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Abstract

Purpose: Uncertainties remain about the safety and efficacy of therapies for managing intracranial hypertension in
acute brain injured (ABI) patients. This study aims to describe the therapeutical approaches used in ABI, with/without
intracranial pressure (ICP) monitoring, among different pathologies and across different countries, and their associa-
tion with six months mortality and neurological outcome.

Methods: A preplanned subanalysis of the SYNAPSE-ICU study, a multicentre, prospective, international, observa-
tional cohort study, describing the ICP treatment, graded according to Therapy Intensity Level (TIL) scale, in patients
with ABI during the first week of intensive care unit (ICU) admission.

Results: 2320 patients were included in the analysis. The median age was 55 (I-ll quartiles =39-69) years, and 800 (34.5%)
were female. During the first week from ICU admission, no-basic TIL was used in 382 (16.5%) patients, mild-moderate

in 1643 (70.8%), and extreme in 295 cases (eTIL, 12.7%). Patients who received eTIL were younger (median age 49 (I-lll
quartiles=35-62) vs 56 (40-69) years, p<0.001), with less cardiovascular pre-injury comorbidities (859 (44%) vs 90 (31.4%),
p<0.001), with more episodes of neuroworsening (160 (56.1%) vs 653 (33.3%), p<0.001), and were more frequently
monitored with an ICP device (221 (74.9%) vs 1037 (51.2%), p<0.001). Considerable variability in the frequency of use and
type of eTIL adopted was observed between centres and countries. At six months, patients who received no-basic TIL had
an increased risk of mortality (Hazard ratio, HR=1.612, 95% Confidence Interval, Cl=1243-2.091, p <0.001) compared to
patients who received eTIL. No difference was observed when comparing mild-moderate TIL with eTIL (HR=1.017, 95%
(1=0.823-1.257,p=0873). No significant association between the use of TIL and neurological outcome was observed.

Conclusions: During the first week of ICU admission, therapies to control high ICP are frequently used, especially
mild-moderate TIL. In selected patients, the use of aggressive strategies can have a beneficial effect on six months
mortality but not on neurological outcome.
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Introduction

Controlling detrimental increases in intracranial pres-
sure (ICP) is an essential component of the management
of acute brain injured (ABI) patients in the intensive care
unit (ICU) [1].

Many ICP-lowering treatments have been proposed
[2-5]. Based on the most recent literature [6—8], current
clinical algorithms suggest applying these strategies step-
wise, with less aggressive and safer treatments recom-
mended in the first instances and more aggressive ones
reserved for refractory cases of intracranial hypertension
[2-5]. However, considerable variability across centres
and countries regarding the application of these strate-
gies remains [9-11] because of the absence of definitive
guidelines, different economic resources, and lack of a
clear beneficial effect on the outcome, especially regard-
ing more aggressive treatments such as barbiturates,
hypothermia, decompressive craniectomy and hyperven-
tilation [11, 12]. In addition, literature and clinical rec-
ommendations [3, 13] on ICP management are mainly
related to traumatic brain injured (TBI) patients [14].
Limited information is available on their application in
other types of ABIs, such as subarachnoid haemorrhage
(SAH) [15] and intracranial haemorrhage (ICH), despite
intracranial hypertension commonly occurs in these
pathologies [16, 17]. The graduation of such interven-
tions could be described with the therapy intensity level
(TIL) scale, introduced more than 30 years ago and sub-
sequently revised and validated [18-20].

Given these uncertainties, we performed a subanalysis
of the SYNAPSE-ICU study [21]. The primary aim was
to describe the therapeutic approaches for controlling
intracranial hypertension in patients with ABI during the
first week since ICU admission. Moreover, we explored
the variability in the use of TILs among different patholo-
gies (SAH, TBI and ICH), in ICP-monitored and non-
monitored patients and across different countries/
centres. Finally, we explored the association between the
use of varying levels of TILs and clinical outcomes.

Methods

This is a pre-planned secondary analysis of the SYN-
APSE-ICU study (ClinicalTrial.gov NCT03257904) [21,
22], a multicentre, prospective, international, observa-
tional cohort study whose primary aim was the evalu-
ation of the clinical practice and management of ICP
monitoring in ABIs. The SYNAPSE-ICU study included
2395 adult patients enrolled in 146 sites and 42 countries
worldwide. It helped to clarify the current clinical use of
ICP monitoring and treatment across different countries
with different resources and its use in various types of
ABIs.

Take-home message

Treatments for intracranial hypertension are frequently applied in
the first week of ICU management of acute brain injured patients.
The use of aggressive therapies for controlling high intracranial pres-
sure is frequent, with significant variability. The staircase approach
recommended by the most recent guidelines is not followed. How-
ever, aggressive strategies applied in sicker patients can ameliorate
six months of mortality but not the neurological outcome.

The inclusion criteria of the SYNAPSE-ICU study were
patients aged > 18 years, with a diagnosis of ABI follow-
ing TBL, ICH or SAH, and either an altered level of con-
sciousness, defined as a Glasgow Coma Scale (GCS) eye
response score of 1, no eye-opening, and a GCS motor
response score <5, not obeying commands on admission
to ICU, or having experienced neurological deterioration
with no eye-opening and motor score decreased to 5 or
less within 48 h after ICU admission. Exclusion criteria
were patients not requiring ICU admission and/or being
admitted for other forms of ABIL Further details on the
study procedure and patients’ clinical management have
been published [21, 22].

The Ethical Committee approval was obtained for the
SYNAPSE-ICU study at the coordinating and in all par-
ticipating centres, and informed consent was obtained
according to local regulations. No additional authoriza-
tion from the Ethical Committee was required for this
analysis.

For the present study, reported according to the Guide-
lines for Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement (Elec-
tronic Supplementary Material, ESM), we included only
patients with available data on TIL on day 1 (ESM, Fig.
S1).

Data collection and definitions

Data were deidentified and stored in a web-based elec-
tronic database (eCRF) and were securely held at the
University of Milano-Bicocca. All the procedures com-
plied with the European Union Regulation 2016/679 on
protecting natural persons regarding personal data pro-
cessing and movement.

Neuroworsening was defined as a spontaneous
decrease >2 points in the GCS motor score compared
with the previous examination and/or new loss of
pupillary reactivity, development of pupillary asymme-
try>2 mm or deterioration in neurological or computed
tomography (CT) status sufficient to warrant immediate
medical or surgical intervention within the first week of
the ICU stay. Highly pathological CT scan was defined
as Marshall classification>3 (for patients with TBI),
Fisher grade >3 (for patients with SAH), or intracranial



haemorrhage volume>30 mL (for patients with ICH).
ICP was recorded in the eCRF as the daily highest value
collected on days 1, 3, and 7 of the ICU stay.

Therapy intensity levels

Interventions to reduce intracranial hypertension were
recorded according to the therapeutic intensity level
(TIL) scale [20] on days 1, 3, and 7 of the ICU stay. The
daily TIL scale was categorized into three therapy levels:
no-basic, mild-moderate and extreme treatment (ESM,
Table S1). Patients were allocated to one of these levels
according to both the maximum daily and weekly TIL.
The level of TIL during the week was defined as the max-
imum level of treatment over days 1, 3, and 7. Patients
who received extreme therapies at least once on days 1,
3 and/or 7 during the week were defined as the “eTIL
group”; otherwise were included in the “no-eTIL” group.
Patients primarily decompressed on day 1 were classified
according to the maximum TIL level without considering
the primary decompression because refractory intracra-
nial hypertension was not measured in this context. If a
patient received a decompressive craniectomy on day 3,
they were considered also decompressed on day 7.

Endpoints

The primary endpoint was the prevalence of TIL use in
ABI in the first week since ICU admission. Secondary
endpoints included mortality and Glasgow Outcome
Scale Extended (GOSE) collected at a 6-month follow-up
using a validated questionnaire. An unfavourable out-
come was defined as a GOSE score of less than 5.

Statistical analysis

Patient’s characteristics were described by mean (stand-
ard deviation) or median (I-III quartiles) and frequencies
(percentage), as appropriate.

Between-group comparisons were performed by the
Mann—Whitney U test for continuous data and x? test for
categorical data.

Variability in the practice of eTIL between countries
and centres was estimated using the median odds ratio
(MOR) derived by generalized linear mixed models,
with country or centre included as a random effect and
adjusted for relevant covariates (i.e. ICP monitoring,
GCS<8, age, pupil’s reactivity, highly pathological CT
scan, neuroworsening, type of pathology and economic
country level).

To estimate the association between the maximum TIL
over the week and outcomes, we applied the Cox regres-
sion (mortality) and the logistic regression (unfavourable
neurological outcome) models. All models were adjusted
for ICP monitoring, GCS, age, pupils’ reactivity, highly
pathological CT scan, neuroworsening and pathologies.

Results were expressed as hazard ratio (HR) or odds ratio
(OR) along with their 95% confidence interval (95%CI).
Different sensitivity analyses were performed: (1) exclud-
ing very severe patients (defined as death within 48 h or
GCS equal to 3 and both pupils unreactive), (2) consid-
ering patients with primary decompression allocated in
the €TIL group instead of considering the maximum TIL
level without the primary decompression, and (3) exclud-
ing patients who died after withdrawal of care. All the
tests were two-sided, and the type I error was set at 0.05.
The analyses were performed using R software (version
4.0.3).

Results

Characteristics of the study population

From 2395 patients enrolled in the SYNAPSE-ICU study;,
75 without TIL data on day 1 were excluded, leaving 2320
patients available for this analysis (ESM, Figure S1). 1339
(57.7%) patients were admitted for TBI, 409 (17.6%) for
SAH and 572 (24.7%) for ICH. The characteristics of the
study cohort are presented in Table 1. The median age
was 55 (I-III quartiles 39-69) years, and 800 (34.5%)
were female. Of those, 1916 (85.6%) presented with
GCS <8, and 744 (34%) patients had at least one unreac-
tive pupil. Also, 409 (17.6%) patients were admitted from
low-income countries.

TIiLsondays 1, 3,and 7

The daily combinations of each level of treatment are
described in Fig. 1. On day 1 (panel A), most patients
were treated with a combination of basic and mild-
moderate TILs (1655 patients, 71.3%), while 147 (6.3%)
patients received extreme TIL, in particular metabolic
suppression with barbiturates (n=71, 48.3%), followed
by hypocapnia (51, 34.7%) and hypothermia (21, 14.3%)
(panel D).

Similarly, on days 3 and 7, most patients were treated
with a combination of basic and mild-moderate TILs
(1299, 66.8% on days 3 and 829, 54.5% on day 7, panel
B and C), and decompressive craniectomy alone with-
out any other treatment was the most frequent extreme
TIL applied in the population (2=53, 36.3% at day 3 and
n=66,49.3% on day 7, panel E and F).

Progression over time of TILs

The dynamic of daily maximum TIL at different time
points is shown in Fig. 2 and Figure S2. The alluvial plot
shows that most patients treated with no-basic TIL on
day 1 did not escalate their treatment level in the follow-
ing days or died. Patients treated with mild-moderate
TIL on day 1 had heterogeneous dynamics, with a ten-
dency to remain within the same level. Patients who died
on day 3 or 7 mainly received no-basic or mild-moderate



Table 1 Characteristics of patients, overall and stratified according to the use of extreme therapies (eTIL) over the first

week since ICU admission

ICharacteristics

Age (years), median (I-ll quartiles) 55 (39, 69)
Female, n (%) 800 (34.5)
Low-Middle income countries, n (%) 409 (17.6)
Alcohol use, n (%) 269 (63)
Drug use, n (%) 83 (21.1)
Smoker, n (%) 274 (66.8)
Cardiovascular history, n (%) 949 (42.4)
Hypertension, n (%) 844 (89.2)
Neurological comorbidities, n (%) 279 (12.5)
Diagnosis, n (%)

ICH 572 (24.7)

SAH 409 (17.6)

TBI 1339 (57.7)
Pupils at admission, n (%)

Both reactive 1443 (66)

One reactive 260 (11.9)

Both unreactive 484 (22.1)
GCS < 8 at admission, n (%) 1916 (85.6)
GCS at admission, n (%)

3-5 1164 (52)

6-8 752 (33.6)

>8 323 (14.4)
Neuroworsening*, n (%) 813 (36.2)
Neurosurgical intervention at day 1, n (%) 349 (15)
ICPm, n (%) 1258 (54.2)
Highly pathological CT scan, n (%) 1494 (64.4)

No eTIL eTIL
N=2025 (87.3%) N=295 (12.7%)
56 (40, 69) 49.00 (35,62) <0.001
694 (34.3) 106 (35.9) 0.621
356 (17.6) 53(18) 0.936
232 (62.5) 37 (66.1) 0.717
71(20.7) 12 (24) 0.727
239 (66.4) 35 (70) 0.728
859 (44) 90 (31.4) <0.001
764 (89.1) 80 (89.9) 0.972
243 (12.4) 36 (12.6) 1.000
0.014
518 (25.6) 54(183)
346 (17.1) 63 (214)
1161 (57.3) 178 (60.3)
0.346
1268 (66.4) 175 (63.2)
220 (11.5) 40 (14.4)
422 (22.1) 62 (224)
1673 (85.3) 243 (87.7) 0319
0.516
1019 (51.9) 145 (52.3)
654 (33.3) 98 (35.4)
289 (14.7) 34(12.3)
653 (333) 160 (56.1) <0.001
286 (14.1) 63 (21.4) 0.002
1037 (51.2) 221 (74.9) <0.001
1288 (63.6) 206 (69.8) 0.043

N number, GCS Glasgow Coma Scale, ICH Intracerebral haemorrhage, SAH Subarachnoid haemorrhage, TBI Traumatic brain injury, ICPm Intracranial pressure

monitoring

*Neuroworsening was defined as one or more of the following: a spontaneous decrease in the GCS motor score of 2 points or more compared with the previous
examination; a new loss of pupillary reactivity, development of pupillary asymmetry > 2 mm deterioration in neurological or Computed Tomography status sufficient
to warrant immediate medical or surgical intervention; CT scan, defined as Marshall classification 3 or more (for patients with TBI), Fisher grade 3 or more (for patients
with subarachnoid haemorrhage), or intracranial haemorrhage volume 30 mL or more (for patients with intracranial haemorrhage)

TIL. Patients who received extreme TIL continued with
this level of treatment on days 3 and 7 or progressed
from mild-moderate TIL in the subsequent days; cases
with a direct jump from no-basic to extreme TIL were
rare and mostly from day 1 to day 3.

Summarizing, over the first week in ICU, 295 patients
received eTIL at least once (12.7%), while 1643 patients
received mild-moderate TIL (70.8%) at maximum level,
and the remaining 382 received no-basic TIL (16.5%).
Among the 295 eTIL patients, 93 were aggressively
treated only on day 1, 35 on day 3 and 50 on day 7. Only
15 subjects were treated with extreme TIL at all time
points (Figure S3).

Variability in the use of TILs among different pathologies
The use of TIL according to the different types of brain
injuries on days 1, 3, and 7 is described in Table S2 and
Figure S4. During the whole week, 305 SAH patients
(74.6%) received mild-moderate TIL and 63 (15.4%) eTIL;
in the TBI group, 932 patients (69.6%) received mild-
moderate TIL and 178 (13.3%) €TIL; in the ICH group,
406 patients (71%) were treated with mild-moderate TIL
and 54 (9.4%) with €TIL. Among patients who received
eTIL during the week, the most frequent treatments
were, in the SAH group, decompressive craniectomy,
hypocapnia, and metabolic suppression (20 patients,
31.7%, each); in TBI metabolic suppression (78 patients,
43.8%) and in ICH hypocapnia, (26 patients, 48.1%).
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Features of the population undergoing extreme TIL
according to ICP monitoring

Table 1 compares the 295 patients who received eTIL at
least once during the observation period with the others.
Patients who received €TIL were younger (median age
49 vs 56 years, p<0.001), with less cardiovascular pre-
injury comorbidities (44% vs 31.4%, p <0.001), had more
frequent episodes of neuroworsening (56.1% vs 33.3%,
p<0.001), more neurosurgical interventions on day 1
(21.4% vs 14.1%, p=10.002) and ICP monitoring inserted
when compared with patients who did not receive eTIL
(74.9% vs 51.2%, p<0.001). Patients in the €TIL group
had higher median values of maximum ICP on days 1, 3
and 7 (28 vs 21 mmHg, p<0.001).

Most patients underwent mild-moderate TIL in the
ICP and non-ICP groups (78.1% vs 62.1%). However,
patients with ICP monitoring received more frequently
eTIL (17.6% vs 7%) and less no-basic TIL (4.3% vs 30.9%)
than non-monitored patients (Table S3). Regarding eTIL,
the most frequent was the use of metabolic suppression
in monitored patients and hypocapnia non-monitored
ones (Table S3).

The use of extreme therapies across different centres

and countries

The variability in eTIL use between countries and cen-
tres is shown in Figure S5. Considerable variability in the
frequency of use of eTIL was observed. After adjustment
for the relevant covariates, the probability of using €TIL
ranged between 36 and 67% in countries and between 24
and 81% in centres (Figure S5). The median odds ratio
(MOR) resulted in 1.47 and 2.26 for countries and cen-
tres, respectively. Figure S6 shows considerable variabil-
ity in the choice of the specific types of €TIL.

Association between TIL and outcomes

Overall, at six months, 1331 patients (62.4%) had an
unfavourable neurological outcome (GOSE<5), and
934 (40.7%) patients died. Mortality and neurologi-
cal outcome according to the maximum level of treat-
ment over the first week (days 1, 3 and 7) are presented
in Fig. 3. Mortality was higher in patients in the no-
basic TIL group compared to those who received mild-
moderate TIL or eTIL (203, 57.3% vs 599, 40%, vs 127,
45.7%, respectively, p <0.001). Unfavourable neurological
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outcome was more frequent in those patients who
received eTIL compared to the other groups (190, (68.3%)
eTIL, vs 907 (60.5%) mild-moderate TIL, vs 234 (65.9%)
no, or basic TIL, p=0.015).

At multivariable analysis (Table 2), considering eTIL
as reference, the use of no-basic TIL was indepen-
dently associated with 6-month mortality (Hazard ratio,
HR=1.61, 95% CI=1.24-2.09, p<0.001), but the use of
mild-moderate TIL was not (HR=1.02, 95% CI=0.83—
1.26, p=0.858, Table 2). When stratifying the analy-
sis according to the type of brain injury, this result was
mainly consistent in each pathology (Table S4). The sen-
sitivity analysis excluding most severe patients (defined
as patients with GCS=3 and pupils both unreactive
at admission or death<48 h) obtained similar results,
although the association was mitigated, especially for no-
basic TIL (Table S5).

No significant association of TIL groups with 6 months
neurological outcome was found (no-basic TIL:
OR=0.94, 95% CI=0.87-1.01, p=0.088, mild-moder-
ate TIL: Odds Ratio, OR=0.95, 95% CI=0.89-1.006,

p=0.079 versus €TIL as reference) (Table 2). Results
were consistent when stratifying according to the type of
brain injury (Table S4). Excluding most severe patients,
the model showed a statistically significant associa-
tion between unfavourable neurological outcome and
no-basic or mild-moderate TIL comparing with €TIL
(mild-moderate TIL: OR=0.920, 95% CI=0.857-0.987,
p=0.020; no-basic TIL: OR=0.883, 95% CI=0.804—
0.969, p =0.008) (Table S5).

Finally, the sensitivity analysis regarding different allo-
cations for the primary decompression and excluding
patients who died after withdrawal of care showed con-
sistent results on mortality and unfavourable neurologi-
cal outcomes (Table S5).

Discussion

The main findings of our study, including a large cohort
of 2320 patients with acute brain injury, can be summa-
rized as follows:



Table 2 Results from multivariable Cox (left) and logistic (right) models exploring the association of the maximum TIL
over the first week with mortality and unfavourable neurological outcome at 6 months

Mortality at 6 months

HR 95% Cl

Unfavourable outcome at 6 months (GOSE < 5)

95% Cl

TIL

eTIL (ref) 1

Mild-moderate 1.02 0.83-1.26

No-basic 161 1.24-2.09
ICPm vs no-ICPm 0.70 0.61-0.82
GCS<8vsGCS>8 148 1.18-1.87
Age, year 1.02 1.02-1.03
Pupils

Both reactive (ref) 1

One unreactive 1.28 1.03-1.59

Both unreactive 246 2.10-2.87
Highly pathological CT scan vs 1.78 1.49-2.11

normal
Neuroworsening vs no 268 2.32-3.09
Pathologies

TBI (ref) 1

SAH 0.74 0.60-0.90

ICH 1.25 1.07-1.46

0.858 0.95 0.89-1.01 0.079
<0.001 0.94 0.87-1.01 0.088
<0.001 1.02 0.98-1.06 0.350
0.001 1.12 1.06-1.19 <0.001
<0.001 1.01 1.01-1.01 <0.001
0.026 1.04 0.98-1.11 0.181
<0.001 1.22 1.16-1.28 <0.001
<0.001 1.09 1.04-1.14 <0.001
<0.001 119 1.14-1.24 <0.001
0.003 0.97 0.91-1.02 0.209
0.006 113 1.08-1.19 <0.001

Cl Confidence Interval, CT computed tomography, GCS Glasgow Coma Scale, GOSE Glasgow Outcome Scale Extended, HR Hazard Ratio, ICH intra cranial hemorrhage,
OR, Odds Ratio, , SAH subarachnoid hemorrhage, TBI traumatic brain injury, TIL Therapy Intensity level, ICPm patients monitored with intracranial pressure; Highly
pathological CT scan Defined as Marshall classification 3 or more (for patients with TBI), Fisher grade 3 or more (for patients with subarachnoid haemorrhage), or
intracranial haemorrhage volume 30 mL or more (for patients with intracranial haemorrhage)

1. During the first week of ICU admission, strategies for
managing intracranial hypertension, especially mild
and moderate treatments, are frequently used in ABI
patients.

2. Patients who receive extremely aggressive treatments
(eTIL) are generally younger, with fewer comorbidi-
ties, more neurologically severe and more frequently
undergo ICP monitoring than others.

3. When used, extreme TILs are consistently main-
tained over the whole week, from day 1 to day 7.

4. Large variability across centres and countries still
exists regarding the use of these therapies.

5. €T1IL use was associated with a lower risk of mortality
compared to no-basic TIL (no difference compared
to mild-moderate TIL). eTIL was not associated with
beneficial effect on neurological outcome compared
to less aggressive treatment.

This is the most extensive prospective observational
study describing the specific treatments used to man-
age intracranial hypertension in ABIs patients over the
first week of ICU stay, providing a realistic picture of the
clinical practice all over the globe. The management of
intracranial pressure is fundamental in neurocritical care
patients to reduce secondary brain damage and improve

clinical outcomes. Robust observational data and expert
recommendations suggest that treating intracranial
hypertension should be a cornerstone for managing these
patients.

The most recent Brain Trauma Foundation Guidelines
[23] and a recent consensus statement [3] suggest using
a "staircase" approach [2, 25], starting with low risk—ben-
efit profiles, which include strategies such as head eleva-
tion, optimization of systemic cardiorespiratory function
[24], and then progressively escalating to more aggressive
and high-risk treatments in case of refractory intracranial
hypertension [3]. This approach is based on the concept
that aggressive treatments “per se” can cause important
complications, so their effect on the outcome is unclear
[11]. Randomized controlled trials on decompressive
craniectomy [6, 8] suggest that decompressive craniec-
tomy can reduce mortality but increase the proportion
of patients with poor neurological outcomes when used
after medical treatment. Hypothermia, when used pro-
phylactic or in the early phases of ICP management, can
increase systemic complications and have no benefits
or even worsen outcomes [7, 25]. The only randomised
controlled trial available on prophylactic hyperventila-
tion failed to demonstrate the benefits/harms of this



treatment [26], and more recent data [27, 28] support the
safety of its use in selected cases.

Considering the lack of definitive randomized con-
trolled trials comparing all aggressive treatments, ini-
tiating one of these relies on the balance between risks
and benefits, patients’ clinical conditions and, therefore,
local practice. We found that patients undergoing eTIL
were more severe and younger but with better pre-
injury conditions. This suggests that physicians consider
applying these strategies when the benefits outweigh the
risks, according to single clinician judgment. This is also
reflected by the high variability observed among centres
and countries regarding applying these strategies.

In addition, aggressive treatments were more often
used in patients with ICP monitoring, suggesting that
despite significant variability in ICP practice and treat-
ment across centres [29], intensive treatments are mainly
guided by invasive monitoring. However, there is still a
consistent number of patients who receive aggressive
treatment without ICP monitoring, thus highlighting the
need to provide more universally accepted criteria for its
use in ABIs.

We found that on days 1, 3 and 7, the most used TIL in
our cohort was mild-moderate TIL, with only a relatively
limited number of patients requiring extreme TIL. How-
ever, extreme TILs were applied with a similar frequency
over the week. We did not observe a tendency to pro-
gressively use the staircase approach over time and sys-
tematically progress with the intensity of ICP treatment.
Although surprisingly, a similar result was described by
a recent study from the CENTER-TBI group [11], which
suggests the need for more precise and straightforward
guidelines and that the availability of monitoring and
treatment tools significantly depends on local resources
and practice. This is particularly important in non-TBI
pathologies, such as SAH and ICH, where evidence is
notably lacking, but intracranial hypertension frequently
occurs [16, 30]. In fact, in our cohort, we found a con-
siderable number of patients without traumatic pathol-
ogy who received aggressive treatment of ICP, especially
in the SAH cohort; as guidelines mainly refer to TBI
patients, this suggests that in most cases, clinicians
extrapolate the indications on TBI and apply them in
other ABIs pathologies.

Finally, the multivariable analysis on 6-month mor-
tality, considering as confounders the severity of brain
injury and patients’ status, showed that aggressive treat-
ment could reduce mortality at six months, compared to
no-basic TIL. We believe that this represents a relevant
result, as it suggests that even though there might be a
potential harm from using high TIL therapies, monitor-
ing and treating these patients can reduce mortality in
selected patients.

The effect on neurological outcome remains unclear;
no significant difference was shown in the risk of
6-month poor neurological outcome by augmenting the
TIL. On the other side, the sensitivity analysis, excluding
more severe patients, showed a significant association
between eTIL and poor neurological outcomes favouring
less aggressive treatments.

Different factors could be related to this: firstly, the
scale used for its evaluation, GOSE, describes different
grades of disability but does not provide more specific
information on the quality of life and neurocognitive dys-
function. Secondly, several ICU and post-ICU complica-
tions can significantly influence neurological outcomes.
Third, the use of aggressive treatments is reserved for
more severe patients and carries some risks, thus making
the selection of the patients fundamental. This is crucial
as our results highlight the potentially beneficial effect
on mortality but not on neurological outcomes for these
patients.

Finally, although our data do not allow us to define
better the importance of the appropriate timing of their
application, we can speculate that early use of these ther-
apies, before less hazardous low TIL options have failed,
could expose patients to unnecessary risks, as previously
suggested [11, 31].

Limitations

This study has several limitations that need to be men-
tioned. This is an observational study; therefore, it is
impossible to draw any causality relationship between
the associations found. However, our data might help to
plan randomized controlled trials on this topic. In addi-
tion, the definition of TIL treatment does not strictly fol-
low the latest evidence of the Seattle algorithm [3], where
only decompressive craniectomy, hypothermia and met-
abolic suppression are defined as tier-three therapies.
However, the SYNAPSE-ICU study and this preplanned
analysis were defined before the algorithm’s publication;
therefore, the older classification of TIL was used. Third,
despite this, being a preplanned analysis, some data are
lacking, especially regarding the details of the withdrawal
of care, the escalation over days in the use of TIL, data
on the duration of metabolic suppression or methods of
cooling to obtain hypothermia, and the lack of discrimi-
nation in the database at day one regarding primary and
secondary decompressive craniectomy. Forth, as there is
no universal consensus on the definition of neuroworsen-
ing, we used a predefined definition, as stated in the ini-
tial protocol of the SYNAPSE ICU study and accordingly
to the National Institute of Neurological Disorders and
Stroke (NINDS) common data elements (https://www.
commondataelements.ninds.nih.gov), which considers
neuroimaging and clinical data without considering ICP
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values. The NINDS common data elements try to define
a standard and universally accepted tassology in neuro-
logical diseases to be used in clinical trials. This opera-
tional definition of neuroworsening is used in most neuro
clinical trials.

Finally, more granular data on ICP monitoring would
have made it feasible to understand the threshold of
intracranial pressure and the reasoning made by the cli-
nicians before deciding to escalate the therapy.

Conclusions

Treatments for intracranial hypertension are frequently
applied in the first week of ICU management of acute
brain-injured patients. Highly aggressive therapies are
still significantly variable across centres and do not
strictly follow the staircase approach recommended by
the most recent guidelines. Aggressive strategies can
benefit six months mortality but not 6-month neurologi-
cal outcome.
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