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Abstract
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of Uppsala Dissertations from the Faculty of Medicine 2015. 73 pp. Uppsala: Acta
Universitatis Upsaliensis. ISBN 978-91-513-2027-4.

The increase of elderly traumatic brain injury (TBI) patients constitutes a considerable
challenge. The aim was therefore to specifically study elderly TBI patients with respect to patient
characteristics, neurointensive care (NIC) and outcome, and to identify age specific features,
which may be important for selection of patients and optimization of NIC in the elderly. Data
from the Uppsala TBI-registry and collected physiological monitoring data from the NIC unit
were analysed.

Between 1996–1997 and 2008–2009, patients ≥60 years had doubled from 16% to 30%.
Despite the increase of elderly an overall favorable outcome was maintained at around 75%
between the two periods and the elderly showed favorable outcome in slightly more than 50%.

Analysis of characteristics and outcome between 2008–2010 showed that fall accidents and
acute subdural hematoma were more common in the elderly ≥65 years. Admission status and
NIC treatment did not differ depending on age, except that a larger proportion of the elderly had
surgery. Elderly ≥65 years showed a favorable outcome in 51% compared to 72% in the young.

Studies of patients ≥60 years treated 2008–2014 showed that high age, multiple injuries, low
Glasgow coma motor score on admission and the use of mechanical ventilation were negative
prognostic factors.

Elderly had different secondary insult patterns with a higher percentage of good monitoring
time (%GMT) with high cerebral perfusion pressure (CPP), high mean arteria blood pressure
(MAP) and high systolic blood pressure (SBP) and less %GMT with high intracranial pressure
(ICP), low CPP and low MAP. On the contrary to the young, high %GMT with SBP>180 was
associated with favorable outcome in the elderly, indicating that blood pressure probably should
be treated differently in the elderly.

Elderly had worse pressure autoregulation (higher values of PRx) and spent longer time with
higher PRx. Elderly also had higher optimal CPP and spent lower %GMT with CPP close
to optimal CPP. High PRx correlated with mortality in elderly but pressure autoregulation
influenced outcome less in the elderly.

Overall, the results show that elderly TBI patients differ in many aspects and more studies
are warranted to increase knowledge and optimize NIC.
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Till Mia, Sia och Siri

“Accidents and diseases occurring to the brain are not the most unfrequent
affections that claim the assistance of surgery, and are at all times subjects
demanding the practitioner's mature and deliberate investigation”

C. C. Wallis,1821
British surgeon
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Abbreviations

%GMT Proportion of Good Monitoring Time
AOR Adjusted Odds Ratio
ASDH Acute Subdural Hematoma
CBF Cerebral Blood Flow
CI Confidence Interval
CPP Cerebral Perfusion Pressure
CPPopt Optimal Cerebral Perfusion Pressure
CSF Cerebrospinal Fluid
CT Computed Tomography
CVD Cardiovascular Disease
CVP Central Venous Pressure
DAI Diffuse Axonal Injury
EDH Epidural Hematoma
EVD External Ventricular Drainage
GCS Glasgow Coma Scale
GCS M Glasgow Coma Scale Motor Score
GMT Good Monitoring Time
GOS Glasgow Outcome Scale
GOSE Glasgow Outcome Scale Extended
ICP Intracranial Pressure
IQR Interquartile range
MAP Mean Arterial Pressure
NIC Neuro Intensive Care
OR Odds Ratio
PRx Pressure regulatory index
RLS Reaction Level Scale 85
SBP Systolic Blood Pressure
SpO2 Pulse Oximetry Saturation
TBI Traumatic Brain Injury
tSAH Traumatic Subarachnoid Hemorrhage
ΔCPPopt Difference between CPP and CPPopt (CPP-CPPopt)
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Introduction

During the second half of the 20th century, the modern management of trau-
matic brain injury (TBI) has evolved with the establishment of specialized
neurointensive care (NIC) units dedicated to preventing and treating second-
ary insults, e.g. increased intracranial pressure (ICP), hypotension and hypox-
emia. Structured guidelines and local management protocols have been imple-
mented in these units1–3. A gradual improvement in clinical outcomes has been
observed2,4. There has also been a trend in many of the industrialized countries
with a reduced incidence of severe TBI driven by public health interventions
such as seatbelts and helmet legislations, and workplace safety regulations.
On the other hand, TBI still constitutes a major global health problem. The
magnitude of the problem is illustrated by an overview of TBI in Europe
showing that the incidence of hospitalized TBI patients was 278.2/100 000 in
2012 (Sweden 451.5/100 000 in 2013)5 and the mortality rate was 11.7/100
000 (Sweden 9.0/100 000 in 2013)5. Furthermore, patients with severe TBI
have an increased risk of dying after discharge, for at least 8 years after the
trauma6. Thus, there are still challenges ahead, especially as the population is
changing with an increased proportion of elderly7,8 and with that also an in-
crease of elderly TBI patients9.

Elderly people today are perceiving themselves healthier and they are liv-
ing more active lives, and are at the same time prone to fall7,10. They often
have a medical history with previous diseases or injuries11. For example, Haw-
ley and coll. showed that TBI patients ≥65 years of age had a recorded medical
history in 80% of the cases and only 1.1% had no pre-existing medical condi-
tion12. TBI in the elderly means special challenges for the NIC since the el-
derly with TBI require special considerations due to age-depended differences
in injury mechanisms, brain and other organ functions, rehabilitation potential
and prognosis, respectively13,14. Because of those factors and the experience
of poor outcomes, there has often been an assumption of futility in treating
elderly TBI patients and age cut-offs have often been implemented for offer-
ing surgery and NIC to the elderly15. However, there are elderly with severe
TBI who recover, which indicates that chronological age and TBI severity
alone are not sufficient to make a reliable prediction of prognosis16–18. In a
CENTER-TBI study from 2022 of patients ≥65 years, it was found that about
half of the elderly TBI patients were treated at an intensive care unit and that
they had poorer global functioning, lower physical health-related quality of
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life (HRQoL) and higher mortality, respectively, which was found to be asso-
ciated with worse preinjury health19. However, a considerable amount of pa-
tients also made full recovery or partially returned to preinjury levels, which
underlines that the elderly may also be possible to treat successfully19. Even
though there have been many calls for more research in the field of TBI in the
elderly, there are still major knowledge gaps regarding prognosis, treatment
algorithms and outcomes in the era of modern NIC. The purpose of this thesis
was therefore to try to overbridge those gaps in some aspects.
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Review of TBI literature

Epidemiology
It has been estimated that between 28–69 million people worldwide will suffer
from a TBI each year20,21. James and coll. found that between 1990 and 2016
there was a global increase in incidence (3.6%) and prevalence (8.4%) of TBI,
which could be expected to continue as a result of increases in population
density, population aging, and increasing use of transportation vehicles20. TBI
constitutes a serious global challenge in patient suffering as well as high cost
for society and is therefore often referred to as the silent epidemic22. In an
epidemiological review of TBI in Europe by Brazinova and coll. a slightly
decreasing trend in TBI incidence was observed (both on the national level
and regionally) but there was no decrease in TBI mortality over time23.

When looking at how the age distribution has changed over time, one clear
example of the change is the inverted age pyramid with a dominance of the
elderly observed in many developed countries, e.g. in Sweden (Figure 1). The
changing age distribution also causes the epidemiology of TBI to change with
an increase of elderly with TBI10,24–28 and a changed dominating cause of in-
jury from road traffic accidents to falls23,26,27.
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Figure 1. Comparison of age distribution in Swedish between 1900 and 2022 showing
that the population pyramid has become inverted. Data Source: Statistics Sweden.

Clinical assessment
The most common clinical assessment scale used for TBI is the Glasgow
Coma Scale (GCS)29 created in 1972 and updated in 1974 (Table 1)29. The
scale grades verbal response (5 grades), motor response (6 grades) and eye
movements (4 grades), and the sum of the scores are presented as the GCS
score.
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Table 1. Glasgow Coma Scale (GCS)29. The best sum score of the eye, verbal and
motor responses.

Score
Eye response Spontaneous 4

To sound 3
To pain 2
No response 1

Verbal response Orientated 5
Confused 4
Inappropriate words 3
Incomprehensible sounds 2
No response 1

Motor response Obeys commands 6
Localize pain 5
Flexion (withdrawal) 4
Flexion (abnormal) 3
Extension 2
None 1

One problem with the GCS is the risk of overscoring the verbal and eye re-
sponses in intubated patients and patients with facial injuries, respectively.
Therefore and to avoid a summary score The reaction level scale 85 (RLS)
was developed in 1985 at Sahlgrenska University Hospital, Gothenburg, Swe-
den, by Starmark and coll. (Table 2)30. This scale consists of 8 levels where
RLS 1 is fully awake and RLS 8 is no reaction. RLS has not gained interna-
tional spread but is found advantageous and used routinely in some Swedish
centers.
Table 2. Reaction Level Scale-8530 and corresponding GCS Motor scores (GCS M)29.
The subdivision of RLS level 3 into a and b is a local modification used in Uppsala
University Hospital so that RLS can be translated into GCS M.

RLS-85 Corresponding GCS
Response Score Motor response Score
Alert and oriented 1 Obeys 6
Delayed/confused response 2 Obeys 6
Very delayed response/somnolent 3a Obeys 6

Wards of pain 3b Localizing 5
Localizes pain 4 Localizing 5
Withdrawing movements 5 Normal flexion/withdrawal 4
Stereotype flexion 6 Abnormal flexion 3
Stereotype extension 7 Extending 2
No response 8 No response 1
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Injury types and radiological grading
Depending on the forces and mechanical dynamics of the trauma different
types of injuries occur. These can be divided into focal as epidural haematoma
(EDH), acute subdural haematoma (ASDH), intracerebral haematoma and
contusions, or diffuse, i.e. diffuse axonal injury (DAI). EDH is more common
in children and young adults and ASDH in older adults and in the elderly.
With the introduction of computed tomography (CT) scanning came the pos-
sibility to evaluate TBI radiologically. Characterization of the injury type and
evaluation of midline shift, compression of sulci and basal cisterns, and ven-
tricular size, respectively, could give information on injury severity and intra-
cranial dynamics. A structured way to grade the injury radiologically was the
Marshall score31 where the presence of midline shift, compression of basal
cisterns, diffuse injury/swelling, and mass lesions >/<25 cm3, respectively,
were assessed on the initial CT scan (Table 3). The final estimated Marshall
score, which also takes into account if the findings led to the evacuation of
mass lesions, correlates with the outcome and may be used for the prediction
of prognosis31.
Table 3. Marshall CT score31.

Category Definition
Diffuse injury I No visible intracranial pathology seen on CT scan.

Diffuse injury II Cisterns are present with midline shift 0–5 mm
and/or lesion densities present. No high- or
mixed-density lesion > 25 cc. May include bone
fragments and foreign bodies.

Diffuse III (swelling) Cisterns compressed or absent with midline shift
0–5 mm. No high- or mixed-density lesion >25 cc.

Diffuse IV (shift) Midline shift >5. No high- or mixed-density lesion
>25 cc.

Evacuated mass lesions Any lesion surgically evacuated.
Non-evacuated mass lesions High- or mixed-density lesion >25 cc. Not surgi-

cally evacuated.

There have been many attempts to improve the prognostic information from
radiology assessment with newer scales. The Rotterdam CT score added eval-
uation of traumatic subarachnoid hemorrhage (tSAH) and intraventricular
blood32. The Stockholm CT score used the midline shift as a continuous vari-
able and had a separate more advanced scoring of tSAH33. The Helsinki CT
score combined components from the Marshall score and Rotterdam score and
weighed more the types of intracranial injury34. Which of the newer CT scales
to use has been debated and there has been no consensus. Thelin and coll.
compared the Marshall CT score, Rotterdam CT score, Helsinki CT score and



17

Stockholm CT scores and found that the Helsinki and Stockholm CT scores
had a better predictability of outcome, and accounted that to the assessment of
tSAH in the scales 35.

Primary and secondary brain injury
The impact of the trauma causes a primary brain injury, which generally is
immediate and definitive. The primary injury is followed by a complex cas-
cade of adverse events on the cellular level that give rise to secondary brain
injury. The injury mechanisms on the cellular and chemical level have been
well characterized, e.g. excitotoxicity, apoptosis, neuroinflammation, and
mitochondrial dysfunction36. Many neuroprotective agents have been devel-
oped to inhibit such injury mechanisms but the results have so far been very
disappointing in humans36. The primary brain injury makes the brain vulner-
able and secondary brain injury may also be caused by clinical insults.

In 1975 Reilly first described that some TBI patients initially were awake
and then deteriorated and died37. Rose and coll. studied the phenomenon with
talk-and-die cases further and found that such patients suffered from one or
more of the following secondary insults: delayed evacuation of intracranial
hematoma, hypoxia, hypotension and poorly treated epilepsy and meningi-
tis38. The interpretation was that that those insults caused secondary brain in-
jury and since the occurrence could have been prevented or better treated the
term avoidable factors was coined38. Today the concept of avoiding secondary
insults and preventing secondary brain injury is the basis for the acute man-
agement and modern NIC1–3.

Acute management
Patients with TBI should always be managed according to the Advanced
Trauma Life Support (ATLS) principles39 to avoid deficient airway, breathing
and circulation, which are the most serious secondary brain insults. Neurolog-
ical grade and pupil reactions should be assessed. An acute trauma CT scan
should be performed including the whole body to assess the brain injury and
to detect other injuries. Radiological detection of e.g. intra-abdominal bleed-
ings before indirect clinical signs as hypotension occur may initiate prompt
management and thus a secondary brain insult may be avoided. After the acute
management, patients with moderate and severe injuries should be treated in
a dedicated NIC unit with a continuous focus on avoiding secondary insults to
the brain.



18

Neurointensive care
The main task of NIC is to prevent the primary injured brain from secondary
insults to minimize additional secondary injury. Careful patient surveillance
with regular wake-up tests and physiological monitoring of different modali-
ties is crucial in NIC to detect emerging secondary insults. In addition to stand-
ard critical care monitoring, i.e. ECG, invasive arterial blood pressure, pulse
oximetry (SpO2) and core temperature, regular neuromonitoring includes
monitoring of ICP and cerebral perfusion pressure (CPP).

More advanced multimodality neuromonitoring also includes e.g. neuro-
chemical microdialysis monitoring, brain tissue oxygenation monitoring
(PbtO2), jugular bulb oxygen saturation monitoring (SjvO2), and EEG moni-
toring40.

The monitoring of ICP was first introduced in the 1950s41,42 and further
developed by Lundberg during the 1960s42. The main methods for invasive
ICP monitoring are using an external ventricular drainage (EVD) system
(golden standard) or an intraparenchymal pressure monitoring device. The
EVD has the advantage that it can also be used to drain cerebrospinal fluid
(CSF) to reduce the ICP.

CPP is the pressure gradient between mean arterial pressure (MAP) and
ICP (CPP=MAP-ICP). The pressure dome for the arterial line is often placed
at the level of the heart and the pressure dome for the EVD at the level of the
lateral ventricle. Both transducer domes are also often placed at the level of
the lateral ventricle to avoid an underestimation of CPP when the head is ele-
vated.

The TBI management guidelines from the Brain Trauma Foundation rec-
ommend ICP target <22 mmHg and CPP target between 60–70 mmHg1 and
the European Braim injury consortium guidelines recommend ICP<20–25
mmHg and CPP between 60–70 mmHg3. There have been different trends in
the CPP management during different eras and the current development is
probably toward more individualized management.

CPP management
In 1995 Rosner and coll. reported a significant improvement in outcome,
compared to other published treatment series at the time, with a CPP-ori-
ented treatment targeting CPP ≥70 mmHg to avoid cerebral ischemia43. The
CPP levels were reached and maintained by using systemic vasopressors and
volume expansion. This concept was however challenged by others, e.g. by
the Lund group considering high CPP to be dangerous because of the risk of
brain edema and suggesting a CPP as low as 50 mmHg, which was found to
be tolerable without risk of brain ischemia44. Today the current guidelines
recommend a CPP between 60 and 70 mmHg to avoid ischemia as well as
aggravating edema1.
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Cerebral pressure autoregulation-directed CPP management
Cerebral pressure autoregulation (Figure 2), first described by Lassen 1959, is
the ability to maintain a relatively constant cerebral blood flow (CBF) despite
broad variations of MAP (50–160 mmHg)45,46.

In 1994 Lang and Chesnut proposed that monitoring of ICP could be used
to optimize CPP according to an impaired autoregulation in a patient-specific
fashion47. In 2000 they described a way of assessing cerebral pressure auto-
regulation using existing monitoring, to be able to set patient-specific CPP
targets. This was done by manipulating MAP using infusions of phenylephrine
and observing the reaction in CPP and ICP48. Three different ICP responses to
blood pressure manipulations were observed: 1. Pressure-passive, 2. Pressure
stable and 3. Pressure-active48 (Figure 2). In a study by Howells and coll. an-
alyzing monitoring data from Uppsala applying an ICP-directed management
and from Edinburgh using a CPP-oriented management, it was shown that
pressure-passive patients had better outcomes if treated with ICP-oriented
therapy with relatively lower CPP targets and pressure-active patients had bet-
ter outcomes if treated with CPP directed therapy with relatively higher CPP
targets49. Observations that impaired pressure autoregulation after TBI is as-
sociated with poor outcome indicate that pressure autoregulation-directed
therapy may be beneficial50–52. Therefore, continuous measures of autoregula-
tion have been developed.
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Figure 2. A Pressure-active patient with a classic Lassen curve45. The red circles il-
lustrate the vasoconstriction of the arteries when MAP is increasing. B Pressure-pas-
sive patient with passive vasodilatation when MAP is increasing. C ICP plotted
against MAP in a pressure-active patient. D ICP plotted against MAP in a pressure-
passive patient.

Pressure regulatory index (PRx)
The Pressure regulatory index (PRx) was described by Czosnyka and coll. in
199751. PRx is a moving Pearson's correlation between ICP and ABP (Figure
2). A positive value indicating impaired autoregulation51. A PRx above 0.2
showed a substantially higher risk of unfavorable outcome (81% unfavorable
outcome)51 and in many later studies, PRx has been proven to be strongly and
independently correlated with outcome50,53,54.

Variants of PRx
Several variants of PRx have been developed. PRx55-15 was created to reduce
the problem of PRx being relatively unstable and noisy. The input signals for
PRx were modified to include the frequency components of ICP and ABP that
are optimal for the analysis of cerebral autoregulation. This was done by using
a bandpass 55–15 filter (passband of 0.018–0.067 Hz)55.
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The low-frequency autoregulation index (Lax) is similar to PRx but uses
minute-by-minute data56 for the correlation analysis. The advantage is that
high-frequency data are not needed.

Long pressure reactivity index (L-PRx) is another alternative algorithm
similar to PRx. This method uses 20-minute averages of MAP and ICP data
for the linear Pearson's correlation. This index also shows a correlation to 6-
month outcome57.

Wavelet transform-based PRx (wPRx) is calculated by taking the cosine of
the wavelet transform phase shift between ABP and ICP. The wPRx shows
promise to be more stable in time, yield a more consistent CPPopt guidance,
and have a stronger relationship with patient outcome58.

Optimal CPP - CPPopt
Creating a plot with PRx (y-axis) in different CPP intervals (x-axis) produces
typically a U-shaped curve. The bottom of the U-shaped curve represents the
CPP level where pressure autoregulation works best, i.e. the optimal CPP
(CPPopt)59 (Figure 3). In the randomized trial COGiTATE by Tas and coll. it
was shown that CPPopt-guided therapy was safe and feasible in TBI pa-
tients60.

Figure 3. Optimal CPP (CPPopt). PRx is plotted in CPP intervals. The lowest point
of the U-shaped curve corresponds to CPPopt (the cross in the picture), which is the
CPP level where pressure autoregulation works best.



22

Outcome assessment
In TBI, outcome can be assessed in many ways. The simplest grading is only
looking at mortality during treatment and after discharge. In 1975 Jennett and
coll. created the Glasgow Outcome Scale (GOS) assessing the outcome by
categorization into dead, vegetative state, severe disability, moderate disabil-
ity and good recovery61. The GOS was expanded by subdividing the best three
categories into upper/lower and the modified scale was named GOS Extended
(GOSE)62, (Table 4). To improve the reliability of the GOSE scale structured
interviews are to be used63.
Table 4. GOS61 and GOSE62 outcome scale.

GOS GOSE Level of function

U
nfavorable outcom

e

1 = Dead 1 = Dead Dead

2 = Vegetative state 2 = Vegetative
state Unconscious

3 = Severe disability

3 = Lower severe
disability

Dependent – need frequent
help

4 = Upper severe
disability

Dependent – need some
help

Favorable outcom
e

4 = Moderate disability
5 = Lower moder-
ate disability

Unable to participate in
one or more life roles

6 = Upper moder-
ate disability

Limited in one or more
roles

5 = Good recovery
7 = Lower good
recovery

Returned to normal life
with some symptoms

8 = Upper good
recovery

Fully returned to normal
life

Optimal management of elderly with TBI
The guidelines for NIC of patients with TBI are mostly based on data from
younger patients and there is insufficient research on the elderly despite the
change in population structure10,64. For example, large clinical TBI trials have
often been made with age >65 years as an exclusion criteria65–69. Although the
secondary insult prevention concept is one of the main reasons for the
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improvement of NIC the best treatment as well as both the critical and optimal
threshold levels probably differ between ages. This is underlined by studies in
elderly patients with severe subarachnoid hemorrhage showing that the occur-
rence of defined secondary insults and the impact on outcome was age de-
pendent70,71. It is desirable to extend the knowledge about optimal NIC man-
agement specifically in elderly TBI patients.

Special consideration for the elderly

Aging
With the generally improved health and functional level of the elderly, it is
easy to forget that there is a declining organ function with increasing age-
associated with the normal aging. Even if an elderly person has a high func-
tional level, the organ function is reduced and needs to be considered in case
of severe illness or trauma. The risk of comorbidities also increases with in-
creasing age and also the amount of medication.

Aging of the brain
The normal aging of the brain consists of a decrease in brain volume/weight
that starts as early as after 20 years of age and the decrease reaches 22% in
males and 20% in females over a life span of 20–100 years72. However, lon-
gitudinal studies of healthy individuals have shown that brain shrinkage is
complex and highly individual (except for the inferior parietal lobule)73.
Shrinkage of the hippocampus, the entorhinal cortices, the inferior temporal
cortex and the prefrontal white matter increased gradually over time while
shrinkage in the hippocampus and the cerebellum accelerated with age73. With
increasing age there is no global decrease of CBF but there is a bilateral focal
decrease in the cingulate gyri, the parahippocampal gyri, the superior temporal
gyri, the medial frontal cortices, the parietal cortices and the left insula and
left inferior frontal cortex74. Blood-brain barrier permeability increases with
age and is more common in patients with vascular dementia and white matter
lesions75. Increasing age is also associated with progressive hemorrhagic in-
sults which may be related to increased vascular rigidity and fragility76. Cere-
bral pressure autoregulation is maintained in healthy elderly individuals77–81

but may have a delayed response compared to young82.

Aging of other organ systems
The cardiovascular system undergoes many changes with age. With aging col-
lagen increases and elastin decreases in the aorta, which leads to increased
vessel stiffness. The increased stiffness leads to increased systolic blood pres-
sure and lower diastolic pressure. Vascular aging alters the function of the
endothelium with reduced vasodilatory and antithrombotic properties, which
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leads to atherogenesis and thrombosis. Calcium accumulates in cardiovascular
structures and cardiac valves83. In the elderly, sinus node intrinsic rate and
atrioventricular (AV) conduction are slow, resulting in lower heart rates84. At
the same time, the elderly have an increased incidence of cardiac arrhyth-
mias84.

In the respiratory system, there is a decline in mucociliary transport which
together with changes in the connective lung tissue lead to decreased elastic-
ity, reduced number of alveoli, increased alveolar duct size and decreased
forced expiratory volume84. This in combination with a reduced cough
strength due to reduced muscular strength leads to a decreased ability to clear
secretions85. Accordingly, aging is associated with increased vulnerability to
pulmonary infections and risk of respiratory failure84.

The renal system experiences with aging, loss of the renal cortex, a de-
crease in the number and function of glomeruli, a decrease in renal blood flow,
decreased glomerular filtration rate and decreased ability to concentrate
urine84.

Aging leads to a systemic decline in immune system effectiveness with
higher pro-inflammatory cytokine secretion and a decrease in the ability to
stimulate the immune response to antigens84.

Aging is also associated with a decrease in muscle mass and function as
well as a higher risk for malnutrition84.

Comorbidities
With increasing age, the risk for comorbidities increases. The most common
comorbidities in the elderly are hypertension (59.6%), hyperlipidemia
(42.8%), ischemic heart disease (34.5%), diabetes (26.9%), arthritis (22.2),
heart failure (18.0%), depression (10.7), chronic kidney disease (13.1%), os-
teoporosis (13.9%), Alzheimer disease (12.6%), chronic obstructive pulmo-
nary disease (13.1%), arterial fibrillation (8.9%), cancer (7.4%), stroke (4.6%)
and asthma (4.0%)86. In elderly 65–84 years of age the mean number of
comorbidities is 2.6 and 64.9% have multimorbidity (two or more chronic
morbidities) and by the age of ≥85 years the mean number of comorbidities is
3.62 and 81.5% has multimorbidity87 In a study of comorbidities among pa-
tients admitted to a cardiac intensive care unit it was found that noncardiac
comorbidities were associated with a stepwise increase in mortality, length of
stay, noncardiac indications for intensive care unit admission, and increased
utilization of critical care therapies88.

Intrinsic capacity and frailty
Intrinsic capacity is composed of all the physical and mental capacities that an
individual can draw on at any point in their life. It is at its peak in early adult-
hood and declines from midlife. With increasing aging, there is a diversity of
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intrinsic capacity among elderly at the same biological age but most people
experience a loss toward the end of their life. It is possible to increase intrinsic
capacity with health interventions and the adoption of healthier lifestyles can
positively modify the trajectory of intrinsic capacity89.

According to WHO´s definition, frailty is a clinically recognizable state in
which the ability of older people to cope with everyday tasks or acute stressors
is compromised by an increased vulnerability brought by age-associated de-
clines in physiological reserve and function across multiple organ systems. It
is characterized by multisystem dysregulations, leading to a loss of dynamic
homeostasis, reduced physiological reserve and greater vulnerability to sub-
sequent morbidity and mortality, often manifested by maladaptive response to
stressors, leading to a vicious cycle that results in functional and health out-
come decline. Underlying components of frailty include a pro-inflammatory
state, sarcopenia, anemia, relative deficiencies in anabolic hormones (andro-
gens and growth hormone) and excessive exposure to catabolic hormones
(cortisol), insulin resistance, compromised or altered immune function, micro-
nutrient deficiencies and oxidative stress89.

Instead of only using biological age for the clinical assessment of patients
it is desirable to evaluate their intrinsic capacity and frailty in a broader sense.
In the intensive care unit setting, the most used measure is the Clinical Frailty
Scale (CFS) assessing physical activity, functional status, chronic illness bur-
den, and cognition on a 7-degre scale90.
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Aims

General aims
To study elderly TBI patients to obtain an updated actual picture of patient
characteristics, management, and outcome and to identify age-specific fea-
tures, which may be important for the selection of patients and optimization
of NIC in the elderly.

Specific aims
To evaluate the outcome and different characteristics (including age) of pa-
tients with TBI treated at Uppsala University Hospital 2008–2009 and com-
pare with the period 1996–1997 and earlier periods when possible (Paper I).

To specifically study elderly patients (≥65 years) with TBI selected for NIC
in comparison with younger patients (15–64 years) regarding the clinical char-
acteristics and outcome (Paper II).

To examine outcomes in a larger group of elderly TBI patients (age ≥60 years)
receiving NIC and to identify demographic- and treatment-related prognostic
factors specifically in the elderly (Paper III).

To study the occurrence of secondary insults during NIC and the impact of
outcome in different ages with particular focus on the elderly (age ≥65 years)
(Paper IV).

To analyze PRx and CPPopt specifically in elderly TBI patients (age ≥65
years) during NIC and relate the results to outcome in comparison with
younger patients (age 16–64) (Paper V).
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Materials and Methods

Patient selection

Paper I
Time period 2008–2009 in comparison with the results from earlier periods.
Patients aged 16–79 years. Elderly were defined as ≥60 years of age.

Paper II
Time period 2008–2010. Patients ≥15 years. Elderly were defined as ≥65
years of age.

Paper III
Time period of 2008–2014. Patients ≥60 years. Elderly were divided into pa-
tients 60–74 years of age and 75–89 years old.

Paper IV
Time period of 2008–2014. Patients ≥16 years. Elderly were defined as ≥65
years of age.

Paper V
Time period 2008–2018. Patients ≥16 years. Elderly were defined as ≥65
years of age.

Paper I, III and IV - Exclusion criteria
Patients were excluded for the following reasons: admitted to the NIC unit ≥5
days after the trauma or treated successfully at the NIC unit and discharged
within 24 h, both pupils wide and non-reacting on arrival at the NIC unit or
GCS score 3 and one wide pupil on admission (patients with probable predes-
tined fatal/unfavorable clinical course judged in general not possible to
treat)91,92, gunshot wounds to the head and patients lost to follow-up.
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Standardized NIC treatment protocol
In all five studies, the patients were treated according to the same standardized
treatment protocol2. The treatment goals are presented in Table 5.
Table 5. Treatment goals.

ICP <20 mmHg
SBP >100 mmHg
CVP 0–5 mmH2O
CPP >60 mmHg
Blood glucose 5–10 mmol/L
PaO2 12 kPa
Body temperature <38◦C
Hb >100 g/L

Normovolemia to slight negative balance
Electrolytes in normal ranges

Unconscious patients (GCS M ≤5) were intubated and mechanically venti-
lated. Patients on mechanical ventilation were kept sedated with propofol
(Propofol-®LipuroB, Braun Medical, Danderyd, Sweden) and received mor-
phine for analgesia. Initially, they were moderately hyperventilated (PaCO2

4.0–4.5 kPa) with the aim of normoventilation as soon as ICP allowed. Neu-
rological functions were regularly assessed with wake-up tests (usually 3–6
times/day, unless severe ICP elevations).

ICP was monitored in all unconscious patients (GCS M ≤5), regardless of
age. In the case of coagulopathy, the placement of an ICP monitoring device
was postponed until the coagulopathy had been corrected. An EVD was the
first choice (with the pressure dome at the level of the lateral ventricles). An
intraparenchymal pressure device was used when the ventricles were com-
pressed or in the presence of coagulopathy. The arterial blood pressure was
measured with the pressure dome at the heart level. Prophylactic anticonvul-
sants were not used.

Significant mass lesions in unconscious patients were evacuated. Elevated
ICP was treated in an escalating regime. If the ICP increased ≥20 mmHg, in
the absence of mass lesions, (CSF) was drained. Initially, small volumes (1–2
ml) were drained intermittently, when there was a risk of expanding hematoma
and brain swelling. Later CSF was drained using an open system if needed,
against a pressure of 15–20 mmHg.

If necessary, the ICP treatment was escalated with no wake-up tests, con-
tinuous sedation with propofol and stress reduction with ß1-antagonist
metoprolol (Seloken®, AstraZeneca AB, Södertälje, Sweden) and α2-agonist
clonidine (Catapresan®, Boehringer Ingelheim AB, Stockholm, Sweden) or
dexmedetomidine (Dexdor®, Orion Corporation Orion Pharma, Espoo, Fin-
land).
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If the treatment above was insufficient to lower ICP, thiopental coma treat-
ment and/or decompressive craniectomy were used as last-tier treatments, but
more restrictively in the elderly.

Data sources

TBI-Registry
All patients treated at the NIC unit since 2008-01-01 at Uppsala University
Hospital are registered in the Uppsala Clinical Research Center TBI-registry
(https://www.ucr.uu.se/tbi/). Date of injury, cause of trauma, admission char-
acteristics, NIC treatments and 6-months follow-up are registered. The regis-
try is a local quality registry93.

Physiological data collection
The physiological data was processed by the Odin software for data collection,
visualization and analysis, developed in Edinburgh and Uppsala94. All bedside
patient monitors at the NIC unit in Uppsala are connected to a local network
and the data is forwarded to a central database at the hospital. The Odin server
queries this database to extract the relevant data and display the data on the
Odin client monitoring system at the bed spaces in the NIC unit94 (Figure 4).
All collected physiological data may also be processed and analyzed in retro-
spect within the hospital firewalls by the Odin Software94.
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Figure 4. Screenshot of the bedside Odin monitor in the NIC unit.

Admission characteristics
The following admission characteristics were retrieved from the TBI-registry:
age, gender, medical history (previous brain injury, diabetes mellitus, hyper-
tension/cardiovascular disease (CVD), anticoagulants, ethylism/substance
abuse), accident mechanism, GCS and pupil status on admission, other inju-
ries and CT findings (EDH, ASDH, contusions, DAI, tSAH, impression frac-
ture, mixed injuries, normal CT and other). Missing data were collected from
the patient records.
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Marshall classification
In addition to the registered CT findings in the TBI-registry, all patients had
their initial CT scans retrospectively evaluated and categorized according to
Marshall31 (Table 3).

NIC monitoring and Treatments
Information about ICP monitoring (EVD/intraparenchymal pressure de-
vice/no ICP monitoring), mechanical ventilation, craniotomies and evacua-
tions, thiopental coma treatment and decompressive craniectomies were re-
trieved from the Uppsala TBI-registry and analyzed 93.

Physiological data processing
Physiological data were processed and analyzed using the Odin software94.
For artifact detection, the trended data was pre-processed with median filters
to detect sudden spikes (of non-physiological nature) and with a specialized
algorithm to detect sudden drops to a constant value (usually zero). The data
was further subject to manual review to verify, or if necessary correct, the
automatic procedures. Time gaps in the monitoring, because of e.g. radiology
examinations and surgical procedures, were automatically excluded by the
Odin software. Remaining monitoring time is defined as good monitoring time
(GMT).

For Paper IV, trended minute-by-minute data (median values of five sam-
ples during each sampled minute) were used for ICP, MAP, CPP, and sys-
tolic blood pressure (SBP) and proportion of GMT (%GMT) outside prede-
fined physiological thresholds were analyzed.

For Paper V trended minute-by-minute data for blood pressure and ICP
were used, and CPP was calculated. Pressure reactivity index (PRx), Optimal
CPP (CPPopt) and the difference between CPP and CPPopt (ΔCPPopt) were
calculated using high-resolution data of ICP and MAP waveforms (100 Hz).

Pressure reactivity index – PRx
PRx was calculated during 5 min from unfiltered ICP and ABP waveform data
as the correlation of 30 contiguous averaged 10 s segments. A 5-minute mov-
ing window advanced through the patient data in increments of 10 seconds.
Six values per minute were generated and the median value was then used for
each minute55.



32

Optimal CPP – CPPopt
For the determination of CPPopt, 5 min median CPP values were divided into
intervals of 5 mmHg bins (range CPP 40–120) and the corresponding PRx
values were averaged within these intervals. An automatic curve fitting was
applied to determine the CPP value with the lowest PRx value. A 4-hour mov-
ing window of CPPopt is updated each minute95.

Deviations from optimal CPP – ΔCPPopt
Deviations from CPPopt were denoted ΔCPPopt and calculated as the differ-
ence between actual CPP and calculated CPPopt (ΔCPPopt=CPP-CPPopt).
The deviation ΔCPPopt was then used as %GMT grouped into ΔCPPopt <-5,
ΔCPPopt ±5 and ΔCPPopt >5.

Patient follow-up and outcome
Follow-up was done at 6–12 months according to GOSE63,96, by a few selected
persons using standardized telephone interviews.

Statistical methods
Pearson’s Chi 2 test was done manually with the help of Excel for the first
paper and the more advanced statistical calculations in the following papers
were done using IBM SPSS Statistics (IBM Corp, Armonk, NY). A p-value
<0.05 was considered statistically significant.

Paper I
Differences between the study periods were compared using Pearson’s Chi 2.

Paper II
A T-test was used to compare normally distributed values. For non-parametric
values, the Mann-Whitney U test was used for independent data and the Wil-
coxon test was used for dependent variables. Proportional numbers were as-
sessed with the Chi 2 test.

Paper III
Pearson’s Chi-squared test was used to compare different age groups. The
contribution of patient and treatment variables to outcome was assessed by
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univariate logistic regression analysis. Multiple logistic regression analysis
was performed with favorable outcome (GOSE 5–8) as the dependent variable
and with admission and treatment variables as explanatory variables. All ex-
planatory variables were dichotomized except age which was used as a con-
tinuous variable (increase per year).

Paper IV
Differences between age groups were assessed with Pearson’s Chi 2 test. Dif-
ferences in occurrence of secondary insults between age groups were assessed
by the Mann-Whitney U test. To evaluate the association between admission
variables and physiological variables outside the thresholds, multiple linear
regression was used. The relation between outcome and %GMT outside the
thresholds was examined using univariate logistic regression analysis for the
age groups and the age interaction was also analyzed.

Paper V
Differences in characteristics between the age groups were analyzed with
Pearson’s Chi 2 test. Non-parametric data were presented as a median with
interquartile range and differences between groups were tested with Mann-
Whitney U test.

To analyze the influence on outcome (favorable outcome and mortality) of
PRx, CPPopt and ΔCPPopt, univariate logistic regression analysis was done
with favorable outcome and mortality as dependent variables. Univariate anal-
ysis was also performed for GCS M, Marshall score and sex. Multiple logistic
regression analysis was performed for favorable outcome and mortality with
the explanatory variables GCS M, Marshall score, sex, %GMT with PRx>0.25
and %GMT with ΔCPPopt <-5/±5/>5 mmHg.

Ethics
All procedures performed were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards. The
studies were approved by the Local ethical review board.
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Results

Paper I
The proportion of patients 60–79 years was doubled between 2008–2009 and
1996–1997 (16% to 30%, p<0.01) (Figure 5). The mean age of admitted pa-
tients increased from 41 to 45 years.

Figure 5. Comparison of age groups between time periods.

The distribution of admission GCS M grades was similar between the time
periods. The dominating cause of trauma was motor vehicle accidents in both
periods. A larger proportion of the patients underwent surgery in 2008–2009
compared to 1996–1996 (43% vs 32%, p<0.05). The proportion of favorable
outcome was maintained at around 75% and there was no increase in patients
with unfavorable or vegetative outcome when comparing 2008–2009 with
1996–1997. In the elderly ≥60 years, favorable outcome had decreased 13%
(65% to 52%) from 1996–1997 to 2008–2009, mortality had increased 13%
and unfavorable outcome was unchanged (Figure 6). The mean age of the pa-
tients who died was 48 years 1996–1997 and 62 years 2008–2009.

There was a higher mortality observed in patients who were admitted in
GCS M ≥4 2008–2009 (10% vs 2.8%, p<0.05).
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Figure 6. Outcome by age groups and period.

Paper II
In this study of 284 patients treated in 2008–2010, the proportion of elderly
≥65 years was 22% and the proportion of patients aged 16–64 was 78% (Table
6). There was a difference in sex distribution between the age groups with
36% females among the elderly and 16% in the young group. A larger propor-
tion of the elderly had a medical history of diabetes mellitus and hyperten-
sion/CVD, and the use of anticoagulants was seven times more common in
the elderly. Among the young, vehicle accidents were the most common cause
(36%) while falls were most common in the elderly (81%). There was a dif-
ference in CT findings, where the elderly had ASDH more often (51% vs
18%). Extradural hematomas, mixed injuries, and DAI were more common in
the young group (Table 6).

The median admission GCS M was 5 in both groups. There was no signif-
icant difference in mechanical ventilation (76% in both groups), ICP monitor-
ing (elderly 44% and young 57%), and length of mechanical ventilation (el-
derly mean 8 days and young mean 6 days). Craniotomy for mass lesions was
performed in 47% of the elderly and in 28% of the young (p<0.01). At dis-
charge from the NIC unit, 29% of the elderly and 41% of the young (p<0.05)
had improved consciousness from not being communicative (RLS ≤3) to be-
coming talkative (RLS 1–2).
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Table 6. Demographic data of included patients.

Elderly Younger
n (%) n (%) p-value

No of patients 62 (22) 222 (78)
Sex (female) 22 (36) 36 (16) p<0.05
Medical history

Previous brain injury 12 (20) 27 (13) n.s.
Diabetes mellitus 9 (16) 9 (4) p<0.05
Hypertension/CVD 28 (52) 21 (10) p<0.001
Anticoagulation 25 (46) 12 (6) p<0.001
Ethylism 12 (22) 37 (19) n.s.

Accident mechanism
Bicycle accident 0 (0) 10 (4) n.s.
Fall accident 50 (81) 79 (36) p<0.005
Vehicle accident 3 (5) 83 (37) p<0.05
Pedestrian hit by vehicle 3 (5) 8 (4) n.s.
Assault 2 (3) 14 (6) n.s.
Sports injury 1 (2) 9 (4) n.s.
Other 3 (5) 19 (9) n.s.

CT findings
ASDH 31 (50) 40 (18) p<0.001
Contusions 19 (31) 78 (35) n.s.
tSAH 4 (6) 18 (8) n.s.
Mixed 4 (6) 28 (13) p<0.001
EDH 0 (0) 20 (9) p<0.05
Impression fracture 1 (2) 7 (3) n.s.
Other 3 (5) 3 (1) n.s.
DAI 0 (0) 26 (12) p<0.05
Normal 0 (0) 3 (1) n.s.

Some patients were not included in the analysis because of unknown data regarding previous
brain injury (3 Elderly), diabetes mellitus (6 Elderly and 13 Young), hypertension (8 Elderly
and 14 Young), anticoagulation (8 Elderly and 12 Young) and ethylism (7 Elderly and 24
Young).

At the follow-up, the elderly showed favorable outcome in 51% of the cases
compared to 72% among the younger patients (p<0.05). Mortality was 25%
in the elderly and 7% among the younger (p<0.05). There was no difference
between the groups in unfavorable outcome (Figure 7).
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Figure 7. Outcome at 6 months.

Paper III
Two-hundred-twenty patients ≥60 years were included. The mean age was 70
years (range 60–86). At 6 months follow-up, 46% had a favorable outcome,
27% unfavorable and the mortality was 27%. One-hundred-seventy patients
were within 60–74 years of age and 50 patients within 75–89 years of age.
Overall, 26% were females, and there was no difference between the age
groups. There was no difference in the cause of trauma between the age groups
with fall accidents as the most common cause in 77% of all patients. In the
group, 75–89 years of age, TBI under the influence of drugs/alcohol occurred
in 6% compared to 25% in the group 60–74 years (p<0.01). Admission GCS
M score was GCS M ≥4 in 90% of all included patients with no difference
between the age groups.

ASDH was more common in the 75–89 years old (76% vs 34%, p<0.001)
and contusions were less common (10% vs 35%, p<0.01) (Table 7). There
were also differences in the Marshall classification of the initial CT scan
where focal mass lesions (evacuated and non-evacuated mass lesions) were
more common in the 75–89 years old (64% vs 41%, p <0.01). More than half
of all patients (54%) had hypertension/CVD, 72% in the 75–89 years old and
48% among the younger (p<0.01). One in ten of the 75–89 year old had a
history of ethylism in contrast to three out of ten in the 60–74 year old (p<0.01)
(Table 7).

Antithrombotic drugs were common in the elderly, 37% overall, and in
62% of the 75–89-year-old and 30% of the 60–74 years old (p<0.001) (Table
7). Warfarin was more common in the 75–89-year-olds (42% vs 8%, p<0.01)
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but there was no significant difference in the use of antiplatelets between the
age groups (Table 7).
Table 7. Patient and trauma characteristics on admission.

Non-vitamin K Oral Anticoagulants (NOAC) and Low Molecular Weight Heparin (LMWH).
* p<0.05, ** p<0.01 and *** p<0.001.

Eighty percent of the elderly patients were intubated and mechanically venti-
lated for a mean of 7 days (median 6, range 1–21) and 53% had ICP monitor-
ing for a mean of 10 days (median 8, range 2–25). Regarding surgical treat-
ment, 43% had a craniotomy done during the NIC and the most common rea-
son was evacuation of ASDH (36%) followed by evacuation of contusions
(11%). Four percent (9 patients in total, 7 patients 60–74 years and 2 patients
75–89 years) were treated with decompressive hemicraniectomy. There was a
difference between the age groups where 60% of the 75–89 year old had a

All 60–74 75–89 p 60–74 vs 75–89
Characteristics n (%) n (%) n (%)
Total 220 170 50
Dominating injury type on CT

ASDH 95 (43) 57 (34) 38 (76) <0.001 ***
Other 3 (1) 2 (1) 1 (2)
DAI 2 (1) 2 (1) 0 (0)
EDH 4 (2) 4 (2) 0 (0)
Impression fracture 3 (1) 3 (2) 0 (0)
Contusions 64 (29) 59 (35) 5 (10) <0.001 ***
Mixed 26 (12) 23 (14) 3 (6) 0.147
Normal CT 0 (0) 0 (0) 0 (0)
Traumatic SAH 23 (10) 20 (12) 3 (6) 0.242

CT Marshall classification
Diffuse injury I 2 (1) 2 (1) 0 (0)
Diffuse injury II 80 (36) 69 (41) 11 (22) 0.016 *
Diffuse injury III 21 (9) 19 (11) 2 (4)
Diffuse injury IV 14 (6) 9 (5) 5 (1)
Evacuated mass lesion 68 (31) 48 (28) 20 (40) 0.114
Non-evacuated mass lesion 35 (16) 23 (14) 12 (24) 0.075
Diffuse injury I-IV 117 (53) 99 (58) 18 (36) 0.006 **
Focal mass lesion 103 (47) 71 (41) 32 (64) 0.006 **

Medical history of
Brain injury/disease 45 (20) 33 (19) 12 (24) 0.480
TBI 8 (4) 7 (4) 1 (2)
Diabetes mellitus 36 (16) 25 (15) 11 (22)
Hypertension/CVD 118 (54) 82 (48) 36 (72) 0.003 **
Ethylism 56 (25) 51 (30) 5 (10) 0.004 **

Antithrombotic drugs 82 (37) 51 (30) 31 (62) <0.001 ***
Antiplatelet 48 (22) 36 (16) 12 (24) 0.671
Warfarin 34 (15) 13 (8) 21 (42) <0.001 ***
NOAC 8 (4) 7 (4) 1 (2)
LMWH 6 (3) 4 (2) 2 (4)
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craniotomy performed in contrast to 38% in the 60–74 year old patients
(p<0.01).

Follow-up was done after 7.8 months in mean (median 7, range 5–28). Out
of the 220 patients, 101 patients (46%) had a favorable outcome (GOSE 5–8),
60 patients (27%) had unfavorable outcome (GOSE 2–4) and 59 patients
(27%) had died. When outcome was analyzed by 5–year subgroups there was
a favorable outcome >40% and mortality <40% up until 75–79 years of age.
There were clear trends that favorable outcome decreases with age and mor-
tality increases. Unfavorable outcome did not show the same pattern and did
not increase above 75 years of age (Figure 8).

Figure 8. Outcome by 5-year age groups.

Univariate logistic regression analysis with favorable outcome as dependent
variable for possible admission prognostic factors showed a negative correla-
tion with age (p<0.05), GCS M ≤3 on admission (p<0.01), initial CT Marshall
score evacuated mass lesion (p<0.001) and warfarin medication (p<0.05). A
positive correlation with age was seen with initial CT Marshall score I-IV
(p<0.001). Regarding possible treatment predictors, logistic regression analy-
sis with favorable outcome as a dependent variable showed a negative corre-
lation with craniotomy (p<0.01), evacuation of extracerebral hematoma
(p<0.05) and mechanical ventilation (p<0.001).

A multiple logistic regression analysis for admission and treatment prog-
nostic factors with favorable outcome as dependent variable showed a nega-
tive correlation with age (p<0.05), GCS M ≤3 on admission (p<0.05), multiple
injuries (p<0.05), and mechanical ventilation (p<0.01) (Figure 9).
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Figure 9. Prognostic model for favorable outcome. Multiple logistic regression anal-
ysis with favorable outcome as dependent variable. Non-vitamin K Oral Anticoagu-
lants (NOAC) and Low Molecular Weight Heparin (LMWH). * p<0.05, ** p<0.01
and *** p<0.001.

Paper IV
Five-hundred-seventy patients were included, 151 elderly ≥65 years (mean
72.3, range 65–87) and 419 younger 16–64 years (mean 41.5, range 16–64).

When comparing the elderly with the younger, the elderly had the follow-
ing significant differences in admission characteristics: a larger proportion of
females ( 28.5% vs 19.6%, p<0.05), fall accidents (80.1% vs 42.0%, p<0.001),
previous brain injury/disease (22.5% vs 11.0%, p<0.001), diabetes mellitus
(18.5% vs 6.2%, p<0.001), hypertension/cerebrovascular disease (58.3% vs
13.8%, p<0.001), ongoing treatment with anticoagulants/antiplatelets (43.0%
vs 7.9%, p<0.001), respectively, and smaller proportions of patients admitted
from other hospitals (67.5% vs 82.3%, p<0.001), multiple injuries (17.9% vs
47.0%, p<0.001), the influence of drugs/alcohol (14.6% vs 34.1%, p<0.001),
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vehicle accidents (7.3% vs 33.2%, p<0.001) and sports injury (0.7% vs 4.3%
p<0.05), respectively.

When considering the radiological findings on the initial CT, the older pa-
tients had a significantly larger proportion of ASDH (51.7% vs 20.5%,
p<0.001) and smaller proportions of DAI (0.0% vs 8.6%, p<0.001) and EDH
(0.7% vs 11.5%, p<0.001). This was also reflected in the Marshall classifica-
tion showing that the elderly had a lower proportion of Diffuse Injury I–IV
(45% vs 77.6, p<0.001) and higher proportions of evacuated mass lesions
(37.7% vs 16.5%, p<0.001) and non-evacuated mass lesion (17.2% vs 6%,
p<0.001).

When comparing treatment characteristics, the elderly were operated with
craniotomy more often (47.7% vs 32.7%, p<0.01) and the most common rea-
son was evacuation of extracerebral hematoma (45.0% vs 23.6%, p<0.001).
The younger group had more patients treated with hemicraniectomy (8.1% vs
3.3%, p<0.05) and thiopental (7.9% vs 0.7%, p<0.01).

There was no difference between the groups regarding ICP and CPP mon-
itoring. Monitoring of blood pressure was more frequent in the elderly
(95.36% vs 89.98%, p<0.05).

When looking at the occurrence of secondary insults, the occurrences of
%GMT with MAP >120 and SBP >180 were more frequent in the elderly and
the occurrences of ICP ≥20, CPP ≤60 and MAP ≤80 were more frequent
among the young (Table 8).
Table 8. Occurrence of secondary insults by age group.

Age 16–64 Age ≥65 16–64 vs ≥65a

Physiological
parameter

Median
%GMT

IQR
%GMT

Median
%GMT

IQR
%GMT p

ICP ≥20 6.26 1.39–17.01 3.14 0.73–9.05 0.005 **
CPP ≤60 5.52 2.05–11.79 2.51 1.16–1.94 0.001 **
CPP >100 1.27 0.51–5.25 6.37 1.96–18.57 0.000 ***
MAP ≤80 23.01 10.67–39.49 17.51 8.75–32.68 0.040 *
MAP >120 0.48 0.17–1.77 1.31 0.36–5.52 0.000 ***
SBP ≤100 0.75 0.25–2.39 0.71 0.25–1.83 0.499
SBP >180 1.04 0.18–4.72 7.53 1.54–19.63 0.000 ***

Interquartile range (IQR). a Difference between age groups tested with Mann-Whitney U test.
* p<0.05, ** p<0.01 and *** p<0.001.

The multiple linear regression model with physiological variables as depend-
ent variables and age ≥65 years, gender, GCS M, other injuries, extracerebral
hematoma, and contusions as explanatory variables showed that age ≥65 years
was an independent predictor for lower %GMT with ICP ≥20 and higher
%GMT with CPP >100, MAP >120, and SBP >180, respectively.

The results from the logistic regression analyzes with favorable outcome
and mortality as dependent variables and physiological parameters as explan-
atory variables are presented in Table 9 and Table 10. Low %GMT with CPP
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>100 and SBP >180 were associated with higher odds of favorable outcome
in the analysis of all ages (Table 9) and in the subanalysis of ages 16–64 years
(Table 10). When the interaction with age was analyzed, there was a statisti-
cally significant interaction between age and %GMT with SBP >180 (p inter-
action=0.025) where the odds ratio (per unit increase in %GMT with SBP
>180) was 1.007 (0.985–1.030) in patients≥65 years and 0.965 (0.937–0.994)
in patients 16–64 years (Table 10).

High %GMT with ICP ≥20, CPP >100, and SBP ≤100 was associated with
a higher risk of mortality in patients 16–64 years but not in the elderly (Table
10).
Table 9. Univariate logistic regression analysis of outcome (favorable outcome:
GOSE 5–8 and mortality: GOSE 1) in relation to physiological variables.

All ages
Variable (%GMT) OR (CI 95%) p
Favorable outcome model
ICP ≥20 0.989 (0.967–1.002) 0.093
CPP ≤60 1.001 (0.982–1.020) 0.926
CPP >100 0.961 (0.940–0.984) <0.001 ***
MAP ≤80 1.007 (0.999–1.016) 0.097
MAP >120 0.989 (0.960–1.006) 0.136
SBP ≤100 0.992 (0.967–1.017) 0.531
SBP >180 0.997 (0.960–0.994) 0.007 **

Mortality outcome model
ICP ≥20 1.018 (1.002–1.034) 0.024 *
CPP ≤60 1.022 (0.999–1.045) 0.059
CPP >100 1.034 (1.013–1.054) <0.001 ***
MAP ≤80 1.002 (0.991–1.014) 0.701
MAP >120 1.021 (0.995–1.048) 0.115
SBP ≤100 1.053 (1.023–1.083) <0.001 ***
SBP >180 1.035 (1.015–1.055) <0.001 ***

OR: Odds Ratio per one unit increase in %GMT. Confidence interval (CI). * p<0.05, ** p<0.01
and *** p<0.001.
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Paper V
Four-hundred-seventy-one patients were included, 129 ≥65 years (median 78,
IQR 68–75) and 342 16–64 years old (median 44, IQR 25–55). Looking at the
patient characteristics the following significant differences were found be-
tween the age groups: elderly were more often males (82.2% vs 77.5%,
p<0.001), had slightly higher GCSM-score (median 5, IQR 5–6 vs median 5,
IQR 4–5, p=0.021), had higher Marshall score (median 5 vs 2, p<0.001) and
had more craniotomies (64.3% vs 48.8%, p<0.005). There was no difference
between the age groups regarding ICP monitoring. Last-tier treatment was less
used in the elderly; decompressive craniectomies (4.7% vs 12.9%, p=0.010)
and thiopental (3% vs 15.7%, p<0.001).

The elderly had less favorable outcome (GOSE 5–8: 39.5% vs 59.6%,
p<0.001) and higher mortality (31.0% vs 10.8%, p<0.001).

Physiological monitoring data for the 10-day monitoring period are pre-
sented in Table 11. The elderly showed significantly higher median blood
pressure, PRx, CPP and CPPopt. The elderly had a lower %GMT with
ΔCPPopt ±5. The elderly also had significantly lower median ICP.
Table 11. Physiological features for the whole 10-day monitoring period.

16–64 years ≥65 years p
MAP a 87.1 (83.4–92.3) 91.7 (87.3–96.7) <0.001 ***
SBP a 137.8 (129.9–147.4) 150.6 (140.0–158.5) <0.001 ***
ICP a 12.2 (8.7–14.8) 10.6 (7.2–12.9) <0.001 ***
CPP a 75.3 (70.7–81.0) 80.6 (76.1–89.1) <0.001 ***
CPPopt a 75.2 (71.6–79.6) 80.8 (75.8–87.2) <0.001 ***
PRx a, 0.03 (-0.06–0.12) 0.10 (0.02–0.19) <0.001 ***
PRx >0 b 52.2 (42.0–63.5) 62.6 (51.2–71.8) <0.001 ***
PRx >0.25 b 26.9 (20.4–37.2) 36.6 (26.8–46.0) <0.001 ***
PRx >0.35b 19.5 (14.2–27.9) 26.0 (18.4–35.3) <0.001 ***
ΔCPPopt <-5 b 30.9 (23.0–40.2) 34.9 (25.7–44.0) 0.014 *
ΔCPPopt ±5 b 28.4 (23.4–34.2) 24.4 (20.5–27.9) <0.001 ***
ΔCPPopt >5b 33.1 (25.2–40.5) 33.9 (25.6–43.8) 0.236

Difference between age groups tested with Mann-Whitney U test.
*p < 0.05, **p < 0.01, and ***p < 0.001. a median (IQR). b %GMT median (IQR).

When the temporal patterns of MAP, SBP, ICP, CPP, and PRx were analyzed
by day and divided into favorable and unfavorable outcome, it seemed to be a
tendency that patients ≥65 years with lower MAP day 8–10, lower SBP day
3–10 and higher PRx day 0–5 had more unfavorable outcome (Figure 10). In
the young group, patients with higher PRx and higher MAP had significantly
less favorable outcome during almost the whole time period (Figure 10). The
temporal patterns of CPPopt and %GMT with ΔCPPopt <-5/±5/>5 showed no
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significant differences between favorable and unfavorable outcome at any day
in the elderly (Figure 10). In the young group, patients with unfavorable out-
come had significantly higher median CPPopt on almost all days (days 1,2,5,7
and 9) and significantly lower %GMT with ΔCPPopt ±5 days 1, 4 and 5 (Fig-
ure 10).

Univariate logistic regression for favorable outcome showed in the young
group significantly lower odds ratio (OR) for favorable outcome with increas-
ing Marshall score and increasing %GMT with PRx >0.25, and significantly
higher OR for favorable outcome with higher admission GCS M and %GMT
ΔCPPopt ±5 (Table 12). In the elderly, no significant predictive variable was
found (Table 13). Multiple logistic regression for favorable outcome in the
young showed significantly higher adjusted odds ratio (AOR) for GCS M and
significantly lower AOR for Marshall score and %GMT PRx >25 (Table 12).
In the elderly, no significant predictive variable was found in the multivariate
analysis (Table 13).

In the logistic regression model for mortality, the elderly were found to
have significantly higher OR/AOR for mortality with increasing PRx, both in
the univariate and multivariate analyzes (Table 13). Univariate analysis
showed in the young group that increasing Marshall score, increasing %GMT
with PRx >0.25 and increasing %GMT with ΔCPPopt <-5 were associated
with higher OR for mortality, while lower GCS M and higher %GMT with
CPPopt ±5 were associated with lower OR (Table 12). In the multiple regres-
sion analysis of the young group, a higher %GMT with PRx >0.25 was asso-
ciated with significantly higher AOR for mortality and higher GCS M with
lower AOR (Table 12).
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The combined effect of PRx/CPP and PRx/∆CPPopt, respectively, on the out-
come (GOSE) was explored by creating heatmaps. The heatmap interaction
analysis of PRx and ∆CPPopt showed a clear difference between the age
groups where the elderly had a much more dispersed distribution with their
centers for favorable outcome around PRx 0 (range -0.5–0.5) and ∆CPPopt -
10 (range -20–0) and the younger patients with their centers around PRx -0.5
(range -0.75–0) and ΔCPPopt closer to zero (range -10–10) (Figure 11). The
density plots showed almost the same centers in both age groups (marginally
lower PRx center in the younger group) but with a wider field for the elderly
(Figure 11).

The elderly also had a more dispersed center in the PRx/CPP heatmap
mostly with PRx between -0.5–0.5 and CPP between 60–80, in contrast to the
younger group where the field had a more distinct center at approximately
PRx -0.3 (range PRx -0.7–0.4) and CPP 65 (range CPP 50–80). The density
plots showed almost the same center in both age groups (marginally lower
PRx center in the younger) but with a wider field in the elderly group (Figure
12).
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Figure 11. The combined effect of PRx and ΔCPPopt on clinical outcome. The figure
illustrates the combined association of the percentage of monitoring time (%GMT)
for absolute PRx and ∆CPPopt values with GOSE (A and C) and density plots with
the data frequency of certain PRx and ∆CPPopt combinations (B and D). The %GMT
for the concurrent combination of PRx and ∆CPPopt during the 10 days was calcu-
lated and correlated with GOSE. The jet color range denotes the value of the correla-
tion coefficients, where blue color indicates favorable and red color indicates unfa-
vorable outcome. Pixels with less than five patients with 5 min of monitoring with a
certain combination of PRx and ∆CPPopt were colored white.



51

Figure 12. The combined effect of PRx and CPP on clinical outcome. The figure
illustrates the combined association of the percentage of monitoring time (%GMT)
for absolute PRx and CPP values with GOSE (A and C) and density plots with the
data frequency of certain PRx and CPP combinations (B and D). The %GMT for the
concurrent combination of PRx and CPP during the 10 days was calculated and cor-
related with GOSE. The jet color range denotes the value of the correlation coeffi-
cients, where blue color indicates favorable and red color indicates unfavorable out-
come. Pixels with less than five patients with 5 min of monitoring with a certain com-
bination of PRx and CPP were colored white.
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Discussion

Paper I
There has been a successive improvement of outcome for TBI patients during
the introduction of NIC at the Uppsala University Hospital from 1980–1981
to 1987–1988 and to 1996–19972,4. However, when the results from 2008–
2009 were analyzed, no further improvement in outcome was found. This
could be explained by that no major changes in the treatment had been intro-
duced between the last two periods and that the quality of NIC had culminated
or was close to culminating. Another explanation could be that the patient’s
characteristics had changed.

We found that patients ≥60 years of age had doubled, from 16% to 30%.
This finding was expected since the mean age in Sweden increases gradually.
In 2009, 18% of the population was above 65 years of age and in 2060, 25%
of the inhabitants are expected to be above 65 years8. There was no change in
admission GCS M grades or predominating cause of trauma. There was a
larger proportion of patients who underwent surgery 2008–2009. When as-
sessing mortality in patients with GCS M ≥4 there had been a substantial in-
crease. However, the mean age of the patients who died had increased from
48 to 62 years between the time periods. Detailed analyzes of the patients who
died showed that many deaths could be explained by aggravating patient-re-
lated factors.

The findings that a large proportion of patients with favorable outcome at
around 75% was maintained despite that the proportion of patients ≥60 years
of age doubled may indicate that the quality of NIC had increased or at least
was unchanged. The study underlines the need for more studies of TBI in the
elderly to improve the management in that particular group of TBI patients
which requires special considerations. A favorable outcome of slightly more
than 50% indicates that the elderly may be treated with relatively good results
and should be candidates for NIC.

Paper II
The focus of this study was to evaluate the demographics, management and
outcome in the elderly receiving NIC and compare them with younger pa-
tients. The proportion of patients ≥65 years was 22%, which not was
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unexpected. There was a clear difference in cause of trauma between the
young and the old where falls were much more common in the elderly. This
finding is well in line with what has been observed by many others97–100. The
elderly are more prone to falls due to orthostatic hypotension, vertigo, diabetes
mellitus, poor vision, insufficient physiotherapy and unsuitable home envi-
ronments101,102. The type of TBI also differed by age group. Patients ≥65 years
had a higher proportion of ASDH, and younger patients had a higher degree
of EDH, DAI and mixed injuries. The differences in injury patterns are mainly
explained by the different causes of trauma and have also been demonstrated
by others103–105. The distribution of GCS M score on admission was the same
in both groups.

There was no difference in NIC treatment regarding the length of stay, pro-
portion of patients mechanically ventilated and the duration of mechanical
ventilation, which suggest that there was no significant difference in the NIC
treatment depending on age. Patients ≥65 had surgery in a higher proportion
(47% vs 28%) which is likely to be explained by the different injury types
where patients ≥65 years had more ASDH.

Favorable outcome was achieved in 72% of the young and 51% of the pa-
tients ≥65 years at 6 months follow-up. The mortality increased with age.
However, 51% favorable outcome in patients ≥65 years appears to be a rela-
tively good result compared with the results of other earlier studies reporting
mortality over 50% and unfavorable outcome between 74–90% in patients ≥65
years16,103,106–110. Another interesting finding was that 61% of the young had a
favorable outcome after craniotomy compared to 22% in patients ≥65 years of
age. This was regardless if the patients ≥65 years were awake or unconscious
before the surgery. Thus, it appears that the consciousness level at admission
does not solely define the functional outcome in the elderly, meaning that the
elderly do not necessarily have a bad outcome despite being unconscious. It
would be desirable to have a more accurate prognostic prediction to select
elderly patients for NIC treatment and surgery.

Paper III
In this study of 220 patients ≥60 years receiving modern NIC, it was found
that those patients had a fair chance of favorable outcome (46%) and that the
risk of unfavorable outcome was 27% and the risk of mortality was 27%. High
age, multiple injuries, and GCS M ≤3 on admission had a negative correlation
with favorable outcome. This was anticipated and others have also made sim-
ilar observations in elderly111–114. We found that mechanical ventilation had a
negative correlation with favorable outcome. Barnato and coll. found that the
elderly treated in intensive care with mechanical ventilation who survived had
worse functional outcome115. The observed worse outcome associated with
mechanical ventilation likely depends both on the severity of the brain injury
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as well as on the development of systemic complications. It is important to
emphasize that the findings should not restrict older patients from mechanical
ventilation 116.

In the two previous studies there was a high incidence of antithrombotic
drugs among the elderly. It was therefore desirable to have a closer look at
that, since a negative impact on outcome could be expected and has been re-
ported by others. Karni and coll. reported a 50% mortality rate for traumatic
head injury in the elderly with anticoagulants117. Lavoie and coll. showed that
preinjury warfarin in elderly with closed head injury was related to a more
severe head injury and a higher likelihood of death118. Franko and coll. showed
that warfarin carried a six-fold increase in TBI mortality and that mortality
and occurrence of intracerebral hemorrhage increased with higher interna-
tional normalized ratio (INR)119. We found in our material that antithrombotic
drugs were as common as 37% in the elderly overall and that 62% of the 75–
89 year old had such drugs. Warfarin was most common in the 75–89 years
old (42%) and antiplatelets in the 60–74 years old (16%). However, we did
not find any significant correlation between favorable outcomes and treatment
with antiplatelets and/or warfarin. In line with our results, Ganetsky and coll.
found in 2017 in a large study of 939 TBI patients with ground-level falls and
antiplatelets or anticoagulants, a low incidence of clinically significant intra-
cranial hemorrhage (<5%) and no difference between anticoagulation and an-
tiplatelet therapy120. Possible reasons why antithrombotic drugs did not show
any prognostic value in our material could be several: 1. In our referral area,
patients on warfarin have frequent check-ups which reduces the risk for over-
treatment with too high INR. 2. National guidelines are followed requiring CT
examination after mild head trauma when on anticoagulation and prompt re-
versal of warfarin in case of intracranial hemorrhages. 3. Standardized NIC
which minimizes secondary insults may prevent the worsening of intracranial
hemorrhages. However, we believe that it is reasonable to assume that antico-
agulation therapy increases the risk worsening of TBI and that anticoagulation
therapy in some instances may complicate the insertion of ICP devices or sur-
gical treatment, but it does not make successful treatment impossible.

Paper IV
The proportion of elderly patients ≥65 years was 26%. The most common
cause of trauma in the elderly was fall accidents which is in line with paper II
and paper III as well as many other reports7,12,24,26,97–100,108,121,122. There was a
higher percentage of females among the elderly (29%) which was also seen in
paper II. Dams O’Conner and coll. also reported an increasing proportion of
women with increasing age121. This finding may be associated with the pre-
dominance of women in the older ages123.
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We found differences in the physiological variables and occurrence of sec-
ondary insult depending on age. The elderly spent a higher %GMT with high
CPP, high MAP and high SBP and less %GMT with high ICP, low CPP and
low MAP. Similar findings have been observed by Czosnyka and coll.124. The
multivariate logistic regression analysis showed that age ≥65 was an inde-
pendent explanatory factor for higher %GMT with high CPP, high MAP and
high SBP. This could to some extent be due to a higher degree of hypertension
and cardiovascular diseases in the elderly.

The crucial questions are how high SBP may influence clinical outcome
and if this influence is the same regardless of age. The logistic regression anal-
ysis showed that high %GMT with SBP >180 was significantly negatively
related to favorable outcome overall in patients of all ages and in patients 16–
64 years old. Interestingly when looking at the analysis of the age interaction
in patients ≥65 there was a significant interaction for SBP >180 with an OR
for favorable outcome of 1.007 (per unit increase in %GMT with SBP >180).
This indicates that high systolic blood pressure probably should be treated dif-
ferently in elderly patients. The finding that high blood pressure in the elderly
may be advantageous has also been shown by Utomo and coll. who found that
patients  ≥65 years with a SBP on arrival at the hospital in the range of 131–
150 mmHg, compared to patients with SBP of <130 mmHg, had a higher odds
of independent living at 6 months125.

Paper V
In this paper, cerebral pressure autoregulation was studied in 129 elderly
(≥65 years) and compared with 342 younger patients (16-64 years). The el-
derly had higher median values of PRx (worse pressure autoregulation) and
spent longer time with higher PRx. It appears that elderly TBI patients differ
in pressure autoregulation characteristics, which also is supported by
Czosnyka and coll. who found an association between higher PRx and increas-
ing age124. A difference in pressure autoregulation characteristics was further
supported by that elderly were found to have higher CPPopt and lower %GMT
with ΔCPPopt ±5.

High PRx has been shown to be associated with poor outcome in several
studies51,58,124,126. Regarding the temporal patterns by outcome, the overall im-
pression was that %GMT with CPP close to CPPopt, above CPPopt or below
CPPopt influenced outcome less in the elderly. This impression was strength-
ened by the multiple logistic regression analysis which showed in the young
group that high PRx, and as expected also worse GCS M and high Marshall
score, were associated with unfavorable outcome, and high PRx and worse
GCS M with increased mortality. In the elderly, there was an increased mor-
tality with high PRx but no other variables including ΔCPPopt showed to be
significant. The heatmaps were also consistent with that pressure
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autoregulation may influence outcome less in the elderly since the elderly had
a more dispersed pattern for favorable outcome both regarding PRx/CPP and
PRx/CPPopt.

It is unclear why young and elderly TBI patients show different pictures
concerning autoregulation. There is limited knowledge about pressure auto-
regulation in the elderly in general. Studies in healthy individuals have shown
that aging does not impair cerebral autoregulation77–81, but that the vascular
reactivity may be delayed82. One can speculate whether the elderly have a
more vulnerable autoregulation, and if the differences in injury types, effects
of aging in general and presence of comorbidities may play a role.

More studies are warranted on pressure autoregulation both in elderly indi-
viduals and in elderly TBI patients. At present, this study indicates that
CPPopt-guided therapy for the elderly with TBI may be less promising.
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Limitations

The results may not be generalizable because they come from a single center
and may be influenced by the local management applied. It should also be
noted that the patient materials in the included studies partly were the same.

Furthermore, there is always a risk of selection bias since only elderly pa-
tients judged to have a reasonable chance for favorable outcome were ac-
cepted for NIC. There may also be a risk of more reluctance to treat the elderly
accepted for NIC. However, it was found that elderly had a higher degree of
surgery and did not differ with regard to mechanical ventilation, length of me-
chanical ventilation and ICP monitoring.
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Conclusions

The patient characteristics had changed between the periods 1996–1997 and
2008–2009. Patients ≥60 years old had doubled and a larger proportion under-
went surgery in the second period. The elderly had worse outcome than the
younger patients, although relatively good with a favorable outcome at
slightly more than 50%. The mean age of patients who died increased from 48
to 64, and of the patients who died many had aggravation patient-related fac-
tors. Despite the increase in elderly an overall favorable outcome was main-
tained between the periods at around 75% (Paper I).

Falls were much more common in the elderly. The elderly had a higher pro-
portion of ASDH and younger patients more often had EDH, DAI and mixed
injuries. There were no differences in the distribution of GCS M score on ad-
mission and NIC treatment depending on age. The elderly showed a higher
proportion of surgery. Favorable outcome was achieved in 72% of the young
and 51% of the patients ≥65 years. The mortality increased with age (Paper
II).

Favorable outcome was 47% for patients 60–74 years and around 30% for
patients 75–84 years. High age, multiple injuries, low GCS M on admission,
and the use of mechanical ventilation were found to be significant negative
prognostic factors (Paper III).

The elderly differed in relation to younger patients in their physiological var-
iables and the occurrence of secondary insults. They spent higher %GMT with
high CPP, high MAP and high SBP and less %GMT with high ICP, low CPP
and low MAP. Age ≥65 was an independent explanatory factor for higher
%GMT with high CPP, high MAP and high SBP. High %GMT with SBP
>180 was significantly negatively related to favorable outcome overall in pa-
tients of all ages and in patients 16–64 years old. In the elderly there was an
interaction for SBP >180 with an OR for favorable outcome of 1.007 (per unit
increase in %GMT with SBP >180). This indicates that high systolic blood
pressure may be beneficial and probably should be treated differently in the
elderly patients (Paper IV).
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Elderly showed higher values of PRx (worse pressure autoregulation) and
spent longer time with higher PRx. The elderly TBI patients differed in pres-
sure autoregulation characteristics with higher CPPopt and lower %GMT with
ΔCPPopt ±5. The elderly had different temporal patterns where %GMT with
CPP close to CPPopt, above CPPopt or below CPPopt influenced outcome
less in the elderly. Multiple logistic regression analysis showed in the young
group that high PRx, worse GCS M and high Marshall score were associated
with unfavorable outcome, and high PRx and worse GCS M with increased
mortality. In the elderly, there was an increased mortality with high PRx but
no other variables including ΔCPPopt proved to be significant. Overall, the
findings indicate that pressure autoregulation may influence outcome less in
elderly TBI patients and CPPopt-guided therapy may therefore be less prom-
ising in the elderly (Paper V).
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Summary in Swedish – sammanfattning på
svenska

Traumatisk hjärnskada (THS) utgör en stor utmaning såväl globalt som nat-
ionellt p.g.a. stort lidande både för patienter och anhöriga, och stor belastning
på samhällets resurser. Modern neurointensivvård har resulterat i allmänt för-
bättrade behandlingsresultat. De senaste årtiondena med skadepreventivt ar-
bete, så som bl.a. säkerhetskrav på arbetsplatser, utveckling av vägnät och tra-
fikregler, bättre fordon och krav på bälte, har dessutom lett till en minskning
av THS i den utvecklade världen. Under samma tid har vår åldersstruktur för-
ändrats genom att vi lever allt längre och har ett längre aktivt liv med bevarad
funktionsnivå. Detta har lett till att antalet äldre patienter med THS hela tiden
ökar, vilket innebär en stor utmaning för framtidens sjukvård. Tidigare har det
funnits en uppfattning, baserad på tidigare dåliga erfarenheter, att avancerad
hjärnskadevård för de äldre varit utsiktslös. Den kliniska forskningen kring
äldre med THS har varit mycket begränsad och alla behandlingsriktlinjer ba-
seras på studier av yngre patienter med THS, trots att behandlingen av äldre
sannolikt kräver speciella anpassningar. Vissa studier talar för att även äldre
med THS kan behandlas relativt framgångsrikt men det är ett starkt behov av
fler studier på äldre för att kunna optimera neurointensivvården för denna sär-
skilda grupp av patienter.

Målet med denna avhandling var att speciellt studera äldre med THS för
att kunna få en uppdaterad bild gällande deras karaktäristika, hur de behandlas
och hur behandlingsresultaten utfaller med förhoppning att kunna identifiera
ålderspecifika egenskaper som kan vara viktiga för rätt patientval och optime-
ring av neurointensivvården för de äldre med THS. Data från Uppsala THS-
register och s.k. monitoreringsdata från de olika kontinuerliga övervaknings-
teknikerna som används i neurointensivvården analyserades.

Mellan 1996–1997 och 2008–2009 hade andelen THS patienter ≥60 år för-
dubblats, från 16% till 30%. Trots ökningen av andelen äldre patienter visade
sig behandlingsresultaten vara väsentligen oförändrade med omkring 75%
som återgick till ett självständigt liv. Även de äldre uppvisade relativt bra be-
handlingsresultat med drygt 50% som återgick till ett självständigt liv.

Analys av de äldre patienternas karakteristika och behandlingsresultat un-
der perioden 2008–2010 visade att fallolyckor och akuta subduralhematom
(blödningar mellan den hårda hjärnhinnan och hjärnan) var vanligare bland de
äldre ≥65 år medan de yngre oftare hade diffus hjärnskada (diffus axonal
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injury), blödningar mellan benet och den hårda hjärnhinnan (epiduralhe-
matom) och en blandning olika skadetyper. Det förelåg inga skillnader i neu-
rologiskt status vid ankomst till neurointensivvårdsavdelningen-NIVA eller
vad gällde neurointensivvårdsbehandlingen förutom att de äldre oftare ge-
nomgick skallingrepp. De äldre ≥65 år uppvisade relativt bra behandlingsre-
sultat med 51% som återgick till ett självständigt liv (72% för yngre).

Studier av en större grupp patienter ≥60 år som vårdats på NIVA 2008–
2014 visade att hög ålder, andra skador utöver THS, dåligt neurologiskt status
vid ankomst till NIVA och vård i respirator vara negativa prognostiska fak-
torer hos de äldre. Bland de mellan 60–74 år återgick 47% till ett självständigt
liv och 30% av de mellan 75–84 år.

Analys av övervakningsdata från neurointensivvården visade att äldre jäm-
fört med yngre hade ett annat mönster med högt cerebral perfusionstryck
(CPP; skillnaden mellan blodtrycket och intrakraniella trycket) och högt blod-
tryck större andel av tiden, och högt intrakraniellt tryck, lågt CPP och lågt
blodtryck mindre andel av tiden. Till skillnad från de yngre visade sig högt
blodtryck vara associerat med bättre behandlingsresultat för de äldre ≥65 år.
Detta talar för att de blodtrycksmål som ska eftersträvas under neurointensiv-
vården eventuellt bör vara olika för äldre och yngre patienter.

Övervakningsdata från neurointensivvården användes också för att studera
patienternas förmåga till s.k. ”pressure autoregulation” av blodflödet i hjärnan,
dvs den normala förmågan att upprätthålla ett konstant blodflöde i hjärnan när
blodtrycket varierar (när blodtrycket går upp drar blodkärlen ihop sig och när
blodtrycket sjunker vidgas blodkärlen). Vid störd pressure autoregulation sti-
ger intrakraniella trycket när blodtrycket går upp pga att kärlen vidgas och
sjunker när blodtrycket går ner pga att kärlen blir mindre medan det är tvärt
om när autoregulationen fungerar. Förmågan till pressure autoregulation kan
beräknas genom att mätvärdena för blodtrycket och intrakraniella trycket kor-
releras (PRx). Äldre visade sig ha sämre autoregulation (högre värden av PRx)
och spenderade längre tid med höga PRx jämfört med yngre. Äldre hade också
högre optimalt CPP (CPPopt; CPP-nivån där PRx är lägst/bäst) och de äldres
CPP låg mindre del av tiden nära CPPopt jämfört med yngre. Högt PRx (dålig
autoregulation) var associerat med ökad mortalitet för de äldre men pressure
autoregulation påverkade behandlingsresultaten mindre än för de yngre. Re-
sultaten talar för att s.k. pressure autoregulation styrd CPP behandling är
mindre lovande för äldre med THS.

Sammanfattningsvis så ökade andelen äldre med THS som behövde neuro-
intensivvård. De äldre hade andra karaktäristika vad det gäller olycksorsak
och typ av intrakraniell skada jämfört med de yngre. De äldre blev behandlade
med samma behandlingsintensitet som de yngre under neurointensivvården
frånsett att de opererades oftare vilket kan förklaras av att de hade högre andel
akuta subduralhematom. Äldre ≥65 år uppvisade relativt bra behandlingsre-
sultat vilket starkt talar för att de bör vara kandidater för neurointensivvård
även i högre åldrar i selekterade fall. De äldre hade annorlunda
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övervakningsmönster när insamlade data från neurointensivvårdens övervak-
ningsmetoder analyserades och resultaten talade för att högre blodtryck är
bättre för de äldre men dåligt för yngre. Försämrad pressure autoregulation
var associerat med högre mortalitet för de äldre men pressure autoregulation
påverkade behandlingsresultaten mindre än för de yngre vilket talar för att
individualiserad CPP behandling utifrån förmågan att autoreglera sannolikt är
mindre lovande för äldre med THS än för yngre. Det är angeläget med ytter-
ligare studier på gamla med THS för att öka kunskapen och kunna optimera
neurointensivvården för denna grupp av patienter.
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Abstract
Background Periodic evaluation of neurointensive care (NIC)
is important. There is a risk that quality of daily care declines
and there may also be unrecognized changes in patient char-
acteristics and management. The aim of this work was to
investigate the characteristics and outcome for traumatic brain
injury (TBI) patients in the period 2008–2009 in comparison
with 1996–1997 and to some extent also with earlier periods.
Methods TBI patients 16–79 years old admitted from 2008 to
2009 were selected for the study. Glasgow Coma Scale Motor
score at admission (GCSM), radiology, surgery, and outcome
(Glasgow Outcome Extended Scale) were collected from
Uppsala Traumatic Brain Injury Register.
Results The study included 148 patients (mean age, 45 years).
Patients >60 years old increased from 16 % 1996–1997 to
30 % 2008–2009 (p<0.01). The proportion of GCS M 4–6
were similar, 92 vs. 93 % (NS). In 1996–1997 patients, 73 %
had diffuse injury (Marshall classification) compared to 77 %
for the 2008–2009 period (NS). More patients underwent sur-
gery during 2008–2009 (43 %) compared to 1996–1997
(32 %, p<0.05). Good recovery increased and mortality de-
creased substantially from 1980–1981 to 1987–1988 and to
1996–1997, but then the results were unchanged in the 2008–
2009 period, with 73 % favorable outcome and 11 % mortal-
ity. Mortality increased in GCS M 6–4, from 2.8 % in 1996–
1997 to 10 % in 2008–2009 (p<0.05); most of the patients
that died had aggravating factors, e.g., high age, malignancy.
Conclusions A large-proportion favorable outcome was
maintained despite that patients >60 years with poorer prog-
nosis doubled, indicating that the quality of NIC has increased

or at least is unchanged. More surgery may have contributed
to maintaining the large proportion of favorable outcome. For
future improvements, more knowledge about TBI manage-
ment in the elderly is required.

Keywords Traumatic brain injury . Standardized
neurosurgical intensive care . Periodic evaluation . Outcome .

Quality register

Introduction

It has been shown by many that the outcome after traumatic
brain injury (TBI) improves with the development of
neurointensive care (NIC) [2, 3, 6, 9, 10, 12, 19]. There has
not yet been any breakthrough for neuroprotective drugs [11]
and high-quality NIC is still crucial for further improvements
of treatment results. We have earlier been able to demonstrate
successively improved results by comparing the time periods
1980–1981, 1987–1988 [19], and 1996–97 [6]. During the
last time period, we had implemented standardized manage-
ment protocols for the NIC and maximum attention was paid
to the importance of avoiding secondary insults through staff
lectures and the introduction of new routines where the occur-
rence of secondary insults should be reported orally at the
bedside rounds and recorded in checklists by the responsible
nurses [6, 14]. Since the last period, the Uppsala Traumatic
Brain Injury Register for quality assurance of NIC has been
established [13]. The principles for our NIC have not been
changed. There is always a risk that the quality of daily routine
care declines and there may also be unrecognized changes in
patient characteristics and small shifts in management. There-
fore, we found it desirable to evaluate another 2-year period
10 years after the last review and take advantage of the
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information available in The Uppsala TBI register. The spe-
cific aim was to investigate the treatment results and charac-
teristics of the patients of 2008–2009 in comparison with the
previously most recent reported period of 1996–1997 and to
some extent also with earlier periods.

Materials and methods

Referral of patients and the TBI register

The Department of Neurosurgery at the University Hospital in
Uppsala, Sweden, provides neurosurgical care for the central
part of Sweden with a population of approximately 2 million
people. Most patients are initially managed at local hospitals
according to ATLS principles and then referred to Uppsala
(the most distant local hospital 382 km away) [7]. Since
2008, all patients with TBI admitted to our NIC are included
in the Uppsala Traumatic Brain Injury register [13] from
which all data can be extracted.

Patients

To be able to compare the results with the previous period [6,
19], we used the same inclusion and exclusion criteria. All
TBI patients between the age of 16 and 79 years admitted to
the NIC unit at the Uppsala University Hospital between 2008
and 2009 were eligible for the study. In total, 168 patients
were identified, and after exclusion of 20 patients, 148 patients
remained in the study. The patients were excluded for the
following reasons: (1) the patients were admitted to the NIC
unit≥5 days after the trauma (n=4), or were treated success-
fully at the NIC unit within 24 h (n=6); (2) patients had both
pupils wide and non-reacting on arrival at the NIC unit (n=3)
(i.e., patients with an obvious predestined fatal clinical course
[1, 4] in whom it could not be assessed retrospectively if active
treatment had been initiated); (3) patients had gunshot injuries
(n=1) and patients lost to follow-up (n=6).

Neurointensive care

All patients were treated according to the same standardized
management protocols as in the previously evaluated time
period of 1996–1997 [6]. The standardized management pro-
tocols are summarized below.

Basal treatment

Head elevation was 30° to facilitate venous outflow and pro-
hibit ventilator-associated pneumonia. Unconscious patients
(Glasgow Coma Motor Score (GCS M) 1–5) were intubated
and received propofol infusion (Propofol-LipuroB. Braun
Medical AB, Danderyd, Sweden) as sedation and morphine

injections or infusions as analgetics. The sedation was
interrupted repeatedly and neurological wake-up tests were
performed [16]. The patients were initially moderately
hyperventilated (PaCO2 4.0–4.5 kPa) but gradually
normoventilated as early as possible when the intracranial
pressure (ICP) allowed. Extracerebral hematomas and contu-
sions causing significant mass effect were surgically evacuat-
ed except in cases where coagulopathia was resistant to ther-
apy. ICP was monitored in all patients with GCSM 1–5 using
an intraventricular drainage catheter if possible or intracere-
bral probes if the ventricles were compressed.

Treatment goals were as follows: ICP≤20 mmHg, cerebral
perfusion pressure (CPP)≥60 mmHg, systolic blood pressure
>100 mmHg, CVP 0–5 mmHg, pO2>12kPa, blood glucose
5–10mmol/l, electrolytes within normal range, normovolemia
and body temperature<38 °C. Prophylactic anticonvulsants
were not given.

If no mass effect existed, intermittent drainage of small
volumes (approximately 1–2 ml) of cerebrospinal fluid
(CSF) was applied. The reason for not using a continuously
open drainage system early was to maintain control over the
intracranial dynamics and to avoid the development of slit
ventricles and inaccurate ICP readings during the period when
the risk of expanding mass lesions was highest. If the ICP was
controlled by intermittent drainage for a reasonable period of
time (around 1–3 days) without signs of progressive impair-
ment or inadequate ICP registration due to compressed ven-
tricles, the ventricular drainage was kept open and CSF was
drained against a pressure level of 15–20 mmHg. This was
always preceded by a CT-scan to exclude expanding mass
lesions and slit ventricles. If the ICP was increased despite
basal treatment, the following steps were followed:

Step 1a - Continuous sedation and stress reduction

Re-evaluation with the purpose of identifying significant mass
lesions requiring surgery, existing avoidable factors, or inadequate
sedation level. No wake-up tests until stabilization of ICP. Infu-
sion of 0.2–0.3 mg/kg/24 h β1-antagonist Metoprolol (Seloken,
AstraZeneca AB, Södertälje, Sweden) and injections of α2-
agonist Clonidin (Catapresan, BoehingerIngelheim AB, Stock-
holm, Sweden) (0.5–1.0 μg/kg × 8 or the same dose as an infu-
sion) were given to reduce the physiological stress response and
thereby avoid ICP spikes and aggravation of cerebral edema [5].

Step 1b - Barbiturate coma treatment

If previous treatments are insufficient to reduce the increased
ICP, thiopental infusion was used (Pentocur, Abcur AB, Hel-
singborg, Sweden). The infusion was started with a bolus dose
of 4–8 mg/kg given as repeated 50 mg doses until ICP<
20 mmHg or blood pressure became unstable. After this, a
continuous infusion of 5–10 mg/kg/24 h was given for around
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6 h and thereafter 2–5mg/kg/24 h. The lowest possible dose to
keep ICP<20 mmHg was used and burst-suppression on elec-
troencephalogram was not a goal. During this treatment, a
CPP of 50 mmHg was allowed. Thiopental concentrations>
380 μmol/l were avoided.

Step 2 - Decompressive craniectomy

Decompressive craniectomy was advised under the following
conditions: (1) Step 1b was unsuccessful in reducing ICP<
20mmHg; (2) Step 1b caused severe adverse effects; (3) If too
high doses/concentrations of thiopental were needed with risk
of complications.

A hemicraniectomy was done if there was a shift of the
mid-line but no significant mass lesions to remove. Bilateral
frontotemporal craniectomies with sparing of a bone ridge at
the mid-line were done if no shift was present. The ambition
should always be to remove as large bone flaps as possible and
a duraplasty should be performed to ensure adequate
decompression.

Evaluation of outcome

The clinical outcome was assessed after around 6 months by a
selected number of persons using structured telephone interviews
for the extended Glasgow Outcome Scale (EGOS) [17, 18].

Statistical methods

To compare the groups, Pearson’s Chi-square analyses were
used. When comparing differences in gender and outcome,
Yates’ Chi-square was used when expected numbers were less

than 5. A p value<0.05 was considered as a statistically sig-
nificant difference.

Results

Patient characteristics on admission

The age distribution had changed from 1996–1997, showing a
decreasing number of patients with increasing age, to 2008–
2009, which showed a bimodal distribution with the highest
number of patients in the age groups 16–29 years and 60–
79 years (Fig. 1). The proportion of patients>60 years had
increased from 16 to 30 % between those time periods
(p<0.01, Table 1). The distribution in different admission
GCS M grades was similar in the two time periods with the
majority of patients in GCS M 4–5 grade (Fig. 2, Table 1).

In the 1996–1997 period, 73 % (112/154) patients were clas-
sified as diffuse injury I-IV according to the Marshall classifica-
tion [6, 8] compared to 77 % (114/148) in the 2008–2009 period
(NS) (Table 2). Extra-cranial injuries were present in 36% of the
patients in the 1996–1997 period and in 39 % of the patients in
the 2008–2009 period (NS) (Table 1). The most predominating
causes of trauma were motor vehicle accidents in both periods
(29.2 % for 1996–1997 and 29.7 % for 2008–2009) (Table 3).

Surgery

A larger proportion of the patients underwent surgery in the
2008–2009 period compared to the 1996–1996 period (43 %
(64/148) vs. 32 % (49/154), p<0.05) (Table 2). Among pa-
tients classified as evacuated mass lesions and non-evacuated
mass lesions (i.e., all focal mass lesions), 94 % (32/34) of the

Fig. 1 Age distribution by period
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patients were operated on before discharge in 2008–2009
compared to 62 % (26/42) in 1996–1997 (p<0.05) (Table 2).

Clinical outcome

Follow-up of the patients treated in 2008–2009 after
10 months in mean (median, 9, range, 1–28) showed that
45 % had good recovery (GR) (33.8 % higher GR and
10.7 % lower GR), 28 % moderate disability (MD) (16.2 %
higher MD and 11.5 % lower MD), and 16% severe disability
(SD) (6.8 % higher SD and 9.5 % lower SD). No patient was

in a vegetative state (VS). At the time of follow-up, 17 of the
patients (11.5 %) had died. Seven patients had died at the NIC
unit and ten patients had died after discharge from the NIC.
Figure 3 shows the clinical outcome according to GOS in four
time periods. The proportion of patients in GR increased and
the proportion of diseased patients decreased substantially
from 1980 to 1981, 1987 to 1988, and 1996 to 1997, but then
the results did not change significantly to from 2008 to 2009
(Table 1). The patients who died in 1996–1997 had an average
age of 48 years, while the patients who died in 2008–2009 had
an average age of 61 years (Table 5). The proportions of

Table 1 Comparative summary of periods

1980–1981a 1987–1988a 1996–1997b 2008–2009 Chi-square test
(1996–1997 vs. 2008–2009)

Numbers 49 72 154 148

Referrals (%) 75 65 80 82 NS

Mean age, years 37 36 41 45

>60 years (%) 16 18 16 30 p<0.01

GCS M≥4 (%) 40 42 92 93 NS

Epidural hematoma (%) 16 8 9 9 NS

Multiple injuriesc (%) 18 18 36 39 NS

Outcome GCS M 1–6 (%)

Mortality 41 31 6 11 NS

Favorable outcome 34 48 78 74 NS

Outcome GCS M≥4 (%)

Mortality 40 27 2.8 10 p<0.05

Favorable outcome 40 69 84 80 NS

a [19]
b [6]
c Associated chest injury, abdominal injury (requiring surgery), or major fracture (one or more extremity or spinal fracture)
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patients with SD and patients in VS were virtually unchanged
over time (Fig. 3). Patients in higher GCSM on admission had
better outcomes in both periods (Fig. 4, Table 4).

Subgroup analysis showed that mortality had increased in
patients with GCS M 4–6, from 2.8 % in 1996–1997 to 10 %
in 2008–2009 (p<0.05), while the proportion of patients with a
favorable outcome (GR+MD) was not significantly changed
(Table 1).Whenmortality in the 2008–2009 periodwas analyzed

in detail, older patients (60–79 years) had higher mortality
(p<0.001) and lower favorable outcome (p<0.01) (Fig. 5). Fa-
vorable outcome (GR+MD) was seen in 75 % (88/117) of the
men and in 61% (19/31) of the women (NS). Unfavorable (SD+
VS) 13 % (15/117) of the men and in 29 % (9/31) of the women
(NS). Of the men, 12 % died (14/117) and 10 % (3/31) of the
women (NS). The 17 patients treated in 2008–2009 who were
dead at the time of follow-upwere judged to have died as a direct
or indirect consequence of the trauma (Table 5). Aggravating
factors were present in the large majority of the cases, which also
applies to 1996–1997 (Table 5).

For the 2008–2009 period, 12 of the patients who died were
60 years or older. The youngest patient (patient 1) had a trau-
matic vertebrobasilar dissection, which led to severe cerebral
ischemia. Patient 2 was involved in an explosion accident and
arrived to the NIC unit in GCS M grade 2. Patients 3, 4, and 5
all had cancer diagnoses. Patients 6, 7, and 8 all had severe
alcohol abuse. Patient 9 had an acute subdural hematoma diag-
nosed 2 days after the trauma and he was admitted in GCSM 3.
Patients 10, 11, and 12 had large acute subdural hematomas,
whichwere evacuated in their local hospitals on vital indication.
Two of these patients were admitted in GCS M grade 2–3 and
the third was 79 years old. Patients 13 and 14 were found in
GCSM1 at the scene of the accident when the emergency team
arrived and patient 13was also cyanotic. Patient 15was 78 years

Table 2 Initial CT Marshall category and surgery

aDI I diffuse injury I, DI II diffuse injury II, DI III diffuse injury III, DI IV diffuse injury IV, EML evacuated mass lesion, NEML nonevacuated mass
lesion [8]
b [6]

Table 3 Causes of accidents

Cause of accident 1996–1997a

(n/%)
2008–2009
(n/%)

Motor vehicle occupant 45/29.2 44/29.7

Pedestrian 18/11.7 11/7.4

Cyclist 3/1.9 5/3.3

Work 15/9.7 8/5.4

Domestic 7/4.5 19/12.8

Sport 16/10.4 5/3.4

Assault 6/3.9 10/6.8

Fall under the influence of alcohol 35/22.7 27/18.2

Other 7/4.5 18/12.2

Unknown 2/1.3 1/0.7

a [6]
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old and was on Warfarin medication. Patient 16 had chronic
kidney disease and Alzheimer’s disease. Patient 17 was a 72-
year-old patient who underwent multiple operations because of
expansive hygromas and who had coagulase-negative staphy-
lococcus (CoNS) meningitis. One of the patients who died dur-
ing the NIC could be classified as “Talk and die”. This patient
was 78 years old and on Warfarin treatment (patient 15).

Discussion

A substantial successive improvement of outcome after
TBI, have been shown during the development of NIC,

when the periods 1980–1981, 1987–1988 and 1996–
1997 have been compared [19, 6] (Fig. 3). The updated
evaluation of the standardized NIC in Uppsala for the
time period 2008–2009 did not show any significant
changes in clinical outcome overall when the results
were compared with the 1996–1997 period (Fig. 3).
The neurological grade on admission according to the
GCS M score was also virtually the same for the two
periods (Fig. 2). The major observation was that the
proportion of patients>60 years was doubled, which ap-
parently did not influence the overall clinical outcome
substantially despite that the proportion of favorable
outcome was lower and the mortality higher in this
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age group (Fig. 5). When the mortality for the two time
periods was compared for patients in GCS M 4–6, the
mortality was significantly higher during the last period.
An analysis of mortality by year showed that the in-
creased mortality mainly was ascribed to 2009, 14 %
(9/61) compared to 9.2 % (8/87) 2008 and preliminary
analysis of 2010 showed 5.0 % mortality (data not pre-
sented). Therefore, the observed increased mortality for
patients in GCS M 4–6 is probably not an indication
that the quality of NIC has decreased in general but
more probable a temporary increase in mortality 2009,
which appears to be explained by aggravating factors in
the large majority of patients with fatal outcomes
(Table 5). On the contrary, maintaining the large propor-
tion of favorable outcomes despite that the proportion of
patients>60 years with poorer prognosis had increased
may indicate that the quality of NIC rather has in-
creased or at least is unchanged. The observation that
a larger proportion of patients underwent surgery

(Table 2) may indicate that more active surgery may
have contributed to that the large proportion of favor-
able outcome was maintained.

The larger proportion of elderly in the latest evaluated period
was expected. It is well known that the proportion of elderly in
the population is increasing. In Sweden, the proportion of peo-
ple≥65 years old has increased from 13.9 % in 1971 to 17.4 %
in 2011 and is predicted to be 22.8 % in the year 2051 [15].
Furthermore, there is also an increase in the general health and
activity of living among the elderly. Therefore, health-care faces
a tremendous challenge to be able to offer elderly people ade-
quate treatments in the future. We need a better mechanism for
selection of elderly patients possible to treat and also to improve
our understanding of age-specific pathophysiological mecha-
nisms to be able to give the optimal care.

The finding that the results appeared to be virtually un-
changed since the last updated period of 1996–1997 may in-
dicate that the quality of NIC has culminated or is close to
culminating. Therefore, in addition to optimizing the care of
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Table 4 Clinical outcome by admission GCS M grade

GOS GCS M
n (%) 1996–1997/n (%) 2008–2009

6 5 1–4 All

GR 39 (53)/40 (56) 22 (39)/19 (38) 6 (24)/7 (26) 67 (44)/66 (45)

MD 23 (32)/18 (25) 27 (48)/18 (36) 4 (16)/5 (19) 54 (35)/41 (28)

SD 9 (12)/9 (13) 6 (11)/6 (12) 9 (36)/9 (33) 24 (16)/24 (16)

VS 0 (0)/0 (0) 0 (0)/0 (0) 0 (0)/0 (0) 0 (0)/0 (0)

Dead 2 (3)/4 (6) 1 (2)/7 (14) 6 (24)/6 (22) 9 (6)/17 (11)

Total 73 (100)/71 (100) 56 (100)/50 (100) 25 (100)/27 (100) 154 (100)/148 (100)
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elderly TBI patients, new approaches need to be developed
and effective neuroprotective drugs need to be introduced in
order to improve the results further.

Conclusions

A large proportion of favorable outcomes (78 %) was main-
tained despite that the proportion of patients>60 years old
with poorer prognosis was doubled (16 to 30 %), which may

indicate that the quality of NIC rather has increased or at least
is unchanged. More active surgery may have contributed to
that the large proportion of favorable outcomes was main-
tained. For further improvements of the results in the future,
more knowledge about the optimal TBI management for the
elderly is required, as well as an introduction of new ap-
proaches and effective neuroprotective drugs.
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Table 5 Characteristics of patients who died

Patient no. GCS M admission GCS M discharge Age Aggravating factors

2008–2009

1 5 4 19 Vertebrobasilar dissection

2 2 Dc 43 Explosion accident

3 6 6 55 Small cell lung cancer

4 5 6 64 Operated for colon cancer 5 days prior to trauma.
Suspected cerebral metastasis

5 5 4 68 Non-small cell lung cancer, severe heart disease

6 6 6 45 Severe alcohol abuse

7 6 6 60 Alcohol abuse, liver cirrhosis

8 2 D 64 Severe alcohol abuse

9 3 3 62 Large acute subdural hematoma diagnosed 2 days after trauma

10 2 D 64 Acute subdural hematoma evacuated at local hospital before transfer to Uppsala

11 3 D 73 Warfarin, acute subdural hematoma evacuated at local hospital
before being transferred to Uppsala

12 5 D 79 Acute subdural hematoma evacuated at local
hospital before transfer to Uppsala

13 4 4 75 GCS M 1 and cyanotic when EMTa arrived

14 5 6 52 GCS M 1, non-reacting pupils, and systolic BP 90 when EMTa arrived

15 6 D 78 Warfarin

16 5 D 79 Chronic kidney disease, diabetes mellitus 2, Alzheimer's
dementia, and recent myocardial infarct

17 5 6 72 CoNSb meningitis, multiple intracranial surgeries

(Mean 61)

1996–1997d

1 6 D 79 Renal carcinoma, chronic myelogenous leukemia, coagulopathy

2 6 4 57 Myeloma, coagulopathy

3 3 6 60 Mastocytosis, coagulopathy

4 3 4 47 Pneumonia 6 weeks after TBI

5 4 D 22 Septic shock

6 3 D 22 Penetrating heart injury

7 3 D 25 Trunk, spine, and extremity injuries

8 3 D 51

9 3 D 71

(Mean 48)

aEMT emergency medical technician
bCoNS coagulase-negative staphylococci
cD died before discharge
d [6]
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Abstract
Background The increasing number of elderly patients with
traumatic brain injury (TBI) leads to specific neurointensive
care (NIC) challenges. Therefore, elderly subjects with TBI
need to be further studied. In this study we evaluated the
demographics, management and outcome of elderly TBI pa-
tients receiving modern NIC.
Methods Patients referred to our NIC unit between 2008 and
2010 were included. Patients were divided in two age groups,
elderly (E) ≥65 years and younger (Y) 64–15 years.
Parameters studied were the dominant finding on CT scans,
neurological motor skills and consciousness, type of monitor-
ing, neurosurgical procedures/treatments and Glasgow
Outcome Scale Extended score at 6 months after injury.
Results Sixty-two E (22 %) and 222 Y (78 %) patients were
included. Falls were more common in E (81 %) and vehicle
accidents were more common in Y patients (37 %). Acute
subdural hematoma was significantly more common in E
(50 % of cases) compared to Y patients (18 %). Intracranial
pressure was monitored in 44 % of E and 57 % of Y patients.
Evacuation of significant mass lesions was performed more
common in the E group. The NIC mortality was similar in
both groups (4–6 %). Favorable outcome was observed in
72 % of Y and 51 % of E patients. At the time of follow-up
25 % of E and 7 % of Y patients had died.
Conclusions The outcome of elderly patients with TBI was
significantly worse than in younger patients, as expected.
However, as much as 51 % of the elderly patients showed a

favorable outcome after NIC. We believe that these results
encourage modern NIC in elderly patients with TBI. We need
to study how secondary brain injury mechanisms differ in the
older patients and to identify specific outcome predictors for
elderly patients with TBI.

Keywords Traumatic brain injury . Outcome . Elderly .

Neurointensive care . Secondary injury

Introduction

Traumatic brain injury (TBI) is a very complex condition and
particularly demanding to treat. Effective specific pharmaco-
logical patient treatments of the cellular and biochemical in-
jury mechanisms do not exist, but advancements in
neurointensive care have greatly contributed to improved pa-
tient outcomes over the last 20–30 years [8, 20]. Most studies
about TBI-related changes in the intracranial pathophysiology
are based on patients below the age of 65. With the increased
number of elderly in the population [31] with more active
lifestyles, we need better mechanisms to select treatable elder-
ly patients.We also need to improve our understanding of age-
specific pathophysiological changes to give optimal
neurointensive care for every patient.

Elderly patients with TBI are challenging since many older
patients have a high morbidity and mortality rate after surgery
due to age-related physiological changes [34]. However, de-
pending on the severity of the brain injury and premorbid status,
some elderly TBI patients may recover well if they receive
appropriate rehabilitation [12]. Unfortunately, less is known
about age-related pathophysiological changes in TBI, which
could influence the outcome. Recently, it was shown that elder-
ly patients with TBI are more prone to losing vascular autoreg-
ulation control and cerebrovascular pressure reactivity [4]. It is
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reasonable to believe that more individualized patient care,
targeted to age-specific aspects of the cerebral pathophysiology
and individual requirements, would further improve outcomes.
Therefore, the specific aim of this study was to study elderly (E)
patients (≥65 years) with TBI selected for neurointensive care
in comparison with younger (Y) patients (64-15 years) regard-
ing the clinical characteristics and outcome to provide a basis
for further studies of elderly patients.

Materials and methods

Patient selection and data collection

The Department of Neurosurgery at Uppsala University
Hospital, Sweden, has a catchment area of approximately 2
million people. Most trauma patients are initially managed at
local hospitals according to the ATLS concept and then trans-
ferred to our unit [10]. The study included 284 patients treated
at the Uppsala University Hospital NIC unit from 2008 to
2010. Data were obtained from the Uppsala TBI register
(www.ucr.uu.se/tbi) [27]. The register contains admission
data including demographics, e.g., the mechanism of injury
and injury classification. Some specific aggravating
preconditions are sought, for example, previous brain
disease/injury, diabetes mellitus, cardiovascular disease,
alcohol overuse or ongoing anticoagulation therapy. The
data from the NIC period include surgery, monitoring data,
if and how long the patient was intubated, complications and
the neurological condition at discharge. The register also
includes 6-month outcome follow-up using the Glasgow
Outcome Scale Extended (GOSE) score [40]. Specially
trained nurses interview the patients by phone using a standard
questionnaire. The GOSE score is used to categorize out-
comes into three categories: favorable (good recovery,
higher/lower; moderate disability, higher/lower), unfavorable
(severe disability, higher/lower; vegetative) and death.

In this study, we divided the results into two age groups, E ≥65
years and Y 64–15 years. Neurological motor skills and con-
sciousness were assessed according to the Reaction Level Scale
(RLS) [27, 33] and GlasgowComa ScaleMotor (GCSM) scores
[39] at admission and discharge from theNIC [27]. The dominant
finding on the CT scans was used to categorize the TBI.

Standardized management

The patients were cared for according to standardized manage-
ment protocols based on good laboratory practice (GLP) princi-
ples focusing on avoiding secondary insults [8]. Table 1 shows
the target parameters used. Unconscious patients (RLS≥3b or
GCS-M ≤5) were intubated and initially mildly hyperventilated
(pCO2 4.0–4.5 kPa). The intracranial pressure (ICP) and cerebral
perfusion pressure (CPP) were continuously monitored in

patients who were unconscious (RLS≥3b or GCS-M ≤5) or in
situations where there was great risk of developing high intracra-
nial pressure. The ventilation was gradually changed to
normoventilation under strict surveillance of the ICP. Propofol
and morphine were routinely given for sedation and analgesia.
Normovolemic circulation and sufficient colloid osmotic pres-
sure were aimed for. Infusion of 20 % albumin was commonly
used to treat hypovolemia/hypotension. Fever was treated with
paracetamol, a cooling blanket or chlorpromazine. Lesions (con-
tusions and extracerebral hematomas) with significant mass ef-
fect were evacuated. In situations of increased ICP despite basic
NIC treatment and if no mass lesion was present, the CSF was
drained. If CSF drainage was not sufficient to reduce the ICP, a
thiopental infusion was started. Finally, if the ICP was still re-
fractory, a decompressive craniectomy was performed [8].

Data analysis and statistics

Data were analyzed using Microsoft Excel 2007® commercial
software (Redmond,WA,USA), Statistica® (Statsoft, Tulsa, OK,
USA) and SPSS® (Armonk, NY, USA). A T-test was used to
compare normally distributed values. In nonparametric values
(i.e., RLS, GCS-M, GOSE), the p-value was calculated using
the Mann-Whitney U test for independent data and Wilcoxon
test for dependent variables. Proportional numbers were assessed
with the chi2-test to test for significant differences. Parametric
data are presented as means ± standard deviation.
Nonparametric data are presented as median and quartile range.

Results

Demographics

Of the 284 patients included, 62 (22 %) were E and 222
(78 %) were Y. The mean age of the E group was 73 (±6)

Table 1 Target parameters for the neurointensive care of patients with
TBI at our NIC. ICP, intracranial pressure; CPP, cerebral perfusion
pressure; CVP, central venous pressure; pCO2, partial pressure of
arterial carbon dioxide; pO2, partial pressure of arterial oxygen; SaO2,
saturation of hemoglobin-binding sites in the bloodstream occupied by
oxygen

Parameters Goal

ICP ≤20 mmHg

CPP ≥60 mmHg

Systolic blood pressure ≥100 mmHg

CVP 0–5 mmHg

pCO2 4.0–4.5 kPa

pO2 ≥12 kPa
SaO2 ≥96 %

Temperature ≤38 C
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years and of the Y group 39 (±16) years (p<0.005). In the
older group 64 % were males and 36 % females. In the
younger group, 84 % were males and 16 % females. The
difference in the proportion of males and females in each
age group was significant (p<0.05) (Table 2). For details
regarding the medical history, accident mechanism and CT
findings, see Table 2. In short, diabetes mellitus,
preexisting cardiovascular disease (CVD) or/and hyperten-
sion and preinjury use of anticoagulants were statistically
more common in the E group (p<0.05). Falls were more
common in E (81 %, n=50) compared to Y patients (36 %,

n=79) (p<0.005), and vehicle accidents were significantly
more common in the Y (37 %, n=83) compared to E group
(5 %, n=3) (p<0.05). Acute subdural hematoma (ASDH)
was significantly more common in E (50 %, n=31) com-
pared to Y patients (18 %, n=40) (p<0.001). Diffuse axo-
nal injury (DAI), epidural hematoma (EDH) and mixed
type of injury were significantly more frequent in the Y
group (Table 2).

In the E group, 69 % presented with other injuries com-
pared to 88 % in the Y group (p<0.005) (Table 2). The pre-
dominant injury in the Y patients was thoracic (including rib
fractures), occurring in 61 patients. Spinal cord injury was
only seen in two Ypatients and in no E patients. No E patients
suffered from extensive bleeding, while 13 Y patients were
initially circulatory instable due to massive hemorrhage.

RLS and GCS M scores at admission

The median RLS value was 3.5 (2.0–4.0) equally in the older
and younger group. Themedian GCSMvalue was 5 (5.0–6.0)
in both groups (Table 3).

NIC

Length of stay, ICP monitoring and length of artificial
ventilation

The mean length of stay (LOS) in the E group was 12 (±13)
days and in the Y group was 11 (±10) days (n.s.) (Table 4). A
total of 154 patients [44 % of E and 57 % of Y patients (p=
0.056)] received intracranial pressure monitoring
(intraparenchymatous pressure monitoring and/or intraven-
tricular drainage) (Table 4). The majority of patients in both
the E and Y groups (approximately 76 %, respectively) were
treated with a ventilator (Table 4). The mean duration of ven-
tilator treatment was insignificantly higher among Y patients
(mean 8 days) compared to E (mean 6 days) (Table 4).

Table 2 Demographic data from the included patients. P-values were
calculated by comparing E with Ypatients. CVD, cardiovascular disease;
ASDH, acute subdural hematoma; tSAH, traumatic subarachnoid
hemorrhage; mixed, mixed type of injury; EDH, epidural hematoma;
DAI, diffuse axonal injury. Some patients were not included in the
analysis because of unknown data regarding previous brain injury (3 E),
diabetes mellitus (6 E and 13 Y), hypertension (8 E and 14 Y),
anticoagulation (8 E and 12 Y) and etylism (7 E and 24 Y)

Elderly (E) Younger (Y)
N (%) N (%) p-value

No. of patients 62 (22) 222 (78)

Gender

Male 40 (64) 186 (84) p<0.05

Female 22 (36) 36 (16) p<0.05

Medical history

Previous brain injury 12 (20) 27 (13) n.s.

Diabetes mellitus 9 (16) 9 (4) p<0.05

Hypertension/CVD 28 (52) 21 (10) p<0.001

Anticoagulants 25 (46) 12 (6) p<0.001

Etylism 12 (22) 37 (19) n.s.

Accident mechanism

Bicycle accident 0 (0) 10 (4) n.s.

Fall accident 50 (81) 79 (36) p<0.005

Vehicle accident 3 (5) 83 (37) p<0.05

Pedestrian hit by vehicle 3 (5) 8 (4) n.s.

Assault 2 (3) 14 (6) n.s.

Sports injury 1 (2) 9 (4) n.s.

Other 3 (5) 19 (9) n.s.

CT findings

ASDH 31 (50) 40 (18) p<0.001

Contusions 19 (31) 78 (35) n.s.

tSAH 4 (6) 18 (8) n.s.

Mixed 4 (6) 28 (13) p<0.001

EDH 0 (0) 20 (9) p<0.05

Impression fracture 1 (2) 7 (3) n.s.

Other 3 (5) 3 (1) n.s.

DAI 0 (0) 26 (12) p<0.05

Normal 0 (0) 3 (1) n.s.

Other injuries 43 (69) 196 (88) p<0.005

Table 3 Neurological score at admission and discharge. NIC mortality
in numbers and percentage. RLS, reaction level scale [33]; GCS M,
Glasgow coma score Motor [39]; NIC, neurointensive care

Elderly Younger

Median Quartile Median Quartile p-value

RLS admission 3.5 2.0–4.0 3.5 2.0–4.0 n.s.

GCS-M admission 5.0 5.0–6.0 5.0 5.0–6.0 n.s.

RLS discharge 2.0 2.0–3.5 2.0 1.0–2.0 p<0.05

GCS-M discharge 6.0 5.0–6.0 6.0 6.0–6.0 p=0.09
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Neurosurgery

Ninety-two of the patients underwent a craniotomy because of
mass lesions: 47% (n=29) of E and 28% (n=63) of Ypatients
(p<0.001) (Table 4). The type of injury leading to surgery
differed between E and Y patients (Table 4). Six percent (n=
4) of E and 8 % (n=17) of Ypatients underwent acute surgery
because of a life-threatening mass lesion at a local hospital
before admission to the NIC unit (n.s.) (Table 4).

Thiopental treatment

None of E vs. 10 % (n=21) of Y patients received thiopental
treatment because of refractory high ICP (p<0.005) (Table 4).
The mean duration of thiopental treatment was about 6 days
(Table 4).

Meningitis

In the E group, 2 % (n=1) suffered from meningitis with a
positive bacterial culture, which was similar to the Y group
(2 %, n=5).

Outcome

Neurological grade at discharge and NIC mortality

At discharge, the median RLS at discharge was 2 and median
GCS M was 6 in both the E and Y groups (Table 3). The

mortality rate in E patients during NIC was 6 % (n=4); all
died of circulatory arrest. The Y group had 4 % (n=10) NIC
mortality (Table 4). Four of the Y patients died because of
circulatory arrest, and the six remaining patients died as a
result of total brain infarction.

Change in the RLS and GCS M scores during NIC

During the NIC period, the percentage of patients who talked
at admission (RLS 1–2) and later deteriorated (RLS ≥3 at
discharge) was 5 % (n=3) in the E and zero in the Y group
(p<0.05). Moreover, 29% (n=18) of E and 41% (n=92) of Y
patients (p<0.05) improved in consciousness from being in a
more severe state (RLS≥3) to RLS 1–2 (talkative) at NIC
discharge (substantial recovery).

Six-month GOSE

Seventy-two percent (n=152) of Y patients had favorable 6-
month outcomes vs. 51 % (n=28) of E patients (p<0.05)
(Fig. 1). The mortality at follow-up was 25 % (n=14) in the
E and 7 % (n=15) in the Y group (p<0.05) (Fig. 1). The
proportion of favorable outcome declined in combination with
increased mortality with increasing age (Fig. 2).

Outcome after surgery

The clinical outcomes after surgery for different types of in-
jury are presented in Table 5. Overall, after surgery (i.e., cra-
niotomy because of a mass lesion) favorable outcome in the E
group was 22 % (n=6) compared to 61 % (n=35) in the Y
group (p<0.05) (Table 5). The proportion of unfavorable out-
comes and mortality was higher in the E compared to the
younger group (Table 5). Subgroup analysis showed that 16
E and 36 Ypatients who were awake (RLS 1–3) at admission
were subsequently operated on because of a mass lesion
(Table 6). Moreover, 11 E and 21 Ypatients who were uncon-
scious (RLS 4–8) at admission underwent craniotomy
(Table 6). Among the E patients who were unconscious at
admission and operated on, 18 % had a favorable outcome,
whereas approximately 82% had a poor outcome (Table 6). In
the group with awake E patients at admission, the proportion
of favorable outcomes after surgery was 25% (Table 6). There
was no significant difference in outcome after surgery in the E
group between unconscious and conscious patients. It is nota-
ble that even in the worse group (RLS 4–8) some E patients
had a favorable outcome after surgery (18 %, n=2)(Table 6).
In the Y group, 27 (74 %) patients who were awake at admis-
sion to the NIC had favorable outcomes, resulting in 26 %
with poor outcomes in this group (Table 6). The mortality rate
was 24 % in the most severe cases (RLS 4–8 at admission).
The proportion of favorable outcomes was 38 % in this severe
group (p<0.05) (Table 6).

Table 4 Numbers and percentage of different treatments during NIC.
P-values were calculated by comparing E patients with Y. ICP,
intracranial pressure; ASDH, acute subdural hematoma; EDH, epidural
hematoma. In some cases, operations were done for several indications
(e.g., evacuation of both extracerebral hematoma and contusions).
Therefore, the sum of surgeries for each diagnosis category exceeds the
total number of craniotomies and number of patients

Elderly Younger
N (%) N (%) p-value

Mean LOS 12 days 11 days n.s.

Mechanical ventilation 47 (76) 168 (76) n.s.

Mean LOV 6 days 8 days n.s.

ICP monitoring 27 (44) 127 (57) p=0.056

Craniotomy 29 (47) 63 (28) p<0.01

ASDH 25 (40) 25 (11) p<0.001

EDH 0 18 (8) p<0.001

Contusions 6 (9) 18 (8) n.s.

Hemicraniectomy 1 (2) 17 (8) p=0.07

Thiopental treatment 0 21 (10) p<0.005

Mean duration 6 days

Surgery at local hospital 4 (6) 17 (8) n.s.

NIC mortality 4 (6) 10 (4) n.s.
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Discussion

The number of elderly people in society is increasing along
with more active lifestyles. The incidence of TBI in the elderly
has doubled the last 18 years [29]. In our previous TBI mate-
rial the proportion of elderly patients >60 years was 16 % [8]
compared to 22% in the present study (>65 years). It is known
that elderly patients with TBI fare far worse than younger
patients [2, 3, 5, 13, 15, 16, 18, 23–25, 32, 35, 38, 42, 43].
However, to our knowledge there are only a few recent papers
describing the results after neurointensive care of the current
status [13, 24, 35]. The increasing number of elderly patients
with TBI leads to difficult considerations regarding

optimizing and individualizing patient care as well as reflec-
tions on quality of life in elderly TBI patients. Therefore, it is
very important to increase our knowledge regarding elderly
patients with TBI. In this article, we aimed to evaluate the
demographics, management and outcome of elderly TBI pa-
tients receiving modern NIC as a starting point for further
analysis of elderly patients with TBI. Our main findings con-
firmed the results of previous studies showing that the out-
come of elderly patients with TBI is significantly worse than
in the younger population. It was however notable that 51 %
of the elderly had a favorable outcome. Furthermore, elderly
patients undergoing a craniotomy because of an extracerebral
hematoma with mass effect generally have a poor prognosis.
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However, some have a favorable outcome even if they are
unconscious preoperatively. We will discuss the results in
detail.

Pre-NIC factors

A main question is whether the poorer results in the elderly
after TBI are due to the brain injury or to an overall age-
related weakness and premorbid status leading to a more
complicated medical state. In our study, 20 % of the E
population compared to 13 % in the Y group suffered from

previous brain injury/disease (n.s.). We found a significant
difference between the rates of preexisting diabetes
mellitus (16 % of E and 4 % of Y patients). Diabetes
mellitus leads to various systemic complications (e.g.,
chronic inflammation [26]), which may have adverse ef-
fects on secondary brain injury. Nearly half of the elderly
suffered from CVD/hypertension or were treated with an-
ticoagulants. This finding differed significantly from the
younger group (10 % suffered from CVD/hypertension
and 5 % were treated with anticoagulants). Preexisting an-
ticoagulant treatment has been associated with worsened
outcome [19, 22]. Therefore, it is clear that several un-
avoidable factors exist in the elderly such as preexisting
brain pathology, chronic inflammation/diabetes mellitus
and coagulopathy, reasonably contributing to increased
secondary brain injury and poorer outcomes.

In our study the most frequent injury mechanism in the
elderly was falls (in 81 %), whereas in the younger group
motor vehicle accidents were the most frequent (in 37 %).
These results are similar to what others have published [11,
17, 24, 36]. There are several reasons why fall accidents
among the elderly are more common, such as age-related
muscle weakness, inappropriate medication, insufficient
physiotherapy, orthostatic hypotension, vertigo, diabetes
mellitus, poor vision and unsuitable home environments,
to mention a few [6, 28]. In our article, half of the elderly
group suffered from ASDH, a significantly larger propor-
tion than in the younger group where DAI, EDH and mixed
type of injury occurred more commonly. This injury distri-
bution is in line with other studies [15, 35, 41] and may be
explained by the injury mechanism. The increased risk of
ASDH in the elderly due to reduced brain volume cannot
be influenced. However, some causes of falls in the elderly
could reasonably be prevented by improved medical care
and living environments for the elderly. Organized training
programs for the elderly are also currently receiving much
attention [7].

The RLS and GCS-M at NIC admission did not differ
between the older and younger group. The RLS and GSC-
M were 3.5 and 5, respectively, in both age groups. These
results are consistent with studies showing similar admis-
sion GCS scores between age groups [43]. However, in a
recent study elderly patients had better GCS scores than
younger TBI patients with similar TBI severity [30], sug-
gesting that the brain injury could be worse in older pa-
tients with similar GCS scores as younger patients. This
means that if the neurological scores at admission are equal
between the age groups, the elderly could still have a more
extensive brain injury. This effect is likely due to the fact
that both the RLS and GCS scales are primarily conscious-
ness scales and that elderly patients with reduced brain size
can harbor a larger or more widespread injury before de-
veloping decreased consciousness due to a mass effect.

Table 5 Six-month GOSE outcomes in patients operated on with
craniotomy because of significant mass lesions. GOSE parameters are
stratified into favorable (good recovery, higher/lower; moderate
disability, higher/lower) unfavorable (severe disability, higher/lower;
vegetative) and death. P-values were calculated by comparing E and Y
patients. ASDH, acute subdural hematoma; EDH, epidural hematoma

Elderly Younger
Surgery N (%) N (%) p-value

ASDH Favorable 5 (21) 12 (57) n.s.

Unfavorable 10 (42) 4 (19) n.s.

Death 9 (37) 5 (24) p<0.05

EDH Favorable 0 14 (82)

Unfavorable 0 2 (12)

Death 0 1 (6)

Contusions Favorable 2 (40) 9 (56) n.s.

Unfavorable 1 (20) 4 (25) n.s.

Death 2 (40) 3 (19) n.s.

Hemicraniectomy Favorable 0 9 (60)

Unfavorable 0 5 (33)

Death 1 (100) 1 (7)

All Favorable 6 (22) 35 (61) p<0.05

Unfavorable 11 (41) 15 (27) n.s.

Death 10 (37) 7 (12) p<0.005

Table 6 Six-month GOSE outcome in patients after craniotomy
divided by neurological status at admission. RLS 1–3 (awake) and RLS
4–8 (unconscious). P-values reflect differences between patients in the
RLS 1–3 and RLS 4–8 groups

Admission RLS: RLS 1–3 RLS 4–8

Outcome N (%) N (%) p-value

Elderly Favorable 4 (25) 2 (18) n.s.

Unfavorable 6 (38) 5 (45) n.s.

Dead 6 (38) 4 (36) n.s.

Younger Favorable 27 (74) 8 (38) p<0.05

Unfavorable 7 (21) 8 (38) n.s.

Dead 2 (5) 5 (24) p<0.05
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NIC

In our study, elderly and younger patients had a similar
LOS in our NIC unit (approximately 11–12 days in both
groups). Likewise, there were no significant differences in
terms of ventilator treatment (occurring in 76 % of both
groups), duration of ventilator treatment (6–8 days both
groups) and NIC mortality rate (4–6 %). These findings
are in line with other reports [12]. Ventilator treatment
should not be restricted for older patients when an indi-
cation appears [9]. Our results confirm that we did not
withhold ventilator treatment from the elderly if needed.
However, artificial ventilation in the elderly is associated
with a higher risk of side effects, such as the development
of critical illness polyneuropathy, which could have a
large effect on the outcome [14]. Further studies need to
clarify the extent of this complication in our material.

The intracranial pressure was monitored in 44 % of E
and 57 % of Y patients (n.s.). We have previously shown
a strong compliance (79 %) with the standardized man-
agement protocols recommending that all unconscious
patients not responding to commands (i.e., RLS>3a and
GCS-M ≤5) should have ICP monitoring [1]. When we
investigated the reasons for not monitoring the ICP in
cases where it was indicated according to the protocol,
reasonable explanations were found, e.g., coagulopathy
[27]. Therefore, we believe we did not withhold ICP
monitoring in elderly patients simply because of age.
Other centers have published 47 % compliance with the
Brain Trauma Foundation ICP monitoring guidelines
[37]; we therefore consider our results regarding ICP
monitoring guideline compliance satisfactory. Further
studies need to address the differences between the num-
ber of secondary insults between elderly and younger
patients during NIC.

Six-month outcome

We found that the overall mortality was significantly dif-
ferent between the age groups, i.e, 25 % and 7 % in the E
and Y group, respectively (p<0.05). Favorable outcome
was seen in 72 % of the Y and 51 % of the E group at 6
months. We also observed a clear graphical trend of an
age-related decrease in favorable outcome after 40 years
of age (Fig. 2).

Even if the mortality was clearly higher in the elderly, we
believe that a 51 % favorable 6-month outcome in the elderly
group is a good result compared to previously published re-
sults showing favorable outcomes in the elderly in only 7.9 %,
23 % and 32.2 % [13, 16, 21]. For those aged >65 years,
mortality was over 50 % and unfavorable outcome 74–90 %
in other studies [2, 5, 13, 15, 16, 18, 42].

Surgery

A key question is whether older patients benefit from surgical
evacuation of mass lesions. In our study, 93 of all patients
underwent a craniotomy because of a significant mass lesion:
47 % (n=29) of the elderly and 28 % (n=63) of younger group
(p<0.001). Themajority of the younger patients who underwent
craniotomy had a favorable outcome (61%). This stood in sharp
contrast to the older patients, with favorable outcomes in 22 %.
We found no significant difference in the outcome after surgery
in the older patients when comparing whether they were awake
or unconscious before surgery (25 vs. 18 % favorable outcome,
respectively, Table 6). Thus, the consciousness level at admis-
sion does not solely define the functional outcome in the elderly,
meaning that the elderly do not die because of the severity of the
initial brain injury per se. This is opposed to what is seen in
younger patients. A majority of the younger patients (74 %)
who were awake at admission had favorable outcomes after
surgery, and only 5 % of them died. The mortality rate in the
unconscious group was significantly higher (24 %). Likewise,
the rate of favorable outcome after surgery in the younger pa-
tients with RLS 4–8 at admissionwas significantly lower than in
awake patients (38 % vs. 74 %, p<0.05).

Given that the chance of favorable outcome is significantly
lower in the elderly, it would be desirable to have better
methods for more accurate prognostic prediction to select pa-
tients for meaningful surgical intervention.

Limitations of the study

This study obviously contains several limitations that need to
be addressed in the future. To mention a few, we only studied
patients admitted to our department. From clinical practice we
know that patients of high age with severe TBI tend not to be
transferred but instead treated conservatively at a local hospi-
tal. Thus, there may be a selection bias between younger and
older patients that could have had an impact on the relatively
good outcome ratio in the elderly group. Another important
factor regards the characteristics decisive for each outcome
category. We need to determine the common denominator
for patients doing worse but also for elderly patients doing
well despite an initial low GCS.

Concluding remarks

Although the elderly did far worse than younger patients after
TBI, as many as 51 % had a favorable outcome with modern
NIC. In the elderly, the outcome after surgery did not differ
significantly between patients who were awake or uncon-
scious preoperatively, indicating that it is not solely the prima-
ry brain injury per se that limits the outcome in the elderly.
Instead, it is more likely that it is the primary and secondary
brain injury in combination with other contributing factors
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associated with increased age, such as general weakening, use
of anticoagulants and increased risk of complications, that
determines the clinical outcome. We believe that age by itself
should not be a reason for withholding treatment in elderly
patients with TBI. To further improve the management of
elderly patients with TBI we need better instruments for pa-
tient selection for active treatment and withdrawal of NIC.We
also will need to advance targeted individualized NIC in the
elderly and to improve the overall rehabilitative care after the
NIC period. This article is an initial study preparing for such
following investigations of the pathophysiology in elderly pa-
tients with TBI. This is urgent because of the quickly increas-
ing proportion of active elderly people in the population.
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Abstract
Background The probability of favorable outcome after traumatic brain injury (TBI) decreases with age. Elderly, ≥ 60 years, are
an increasing part of our population. Recent studies have shown an increase of favorable outcome in elderly over time. However,
the optimal patient selection and neurointensive care (NIC) treatments may differ in the elderly and the young. The aims of this
study were to examine outcome in a larger group of elderly TBI patients receiving NIC and to identify demographic and treatment
related prognostic factors.
Methods Patients with TBI ≥ 60 years receiving NIC at our department between 2008 and 2014 were included. Demographics,
co-morbidity, admission characteristics, and type of treatments were collected. Clinical outcome at around 6 months was
assessed. Potential prognostic factors were included in univariate and multivariate regression analysis with favorable outcome
as dependent variable.
Results Two hundred twenty patients with mean age 70 years (median 69; range 60–87) were studied. Overall, favorable
outcome was 46% (Extended Glasgow Outcome Scale (GOSE) 5–8), unfavorable outcome 27% (GOSE 2–4), and mortality
27% (GOSE 1). Significant independent negative prognostic variables were high age (p < 0.05), multiple injuries (p < 0.05), GCS
M ≤ 3 on admission (p < 0.05), and mechanical ventilation (p < 0.001).
Conclusions Overall, the elderly TBI patients > 60 years receiving modern NIC in this study had a fair chance of favorable
outcome without large risks for severe deficits and vegetative state, also in patients over 75 years of age. High age, multiple
injuries, GCS M ≤ 3 on admission, and mechanical ventilation proved to be independent negative prognostic factors. The results
underline that a selected group of elderly with TBI should have access to NIC.
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Introduction

Outcome after traumatic brain injury (TBI) has improved over
time with the development of neurointensive care (NIC) [3, 4,
9, 10, 26, 27, 30, 48] despite the fact that favorable outcome
decreases with increasing age [16, 21, 28, 29, 38, 44], and
there is an increasing proportion of elderly in the TBI popu-
lation [17, 19, 33, 34]. The United Nations reports that the
population aged 60 or older is growing faster than all the
younger age groups and expects the number of persons over
60 years to be more than doubled by 2050 [46]. Elderly are
prone to trauma from falls. One third of every person above
60 years and every other person above 80 years have a falling
accident every year [23]. The management of elderly patients
with traumatic head injury constitutes a tremendous challenge
in the future. An updated periodic evaluation of NIC of TBI
patients made by us showed substantial increase of the pro-
portion of patients > 60 years treated from 16 to 30% between
1996–1997 and 2008–2009 [22]. Furthermore, when clinical
outcome was evaluated in the elderly TBI patients who re-
ceived NIC, 51% of patients age ≥ 65 had favorable outcome
[28]. Those relatively favorable results indicate that elderly
patients with TBI should not be excluded from NIC.
However, the optimal patient selection and most beneficial
treatments may differ in the elderly and the young. Elderly
patients have comorbidities to a higher degree, are more likely
to use anticoagulants, and respond less well to rehabilitation
[5]. Therefore, it is important to gain more knowledge about
elderly TBI patients. The aims of this study were to examine
outcome in a larger group of elderly TBI patients receiving
NIC and to identify demographic- and treatment-related prog-
nostic factors specifically in the elderly.

Material and methods

Referral of patients

The Department of Neurosurgery at the Uppsala University
Hospital in Sweden provides highly specialized NIC for a
population of approximately 2 million people living in the
central part of Sweden. Patients arriving at local hospitals
are stabilized according to the ATLS principles and then re-
ferred to Uppsala for tertiary care (the most distant local hos-
pital 382 km away) [11].

Patient selection and data collection

Information about clinical characteristics, management, and
clinical outcome are recorded for all TBI patients treated at
the NIC unit in Uppsala in the Uppsala Traumatic Brain Injury
register [31].TBI patients ≥ 60 years of age registered between
2008 and 2014 were eligible for the study. In total, 249

patients were identified. After exclusion of 29 elderly patients,
220 remained to be the studied. The patients were excluded
for the following reason: patients admitted to the NIC unit ≥
5 days after the trauma (n = 10), or treated successfully at the
NIC unit within 24 h (n = 6); patients with both pupils wide
and non-reacting on arrival at the NIC unit (n = 4) (i.e., pa-
tients with an obvious predestined fatal clinical course [1, 7]);
patients with gunshot wound to the head (n = 1); patients lost
to follow-up (n = 8).

Data studied

The following parameters were studied: primary or secondary
transfer, sex, age, cause of trauma, multiple injuries, trauma
under influence of drugs/alcohol, acute surgery before arrival,
GCS on admission, medical history (brain injury/disease, pre-
vious traumatic brain injury, diabetes mellitus, hypertension/
cardiovascular disease (CVD), antithrombotic drugs
(subgrouped by antiplatelet, warfarin, non-vitamin K antago-
nist oral anticoagulants (NOAC), and low molecular weight
heparin (LMWH)), and ethylism), craniotomy, cause of crani-
otomy, decompressive hemicraniectomy, intracranial pressure
(ICP) monitoring, mechanical ventilation, and NIC mortality.

Radiology

The computed tomography (CT) scans from the admission
were classified retrospectively according to Marshall
Classification [25] by one of the authors (S.L.).

Neurointensive care

All patients were treated according to the standardized esca-
lated management protocol, described in detail earlier [10],
and summarized below:

Basal treatment All unconscious patients (Glasgow Coma
Scale motor response (GCS M) ≤ 5) are intubated and me-
chanically ventilated. Intubated patients are moderately
hyperventilated (PaCO2 4.0–4.5 kPa) on admission with the
aim of normoventilation as soon as possible when ICP allows.
Propofol (Propofol-LipuroB; Braun Medical, Danderyd,
Sweden) is used for sedation and morphine for analgesia.
ICP is monitored in unconscious patients using an external
ventricular drain (EVD) or an intraparenchymal pressure
probe. When EVD is used, ICP is measured with the pressure
dome at the level of the lateral ventricles. Arterial blood pres-
sure is measured with the pressure dome at heart level.
Patients are positioned in bed with 30° head elevation to fa-
cilitate venous outflow. Clinical neurological status is moni-
tored using frequent wake-up tests. Lesions causing signifi-
cant mass effect, extracerebral hematomas or contusions, are
surgically evacuated except when coagulopathy is resistant to
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therapy. Prophylactic anticonvulsants are not used.
Thromboprophylaxis are used when the risk for new intracra-
nial bleedings are deemed low and continued until patients
have been mobilized. Treatment goals are as follows: ICP <
20 mmHg, cerebral perfusion pressure (CPP) > 60 mmHg, sys-
tolic blood pressure (SBP) > 100 mmHg, central venous pres-
sure (CVP) 0–5 cm H20, pO2 > 12 kPa, blood glucose 5–
10 mmol/L, electrolytes within normal range, normovolemia,
and body temperature < 38 °C. If ICP is increased > 20 mmHg
without mass lesions, intermittent cerebrospinal fluid (CSF)
drainage of small volumes (1–2 ml) are used during the early
period when there are risks of expanding hematomas and brain
swelling. Later, CSF is drained using an open system against a
pressure level of 15–20 mmHg if needed.

Step 1A In case of persisting ICP problems, the treatment is
escalated to Step 1A with no wake-up test. This entails con-
tinuous sedation with propofol and stress reduction with β1-
antagonist metoprolol (Seloken®, AstraZeneca AB
Södertälje, Sweden) (0.2–0.3 mg/kg/24 h as an infusion) and
α2-agonist clonidin (Catapresan®, BoehingerIngelheim AB
Stockholm Sweden) (0.5–1.0 μg/kg × 8 or the same dose as
an infusion).

Step 1B When the ICP problems continue, barbiturate coma
treatment with infusion of thiopental (Pentocur, Abcur AB,
Helsingborg, Sweden) is initiated provided that there is no
shift of the midline. Bolus dose of 4–8 mg/kg is given as
repeated 50 mg injections until ICP is < 20 mmHg followed
by an infusion of 5–10 mg/kg/h for 6 h and thereafter 2–
5mg/kg/h as required to control ICP. The lowest possible dose
is used to keep ICP < 20 mmHg and burst-suppression on
electroencephalogram (EEG) is not the goal. During this treat-
ment, a CPP as low as 50 mmHg is allowed. Thiopental
concentration > 380 μmol/L is avoided. Because of the high
risk of severe side effects with barbiturate coma treatment in
elderly, this therapy was only exceptionally escalated to this
step in old patients.

Step 2Decompressive craniectomy [42] is used when Step 1B
is insufficient to reduce ICP or when adverse effects of the
thiopental treatment are observed. Bi-fronto-temporal
craniectomies are done, sparing the bone ridge in the midline
when there are no mass lesions. When there is a shift of the
midline and no localized mass lesions to evacuate, a
hemicraniectomy is done.

Evaluation of outcome

Clinical outcome was assessed after around 6 months using
structured telephone interviews for the Extended Glasgow
Outcome Scale (GOSE) [39, 43]. The interview was done
by a few selected persons.

The outcome was categorized in favorable (GOSE 5–8),
unfavorable (GOSE 2–4), and dead (GOSE 1).

Statistical methods

To compare different age groups, Pearson’s Chi-squared test was
used. Patients and treatment factors were analyzed using univar-
iate logistic regression. Multivariate logistic regression analysis
was performed with favorable outcome (GOSE 5–8) as depen-
dent variable. Admission variables were included as explanatory
variables, and admission together with treatment variables was
also analyzed. All explanatory variables were dichotomized ex-
cept age. IBM SPSS Statistics for Windows was used.

Results

Age distribution

The mean age of the 220 patients was 70 years (median 69;
range 60–87). The age distribution showed that most of the
patients were between 60 and 75 years (Fig. 1).

Patient characteristics on admission

The patient characteristics are presented in Table 1 for all
patients > 60 years old, for patients 60–74 years old, and for
patients 75–89 years old. There were 170 patients 60–74 years
old and 50 patients 75–89 years old. There was no significant
difference in sex between the two age groups. The most com-
mon cause of trauma was falls which occurred in 77% of all
cases (170 patients). There was no significant difference be-
tween the two age groups. In both age groups, around 90% of
the patients were admitted in GCS M ≥ 4. Multiple injuries
were found in 25% of the 60–74-year-old patients and in
10% of the 75–89 years old (p < 0.05). Trauma under the
influence of alcohol was almost 5 times as common in the
60–74-year-old patients compared to the older patients, 26%
vs 6%, respectively, (p < 0.01).

Overall, the most common type of injury dominating TBI
was acute subdural hematoma (ASDH; 43%) followed by
contusions (29%). In the 60–74-year-old group, contusions
were the dominating injury type, and occurred in 35% of the
patients, compared to 10% in the 75–89-year-old group
(p < 0.001). In the 75–89-year-old group, the dominating in-
jury type was ASDH, occurring in 76% of the patients com-
pared to 34% in the 60–74 years old (p < 0.01) (Table 1).

When the initial CT scans were classified according to
Marshall Classification (Table 1), diffuse injury II was the most
common class with 41% in patients 60–74 years old and 22% in
patients 75–89 years old (p < 0.05). Evacuated mass lesion was
the most common Marshall Classification in patients 75–
89 years old and occurred in 40% of those patients.
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Regarding the medical history (Table 1), 54% of all elderly
had hypertension/CVD and 37% used antithrombotic drugs.
One fifth of all 220 patients (20%) had a history of previous
brain injury/disease before the trauma, but only 4% of those
were a previous TBI. Among patients 60–74 years old, 48%
had hypertension/CVD in the medical history compared to
72% in patients 75–89 years old (p < 0.01). Antithrombotic
drugs were almost twice as common in 75–89-year-old pa-
tients compared to 60–74-year-old patients, 62% and 30%,
respectively (p < 0.001). Looking at the specific antithrombot-
ic drugs, warfarin was four times as common in 75–89-year-
old patients compared to patients 60–74 years old; 42% vs
8%. Among patients 60–74 years old, 30% of had a history
of ethylism compared to 10% among patients 75–89 years old
(p < 0.01).

Management characteristics

Among all 220 elderly patients, 177 (80%) received mechan-
ical ventilation for a mean of 7 days (median 6, range 1–21),
and 118 (53%) had ICP monitoring for a mean of 10 days
(median 8, range 2–25) (Table 2). Eighteen patients (8%)
had been operated with evacuation of ASDH at the referring
hospital due to acute herniation before arrival (Table 2).
Ninety-five patients (43%) had a craniotomy done during
NIC, most commonly due to ASDH which occurred in 80
patients (36%) followed by evacuation of contusions in 25
patients (11%). Decompressive hemicraniectomy was done
in 9 patients (4%). Thirty patients 75–89 years old (60%)
had a craniotomy compared to 65 patients 60–74 years old
(38%) (p ≤ 0.01). Three patients received thiopental.

Clinical outcome

Follow-up of surviving patients was made after 7.8 months in
mean (median 7, range 5–28). When outcome was graded
with the Extended Glasgow Outcome Scale, 43 patients

(20%) were GOSE 8 (upper good recovery), 40 (18%) were
GOSE 7 (lower good recovery), 10 (5%) were GOSE 6 (upper
moderate disability), 8 (4%) were GOSE 5 (lower moderate
disability), 21 (10%) were GOSE 4 (upper severe disability),
37 (17%) were GOSE 3 (lower severe disability), 2 patients
(1%) were in GOSE 2 (vegetative state), and 59 patients
(27%) were GOSE 1 (dead; 17 (8%) died at the NICU)
(Fig. 2). The clinical outcome by age groups is summarized
in Fig. 3. Patients 60–69 years old showed favorable outcome
in around 50% of the cases and < 20% died. Patients 70–
74 years old almost also showed favorable outcome in 50%
of the cases and around 35% died. In patients 75–84 years of
age, favorable outcome was around 30% and declined to 25%
in patients 85–89 years old. Of the 60–74 years old, 11 pa-
tients (6%) died at the NICU compared with 6 (12%) in the
75–89 years old.

Prediction of prognosis

Univariate logistic regression analysis with favorable outcome
(GOSE 5–8) as dependent variable (Table 3) showed the fol-
lowing significant patient variables (predictors): age
(p < 0.05), GCS M ≤ 3 on admission (p < 0.01), diffuse injury
Marshall score I–IV (p < 0.001), and Marshall score evacuat-
edmass lesion (EML) (p < 0.001) and warfarin (p < 0.05). The
following patient variables showed marginal significance
(Table 3): extracerebral hematoma (p = 0.08), history of brain
injury/disease (p = 0.056), and history of ethylism (p = 0.066)
and antiplatelet (p = 0.053).

For the treatment variables, the significant variables were
(Table 3): craniotomy (p < 0.01), evacuation of extracerebral
hematoma (p < 0.05), and mechanical ventilation (p < 0.001).

Multivariate logistic regression analysis of admission vari-
ables showed that the significant independent variables were
age (p < 0.05) and multiple injuries (p < 0.05). GCS M ≤ 3 on
admission (p = 0.052) and EML (p = 0.078) showed marginal
significance (Table 4).
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Table 1 Characteristics on admission

Patient and trauma characteristics All 60–74 75–89 p 60–74 vs 75–89

n % n % n %

Total 220 170 50

Referrals 167 76 140 82 27 54 0.000 ***

Sex (female) 61 28 44 26 17 34 0.260
Male 159 72 126 74 33 66 0.260

Multiple injuries 47 21 42 25 5 10 0.026 *

Under the influence of drugs/alcohol at trauma 47 21 44 26 3 6 0.003 **

Cause of trauma

Bicycle accident 7 3 6 4 1 2
Fall accident 170 77 132 78 38 76 0.807

Vehicle accident 20 9 16 9 4 8
Pedestrian hit by vehicle 9 4 6 4 3 6

Assault 3 31 3 2 0 0

Sports injury 1 0 0 0 1 2

Other 10 5 7 4 3 6

GCS motor response

6 Obeys commands 106 48 80 47 26 52 0.539
5 Localizes pain 68 31 55 32 13 26 0.393

4 Withdraws (normal flexion) 24 10 17 1 7 14 0.425

3 Stereotyped flexion 11 5 9 6 2 4
2 Stereotyped extension 6 3 4 2 2 4

1 None 5 2 5 3 0 0

GCS M ≥ 4 on admission 198 90 152 89 46 92 0.592

GCS M ≤ 3 on admission 22 10 18 11 4 8 0.592

Dominating injury type on CT

ASDH 95 43 57 34 38 76 0.000 ***

Other 3 1 2 1 1 2
DAI 2 1 2 1 0 0

EDH 4 2 4 2 0 0

Impression fracturea 3 1 3 2 0 0

Contusions 64 29 59 35 5 10 0.001 ***

Mixed 26 12 23 14 3 6 0.147
Normal CT 0 0 0 0 0 0

Traumatic SAH 23 10 20 12 3 6 0.242

Initial CT Marshall Classification

Diffuse injury I 2 1 2 1 0 0

Diffuse injury II 80 36 69 41 11 22 0.016 *

Diffuse injury III 21 9 19 11 2 4
Diffuse injury IV 14 6 9 5 5 1

Evacuated mass lesion 68 31 48 28 20 40 0.114

Non-evacuated mass lesion 35 16 23 14 12 24 0.075

Diffuse injury I–IV 117 53 99 58 18 36 0.006 **

Focal mass lesion 103 47 71 41 32 64 0.006 **

Medical history of

Brain injury/disease 45 20 33 19 12 24 0.480
Traumatic brain injury 8 4 7 4 1 2
Diabetes mellitus 36 16 25 15 11 22

Hypertension/CVD 118 54 82 48 36 72 0.003 **

Ethylism 56 25 51 30 5 10 0.004 **

Antithrombotic drugs 82 37 51 30 31 62 0.000 ***
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When admission variables and treatment variables were
included in the multivariate logistic regression analysis, the
significant independent variables were age (p < 0.05), GCS
M ≤ 3 on admission (p < 0.05), multiple injuries (p < 0.05),
and mechanical ventilation (p < 0.01). Variables that showed
marginal significance were EML (p = 0.067), ethylism (p =
0.073), warfarin (p = 0.088), surgery before arrival (p =
0.053), and evacuated contusions (p = 0.055) (Table 5). Age
was studied as a continuous variable so for every year in age
there was a 0.94 odds ratio for favorable outcome, meaning
the chance of favorable outcome decreased 6% with each
increase of 1 year in age.

Discussion

Forty-six percent of the elderly over 60 years of age had fa-
vorable outcome (GOSE 5–8), while 27% had unfavorable
outcome (GOSE 2–4), and 27% died (GOSE 1) (Fig. 3),
which indicates that NIC may be beneficial for the elderly.
The rate of favorable outcome was virtually unchanged up
to 75 years of age and then a slight decrease was seen with
more advanced age. Unfavorable outcome did not increase
after 75 years of age; it appears as the reason for the slight
decrease in the proportion of favorable outcome above
75 years of age was higher mortality rather than an increased

Table 2 Management
characteristics Management All 60–74 75–89 p 60–74 vs 75–89

n % n % n %

Total 220 170 50
Emergency craniotomy before arrival 18 8 13 8 5 10

Craniotomy 95 43 65 38 30 60 0.006 **

Evacuation extracerebral hematomab 87 40 58 34 29 58 0.002 **

Evacuation EDH 3 1 3 2 0 0

Evacuation ASDH 80 36 52 31 28 56 0.001 **

Evacuation for both (EDH + SDH) 4 2 3 2 1 2
Evacuation contusionsb 25 11 21 12 4 8 0.394

Decompressive hemicraniectomy 9 4 7 4 2 4

Multiple surgeries 22 10 14 8 8 16 0.108

ICP monitoring 118 53 96 56 22 44 0.120

EVD only 21 10 19 11 2 4

Intraparenchymal probe only 76 35 56 33 20 40 0.356

EVD and intraparenchymal probe 21 10 21 12 0 0

Days with ICP monitoring (mean) 9.5 10 7.4

Mechanical ventilation 177 80 135 79 42 84 0.472

Days with mechanical ventilation (mean) 7.4 7.6 6.8

b Some patients evacuated both extracerebral hematoma and contusions

*p < 0.05

**p < 0.01

***p < 0.001

Table 1 (continued)

Patient and trauma characteristics All 60–74 75–89 p 60–74 vs 75–89

n % n % n %

Antiplatelet 48 22 36 16 12 24 0.671

Warfarin 34 15 13 8 21 42 0.000 ***

NOAC 8 4 7 4 1 2
LMWH 6 3 4 2 2 4

aAll impression fractures also hade intracerebral or subarachnoidal blood

*p < 0.05

**p < 0.01

***p < 0.001
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proportion of unfavorable outcome (Fig. 3). Those results are
important to consider when to decide to offer NIC or not in an
elderly TBI patient, taking also into consideration the general
assumption that elderly are not afraid to die but to become
dependent [41]. It should be emphasized, however, that these
results cannot be extrapolated to the elderly population in
general, since there was a selection of elderly patients judged
to have a reasonable chance to achieve favorable outcome
depending on, e.g., previous functional status, type of injury,
level of consciousness, and co-morbidity. It is important to
look at the characteristics of the elderly patients studied and
try to identify prognostic factor in order to facilitate the selec-
tion of elderly TBI patients for NIC in the future.

The main cause of trauma in all elderly age groups was fall
(Table 1), which is in accordance with our earlier findings [22,
28] as well as with the results of many other studies [8, 15, 17,
19, 23, 34, 36, 40]. Although there was a predominant injury
mechanism, there was a notable significant difference be-
tween the age groups regarding several other characteristics
(Table 1). The 60–74 years old were more often intoxicated at
the time of trauma (26% vs 6%) and other injuries (25% vs
10%). They were also more likely to have contusions (35% vs
10%) and less likely to have ASDH (34% vs 76%). They had

fewer cases of hypertension/CVD (48% vs 72%) and anti-
thrombotic drugs (30% vs 62%, warfarin 8% vs 42%) and
were more likely to have a history of ethylism (30% vs
10%). These findings highlight important differences between
the 60–74-year-old group, and the 75–89-year-old group. The
differences were also reflected in patient management with the
older group having more craniotomies than the younger group
(60% vs 38%). This may be explained by the fact that ASDH
was more common among patients 75–89 years old and con-
sistently it was also found that the reason for craniectomy was
ASDH in 56% in the older age group compared to 31% in the
younger group (Table 2).

Looking for prognostic predictors in the medical history,
none of the following, such as previous brain injury/disease,
previous traumatic brain injury, diabetes mellitus, and
ethylism, had any significant impact on favorable outcome
in the univariate analysis or the multivariate analyses, which
was unexpected (Tables 3, 4, and 5). This of course does not
exclude that those factors do not influence clinical outcome,
but simply means that we were unable to show significant
differences with our data. The reasons for that may be that
some of those factors were present in too large proportions
of the patients and others in too small proportions, and that a
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larger patient material is required to show significant differ-
ences in outcome. It is obvious that established prognostic
factors from large patient materials of all ages cannot be
disregarded in the decision-making process for which elderly
TBI patients should be treated.

Antithrombotic drugs as a group had no negative impact on
outcome in the univariate analysis. However, in a subgroup
analysis, warfarin was a significant prognostic factor and an-
tiplatelet therapy showed marginal significance (p = 0.053),
but neither showed any significant independent contribution
in the multivariate analysis (Table 4, Table 5). This finding is
in contrast to the results of many earlier studies and needs to
be discussed in particular. Karni et al. found a 50% mortality

rate for traumatic head injury in elderly with anticoagulants
[18]. Lavoie et al. showed that preinjury warfarin in elderly
with closed head injury had more severe head injury and a
higher likelihood of death [20]. Franko et al. showed that
warfarin carries a six-fold increase in TBI-mortality and that
mortality and occurrence of intracerebral hemorrhage in-
creased with higher international normalized ratio (INR), es-
pecially INR over 4.0 where the mortality was found to be
50% and the risk of intracerebral hematoma (ICH) 75% [12].
Grandhi et al. found that warfarin and not antiplatelet medica-
tion influenced survival and need for neurosurgical interven-
tion in the elderly [14]. Pieracci et al. found that the degree of
anticoagulation rather than warfarin itself predicts adverse

Table 3 Predictive value of
admission and treatment variables
for favorable outcome (univariate
logistic regression analysis with
favorable outcome (GOSE 5–8)
as dependent variable)

Variables Odds ratio 95% CI p

Lower Upper

Age 0.948 0.908 0.989 0.013 *

Sex (female) 1.095 0.606 1.979 0.764

GCS M ≤ 3 on admission 0.161 0.046 0.562 0.004 **

Multiple injuries 0.753 0.391 1.449 0.396
Under the influence of drugs/alcohol at trauma 0.728 0.378 1.403 0.343

Marshall Classification

Diffuse injury I–IV 3.189 1.828 5.565 0.000 ***

EML 0.299 0.160 0.560 0.000 ***

NEML 0.751 0.360 1.567 0.445

CT dominating injury type

Extracerebral hematoma 0.619 0.361 1.059 0.080
Contusions 1.646 0.916 2.956 0.096

All other 1.082 0.591 1.981 0.797

Medical history of

Brain injury/disease 0.512 0.257 1.017 0.056
Traumatic brain injury 0.160 0.019 1.323 0.089

Diabetes mellitus 0.806 0.391 1.661 0.558

Hypertension/CVD 0.900 0.528 1.534 0.699

Ethylism 0.556 0.297 1.040 0.066

Antithrombotic drugs 1.028 0.594 1.779 0.921

Antiplatelet 1.899 0.993 3.632 0.053

Warfarin 0.435 0.197 0.960 0.039 *

NOAC 1.186 0.289 4.866 0.813
LMWH 1.184 0.234 5.998 0.839

Surgery before arrival 0.845 0.326 2.188 0.728

Craniotomy 0.412 0.237 0.716 0.002 **

Evacuated extracerebral hematoma 0.498 0.286 0.868 0.014 *

Evacuated contusions 0.418 0.167 1.045 0.062
Decompressive hemicraniectomy 0.323 0.066 1.592 0.165

Multiple surgeries 1.200 0.497 2.897 0.685

ICP monitoring 0.634 0.371 1.082 0.095

Mechanical ventilation 0.253 0.122 0.526 0.000 ***

*p < 0.05

**p < 0.01

***p < 0.001
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outcome in TBI in elderly patients [35]. Ohm et al. showed that
elderly with intracranial hemorrhage and antiplatelet therapy
had increased mortality [32]. Wong et al. found in their study
that clopidogrel increased mortality but not warfarin and aspirin
[45]. There are also contradicting studies. In 2017, Ganetsky
et al. examined 939 patients who had ground-level falls and
antiplatelet therapy or anticoagulants, and found a low inci-
dence of clinically significant intracranial hemorrhage (< 5%)
and no difference between anticoagulation and antiplatelet ther-
apy [13]. One could speculate that possible reasons for why
anticoagulants did not have any prognostic significance in our
study could be: (1) In our referral area, patients on warfarin
have frequent check-ups which reduces the risk for overtreat-
ment with too high INR. (2) National guidelines require CT
examination after mild head trauma when on anticoagulation
and prompt reversal of warfarin in case of intracranial hemor-
rhages. (3) Standardized NIC which minimizes secondary in-
sults may prevent worsening of intracranial hemorrhages.
Altogether, however, it is reasonable to assume that
anticoagulation therapy increases the risk for worsening of the
head injury and may under some circumstances complicate the

insertion of ICP devices and surgical treatment, although such
therapy doses not make successful management impossible.

Considering other possible prognostic factors analyzed in
the univariate analysis, diffuse injury I–IV had a OR > 1 and
seems to be associated with favorable outcome (most likely
due to the large number of diffuse injury II, the least serious
class in that group). EML had an OR 0.299 indicating less
chance of good outcome (Table 3). Both craniotomy and evac-
uated extracerebral hematoma had a negative influence on
good outcome in the univariate analysis as well as mechanical
ventilation (Table 3).

When analyzing potential prognostic factors, it is of utmost
importance to identify factors with independent prognostic
information. The multivariate analysis of prognostic admis-
sion factors for favorable outcome showed that high age and
multiple injuries had a significant independent negative prog-
nostic value and low GCS showed marginal significance (p =
0.052) (Table 4), which was as expected and in accordance
with other studies of elderly patients [6, 29, 38, 44]. When
both treatment factors and admission factors were included in
the multivariate analysis of prognostic factors for favorable

Table 4 Prediction model of
admission variables for favorable
outcome (multivariate logistic
regression analysis with favorable
outcome (GOSE 5–8) as
dependent variable)

Variables Regression
coefficient

SE Wald
X2

Odds
ratio

95% CI p

Lower Upper

Intercept 4.114 2.032 4.101 61.192 0.043 *

Age − 0.055 0.028 3.860 0.947 0.897 1.000 0.049 *

Sex (female) 0.056 0.366 0.023 1.057 0.516 2.167 0.879
GCS M ≤ 3 on admission − 1.350 0.696 3.765 0.259 0.066 1.014 0.052

Multiple injuries − 0.997 0.415 5.779 0.369 0.164 0.832 0.016 *

Under the influence of
drugs/alcohol at trauma

− 0.135 0.492 0.076 0.874 0.333 2.290 0.783

Marshall Classification

Diffuse injury I–IV 0.521 0.478 1.189 1.684 0.660 4.300 0.275
EML − 0.910 0.516 3.114 0.403 0.147 1.106 0.078

CT dominating injury type

Extracerebral hematoma 0.464 0.458 1.027 1.591 0.648 3.903 0.311
Contusions 0.296 0.416 0.508 1.345 0.595 3.036 0.476

Medical history of

Brain injury/disease − 0.514 0.440 1.362 0.598 0.252 1.418 0.243
Traumatic brain injury − 1.425 1.259 1.281 0.240 0.020 2.837 0.258

Diabetes mellitus − 0.586 0.457 1.648 0.557 0.227 1.362 0.199

Hypertension/CVD 0.015 0.387 0.001 1.015 0.476 2.165 0.970

Ethylism − 0.648 0.490 1.747 0.523 0.200 1.368 0.186

Antithrombotic drugs

Antiplatelet 0.540 0.434 1.548 0.523 0.200 1.368 0.213
Warfarin − 0.764 0.517 2.184 1.717 0.733 4.021 0.139

NOAC − 0.661 0.824 0.644 0.466 0.169 1.283 0.422

LMWH − 0.597 1.024 0.340 0.516 0.103 2.594 0.560

*p < 0.05

**p < 0.01

***p < 0.001
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outcome, age, low GCS, and multiple injuries all had signifi-
cant independent negative prognostic value. Surgery before
arrival (evacuated ASDH at the referring hospital) showed
positive prognostic value of marginal significance (p =
0.053). Evacuation of contusions and extracerebral hemato-
ma, which were significant prognostic factors in the univariate
analysis, did not show any significant independent influence
on clinical outcome, although evacuation of contusions had
marginal significant (p = 0.055). Mechanical ventilation on
the other hand proved to have independent negative predictive
value for favorable outcome (OR 0.195) (Table 5). The rea-
sonable explanation for that may be that mechanical ventila-
tion is not completely dependent on the severity of brain inju-
ry but also related to other factors not included in the statistical
analysis, e.g., various infections including lung infections and
other adverse events. Barnato et al. also found that elderly
treated at the intensive care unit who survived mechanical
ventilation had worse functional outcome [2]. It is likely that

the negative impact of mechanical ventilation on outcome
depends both on a more severe brain injury requiring mechan-
ical ventilation, and on the development of systemic compli-
cations, with which the elderly are less able to cope.

There are some study limitations that needs to be consid-
ered. This is a single-center study and the results may have
been influenced by the local management applied, and there-
fore the results may not be completely generalizable.
Furthermore, as mentioned earlier, there was a selection bias
since predominantly patients judged to have a reasonable
chance for favorable outcome were accepted for NIC.
Therefore, the results need to be interpreted with caution.

While these results may at first look discouraging but for
this group of elderly TBI patients, a relatively large proportion
achieved favorable outcome, when they were treated accord-
ing tomodernNIC principles and the treatment did not cause a
large proportion of patients with severe disability or vegetative
state. Similar results have also been reported by others [24, 29,

Table 5 Prediction model of
admission and treatment variables
for favorable outcome
(multivariate logistic regression
analysis with favorable outcome
(GOSE 5–8) as dependent
variable)

Variables Regression
coefficient

SE Wald
X2

Odds
ratio

95% CI p

Lower Upper

Intercept 5.918 2.309 6.571 371.609 0.010 *
Age −0.064 0.031 4.240 0.938 0.882 0.997 0.039 *
Sex (female) 0.019 0.394 0.002 1.019 0.471 2.204 0.962
GCS M ≤ 3 on admission −1.727 0.768 5.061 0.178 0.039 0.801 0.024 *
Multiple injuries − 1.077 0.466 5.342 0.340 0.137 0.849 0.021 *
Under the influence of

drugs/alcohol at trauma
− 0.152 0.535 0.081 0.859 0.301 2.449 0.776

Marshall Classification
Diffuse injury I–IV 0.508 0.547 0.861 1.661 0.569 4.855 0.353
EML − 1.157 0.631 3.359 0.314 0.091 1.084 0.067

CT dominating injury type
Extracerebral hematoma 0.070 0.541 0.017 1.073 0.371 3.098 0.897
Contusions 0.564 0.449 1.575 1.757 0.729 4.238 0.210

Medical history of
Brain injury/disease − 0.685 0.486 1.987 0.504 0.194 1.307 0.159
Traumatic brain injury − 1.398 1.313 1.133 0.247 0.019 3.241 0.287
Diabetes mellitus − 0.684 0.499 1.878 0.505 0.190 1.342 0.171
Hypertension/CVD 0.158 0.419 0.141 1.171 0.515 2.664 0.707
Ethylism − 0.961 0.536 3.217 0.383 0.134 1.093 0.073

Antithrombotic drugs
Antiplatelet 0.212 0.465 0.209 1.237 0.497 3.075 0.648
Warfarin − 0.968 0.568 2.904 0.380 0.125 1.156 0.088
NOAK − 0.349 0.859 0.165 0.706 0.131 3.797 0.685
LMWH − 0.960 1.085 0.783 0.383 0.046 3.210 0.376

Surgery before arrival 1.480 0.765 3.746 4.395 0.981 19.681 0.053
Craniotomy − 0.122 1.211 0.010 0.885 0.082 9.498 0.920
Evacuated extracerebral

hematoma
1.020 1.099 0.862 2.773 0.322 23.898 0.353

Evacuated contusions − 1.614 0.842 3.676 0.199 0.038 1.037 0.055
Decompressive

hemicraniectomy
− 1.202 1.078 1.243 0.301 0.036 2.488 0.265

Multiple surgeries 0.473 0.614 0.595 1.605 0.482 5.344 0.441
ICP monitoring 0.489 0.433 1.276 1.630 0.698 3.806 0.259
Mechanical ventilation − 1.637 0.548 8.910 0.195 0.066 0.570 0.003 **

*p < 0.05

**p < 0.01

***p < 0.001
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37, 47]. Further studies are required focusing on the NIC
specifically in elderly TBI patients concerning, e.g., secondary
insults, ICP management, and cerebral perfusion thresholds,
to find out if these areas holds the key to improve outcome.

Conclusion

This study shows that an appropriately selected group of el-
derly TBI patients receiving modern NIC have a fair chance of
favorable outcome without large risks for severe deficits and
vegetative state. Significant negative prognostic factors were
high age, multiple injuries, low GCSM on admission, and the
use of mechanical ventilation. The results underline that elder-
ly with TBI should have access to NIC, when favorable out-
come is as high as 47% for patients 60–74 years and around
30% for the patients between 75 and 84 years. Further re-
search is needed about the selection of elderly patients and
the optimal NIC management of elderly with TBI.
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Abstract
Background Elderly patients with traumatic brain injury increase. Current targets and secondary insult definitions during 

neurointensive care (NIC) are mostly based on younger patients. The aim was therefore to study the occurrence of predefined 

secondary insults and the impact on outcome in different ages with particular focus on elderly.

Methods Patients admitted to Uppsala 2008–2014 were included. Patient characteristics, NIC management, monitoring 

data, and outcome were analyzed. The percentage of monitoring time for ICP, CPP, MAP, and SBP above-/below-predefined 

thresholds was calculated.

Results Five hundred seventy patients were included, 151 elderly ≥ 65 years and 419 younger 16–64 years. Age ≥ 65 had 

significantly higher percentage of CPP > 100, MAP > 120, and SBP > 180 and age 16–64 had higher percentage of ICP ≥ 20, 

CPP ≤ 60, and MAP ≤ 80. Age ≥ 65 contributed independently to the different secondary insult patterens. When patients in 

all ages were analyzed, low percentage of CPP > 100 and SBP > 180, respectively, was significant predictors of favorable 

outcome and high percentage of ICP ≥ 20, CPP > 100, SBP ≤ 100, and SBP > 180, respectively, was predictors of death. 

Analysis of age interaction showed that patients ≥ 65 differed and had a higher odds for favorable outcome with large pro-

portion of good monitoring time with SBP > 180.

Conclusions Elderly ≥ 65 have different patterns of secondary insults/physiological variables, which is independently asso-

ciated to age. The finding that SBP > 180 increased the odds of favorable outcome in the elderly but decreased the odds in 

younger patients may indicate that blood pressure should be treated differently depending on age.

Keywords Traumatic brain injury · Elderly · Outcome · Secondary insults · Geriatric neurointensive care · Neurointensive 

care monitoring
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Introduction

The introduction of neurointensive care (NIC), with focused 

efforts of avoiding secondary insults, has contributed to an 

increase of favorable outcome for traumatic brain injury 

(TBI) patients [2, 3, 8, 23, 27]. Despite this improvement, 

TBI still constitutes a large health problem. The magni-

tude of the problem is illustrated by a recent overview of 

TBI in Europe showing that the incidence of hospitalized 

TBI patients was 278.2/100 000 in 2012 (Sweden 2013, 

451.5/100 000) and the mortality rate was 11.7/100 000 

(Sweden 2013, 9.0/100 000) [21]. Despite that elderly 

(age ≥ 65 years) constituted only 29% of the hospitalized TBI 

patients, they contributed to 55% of the mortality [21]. It is 

obvious that the management of elderly TBI patients will be 

a tremendous challenge for the future for many reasons. In 

addition to higher mortality rate in the elderly [10, 17, 21], 

the elderly are an increasing part of the population and they 

live more active lives than before [10, 17, 18]. Traditionally, 

there has been some reluctance to treat these patients due to 

the previous experience of bad outcome, but more recently, 

larger numbers of elderly are treated [25, 30, 32, 33, 38]. 

Hence, it is urgent to obtain more knowledge about the opti-

mal treatment of elderly TBI patients.

The NIC of patients with TBI in general is mostly 

based on data from younger patients and there is insuf-

ficient research in the elderly despite the change in popu-

lation structure [9]. For example, large clinical TBI trials 

have often been made with age > 65 years as an exclu-

sion criteria [5, 14, 19, 24, 26]. Although the secondary 

insult prevention concept is one of the main reasons for 

the improvement of NIC, it is likely that both critical and 

optimal threshold levels differ between ages. This is under-

lined by studies in elderly patients with severe subarach-

noid hemorrhage showing that the occurrence of defined 

secondary insults and the impact on outcome was age-

dependent [31]. In order to optimize the NIC of elderly 

TBI patients, it is desirable to identify the critical thresh-

old levels for secondary insults and the optimal threshold 

levels to target, specifically in the older ages.

The aim of this investigation was therefore to study the 

occurrence of predefined secondary insults and the impact of 

outcome in different ages with particular focus on the elderly.

Material and methods

Patient selection and data collection

All TBI patients ≥ 16 years old receiving NIC at Upp-

sala University Hospital between 2008 and 2014 were 

retrieved from the Uppsala TBI registry [28]. In total, 

663 patients were identified. The following patients were 

excluded as follows: recovery within 24 h after admission 

(11 patients), admission more than 5 days after trauma 

(23 patients), bilateral wide and unresponsive pupils (15 

patients) or Glasgow coma scale score 3 and one wide 

pupil on admission (1 patient) (patients with probable pre-

destined fatal/unfavorable clinical course judged in general 

not possible to treat [1, 4]), gunshot to head (4) and lost 

to follow up (39 patients). Finally, 570 patients remained 

to be analyzed.

Demographics and NIC management data

Demographic data and information about NIC management 

were obtained from the Uppsala TBI registry [28]. The fol-

lowing parameters were studied as follows: age, sex, pri-

mary or secondary transfer, Glasgow coma scale motor score 

(GCS M) on admission, type of injury, presence of multiple 

injuries, trauma under the influence of alcohol or drugs, 

cause of trauma, medical history (brain injury/disease, pre-

vious traumatic brain injury, diabetes mellitus, hypertension/

cardiovascular disease (CVD), use of anticoagulants/anti-

platelets), craniotomy, decompressive craniectomy, intrac-

ranial pressure monitoring, and mechanical ventilation. The 

type of injury was assessed on the initial CT-scan (dominat-

ing type of injury and Marshall CT score [22]).

Physiological data

Trended minute-by-minute data (median values of 5 sam-

ples during each sampled minute) was collected in real time 

from the Philips monitors in our ICU using the Odin soft-

ware [12]. The Philips monitors forward the data to a central 

database within the hospital, which is queried by the Odin 

server to extract the relevant data which is stored centrally 

and displayed on Odin client systems at the ICU bedspaces. 

The patient data stored and processed by the Odin software 

is also kept within the hospital firewall. The trended data 

used in this study were preprocessed with median filters to 

detect sudden spikes that appeared to be non-physiological, 

and a specialized algorithm detected sudden drops to a con-

stant value (usually zero). The data were further subject to 

manual review to verify, and if necessary correct, the auto-

matic procedures. Time gaps from, e.g., radiology examina-

tion and surgical procedure were automatically excluded by 

the Odin software. The monitoring time left was defined as 

good monitoring time (GMT).

For the purpose of evaluating physiological NIC moni-

toring data (intra cranial pressure, ICP; cerebral perfusions 

pressure, CPP; mean arterial pressure, MAP; and systolic 
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blood pressure, SBP), GMT data from the start of monitoring 

to the end of the seventh monitoring day was studied.For ICP 

and CPP analyses, at least 12 h of ICP data was required. 

Using the Odin software, the proportions of good monitor-

ing time (%GMT) spent above-/below-predefined threshold 

levels were calculated for ICP ≥ 20, CPP ≤ 60, CPP > 100, 

MAP ≤ 80, MAP > 120, SBP ≤ 100, and SBP > 180. The 

thresholds originated mainly from our protocol treatment 

goals [8].

Neurointensive care protocol

All patients were treated according to the same standard-

ized treatment protocol [8]. Unconscious patients (GCS 

M ≤ 5) had mechanical ventilation. Patients on mechani-

cal ventilation were kept sedated with propofol (Propofol-

LipuroB; Braun Medical, Danderyd, Sweden) and received 

morphine for analgesia. They were initially moderately 

hyperventilated  (PaCO2 4.0–4.5 kPa) with the aim of nor-

moventilation as soon as ICP allowed (ICP < 20 mmHg). 

Wake-up tests were performed regularly (usually 3–6 

times/day unless severe ICP elevations) to assess neuro-

logical function. All unconscious patients (GCS M ≤ 5), 

regardless of age, had also ICP monitoring, except in the 

case of coagulopathy. An external ventricular drainage 

system (EVD) (with the pressure dome at the level of the 

lateral ventricles) was the first choice and an intraparen-

chymal pressure device was chosen if the ventricles were 

compressed. Arterial blood pressure was measured with 

the pressure dome at heart level. Prophylactic anticon-

vulsants was not used. The treatment goals according to 

the standardized management protocol were as follows: 

ICP < 20 mmHg, SBP > 100 mmHg, central venous pres-

sure (CVP) 0–5  mmH2O, CPP > 60 mmHg, blood glucose 

5–10 mmol/L, normovolemia,  Pa02 > 12 kPa, electrolytes 

within normal ranges, and body temperature < 38 °C.

Mass lesions in unconscious patients were evacuated.

Raised ICP was treated in a stepwise fashion. If ICP 

increased ≥ 20 mmHg without mass lesions, cerebrospinal 

fluid (CSF) was drained from the EVD. Initially small vol-

umes (1–2 ml) were drained intermittently, when there were 

risk of expanding hematomas and brain swelling. Later CSF 

was drained using an open system against a pressure level 

of 15–20 mmHg if needed. If raised ICP persisted, the treat-

ment was escalated with no wake-up tests, continuous seda-

tion with propofol, and stress reduction with ß1-antagonist 

metoprolol (Seloken®, AstraZeneca AB Södertälje, Swe-

den) (0.2–0.3 mg/kg/24 h as an infusion) and α2-agonist 

clonidin (Catapresan®, BoehingerIngelheim AB Stockholm 

Sweden) (0.5–1.0 μg/kg × 8 or the same dose as an infusion).

Thiopental coma treatment and/or decompressive craniec-

tomy were last tier treatment option but were initiated more 

restrictively in the elderly.

Outcome

The NIC mortality was assessed. Follow-up was done 

after 6 months, using the extended Glasgow outcome scale 

(GOSE), by structured telephone interviews done by a few 

selected persons[34, 39].

Statistics

Differences in the characteristics between age groups were 

analyzed with Pearsons Chi 2 test.

Mann-Withney U test was used to compare occurrence of 

secondary insults between the age groups.

Multiple linear regression analysis was done to examine 

if age ≥ 65 years and admission variables as gender, GCS 

M, other injuries, extracerebral hematoma, and contusions 

contributed to the %GMT above/below secondary insult 

thresholds for the physiological variables.

To evaluate if the %GMT above/below secondary insult 

thresholds for the physiological variables was associated 

with outcome, univariate logistic regression analysises 

were made with favorable outcome (GOSE 5–8) and 

survival (GOSE 2–8) as dependent variables. To evalu-

ate whether associations differed by age (age 16–64 vs 

age ≥ 65), multiple logistic regression models were fit-

ted including age, a physiological variable and age by 

physiological variable interaction as independent vari-

ables. The odds ratios (ORs) for physiological variables 

are reported for each age-group, regardless of the signifi-

cance of interaction.

p < 0.05 was considered statistically significant. All sta-

tistical analyses were carried out in IBM SPSS Statistics for 

Windows except for Pearsons Chi 2 which was done with 

Microsoft Excel 365.

Results

Admission characteristics

For all patients, the mean age was 49.7  years (range 

16–94). The age distribution showed one peak at around 

20 years of age and another peak around 60–65 years 

of age (Supplementary Information 1). There were 151 

patients ≥ 65  years (mean 72.3 range 65–87) and 419 

between 16 and 64 (mean 41.5 range 16–64) years of 

age. Patient characteristics from admission are pre-

sented in Table 1. When the age groups of ≥ 65 years and 

16–64 years were compared, the older patients showed 

significantly larger proportions of women ( 28.5% vs 

19.6%), fall accidents (80.1 vs 42.0%), previous brain 

injury/disease (22.5% vs 11.0%), diabetes mellitus (18.5 

vs 6.2%), hypertension/cerebrovascular disease (58.3% vs 
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13.8%), ongoing treatment with anticoagulants/antiplate-

lets (43.0% vs 7.9%), and significantly smaller propor-

tions of patients admitted from other hospitals (67.5% vs 

82.3%), multiple injuries (17.9% vs 47.0%), influence of 

drugs/alcohol (14.6% vs 34.1%), vehicle accidents (7.3% 

vs 33.2%), and sports injury (0.7% vs 4.3%). Regarding 

the dominating type of injury assessed on initial CT, the 

older patients had significantly larger proportion of acute 

subdural hematoma (51.7% vs 20.5%) and smaller propor-

tion of diffuse axonal injury (DAI) (0.0% vs 8.6%) and 

epidural hematoma (0.7% vs 11.5%) (Table 2). There was 

no difference between the age groups in GCS M on admis-

sion (Table 1 and Supplementary Information 2).

NIC management and surgery

There were no significant differences between the age 

groups ≥ 65 years and 16–64 years regarding ICP monitor-

ing (55.0% vs 62.5%) and mechanical ventilation (82.1% vs 

77.3%) (Table 3). The proportion of patients treated with 

thiopental were significantly smaller in the old age group 

(0.7% vs 7.9%) (Table 3). The old group had significantly 

more craniotomies compared to the younger group (47.7% 

vs 32.7%) (Table 3).

Physiological data

Monitoring information regarding number of patients for 

each physiological parameter and age group is presented in 

Table 4. When the occurrences of physiological variables 

were analyzed as median %GMT (Table 5 and Fig. 1), there 

were statistically significant differences between the age 

groups: age ≥ 65 years had significantly higher %GMT with 

CPP > 100, MAP > 120, and SBP > 180 and age 16–64 years 

had significantly higher %GMT with ICP ≥ 20, CPP ≤ 60, 

and MAP ≤ 80.

The multiple linear regression model with physiologi-

cal variables as dependent variables and age ≥ 65 years, 

gender, GCS M, other injuries, extracerebral hematoma, 

and contusions as explanatory variables showed that 

age ≥ 65 years was an independent predictor for lower 

%GMT with ICP ≥ 20 and higher %GMT with CPP > 100, 

MAP > 120, and SBP > 180 (Table  6). Higher GCS M 

score was an independent predictor for low %GMT with 

Table 1  Patient characteristics 

by age group

a Pearsons Chi 2 test, *p < 0.05, **p < 0.01, and ***p < 0.001

All Age 16–64 Age ≥ 65 Age 16–64 vs ≥  65a

n % n % n % p

No. of patients 570 419 151

Referrals from other hospitals 447 78.4 345 82.3 102 67.5  < 0.001 ***

Sex (female) 125 21.9 82 19.6 43 28.5 0.023 *

GCS M ≥ 4 on admission 518 90.9 382 91.2 136 90.1 0.687

GCS M ≤ 5 on admission 310 54.4 233 55.6 77 51.0 0.329

Multiple injuries 224 39.3 197 47.0 27 17.9  < 0.001 ***

Under the influence of drugs/alcohol 

at trauma (confirmed)

165 28.9 143 34.1 22 14.6  < 0.001 ***

Cause of trauma

  Bicycle accident 16 2.8 14 3.3 2 1.3

  Fall accident 297 52.1 176 42.0 121 80.1  < 0.001 ***

  Vehicle accident 150 26.3 139 33.2 11 7.3  < 0.001 ***

  Pedestrian hit by vehicle 24 4.2 17 4.1 7 4.6 0.762

  Assault 33 5.8 30 7.2 3 2.0 0.020

  Sports injury 19 3.3 18 4.3 1 0.7 0.033 *

  Other 31 5.4 25 6.0 6 4.0 0.355

Medical history

  Brain injury/disease previously 80 14.0 46 11.0 34 22.5  < 0.001 ***

  Traumatic brain injury previously 18 3.2 11 2.6 7 4.6

  Diabetes mellitus 54 9.5 26 6.2 28 18.5  < 0.001 ***

  Hypertension/CVD 146 25.6 58 13.8 88 58.3  < 0.001 ***

  Anticoagulants/Antiplatelets 98 17.2 33 7.9 65 43.0  < 0.001 ***

  Ethylism 126 22.1 95 22.7 31 20.5 0.586
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Table 2  Radiological 

characteristics by age group

a Pearsons Chi 2 test, p < 0.05, **p < 0.01, and ***p < 0.001

All Age 16–64 Age ≥ 65 Age 16–64 vs ≥ 65

n % N % n % p

No. of patients 570 419 151

Dominating CT finding

  ASDH 164 28.8 86 20.5 78 51.7  < 0.001 ***

  EDH 49 8.6 48 11.5 1 0.7  < 0.001 ***

  Contusions 171 30.0 132 31.5 39 25.8 0.192

  DAI 36 6.3 36 8.6 0 0.0  < 0.001 ***

  Mixed 68 11.9 53 12.6 15 9.9 0.378

  Impression fracture 12 2.1 11 2.6 1 0.7

  Traumatic SAH 53 9.3 38 9.1 15 9.9 0.754

  Normal 6 1.1 6 1.4 0 0.0

  Other 11 1.9 9 2.1 2 1.3

Initial CT Marshall classification

  Diffuse injury 393 68.9 325 77.6 68 45.0  < 0.001 ***

     Diffuse injury I 6 1.1 5 1.2 1 0.7

     Diffuse injury II 279 48.9 236 56.3 43 28.5  < 0.001 ***

     Diffuse injury III 82 14.4 69 16.5 13 8.6 0.018 *

     Diffuse injury IV 26 4.6 15 3.6 11 7.3 0.061

  Focal mass lesion 117 20.5 94 22.4 23 15.2 0.060

     Evacuated mass lesion 126 22.1 69 16.5 57 37.7  < 0.001 ***

     Nonevacuated mass lesion 51 8.9 25 6.0 26 17.2  < 0.001 ***

Table 3  Treatment 

characteristics by age group

a Pearsons Chi 2 test, *p < 0.05, **p < 0.01, and ***p < 0.001
b Multiple operations in some patients

All Age 16–64 Age ≥ 65 Age 16–64 vs ≥  65a

N % n % n % p

No. of patients 570 419 151

Surgery

Craniotomy at referring hospital 50 8.8 36 8.6 14 9.3 0.800

Craniotomy (yes/no) 209 36.7 137 32.7 72 47.7 0.001 **

Reasons for  craniotomyb

  Extra cerebral hematoma 167 29.3 99 23.6 68 45.0  < 0.001 ***

    EDH 35 6.1 34 8.1 1 0.7 0.001 **

    ASDH 120 21.1 55 13.1 65 43.0  < 0.001 ***

    Both (EDH + ASDH) 12 2.1 10 2.4 2 1.3

     Contusions 66 11.6 52 12.4 14 9.3 0.301

Hemicraniectomy 39 6.8 34 8.1 5 3.3 0.045 *

Multiple surgeries (yes/no) 61 10.7 43 10.3 18 11.9 0.572

Management, NIC

ICP monitoring 345 60.5 262 62.5 83 55.0 0.103

  EVD 65 11.4 47 11.2 18 11.9 0.816

  Intraparenchymal pressure monitor 206 36.1 153 36.5 53 35.1 0.756

  Both 74 13.0 62 14.8 12 7.9 0.032 *

Mean days with ICP monitoring 11.2 11.8 9.2

Mechanical ventilation 448 78.6 324 77.3 124 82.1 0.218

Mean days ventilation 9.0 9.6 7.4

Thiopenthal 34 6.0 33 7.9 1 0.7 0.001 **

Mean days with Thiopenthal 6.2 6.2 6
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ICP ≥ 20 and CPP ≤ 60 (Table 6). Other injuries were 

found to be an independent predictor for lower %GMT 

with ICP ≥ 20, CPP > 100, MAP > 120, and SBP > 180 

and for higher %GMT with MAP ≤ 80 (Table 6). Females 

showed significanly lower %GMT with SBP > 180 and 

higher %GMT with SBP ≤ 100. (Table 6).

Table 4  Monitoring by age 

group

a Pearsons Chi 2 test, *p < 0.05
e Continuous MAP data was missing in one patient with ICP monitoring

All Age 16–64 Age ≥ 65 16–64 vs ≥  65a

N n % n % p

No. of patients 570 419 151

ICP 333 253 60.38 80 52.98 0.114

CPP 332 252e 60.14 80 52.98 0.126

MAP 521 377 89.98 144 95.36 0.043 *

SBP 521 377 89.98 144 95.36 0.043 *

Table 5  Occurrence of secondary insults by age group

c %GMT denotes percentage of good monitoring time above/below the thresholds
d Mann-Whitney U test, *p < 0.05, **p < 0.01, and ***p < 0.001

Physiological 

parameter

All patients Age 16–64 Age ≥ 65 16–64 vs ≥  65d

Median %GMTc IQR %GMTc Median %GMTc IQR %GMTc Median %GMTc IQR %GMTc p

ICP ≥ 20 5.26 1.28–15.46 6.26 1.39–17.01 3.14 0.73–9.05 0.005 **

CPP ≤ 60 4.72 1.60–11.02 5.52 2.05–11.79 2.51 1.16–1.94 0.001 **

CPP > 100 1.97 0.62–8.10 1.27 0.51–5.25 6.37 1.96–18.57 0.000 ***

MAP ≤ 80 21.92 9.63–38.20 23.01 10.67–39.49 17.51 8.75–32.68 0.040 *

MAP > 120 0.59 0.21–2.52 0.48 0.17–1.77 1.31 0.36–5.52 0.000 ***

SBP ≤ 100 0.75 0.25–2.20 0.75 0.25–2.39 0.71 0.25–1.83 0.499

SBP > 180 2.10 0.23–7.81 1.04 0.18–4.72 7.53 1.54–19.63 0.000 ***

Fig. 1  Proportion of good 

monitoring time (%GMT) for 

different insult variables by 

age group. In the box plots, 

the horizontal black line marks 

the median, boxes extend from 

the 25th to the 75th percentile, 

vertical extending lines denote 

adjacent values (i.e., the most 

extreme values within 1.5 inter-

quartile range of the 25th and 

75th percentile of each group) 

and the dots denote observations 

outside the range of adjacent 

values (outliers).Mann–Whitney 

U test, *p < 0.05, **p < 0.01, 

and ***p < 0.001
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Table 6  Linear regression 

analysis of contribution from 

admission characteristics 

and age ≥ 65 to physiological 

variables

Multivariate linear regression analyses of each physiological variables as dependent and age ≥ 65, sex, GCS 

motor score, other injuries, extracerebral hematoma, and contusions as explanatory variables. *p < 0.05, 

**p < 0.01, and ***p < 0.001. Positive B coefficients indicate that the increasing value of the explanatory 

variable are associated with a larger %GMT of the dependent variable. Negative B coefficients indicate that 

the increasing value of the explanatory variable are associated with a lower %GMT of the dependent vari-

able

Physiologi-

cal variable 

(%GMT)

Explanatory variable level B (95% CI) p value

ICP ≥ 20 Age ≥ 65 Yes  − 0.05 (− 0.10 to − 0.10) 0.016 *

Sex (female) Yes  − 0.04 (− 0.08 to 0.01) 0.130

GCS Motor Score Per score increase  − 0.02 (− 0.04 to − 0.01) 0.005 **

Other injuries Yes  − 0.07 (− 0.04 to − 0.01) 0.001 **

Extracerebral hematoma Yes  − 0.03 (− 0.08 to 0.01) 0.166

Contusions Yes  − 0.01 (− 0.05 to 0.04) 0.744

CPP ≤ 60 Age ≥ 65 Yes  − 0.02 (− 0.05 to 0.01) 0.176

Sex (female) Yes 0.01 (− 0.02 to 0.04) 0.594

GCS Motor Score Per score increase  − 0.01 (− 0.02 to 0.00) 0.046 *

Other injuries Yes 0.00 (− 0.03 to 0.02) 0.836

Extracerebral hematoma Yes  − 0.01 (− 0.04 to 0.03) 0.687

Contusions Yes  − 0.01 (− 0.04 to 0.02) 0.486

CPP > 100 Age ≥ 65 Yes 0.06 (0.03 to 0.09) 0.000 ***

Sex (female) Yes 0.00 (− 0.04 to 0.03) 0.846

GCS Motor Score Per score increase 0.00 (− 0.01 to 0.02) 0.610

Other injuries Yes  − 0.05 (− 0.08 to − 0.02) 0.000 ***

Extracerebral hematoma Yes 0.01 (− 0.02 to 0.05) 0.469

Contusions Yes  − 0.03 (− 0.07 to − 0.00) 0.043

MAP ≤ 80 Age ≥ 65 Yes  − 0.02 (− 0.06 to 0.02) 0.347

Sex (female) Yes 0.06 (0.01 to 0.10) 0.011 *

GCS Motor Score Per score increase  − 0.01 (− 0.02 to 0.01) 0.363

Other injuries Yes 0.09 (0.05 to 0.13) 0.000 ***

Extracerebral hematoma Yes 0.01 (− 0.04 to 0.05) 0.809

Contusions Yes 0.00 (− 0.05 to 0.05) 0.939

MAP > 120 Age ≥ 65 Yes 0.02 (0.01 to 0.04) 0.009 **

Sex (female) Yes 0.00 (− 0.02 to 0.01) 0.828

GCS Motor Score Per score increase 0.00 (0.00 to 0.008) 0.522

Other injuries Yes  − 0.03 (− 0.04 to − 0.02) 0.000 ***

Extracerebral hematoma Yes 0.00 (− 0.02 to 0.02) 0.964

Contusions Yes 0.00 (− 0.02 to 0.01) 0.636

SBP ≤ 100 Age ≥ 65 Yes  − 0.01 (− 0.02 to 0.01) 0.364

Sex (female) Yes 0.02 (0.01 to 0.04) 0.001 **

GCS Motor Score Per score increase 0.00 (− 0.01 to 0.00) 0.116

Other injuries Yes  − 0.01 (− 0.02 to 0.00) 0.119

Extracerebral hematoma Yes 0.00 (− 0.02 to 0.01) 0.732

Contusions Yes  − 0.01 (− 0.02 to 0.01) 0.455

SBP > 180 Age ≥ 65 Yes 0.08 (0.06 to 0.12) 0.000 ***

Sex (female) Yes  − 0.03 (− 0.05 to − 0.01) 0.001 **

GCS Motor Score Per score increase 0.00 (− 0.01 to 0.01) 0.474

Other injuries Yes  − 0.03 (− 0.05 to − 0.01) 0.002 **

Extracerebral hematoma Yes 0.00 (− 0.03 to 0.02) 0.745

Contusions Yes 0.01 (− 0.02 to 0.03) 0.657
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Outcome

NIC mortality was higher in the old age group (≥ 65 years 

8.6% and 16–64 years 2.4%, p < 0.001). Follow-up was made 

at 7 months in median (range 1–28, including patients who 

died before follow-up). For all ages, favorable outcome 

(GOSE 5–8) was observed in 62% (69% in 16–64 years and 

42% in elderly) and 13% had died (6% in 16–64 years and 

31% in elderly) (Fig. 2).

The results from the logistic regression analyses with 

favorable outcome and survival as dependent variables 

and physiological parameters as explanatory variables are 

presented in Table 7. Low %GMT with CPP > 100 and 

SBP > 180 were associated with a higher odds of favora-

ble outcome. However, there was a statistically significant 

interaction between age and %GMT with SBP > 180 (p inter-

action = 0.025). The OR (per unit increase in %GMT with 

SBP > 180) was 2.07 (0.22–1731.66) in patients ≥ 65 years 

and − 0.03(0.00–0.57) in patients 16–64 years (Table 7). 

High %GMT with ICP ≥ 20, CPP > 100, SBP ≤ 100 were 

associated with a lower odds of survival (Table 7).

Discussion

Patient and management characteristics by age 
group

Patients ≥ 65 years of age constituted as much as 26% of all 

patients. Many of the patient characteristics found in rela-

tion to age were as expected. The most common cause of 

trauma in the elderly was fall accidents, which is in accord-

ance with many other studies [7, 11, 13, 15, 16, 18, 20, 29, 

35, 36]. There was a higher percentage of women among 

the elderly (29% vs 20%), which also was shown by Dams-

O’Conner and coll., reporting an increasing proportion of 

women with increasing age (38.5% in 65–74 years, 50.4% 

in 75–84 years, and 62.2 in 85 years and older) [7]. The 

elderly more often had a medical history with previous 

diseases or injuries, e.g., 22.5% had a previous history of 

brain injury/disease, 58.3% hypertension/CVD, and 43% 

medicated with anticoagulants/antiplatelets. Similar results 

were found by Hawley and coll. showing that older TBI 

patients ≥ 65 had a recorded medical history in 80% and 

only 1.1% had no pre-existing medical condition [11]. The 

dominating injury type in the elderly was ASDH and dif-

fuse injury was also less common according to the Mar-

shall score. These findings are in line with that the domi-

nating type of injury was falls in the elderly and that the 

elderly more often underwent craniotomy.

Secondary insults/physiological variables—
occurrence and association to age

The pattern of secondary insults/physiological variables dif-

fered by age. The elderly (≥ 65 years) spent a higher propor-

tion of GMT with high CPP, high MAP, and high SBP and 

less degree of high ICP, low CPP, and low MAP (Table 5). 

Similar findings were also observed by Czosnyka and coll. 

[6].

In order to find out whether the observed difference 

between the age groups was explained by age indepen-

dently, a multiple linear regression analysis was performed 

including age ≥ 65 years as a explanatory factor for the dif-

ferent predefined secondary insults/physiological variables. 

The analysis showed that age ≥ 65 years was an independ-

ent explanatory factor for higher %GMT with CPP > 100, 

MAP > 120, and SBP > 180 (Table 6). This finding may to 

some extent be explained by higher degree of hypertension 

and cardiovascular diseases in the elderly (Table 1). The 

crucial question is whether higher pressures may influence 

outcome in a negative way in the elderly.

Fig. 2  Clinical outcome at 

follow-up. Favorable outcome 

(GOSE 5–8), unfavorable 

(GOSE 3–4), vegetative (GOSE 

2), and dead (GOSE 1). Each 

bar represents the percentage of 

outcome within its age group. 

Absolute number of patients in 

each bar is presented above
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Secondary insults/physiological variables-relation 
to clinical outcome and interaction by age

The logistic regression analysis of outcome (favorable and 

survival) for all patients indicated that high %GMT with 

ICP > 20, SBP ≤ 100, SBP > 180, CPP > 100 not are benefi-

cial. These findings, which may be summarized roughly as 

high ICP, low and high BP, and high CPP are bad, were 

not unexpected. Interestingly, when looking at the interac-

tion analyses, the elderly had a higher AOR for favorable 

outcome.

Hence, blood pressure should probably be treated differ-

ently in younger and older patients. The finding that high 

blood pressures may be advantageous in elderly is supported 

by Utomo and coll. who found higher odds of independent 

living at 6 months for patients ≥ 65 years with a SBP on 

arrival at hospital in the range of 131–150 mmHg, compared 

to patients with SBP of < 130 mmHg[37].

ICP did not prove to be a significant predictor of out-

come in the elderly. This finding should not be interpreted 

as if ICP is unimportant for outcome and does not need 

to be monitored in the elderly. Instead, this is probably an 

effect of the low burden of ICP insults thanks to effective 

detection and treatment. We have examined our material 

for events with %GMT ICP ≥ 25 and there was very few 

events in the elderly (median %GMT was 0.53, unpub-

lished data). Monitoring of ICP in elderly with TBI is 

of importance and this has also been shown by You and 

coll. in a randomized trial of elderly with severe TBI who 

found lower in-hospital mortality and improved 6-month 

outcomes for the patients randomized to ICP monitor-

ing [40]. We belive that extensive NIC monitoring is 

even more important in the elderly due to their increased 

vulnerability and this philosophy was clearly reflected 

in the observed numbers of elderly monitored in this 

study (Table 4), despite a larger proportion elderly using 

anticoagulants/antiplatelets.

Limitations

This is a single-center study and the results may therefore 

be influenced by the local management applied. Thus, the 

results may not be completely generalizable. There was a 

selection bias since only patients judged to have a reason-

able chance for favorable outcome were accepted for NIC. 

Treatment bias also needs to be considered since all patients 

were treated to avoid secondary insults and the % GMT at 

insult level was in low general.

Furthermore, complete multiple logistic regression analy-

ses for assessing the influence of secondary insults on out-

come could not be done (to adjust, e.g., sex, GCS at admis-

sion, and injury type) due to the relative small number of 

patients. It was however possible to study the age interaction.

Conclusions

Elderly ≥ 65 years have different patterns of secondary 

insults/physiological variables, which to some extent is 

independently associated to age. When patients in all ages 

were analyzed, low %GMT with CPP > 100 and SBP > 180 

were significant predictors of favorable outcome and 

high %GMT with ICP ≥ 20, CPP > 100, SBP ≤ 100, and 

SBP > 180 were positive predictors of death. The analysis 

of age interaction showed that patients ≥ 65 years differed 

and had a higher odds for favorable outcome and without 

a significant decrease in survival with large proportion of 

good monitoring time with SBP > 180.

This finding may indicate that blood pressure should be treated 

differently in younger and older patients. More TBI studies in the 

elderly are warrented to define specific guidelines regarding sec-

ondary insult definitions and optimal levels to target. Studies of 

pressure autoregulation and CPPopt are also desirable.

Supplementary Information The online version contains supplemen-

tary material available at https:// doi. org/ 10. 1007/ s00701- 021- 05047-z.
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Supplementary information 2. Glasgow coma scale Motor score on admission by age group 

 

Glasgow coma scale Motor score on admission. No significant differences between age 16-64 
vs age ≥65, Pearsons Chi 2 test. Each bar represents the percentage of outcome within its age 
group. Absolut number of patients in each bar is presented above. 
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Abstract
Purpose Cerebral perfusion pressure (CPP) guidance by cerebral pressure autoregulation (CPA) status according to PRx 

(correlation mean arterial blood pressure (MAP) and intracranial pressure (ICP)) and optimal CPP (CPPopt = CPP with 

lowest PRx) is promising but little is known regarding this approach in elderly. The aim was to analyze PRx and CPPopt in 

elderly TBI patients.

Methods A total of 129 old (≥ 65 years) and 342 young (16–64 years) patients were studied using monitoring data for MAP 

and ICP. CPP, PRx, CPPopt, and ΔCPPopt (difference between actual CPP and CPPopt) were calculated. Logistic regression 

analyses with PRx and ΔCPPopt as explanatory variables for outcome. The combined effects of PRx/CPP and PRx/ΔCPPopt 

on outcome were visualized as heatmaps.

Results The elderly had higher PRx (worse CPA), higher CPPopt, and different temporal patterns. High PRx influenced 

outcome negatively in the elderly but less so than in younger patients. CPP close to CPPopt correlated to favorable outcome 

in younger, in contrast to elderly patients. Heatmap interaction analysis of PRx/ΔCPPopt in the elderly showed that the 

region for favorable outcome was centered around PRx 0 and ranging between both functioning and impaired CPA (PRx 

range − 0.5–0.5), and the center of ΔCPPopt was − 10 (range − 20–0), while in younger the center of PRx was around − 0.5 

and ΔCPPopt closer to zero.

Conclusions The elderly exhibit higher PRx and CPPopt. High PRx influences outcome negatively in the elderly but less than 

in younger patients. The elderly do not show better outcome when CPP is close to CPPopt in contrast to younger patients.

Keywords Pressure reactivity index · Optimal cerebral perfusion pressure · Cerebral autoregulation · Traumatic brain 

injury · Elderly · Neurointensive care monitoring

Abbreviations
CPP  Cerebral perfusion pressure

CPA  Cerebral pressure autoregulation

PRx  Pressure reactivity index

MAP  Mean arterial pressure

ICP  Intracranial pressure

CPPopt  Optimal CPP

TBI  Traumatic brain injury

ΔCPPopt  Difference between CPP and CPPopt

NIC  Neurointensive care

GCS M  Glasgow Coma Scale motor score

SBP  Systolic blood pressure

GOSE  Extended Glasgow outcome scale

EVD  External ventricular drainage system

CSF  Cerebrospinal fluid

GMT  Good monitoring time

% GMT  Proportion of GMT
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OR  Odds ratio

AOR  Adjusted odds ratio
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CI  Confidence interval

 * Samuel Lenell 

 samuel.lenell@neuro.uu.se

1 Department of Medical Sciences, Section of Neurosurgery, 

Uppsala University Hospital, Uppsala University, 

751 85 Uppsala, Sweden



 Acta Neurochirurgica          (2024) 166:62    62  Page 2 of 11

Introduction

The clinical outcome after traumatic brain injury (TBI) has 

improved substantially with the introduction of specialized 

neurointensive care (NIC) [3, 4, 9, 19, 20]. The current trend 

in NIC treatment of TBI is towards more individualized 

treatment. Cerebral pressure autoregulation (CPA) status 

may be one important factor to consider. Promising results 

indicate that, instead of using fixed cerebral perfusion pres-

sure (CPP) goals, it may be beneficial to guide CPP accord-

ing to CPA status and estimated optimal CPP (the CPP range 

where CPA works best) [5, 25, 26, 33, 34]. CPA can be mon-

itored by using the pressure reactivity index (PRx), which 

is the correlation coefficient between mean arterial blood 

pressure (MAP) and intracranial pressure (ICP) over 5 min 

[5]. Optimal CPP (CPPopt) may be calculated continuously 

as the CPP with the lowest PRx over a chosen period of 

time (hours) [1]. CPA-guided CPP was found to be safe in a 

recent feasibility randomized clinical trial [30] and outcome 

studies are under discussion.

One important fact to consider in the further develop-

ment of NIC towards more individualized management 

is the changing demographics of TBI. The proportion of 

elderly (age ≥ 65) is increasing both overall and among 

TBI patients [8, 14, 18, 22] and is expected to increase fur-

ther over time. The management of elderly TBI patients 

is a tremendous future challenge. The elderly differ with 

a higher proportion of acute subdural hematoma, higher 

Glasgow Coma Scale motor score (GCS M) on admission, 

more often exhibit chronic diseases, such as hypertension 

and cardiovascular disease, and are more often pre-injury 

treated with antithrombotic drugs [14, 15, 27, 28]. The 

causes of the trauma are also often different with falls in 

the same plane being the main cause in elderly rather than 

high-energy injuries [7, 10, 12–14]. Despite the known dif-

ferences between elderly and younger adults with TBI, all 

patients are still irrespective of age treated according to the 

same guidelines, which are based on research predominantly 

on younger patients. We found in our previous study that the 

elderly spent more time outside the treatment thresholds, 

with higher CPP and higher systolic blood pressure (SBP) 

but seemed to benefit from this in contrast to the young 

adults [16]. Low SBP was found to be critical to avoid in 

the elderly [16]. This raises the question of whether PRx and 

CPPopt are useful for guidance of treatment in the elderly. 

Only few TBI studies have focused on CPA in the elderly [2, 

6, 8]. It has been shown that cerebrovascular resistance and 

reactivity may change with age and that PRx appears to be 

better in the younger ages [24]. More studies are warranted 

regarding CPA specifically in elderly TBI patients.

In this study, we aimed to analyze PRx and CPPopt spe-

cifically in elderly TBI patients during NIC and relate the 

results to outcome. We intend to use the younger patients 

for comparison.

Material and methods

Study design and patient selection

The Department of Neurosurgery at the Uppsala University 

Hospital, Sweden, provides neurosurgical care for a central 

part of Sweden, with a population of approximately 2 mil-

lion people. Most TBI patients are initially treated at local 

hospitals according to advanced trauma life support princi-

ples and then referred to Uppsala for NIC (the most distant 

hospital is 382 km away).

All patients admitted to the NIC unit have since 2008 

been included in the Uppsala Traumatic Brain Injury registry 

[23] where patients’ characteristics, treatment characteris-

tics, and 6-month follow-up are registered. Extended Glas-

gow outcome scale grade (GOSE) is assessed after around 

6 months, by structured telephone interviews done by a few 

selected persons [31, 32].

All TBI patients admitted to Uppsala University Hospital 

between 2008 and 2018 aged ≥ 16 years who had available 

monitoring data were included in the study. Age, sex, GCS 

M, and GOSE were gathered from the Uppsala TBI registry. 

The first CT after trauma was classified according to Mar-

shall [21], in retrospect by two of the authors (SL and TSW).

Neurointensive care

All patients were treated according to the same local stand-

ardized treatment protocol [9]. Briefly, unconscious patients 

(GCS M ≤ 5) were intubated, mechanically ventilated, and 

had ICP monitoring regardless of age (active waiting in 

cases with anticoagulants/coagulopathy). Propofol was used 

for sedation and opiates for analgesia. An external ventricu-

lar drainage system (EVD) was used as the first choice for 

ICP monitoring, and an intraparenchymal pressure device 

was chosen in case of compressed ventricles. The pressure 

dome for the EVD was placed at the level of the lateral ven-

tricles, and the arterial blood pressure dome was placed at 

the heart level. Moderate hyperventilation was applied ini-

tially  (PaCO2 4.0–4.5 kPa) and changed to normoventila-

tion as soon as ICP permitted. Unless severe ICP elevations, 

regular wake-up tests were performed (3–6 times/day). Pro-

phylactic anticonvulsants were not used. Significant mass 

lesions were evacuated.

The treatment goals were as follows: ICP < 20 mmHg, sys-

tolic blood pressure (SBP) > 100 mmHg, CPP > 60 mmHg, 

 PaO2 > 12 kPa, glucose 5–10 mmol/L, normovolemia, elec-

trolytes within normal ranges, and body temperature < 38 °C. 

PRx and CPPopt were not available bedside.
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Raised ICP was treated in a stepwise fashion[9]: (1) If 

ICP increased ≥ 20 mmHg without mass lesions, cerebro-

spinal fluid (CSF) was drained. Initially (first day/days) 

small volumes of 1–2 ml were drained intermittently. Later 

when the risk for expanding hematomas and brain swell-

ing was decreased, CSF was drained (if needed) against a 

pressure level of 15–20 mmHg with a continuously open 

EVD. (2) If ICP remained increased the treatment was esca-

lated. No wake-up tests were performed. Patients received 

continuous sedation, more morphine, and stress reduction 

with ß1-antagonist metoprolol (0.2–0.3 mg/kg/24 h as an 

infusion) and α2-agonist clonidine (0.5–1.0 μg/kg × 8 or the 

same dose as an infusion). (3) If the ICP treatment still was 

insufficient, thiopental coma treatment and/or decompressive 

craniectomy were used as last-tier treatments. This step was 

initiated more restrictively in the elderly.

Monitoring data processing

ICP and arterial monitoring data were recorded with the 

Odin software, developed at Uppsala University and the Uni-

versity of Edinburgh [11]. Collected data was screened and 

cleared from artifacts using the Odin software. The moni-

toring time left after the removal of artifacts and time gaps 

from, e.g., radiology examination and surgical procedures 

was entitled good monitoring (GMT). The proportion of 

GMT (% GMT) above/below certain predefined thresholds 

were calculated for PRx and CPPopt variables (see below).

Trended minute-by-minute data was collected for MAP, 

SBP, ICP, and CPP, respectively. PRx was calculated as a 

moving 5-min correlation of 10 s averages of ICP and MAP. 

PRx is presented as % GMT > 0.25. CPPopt was calculated 

as the CPP with the lowest PRx in the last 4 h, as described 

by Aries and colleagues [1]. Deviations from CPPopt were 

denoted ΔCPPopt and calculated as the difference between 

actual CPP and calculated CPPopt. ΔCPPopt is presented 

as % GMT with ΔCPPopt <  − 5, ± 5, or > 5 mmHg, respec-

tively [30].

Heatmap visualization

The combined effect of PRx/CPP and PRx/∆CPPopt, respec-

tively, on the outcome (GOSE) was explored by creating 

heatmaps. The heatmaps were generated by a custom-writ-

ten-R-script, developed by one of the authors (AH) as earlier 

described in detail [29]. The PRx range was − 1 to + 1 with a 

0.05 resolution, which was combined with CPP (range 40 to 

100 mmHg), and ∆CPPopt (range − 30 to + 30 mmHg), with 

a 2-mmHg resolution. For each coordinate/pixel (combina-

tion of two thresholds) the % GMT was calculated for all 

patients and correlated with GOSE using the Spearman test. 

Smoothing filters were used, and values were then trans-

lated into the jet color range (red to blue) with red/blue color 

indicating a negative/positive association with unfavorable/

favorable outcomes. Coordinates/pixels with less than five 

patients with at least 5 min of data were colored as white. 

Density plots were conducted to visualize the frequency of 

the percentage of monitoring time for certain combinations 

of PRx with CPP or ∆CPPopt. The resulting numbers were 

normalized (divided) by the highest count within the grid to 

yield density values ranging from 0 to 1 for each cell in the 

grid. The resulting values were smoothed and then trans-

formed into colors using the jet color scale.

Statistics

Two age groups were analyzed, one old group ≥ 65 years of 

age and one young group 16–64 years old. Differences in 

characteristics between the age groups were analyzed with 

Pearson’s  chi2 test. Non-parametric data were presented as 

median with interquartile range and differences between 

groups tested with Mann–Whitney U-test.

In order to analyze the influence on the outcome (favora-

ble outcome (GOSE 5–8) and mortality) of PRx, CPPopt, 

and ΔCPPopt, univariate logistic regression analysis was 

done with favorable outcome and mortality as depend-

ent variables. Univariate analysis was also performed for 

GCS M, Marshall score, and sex. Multiple logistic regres-

sion analysis was performed for favorable outcome and 

mortality with the explanatory variables GCS M, Mar-

shall score, sex, % GMT with > 0.25, and % GMT with 

ΔCPPopt <  − 5/ ± 5/ > 5 mmHg for favorable outcome and 

for mortality. IBM SPSS Statistics version 28.0.1.0 was used 

(IBM Corp, Armonk, NY).

A p-value < 0.05 was considered statistically significant. 

In tables and figures significant findings are marked with 

*p < 0.05, **p < 0.01, and ***p < 0.001.

Results

Among 471 patients who met the criteria for the study, 129 

(27%) were ≥ 65 years old (old group), and 342 (73%) were 

between 16 and 64 years old (young group) (Table 1). The 

age distribution is provided as supplementary information 

in Online Resource 1. In the old group, 106 (82.2%) were 

males, the median GCS M was 5 (IQR 5–6), and the median 

Marshall score was 5 (IQR 2–5). In the young group, 265 

(77.5%) were males, the median GCS M was 5 (IQR 4–5) 

and the median Marshall score was 2 (IQR 2–5).

ICP was monitored by an EVD in 87 cases, a par-

enchymatous pressure device in 280, and both in 

103 (Table  1). The median ICP monitoring time was 

11,684  min (IQR 6672–13,491), the median MAP 

monitoring time was 13,081 min (IQR 8980–13,818), 

and the median CPP monitoring time was 11,344 (IQR 
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6490–13,434). The number of patients with monitoring 

data for each day is provided as supplementary informa-

tion in Online Resource 2. Median values of each physi-

ological parameter and median values of % GMT spent 

above/within/below predefined thresholds for PRx and 

ΔCPPopt are presented for the whole studied monitoring 

period (10 days) by age group in Table 2. CPPopt was 

possible to calculate in 53.7% of GMT in the 16–64 years 

group and in 56.5% of GMT in the elderly group. There 

were highly significant differences between the age groups. 

The old group showed significantly higher MAP, higher 

SBP, lower ICP, higher CPP, higher (worse) PRx, higher 

CPPopt, higher % GMT with ΔCPPopt <  − 5%, and lower 

% GMT with ΔCPPopt ± 5 (Table 2).

When the temporal patterns of MAP, SBP, ICP, CPP, and 

PRx were analyzed in the old group by day and divided into 

favorable outcome and unfavorable outcomes, it seemed to 

be a tendency that patients ≥ 65 years with lower MAP days 

8–10, lower SBP days 3–10, and higher PRx days 0–5 had 

more unfavorable outcome (Fig. 1). In the young group, 

patients with higher PRx and higher MAP had significantly 

more unfavorable outcome during almost the whole time 

period (Fig. 1). Analysis of temporal patterns of CPPopt and 

% GMT with ΔCPPopt <  − 5/ ± 5/ > 5 showed no significant 

Table 1  Patient characteristics

a Tested with  chi2-test
b Tested with Mann–Whitney U-test
* p < 0.05, **p < 0.01, and ***p < 0.001

16–64 years  ≥ 65 years p

Patients, n 342 129

Age (years), median (IQR) 44 (25–55) 71 (68–75)

Sex (male), n (%) 265 (77.5) 106(82.2)  < 0.001a ***

GCS M at admission, median (IQR) 5(4–5) 5(5–6) 0.021b *

Marshall score, median (IQR) 2(2–5) 5(2–5)  < 0.001b ***

ICP monitoring

  EVD, n (%) 60 (17.5) 27 (20.9) 0.398a

  Intraparenchymal devices, n (%) 196 (57.3) 84 (65.11) 0.124a

  Both, n (%) 86 (25.1) 17 (13.2) 0.005a **

Neurointensive care treatment

  Craniotomy, n (%) 167 (48.8) 83 (64.3) 0.003a **

  DC, n (%) 44 (12.9) 6 (4.7) 0.010a *

  Thiopental, n (%) 53 (15.5) 4 (3)  < 0.001a ***

Outcome

  Favorable, n (%) 204 (59.6) 51 (39.5)  < 0.001a ***

  Mortality, n (%) 37 (10.8) 40 (31.0)  < 0.001a ***

Table 2  Physiological features 

for the whole 10-day monitoring 

period

Difference between age groups tested with Mann–Whitney U-test
* p < 0.05, **p < 0.01, and ***p < 0.001

16–64 years  ≥ 65 years p

MAP, median (IQR) 87.1 (83.4–92.3) 91.7 (87.3–96.7)  < 0.001 ***

SBP, median (IQR) 137.8 (129.9–147.4) 150.6 (140.0–158.5)  < 0.001 ***

ICP, median (IQR) 12.2 (8.7–14.8) 10.6 (7.2–12.9)  < 0.001 ***

CPP, median (IQR) 75.3 (70.7–81.0) 80.6 (76.1–89.1)  < 0.001 ***

CPPopt, median (IQR) 75.2 (71.6–79.6) 80.8 (75.8–87.2)  < 0.001 ***

PRx, median (IQR) 0.03 (− 0.06–0.12) 0.10 (0.02–0.19)  < 0.001 ***

GMT PRx > 0, median % (IQR) 52.2 (42.0–63.5) 62.6 (51.2–71.8)  < 0.001 ***

GMT PRx > 0.25, median % (IQR) 26.9 (20.4–37.2) 36.6 (26.8–46.0)  < 0.001 ***

GMT PRx > 0.35, median % (IQR) 19.5 (14.2–27.9) 26.0 (18.4–35.3)  < 0.001 ***

GMT ΔCPPopt <  − 5, median % (IQR) 30.9 (23.0–40.2) 34.9 (25.7–44.0) 0.014 *

GMT ΔCPPopt ± 5, median % (IQR) 28.4 (23.4–34.2) 24.4 (20.5–27.9)  < 0.001 ***

GMT ΔCPPopt > 5, median % (IQR) 33.1 (25.2–40.5) 33.9 (25.6–43.8) 0.236
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differences between favorable and unfavorable outcomes 

at any day in the old group (Fig. 2). In the young group, 

patients with unfavorable outcome had significantly higher 

median of CPPopt almost all days (days 1, 2, 5, 7, and 9) 

and significantly lower % GMT with ΔCPPopt ± 5 days 1, 

4, and 5 (Fig. 2).

The logistic regression analyses for the whole period with 

favorable outcomes and mortality as dependent variables 

are presented in Table 3. In the young group, both the uni-

variate and the multivariate analyses showed significantly 

lower odds ratio (OR)/adjusted odds ratio (AOR) for favora-

ble outcome with increasing Marshall score and increas-

ing % GMT with PRx > 0.25, and significantly higher OR/

AOR for favorable outcome with increasing GCS M. Higher 

ΔCPPopt ± 5 showed significantly higher OR for favorable 

outcome in the univariate analysis but not in the multivariate 

analysis. None of the variables showed statistical signifi-

cance in the elderly group for favorable outcomes, neither 

in the univariate nor in the multiple regression analysis. In 

the univariate regression analysis for mortality, the young 

group had significantly higher OR for mortality with increas-

ing Marshall score, increasing % GMT with PRx > 0.25, 

and increasing % GMT with ΔCPPopt <  − 5 (Table 3). 

Higher GCS M and higher % GMT with CPPopt ± 5 were 

significantly associated with lower OR for mortality. In the 

multiple regression analysis, the young group had a sig-

nificantly higher AOR for mortality with PRx > 0.25 and a 

significantly lower AOR with higher GCS M on admission 

(Table 3). In the old group, significantly higher OR/AOR for 

mortality was seen for a higher % GMT with PRx > 0.25 in 

both the univariate and multiple logistic regression analyses 

but no other significant associations were found (Table 3).

Heatmap interaction analysis of PRx/ΔCPPopt in the 

elderly showed that the field for favorable outcome had its 

center around PRx 0 (range − 0.5–0.5) and ΔCPPopt − 10 

(range − 20–0) and that the plots were more dispersed than 

in the younger patients who had a center for favorable out-

come around PRx − 0.5 (range − 0.75–0) and ΔCPPopt 

Fig. 1  Temporal daily distribution of MAP, SBP, ICP, CPP, and PRx 

by outcome and age group. Distribution of patients’ daily mean val-

ues on group level for each physiological feature with the distribu-

tion presented as median (line) and IQR (band). Favorable outcome 

GOSE 5–8 and unfavorable GOSE 1–4. Difference between favora-

ble and unfavorable tested for each day with Mann–Whitney U-test. 

*p < 0.05, **p < 0.01, and ***p < 0.001
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Fig. 2  Temporal daily distribution of CPPopt and ΔCPPopt by out-

come and age group. Distribution of patients’ daily mean values on 

group level for CPPopt and mean percentage monitoring time of 

ΔCPPopt <  − 5, ΔCPPopt ± 5, and ΔCPPopt > 5 over 10  days with 

the distribution presented as median (line) and IQR (band). Favorable 

outcome GOSE 5–8 and unfavorable GOSE 1–4. Difference between 

favorable and unfavorable tested for each day with Mann–Whitney 

U-test. *p < 0.05, **p < 0.01, and ***p < 0.001
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closer to zero (range − 10–10 (Fig. 3). The density plots 

showed almost the same center in both age groups (mar-

ginally lower PRx center in the younger) but with a wider 

field in the elderly group (Fig. 3). In the PRx/CPP interac-

tion heatmap, the elderly showed a more dispersed field for 

favorable outcome compared to the young group (Fig. 4). 

In the old group, the field of favorable outcome mostly fit-

ted in between PRx − 0.5 and 0.5 and CPP between 60 and 

80 in contrast to the younger group where the field had a 

more distinct center at approximately PRx − 0.3 (range 

Table 3  Logistic regression analysis (whole 10 days period) with favorable and mortality as dependent

Univariate logistic regression analyses for variables from each age group with favorable or mortality as dependent. For each age group multiple 

regression analyses were made for favorable outcome and mortality taking all variables into account. *p < 0.05, **p < 0.01, and ***p < 0.001
c 16–64 years: Nagelkerke R square = 0.254. ≥ 65 years; Nagelkerke R square = 0.049
d 16–64 years: Nagelkerke R Square = 0.176. ≥ 65 years; Nagelkerke R square = 0.135

Variable 16–64 years

Univariate logistic regression Multiple logistic regression

OR 95% CI p AOR 95% CI p

Favorable  modelc

  Sex (male) 1.005 0.599–1.686 0.985 1.134 0.628–2.046 0.676

  GCS M on admission 1.852 1.499–2.288  < 0.001 *** 1.914 1.484–2.467  < 0.001 ***

  Marshall score 0.763 0.655–0.889  < 0.001 *** 0.809 0.679–0.964 0.018 *

  PRX > 0.25 (%GMT) 0.964 0.948–0.98  < 0.001 *** 0.973 0.953–0.993 0.009 **

  ΔCPPopt <  − 5 (%GMT) 0.995 0.979–1.011 0.520 1.211 0.854–1.718 0.282

  ΔCPPopt ± 5 (%GMT) 1.048 1.016–1.082 0.003 ** 1.287 0.866–1.912 0.213

  ΔCPPopt > 5 (%GMT) 0.987 0.968–1.005 0.164 1.184 0.835–1.679 0.343

Mortality  modeld

  Sex (male) 0.783 0.33–1.86 0.580 0.830 0.292–2.358 0.726

  GCS M on admission 0.648 0.514–0.818  < 0.001 * 0.784 0.562–0.995 0.046 *

  Marshall score 1.313 1.048–1.645 0.018 * 1.243 0.949–1.627 0.114

  PRX > 0.25 (%GMT) 1.057 1.035–1.08  < 0.001 *** 1.029 1.000–1.058 0.046 *

  ΔCPPopt <  − 5 (%GMT) 1.040 1.013–1.067 0.003 ** 1.118 0.715–1.750 0.625

  ΔCPPopt ± 5 (%GMT) 0.915 0.865–0.969 0.002 ** 1.066 0.643–1.768 0.803

  ΔCPPopt > 5 (%GMT) 0.980 0.949–1.012 0.221 1.107 0.707–1.733 0.658

Variable  ≥ 65 years

Univariate logistic regression Multiple logistic regression

OR 95% CI p AOR 95% CI p

Favorable  modelc

  Sex (male) 0.616 0.234–1.624 0.328 0.858 0.302–2.439 0.774

  GCS M on admission 1.186 0.864–1.629 0.292 1.158 0.823–1.630 0.401

  Marshall score 0.949 0.763–1.18 0.636 0.958 0.758–1.212 0.721

  PRX > 0.25 (%GMT) 0.983 0.96–1.006 0.148 0.986 0.960–1.013 0.300

  ΔCPPopt <  − 5 (%GMT) 1.001 0.978–1.025 0.932 0.905 0.535–1.533 0.711

  ΔCPPopt ± 5 (%GMT) 1.024 0.972–1.079 0.364 0.907 0.496–1.658 0.751

  ΔCPPopt > 5 (%GMT) 0.991 0.965–1.018 0.502 0.897 0.529–1.520 0.685

Mortality  modeld

  Sex (male) 0.968 0.364–2.575 0.948 1.084 0.357–3.292 0.887

  GCS M on admission 0.822 0.605–1.115 0.208 0.879 0.616–1.254 0.477

  Marshall score 1.196 0.944–1.515 0.137 1.159 0.888–1.513 0.278

  PRX > 0.25 (%GMT) 1.044 1.017–1.071 0.001 ** 1.035 1.005–1.066 0.023 *

  ΔCPPopt <  − 5 (%GMT) 1.015 0.991–1.041 0.227 1.117 0.637.1.961 0.699

  ΔCPPopt ± 5 (%GMT) 0.983 0.93–1.038 0.535 1.127 0.594–2.140 0.714

  ΔCPPopt > 5 (%GMT) 0.986 0.959–1.015 0.343 1.108 0.630–1.947 0.722
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PRx − 0.7–0.4) and CPP 65 (range CPP 50–80). The den-

sity plots had approximately the same center of PRx in both 

groups, but the elderly group has more values in the higher 

CPP range than the young (Fig. 4).

Discussion

In this single-center study, we analyzed monitoring data 

from 129 elderly TBI patients (≥ 65 years) and compared the 

results with 342 younger TBI patients (16–64 years), with 

particular interest in CPA. All patients were treated during 

the same period according to the same protocol. The cer-

ebrovascular indices were calculated in retrospect in order to 

evaluate the potential of using PRx and CPPopt for guidance 

of CPP treatment in the elderly. Our concern was that older 

patients may differ, especially since we found in our previous 

study that the elderly spent more time with higher CPP and 

higher systolic blood pressure (SBP) but seemed to benefit 

from this in contrast to the young adults [16].

In this study, the elderly proved to have higher median 

values of PRx, which is in accordance with the findings 

by Czonyka et al. [6]. We observed also that the median 

CPPopt was higher in the elderly. Furthermore, the elderly 

spent a higher % GMT with higher PRx values and a higher 

% GMT with CPP outside ΔCPPopt ± 5 (Table 2). These 

findings were also consistent with the density plots (Fig. 3). 

It appears convincing that elderly TBI patients have worse 

CPA and spend less time where the CPA works best in com-

parison to younger patients. The reasons for the age differ-

ences probably depend on multiple factors, e.g., different 

dominating types of brain injury, co-existing cardio- and 

cerebrovascular diseases, and medication. In order to evalu-

ate the potential of using PRx and CPPopt for individualized 

treatment of CPP in the elderly, analysis of the impact on 

outcome may give insights.

Fig. 3  Combined effect of 

PRx and ΔCPPopt on clinical 

outcome. The figure illustrates 

the combined association of the 

percentage of monitoring time 

(% GMT) for absolute PRx and 

∆CPPopt values with GOSE (A 

and C) and density plots with 

the data frequency of certain 

PRx and ∆CPPopt combina-

tions (B and D). The % GMT 

for the concurrent combination 

of PRx and ∆CPPopt during 

the 10 days was calculated and 

correlated with GOSE. The jet 

color range denotes the value 

of the correlation coefficients, 

where blue color indicates 

favorable and red color indicates 

unfavorable outcome. Pixels 

with less than five patients with 

5 min of monitoring with a 

certain combination of PRx and 

CPP were colored as white
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When the temporal patterns during the whole study 

period of 10 days were analyzed for the monitoring param-

eters by outcome (Fig. 1), old patients with unfavorable 

outcomes tended to have lower MAP days 8–10, lower 

SBP days 3–10, and higher PRx days 0–5. A different 

picture was found for the young group where PRx and 

MAP were significantly higher in patients with unfavora-

ble outcomes during the whole study period. Looking at 

mean CPPopt and ΔCPPopt, no significant correlations 

with outcome were found in the elderly (Fig. 2). In the 

young group on the other hand, high mean CPPopt was 

significantly related to worse outcome half of the days 

(days 1, 2, 5, 7, and 9) and high % GMT with ΔCPPopt ± 5 

was significantly related to favorable outcome (day 1, 4, 

and 5). The overall impression was thus that median CPP 

and proportion of time with CPP close to CPPopt, above 

CPPopt, or below CPPopt exert a greater impact on out-

come in patients who are young and that those factors are 

less important in the elderly.

Looking at the logistic regression analysis of the whole 

monitoring period, poor cerebrovascular reactivity (high 

PRx) proved consistently to be associated with unfavorable 

outcome and mortality in the young group, both in the uni-

variate and multivariate analyses (Table 3). Furthermore, 

in the young group large % GMT with ΔCPPopt ± 5 was 

significantly related to favorable outcome in the univari-

ate analysis although no independent influence on outcome 

was found in the multivariate analysis. Regarding mortality, 

large % GMT with ΔCPPopt <  − 5 and small % GMT with 

ΔCPPopt ± 5 were significantly associated to mortality in the 

univariate analysis of the young group, although no signifi-

cant associations were found in the multivariate analysis. In 

the old group, the only significant finding was that CPA was 

associated to mortality both in the univariate and multivari-

ate analyses Detailed interpretation of the differences found 

between the young and old groups is difficult but may prob-

ably to some extent be explained by the observed differences 

in physiological monitoring features. However, the results 

Fig. 4  Combined effect of PRx 

and CPP on clinical outcome. 

The figure illustrates the 

combined association of the 

percentage of monitoring time 

(% GMT) for absolute PRx 

and CPP values with GOSE (A 

and C) and density plots with 

the data frequency of certain 

PRx and CPP combinations (B 

and D). The % GMT for the 

concurrent combination of PRx 

and CPP during the 10 days 

was calculated and correlated 

with GOSE. The jet color range 

denotes the value of the cor-

relation coefficients, where blue 

color indicates favorable and red 

color indicates unfavorable out-

come. Pixels with less than five 

patients with 5 min of monitor-

ing with a certain combination 

of PRx and CPP were colored 

as white
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indicate that cerebrovascular reactivity and deviations from 

CPPopt play a more important role for the clinical course in 

younger patients than in the elderly.

Another way of studying the significance of CPA and 

deviations from CPPopt is to visualize the interactions of 

PRx with CPP and ∆CPPopt, respectively, by generation 

of heatmaps. The heatmaps also indicated that cerebrovas-

cular reactivity and small ΔCPPopt are more important in 

the young group. In the PRx/CPPopt heatmap, the elderly 

showed that the field for favorable outcome had its center 

around PRx 0 and was ranging between both functioning and 

impaired CPA (PRx range − 0.5–0.5) and that the center of 

ΔCPPopt was at − 10 (ranging between − 20 and 0), and the 

plots were more dispersed than in the younger patients who 

had the center for favorable outcome at around PRx − 0.5 

with a field within functioning CPA (PRx range − 0.75–0) 

and the center of ΔCPPopt closer to zero (range − 10–10 

(Fig. 3).

More studies of CPA in the elderly are warranted to sub-

stantiate our findings. Many questions remain to be answered 

that require multicenter studies with a large number of 

elderly patients, e.g., the impact of injury type and car-

diovascular status. Careful consideration is always needed 

before the implementation of new treatment strategies, and 

we believe our results highlight that management principles 

that originate from younger TBI patients cannot be directly 

generalized to the elderly. Hence, before introducing CPA-

guided CPP management in the elderly, more knowledge 

regarding CPA must be gathered from observational studies. 

The introduction of non-standardized CPA-guided manage-

ment should be avoided in order not to bias the observational 

studies. At present our findings only indicate that it may be 

beneficial with relatively high blood pressure and high CPP 

in the elderly.

There are some limitations of the study that need to 

be considered. The study was retrospective, although 

data were prospectively collected. The results must be 

validated in other centers since this was a single-center 

study, and generalization of the results to other centers 

needs to be done with caution. It should also be mentioned 

that there is a referral selection bias, especially for the 

elderly since patients with more severe injuries and/or 

significant comorbidity considered not possible to treat 

were not accepted. The effect of a treatment bias must also 

be considered. The policy was that thiopental coma treat-

ment and/or decompressive craniectomy should be initi-

ated more restrictively in the elderly. This was also true 

in reality. The selection bias and treatment bias may have 

influenced the results, but these circumstances are what 

we have to deal with in reality. Furthermore, there were 

multiple comparisons but since this was an observational 

study we did not adjust for that. The fact that CPPopt was 

only possible to calculate in slightly above 50% of the 

GMT is a weakness of the concept, although this finding 

did not differ substantially between the age groups. Using 

the multi-window method described by Liu and colleagues 

[17] may have improved the CPPopt yield but since most 

earlier studies of CPPopt are based on the original 4-h 

window we preferred to use that.

In conclusion, the results of this study show that the 

elderly have higher PRx (worse autoregulation) and higher 

CPPopt; that high PRx influences outcome negatively in 

elderly patients but to a lesser extent than in the younger 

patients; and that more time spent close to CPPopt is associ-

ated with favorable outcome in younger patients but not in 

the elderly. Thus, CPA-guided therapy seems less promis-

ing in the elderly. Accordingly, the differences found for 

the elderly need to be considered when studies of CPPopt-

guided therapy are designed since the inclusion of elderly 

patients may confound the results, and power analysis may 

be misled.
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