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Abstract

Purpose We studied the impact of age on survival and functional recovery in brain-injured patients.

Methods We performed an observational cohort study of all consecutive adult patients with brain injury admitted to ICU
in 8 years. To estimate the optimal cut-off point of the age associated with unfavorable outcomes (mRS 3-6), receiver oper-
ating characteristic (ROC) curve analyses were used. Multivariate logistic regression analyses were performed to identify
prognostic factors for unfavorable outcomes.

Results We included 619 brain-injured patients. We identified 60 years as the cut-off point at which the probability of unfa-
vorable outcomes increases. Patients > 60 years had higher severity scores at ICU admission, longer duration of mechanical
ventilation, longer ICU and hospital stays, and higher mortality. Factors identified as associated with unfavorable outcomes
(mRS 3-6) were an advanced age (> 60 years) [Odds ratio (OR) 4.59, 95% confidence interval (CI) 2.73-7.74, p <0.001],
a low GCS score (<8 points) [OR 3.72, 95% CI 1.95-7.08, p <0.001], the development of intracranial hypertension [OR
5.52,95% CI 2.70-11.28, p <0.001], and intracerebral hemorrhage as the cause of neurologic disease [OR 3.87, 95% CI
2.34-6.42, p<0.001].

Conclusion Mortality and unfavorable functional outcomes in critically ill brain-injured patients were associated with older
age (> 60 years), higher clinical severity (determined by a lower GCS score at admission and the development of intracranial
hypertension), and an intracerebral hemorrhage as the cause of neurologic disease.

Keywords Brain injury - Outcome - Age - Prognostic factors

Introduction

Neurological syndromes due to structural brain lesions
(hemorrhage, stroke, and trauma) often result in the neces-
sity of ICU admission and mechanical ventilation initiation
[1]. Brain injury patients have longer mechanical ventila-
tion duration and higher mortality than non-neurologic
patients [2], and only show a limited capacity of complete
recovery. But studies providing information on acute phase
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parameters that may significantly impact survival or func-
tional outcomes are still scarce. While some authors stated
that outcomes of brain-injured patients are primarily driven
by the severity of the underlying neurologic pathology, the
effect of age on functional recovery is less certain. The mean
age of neurologic patients is increasing with the aging of the
population, and some studies have found that older patients
have high in-hospital mortality and poor functional recovery
at acute care discharge due to a lower physiological reserve
[3-8], while others not [9, 10].

Given the fact that more elderly patients will require
acute care as the population ages, and neurologic disease
remains one of the main reasons for requiring admission
to the ICU and initiation of mechanical ventilation [1], a
more detailed understanding of these patient populations
may facilitate care and management decisions. This study
aimed to examine the effect of age on outcomes and analyze
factors associated with unfavorable outcomes in unselected
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consecutive adult patients with structural brain injury admit-
ted to the ICU.

Methods
Patients and setting

We performed a prospective observational cohort study of
all consecutive adult patients with brain injury (intracerebral
hemorrhage, traumatic brain injury, subarachnoid hemor-
rhage, and ischemic stroke) admitted to our 18-bed medical-
surgical ICU from November 2012 to November 2020. We
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement guidelines
for observational cohort studies [11]. The protocol was
approved by the research ethics board of each participating
institution (Comité Etico de Investigacion Clinica del Hos-
pital Universitario de Getafe, Spain with approval number
A08/17) and the need for informed consent was obtained
according to local rules.

Data collection and outcome analysis

Demographic and clinical variables were obtained from the
medical records. We collected the following information:
age and sex; nature of the primary structural brain lesion
[intracranial hemorrhage (ICH), subarachnoid hemorrhage
(SAH), traumatic brain injury (TBI), and ischemic stroke
(IS)]; severity at admission estimated by the Simplified
Acute Physiology Score (SAPS II) and Glasgow Coma
Scale (GCS)]; development of intracranial hypertension,
defined as a sustained elevation (more than 5 min and not
related to external stimuli) in intracranial pressure of more
than 20 mmHg during the ICU stay; need and duration of
mechanical ventilation; length of stay in the intensive care
unit and the hospital; in-hospital mortality and discharge
status; cause of death in patients who died during hospitali-
zation (brain death, treatment withdrawal, or other causes);
functional outcome at hospital discharge after brain injury
assessed by the modified Rankin Scale (mRS). Functional
outcome was defined as good (mRS 0 to 2; independent) or
poor (mRS 3 to 6; dependent or dead). Patients were fol-
lowed-up until hospital discharge.

Statistical analysis

The distribution of the data was assessed with the Kol-
mogorov—Smirnov test. Continuous and categorical vari-
ables are expressed as mean and SD, as median and range,
or as percentage, as appropriate. Proportions between two
groups were compared using the y” test, Fisher’s exact test,
or Mann—Whitney U test, as appropriate.
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To estimate the optimal cut-off point of the age associated
with unfavorable outcomes (mRS 3-6), receiver operating
characteristic (ROC) curve analyses were used.

Multivariate logistic regression analyses were performed
to identify prognostic factors for unfavorable outcomes
(mRS 3-6) in neurological patients. Covariates considered
for the multivariable analyses included age, etiology of neu-
rologic disease, modified Simplified Acute Physiology Score
II (without neurologic and age components to avoid intro-
ducing confounding factors, since these are variables that
would be repeated in the analysis), Glasgow Coma Scale
on admission, and development of intracranial hyperten-
sion. All variables included in the multivariate models were
tested for colinearity. The Hosmer and Lemeshow test was
used to assess the goodness of fit of the model. Odds ratios
with 95% confidence intervals were calculated for statisti-
cally significant variables. Differences at the level of p <0.05
were considered statistically significant.

Statistical analyses were performed using the SPSS 21.0
software package (SPSS Inc., Chicago, IL, USA).

Results

We have studied a cohort of 619 neurologic critically ill
patients for a period of 8 years. Baseline characteristics and
main outcomes of patients with neurologic disease and ICU
admission are shown in Table 1.

Age and outcomes in patients with brain injury

We identified the age of 60 years as the cut-off point at
which the probability of unfavorable outcomes after acute
brain damage increases, as shown in the ROC curve analysis
(Table 2, Fig. 1).

Comparison in baseline characteristics between the two
age groups is listed in Table 3. Regarding the distribution
by intracranial structural pathologies, there were more
patients older than 60 years with intracranial hemorrhage
[52% versus (vs) 37%, p<0.001] or ischemic stroke (6%
vs 2.5%, p=0.031), while the percentage of patients with
subarachnoid hemorrhage was higher under 60 years (11%
versus 27%, p <0.001). Patients older than 60 years also had
higher severity scores on the SAPS II mean (standard devia-
tion, SD), 41 (15) vs 29.5 (15), p<0.001] and on the GCS
score [mean (SD), 10 (4) vs 11 (5), p=0.011] than patients
younger than 60 years, although there was no difference in
the development of intracranial hypertension. There was also
no difference in the calculated modified SAPS II, after elimi-
nating the score for the age and GCS components.

Patients older than 60 years had longer duration of
mechanical ventilation [median (interquartile range, IR, 8
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Table 1 Baseline characteristics and evolution of the neurocritical
patients (n=619)

Neurologic disease

Intracerebral hemorrhage, n (%) 285 (46)
ICH score, mean (SD) 2(1)
Traumatic brain injury, n (%) 197 (32)
Marshall scale, mean (SD) 4(2)
Subarachnoid hemorrhage, n (%) 107 (17)
Hunt Hess scale, mean (SD) 3(Q2)
Ischemic stroke, n (%) 30 (5)
NIHSS score, mean (SD) 14 (10)
Age, mean (SD) 62 (15.5)
Female, n (%) 234 (38)
SAPS II?, mean (SD) 37 (16)
Modified SAPS II°, mean (SD) 26 (15)
GCS at admission, mean (SD) 10 4.5)
<8,n (%) 397 (64)
>8,n (%) 222 (36)
Intracranial hypertension, n (%) 196 (32)
Decompressive craniectomy, n (%) 85 (14)
Need of MV, n (%) 396 (64)
Days of MV, median (IR) 7.5 (2-15)
Days of ICU stay, median (IR) 6 (3-15)
Days of hospital stay, median (IR) 13 (7-29)
mRS at hospital discharge, n (%)
0-2 232 (37.5)
3-5 236 (38)
In-hospital mortality (mRS 6), n (%) 151 (24)
Causes of hospital mortality, n (%)°
Brain death 68 (45)
Withdrawal of treatment 69 (46)
Other causes 14 (9)

#The SAPS 1II score ranges from O to 163 points

®The modified SAPS II (without GCS and age components) score
ranges from — 3 to 73 points [35]

“Percentage calculated on the total number of deaths

Table2 ROC curve analysis to identify the optimal cut-off point
associated with unfavorable outcomes (mRS 3-6)

Percentage Confidence EE
interval (95%)
Area under the curve 71.2 (67.1-75.4) 0.021

Optimal cut-off point 59.5
0.742
0.603

Sensitivity
Specificity

(3-15.5) vs 7 (2-14), p <0.001], higher mortality (33% vs
17%, p<0.001) and longer ICU [median [median (IR), 7
(3—-16) vs 5 (2-14) days] and hospital stays [median (IR),

16 (7-30) vs 11 (7-27) days] than patients younger than
60 years. Patients older than 60 years had also worse func-
tional outcomes. The percentage of patients with unfavorable
scoring on the modified Rankin scale (mRS) was higher in
this group (mRS 3-6, 45% vs 27%, p <0.001), and also the
number of patients in whom a withdrawal of therapeutic
measures was performed (16% vs 4%, p <0.001). Compari-
son in evolution between the two age groups is shown in
Table 3. Functional outcomes and mortality of neurological
patients in the two age groups are represented in Fig. 2.

Factors associated with unfavorable outcomes (mRS
3-6) in patients with brain injury

The factors identified as related to an increased unfavorable
outcomes (mRS 3-6) in a logistic regression analysis were:
an advanced age (> 60 years) [OR 4.59, 95% CI12.73-7.74,
p <0.001], a low score on the Glasgow scale (<8 points)
[OR 3.72,95% CI 1.95-7.08, p <0.001], the development
of intracranial hypertension [OR 5.52, 95% CI 2.70-11.28,
p <0.001], and intracerebral hemorrhage as the cause of
neurologic disease [OR 3.87, 95% CI 2.34-6.42, p <0.001]
(Table 4).

Discussion

The main findings of the present study were: (1) Patients
over 60 years with brain injury requiring admission to the
ICU had higher mortality and worse functional outcomes
than patients under 60 years; (2) Patients over 60 years with
brain injury requiring admission to the ICU had also a higher
duration of mechanical ventilation, and longer ICU and hos-
pital length of stay; (3) Factors identified as associated with
unfavorable outcomes (mRS 3-6) in brain-injured patients
were an advanced age (> 60 years), a low score on the Glas-
gow scale (<8 points) on admission, the development of
intracranial hypertension, and an intracerebral hemorrhage
as the etiology of neurologic disease.

The mean age of ICU patients in Europe has been increas-
ing last years in parallel with the age of the general popula-
tion, and advanced age is associated with increased mortality
in intensive care unit patients [12]. Several previous studies
have also found that advanced age is a risk factor for higher
unfavorable outcomes in the specific neurologic critical care
population [3-8, 13]. However, other authors found no dif-
ference in functional outcome at discharge between young
and elderly patients with traumatic brain injury [9, 10], and
they argue that the elderly have a slower rate of recovery,
but will ultimately achieve a similar long-term functional
outcome. In the present study, we have identified the cut-off
point above 60 years of age as being associated with worse
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Fig.1 ROC curve analysis to identify the optimal cut-off point associated with unfavorable outcomes (mRS 3-6)

outcomes. Interestingly, this cut-off point (>60 years) has
previously been reported in several studies to be directly
linked to admissions to the intensive care unit and higher
rates of morbidity and mortality [5, 14, 15]. Mechanisms of
cerebral compensation, plasticity, and cerebral re-organiza-
tion of the brain seem to be less effective with aging, so the
adult brain has a decreased capacity for repair as it ages [6].
Moreover, pre-injury comorbidities and cognitive fragility
in elderly patients may increase their vulnerability to the
effects of brain insults [4, 14, 16]. Because of these vulner-
abilities, older adults sustaining a brain injury may require
more medical consultations, experience a greater number
of medical complications, and have longer length of ICU
and hospital stays due to lower physiological reserve avail-
able for recovery from injury compared to younger patients
[6, 17]. Higher mortality rates in the elderly could also be
explained by a lower intensity of care such as patients with
malignant cerebral artery infarction that will not undergo
decompressive surgery and a greater number of do-not-
resuscitate orders [18].

Cumulative exposure to invasive mechanical ventila-
tion in the general population has been associated with
increased morbidity, long-term functional sequelae, and
cognitive impairment [19], but with a significant decrease
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in short-term mortality over time [20—22]. However, pre-
vious analyses of the impact of mechanical ventilation on
neurocritical patients’ outcomes have produced contradic-
tory results. Similar to the current study, patients with brain
injury displayed a longer duration of MV and a higher mor-
tality rate despite a lower incidence of extracerebral organ
dysfunction compared with non-neurologic patients in a
multi-center nationwide observational study [2]. Whereas
in another recent international multi-center study [23] that
included 4152 mechanically ventilated patients due to dif-
ferent neurologic diseases, it was described that more lung
protective ventilatory strategies have been implemented over
years with no effect on survival, and a significant decrease
in the duration of ventilator support in the most recent years.
Other studies in the neuro-ICU field [24, 25] still suggested
a long duration of MV, and it also did not alter the outcome.
No clear recommendations are currently available for res-
piratory management of patients with acute brain injury, and
this may contribute to institutional or individual variations
in the clinical practice, and that may ultimately result in dif-
ferences in the effect of mechanical ventilation on outcomes
[1, 26, 27]. Moreover, likely, the impact of mechanical ven-
tilation on outcome may also depend on a more severe brain
injury, on the development of systemic complications, and
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Table 3 Baseline characteristics

and evolution of the
neurocritical patients according
to age

mRSO-2

mRS3-5

mRS 6

(=]

20

MAge 260 HWAge<60

Fig.2 Functional outcomes and mortality of neurological patients in the two age groups

<60 years (n=240) > 60 years (n=379) )4

Neurologic disease
Intracerebral hemorrhage, n (%) 88 (37) 197 (52) <0.001

ICH score, mean (SD) 2(1) 2(1) 0.205
Traumatic brain injury, n (%) 82 (34) 115 (30) 0.320

Marshall scale, mean (SD) 3(1.5) 4(2) 0.001
Subarachnoid hemorrhage, n (%) 64 (27) 43 (11) <0.001

Hunt Hess scale, mean (SD) 2(1.5) 3(Q2) 0.018
Ischemic stroke, n (%) 6(2) 24 (6) 0.031

NIHSS score, mean (SD) 11.5 (10.5) 15(9.5) 0.418
Age, mean (SD) 46 (11) 72 (7) <0.001
Sex, female, n (%) 85 (35) 149 (39) 0.330
SAPS II*, mean (SD) 29.5 (15) 41 (15) <0.001
Modified SAPS II’, mean (SD) 28 (16) 26 (15) 0.287
GCS at admission, mean (SD) 11 (5) 10 4.5) 0.011

<8,n (%) 73 (30) 149 (39) 0.025

>8,n (%) 167 (70) 230 (61)
Intracranial hypertension, n (%) 73 (30) 123 (32.5) 0.596
Decompressive craniectomy, n (%) 36 (15) 49 (13) 0.466
Days of MV, median (IR) 7(2-14) 8 (3-15.5) <0.001
Days of ICU stay, median (IR) 4 (2-12) 7 (3-18) <0.001
Days of hospital stay, median (IR) 11 (6-23) 16 (7-32) 0.002
mRS at hospital discharge, n (%)

0-2 140 (58) 92 (24) <0.001

3-5 65 (27) 171 (45) <0.001
In-hospital mortality (mRS 6), n (%) 35(15) 116 (31) <0.001
Causes of hospital mortality, n (%)°

Brain death 21 (60) 47 (40) 0.154

Withdrawal of treatment 10 (29) 59 (51) <0.001
#The SAPS 1I score ranges from O to 163 points
®The modified SAPS II (without GCS and age components) score ranges from — 3 to 73 points
“Percentage calculated on the total number of deaths

Modified Rankin Scale at hospital discharge
40 60 80 100 120 140 160 180
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Table 4 Prognostic factors for unfavorable outcomes (mRS 3-6) in
neurological patients

Odds ratio  Confidence p
Interval (95%)
Age (> 60 years) 4.595 2.729-7.737 <0.001
GCS (<8 points) 3.724 1.958-7.082 <0.001
Intracerebral hemorrhage  3.873 2.336-6.421 <0.001
Intracranial hypertension ~ 5.521 2.701-11.286  <0.001

even on high age [28]. Therefore, we have assumed that
the need for mechanical ventilation as a surrogate marker
for clinical severity is a very confounding variable, and we
decided not to include it in the logistic regression analysis.

Various studies have evaluated prognostic admission
factors for increased mortality in critically ill neurological
patients with different results, but also with a high degree
of agreement. As in the present study, advanced age, the
severity of the disease (as defined by the GCS score and
the development of intracranial hypertension), and the eti-
ology of neurologic disease had also a strong influence on
mortality in a recent international multi-center study despite
differences in clinical practices between neurocritical care
units [23]. Interestingly, although a high SAPS II score is a
marker of clinical severity, the modified SAPS II score was
not identified as a prognostic factor in the logistic regression
analysis. This fact may be because the removed age and GCS
components were precisely those that had the most weight
on the overall SAPS 1II score. The etiology and severity of
the head injury and a low Glasgow Coma Scale (GCS) score
have also been previously identified as predisposing factors
for unfavorable outcomes in brain-injured patients [2, 5, 18,
29, 30]. Specifically, the diagnosis ICH has been shown that
leads to reduced levels of consciousness, mechanical ventila-
tion, and extended ICU stay, causing substantial disability
and high early mortality [31-33]. Intracranial hypertension
is also known as an independent risk factor for morbidity
and mortality in patients with acute brain injury. This asso-
ciation is related to its negative effect on cerebral perfusion
pressure (CPP), as hypoperfusion and the resultant brain
tissue hypoxia contribute to secondary injury and poor short-
term outcomes [33]. Several other factors have been associ-
ated with increased risk of mortality, such as high age and
multiple injuries [3, 4, 7, 13], the necessity and duration of
mechanical ventilation [2, 7, 28, 30], and severe comorbidi-
ties [4, 5, 18].

Our study has several limitations. First, pre-morbid levels
of motor and cognitive functioning of the patients were not
known. Several authors have shown that pre-existing chronic
illnesses may also contribute to increased length of rehabili-
tation stay, a reduction in functional gains, and death [4, 15,
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34]. Second, we have not followed the long-term evolution
of patients after discharge from the hospital. Previous stud-
ies demonstrated a higher mortality rate at discharge among
older adults within a few months post-injury may be due to
the interaction between persisting injuries and chronic health
conditions [8]. Third, we have only studied patients divided
into two age groups. Since the effect of age on functional
recovery is more likely to increase progressively over the
life course, it could have been more interesting to examine
also different age groups after 60 years [5]. Fourth, we did
not collect details regarding the strategies applied for the
treatment of intracranial hypertension, but we assume that
brain-injured patients have been treated according to the
most recent protocols and guidelines, and low variability
in clinical practice given that the study was conducted at a
single center and unchanged in staffing. Finally, the study
population was heterogeneous, and it was conducted at a
single center, so generalizability to other settings is uncer-
tain, however, the results are consistent with a large number
of other studies.

Conclusions

Data from this prospective study focusing on brain injury
patients requiring admission in the ICU will provide detailed
information on patient characteristics, clinical course, and
outcomes. This highlights the impact of specific acute and
unmodifiable parameters and may facilitate the assessment
of prognosis after neurocritical care.

In summary, mortality and unfavorable functional out-
comes in brain-injured patients requiring admission to ICU
were associated with older age (> 60 years), higher clinical
severity (determined by a lower GCS score at admission
and the development of intracranial hypertension), and an
intracerebral hemorrhage as the cause of neurologic disease.
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