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Abstract

Background Some studies refer to the increase in intracranial pressure (ICP) with chest physiotherapy techniques
but without any randomized controlled trials that evaluate the safety of the manual rapid chest compression tech-
nique in patients with severe acute brain injuries on invasive mechanical ventilation. Our research question examines
whether intracranial and cerebral perfusion pressures significantly change during rapid chest compression technique.

Methods A prospective, randomized, single-blinded controlled trial of acute neurocritical patients under mechanical
ventilation was performed. The intervention group was subjected to rapid chest compression, and the control group
received mechanical passive inferior limbs mobilization. The outcomes were intracranial pressure, cerebral perfusion
pressure, blood partial pressure of oxygen and carbon dioxide, and inspiratory and expiratory peak flows.

Results Between May 2021 and December 2023, 50 patients (aged 56.3 years), 66% females, were randomized

into two groups (25 controls and 25 interventions). The ICP and cerebral perfusion pressure (CPP) did not significantly
differ between the groups at any of the studied times. Intragroup analysis revealed significant decreases in the ICP
and CPP in the intervention group, with posterior recovery in both groups. The CPP significantly decreased in the con-
trol group but did not reach the preintervention values at the last measurement time. PaCO, was significantly lower
in the intervention group than in the control group at the end of the study.

Conclusion The rapid chest compression technique did not increase the ICP during its application or even 30 min
after it. The ICP showed a slight significant decrease during the application of the rapid chest compression technique

but reached the previous values in the posterior 30 min. CPP had a similar behavior but did not completely recover
in both groups.

Trial registration: NCT03609866. Registered on 08/01/2018.
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Introduction

Acute brain injuries (ABIs) are a critical group of pathol-
ogies that frequently require invasive mechanical ven-
tilation, sedation and sometimes relaxation. The main
pathologies of this group include traumatic brain injury
(TBI), acute ischemic stroke (AIS), subarachnoid hemor-
rhage (SAH), and intracerebral hemorrhage (ICH) [1, 2].

Mechanical ventilation leads to limitation of respira-
tory secretion removal caused by the endotracheal tube
presence, the air flow changes, and the patient position-
ing. Sedation and relaxation medication also can com-
promise ciliary function [3, 4].

The chest physiotherapy in intensive care usually
includes vibration, percussion, flow modulation tech-
niques, cough assistance and hyperinflation. These tech-
niques can be used with the goal of preventing mucus
retention, atelectasis or ventilation-associated pneumo-
nia [5].

Some chest physiotherapy techniques employed in
intensive care units aim to modulate ventilatory flows
and improve mucus transport based on the concept of
dual gas-liquid phase principle. Laboratory evidence sup-
ports the use of these techniques, suggesting that mucus
removal is more effective when expiratory flow exceeds
inspiratory flow. For example, the rapid chest compres-
sion technique (RCCT) is designed to increase expiratory
flow and aid in mucus transport out of the bronchial tree
[4, 6].

Several studies have investigated the effectiveness of
RCCT in mobilizing secretions and enhancing peak
expiratory flow. While Felipe and Reis [7] applied tho-
racic compression in an animal model with atelectasis
but reported that it was ineffective at resolving atelectasis
and mobilizing secretions. More recent research by Marti
et al. [6] demonstrated that RCCT effectively mobilized
secretions outward from the bronchial tree in pigs under-
going invasive mechanical ventilation [6, 7].

Studies on humans have studied expiratory rib or chest
compression. While Naue et al. [8] found no difference in
suctioned secretions with added pressure support, their
2014 trial showed increased secretion clearance, exhaled
volume, and pulmonary dynamics when combined with
higher inspiratory pressure. Similarly, Guimaraes et al.
[10] reported improved peak expiratory flow with rapid
thoracic compression, reinforcing the effectiveness of
these techniques [8—10].

Several studies have attempted to understand the safety
of some respiratory physiotherapy techniques in neuro-
critical patients.

This is the case for the effects of manual RCCT on
intracranial pressure (ICP) in patients with severe acute
brain injuries. The first clinical study on this matter was
carried out by Thiesen et al. [11], who studied the effects
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of several techniques of chest physiotherapy on ICP,
among which manual thoracic compression was included
with satisfactory results with respect to the control of
ICP [11].

Studies on chest physiotherapy in patients with acute
brain injury show mixed effects on intracranial pressure
(ICP) [12]. Toledo et al. [12] and Cerqueira-Neto et al.
found no significant impact of respiratory physiotherapy
on ICP or cerebral perfusion pressure (CPP) [13, 14].
However, Ferreira et al. reported increased ICP with no
significant CPP changes [15]. More recently, Tomar et al.
found that manual chest percussion raised ICP compared
to mechanical vibration [16].

RCCT has a possible benefit in terms of secretion
removal, but the real safety of its use in neurocritical
patients is still unclear.

Therefore, the research questions for our single-blinded
randomized controlled trial in neurocritical patients were
as follows:

1. Does intracranial pressure significantly change dur-
ing and immediately after rapid chest compression
technique?

2. Does cerebral perfusion pressure change during and
immediately after rapid chest compression?

Methods

Design

A prospective, randomized, single-blinded controlled
trial of acute neurocritical patients under mechanical
ventilation was performed. The trial protocol was regis-
tered (ClinicalTrials.gov NCT03609866), published [17],
adapted to the CONSORT guidelines [18], and reported
via the template for intervention description and replica-
tion (TIDieR) checklist [19].

The sample size was obtained with the software ENE
3.0, and on the basis of the estimations of the changes in
intracranial pressure with the techniques performed in
the study by Thiesen et al. [11], with a power of 80% and
a level of confidence of 95%, we obtained a sample size
of 25 patients in each group: control and experimental. A
total of 50 subjects were included in this trial [11].

Patients with acute severe brain injury were selected
from the intensive care unit of the Hospital Alvaro Cun-
queiro of Vigo, Galicia, Spain, which is a tertiary hospital
with neurocritical patients and the reference neurocriti-
cal center for southern Galicia. The randomization and
allocation sequences were generated on the GraphPad
QuickCalcs  page  (https://www.graphpad.com/quick
calcs/randomize2/), with no repetition and 50 subjects
allocated to 2 groups (blocked randomization), with the
template of allocation designed at the beginning of the
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study and then placing the subjects by their entrance
date in the intensive care unit. The participants were allo-
cated to each group by the principal investigator after the
acceptance and signing of the informed consent form by
the next of kin. This study was approved by the Comité
de Etica de la Investigacién de Pontevedra-Vigo-Ourense
(ethics board of the Galician public health system) with
the registration number 2018/446.

We considered patients to be blinded, as all patients
had a Richmond Agitation and Sedation Scale score of
—5, which did not allow patients to understand if they
were in the control or intervention group [20, 21].

Statistician personnel were blinded, as the data were
sent for analysis without providing group information
about the control or intervention [22].

Study population

We included acute neurocritical patients (TBI, AIS, SAH,
and ICH) with more than 48 h of invasive mechanical
ventilation, intracranial pressure monitoring, continuous

Table 1 Eligibility criteria
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arterial pressure monitoring and Glasgow Coma Scale
(GCS) <8 before sedation or surgical procedures. The
inclusion and exclusion criteria are detailed in Table 1.

Descriptive information such as age, sex, type of injury,
presence of ventricular drainage, norepinephrine and
relaxation drugs are presented in Table 2.

Intervention

When ventricular drainage was present, the external
ventricular drain was maintained open, positioned at a
height of +20 cm above the external auditory canal.

The intervention group was subjected to rapid chest
compression. This technique consists of the application
of rapid compression of the lower lateral area of the tho-
rax bilaterally when the ventilator makes the transition
from inspiration to expiration; the purpose is to obtain
a flow bias of 33 L/m or higher, favoring expiration [4].
This was performed with the patient in the supine decu-
bitus position with 30° elevation of the head and trunk,
and the rapid chest compression technique was applied

Inclusion criteria

Intubated patients with mechanical ventilation in Volume Controlled, Pressure Controlled and Volume Controlled Pressure Regulated modes dur-

ing the 48 h prior to the application of the technique

Severe head injury with a GCS <8

Hemodynamic stability (MAP >65 mmHg)

Respiratory stability (PEEP <10 cm H,0 and FiO, < 60%)

Intracranial Pressure Stability (0 <ICP <20 mmHg)

RASS sedation scale of —5 points

Exclusion criteria

Thoracic fractures: unstable rib, sternal, clavicular, scapular, or vertebral
Abdominal injuries that limit the application of local manual compression
Systemic or local changes that evolve with increased abdominal volume

Fractures or conditions in the lower limbs that contraindicate passive mobilization

Table 2 Sample description (ABI: acute brain injury) n= 50

All patients Control group Intervention group

Age 56 55 57

Time since ABI (mean days) 33 33 33

Sex (% females) 33 66% 14 56% 19 76%
Traumatic brain injury (TBI 12 24% 7 28% 5 20%
Acute ischemic stroke (AIS) 2 4% 1 4% 1 4%
Subarachnoid hemorrhage (SAH) 20 40% 8 32% 12 48%
Intracerebral hemorrhage (ICH) 16 32% 9 36% 7 28%
Ventricular drainage 22 44% 9 36% 13 52%
Norepinephrine 32 64% 17 68% 15 60%
Decompressive surgery 19 38% 9 36% 10 40%
Relaxation 14 28% 8 32% 6 24%
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once during the transition expiratory time of each of the
3 respiratory cycles for 5 min by a physiotherapist. Safety
monitoring of heart rate, blood pressure, intracranial
pressure, peripheral oxygen saturation and cerebral per-
fusion pressure was performed by the clinical team and
the principal investigator. The intervention was stopped
if some of the safety values were reached or if the clinical
team considered it.

The control group received mechanical passive inferior
limb mobilization at a frequency of 15 cycles per minute.
The patient was in the supine decubitus position with a
30° elevation of the head and trunk. The inferior limbs
passive mobilization technique was applied in the mid-
dle of the knee range of motion for 5 min via a motorized
cycloergometer. Safety monitoring of heart rate, blood
pressure, intracranial pressure, peripheral oxygen satu-
ration and cerebral perfusion pressure was performed
by the clinical team and the principal investigator. The
intervention would have been stopped if it reached some
of the safety values (ICP >15 mmHg in decompressed
patients or ICP >20 mmHg in non-decompressed
patients; Oxygen saturation <94%; Cardiac frequency
>130) or when the clinical team considered it [23-25].

Outcomes
The main and secondary outcomes were collected as
described below.

Intracranial pressure (ICP)

The intracranial pressure (mmHg) data were recorded 1 h
prior to the intervention, when changed the mechanical
ventilation mode (if applied), 30 min prior, 5 min prior,
at the beginning of the intervention and every minute
since the beginning, and 5 and 30 min since the end, with
the continuous intracranial pressure monitoring system.
When ventricular drainage was present, the external ven-
tricular drain was positioned at +20 cmH,O above the
external auditory canal and remained open, beginning
5 min prior to the start of the technique and continuing
until its completion. Data were recorded via an Integra
Camino ICP monitor and with an intraventricular placed
pressure sensor.

Heart rate, blood pressure and cerebral perfusion pressure
The data from the 3 outcomes were recorded directly
from vital signs monitor with the time chart as the ICP
(except 60 and 30 min prior).

Expiratory and inspiratory peak flow

Data were collected over 30-s periods as in the ICP time
chart (except 60- and 30-min periods). All expiratory and
inspiratory peak flows were checked, and the bests were
recorded from every 30 s sequence.
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Blood pH, O, and CO,

Recent studies have identified tight control of the lower
limits of blood CO,, partial pressure as a protective factor
in cases of brain injury because high CO, levels induce
arterial vasodilatation, as shown in laboratory stud-
ies [26]. We performed arterial blood gas analysis 5 min
prior to and at the end of the intervention.

Statistical analysis

We present descriptive statistics as absolute numbers
and percentages and as the means and SDs (standard
deviations) or medians and IQRs (interquartile ranges),
depending on normality. To assess the normality of the
variables, the Shapiro—Wilk test was used.

We registered the variables at 5 min prior to the inter-
vention (T —5) and the beginning (T0), at every minute
from the beginning until the end of the intervention (T1,
T2, T3, T4, T5), 5 min later (T +5) and 30 min later (T
+30).

To assess whether there were differences in the values
of ICP, CPP, or PaCO, between patients in the control
and intervention groups at each study time point (T -5,
TO,T1, T2, T3, T4, T5, T+ 5, and T + 30), Student’s t test
or the Mann—-Whitney U test was used, depending on
the normality of the quantitative variables. To evaluate
differences over time in ICP, CPP, or PaCO, within each
group (control and intervention), repeated-measures
ANOVA or the Friedman test was applied, depending on
the normality of the data. Values of p < 0.05 were consid-
ered statistically significant. We took the T — 5 time as a
reference value, as it reflects the basal status prior to any
intervention and the means/medians compared with it,
although we compared the means/medians with other
times (supplemental material).

Results

Between May 2021 and December 2023, the recruitment
process assessed 55 possible subjects; 5 were excluded,
3 did not meet the inclusion criteria, and 2 refused to
participate, resulting in the allocation of 50 subjects, as
shown in Fig. 1. The mean ICP was 9.40 mmHg (SD 5156)
and 8.24 mmHg (SD 3756) in the control and interven-
tion groups, respectively. There were no significant differ-
ences between the groups at any time (Fig. 2). According
to the intragroup analysis, as shown in Table 3, the ICP
mean was significantly lower during the rest period (T
—5) at T1, T2, T3 and T5 in the intervention group and
significantly inferior to T— 5 at T1 and T4 in the con-
trol group. When the preintervention rest period was
compared with the late postintervention time (T +30),
there were no significant intragroup differences. When
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Assessed for eligibility.
(n=155)
-
“E’ Excluded (n = 5)
E Not meeting inclusion criteria
= (n=3)
Refused to participate
(n=2)
Randomized (n = 50)
Control group Intervention group
(n=25) (n=25)
= Passive inferior limb Rapid chest compression
£ mobilization at 15 rpm every 3 respiratory cycles
S with motorized for 5 minutes
S
i cycloergometer for 5
minutes
Lost to follow up Lost to follow up
=y n=0) n=0)
=
z ; p ' ;
= Discontinued intervention Discontinued intervention
& (n=0) (n=0)
=
= Analyzed (n = 25) Analyzed (n = 25)
«

Fig. 1 Consort flow chart

analyzed the data of patients with ICP > 10, as shown in
Fig. 3, there was a similar behavior to the general group
analysis, without significant differences at any time.

The median CPP were 76 mmHg (SD 16,927) and
80 mmHg (SD 18,127) in the control and intervention
groups, respectively. No significant differences were

found between the groups at any time. Compared with
the preintervention rest period, the CPP was signifi-
cantly inferior at T1, T2 and T4 during the intervention
period and at T + 5 postintervention in the intervention
group and at T3, T5 and T+ 30 in the control group
(Fig. 4).
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Fig. 2 ICP means at the measured times and p values between groups
Table 3 Intragroup mean or median values compared with the rest period (T — 5) and the respective p values
T-5 TO T1 T2 T3 T4 T5 T+5 T+30
ICP Mean 9.40 9.24 8.72 8.88 8.76 8.76 8.92 8.68 8.88
Control ~ SD (5.16) (512 (4.70) (5.05) (4.73) (4.59) (4.79) (4.53) (4.61)
p value 701 .035 119 .100 .029 191 077 .188
ICP Mean 8.24 8.04 752 744 7.16 744 724 7.72 8.32
Interv SD (3.76) (4.06) (3.69) (4.01) (3.86) (4.00) (3.90) (3.68) (4.01)
p value 307 .013 .038 .013 079 .046 063 819
CPP Median 76 75 77 78 78 78 77 75 75
Control IQR (68-89.5) (69-83) (70-85) (71.5-86) (71-86) (70.5-87) (70.5-88.5) (65.5-84.5) (69-87.5)
p value 3.52 727 167 .040 36 .048 670 .050
CPP Median 80 75 75 75 77 75 76 77 77
Interv IQR (66-95) (65-94) (70-94.5) (66.5-95) (68-95.5) (67.5-94.5) (67.5-94) (65.5-93) (67.5-91)
p value 667 .000 .043 167 .048 727 .033 667
PaCo, Median 39 39
Control IQR (37.5-41) (37-41.5)
p value 540
PaCO, Median 39 38
Interv IQR (37-41) (36.5-40.5)
p value .013

The mean arterial pressure (MAP) did not significantly
differ between the control and intervention groups but
was significantly lower in the intervention group (T —5
to T5), which recovered at T + 30 (Fig. 5).

In terms of PaCO,, no significant differences between
the groups were found (means of 39.28 and 38.08 at T5,
respectively). This variable showed a significant differ-
ence in the means between T— 5 and T5, 38.64 mmHg

and 38.04 mmHg, respectively, in the intervention group
as seen in Fig. 6.

The cardiac frequency was not significantly different
between the groups, with no significant changes at the
studied time points in any group.

pH and PaO, were not significantly different between
the groups or in the intragroup analysis, without changes
in the evaluated points.
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Fig. 4 CPP means/medians at the measured times and p values between groups
Flow bias was used to ensure that the theoretical Discussion

effectiveness of the rapid chest compression technique
was more than 33 L/m at all the points checked dur-
ing its application, approximately 50 L/m in the inter-
vention group and approximately 9 L/m in the control
group were reached.

With this randomized controlled trial, we avoided mixing
the techniques that are usually referred to as respiratory
or chest physiotherapy, as they can lead to significant
contraindications that are not clinically apparent when
the techniques are applied separately. The most recent
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studies concerning the effects of chest physiotherapy
techniques on the ICP performed by Tomar et al. [16]
revealed that increased values were observed when man-
ual percussion was applied, and the systematic review of
Ferreira et al. [15] also revealed that the ICP significantly
increased with techniques. While the previous studies
from Thiesen et al. [11], Toledo et al. [12], Cerqueira-
Neto et al. [14] and Cerqueira Neto et al. [13], focused
mainly on descriptive and/or mixing techniques, thus

Time

reinforcing the need for RCTs studying the safety of res-
piratory physiotherapy interventions in neurocritical
patients (12-17).

The ICP was the main variable of interest in this trial,
and its behavior was within the safety limits, with no sig-
nificant differences between the groups. According to
the intragroup analysis during rapid chest compression,
the ICP was significantly lower than T — 5 at 4 of the 6
checked points, and the same behavior was observed
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in the mobilization group at 3 points. When we ana-
lyzed ICP changes in patients with higher ICP values (10
mmHg or more), the behavior was similar to that of the
global group, as seen in Fig. 3. It is acceptable to assume
the safety of both procedures in the acute set, and the
lower values during the intervention can be explained
by the release of the chest, post rapid chest compression
in the intervention group and by the abdominal move-
ment in the control group. Both can be explained based
on the negative intrathoracic pressure or pressure gra-
dient between intrathoracic and intracranial compart-
ments on the return of blood from the brain and the
consequent decrease in ICP [27, 28]. The PaCO, was sig-
nificantly lower at T5 (p 0.013), which also explains the
significantly lower ICP pressure in the intervention group
[26]. In our sample 5 patients had ICP values higher than
15 mmHg (3 in the control group and 2 in the interven-
tion group), that is a small size to obtain a sound sub-
group conclusion. Nevertheless, the intervention was
not stopped as the ICP values stayed within safety lim-
its. However, future studies should assess this subgroup
more thoroughly.

The CPP values were similar in both groups, but the
differences were not significant. According to the intra-
group analysis, the values were similar before and after
rapid chest compression, with some significantly lower
values during the procedure but not when comparing
pre technique value with 30 min postintervention. In
the control group, the CPP value did not recover to pre
technique values, with significant difference. Zink et al.
did not find significant changes in the CPP values in their
study, but our results revealed significantly lower values
at 30 min post mobilization, suggesting that an effect that
must be taken into account when CPP values are stricter,
such as in vasospasm situations [29].

Both the ICP and CPP are affected by PaCO,, which is
a cerebral vasodilator; therefore, we controlled the ven-
tilator settings to avoid autotriggering with the thoracic
and abdominal pressure changes and performed rapid
chest compression every 3 cycles to avoid derecruitment,
as there is no volume compensation in volume control
mode. However, these measures need stronger control,
as they were not completely effective, because PaCO, was
significantly lower in the intervention group (p 0.013) at
T5 [26, 30].

The MAP decreased in both groups during both
techniques. We related this event to the intrathoracic
pressure gradient when the thorax was released in the
intervention group or to the mobilization of the abdomen
with hip flexion in the control group [29].

The flow bias showed the expected response with a sig-
nificant difference between the control and intervention
groups (— 9.09 L/m and —47.75 L/m, respectively) at T1
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and at all times during the intervention phase, revealing
the effectiveness of rapid chest compression in increasing
the flow bias toward expiration and increasing it to more
than 33 L/m, as referred to in the literature as needed, to
mobilize secretions outside the bronchial tree [4].

Our study intended to clarify the effect and safety of
RCCT, as most of the studies in neurocritical patients
presented results of chest physiotherapy protocols with
secretions suction as part of them, and some concluded
that chest or respiratory physiotherapy is not safe in neu-
rocritical patients because it increases the ICP, a factor
that we relate to suction, as reported in several studies
[31, 32].

As shown in the results discussed previously, neither
the ICP, CPP, MAP nor the cardiac frequency signifi-
cantly changed, nor stopped the technique’s application
or went out of range, allowing us to refer the safety of
rapid chest compression in acute neurocritical invasively
ventilated patients.

It is also important to note that the ventricular drain-
age remained open during the procedures. However,
since ICP values did not exceed 20 mmHg, there was no
risk of increased drainage, allowing the techniques to be
applied safely without closing the drain, just elevating it.

We found some limitations in our study. One limitation
was the inclusion of 38% of patients with decompressive
craniectomy and two individuals in the control group
with calvarial fractures who did not undergo decompres-
sive surgery, situations that may lead to less accurate ICP
changes. Other limitation, that could lead to gender bias,
was the inclusion of 66% females in the total sample and
76% of females in the intervention group. Also, the pres-
ence of ventricular drainage (36% in control group and
52% in the intervention group) could lead to less accurate
ICP changes, but as we placed it at 20 cm of height from
the ear canal, this should minimize this bias. Regarding
ventricular drainage, we did not quantify the cerebrospi-
nal fluid drained after returning the drain to its original
position; this limitation should be addressed in future
studies.

Our study’s aim was also to relate different brain
pathologies with possible changes in ICP and CPP, but
with our sample size, we were not able to obtain a robust
result; nevertheless, with this mix of brain injuries, we
obtained a sound result.

Conclusion

The rapid chest compression technique does not increase
the ICP during its application or even 30 min after it has
been performed. The CPP slightly decreased during the
application of the rapid chest compression technique and
the passive mobilization of the inferior limbs.
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In our study, we found that the rapid chest compres-
sion technique was safe, but multicenter, double-blind,
randomized controlled trials are needed to reinforce the
results and to evaluate the effects on brain oxygenation
and perfusion.

Abbreviations

ABI Acute brain injuries

ICP Intracranial pressure

CPP Cerebral perfusion pressure

TBI Traumatic brain injury

AlS Acute ischemic stroke

SAH Subarachnoid hemorrhage

ICH Intracerebral hemorrhage

RCCT  Rapid chest compression technique
) Standard deviations

IQR Interquartile ranges

MAP  Mean arterial pressure

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513054-025-05405-8.

Additional file 1
Additional file 2

Acknowledgements

The primary author extends their gratitude to the entire Intensive Care Unit
staff of Hospital Alvaro Cunqueiro, including nurses and doctors who assisted
with data recovery and facilitated the execution of this study. While only four
names are mentioned, over 100 individuals contributed to this effort.

Author contributions

RMRG followed the protocol, recorded the data, and wrote the manuscript.
APC analyzed and interpreted the data, and co-wrote the manuscript. RMR
and MGG reviewed the manuscript.

Funding
Not applicable.

Availability of data and materials
The data will be provided as supplementary material.

Declarations

Ethics approval and consent to participate

Approved by the Comité de Etica de la Investigacion de Pontevedra-Vigo-
Ourense (ethics board of the Galician public health system) with the registra-
tion number 2018/446. Informed consent to participate was obtained and
signed by the next of kin, who received written information about participat-
ing in the trial. Relatives were informed they could withdraw consent at any
time and contact the Spanish Agency of Data Protection if their rights were
not upheld. Given the slow evolution of severe acute brain injuries, patient
consent was not expected.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Facultade de Medicina, Santiago de Compostela University, Santiago de
Compostela, Spain. *Galicia Sur Health Research Institute (IIS Galicia Sur), SER-
GAS-UVIGO, Vigo, Spain. 3Statistics and Methodology Unit, Galicia Sur Health
Research Institute (IS Galicia Sur), SERGAS-UVIGO, Vigo, Spain. “Neurosurgical

Page 10 of 11

Service, Alvaro Cunqueiro Hospital, Vigo, Spain. °University of Santiago de
Compostela, Santiago de Compostela, Spain. °Department of Surgery, Univer-
sity of Santiago de Compostela, Santiago de Compostela, Spain.

Received: 14 February 2025 Accepted: 4 April 2025
Published online: 23 April 2025

References

1. Battaglini D, Siwicka Gieroba D, Brunetti |, Patroniti N, Bonatti G, Rocco
PRM, et al. Mechanical ventilation in neurocritical care setting: a clinical
approach. Best Pract Res Clin Anaesthesiol. 2021,35:207-20.

2. Meyfroidt G, Bouzat P, Casaer MP, Chesnut R, Hamada SR, Helbok R, et al.
Management of moderate to severe traumatic brain injury: an update for
the intensivist. Intensive Care Med. 2022;48:649-66.

3. Goetz RL, Vijaykumar K, Solomon GM. Mucus clearance strategies in
mechanically ventilated patients. Front Physiol. 2022;13:834716.

4. Volpe MS, Guimaraes FS, Morais CCA. Airway clearance techniques for
mechanically ventilated patients: insights for optimization. Respir Care.
2020,65(8):1174-88.

5. Tronstad O, Marti JD, Ntoumenopoulos G, Gosselink R. An update on
cardiorespiratory physiotherapy during mechanical ventilation. Semin
Respir Crit Care Med. 2022;43(3):390-404.

6. Marti JD, Li Bassi G, Rigol M, Saucedo L, Ranzani OT, Esperatti M, et al.
Effects of manual rib cage compressions on expiratory flow and mucus
clearance during mechanical ventilation. Crit Care Med. 2013;41(3):850-6.

7. Felipe L, Reis F. Compressdo Manual Toracica em um Modelo Experimen-
tal de Atelectasia em Ratos Wistar [Internet]. Available from: https://www.
researchgate.net/publication/281119235

8. daSilva NW, da Silva ACT, Guntzel AM, Condessa RL, de Oliveira RP, Vieira
SRR. Increasing pressure support does not enhance secretion clearance
if applied during manual chest wall vibration in intubated patients: a
randomised trial. J Physiother. 2011;57(1):21-6.

9. daSilva Naue W, Alberto Forgiarini Junior L, Simdes Dias A, Regina Rios
Vieira S. Chest compression with a higher level of pressure support
ventilation: effects on secretion removal, hemodynamics, and respiratory
mechanics in patients on mechanical ventilation [Internet]. Vol. 40, J Bras
Pneumol. 2014.

10. Guimarées FS, Lopes AJ, Constantino SS, Lima JC, Canuto P, de Menezes
SLS. Expiratory rib cage compression in mechanically ventilated subjects:
a randomized crossover trial [corrected]. Respir Care. 2014;59(5):678-85.

11. Thiesen RA, Dragosavac D, Roquejani AC, Falcdo ALE, Araujo S, Dantas
Filho VP, et al. Influence of the respiratory physiotherapy on intrac-
ranial pressure in severe head trauma patients. Arq Neuropsiquiatr.
2005;63(1):110-3.

12. Toledo C, Garrido C, Troncoso E, Lobo SM. Effects of respiratory physio-
therapy on intracranial pressure and cerebral perfusion pressure in severe
traumatic brain injury patients. Rev Bras Ter Intensiva. 2008;20(4):339-43.

13. de Cerqueira-Neto ML, Moura AV, Cerqueira TCF, Aquim EE, Re4-Neto A,
Oliveira MC, et al. Acute effects of physiotherapeutic respiratory maneu-
vers in critically ill patients with craniocerebral trauma. Clinics (Sao Paulo).
2013;68(9):1210-4.

14. de Cerqueira-Neto LM, Vieira Moura A, Scola RH, Aquim E, Rea-Neto
A, Oliveira MC, et al. The effect of breath physiotherapeutic maneu-
vers on cerebral hemodynamics: a clinical trial. Arq Neuropsiquiatr.
2010,68:567-72.

15. Ferreira LL, Valenti VE, Vanderlei LCM. Chest physiotherapy on intracranial
pressure of critically ill patients admitted to the intensive care unit: a
systematic review. Rev Bras Ter Intensiva. 2013;25(4):327-33.

16. Tomar GS, Singh GP, Bithal P, Upadhyay AD, Chaturvedi A. Comparison
of effects of manual and mechanical airway clearance techniques on
intracranial pressure in patients with severe traumatic brain injury on a
ventilator: randomized. Crossover Trial Phys Ther. 2019,99(4):388-95.

17. Rodrigues-Gomes RM, Martf JD, Roldn RM, Gelabert-Gonzalez M. Rapid
chest compression effects on intracranial pressure in patients with acute
cerebral injury. Trials. 2022;23(1):312.


https://doi.org/10.1186/s13054-025-05405-8
https://doi.org/10.1186/s13054-025-05405-8
https://www.researchgate.net/publication/281119235
https://www.researchgate.net/publication/281119235

Rodrigues-Gomes et al. Critical Care (2025) 29:159

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 state-
ment: updated guidelines for reporting parallel group randomised trials.
BMJ. 2010;340:c332.

Hoffmann TC, Glasziou PP, Boutron |, Milne R, Perera R, Moher D, et al. Bet-
ter reporting of interventions: template for intervention description and
replication (TIDieR) checklist and guide. BMJ. 2014;348:91687.

Karanicolas PJ, Farrokhyar F, Bhandari M. Practical tips for surgical research:

blinding: Who, what, when, why, how? Can J Surg. 2010;53(5):345-8.

Ely EW, Truman B, Shintani A, Thomason JWW, Wheeler AP, Gordon S,

et al. Monitoring sedation status over time in ICU patients: reliability

and validity of the Richmond Agitation-Sedation Scale (RASS). JAMA.
2003;289(22):2983-91.

Iflaifel M, Partlett C, Bell J, Cook A, Gamble C, Julious S, et al. Blinding of
study statisticians in clinical trials: a qualitative study in UK clinical trials
units. Trials. 2022;23(1):535.

Vollenweider R, Manettas Al, Hani N, de Bruin ED, Knols RH. Passive
motion of the lower extremities in sedated and ventilated patients in the
ICU—a systematic review of early effects and replicability of Interven-
tions. PLoS ONE. 2022;17:¢0267255.

Marzolini S, Robertson AD, Oh P, Goodman JM, Corbett D, Du X, et al.
Aerobic training and mobilization early post-stroke: cautions and consid-
erations. Front Neurol. 2019;10:1187.

Paton M, Chan'S, Serpa Neto A, Tipping CJ, Stratton A, Lane R, et al.
Association of active mobilisation variables with adverse events and
mortality in patients requiring mechanical ventilation in the intensive
care unit: a systematic review and meta-analysis. Lancet Respir Med.
2024;12(5):386-98.

Robba C, Battaglini D, Abbas A, Sarrié E, Cinotti R, Asehnoune K; et al.
Clinical practice and effect of carbon dioxide on outcomes in mechani-
cally ventilated acute brain-injured patients: a secondary analysis of the
ENIO study. Intensive Care Med. 2024;50(2):234-46.

Moore JC, Pepe PE, Scheppke KA, Lick C, Duval S, Holley J, et al. Head
and thorax elevation during cardiopulmonary resuscitation using
circulatory adjuncts is associated with improved survival. Resuscitation.
2022;179:9-17.

Hawryluk GWJ, Citerio G, Hutchinson P, Kolias A, Meyfroidt G, Robba C,
et al. Intracranial pressure: current perspectives on physiology and moni-
toring. Intensive Care Med. 2022;48:1471-81.

Zink EK, Kumble S, Beier M, George P, Stevens RD, Bahouth MN. Physi-
ological responses to in-bed cycle ergometry treatment in intensive
care unit patients with external ventricular drainage. Neurocrit Care.
2021,35(3):707-13.

Svedung Wettervik T, Fahlstréom M, Enblad P, Lewén A. Cerebral pressure
autoregulation in brain injury and disorders—a review on monitoring,
management, and future directions. World Neurosurg. 2022;158:118-31.
Singh S, Chouhan RS, Bindra A, Radhakrishna N. Comparison of effect of
dexmedetomidine and lidocaine on intracranial and systemic hemo-
dynamic response to chest physiotherapy and tracheal suctioning in
patients with severe traumatic brain injury. J Anesth. 2018;32(4):518-23.
Ntoumenopoulos G. Are short-term changes in physiological variables in
ICU patients as a result of physiotherapy of any clinical relevance? Respir
Care. 2023;68:549-52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11



	Effects of rapid chest compression technique on intracranial and cerebral perfusion pressures in acute neurocritical patients: a randomized controlled trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Design
	Study population
	Intervention
	Outcomes
	Intracranial pressure (ICP)
	Heart rate, blood pressure and cerebral perfusion pressure
	Expiratory and inspiratory peak flow
	Blood pH, O2 and CO2

	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


