ED admission and scans were 
assessed by three raters (TJMCA, BJ, PEV) using a standardized data sheet as 
described before.21 Head CT scans were assessed for the presence of epidural 
(EDH), subdural (SDH), subarachnoid and intraventricular hemorrhage and the 
presence of parenchymal/hemorrhagic contusion. Volumes of EDH, SDH and 
parenchymal/hemorrhagic contusions were measured and dichotomized into 
lesions with a volume < 25 ml or $ 25 ml in line with the TCDB CT classification.22 
In addition, status of the ambient cisterns and the presence of midline shift 
were assessed. CT characteristics were further classified as signs of cerebral 
hemorrhage (all signs of intracranial bleeding), signs of increased cranial 
pressure (compression of the ambient cisterns and/or midline shift) and signs 
of tissue contusion (parenchymal or hemorrhagic contusion.) The TCDB CT-
classification was includes six categories ranging from I (no visible injury) to VI 
(non-surgical evacuated intracranial mass lesions > 25 ml).16,22
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Coagulation parameters

For this study we registered lactate in mmol/l, blood pH, hemoglobin in 
mmol/l, activated partial thromboplastin time (aPTT), prothrombin time (PT), 
the international normalized ratio (INR) of the PT and platelet count upon ED 
admission and in the first 48 hours after trauma. Coagulopathy was defined 
as an aPTT > 40 seconds and/or a PT in INR > 1.2 and/or a platelet count < 
120*109 per liter. For the PT, the reference values of the distinct level I trauma 
centers were used. Patients were divided into four groups: I) patients without 
coagulopathy (no coagulopathy); II) patients with early coagulation disturbances 
upon ED arrival that were normalized in the hours following ED admission 
(early coagulopathy); patients without early coagulopathy who developed 
hemostatic abnormalities after ED admission (delayed coagulopathy) and IV) 
patients with early coagulation disturbances that did not normalize within 48 
hours following trauma (early + sustained coagulopathy).

Outcome parameters

Outcome parameters included need for transfusion of red blood cells, fresh 
frozen plasma or platelets, length of intensive care unit (ICU) stay, length of 
hospital stay, hospital mortality, and the six months Glasgow Outcome Scale 
Extended (GOSE). The GOSE is a standardized questionnaire to assess the 
functional status of the patient and consists of an 8-point scale ranging from 1 
(death) to 8 (full recovery).23

Statistical analysis

Data were collected and analyzed using IBM SPSS Statistics 17.0 (IBM, New York, 
USA). Descriptive statistics included mean, standard deviation and median with 
interquartile range (ISS, TCDB, GCS). Data were analyzed by a one-way ANOVA 
(parametric data), a Kruskal Wallis test for three-group comparison (ordinal 
data) or a Chi-square test (nominal data). Multinomial logistic regression was 
used to investigate the relation between age, TCDB CT classification, pupillary 
response, TBI category (moderate or severe injury) scored at the accident 
scene and either early, short-term coagulopathy or delayed or sustained 
coagulopathy within 48 hours after the incident with in-hospital mortality. The 
Nagelkerke R2 was used to determine the explained variation in outcome. For 
all analyses, P<0.05 was considered statistically significant.
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Results

Clinical characteristics of patients with TBI-related coagulopathy

The POCON database (n=508) included 296 patients with isolated TBI. Seventy-
eight cases were excluded due to incomplete coagulation data in the fi rst 48 
hours after trauma (n=218). The overall incidence of early coagulopathy was 34%.Figure 1�

Figure 1. Values for the aPTT (panel A), platelets (panel B), INR (panel C) and PT panel D) upon emergency 
department (ED) admission and the highest or lowest value in 48 hours post-trauma. Patients were 
divided into four categories: patients without coagulopathy (no coagulopathy; open squares), patients 
with early coagulopathy only (early coagulopathy; closed circles), patients who developed delayed 
coagulopathy without signs of early hemostatic disturbances (delayed coagulopathy; open circles) and 
subjects with early and sustained coagulopathy (closed square). Values represent mean ± SEM.

Figure 1 represents the aPTT (panel A), platelet count (panel B), INR (panel 
C) and PT (panel D) in 218 patients with complete coagulation data. In this 
population, 41% had no coagulopathy, 10% showed early, but transient 
coagulation abnormalities, 20% developed delayed coagulopathy and 29% 
revealed early and sustained coagulation disturbances. A marked number of 
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patients developed coagulopathy in the hours after ED admission, which was 
characterized by an increase in aPTT, INR and PT and decrease in platelet count 
when compared to ED values. 
Table 1 represents the demographic characteristics of patients with isolated 
TBI without coagulopathy, with early short-lasting coagulopathy or with 
delayed or sustained coagulopathy. There was no di"erence in gender, age 
and pH among groups. Patients with delayed or sustained coagulopathy had 
higher median AIS head values (5 (4-5)) than patients with early (4 (3-5)) or no 
(4 (3-4)) coagulopathy (P<0.001). The median GCS score at the accident scene 
was similar between groups, whereas the median GCS score upon hospital 
admission was lower in patients with delayed or sustained coagulopathy (3 (3-
8)) or early coagulopathy (3 (3-10)) compared to patients without coagulopathy 
(7 (3-12); P<0.001). The median TCDB CT classification was higher in patients 
with delayed or sustained coagulopathy (5 (2-5)) compared to subjects with 
early (2 (1-5)) or no coagulopathy (1 (1-2)). Disturbed pupillary responses were 
more frequent in patients with coagulopathy. In addition, coagulopathy was 
associated with slightly lower hemoglobin levels upon emergency department 
admission, but these di"erences were of no clinical relevance. Patients without 
coagulopathy more frequently used alcohol at the day of injury. 

Table 1. Demographics of patients without coagulopathy, with early, short-lasting coagulation 
disturbances or with delayed or sustained coagulopathy.

No coagulopathy Early, short-
lasting 

coagulopathy

Delayed or 
sustained 

coagulopathy

P value

N 85 34 99
Males [n] 52 (61%) 21 (62%) 66 (67%) n.s.
Age (years) 48 ± 21 54 ± 25 52 ± 21 n.s.
ISS (median) 17 (10-23) 17 (10-25) 25 (16-26) <0.001
AIS head (median) 4 (3-4) 4 (3-5) 5 (4-5) <0.001
GCS accident scene 7 (3-10) 7 (4-11) 6 (3-9) n.s.
GCS ED admission 7 (3-12) 3 (3-10) 3 (3-8) <0.001
TCDB CT classification 1 (1-2) 2 (1-5) 5 (2-5) 0.003
Disturbed pupil response 16% 27% 40% <0.001
Hemoglobin at ED (mmol/l) 8.4 ± 0.8 7.6 ± 1.5 7.7 ± 1.2 <0.001
Lactate at ED (mmol/l) 2.7 ± 2.3 2.6 ± 2.0 2.4 ± 2.0 n.s.
pH at ED 7.34 ± 0.10 7.33 ± 0.08 7.33 ± 0.10 n.s.
Alcohol 42% 12% 26% 0.02

ISS = Injury severity score; AIS = Abbreviated injury score, median GCS = Glasgow Coma Scale, ED = 
emergency department; TCDB = Traumatic Coma Data Bank CT classification. Data were analyzed by 
ANOVA, Kruskal-Wallis or Chi-square testing. Multi-group comparison P-values are shown in the table.
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Figure 2. Cranial computed tomography (CT) findings for patients with or without TBI-associated 
coagulation disorders. Panels represent the presence of epidural hematoma (panel A), subdural 
hematoma (panel B), subarachnoid hemorrhage (panel C) intraventricular hemorrhage (D), an 
intracranial bleeding volume > 25 ml (panel E), brain tissue contusion (panel F), compressed ambient 
cisterns (panel G) and a midline shift (panel H). Values represent the relative number of patients for 
every subgroup. Data were analyzed by Chi-square analysis.

24482 Franschman, Gaby.indd   135 13-04-13   11:10



CHAPTER 8

136

Cranial CT characteristics in early and delayed coagulopathy

The presence of individual cranial CT characteristics in the patient subgroups 
is depicted in figure 2 (n=205). Interestingly, the CT of patients with delayed 
coagulopathy more frequently revealed SDH, SAH and lesion volumes of > 25 
ml (panels B, C and E) compared to patients without and with short-lasting 
coagulopathy. 
The relative number of EDH and intraventricular hemorrhage was similar 
among groups (panels A and D). Cranial CT imaging revealed more patients 
with contusions (panel F), compressed ambient cisterns (panel G) and a midline 
shift (panel H) in patients with delayed/sustained coagulopathy.
An intracranial pressure catheter was placed in 37% of patients with 
TBI-related early coagulopathy compared to 14% of patients without 
coagulopathy (P<0.001). Table 2 represents the frequency analysis of signs 
for cerebral hemorrhage, parenchymal/hemorrhagic tissue contusion or 
increased intracranial pressure in patients without or with delayed/sustained 
coagulopathy. The incidence of delayed/sustained coagulopathy was the 
highest in patients with signs of increased intracranial pressure.

Table 2. Frequency analysis for signs of cerebral hemorrhage, tissue contusion or tissue compression in 
patients with or without delayed/sustained coagulopathy in isolated traumatic brain injury. 

No coagulopathy Delayed/Sustained 
coagulopathy

X2

Cerebral hemorrhage 49 (38%) 80 (62%) 13.05*
Tissue contusion 35 (36%) 62 (64%) 9.00*
Increased intracranial pressure 26 (29%) 64 (71%) 22.24*

Values represent frequencies. Data were analyzed by Chi-square testing. * P<0.01

Delayed and sustained coagulopathy and outcome

Table 3 represents outcome data for patients without coagulopathy, with 
early short-lasting coagulopathy and with delayed or sustained coagulopathy 
(n=205). Patients with delayed or sustained coagulopathy more frequently 
required blood product transfusion and had a longer intensive care unit 
(ICU) and length of hospital stay than patients without coagulopathy or with 
early coagulopathy. In-hospital mortality was higher in patients with delayed 
or sustained coagulopathy compared to subjects without coagulopathy or 
patients with early coagulopathy only. Long-term functional outcome at 6 
months after trauma as measured with the GOSE showed a favorable outcome 
profile in patients without hemostatic disorders (table 3).
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Multinomial regression analysis for in-hospital death included the parameters 
age, the TCDB classification, early coagulation disturbances that were 
normalized after ED admission, delayed or sustained coagulopathy, pupillary 
responses and GCS score category at the scene of the accident (n=205). The 
odds ratio (OR) for TBI category was not significant. The relative risk for mortality 
was highest in patients with a disturbed pupillary response (OR 8.2; 95% CI 3.2-
21.3; P<0.001), and in patients with early, short-lasting coagulopathy (OR 6.7; 
95% CI 1.7-25.8; P=0.006) or delayed or sustained coagulopathy (OR 5.3; 95% 
CI 2.1-13.4; P=0.001). The OR for age and a higher TCDB score estimated 1.1 
(95% CI 1.0-1.1; P<0.001) and 1.7 (95% CI 1.3-2.2; P<0.001), respectively. The 
Nagelkerke R2 for the model was 0.58 with a reported likelihood ratio r2 of 
113.0 (P<0.001). 

Table 3. Outcome parameters in patients without coagulopathy, with short-lasting early coagulopathy 
and patients with delayed or sustained coagulopathy. 

No coagulopathy Early, short-lasting 
coagulopathy

Delayed or sustained 
coagulopathy

Need for transfusion 13% 10% 41%*,#

ICU stay (days) 4 ± 6 4 ± 4 8 ± 10*
Length of hospital stay (days) 10 ± 14 6 ± 5 18 ± 23*,#

In-hospital mortality [n] 12 (14%) 7 (33%) 51 (52%)*,#

6-month GOSE [n; P<0.01] 69 17 94
Died 12 (17%) 7 (41%) 51 (54%)
Vegetative state 0 (0%) 0 (0%) 0 (0%)
Lower Severe Disability 2 (3%) 1 (6%) 10 (11%)
Upper Severe Disability 6 (9%) 0 (0%) 4 (4%)
Lower Moderate Disability 8 (12%) 2 (12%) 8 (9%)
Upper Moderate Disability 8 (12%) 2 (12%) 8 (9%)
Good recovery 16 (23%) 1 (6%) 6 (6%)
Restless recovery 17 (24%) 4 (23%) 7 (7%)

Values represent mean ± standard deviation, frequencies or median with interquartile range. *P<0.05 
vs. no coagulopathy. #P<0.05 vs. early coagulopathy.

Discussion
This prospective, multicenter study showed that a large proportion of 
patients with isolated TBI developed hemostatic disturbances, and confirmed 
an estimated incidence rates of TBI-related early coagulopathy of 20-35% 
reported by others.6-8 In addition, an equal proportion of patients developed 
late onset coagulopathy within in the first 48 hours after trauma. The relative 
risk for in-hospital mortality was comparable for patients with early short-
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lasting coagulopathy and delayed/sustained coagulopathy. However, patients 
with delayed or sustained coagulopathy more frequently showed intracranial 
hemorrhage and signs of increased intracranial pressure. This was paralleled 
by a higher risk for blood transfusion and a prolonged ICU and hospital stay. 
Six months after trauma, patients without coagulopathy or early short-lasting 
coagulopathy showed better functional outcome compared patients with 
delayed/sustained coagulopathy. The predictive value of coagulopathy for 
unfavorable outcome was stronger than the TCDB CT classification. 
Although we and others show that the occurrence of coagulopathy in the first 48 
hours after trauma is independently and strongly associated with unfavorable 
outcome in TBI5-9, it is not identified as independent risk factor for survival.10,11,24 
Our study further provides additional information with respect to the course 
of coagulopathy and its relation to initial CT findings in these patients. Early, 
but short-lasting coagulopathy was associated with a similar relative risk for 
in-hospital mortality when compared to delayed or sustained coagulopathy, 
but lacks an association with intracranial pathology and long-term outcome. 
This disparity between early transient signs of coagulation disturbances and 
delayed/sustained coagulopathy may be related to distinct pathophysiological 
mechanisms. The initiation of a cascade of intracerebral and systemic processes 
and the pathophysiology underlying coagulopathy in isolated TBI is however 
complex and multifactorial.25 The initiation of the procoagulant cascade 
primarily lies in the excessive release of tissue factor due to the brain injury itself. 
Tissue factor is initially highly expressed by the cortical parenchyma of the brain, 
but may subsequently induce systemic activation of the coagulation pathway.1,2 
This may result in the development of cerebral microthrombi, disseminated 
intravascular coagulation and consumption coagulopathy.1,4,26     Others proposed 
that mechanisms secondary to brain injury, like cerebral hypoperfusion caused 
by systemic hypotension, leading to activation of the anticoagulant protein 
C pathway and a rise in plasma thrombomoduline levels.3 Moreover, overt 
hyperfibrinolysis due to systemic hypoperfusion may increase the risk for 
delayed or secondary bleeding.25 Additionally, excessive fluid resuscitation to 
prevent cerebral hypoperfusion may further contribute to hemodilution with 
depletion of platelets and clotting factors.8      The pathophysiological mechanisms 
underlying early and transient or delayed/sustained coagulopathy may 
therefore be based on an imbalance between procoagulant and anticoagulant 
processes in the cerebral and systemic circulation. 
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Although we showed that coagulopathy is associated with unfavorable outcome 
in isolated TBI, it remains unclear whether coagulopathy is a primary cause for 
patient mortality or is secondary to pathophysiological processes including 
cerebral hemorrhage, contusions or raised ICP. The present study demonstrated 
that intracranial hemorrhage is less frequent observed in patients with early, 
transient coagulation disturbances, whereas subarachnoid or intracranial 
hemorrhage and signs of raised ICP frequently paralleled delayed/sustained 
coagulopathy. Earlier studies showed that an increase in ICP and consequent 
cerebral tissue compression and edema was associated with the development of 
coagulopathy, but these studies did not focus on the time course of coagulation 
disturbances.27-29 In an experimental pig model, increased ICP resulted in acute 
thrombin generation and shortening of the prothrombin time.27

An explanation for the association between TBI-related cerebral tissue damage 
and compression may be related to the release of tissue factor from the cortex and 
adventitial vessel layers into the systemic circulation.1,27,29 However, since cerebral 
tissue factor measurements are di!cult to perform to confirm this hypothesis, the 
development of novel indicators for TBI-related coagulopathy is warranted. 
Head CT imaging plays an important role in the diagnosis of the injury severity 
in TBI. In this study we assumed that the TCDB CT classification as indicator of 
the level of injury severity is associated with the development of coagulopathy 
and mortality.15,17,30 Although we demonstrated that a higher TCDB classification 
score and coagulopathy are both associated with unfavorable outcome, 
a specific interaction between CT parameters may be more predictive for 
mortality.16,31 Furthermore, regression analysis revealed that coagulopathy 
itself is associated with a higher relative risk for mortality than the TCDB CT 
classification. This might suggest that, in addition to the severity of brain injury, 
coagulation disorders itself add up to an unfavorable outcome. 
Our finding that not only the mere presence but also the time course of 
coagulopathy holds predictive value for patient outcome, underlines the 
importance of systematic hemostatic monitoring over time and the need 
for development of treatment strategies for coagulation abnormalities in TBI 
patients.9,32 However, this requires closer evaluation of diagnostic tools and 
treatment modalities for hemostatic disturbances other that are currently 
available. In the present study we used the aPTT, INR, PT and platelet values for the 
diagnosis and definition of coagulopathy, since rotational thromboelastometry 
or thromboelastography was not available at the time of data collection. 
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Although these parameters are the most commonly used tests for the 
detection of hemostatic and thrombotic disturbances, they do not elucidate 
the mechanisms underling TBI-related coagulopathy. Monitoring of platelet 
function, clot formation and fibrinolysis require additional measurements 
techniques, such as platelet aggregation analysis, rotation thromboelastometry 
or thromboelastography. These novel tests may provide an important and more 
detailed alternative for the monitoring of changes in hemostatic and thrombotic 
parameters in TBI.33-36     Furthermore, novel diagnostic tools may enhance our 
insight in the contribution of fibrinogen and platelets to clot formation and 
fibrinolysis, thereby enhancing our knowledge about the pathophysiological 
mechanisms underlying the development of coagulopathy in isolated TBI. 
Moreover, the insu!cient evidence for the e"ectiveness of administration of 
coagulation factors like heparin, antifibrinolytic or recombinant factor VII as 
treatment for TBI-associated coagulopathy prohibits the design of an e"ective 
therapeutic regime in these patients.24,37

Our study is limited by the retrospective retrieval and 48-hour timeframe of 
hemostatic parameters, which resulted in the exclusion of several cases due to 
incomplete coagulation parameters. In addition, there were no data available 
about pre-existing hemostatic abnormalities in our trauma population. 
Moreover, hemostatic testing di"ered among participating hospitals and 
included both INR and PT as coagulation parameters. We were further unable 
to study the relation of hemodilution or hypothermia, both well-known 
influencers of traumatic coagulopathy, as they were not included as study 
parameters in the present study.38,39 However, despite the associative nature 
of our findings, the prospective character of our investigation and the focus 
on early and delayed coagulopathy provided novel insight in the course of 
coagulopathy and its relation to outcome after brain injury. 
In conclusion, the present study shows that patients who develop TBI-related 
coagulopathy in the absence of extracranial bleeding injury in the days 
following hospital admission are at greater risk for unfavorable outcome and 
mortality. Our findings suggest that specific CT parameters, including signs 
of increased ICP and intracranial hemorrhage, are associated with delayed or 
sustained coagulopathy in isolated TBI. This underlines the need for continuous 
monitoring of hemostatic parameters in isolated TBI as early coagulopathy 
may resolve and patients without initial hemostatic disorders may develop 
coagulopathy at a later stage.
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General Discussion

Prehospital management of moderate to severe TBI 
as first step in the chain of survival.

24482 Franschman, Gaby.indd   145 13-04-13   11:10



CHAPTER 9

146

Traumatic brain injury (TBI) represents a relevant health care problem in the 
Netherlands with long-term outcome depending on prehospital and inhospital 
treatment, as well as rehabilitation in the months following injury. Prehospital 
treatment of severe TBI is the first step in the chain of survival. It focuses on 
preventing secondary brain injury through rapid transportation of a patient to 
a neurotrauma center. Initial treatment includes stabilization of vital functions 
and a variety of measures to prevent or limit cerebral hypoxia, hypocapnia, 
hypercapnia, decreased cerebral perfusion pressure, intracranial hemorrhage 
and metabolic derangements.1

The Dutch administration has made a significant e"ort and allocated a 
substantial budget to develop and maintain a sophisticated prehospital 
rescue system, where paramedic Emergency Medical Services (EMS) as well as 
physician-based emergency medical services are available 24 hours a day, 7 
days a week.  Therefore, as the Netherlands is a small country, anyone can be 
reached within a short time period.

Dutch prehospital treatment protocols for TBI

The available paramedic and physician-based Emergency Medical Services work 
with the Landelijk Protocol Ambulancezorg (LPA) for TBI victims, which is partly 
based on the Brain Trauma Foundation guidelines.1,2 The LPA recommends 
Advanced Life Support in all TBI patients with a Glasgow Coma Scale (GCS) score 
equal or below 8 (severe TBI).2 The overall aim is to use the available resources 
as e!ciently as possible, and to guarantee the best possible treatment for as 
many patients as possible. Based on the primary description of the level of 
injury to the central emergency medical dispatch center, a paramedic and 
physician-based EMS are both dispatched to the TBI victim. Moreover, in case 
of an unexpected high injury severity, the paramedic EMS itself can deploy a 
physician-based EMS team through the central emergency dispatch center. 
The physician-based EMS team is primarily transported by helicopter, but may 
also travel by road ambulance in case of a short travel distance between the 
helicopter dispatch center and the victim. Dutch paramedic EMS teams are 
trained to apply basic life support, and are not allowed to apply anesthetics or 
muscle relaxants for endotracheal intubation in patients with existing airway 
reflexes. In contrast, the physician-based EMS is equipped to provide advanced 
life support, including endotracheal intubation under general anesthesia. 
In our retrospective analysis we observed that only 50% of all TBI patients 
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were treated according to the Landelijk Protocol Ambulancezorg.2,3   The 
unavailability of a physician-based EMS and short transportation distances 
to the nearest trauma center, were amongst the reasons contributing to not 
treating patients with a GCS score # 8  according to this protocol. 

“Scoop and Run” versus “Stay and Play”

There is an ongoing discussion whether severely injured TBI patients should 
be transported as fast as possible to the nearest hospital (“Scoop and 
Run”) or should receive advanced life support at the accident scene (“Stay 
and Play”) to facilitate secure transportation to a neurotrauma center.4-5 
The available literature focusing on outcome after di"erent prehospital 
transportation strategies, frequently uses ground transportation and air 
medical transportation as surrogates for “Scoop and Run” or Stay and Play, 
respectively.6-10    This comparison is however not applicable for the Netherlands, 
where transportation by air is only limited to a very small group of patients.
In the close proximity of a neurotrauma center, paramedic teams may choose 
for “Scoop and Run” strategies to reduce prehospital times. This assumption was 
confirmed by our prospective multicenter study, showing that physician-based 
EMS teams less frequently treated patients in urban areas of the Netherlands 
than patients with comparable injury pattern in rural regions (Chapter 6).
Up to now, the distance between the accident scene and the nearest level 
1 trauma center has not been included in protocols, and is not used to 
determine the eligibility of patients with severe TBI for “Scoop and Run” 
strategies. In addition, there are no studies available concerning the e"ects 
of “Scoop and Run” strategies on outcome of TBI patients. Paramedic teams 
arriving on the accident scene before physician-based teams may cancel 
physician involvement if they judge that the condition of the patient does 
not require their involvement. These cancellations are frequently justified in 
trauma patients; however, there is no specific data available for TBI patients.11 
Most studies focusing on the advantages and disadvantages of prehospital 
advanced life support make no distinction between general trauma and TBI 
victims, while both subgroups may require di"erent management strategies.5,7 
The correspondence following our publication about guideline adherence 
by paramedic teams, illustrates the uncertainty that still exists in the field of 
prehospital life support in severe TBI.3,12,13 
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Prehospital run times

A recent discussion addressed the value of Advanced Life Support in 
trauma patients in the Netherlands. The particular focus was on the possibly 
prolonged prehospital run times due to the involvement of physician-based 
emergency teams.14-17 Two studies concluded that physician-based EMS 
involvement increased the on-scene time. While one study showed that 
physician involvement in TBI patients was associated with a lower mortality 
rate,14 the other study suggested that Advanced Life Support in TBI patients 
was associated with less favorable outcome.15 In our own investigation, 
we analyzed data of Dutch trauma centers with a physician-based EMS and 
observed that prehospital run times are indeed slightly prolonged in cases of 
physician-based EMS deployment in severe TBI. However, all patients treated 
by physicians were endotracheally intubated at the accident scene according 
to the Dutch prehospital protocol.18 This may not only contribute to the 
prevention of hypoxemia and hypercapnia during transportation, but may also 
save time that is required for intubation at Emergency department admission. 
In particular, early intubation of patients with expected facial swelling due to 
head injuries may be beneficial in patients with severe TBI, and may compensate 
for the required extra minutes at the accident scene for Advanced Life Support. 
Interestingly, in the Netherlands the ‘rendezvous’ concept is emerging as an 
alternative for ‘scoop and run’ strategies. In this concept, the helicopter team 
meets with the ambulance team during transportation of a trauma victim to a 
level 1 trauma center. This ‘rendezvous’ procedure combines fast transportation 
times with Advanced Life Support by a trained physician, and represents an 
e"ective alternative for current prehospital transportation strategies. 

On-scene diagnosis of severe TBI and dispatch criteria 

Low LPA protocol adherence in severe TBI patients as shown in the present 
thesis may be explained by the availability and dispatch criteria for physician-
based EMS teams. With 24 hour availability of physician-based EMS teams since 
2009, we expected an increased deployment of helicopter services in trauma 
patients when compared to the period 2003-2008. Interestingly however, 
deployment remained constant. The deployment decision made by central 
emergency medical dispatch centers and paramedic emergency teams seems 
to be complicated by the di!culty to diagnose TBI severity at the accident 
scene. We observed that in patients without visible injuries, a physician-based 
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helicopter emergency service was called less often, although the GCS score # 
8. Apparently, the GCS does not always help to discriminate severity of TBI on-
scene. In some patients, the score may be di!cult to assess at the accident scene, 
in other patients the score may decrease rapidly over time after the primary 
injury.19-21 The 2011 guidelines for field triage of injured patients published by 
the US National Expert Panel on Field Triage, recommend to always combine 
information about vital functions, anatomic criteria and the mechanism of 
injury for accurate prehospital triage of severely injured patients.22 Currently, 
the Dutch dispatch criteria for physician-based helicopter emergency services 
in the Netherlands are re-evaluated and a collaboration is sought on a national 
level.

Training of teams

There is broad consensus that well-trained teams contribute to beneficial 
outcome. For instance, endotracheal intubation of severely injured patients on-
scene can be challenging. The level of training and experience in this procedure 
has been identified as an important contributor to successful Advanced Life 
Support in patients with severe neurotrauma.23-25 Indeed, the American College 
of Emergency Physicians published a policy statement that included continuing 
quality assurance, quality control, performance review, but also supplemental 
training as measures to improve the e"ectiveness of prehospital drug-
assisted endotracheal intubation.26 However, a definite conclusion about the 
e"ectiveness of prehospital endotracheal intubation in severe TBI cannot been 
made. This would require a randomized controlled trial, where non-intubated 
patients are compared with intubated patients. Such investigations are di!cult 
to execute because they cross the ethical boundaries of good clinical practice. 
Crew resource management (CRM) simulation sessions may enhance team 
communication and intensify collaboration between paramedic and physician-
based Emergency Medical Services.27 Future advanced life support educations 
programs should incorporate CRM training sessions in their yearly programs to 
contribute to a secure chain of care in TBI patients.

Association of secondary risk factors with outcome in severe traumatic brain injury

We found that disturbed pupillary reflexes, hypotension and hemostatic 
disorders can be predictors of negative functional outcome and mortality.28 
These findings are in contrast to previous studies where higher age, lower 
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GCS score and pathological cranial CT classification were associated with 
a less beneficial outcome.29-31 This di"erence can partly be explained by 
inequalities among study populations. While our studies were performed in 
patient populations without corrections for patient demographics or early 
mortality, other studies on outcome predictors, like the CRASH and IMPACT 
databases, used patients that were included in randomized controlled trials for 
neuroprotective therapeutic interventions with strict enrolment criteria.29,30,32 
The eligibility for study interventions could be biased by the chance of survival. 
Furthermore, a change in patient demographics of the general TBI population 
due to aging may have contributed to the observed di"erence in outcome 
predictors between our study and the IMPACT or CRASH database.33 Finally, 
it has been shown that TBI-associated outcome considerably di"ers among 
(European) trauma centers, which suggests that outcome prediction in severe 
TBI should include country-specific details of patient management and 
treatment.34,35 
Most of the observations in our single center studies were also confirmed 
during our multicenter investigations. The mean mortality rate of severe TBI 
ranged in our study from 43% in the Amsterdam region to 46% in the POCON 
database.28,35 These mortality rates were higher than the mortality rate of the 
CRASH (25%) or IMPACT registry (26-47%).29,36 This di"erence may be explained 
by inter-center di"erences in treatment of TBI,34 and the variance in baseline 
admission characteristics when compared to other registries, such as age and 
prevalence of extracranial injuries.35-37

New outcome predictors in severe TBI

There is growing evidence that coagulopathy has a predictive value in TBI. In 
agreement with other studies, we observed that hemostatic abnormalities 
in patients with TBI without extracranial injury are common, ranging from 
25% upon emergency department admission to 50% at 24 hours following 
injury.38-40 Moreover, early changes in rotational thrombo-elastometry 
parameters were highly predictive for unfavorable outcome in severe TBI.41 
Up to now it is unclear whether these hemostatic abnormalities should 
be categorized as secondary injury or as a symptom of the severity of the 
primary injury.42 From an evolutionary point of view the excessive release of 
tissue factor in case of cerebral tissue damage may promote coagulation and 
prevent further blood loss, thereby minimizing secondary injuries. However, 
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tissue factor release also leads to consumption of coagulation factors and 
platelets, and is associated with disseminated intravascular coagulopathy 
in severe TBI. Although TBI-related coagulopathy may also be explained by 
systemic hypoperfusion and subsequent initiation of the protein C pathway,43 
others believe that this explanation is unlikely because coagulopathy and 
hypoperfusion are not always observed in parallel in severe neurotrauma.44 In 
addition to coagulopathy, acidosis and hypothermia as part of the trauma lethal 
triad may further deteriorate hemostasis and negatively influence outcome in 
patients with TBI. Acidosis reduces maximum thrombin formation, while severe 
hypothermia reduces the rate of thrombin formation, thereby inhibiting clot 
formation.45,46 Acidosis may result from impaired respiration, hemodynamic 
shock and metabolic alterations and reflects the severity level of injury in TBI.47 
Hypothermia may have either detrimental or beneficial e"ects on outcome 
after severe TBI, especially in the acute phase after the traumatic injury.48

Management of hemostatic disorders in TBI

Commonly used laboratory tests to detect coagulation disorders, like the 
prothrombin time (PT), activated partial thromboplastin time (aPTT), the 
international normalized ratio (INR) and platelet count are time consuming 
and do not allow adequate analysis of hemostatic abnormalities as observed in 
severe traumatic brain injury. Recent studies describe the use of point-of-care 
coagulation monitoring, like thromboelastography or thromboelastometry, 
for the diagnosis of hemostatic abnormalities in traumatic brain injury.41,49-51 
This type of monitoring facilitates relatively fast diagnosis of coagulopathy, 
including fibrinogen depletion or hyperfibrinolysis as well as goal-directed 
treatment and insight in the balance between clot formation and clot lysis. 
In recent years we have learnt a lot about the impact of hemostatic 
abnormalities on outcome in severe traumatic brain injury. Recently, three 
treatment options were studied in patients with severe TBI and coagulation 
abnormalities. The first treatment modality includes recombinant factor VIIa 
administration, which initiates thrombus formation and may lead to a decreased 
progression of cerebral hemorrhage.52-54 However, as recombinant factor 
VIIa preferably migrates to hypoxic areas, its administration may, in addition 
to thromboembolic events, also be associated with ischemic injury.54 The 
second treatment modality for TBI-associated coagulopathy is the inhibition 
of hyperfibrinolysis using tranexamic acid. In the CRASH-2 trial (Clinical 
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Randomisation of an Antifibrinolytic in Significant Haemorrhage) in patients 
with intracranial injury, neither a benefit nor disadvantage of tranexamic acid 
was observed.55 Of note, a subgroup of patients with TBI showed a reduced 
progression of intracranial hemorrhage.55 In the ongoing CRASH-3 trial the 
e"ect of tranexamic acid on mortality and disability in patients with traumatic 
brain injury will be further evaluated.56 Finally, a recent study showed that the 
use of prothrombin complex concentrate in combination with recombinant 
factor VIIa was safe and e"ective to treat TBI-associated coagulopathy.57

Future direction - multicenter data registries

To learn more about prognosis and early treatment of severe TBI, multicenter 
data registries are necessary. As enrolment criteria influence outcome in 
randomized controlled trials, an unselected patient data registry could provide 
more reliable insights. The recently published Prospective Observational COhort 
study on Neurotrauma (POCON), which is supported by the Netherlands Brain 
Foundation, was the first registry that includes all patients with moderate-to-
severe traumatic brain injury admitted to five di"erent Level I trauma centers in 
the Netherlands. The reported high mortality rates in the POCON registry might 
represent a more “real live” mortality as they are not corrected for early mortality 
upon emergency department admission or in the first 24 hours following 
injury, which are often exclusion criteria in other studies.35 A shortcoming of 
the POCON registry is the unavailability of prehospital parameters. In 2012, 
the VU University Medical Center initiated the BRAIN-PROTECT study, which 
is also supported by the Netherlands Brain Foundation. The specific goal of 
this registry is to prospectively collect nationwide data, which allow detailed 
analysis of the relationship between prehospital events or treatments such 
as blood pressure,  airway management and patient outcome in moderate 
and severe TBI patients.58 Profound prospective observational knowledge of 
secondary injury and its relation to outcome is crucial to identify beneficial 
treatment modalities. The combination of prehospital and in-hospital data 
that will be obtained in the BRAIN-PROTECT registry will be the start of the 
largest unselected prospective traumatic brain injury database in the field of 
neurotrauma registries.
Also European initiatives, including the Collaborative European NeuroTrauma 
E"ectiveness Research in TBI (CENTER-TBI) initiated by Andrew Maas and David 
Menon, provide novel opportunities to study the complete chain of care in 
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the management and treatment of TBI. Although the initial focus might not 
be on prehospital care, extension towards prehospital data collection seems 
possible, thereby covering TBI data collection from prehospital accident site 
towards hospital discharge and outcome.

Main findings and conclusions
The present thesis provides insights in current practices and new concepts in 
the prehospital treatment and acute care of patients with severe traumatic 
brain injury in the Netherlands. The following conclusions can be drawn from 
this investigation:

Prehospital treatment protocols for severe TBI

We observed a BTF guideline adherence of 56% between 2003 and 2007, and 
partly attributed this to the restricted availability of the Amsterdam physician-
based EMS team during daylight hours (Chapter 3). We expected that with the 
introduction of a 24-hour availability of physician-based EMS teams in 2008, 
guideline adherence in severe TBI would increase (Chapter 6). However, we 
observed no relevant changes. We conclude from these findings that dispatch 
criteria for physician-based emergency medical teams should be revised and 
the e"ects of “Scoop and Run” strategies in urban areas should be further 
explored. The distance to the nearest trauma center should be incorporated in 
new protocols. 

Prehospital endotracheal intubation in severe TBI 

While prehospital endotracheal intubation is advised in patients with severe 
TBI, our studies could not show favorable e"ects of endotracheal intubation 
on PaO2, PaCO2 and SpO2 levels upon emergency department arrival (Chapter 
3). We further observed that prehospital events of hypoxia were less predictive 
for worse patient outcome than incidents of hypotension (Chapter 4). We 
conclude that multicenter registries including prehospital data, are necessary 
to reveal whether prehospital endotracheal intubation by physician-based EMS 
improves outcome in severe TBI. Interestingly, physician-based EMS-treated 
patients were characterized by a younger age and more frequently su"ered 
from intracranial injury due to tra!c accidents. Moreover, physician-based EMS 
were more frequently involved in patients with visible, extracranial injuries 
than in patients with isolated neurotrauma (Chapter 6).
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Prehospital run time 

We hypothesized that physician-based EMS deployment would prolong 
prehospital out-of-hospital time for patients with severe TBI. We observed 
that overall prehospital run time was not increased in a relevant fashion in 
patients treated by a physician-based Emergency Medical Service. Prehospital 
endotracheal intubation was more frequently performed in this group (Chapter 
5). We conclude that prehospital run time may not be an argument to choose 
for “Scoop and Run” instead of “Stay and Play” scenarios in severe TBI, especially 
if vital functions of severely injured patients are in danger.

Outcome predictors  

We investigated the relation of several outcome predictors, such as age, 
injury severity score, the Glasgow Coma Scale, pupillary reflexes, hypoxia, 
hypotension, prehospital endotracheal intubation, the Traumatic Coma Data 
Bank (TCDB) CT classification and coagulation disorders with patient mortality 
and 6-month functional outcome (Chapter 4, 7 & 8). Overall, a disturbed 
pupillary reflex, hypotension and coagulation disorders were consistent as 
strong secondary risk factors with a predictive value for patient outcome. 
Other risk factors, like age, the Glasgow Coma Scale, TCDB CT classification and 
hypoxia revealed to be less predictive for patient outcome when compared to 
the available literature in the Dutch trauma setting. Interestingly, we observed 
no association between the TCDB CT classification and coagulation disorders 
in severe TBI.

Hemorrhagic disorders

We observed a high incidence of coagulopathy in our single center and 
multicenter studies in patients with severe TBI (Chapter 7 & 8). We hypothesized 
that hemostatic abnormalities might result in an increased presence of cranial 
computed tomography (CT) abnormalities using the Traumatic Coma Data 
Bank (TCDB) CT classification. However, we observed no relation between four 
distinct coagulation disturbance patterns and the TCDB CT classification in a 
retrospective analysis (Chapter 7). A second prospective, multicenter study 
revealed similar findings, but showed that patients with coagulation disorders 
that developed after emergency department admission more frequently had 
subdural and subarachnoidal hematomas and lesion volumes of > 25 ml when 
compared to patients with or without short-lasting coagulopathy (Chapter 8). 
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Moreover, cranial CT imaging revealed more patients with contusions, high 
or mixed density lesions, compressed basal cisterns and a midline shift in 
patients with delayed/sustained coagulopathy. We conclude that hemostatic 
abnormalities are not related to specific cranial CT abnormalities in severe TBI, 
and may be considered as a separate entity. 
Although the underlying pathophysiology is still unclear, it is likely that isolated 
TBI initiates a cascade that leads to hemostatic abnormalities in the absence of 
extracranial bleeding. In two distinct study populations we showed that the 
presence of coagulopathy in patients with isolated severe TBI increased the 
relative risk for mortality. In both populations, coagulopathy revealed to be a 
stronger predictor than the well-known outcome parameters like age, TCDB 
CT classification and GCS. Our findings suggest that coagulopathy should be 
considered as an important vital function and negative outcome predictor in 
patients with severe TBI (Chapter 7 & 8).

Closure

Prehospital treatment of patients with severe TBI remains challenging. In this 
thesis current practice within the Netherland is discussed. Multicenter data 
registries including prehospital data will help to further develop treatment 
protocols for optimal outcome of this vulnerable patient cohort. 
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Summary
In the present dissertation we investigated current practice of prehospital 
emergency care in patients with moderate or severe traumatic brain injury 
(TBI) in the Netherlands. We particularly focused on the deployment of 
Advanced Life Support by a physician-based helicopter emergency service 
and airway management as prehospital intervention modality in relation to 
patient survival. We further evaluated the impact of hemostatic abnormalities 
on outcome after severe neurotrauma.

In Chapter 1 we provide an introduction to the aim of this thesis in the context 
of the guidelines of the Brain Trauma Foundation, and include the study 
objectives.

Chapter 2 gives an overview of current opinion and recent literature regarding 
di"erent modalities of basic and advanced prehospital life support in severe 
traumatic brain injury. The potential advantages of Advanced Life Support 
over Basic Life Support are described, with particular focus on prehospital 
endotracheal intubation and subsequent adequate mechanical ventilation. 
The overview reveals the importance of the prevention of hypoventilation, 
hyperventilation and hyperoxemia, and describes the role of prehospital 
volume resuscitation and hemostatic derangements in patient outcome after 
severe traumatic brain injury. Finally, this chapter emphasizes that the benefit 
of prehospital endotracheal intubation in patients with severe traumatic brain 
injury is likely to depend on multiple factors, such as the organization of the 
prehospital care system, the training and competence level of Emergency 
Medical Service providers and the expected prehospital run time. 

Chapter 3 describes the findings of a retrospective single center investigation 
of patients with moderate to severe traumatic brain injury admitted to a level 
1 trauma center (VU University Medical Center Amsterdam) between 2003 and 
2007. This study investigated whether patients with severe traumatic brain 
injury were treated according to current prehospital treatment guidelines 
as published by the Brain Trauma Foundation. These guidelines recommend 
prehospital endotracheal intubation in all patients with suspected traumatic 
brain injury and a Glasgow Coma Scale score equal or less than 8. In the 
Dutch prehospital setting, these patients should preferably be intubated by a 
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physician-based helicopter emergency medical service.
We observed a low degree of adherence (56%) to ruling intubation guidelines 
in our trauma region. The most important reasons for low guideline compliance 
were the unavailability of specialized care, the choice for “scoop and run” 
strategies and the absence of a specialized physician in cases where intubation 
was recommended. 

In Chapter 4, we further evaluated secondary risk factors for unfavorable 
outcome in patients with severe traumatic brain injury in the context of the 
fast access to specialized trauma care. This fast access to specialized care is 
mainly due to the specific geographical layout of the Netherlands. The study 
investigated whether and to what extent hypoxia and hypotension, and 
interventions such as endotracheal intubation, a"ected outcome in a patient 
population with severe traumatic brain injury admitted to a level 1 trauma 
center between 2003 and 2007. In contrast to our expectations, we found no 
di"erences in the incidence of a hypoxia, observed mortality due to trauma, 
arterial blood gas analysis upon emergency department admission nor the 
predicted 14-day mortality between prehospital intubated and non-intubated 
patients. Our findings further showed that a disturbed pupillary reflex, a low 
Glasgow Coma Scale score, and a hypotensive event in the prehospital phase 
were strong prognostic factors for patient outcome, whereas prehospital 
hypoxia was not conclusive for patient outcome.

Chapter 5 is a retrospective evaluation of the prehospital run time of 
patients with severe traumatic brain injury admitted to trauma centers 
located in Amsterdam (VU University Medical Center), Nijmegen (Radboud 
University Nijmegen Medical Center) and Groningen (University Medical 
Center Groningen) in the period 2003-2007. In this period, the physician-
based emergency medical service dispatch was frequently only available 
during daylight hours. The literature is inconclusive as to whether prehospital 
deployment of a physician-based Emergency Medical Service may prolong the 
on-scene time due to the time consuming nature of Advanced Life Support. 
In this chapter we investigated whether physician-based emergency medical 
service dispatch indeed prolonged prehospital run times when compared to a 
paramedic emergency medical service. We further evaluated how this a"ected 
patient outcome. Prehospital run times for patients with severe traumatic brain 
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injury who received Advanced Life Support by either a paramedic- or physician-
based emergency medical service were similar, but with a significant higher 
rate of prehospital endotracheal intubation in the physician-based emergency 
medical service group. Regression analysis further showed that physician-
based emergency medical service deployment was associated with a reduced 
risk for unfavorable outcome, despite the higher injury severity score levels in 
this patient group. 

In Chapter 6 we investigated whether the national 24-hour availability of 
a physician-based emergency medical service changed the incidence of 
advanced life support in severe traumatic brain injury. Data were retrieved 
from the Prospectief Observationeel COhort Onderzoek Neurotrauma 
(POCON) registry. This registry included prehospital data of 334 patients with 
severe traumatic brain injury who were dispatched to a trauma center located 
in an urban (Amsterdam and Rotterdam) or rural (Nijmegen and Groningen) 
trauma region. We investigated the hypothesis that the 24-hour availability of 
a physician-based emergency medical service led to an increased dispatch of 
this service, and improved prehospital treatment guideline compliance when 
compared to chapter 3. However, we found no increase in physician-based 
emergency medical service dispatch after 24-hours availability. Moreover, our 
findings indicated that the rate of physician-based emergency medical service 
deployment was the highest in patients with severe traumatic brain injury with 
extracranial injuries. In case of physician-based emergency medical service, 
patients were in most cases endotracheally intubated in the prehospital 
setting, irrespective of the absence or presence of extracranial injuries. The 
incidence of prehospital endotracheal intubation by patients solely treated by 
paramedic emergency medical service was low, particularly in patients without 
extracranial injury. Our study also showed that physician-based emergency 
medical service dispatch was considerably less in urban than in rural regions, 
while the injury severity score was comparable between regions.

Chapter 7 and Chapter 8 both focus on hemostatic abnormalities as a novel 
prognostic factor for patient outcome after severe traumatic brain injury. 
Neurotrauma induces an excessive release of cerebral tissue factor and 
alterations in the thrombomodulin-protein C pathway, both contributing to a 
disparity in clot formation and breakdown. 
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In Chapter 7, we describe a retrospective single center study performed 
in the VU University Medical Center that investigated the development of 
coagulopathy at di"erent stages after the initial traumatic incident in patients 
with moderate or severe traumatic brain injury without extracranial bleeding. In 
this investigation it was evaluated to what extent the mere presence of, but also 
the time course of coagulopathy, holds predictive value for patient outcome. In 
addition, the possible relationship of the development of coagulopathy after 
traumatic brain injury with the Traumatic Coma Data Bank cranial computed 
tomography (TCDB CT)-classification was investigated. In this study we did not 
find a significant di"erence in specific cranial CT characteristics for patients 
with or without coagulopathy. Our data further showed that acute sustained 
coagulopathy is associated with the largest changes in hemostatic and 
metabolic parameters upon emergency department admission. We also found 
that patients with acute temporary coagulopathy or delayed coagulopathy 
had the most profound brain injury severity levels according to the TCDB CT 
classification, while mortality rates were the highest in patients with hemostatic 
abnormalities in the hours following emergency department admission. 
Chapter 8 provides more insight into the association of coagulopathy in patients 
with isolated traumatic brain injury without extracranial injuries to outcome 
as reflected by the extended Glasgow Outcome Scale (GOSE) and mortality 
rates. Data for this analysis were retrieved from the POCON registry, which is 
described in chapter 6. Our findings showed that a large proportion of patients 
with isolated traumatic brain injury were admitted to the trauma centers with 
hemostatic disturbances (early coagulopathy). In addition, an equal proportion 
of patients develop late onset coagulopathy within in the first 48 hours after 
trauma. There was no di"erence in the relative risk for in-hospital mortality 
between patients with early short-lasting coagulopathy or delayed/sustained 
coagulopathy, while patients with delayed or sustained coagulopathy more 
frequently showed intracranial hemorrhage and signs of increased intracranial 
pressure. The presence of delayed/sustained coagulopathy was associated 
with a higher risk for blood transfusion, prolonged ICU and hospital stay and a 
lower functional outcome at 6 months following trauma. From both Chapters 
7 and 8 we conclude that coagulopathy in patients with traumatic brain injury 
is an independent prognostic factor for patient outcome. 

In Chapter 9, the main conclusions of this thesis are described and discussed.

24482 Franschman, Gaby.indd   165 13-04-13   11:10



24482 Franschman, Gaby.indd   166 13-04-13   11:10



11Chapter

Nederlandse samenvatting

24482 Franschman, Gaby.indd   167 13-04-13   11:10



CHAPTER 11

168

Samenvatting
In dit proefschrift is onderzoek beschreven naar de hedendaagse praktijk van 
prehospitale hulpverlening in patiënten met matig tot ernstig traumatisch 
schedelhersenletsel, met focus op behoud van vitale functies. Hierbij hebben 
wij ons vooral gericht op de protocollaire inzet van het medisch mobiele 
team (MMT) bij de eerste opvang van schedelhersenletsel slachto"ers, en 
luchtwegmanagement als prehospitale interventie in relatie tot overleving. 
Daarnaast hebben wij onderzocht wat de impact is van stollingsstoornissen op 
de overleving bij patiënten met ernstig schedelhersenletsel.

In hoofdstuk 1 wordt een introductie gegeven van het proefschrift in de 
context van de richtlijnen van de Brain Trauma Foundation, en worden het doel 
en de vraagstellingen van het proefschrift beschreven.

Hoofdstuk 2 verzorgt een overzicht van de huidige wetenschappelijke 
kennis over verschillende vormen van prehospitale zorgverlening zoals basic 
life support (BLS) en advanced life support (ALS) bij ernstig traumatisch 
schedelhersenletsel. Hierbij worden potentiële voordelen van ALS boven 
BLS beschreven, met focus op prehospitale endotracheale intubatie met 
mechanische beademing. In het overzicht wordt tevens de importantie 
uitgelegd van normoventilatie, waarbij hypoventilatie, hyperventilatie en 
hyperoxemie dienen te worden voorkomen. Daarnaast wordt beschreven 
wat de voor- en nadelen zijn van prehospitale hypertone resuscitatie en 
hypothermie. Verder wordt de bijdrage van stollingsstoornissen aan de 
herstelkansen van patiënten met schedelhersenletsel beschreven . 

Hoofdstuk 3 beschrijft de uitkomsten van een retrospectief onderzoek onder 
patiënten met een matig tot ernstig traumatisch schedelhersenletsel die tussen 
2003 en 2007 zijn behandeld in VU medisch centrum. Hierbij werd onderzocht 
of patiënten volgens de geldende prehospitale richtlijnen zijn behandeld. Deze 
richtlijnen adviseren prehospitale endotracheale intubatie voor alle patiënten 
die worden verdacht van ernstig traumatisch schedelhersenletsel. Hiervoor 
dient het mobiel medisch team (MMT) te worden ingezet om endotracheale 
intubatie door een MMT arts te kunnen garanderen. Het onderzoek toont aan dat 
een groot deel van de patiënten geen zorg van het MMT had ontvangen zodat 
bij aankomst op de afdeling spoedeisende hulp (SEH) van VUmc maar 56% van 
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de patiënten geïntubeerd was. In de groep patiënten die zorg had ontvangen 
van een MMT-arts was 96% geïntubeerd. Hierbij moet worden opgemerkt 
dat het MMT alleen bij daglicht beschikbaar was, en patiënten die in de nacht 
werden opgevangen alleen zorg kregen van ambulanceverpleegkundigen. Uit 
het onderzoek kan worden geconcludeerd dat het volgen van de richtlijnen 
voor prehospitale zorg bij patiënten met matig tot ernstig schedelhersenletsel 
laag was.

In hoofdstuk 4 hebben we de bekende risicofactoren geëvalueerd die 
gerelateerd zijn aan een ongunstige prognose bij ernstig traumatisch 
schedelhersenletsel. In deze retrospectieve studie die gezamenlijk met de 
afdeling Neurologie van het Universitair Medisch Centrum St. Radboud 
werd uitgevoerd is de incidentie van hypoxemie en hypotensie in patiënten 
met ernstig traumatisch schedelhersenletsel onderzocht. Daarnaast wordt 
de relatie van prehospitale endotracheale intubatie met mortaliteit en 
morbiditeit beschreven. In tegenstelling tot wat wij verwacht hadden, vonden 
wij geen verschillen in uitkomst tussen patiënten die prehospitaal wel of niet 
geïntubeerd waren ten aanzien van hypoxemie, arteriële bloedgas analyses bij 
aankomst op de SEH en geobserveerde en voorspelde mortaliteit na 14 dagen. 
Wel vonden wij dat een verstoorde pupilreflex, een lage Glasgow Coma Scale 
(GCS) score en een episode van hypotensie sterke voorspellers waren voor 
een slechtere mortaliteit en morbiditeit in patiënten met ernstig traumatisch 
schedelhersenletsel. Het onderzoek ondersteunt de richtlijn dat hypotensie bij 
ernstig traumatisch schedelhersenletsel moet worden voorkomen.

Hoofdstuk 5 is een retrospectieve evaluatie van prehospitale ambulance en 
MMT tijden voor patiënten met ernstig traumatisch schedelhersenletsel die zijn 
opgenomen in de Level 1 traumacentra van het Universitair Medisch Centrum 
Groningen, het Universitair Medisch Centrum St. Radboud en het VU medisch 
centrum tussen 2003 en 2007. 
In de wetenschappelijke literatuur wordt gesteld dat het toevoegen van 
een MMT aan de prehospitale zorg de prehospitale behandeltijden van een 
patiënt verlengt. Dit heeft als oorzaak dat MMT-artsen meer tijdrovende 
medische verrichtingen uitvoeren in de prehospitale fase, waardoor een 
patiënt uiteindelijk later in het ziekenhuis arriveert. Dit zou de mortaliteit 
van traumapatiënten niet ten goede komen. In deze evaluatie tonen wij voor 
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patiënten met traumatisch schedelhersenletsel echter aan dat het MMT geen 
verlenging geeft van de tijd die prehospitaal wordt doorgebracht. Daarnaast 
wordt door de aanwezigheid van het MMT eerder gestart met protocollaire zorg 
die anders pas na aankomst op een SEH zou worden gestart. Het onderzoek 
toonde daarnaast aan dat de inzet van een MMT-arts geassocieerd is met een 
gereduceerd risico op morbiditeit en mortaliteit, ondanks dat patiënten die 
door het MMT worden behandeld er vaak slechter aan toe zijn. Het onderzoek 
onderstreept de toegevoegde waarde van de inzet van het MMT in patiënten 
met traumatisch schedelhersenletsel.

In hoofdstuk 6 onderzochten wij in een prospectieve multicenter studie of 
de 24-uurs beschikbaarheid van het MMT heeft geleid tot het adequater 
volgen van de prehospitale richtlijnen door ambulanceverpleegkundigen 
in het geval van patiënten met ernstig traumatisch schedelhersenletsel. De 
patiëntendata werden verkregen uit de Prospective Observational COhort 
study on Neurotrauma (POCON) trial die is opgezet door het UMC St. 
Radboud. In deze database waren de gegevens van 334 patiënten met ernstig 
traumatisch schedelhersenletsel opgenomen die werden behandeld in een 
Level 1 traumacentrum in een stedelijk gebied (Amsterdam en Rotterdam) 
of een landelijk gebied (Nijmegen en Groningen). Uit het onderzoek kwam 
naar voren dat het MMT in vrijwel alle patiënten met een ernstig traumatisch 
schedelhersenletsel de prehospitale behandelrichtlijn volgt en overgaat tot 
prehospitale endotracheale intubatie.  Wanneer geen MMT aanwezig is bij 
de prehospitale opvang van de schedelhersenletsel patiënten wordt maar in 
een klein deel van de patiënten de landelijke prehospitale behandelrichtlijn 
gevolgd. Hierbij deden wij twee zeer interessante, nog niet eerder 
beschreven observaties: patiënten met een geïsoleerd ernstig traumatisch 
schedelhersenletsel zonder zichtbare andere letsels werden minder vaak 
volgens het prehospitale protocol behandeld dan patiënten met ernstig 
schedelhersenletsel en extracraniële letsels. Tevens vonden wij dat in patiënten 
met ernstig traumatisch schedelhersenletsel die in een stedelijk gebied 
werden behandeld minder vaak de prehospitale richtlijnen werden gevolgd 
ten opzichte van vergelijkbare patiënten in landelijke gebieden.

In zowel hoofdstuk 7 als hoofdstuk 8 hebben wij ons gericht op het ontstaan 
van stollingsafwijkingen na ernstig traumatisch schedelhersenletsel, waarbij is 

24482 Franschman, Gaby.indd   170 13-04-13   11:10



NEDERLANDSE SAMENVATTING

CHAPTER

11

171

geëvalueerd of deze stoornissen kunnen worden ingezet als nieuwe voorspeller 
voor herstel en mortaliteit. Traumatische schade aan hersencellen veroorzaakt 
het vrijkomen van tissue factor in de bloedbaan en veranderingen in het 
thrombomoduline–proteïne C systeem. Deze leiden beide tot een veranderde 
balans in de opbouw en afbraak van stolsels. 
In hoofdstuk 7 beschrijven we in een retrospectieve studie het patroon van 
het ontstaan van stollingsstoornissen in de eerste 48 uur na matig tot ernstig 
geïsoleerd traumatisch schedelhersenletsel. Hierbij hebben we gekeken 
of het ontstaan van deze stollingsstoornissen in de uren na het trauma een 
voorspellende waarde hebben voor het ziektebeloop van deze patiënten. 
Hierbij werd specifiek gekeken naar de samenhang met zichtbare afwijkingen 
op de computed tomografie (CT) scan van de hersenen. Het onderzoek liet 
geen specifieke CT-scan afwijkingen zien tussen mensen met en zonder 
stollingsstoornissen. Wel vonden wij een verhoogde mortaliteit bij patiënten 
met een blijvende of later ontstaande stollingsstoornis ten opzichte van 
patiënten die alleen bij opname op de SEH een kortdurende stollingsstoornis 
hadden. 
Hoofdstuk 8 geeft meer inzicht in de relatie tussen stollingsstoornissen bij 
patiënten met ernstig geïsoleerd traumatisch schedelhersenletsel en het 
functionele post-traumatisch herstel gemeten met de extended Glasgow 
Outcome Scale (GOSE) en mortaliteit. De data voor deze analyses komen uit 
de prospectieve POCON database welke eerder is beschreven in hoofdstuk 6. 
In navolging van eerdere bevindingen vonden wij opnieuw dat een groot deel 
van de patiënten met ernstig geïsoleerd traumatisch schedelhersenletsel een 
stollingsstoornis had bij aankomst op de SEH, en dit percentage verdubbelde 
in de eerste 48 uur. De aanwezigheid van een stollingsstoornis op de SEH 
die aanhield of zich pas na SEH opname ontwikkelde  was geassocieerd 
met een hogere behoefte aan bloedtransfusies, een verlengde intensive 
care opnameduur, een verlengde ziekenhuisopname duur en een slechtere 
functionele uitkomst na 6 maanden. Uit zowel hoofdstuk 7 als hoofdstuk 8 
concluderen wij dat het hebben van een stollingsstoornis bij patiënten met 
geïsoleerd ernstig traumatisch schedelhersenletsel een voorspeller is voor 
mortaliteit en morbiditeit.

In hoofdstuk 9 worden de belangrijkste conclusies uit dit proefschrift 
beschreven en bediscussieerd.
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Ik ben geboren op 25 oktober 1974 in Amsterdam. Op het Augustinus College 
te Amsterdam heb ik allereerst de Havo gedaan, direct gevolgd door het VWO. 
Aangezien ik één keer ben  uitgeloot voor de studie Geneeskunde heb ik eerst 
mijn propedeuse Fysiotherapie behaald aan de Hogeschool van Amsterdam, 
waarna ik in 1995 alsnog ben ingeloot voor de studie Geneeskunde aan 
de Universiteit van Amsterdam. Mijn artsexamen heb ik in februari 2002 
afgelegd. In het Westfriesgasthuis te Hoorn kreeg ik mijn eerste baan als ANIOS 
cardiologie. Per november 2002 ben ik naar het VU Medisch Centrum gekomen 
en werkte ik als ANIOS Intensive Care bij prof. dr. A.R.J. Girbes ter voorbereiding 
op de start van mijn opleiding tot anesthesioloog per juli 2003 (opleider prof. 
dr. J.J. de Lange, later onder mijn promotor prof. dr. S.A Loer). Mijn perifere 
stage vond plaats in het Medisch Centrum Alkmaar (opleider dr. H. Traast).
In 2008 ben ik begonnen met mijn wetenschappelijk onderzoek naar 
traumatisch schedel – hersenletsel, initieel ter afronding van opleiding tot 
anesthesioloog. In oktober 2008 volgde de registratie als anesthesioloog 
en bleef ik in het VU medisch centrum, waar ik naast mijn werkzaamheden 
als anesthesioloog werk aan mijn promotieonderzoek onder de bezielende 
leiding van Christa Boer.
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Dankwoord

In 2003 ben ik begonnen met mijn opleiding tot anesthesioloog aan het VUmc. 
Bij aanvang van de opleiding wist ik al dat er ooit, ter voltooiing hiervan een 
wetenschappelijke prestatie vereist was. De afdeling Anesthesiologie had in 
2003 twee grote onderzoekslijnen lopen namelijk cardiovasculair onderzoek 
en pijn. Echter mijn passie ligt al vele jaren, mede dankzij mijn bijbaan tijdens 
de opleiding Geneeskunde als ambulancechau"eur bij het toenmalig VZA, 
bij de urgentiegeneeskunde. De urgentiegeneeskunde maakt een heel 
belangrijk onderdeel uit van het vak anesthesiologie en de medisch specialist 
anesthesioloog in het bijzonder. Immers, de anesthesioloog geldt bij uitstek 
als DE specialist op het gebied van de luchtweg, ademhaling en circulatie 
en juist deze trias is de start van de opvang van iedere acuut ernstig zieke of 
gewonde patiënt. Acute geneeskunde is bij uitstek ook een teamvak: samen 
met andere collegae van andere medisch specialismen vormt men een  team 
om iedere patiënt te onderzoeken en zo goed als mogelijk te behandelen. 
Anesthesiologen zijn vaak teamspelers; een operatie team bestaat uit meerdere 
disciplines en bij een goede samenwerking tussen de diverse spelers wordt de 
patient vaak beter behandeld. Het samenwerken met diverse collegae heeft 
mij ook gebracht tot dit proefschrift.
In 2008 ben ik samen met Christa Boer (afdeling Anesthesiologie) en 
Saskia Peerdeman (afdeling Neurochirurgie) gaan nadenken over de 
behandeling op straat (prehospitaal in jargon) van mensen die door 
een ongeval schedel – hersenletsel oplopen. Prehospitale zorgverleners 
(ambulanceverpleegkundigen, artsen van het MMT) behandelen en 
transporteren deze patiënten uitermate zorgvuldig. Hiervoor hebben 
zij protocollen ontwikkeld welke gebaseerd zijn op internationale 
wetenschappelijke literatuur voor beste zorg. In het VUmc worden deze 
patiënten dan op de afdeling Spoedeisende Hulp binnen gebracht en de 
eerste wetenschappelijke vraag die ik mij in 2008 stelde, was of deze patienten 
met traumatisch schedel – hersenletsel eigenlijk wel de zorg kregen die 
zij volgens het protocol verdienden. Dat lijkt een heel simpele vraag, maar 
voor een gefundeerd, wetenschappelijk aanvaardbaar antwoord moeten 
er dan heel veel gegevens worden verzameld in bijvoorbeeld een database. 
Onomstotelijk bewijs wordt namelijk pas geleverd als andere oorzaken of 
redenen uitgesloten worden en in de wetenschap betekent dit veel gegevens 
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verzamelen om toeval als oorzaak van iets weg te kunnen strepen. Met het 
verzamelen van gegevens en het invullen in een database begonnen mijn 
eerste schreden op het pad van de wetenschap. Het kost ontzettend veel 
tijd, het moet uiterst zorgvudig gebeuren en je komt erachter dat niet altijd 
alle gegevens te achterhalen zijn. Andere samenwerkingsverbanden zijn 
soms nodig (bijvoorbeeld met het Traumacentrum Noordwest Nederland, de 
afdeling Traumatologie van de Heelkunde) om de juiste zorgvuldigheid te 
kunnen halen. In 2009 was de eerste database compleet en dit leverde mijn 
eerste artikel op in het blad Rescucitation (hoofdstuk 3 van dit proefschrift). 
Ik had deels mijn antwoord gevonden op de door mij gestelde vraag, maar 
dit antwoord leverde eigenlijk meteen vele nieuwe vragen op. Nieuwe vragen 
die de noodzaak gaven tot verdere samenwerkingsverbanden met andere 
collegae in andere ziekenhuizen. Met de andere wetenschappelijke vragen 
ontstonden mooie andere artikelen, waarvan sommige als hoofdstuk in dit 
proefschrift zijn opgenomen en via Saskia kwam ik in contact met collegae 
uit andere ziekenhuizen en ging de afdeling Anesthesiologie van het VUmc 
participeren in de Prospective Observational Cohort on Neurotrauma (POCON) 
studie van de afdeling Neurologie van het UMC Sint Radboud in Nijmegen. In 
plaats van “even voldoen” aan de wetenschappelijke verplichting, noodzakelijk 
om medisch specialist te worden, ben ik inmiddels een proefschrift verder en 
vele (des)illusies rijker, maar heb ik ook nog heel veel ideeën over toekomstig 
onderzoek. Ik hoop dat ik hiervan nog vele mag uitzoeken.
Traumatisch schedel – hersenletsel is een ingewikkelde puzzel. Oorzaak 
en gevolg zijn vaak niet rechtlijnig. Een “simpele” klap tegen het hoofd is de 
start van een zeer ingewikkelde cascade van reacties die op velerlei wijze op 
elkaar ingrijpen. Deze verbanden vormen een puzzel waarvan de stukjes nog 
niet allemaal bekend zijn. De voorkant van mijn proefschrift is een kleurrijke 
tekening. Knip je alle gekleurde vakjes uit dan ontstaat er een puzzel die in 
ieder geval ingewikkelder is dan een standaard puzzel en die daardoor lijkt op 
traumatisch schedel – hersenletsel.

Natuurlijk had ik dit proefschrift nooit kunnen schrijven zonder de hulp en 
steun van velen. Graag wil ik alle mensen die hebben bijgedragen aan de 
totstandkoming van dit proefschrift bedanken voor hun hulp en steun. Voor 
degene die ik straks niet genoemd heb, ik ben jullie niet bewust vergeten en in 
mijn hoofd heb ik tegen jullie vele keren dank gezegd voor het werk.
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Christa Boer. Je bent er altijd! Hoe kan ik jou ooit bedanken? Met woorden zou 
ik niet weten hoe dat  moet. Superlatieven zijn niet superlatief genoeg voor 
mijn dank die naar jou uitgaat. Natuurlijk was het een gezamelijke inspanning, 
maar toch… Zonder jou zou dit proefschrift er nooit zijn gekomen. Ik hoop 
dat wij nog heel lang mogen samenwerken en vele mooie wetenschappelijke 
hoogtepunten gaan beleven. Dit proefschrift is ook een belangrijke stap voor 
jou en nu wordt het de hoogste tijd voor de andere stap. Ik kan niet wachten… 
Heel, heel, veel dank voor alles. En dat is nog niet genoeg vind ik.

Saskia Peerdeman. Jouw kennis van ons brein, CT-scans, contacten en nog 
zoveel meer, waren ontzettend belangrijk voor dit proefschrift. De broodnodige 
“andere” kijk op dit onderwerp. Ook zonder jou was dit proefschrift er niet 
geweest of veel trager en minder leuk. Ik vind dat we de traditie van ‘uit 
eten’ gaan na acceptatie van een manuscript met alle auteurs in ere moeten 
herstellen. Ik vergeet nooit het champagne drinken in het Vondelpark en 
het gesprek dat ontstond tussen jou en een dakloze man in het heerlijke 
Amsterdamse zonnetje op de bank.  

Stephan Loer. Jouw komst als afdelingshoofd naar onze afdeling anesthesiologie 
heeft veel goeds gebracht. Zeker voor het onderzoek naar ‘Traumatic Brain 
Injury’, waarbij we van een uitgebreide retrospectieve database van één AIOS 
zijn uitgebreid naar inmiddels een aantal staflid onderzoekers, PhD students 
en student-assistenten die zich met dit en aanverwante onderwerpen bezig 
houden. Het is een interessante nieuwe onderzoekslijn geworden van de 
afdeling Anesthesiologie. Dank voor deze kans en we gaan het, als het aan mij 
ligt, in de toekomst nog verder uitbouwen.

Pieter Vos en Teuntje Andriessen. De Nijmegen connectie via POCON. De eerste 
Nederlandse prospectieve multicenter database naar TBI. POCON heeft mij 
veel gebracht en naar ik hoop ook jullie. Dank dat ik enkele artikelen die uit 
de POCON database zijn voortgekomen mag gebruiken als hoofdstukken van 
mijn proefschrift. Mede dankzij jullie data en databases is dit proefschrift onder 
meer geworden tot wat het nu is. Ik hoop op een mooie toekomst voor jullie 
beiden, waarheen dat pad ook mag leiden.
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Janneke Horn. Het AMC en de VUmc zijn altijd dichtbij, maar soms ook zo ver 
weg. Niet voor ons. Onze samenwerking ging altijd als een trein net als onze 
gezamenlijke hardloop-trainingen langs de Amstel of in het Amsterdamse Bos. 
Heerlijk een uurtje ontspannen en dan ondertussen nieuwe onderzoeksideeën 
of lopende zaken bespreken. Ik hoop dat we dat nog heel lang volhouden. De 
tafel van 18 vond ik erg gezellig. Mede dankzij Ivo door het voortre"elijke eten 
en de gezelligheid. Zeker voor herhaling vatbaar als ik mij zo mag uitnodigen…. 
Aangezien we alledrie een racefiets hebben, moeten we deze zomer maar eens 
een andere tak van sport gaan proberen.

Joukje van der Naalt. Groningen ligt letterlijk ver weg, maar figuurlijk dichtbij. Ik 
vond het erg prettig om met jou samen te werken. Altijd goede opmerkingen 
en suggesties om artikelen te verbeteren en ook altijd lekker vlot. Ik hoop dat 
we in de toekomst nog samen onderzoek kunnen blijven doen, ondanks dat 
POCON nu (even) niet meer bestaat. Hartelijk dank voor jouw steun en input.

Iain Haitsma, Bram Jacobs, Sjoerd Greuters, Herman Christiaans, Mike Wattjes, 
Niels Verburg, Wim Jansen, Veronique Brens-Heldens, Jens Valk, Annelies Toor 
en  Fred Bakker. Mede-auteurs van een of meerdere artikelen in dit proefschrift. 
Dankzij jullie input en samenwerking heb ik dit proefschrift kunnen schrijven. 
Zonder jullie had dit proefschrift er dus ook niet kunnen zijn. Hiervoor ben ik 
jullie veel dank verschuldigd! Ik hoop in de toekomst nog vaak van jullie kennis 
en data gebruik te mogen maken voor toekomstige onderzoeksideeën en 
artikelen. Er valt nog veel te onderzoeken. 

Nico Hoogerwerf. Sparringspartner, mede-auteur en vriend. Samen hebben we 
de mooiste ideeën voor onderzoek en in ieder geval hebben wij al een artikel 
samen gepubliceerd. Prehospitale hulpverlening en MMT-zorg in Nederland 
biedt ontzettend veel kansen voor wetenschappelijk onderzoek en het is 
mijn wens om nog veel samen te werken en te publiceren. Dank ook voor 21 
september 2012! Een drukke dag waarop ik ontzettend veel heb gezien en voor 
het eerst ook eens met jou samengewerkt heb. Een zeer leerzame en gezellige 
dag waar ik je dankbaar voor ben. 

24482 Franschman, Gaby.indd   182 13-04-13   11:10



183

DANKWOORD

Linda Posthuma. Begonnen als student-assistent. Dankzij Saskia een volleerd 
beoordelaar van cerebrale CT-scans en als psychologe ook nog een ervaren 
afnemer van GOS(E) scores. Dankzij jouw kennis ging het invullen van databases 
een stuk sneller. Volgens mij heeft onze samenwerking jou ook gebracht tot 
waar je nu bent op de afdeling Neurochirurgie van het UMCU. Ik hoop dat je 
wordt wat je graag wilt worden, in ieder geval ontzettend gelukkig!! Dank je 
wel!

Joshua Field. Monnikenwerk was het om alle patiëntendata te verzamelen voor 
de POCON database. Uren geploeterd aan statussen, intensive care databases, 
eerste hulp formulieren. Dank voor al jouw inspanningen en voor het geduld. 
De bijdrage van het VU aan de POCON was er zonder jouw werk nooit geweest.

Hans Romijn. Vriend en collega. Ouwe mopperaar. Geduldig oor ook tijdens de 
vele uren ko!edrinken bij Jan en mij op de kamer. Mijn frustraties kan ik altijd 
bij jou kwijt en je hebt mij al menig keer behoed voor al te primaire reacties. 
Hiervoor mijn oneindige dank. Ik hoop dat we nog vaak mogen samenwerken 
en samen vele nieuwe smaken van Nespresso mogen uitproberen. De 
groene fauteuil blijft er staan voor jou, net als de stoel bij de deur van de 
overdrachtsruimte.
 
Jan de Jong. Kamergenoot, OWV (= oude wijze vriend), of welke afkoringen wij 
ook voor elkaar hebben verzonnen. Veel volk heb je in de afgelopen jaren in onze 
kamer voorbij zien komen. Het was een bont zooitje, maar één ding hadden ze 
vaak gemeen: onderzoek. Sommigen waren zelfs tijdelijk kamergenoot omdat 
ze op mijn computer aan databases werkten. Gelukkig had je hier voldoende 
geduld voor. Ik ben blij dat je er nog een paar jaar bent als mijn kamergenoot 
en als vriend nog voor heel lange tijd.

Micha Erwteman en Emma Sevitt. My native speakers. Thank you for the final 
check of this thesis. 
Inez, Allyson, Noëlle, Godelieve en Silwana. Secretaresses op de afdeling. Altijd 
bereid tot het geven van hulp als ik dat nodig had. Dank jullie wel. Ik vind het 
een uiterst prettige samenwerking.
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Fred en Yvonne Franschman. Mijn ouders. Zonder jullie steun en hulp was ik 
nooit gekomen tot waar ik nu ben. Dankzij jullie hoefde ik mij vroeger nooit 
zorgen te maken. Jullie hebben mij alle kansen gegeven. Daarvoor ben ik jullie 
ontzettend dankbaar. 
Pap, helaas heeft jouw gezondheid jou vorig jaar verschrikkelijk in de steek 
gelaten en ben je, tot nu toe helaas niet meer de vader die ik kende. Daar zullen 
we met elkaar uit moeten komen in de toekomst, wat deze ook gaat brengen. 
Maar daar waar jullie mij vroeger altijd hebben gesteund, zal ik proberen dat, 
zoveel als kan, nu om te draaien.

Agnes Peeterse. Mijn zus. Vroeger waren wij als water en vuur. We zullen het 
maar de “normale” broer – zus relatie noemen, maar dankzij Beau en Leah 
gelukkig een heel veel sterkere band. Daar ben ik blij om.
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