
 

 

 

Evolution Over Time of Ventilatory Management and
Outcome of Patients With Neurologic Disease*
Citation for published version (APA):

Tejerina, E. E., Pelosi, P., Robba, C., Penuelas, O., Muriel, A., Barrios, D., Frutos-Vivar, F., Raymondos,
K., Du, B., Thille, A. W., Rios, F., Gonzalez, M., del-Sorbo, L., del Carmen Marin, M., Pinheiro, B. V.,
Soares, M. A., Nin, N., Maggiore, S. M., Bersten, A., ... Heines, S. (2021). Evolution Over Time of
Ventilatory Management and Outcome of Patients With Neurologic Disease*. Critical Care Medicine,
49(7), 1095-1106. https://doi.org/10.1097/ccm.0000000000004921

Document status and date:
Published: 01/07/2021

DOI:
10.1097/ccm.0000000000004921

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 15 May. 2024

https://doi.org/10.1097/ccm.0000000000004921
https://doi.org/10.1097/ccm.0000000000004921
https://cris.maastrichtuniversity.nl/en/publications/28e0da4c-3722-46cb-844f-97e6a0278a7a


Copyright © 2021 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Critical Care Medicine	 www.ccmjournal.org          1095

DOI: 10.1097/CCM.0000000000004921

*See also p. 1200.

Copyright © 2021 by the Society of 
Critical Care Medicine and Wolters 
Kluwer Health, Inc. All Rights 
Reserved.

OBJECTIVES: To describe the changes in ventilator management over 
time in patients with neurologic disease at ICU admission and to estimate 
factors associated with 28-day hospital mortality.

DESIGN: Secondary analysis of three prospective, observational, multi-
center studies.

SETTING: Cohort studies conducted in 2004, 2010, and 2016.

PATIENTS: Adult patients who received mechanical ventilation for more 
than 12 hours.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Among the 20,929 patients 
enrolled, we included 4,152 (20%) mechanically ventilated patients due to 
different neurologic diseases. Hemorrhagic stroke and brain trauma were 
the most common pathologies associated with the need for mechanical 
ventilation. Although volume-cycled ventilation remained the preferred ven-
tilation mode, there was a significant (p < 0.001) increment in the use of 
pressure support ventilation. The proportion of patients receiving a protec-
tive lung ventilation strategy was increased over time: 47% in 2004, 63% 
in 2010, and 65% in 2016 (p < 0.001), as well as the duration of pro-
tective ventilation strategies: 406 days per 1,000 mechanical ventilation 
days in 2004, 523 days per 1,000 mechanical ventilation days in 2010, 
and 585 days per 1,000 mechanical ventilation days in 2016 (p < 0.001). 
There were no differences in the length of stay in the ICU, mortality in the 
ICU, and mortality in hospital from 2004 to 2016. Independent risk fac-
tors for 28-day mortality were age greater than 75 years, Simplified Acute 
Physiology Score II greater than 50, the occurrence of organ dysfunction 
within first 48 hours after brain injury, and specific neurologic diseases 
such as hemorrhagic stroke, ischemic stroke, and brain trauma.

CONCLUSIONS: More lung-protective ventilatory strategies have been 
implemented over years in neurologic patients with no effect on pulmonary 
complications or on survival. We found several prognostic factors on mor-
tality such as advanced age, the severity of the disease, organ dysfunc-
tions, and the etiology of neurologic disease.

KEY WORDS: mechanical ventilation; mortality; neurologic patients; 
prognosis factors; pulmonary complications

Patients with neurologic conditions account for the 10–15% of all ICU 
admissions (1); among these coma is the main reason for initiation of 
mechanical ventilation, occurring in nearly 20% of cases (2, 3). Several 
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studies involving neurocritical care patients have sug-
gested that there is considerable variability in mortality 
among countries and individual centers (4–13); further-
more, survivors often harbor permanent neurologic 
impairment with various degrees of disability (14, 15).  
To date, only a few specific interventions have defini-
tively proven to be able to improve outcome in neuro-
critical care patients, and potential beneficial effects of 
currently used treatments are likely less relevant than 
expected (16).

However, the patients’outcome is not only related 
to the primary neurologic damage but also to the de-
velopment of extracranial organ derangement; among 
these, respiratory failure is one of the most frequent 
systemic dysfunctions (17).

Mechanical ventilation is a main component of early 
treatment of neurocritically ill patients, with the aim 
to improve gas exchange, allows tight control of respi-
ratory variables, and not adversely affects cerebral he-
modynamics. A recent study showed that outcomes of 
mechanically ventilated patients have improved over 
time (3). However, mechanically ventilated patients 
with neurologic disease have higher mortality than 
other critically ill patients (1). Also, ventilatory man-
agement of neurologic critically ill patients can be 
very challenging as it is aimed to minimize ventilator-
induced lung injury, and at the same time to optimize 
cerebral oxygenation avoiding elevations in intracranial 
pressure due to hypercapnia (18). Ventilatory targets of 
lung-protective ventilation are often in conflict with 
cerebral physiology (19), and therefore patients with 
neurologic injuries have been typically excluded from 
the big trials regarding lung-protective strategies. As a 
result, the effect of ventilatory management on neuro-
logic patients’ outcome has been scarcely evaluated.

The primary aim of this study was to describe the 
changes in ventilatory management over time in 
patients with neurologic disease admitted to the ICU. 
Secondary objective was to estimate the factors asso-
ciated with 28-day hospital mortality in this cohort of 
patients.

MATERIALS AND METHODS

Study Design

We performed a secondary analysis of three prospec-
tive, observational, multicenter studies conducted in 
2004 (20), 2010 (3), and 2016 (21) on adult patients 

who received mechanical ventilation for more than 
12 hours. The protocol was approved by the research 
ethics board of each participating institution and need 
for informed consent was obtained according to local 
rules. For the purpose of this analysis, we included 
mechanically ventilated patients due to different neu-
rologic diseases. Data collection procedure has been 
previously described in detail (21). Patients were fol-
lowed-up until hospital discharge.

Patient’s Classification

Patients were defined as primarily neurologic patients if 
they had a reduced level of consciousness as a result of a 
primary brain insult. Patients with a diagnosis of cerebro-
vascular accident of ischemic or hemorrhagic etiology or 
with brain trauma with or without multisystemic trauma 
were therefore included in this analysis. We also included 
patients with a depressed level of consciousness as a re-
sult of metabolic abnormalities or intoxication/overdose. 
We excluded patients with a Glasgow Coma Scale (GCS) 
score greater than 13 points in the 2 first days of mechan-
ical ventilation. The GCS was assessed at admission in 
the absence of sedative drugs.

Statistical Analysis

Data are expressed as mean (sd), median (interquar-
tile range), and absolute and relative frequencies as 
appropriate. We used the Shapiro-Wilk test to assess 
continuous data for a normal distribution. To compare 
continuous data between cohorts, a lineal regression 
was performed and to compare categorical variables, a 
logistic regression was performed.

To estimate a predictive model to assess 28-day 
mortality, we performed a logistic regression model 
only with the data from study carried out in 2016 to 
avoid bias associated to time. The predictive model 
included the following variables: baseline variables—
age (categorized as < 65 yr, 65–74 yr, older than 75 
yr), Simplified Acute Physiology Score (SAPS) II 
(categorized as higher than 50 points and lower than 
50 points), cause of neurologic disease (entered as a 
dummy variable with following categories: overdose 
[as reference category], metabolic, hemorrhagic stroke, 
ischemic stroke, trauma, and other causes) and events 
occurred within first 48 hours after beginning of me-
chanical ventilation: hypercapnia (entered as a dummy 
variable with following categories: normocapnia and 
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normal pHa [as reference category], compensated hy-
percapnia, and hypercapnic acidosis [22]), and organ 
dysfunction (cardiovascular, renal, hematological, 
hepatic, respiratory) defined as a Sequential Organ 
Failure Assessment score higher than 2 points.

We used a backward stepwise logistic regression to 
consider combinations of variables for inclusion in our 
final model using p value of less than or equal to 0.05 for 
a statistical significance. We also compared the discrim-
inative power of the model to predict 28-day mortality 
by calculating the area under the receiver operating 
characteristic curve. To estimate the points assigned to 
each significant variable, we set the constant, B, as the 
number of regression units that corresponds to 1 point. 
We then computed the points for each risk factor’s 
risk categories as the difference in regression units be-
tween each category and its base category divided by B 
rounded. The prediction score was calculated by a sum 
of individual values of each category. The final score 
ranges from 0 to 9 points, with higher scores indicating 
a greater risk of death within 28 days after admission.

All analyses were performed using Stata 14.0 (Stata 
Corp., College Station, TX).

RESULTS

Characteristics of Included Patients

Among the 20,929 patients enrolled, we included 4,152 
(20%) mechanically ventilated patients due to differ-
ent neurologic diseases. Baseline characteristics of the 
patients included from each study are shown in Table 1.  
Hemorrhagic stroke and brain trauma were the most 
common pathologies associated with the need for me-
chanical ventilation.

Ventilator Management

Table 2 shows the evolution of the ventilator settings 
in the three studies over time (from 2004 to 2016). 
Although volume-cycled ventilation remained the 
preferred ventilation mode, there was an overall sig-
nificant (p < 0.001) increment in the use of pressure 
support ventilation.

Protective lung ventilation (low tidal volume and 
high positive end-expiratory pressure [PEEP]) was in-
creasingly applied from 2004 to 2016. The proportion 
of patients receiving ventilation strategy with pressure/
volume limitation was increased over the time: 47% in 
2004, 63% in 2010, and 65% in 2016 (p < 0.001). The 

duration of ventilatory support using protective venti-
lation strategies increased over time: 406 days per 1,000 
mechanical ventilation days in 2004, 523 days per 1,000 
mechanical ventilation days in 2010, and 585 days per 
1,000 mechanical ventilation days in 2016 (p < 0.001).

Disconnection From Mechanical Ventilation

The onset of weaning was the time that the physician in 
charge considered the patient likely to resume and sus-
tain spontaneous breathing after they met standard cri-
teria for weaning readiness. No significant changes were 
observed in the percentage of patients who initiated the 
weaning from mechanical ventilation (60% in 2004, 64% 
in 2010, and 62% in 2016) and those who were extubated 
on a scheduled basis (86% in 2004, 81% in 2010, and 85% 
in 2016). Among the methods for weaning from mechan-
ical ventilation, the use of spontaneous breathing trial as 
first attempt decreased from 2004 to 2016 (from 72% in 
2004 to 51% in 2016; p < 0.001). Among patients who 
failed the first attempt of weaning, there was a statistically 
significant reduction in the use of synchronized intermit-
tent mandatory ventilation with (from 21% in 2004 to 8% 
in 2016; p < 0.001) or without pressure support (from 6% 
in 2004 to 2% in 2016; p < 0.001) over time.

There was a significant trend toward a higher use of 
noninvasive positive pressure ventilation as preventive 
or as treatment of postextubation respiratory failure: 
3% in 2004, 4% in 2010, and 7% in 2016 (p = 0.010).

Reintubation rate within the first 48 hours after 
scheduled extubation was not statistically different 
in three periods: 10% in 2004, 9% in 2010, and 8% in 
2016 (p = 0.305).

There was a higher occurrence rate (p < 0.001) of 
unplanned extubation in 2010 (8%) versus 2004 (3%) 
and 2016 (4.5%) versus 2004, but with similar rate of 
reintubation: 26% in 2004, 24% in 2010, and 26% in 
2016 (p = 0.913).

Performance of tracheotomy was similar among the 
three cohorts: 17% in 2004, 19% in 2010, and 16% in 
2016 (p = 0.181). Also, median time from intubation 
to tracheotomy was similar over time: 12 days (25th 
percentile [P25]–75th percentile [P75]; 7–17 d) in 2004, 
12 days (P25–P75: 9–16 d) in 2010, and 9 days (P25–P75: 
6–12 d) in 2016 (p = 0.789). There were not differences 
in the type of tracheotomy performed; percutaneous 
tracheotomy remained the preferred method in all the 
groups: 56% in 2004, 57% in 2010, and 56% in 2016 
(p = 0.917).
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Outcomes

Table 3 shows the complications occurring during ven-
tilatory support and outcome in three cohorts. A signif-
icant decrease in the duration of ventilatory support in 
the last study group was observed. There were no differ-
ences in the length of stay in the ICU, mortality in the 
ICU, and mortality in hospital from 2004 to 2016.

A decision for withdrawal/withholding support 
occurred in 16% of patients (249/1,574 patients) in 
2010, and 14% (232/1,634 patients) in 2016 (p = 0.198). 
Hospital mortality was 84% in 2010 and 80% in 2016 
in patients with withdrawal/withholding care.

Predictive Score for 28-Day Mortality

Mortality at day 28 in 2016 was 31%. Table 4 shows 
the variables explored, registered within first 48 
hours, and their association associated with mor-
tality. On the basis of these results, we generated a 
score for prediction of 28-day mortality including 
the following variables: age, SAPS II, neurologic di-
sease, and number of organ dysfunctions within 2 
first days (Fig. 1). A comparison of the ROC curves 
between SAPS II and the predictive model scores is 
shown in Appendix 1 (http://links.lww.com/CCM/
G193).

TABLE 1. 
Comparison of Baseline Characteristics Between Three Cohorts

Baselines Characteristics 2004 (n = 938) 2010 (n = 1,574) 2016 (n = 1,640)

Age, yr, mean (sd)a 54 (18) 56 (18) 57 (19)

Female, n (%)b 380 (40) 606 (38) 672 (41)

Body mass index, kg/cm2c 26 (5) 26 (5) 26 (5)

Simplified Acute Physiology Score II,  
points, mean (sd)d

44 (16) 46 (16) 48 (18)

Neurologic disease, n (%)

  Hemorrhagic strokee 308 (33) 470 (30) 434 (26)

  Brain traumaf 227 (24) 302 (19) 379 (23)

  Intoxication/overdoseg 148 (16) 211 (13) 198 (12)

  Ischemic strokeh 116 (12) 214 (14) 199 (12)

  Metabolici 125 (13) 265 (17) 288 (18)

  Other cause (includes infection of CNS,  
seizures, and miscellaneous)j

14 (1.5) 112 (7) 142 (9)

Glasgow Coma Scale at admission, points,  
mean (sd) (only patients without sedative drugs)k

9 (4) 8 (4) 6 (4)

a�p = 0.009 for comparison 2004 vs 2010; p < 0.001 for comparison 2004 vs 2016; and p = 0.336 for comparison 2010 vs 2016.
b�p = 0.318 for comparison 2004 vs 2010; p = 0.818 for comparison 2004 vs 2016; and p = 0.152 for comparison 2010 vs 2016.
c�p = 0.732 for comparison 2004 vs 2010; p = 1.000 for comparison 2004 vs 2016; and p = 0.365 for comparison 2010 vs 2016.
d�p = 0.006 for comparison 2004 vs 2010; p < 0.001 for comparison 2004 vs 2016; and p = 0.058 for comparison 2010 vs 2016.
e�p = 0.019 for comparison 2004 vs 2010; p = 0.001 for comparison 2004 vs 2016; and p = 0.032 for comparison 2010 vs 2016.
f�p = 0.003 for comparison 2004 vs 2010; p = 0.530 for comparison 2004 vs 2016; and p = 0.037 for comparison 2010 vs 2016.
g�p = 0.101 for comparison 2004 vs 2010; p = 0.008 for comparison 2004 vs 2016; and p = 0.257 for comparison 2010 vs 2016.
h�p = 0.378 for comparison 2004 vs 2010; p = 0.862 for comparison 2004 vs 2016; and p = 0.216 for comparison 2010 vs 2016.
i�p = 0.019 for comparison 2004 vs 2010; p = 0.005 for comparison 2004 vs 2016; and p = 0.586 for comparison 2010 vs 2016.
j�p < 0.001 for comparison 2004 vs 2010; p < 0.001 for comparison 2004 vs 2016; and p = 0.106 for comparison 2010 vs 2016.
k�p = 0.047 for comparison 2004 vs 2010; p < 0.001 for comparison 2004 vs 2016; and p = 0.01 for comparison 2010 vs 2016.
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TABLE 2. 
Comparison of Ventilator Setting and Arterial Blood Gases Between Three Cohorts

Ventilator Setting and Arterial Blood Gases
2004  

(n = 938)
2010  

(n = 1,574)
2016  

(n = 1,640)

Mode of ventilation, days of mode per 1,000 days of mechanical ventilationa

  Volume controlled 516 367 307

  Pressure support 123 226 253

  SIMV 19 32 51

  SIMV-pressure support 116 118 84

  Pressure-controlled ventilation 82 78 132

  Airway pressure release ventilation/bilevel  
positive airway pressure

48 54 79

  Pressure-regulated volume control 75 101 66

  Other mode 21 24 28

Tidal volumea    

  mL, mean (sd) 570 (114) 517 (105) 486 (99)

  mL/kg PBW, mean (sd) 9.1 (2) 8.3 (1.8) 8.0 (1.7)

Proportion of days of ventilatory support witha    

  < 6 mL/kg PBW 4% 6% 8%

  6–8 mL/kg PBW 26% 43% 48%

  8–10 mL/kg PBW 42% 36% 35%

  > 10 mL/kg PBW 28% 14% 9%

Positive end-expiratory pressure, cm H2O,  
mean (sd)a

4.1 (3.7) 6.2 (2.6) 6.2 (2.2)

Proportion of days of ventilatory support witha

  < 5 cm H2O 72% 58% 56%

  5–10 cm H2O 24% 36% 40%

  10–15 cm H2O 4% 5% 4%

  > 15 cm H2O < 1% < 1% < 1%

Peak pressure, cm H2O, mean (sd)a 25 (7) 23 (7) 22 (7)

Plateau pressure, cm H2O, mean (sd)a 19 (5) 18 (6) 17 (5)

Driving pressure, cm H2O, mean (sd)a 15 (5) 12 (5) 11 (4)

Respiratory rate, breaths/min, mean (sd)a 16 (5) 18 (5) 19 (5)

(Continued )
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DISCUSSION

In our analysis of three cohorts of mechanically venti-
lated patients due to neurologic diseases, we found that: 
1) the use of protective lung ventilation (low tidal volume 
and high PEEP) is increasing over the years as well as 
the duration of protective lung strategies application; 2) 
patients’ outcome did not change over time, except for 
a significant decrease in the duration of ventilatory sup-
port in the most recent study; and 3) the risk factors as-
sociated with 28-day mortality were age greater than 75 
years, SAPS II greater than 50, the occurrence of organ 
dysfunction within first 48 hours after brain injury, and 
specific neurologic diseases such as hemorrhagic stroke, 
ischemic stroke, and brain trauma.

Non-neurologic organ dysfunctions are important 
predictors of outcome in neurocritical care patients, 
with the lung being one of the most vulnerable organs 
to the inflammatory cascade triggered by acute brain 
injury (17, 23, 24). Early physiologic derangements are 

known to be associated with worse outcome, and their 
timely correction could implement recovery (25, 26). 
However, conventional modalities of mechanical ven-
tilation used in the management of lung injury such 
as permissive hypercapnia may worsen brain injury 
by causing vasodilation and increasing intracranial 
pressure; consequently, lung-protective ventilatory 
strategies—that are now considered best practice for 
mechanical ventilation in general critically ill patients—
can be in conflict with brain protection. Indeed, in our 
study, even patients with normal intracranial pressure 
were ventilated maintaining normal levels of Paco2, 
demonstrating a reluctance to use permissive venti-
lator strategies, although this has shown to be effective 
in reducing mortality in acute respiratory distress syn-
drome (ARDS) patients (27). In a cross-sectional study 
including 30,742 patients with cerebral injury admitted 
to ICUs in Australia and New Zealand, hypercapnic ac-
idosis was associated with increased mortality, whereas 
compensated hypercapnia was not associated with an 

Arterial blood gases, mean (sd)

  At start mechanical ventilation

    pHab 7.39 (0.10) 7.37 (0.11) 7.36 (0.11)

    Paco2
c 36 (9) 37 (10) 38 (11)

    Pao2/Fio2
d 272 (98) 280 (102) 257 (100)

  Last day on mechanical ventilation

    pHae 7.41 (0.08) 7.40 (0.09) 7.41 (0.10)

    Paco2
f 36 (8) 38 (8) 38 (9)

    Pao2/Fio2
g 274 (93) 290 (94) 272 (89)

PBW = predicted body weight, SIMV = synchronized intermittent mandatory ventilation.
a�p < 0.001 for all comparisons between years.
b�p < 0.001 for comparison between 2004 vs 2010 and 2004 vs 2016; p = 0.546 for comparison between 2010 vs 2016.
c�p = 0.013 for comparison between 2004 vs 2010; p = 0.001 for comparison between 2004 vs 2016; and p = 1.00 for comparison 
between 2010 vs 2016.

d�p = 0.272 for comparison between 2004 vs 2010; p = 0.002 for comparison between 2004 vs 2016; and p < 0.001 for comparison 
between 2010 vs 2016.

e�p = 1.000 for all comparisons between years.
f�p < 0.001 for comparison between 2004 vs 2010 and 2004 vs 2016; p = 0.468 for comparison between 2010 vs 2016.
g�p = 0.009 for comparison between 2004 vs 2010; p = 1.00 for comparison between 2004 vs 2016; and p < 0.001 for comparison 
between 2010 vs 2016.

TABLE 2. (Continued). 
Comparison of Ventilator Setting and Arterial Blood Gases Between Three Cohorts

Ventilator Setting and Arterial Blood Gases
2004  

(n = 938)
2010  

(n = 1,574)
2016  

(n = 1,640)
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TABLE 3. 
Comparison of Complications Over the Course of Mechanical Ventilation and Outcomes

Complications and outcomes 2004 (n = 938) 2010 (n = 1,574) 2016 (n = 1,640)

Complications, n (%)

  Acute respiratory distress syndromea 21 (2) 50 (3) 52 (3)

  Ventilator-associated pneumoniab 61 (6.5) 74 (5) 30 (2)

  Sepsisc 53 (6) 211 (13) 167 (10)

  Cardiovascular failured 174 (18) 510 (32) 625 (38)

  Renal failuree 104 (11) 230 (15) 262 (16)

  Hepatic failuref 102 (11) 69 (4) 34 (2)

  Hematological failureg 88 (9) 77 (5) 69 (4)

Outcomes

  Days of mechanical ventilation, median (P25–P75)
h 6 (3–10) 6 (4–12) 5 (3–9)

  Length of stay in the ICU, d, median (P25–P75)
i 7 (4–14) 7 (4–15) 8 (4–15)

  Mortality in the ICU, n (%)j 317 (34) 484 (31) 530 (32)

  Mortality at 28-d, n (%)k 340 (36) 536 (34) 512 (31)

  Mortality in the hospital, n (%)l 350 (40) 581 (39) 605 (40)

  Standardized mortality ratiom 1.09 0.97 0.93

P25 = 25th percentile, P75 = 75th percentile.
a�p = 0.172 for comparison between 2004 vs 2010; p = 0.172 for comparison between 2004 vs 2016; and p = 0.992 for comparison 
between 2010 vs 2016.

b�p = 0.054 for comparison between 2004 vs 2010; p < 0.001 for comparison between 2004 vs 2016 and for comparison between 
2010 vs 2016.

c�p < 0.001 for comparison between 2004 vs 2010 and for comparison between 2004 vs 2016; p = 0.005 for comparison between 
2010 vs 2016.

d�p < 0.001 for comparison between 2004 vs 2010 and for comparison between 2004 vs 2016; p = 0.001 for comparison between 
2010 vs 2016.

e�p = 0.012 for comparison between 2004 vs 2010; p = 0.001 for comparison between 2004 vs 2016; and p = 0.283 for comparison 
between 2010 vs 2016.

f�p < 0.001 for all comparisons.
g�p < 0.001 for comparison between 2004 vs 2010 and for comparison between 2004 vs 2016; p = 0.352 for comparison between 
2010 vs 2016.

h�p = 0.530 for comparison between 2004 vs 2010; p = 0.259 for comparison between 2004 vs 2016; and p = 0.050 for comparison 
between 2010 vs 2016.

i�p = 0.466 for comparison between 2004 vs 2010; p = 0.193 for comparison between 2004 vs 2016; and p = 0.506 for comparison 
between 2010 vs 2016.
j�p = 0.113 for comparison between 2004 vs 2010; p = 0.442 for comparison between 2004 vs 2016; and p = 0.339 for comparison 
between 2010 vs 2016.
k�p = 0.264 for comparison between 2004 vs 2010; p = 0.009 for comparison between 2004 vs 2016; and p = 0.087 for comparison 
between 2010 vs 2016.

l�p = 0.652 for comparison between 2004 vs 2010; p = 0.958 for comparison between 2004 vs 2016; and p = 0.557 for comparison 
between 2010 vs 2016.
m�Standardized mortality ratio is calculated as observed hospital mortality: expected hospital mortality predicted by Simplified Acute Physiology 
Score II.

Missing data for status at discharge from hospital in 259 patients (58 patients in 2004, 78 patients in 2010, and 123 in 2016).
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increase in adverse outcome similar to patients with 
normocapnia and normal pH levels (22). No clear rec-
ommendations are currently available for respiratory 
management of patients with acute brain injury, and 
this may contribute to institutional or individual var-
iations in the clinical practice, and that may ultimately 
result in differences in outcome (28, 29).

In general, in critically ill patients, the goals of me-
chanical ventilation have changed over the past years 
from maintaining normal blood gas values to maintain-
ing adequate gas exchange while attempting to mini-
mize lung injury. In fact, the use of high tidal volume 
and driving pressure are associated with an increased 
rate of ARDS and worsening outcome (30–36).  

TABLE 4. 
Analysis of 28-Day Mortality in Cohort From 2016

Variables
Mortality  

(%)
Univariate  

OR (95% CI)
Multivariate  
OR (95% CI)

Age, yr

  < 65 26 1 (reference)  

  65–75 33 1.40 (1.05–1.85)  

  ≥ 75 44 2.18 (1.69–2.81) 1.80 (1.40–2.30)

Simplified Acute Physiology  
Score II > 50 points

43 2.88 (2.32–3.58) 2.31 (1.87–2.86)

Neurologic disease

  Intoxication/overdose 17 1 (reference)  

  Brain trauma 28 1.84 (1.20–2.83) 1.80 (1.40–2.30)

  Metabolic 30 2.00 (1.28–3.12)  

  Hemorrhagic stroke 40 3.07 (2.03–4.63) 3.96 (2.59–6.06)

  Ischemic stroke 43 3.45 (2.18–5.47) 3.94 (2.47–6.31)

  Other cause 17 0.94 (0.53–1.66)  

Events within first 48 hr

  Hypercapnia

    No 30 1 (reference)  

    Compensated 20 0.58 (0.35–0.98)  

    Hypercapnic acidosis 36 1.30 (1.00–1.70)  

  Number of organ dysfunction  1.82 (1.68–1.98) 1.79 (1.59–2.00)

    0 20   

    1 29   

    2 42   

    3 59   

    4 87   

    5 87   

OR = odds ratio.
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On the basis of these results, physicians have pro-
gressively applied lower tidal volumes in the general 
mechanically ventilated population and particularly 
among those with ARDS (3, 20, 37). This trend has 
also been observed in the present study; in the three 
study periods, brain-injured patients received more 
often a protective lung ventilation, with lower tidal 
volume and higher PEEP levels, and time of ventila-
tory support with protective ventilation strategy was 
also increased.

The overall management of mechanically ventilated 
patients has changed over time. Volume assist-control 
remained the most common ventilator mode used, but 
its use decreased, with a higher number of patients re-
ceiving pressure-control mode ventilation in the last 
decade (3). Similarly, although conventional ventila-
tory support in severe brain-injured patients relies on 
the use of assist-control ventilation (1), our observa-
tional study showed a significant increase in the use 
of pressure support ventilation. The increased use of 

pressure support modes could be related to a reduced 
use and decrease in the depth of sedation over the last 
years. Current evidence in the neurocritical care set-
tings suggests to minimize exposure to sedating agents 
to maximize reliability of the neurologic examination. 
Changes over time in weaning have also been detected 
in neurologic critically ill patients (1). Over the last 
years, a gradual reduction of ventilatory support was 
used more frequently than spontaneous breathing tri-
als. These tendencies have also been reported in pre-
vious observational studies in the general population 
of mechanically ventilated patients (3, 20).

A previous study demonstrated that changes in me-
chanical ventilation practice were associated with a sig-
nificant decrease in mortality over time, despite a similar 
proportion of patients with complications related to me-
chanical ventilation and organ dysfunctions (3). In con-
trast, two before-after studies have recently evaluated 
the efficacy of protective ventilation strategy in patients 
with brain injury. In both these studies (38, 39), the use of 

Figure 1. Predictive score for 28-d mortality and mortality according to score in 2016 cohort. SAPS II = Simplified Acute Physiology 
Score II, SOFA = Sequential Organ Failure Assessment.

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 03/05/2024



Copyright © 2021 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Tejerina et al

1104          www.ccmjournal.org	 July 2021 • Volume 49 • Number 7

protective ventilation did not alter outcome or impair in-
tracranial pressure, provided that the level of Paco2 was 
monitored and maintained within normal ranges. In our 
mixed population of neurologic patients, we did not ob-
serve any change in the length of stay in the ICU and 
mortality over the years, but only a decrease in the dura-
tion of ventilatory support in the last period. This result 
may explain a reduction in the percentage of ventilator-
associated pneumonia in recent years. Clinical practice, 
critically ill population, and mechanical ventilation man-
agement have dramatically changed since 2004 (20). This 
could explain why there are not differences in overall 
outcomes and in the development of ARDS, despite the 
use of lower tidal volumes. In addition, due to the heter-
ogeneity of neurologic disorders, the beneficial effects of 
lung-protective strategies may be different according to 
different neuropathologic events and at different stages 
of the disease.

Mortality rates have not consistently decreased 
in patients with brain injury over the past decades  
(5, 6, 12, 13, 40). In contrast, substantial reductions 
in mortality rates for neurocritical care patients have 
been found when brain-injured patients were man-
aged in dedicated neurocritical care units, using mul-
timodal monitoring and an organized, protocol-based 
approach (41–45). These findings are remarkable con-
sidering that there are few interventions in neurocriti-
cal care that have demonstrated to have a beneficial 
effect on outcome. Therefore, another possible expla-
nation for the absence of differences in outcomes over 
time in our mechanically ventilated neurologic patients 
could be that they were not treated in dedicated neu-
rocritical care units. Also, the 2016 cohort had a lower 
mean GCS, which could explain the similar mortality.

Therefore, although we observed a reduction in tidal 
volume and use of moderate PEEP, this strategy alone 
was not associated with an improvement in survival. As 
shown by the results of our analysis, other factors than 
mechanical ventilation management may influence the 
mortality of brain-injured patients. Some of them, such 
as the etiology of neurologic disease, a low GCS score, 
and the severity of the disease determined with SAPS, 
have been previously identified in other studies with 
neurocritical care patients (1, 14, 16). We observed an 
increase of extrapulmonary organ dysfunctions such as 
hemodynamic and renal failure, suggesting that nonpul-
monary extracranial injury could add prognostic value in 
the overall neurologic patient population. We therefore 

propose a simple score for predicting mortality at 28 days 
in neurologic critically ill patients requiring mechanical 
ventilation, which included simple parameters that easily 
allow the identification of patients at high risk of death.

Our study has several limitations. First, this was a post 
hoc analysis of previously and prospectively collected clin-
ical data from a wide variety of ICUs, patient conditions, 
and clinical practices. Also, the large number of ICUs par-
ticipating in the three study periods may cause heteroge-
neity in patients’ management and treatment. However, 
ICU-mortality of neurologic patients was similar in all 
studies (34% in 2004, 31% in 2010, and 32% in 2016; p 
= 0.274). Third, we did not collect details regarding the 
strategies applied for the treatment of intracranial hyper-
tension or specific monitoring data (intracranial pressure, 
cerebral perfusion pressure, etc.), but we assume that 
brain-injured patients have been treated according to the 
most recent protocols and guidelines. Fourth, this study 
focused on details related to mechanical ventilation, and 
we did not assess specifically neurologic outcome.

In conclusion, despite the implementation of protocols 
and clinical practice guidelines, mortality of neurologic 
patients has not improved over years. Protective mechan-
ical ventilation has been implemented with no substantial 
effect on pulmonary complications or survival. We found 
a strong influence of several prognostic factors on mor-
tality such as advanced age, the severity of the disease, 
organ dysfunctions, and the etiology of neurologic di-
sease. Finally, this study also provides valuable informa-
tion about mechanically ventilation practice in patients 
with neurologic disease across several countries and how 
clinical management has changed over the last years.
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