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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

* Anders Lewén
anders.lewen@neuro.uu.se

1 Department of Neuroscience, Neurosurgery, Uppsala University,
SE-751 85 Uppsala, Sweden

Acta Neurochir (2016) 158:125–133
DOI 10.1007/s00701-015-2639-6

http://orcid.org/0000-0003-4925-1348
http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-015-2639-6&domain=pdf


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.

0

10

20

30

40

50

60

70

80

90

100

16-19 20-29 30-39 40-49 50-59 60-69 70-79 80-86

%
Favorable Unfavorable Dead

N=27 N=49                N=31                N=34                N=41                N=47                N=27       N=10

Fig. 2 Proportion of favorable
outcomes and death at 6 months
after injury in 10-year patient age
periods. There was an apparent
strong relationship between
increased age and worsened
outcome

51%

24% 25%

72%

21%

7%

0

10

20

30

40

50

60

70

80

Favorable Unfavorable Death

OUTCOME

Elderly Younger
*

%

*

Fig. 1 Distribution of 6-month
GOSE outcomes stratified into
favorable (good recovery, higher/
lower; moderate disability,
higher/lower), unfavorable
(severe disability, higher/lower;
vegetative) and death.
*Statistically significant
difference between E and Y
patients (p<0.05). Glasgow
Outcome Scale Extended (GOSE)
[40]. Patients with unknown
outcome (6 E and 12 Y patients)
were excluded from the outcome
analysis but included in the
descriptive part of the study

Acta Neurochir (2016) 158:125–133 129



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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