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Foreword
Initially, a different thesis project, titled <Association of changes in serum neurofilament 

light chain concentrations and postoperative cognitive dysfunction< was planned. This 

prospective observational study aimed to explore the potential relationship between 

postoperative cognitive dysfunction and perioperative changes in serum neurofilament light 

chain, a biomarker indicative of axonal damage. The intended sample size was 185 patients 

undergoing major abdominal surgery with at least one cardiovascular risk factor. Recruitment 

was completed in March 2024, and the biomarker measurements were finalized in November 

2024.

As the project formed a substudy of a larger multicentre trial (INSIGHT study, 

NCT04753307, planned sample size: 1400 patients), its publication is dependent on the release 

of the main trial results. However, due to unforeseen delays in the main study4primarily related 

to intensive care unit capacity constraints for elective procedures4timely publication of the 

substudy, and consequently of the thesis, is not feasible despite the successful completion of 

recruitment, measurements, and neurocognitive follow-up.

To enable a timely completion of the thesis, it was agreed with the dean and vice dean 

of doctoral studies, the speaker of the doctoral school, the thesis committee, and the bureau for 

doctoral studies, that a change of the thesis topic would be in the best interest of all involved 

parties. 

https://thesis.medunigraz.at/medunigraz/solution/papers/client/supervise/search/20281
https://thesis.medunigraz.at/medunigraz/solution/papers/client/supervise/search/20281
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Zusammenfassung
Das prähospitale hämodynamische Management von Patient*innen mit akuter 

Hirnschädigung ist von zentraler Bedeutung, um Folgeschäden zu vermeiden. Während die 

invasive Blutdruckmessung (IBP) innerklinisch als Goldstandard gilt, ist ihr Einsatz im 

prähospitalen Bereich weiterhin umstritten. Zum einen bestehen Bedenken hinsichtlich einer 

möglichen Verlängerung der Versorgungszeit, zum anderen fehlen Vergleichsstudien, die 

Unterschiede im Blutdruckmanagement systematisch untersuchen. Ziel dieser Dissertation war 

es daher, sowohl potenziell negative Auswirkungen (verlängerte Versorgung) als auch mögliche 

positive Effekte (verbesserte Blutdruckkontrolle) einer präklinischen IBP zu evaluieren.

Zu diesem Zweck wurden zwei retrospektive Studien bei Patient*innen mit akuter 

Hirnschädigung durchgeführt. Dabei wurden die Zeitspanne vom Eintreffen am Einsatzort bis 

zur ersten Computertomographie sowie die Blutdruckwerte bei Übergabe im Schockraum 

zwischen Patientinnen mit präklinischer IBP und solchen mit erst innerklinisch etablierter IBP 

verglichen. Ergänzend wurde ein Scoping Review erstellt, um die vorhandene Literatur 

systematisch aufzuarbeiten und klinische Implikationen abzuleiten.

Die Zeit vom Eintreffen am Unfallort bis zur ersten Computertomographie war bei 

Patient*innen mit präklinischer IBP nicht länger als bei jenen mit innerklinisch begonnener 

Messung. Die Blutdruckwerte bei Übergabe im Schockraum unterschieden sich jedoch 

ebenfalls nicht. Die Literaturrecherche ergab, dass eine Arterienpunktion nur in notärztlich 

besetzten Systemen durchgeführt wird und eine Erfolgsquote von 82% aufwies. Der primäre 

Punktionsort war die Arteria radialis, schwere Komplikationen waren selten. Angesichts der 

uneinheitlichen Ergebnisse erscheint eine multizentrische, randomisierte kontrollierte Studie 

erforderlich, um den Stellenwert der präklinischen IBP bei Patientinnen mit akuter 

Hirnschädigung zuverlässig zu bewerten.
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Abstract
Haemodynamic management is highly important in prehospital patients suffering from 

acute brain injury to limit secondary damage. While invasive blood pressure monitoring is the 

in-hospital gold standard, its prehospital use remains debated. Time delays until definitive in-

hospital treatment are feared and research evaluating whether it improves blood pressure control 

compared to non-invasive blood pressure monitoring has not yet been performed. Therefore, 

this thesis aimed to evaluate both potential negative effects (delays in care) and potential 

positive effects (improved blood pressure control) of invasive blood pressure monitoring in 

patients with acute brain injury.

This was done by performing two retrospective studies including adult patients with 

acute brain injury who were treated in the resuscitation room of the University Hospital of Graz. 

Time from arrival on scene until first computed tomography and blood pressure at handover in 

the resuscitation room was compared between patients with prexhospital invasive blood 

pressure monitoring and those having it initiated in-hospital. Furthermore, a scoping review 

was performed to summarize the current literature and derive clinical implications.

prehospital invasive blood pressure monitoring, compared to those having it 

initiated in-hospital. However, blood pressure on hospital admission did not differ. 

Summarizing the current literature, arterial catheter insertion was only performed when 

physicians were on scene, with the radial artery most frequently accessed. Catheter insertion 

was successful in 82% of all attempts. The incidence of major complications was low. To 

evaluate whether prehospital invasive blood pressure monitoring should be the standard of care 

in patients with acute brain injury, a multicentric randomized controlled trial evaluating patient-

centred outcomes is necessary.



10

Introduction
Prehospital emergency services are frequently confronted with patients suffering from 

acute brain injury [4]. Acute brain injury may be of either traumatic or non-traumatic origin, 

with both entities being a major burden for patients and the healthcare system. To reduce this 

burden as much as possible, the best treatment to reduce morbidity and mortality should be 

aimed for. While in-hospital treatment is highly specific and dependent on the underlying 

pathophysiological mechanism, prehospital emergency care of patients with acute brain injury 

focuses on a fast transport to an appropriate hospital and interventions to minimize secondary 

brain damage [5, 6]. To reduce secondary brain damage, stable respiratory and haemodynamic 

conditions are required [7]. Haemodynamic management however, can be challenging in these 

patients 3 but remains highly important [8, 9]. Both the underlying disease and necessary 

medical interventions, for example induction of emergency anaesthesia, have an impact on 

haemodynamics [10, 11]. Blood pressure is used to guide haemodynamic management with 

disease-specific targets [5, 6, 12]. In prehospital emergency care, blood pressure in patients with 

acute brain injury is currently almost exclusively monitored using non-invasive methods. This 

is different from the in-hospital setting, where invasive blood pressure monitoring via 

intraarterial catheters and transducer systems is used [13]. Invasive blood pressure monitoring 

offers beat-to-beat analysis enabling the detection of blood pressure changes more quickly 

compared to non-invasive methods with the consecutive ability to intervene more rapidly [14, 

15]. Apart from the required skill and equipment, the potential time delay for insertion of the 

intraarterial catheter and setting up the pressure transducer is a major concern regarding 

prehospital invasive blood pressure monitoring [16]. 

In the following, information regarding non-invasive and invasive blood pressure 

monitoring as well as aspects of acute brain injury, including traumatic brain injury and stroke, 

with a focus on prehospital emergency care, will be provided. Furthermore, the rationale, aim, 

and hypothesis of this doctoral thesis will be outlined.

Blood pressure monitoring
Blood pressure is the pressure exerted on vascular walls [17]. Arterial blood pressure, 

measured in the arterial system of the body, is the most frequently used parameter for 

haemodynamic monitoring and management [18]. It is most commonly reported in millimetres 

of mercury (mmHg) due to its historical origin, as the first measurement in the 18th century was 

performed using a column of mercury after cannulating an artery of a horse [19]. Arterial blood 

pressure monitoring provides a systolic, mean, and diastolic blood pressure [17]. Systolic 
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arterial blood pressure (SBP) represents the maximum blood pressure generated during 

contraction of the heart. Mean arterial blood pressure (MAP) is the mean blood pressure during 

one cardiac cycle and is calculated by dividing the area under the pressure/time curve by the 

cardiac cycle time. Diastolic arterial blood pressure (DBP) is the minimum blood pressure 

during relaxation of the heart [17]. Of the three blood pressures, MAP is considered the 

parameter to represent organ perfusion the most accurate [20]. Arterial blood pressure can be 

monitored either non-invasively or invasively, which will be further outlined in the following 

[21]. 

Non-invasive blood pressure monitoring

Non-invasive methods to monitor arterial blood pressure include the palpatory method, 

auscultatory method, oscillometric method, volume clamp method, and arterial applanation 

tonometry [22]. In prehospital emergency care, the auscultatory and oscillometric methods are 

most frequently used and will be explained in more detail. Both methods use an inflatable air-

filled cuff to temporarily occlude the blood supply for measurement purposes. The 

recommended measurement site is the upper arm of the patient and it is crucial that the correct-

sized cuff is chosen. Cuffs that are too small lead to incorrectly high measurements and cuffs 

that are too large lead to incorrectly low measurements [23]. Non-invasive methods are less 

accurate compared to invasive blood pressure monitoring [24]. This is especially pronounced 

in blood pressure extremes, where low arterial blood pressure is measured incorrectly high and 

high arterial blood pressure is measured incorrectly low [25].

Auscultatory blood pressure monitoring is performed by inflating the cuff until blood 

flow ceases. After placing the stethoscope over the brachial artery, the cuff is slowly deflated 

until so-called <Korotkoff sounds= can be heard. These sounds appear as the cuff reaches the 

patient’s systolic blood pressure, which can be read from the manometer. After further slow 

deflation, the last heard sound represents the diastolic blood pressure [21]. MAP is classically 

calculated using the formula �ý� = Āþ� + ���−���3  , however, slightly adapted formulas 

have been proposed as well [26]. An advantage of monitoring blood pressure using auscultation 

is that it is fully manual and no electronic device is required. Disadvantages include 

measurement inaccuracies, labor and time consumption, especially if performed intermittently, 

and difficulties in noisy environments, with the latter two especially relevant in prehospital 

emergency care [27].

Oscillometric blood pressure monitoring is an automated method with the ability to 

monitor arterial blood pressure intermittently. The air-filled cuff is inflated to a predefined value 
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and slowly deflated. During deflation, oscillations occur in the artery and can be detected by 

the device. The oscillations reach their maximum at mean arterial blood pressure [22]. Systolic 

and diastolic arterial blood pressures are calculated using manufacturer-specific formulas. 

Advantages include direct measurement of MAP and reduced personnel requirements and time 

consumption compared to the auscultatory method. Furthermore, most monitors used in 

prehospital emergency care have the ability to perform automated intermittent monitoring in 

selectable time intervals. Apart from general disadvantages of non-invasive blood pressure 

monitoring, the oscillometric method is prone to measurement inaccuracies due to movement, 

which can be especially pronounced in prehospital emergency care, for example during 

transportation [28, 29]. 

Invasive blood pressure monitoring

Invasive blood pressure monitoring is performed by inserting a catheter into an artery. 

The most common and also recommended primary catheter insertion site is the radial artery, 

followed by the brachial, femoral and dorsalis pedis artery. Techniques to insert the catheter 

include the direct puncture technique and the wire-over-needle (<Seldinger=) technique, both 

of which can be performed using landmarks and palpation or under ultrasound guidance. The 

catheter is used to conduct the arterial pressure wave via a tubing system, usually filled with 

saline, to a transducer [30]. The transducer converts the mechanical force into an electrical 

signal using a strain gauge and a Wheatstone bridge. After the electrical signal is processed 

using Fourier analysis, the blood pressure and the arterial waveform are displayed on a monitor 

[31].

Invasive blood pressure monitoring has several advantages compared to non-invasive 

intermittent blood pressure monitoring. It offers beat-to-beat analysis enabling rapid detection 

of blood pressure changes, improving the detection of hypotension and reducing hypotension 

duration and severity during anaesthesia induction in the operating room by more than half [14, 

15]. The provided arterial wave form offers additional haemodynamic information and allows 

advanced haemodynamic monitoring [32]. Furthermore, invasive blood pressure monitoring 

has an increased accuracy, especially in very low or very high blood pressure ranges as well as 

in situations where non-invasive blood pressure monitoring fails (e.g. morbid obesity), and 

permits frequent blood sampling [33, 34]. These advantages, paired with rarely occurring 

complications resulting from the intraarterial catheters, lead to the recommendation that 

invasive blood pressure monitoring should be used during surgery whenever there is a high risk 

of hypo- or hypertension associated complications [35, 36]. This can either be driven by patient 
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factors (e.g. cardiovascular comorbidities such as heart failure or severe hypertension, 

aneurysms at risk of rupture, raised intracranial pressure) or the surgery itself (e.g. cardiac and 

vascular surgery, surgery in the sitting position, intracranial surgery) [13]. 

Unlike in the surgical in-hospital setting, similar recommendations or guidelines do not 

exist for prehospital emergency care. Several aspects contribute to this absence, with one major 

factor being the limited amount of comparative research investigating prehospital invasive 

blood pressure monitoring. Theoretical assumptions regarding advanced monitoring remain and 

highly critical patients with both unstable haemodynamic conditions as well as a high risk of 

hypo- or hypertension associated complications are treated, but trials investigating if outcomes 

are improved are missing. Evidence regarding the prehospital use of invasive blood pressure 

monitoring is mostly observational and partly a by-product of trials investigating other 

interventions (e.g. chest compression effectiveness during cardio-pulmonary resuscitation) only 

using invasive blood pressure monitoring to measure a trial outcome [3]. This is also true for 

one of the most common arguments against the prehospital use of invasive blood pressure 

monitoring, the risk of prolonged on-scene time and delayed in-hospital treatment [16]. While 

highly variable durations for catheter insertion, setup preparation and time until successful 

invasive blood pressure monitoring are reported, studies commonly lack a comparison with 

patients receiving non-invasive blood pressure monitoring, leaving this question unanswered 

[37-39]. 

Apart from effects on outcomes and duration of care, the following key aspects can be 

summarized from the existing literature [3]: 

The main indications for prehospital invasive blood pressure monitoring so far 

published are cardiopulmonary resuscitation and management of return of spontaneous 

circulation [37, 40-42]. In these studies, the radial artery was the primary catheter insertion site. 

The femoral artery was the second most frequently stated insertion site, especially in trials 

investigating interventions during ongoing cardiopulmonary resuscitation. Ultrasound guidance 

for insertion was rarely used. Intraarterial catheters were only inserted in prehospital systems 

having physicians on-scene, with one trial reporting successful insertions by paramedics under 

direct physician supervision [40]. Similar to in-hospital data, non-invasive oscillometric blood 

pressure monitoring overestimates low blood pressure and underestimates high blood pressure 

during prehospital care [42, 43]. 
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Acute brain injury
Acute brain injuries can either be traumatic, caused by an external force exerted on the 

brain, or non-traumatic, due to an underlying neurological disease, most commonly stroke. 

Independent of the cause, treatment in the initial phase aims to minimize secondary brain 

damage by ensuring stable cardiorespiratory conditions and adequate cerebral perfusion 

pressure. To enable this, prehospital induction of emergency anaesthesia is often required, 

especially in severe cases with impaired consciousness, to maintain airway protection and allow 

mechanical ventilation [5, 44, 45]. Mechanical ventilation provides full respiratory control with 

the aim of achieving sufficient oxygen uptake and carbon dioxide removal. Sufficient oxygen 

uptake and a carbon dioxide partial pressure within normal ranges are required to avoid 

vasodilatation of cerebral arteries, which can lead to increased intracranial pressure [46-48]. 

Efforts to keep the intracranial pressure (ICP) low are necessary to maintain an adequate 

cerebral perfusion pressure (CPP), which is estimated using the formula ÿ�� = �ý� 2 �ÿ� 

[49]. Additionally, this formula also demonstrates that maintenance of a high enough MAP is 

essential to achieve an adequate CPP. In the following, traumatic brain injury and stroke, with 

a focus on acute care aspects, will be described in more detail.

Traumatic brain injury

Traumatic brain injury is the leading traumatic cause of death and long-term disability 

in high-income countries [50]. In Austria, around 25,000 patients are estimated to have received 

hospital treatment for traumatic brain injury per year [51]. Approximately 1,500 are severe 

cases and the overall mortality rate of all patients receiving hospital treatment is 3.6% [51, 52]. 

A variety of subclassifications and phenotypes exist for traumatic brain injury, with different 

time points of assessment. In the prehospital setting, severity grading into mild, moderate and 

severe using the Glasgow Coma Scale is the most frequently used method [53]. This grading 

also has therapeutic consequences, as current guidelines recommend induction of emergency 

anaesthesia in patients with severe traumatic brain injury [54]. Within twenty to thirty minutes 

of the hospital admission, patients with severe traumatic brain injury should receive a computed 

tomography scan to provide further information regarding the injury according to Austrian 

recommendations [55]. Frequent findings include epidural or subdural hematomas, 

subarachnoid haemorrhage, parenchymal haemorrhage, cerebral oedema, and osseous injuries 

[56]. Depending on the radiographic findings and the patient’s clinical condition, rapid surgical 

interventions can be required. These interventions range from the insertion of devices to 

measure intracranial pressure for further guidance, to surgical evacuation of a hematoma or 
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even hemicraniectomy to reduce built up intracranial pressure [53]. In prehospital patients with 

suspected traumatic brain injury, a systolic blood pressure between 110 and 150 mmHg is 

currently recommended [5]. In unconscious patients, this should be maintained until ICP can 

be monitored. Once this is possible, a CPP between 60 and 70 mmHg and an ICP below 22 

mmHg should be aimed at [53].

Stroke 

Stroke is commonly defined as a neurological deficit attributed to an acute focal injury 

of the central nervous system by a vascular cause [57]. More than 12 million people have a 

stroke annually and 6.5 million deaths are attributed to stroke every year [58-60]. Between 2015 

and 2019, approximately 100,000 patients have received in-hospital treatment for a stroke in 

Austria [61]. Stroke is categorised based on the type of brain injury, with the main forms being 

ischemic and haemorrhagic stroke. In patients with an ischemic stroke, the occlusion of an 

artery, either caused by an embolus or thrombus, leads to an episode of neurological dysfunction 

following focal infarction distal to the reduced or ceased blood supply [57]. Reestablishment of 

blood flow as fast as possible is the main aim of in-hospital treatment, which is either sought 

by administering thrombolytic drugs intravenously or by mechanical thrombectomy [62]. This 

type represents around 80-85% of strokes in Austria [61]. Haemorrhagic strokes are further 

divided into subtypes, namely intracerebral haemorrhage, subarachnoid haemorrhage, and 

intraventricular haemorrhage [57]. Despite only being the cause of 15-20% of strokes in 

Austria, the higher mortality and morbidity associated with these types of strokes make 

haemorrhagic subtypes highly relevant from a patient and public health perspective [63]. 

Treatment options for haemorrhagic stroke depend on the underlying pathology and include 

radiological interventional procedures like aneurysm embolization and surgical interventions 

such as haematoma evacuation, placement of devices to measure intracranial pressure and drain 

cerebral spinal fluid, and aneurysm clipping [12, 64]. Concurrently, to reduce further bleeding, 

blood pressure should be lowered to levels around 140 mmHg SBP and anticoagulation has to 

be reversed [12, 64]. Computed tomography imaging is always required to distinguish between 

an ischemic or haemorrhagic cause and before any of the specific interventions can be 

performed [65]. Until a definitive diagnosis can be made and disease-specific treatment is 

initiated, management is symptomatic with the aim of achieving stable cardiorespiratory 

conditions. Blood pressures are highly variable in the early, prehospital phase in stroke patients, 

making haemodynamic management challenging and putting special attention on 
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haemodynamic monitoring [66, 67]. Severe hypotension must be strictly avoided to allow for 

sufficient cerebral blood flow [8, 12, 62, 68].

Rationale, aim and hypothesis of the thesis project 
Arterial catheter insertion and invasive blood pressure monitoring remain a debated 

prehospital intervention. Patients with acute brain injury on the one hand have a high blood 

pressure variability due to their underlying condition, but also as a result of necessary medical 

interventions such as induction of prehospital emergency anaesthesia. Furthermore, 

maintaining blood pressure within very narrow predefined targets and avoiding large blood 

pressure fluctuations is a main pillar of prehospital care. Therefore, patients with acute brain 

injury could potentially benefit from closer blood pressure monitoring and the ability to 

intervene faster. On the other hand, key diagnostics and definitive treatment (e.g. surgical 

haematoma evacuation, thrombolysis, mechanical thrombectomy, repair of a ruptured 

aneurysm) can only be provided in-hospital and prehospital care should be as short as possible. 

This requires thoughtful balancing of potential risks and benefits of invasive blood pressure 

monitoring. Research comparing the duration of prehospital care as well as blood pressure 

between patients with invasive and non-invasive blood pressure monitoring is scarce. 

Therefore, it is the aim of this thesis to evaluate both the potential negative effect (prolonged 

prehospital care) as well as the potential positive effect (blood pressure control) of prehospital 

arterial cannulation and invasive blood pressure monitoring in patients with acute brain injury. 

Specifically, the two following hypotheses will be tested: 

1.)
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Discussion

Time

median difference of 3 minutes, 95% confidence interval (-2 - 

7)
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Blood Pressure
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However, at the time of patient handover, procedures associated with major haemodynamic 

instability, for example anaesthetic induction, are already completed, and cardiovascular 

conditions have often stabilized. Furthermore - unlike in the AWAKE trial - blinded invasive 

blood pressure monitoring - representing the gold standard - was not available in the in-hospital 

cohort of this thesis. Therefore, the number of patients being hypotensive or hypertensive could 

be falsely low, as low blood pressures are measured inaccurately high and high blood pressure 

inaccurately low by non-invasive oscillometric devices [42, 43]. 

Considering that approximately half of the patients with traumatic brain injury were 

either below or above the recommended blood pressure target (110 to 150 mmHg SBP) at 

handover in the resuscitation room, efforts to improve prehospital haemodynamic monitoring 

and management seem highly necessary and should be undertaken. This is further underlined 

by studies that demonstrated that the implementation of a care bundle, which in addition to the 

avoidance of hypotension also including the prevention of hypoxia and hyperventilation, 

reduced the mortality in patients with severe traumatic brain injury [74] and that prehospital 

hypotension and hypertension were associated with an increased mortality in large retrospective 
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data base analysis of patients having traumatic brain injury [75-77]. Similarly - albeit exact 

blood pressure target recommendations for patients with undifferentiated stroke are missing - 

large interquartile ranges of systolic blood pressure on admission also suggest a high variability 

and haemodynamic fluctuations. However, exactly these fluctuations should be avoided in 

patients with stroke. For example, a single drop in MAP below 60 mmHg during anaesthesia 

for mechanical thrombectomy was independently related to an unfavourable outcome at three 

months in patients with ischemic stroke [78]. 

To conclude, no difference in blood pressure on admission was found. However, there 

was a lack of insight into relevant phases of prehospital care due to the lack of high-quality 

data. A prospective randomized trial comparing invasive to non-invasive blood pressure 

monitoring evaluating whether haemodynamic control can be improved seems both necessary 

and justified, especially considering the fact that time to first cranial computed tomography was 

not prolonged and only half of the patients had a systolic blood pressure within the 

recommended range at hospital handover. 

Clinical and scientific implications
Subsuming the new insights gained by a systematic literature search and the conducted 

studies, the succeeding clinical and scientific implications regarding invasive blood pressure 

monitoring in prehospital patients with acute brain injury were derived:

• Invasive blood pressure monitoring should not only be regarded as insertion of an 

arterial catheter by a prehospital physician. Rather, a team approach is required to 

integrate catheter insertion, transducer setup, monitor connection and interpretation of 

the measured parameters into the overall prehospital care process and thereby reducing 

or even eliminate delay of care.

• Invasive and non-invasive blood pressure monitoring lack agreement in prehospital 

care. This can be especially relevant in patients with acute brain injury, where narrow 

blood pressure recommendations exist, supporting its use. Whether invasive blood 

pressure monitoring reduces prehospital hypotension, especially in high risk situations 

such as induction of emergency anaesthesia, remains to be evaluated in prospective 

randomized trials.

• In-hospital experience of insertion, use and interpretation of invasive blood pressure 

monitoring is required.
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• The radial artery is the most frequently used artery for insertion and no severe 

complications have been described so far. Therefore, it is suggested as the primary 

insertion site.

• Considering the currently limited evidence, prehospital systems using invasive blood 

pressure monitoring should gather data in a structured way to enable internal 

improvement and scientific usage.

• As already outlined, a randomized controlled trial is necessary to evaluate whether 

invasive blood pressure monitoring should be the standard of care for patients with acute 

brain injury undergoing prehospital emergency anaesthesia. This trial should be multi-

centric and specifically evaluate whether duration and severity outside recommended 

blood pressure targets during the whole prehospital care process is reduced and if on 

scene time, time until hospital admission and time until first computed tomography 

differ. Furthermore, the effect on clinical decision making should be evaluated in a 

standardized way. 

Limitations
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Conclusion

prehospital invasive blood pressure monitoring, compared 

to patients where this was initiated in-hospital. Variable results were found regarding on scene 

time. Blood pressure on hospital admission did not differ. To evaluate whether prehospital 

invasive blood pressure monitoring should be the standard of care in patients with acute brain 

injury, a multicentric randomized controlled trial evaluating patient-centred outcomes is 

necessary.
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Figure 1 – Flow diagram of study selection.
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Figure 2 – Graphical summary of the scoping review.
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