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Background: Tracheostomy is a common procedure among neurosurgical
patients, and preventing pulmonary infection while accelerating recovery is
crucial for improving their clinical outcomes.

Objectives: The objective of this study was to systematically assess the efficacy
and safety of early progressive ambulation in neurosurgical patients who have
undergone tracheostomy, to provide evidence-based insights to guide clinical
treatment and nursing practices.

Methods: Neurosurgical patients undergoing tracheostomy at our hospital
between September 1, 2023, and January 31, 2025 were included. Patients were
randomly assigned to either the progressive ambulation group or the routine
care group. We established a multidisciplinary team (MDT) led by neurosurgical
nurses to develop and implement an early progressive ambulation protocol for
neurosurgical patients.

Results: A total of 59 neurosurgical patients who underwent tracheostomy were
enrolled, with 29 patients assigned to the progressive ambulation group and 30
patients to the standard routine nursing care group. The findings demonstrate
that progressive ambulation offers substantial clinical benefits for neurosurgical
patients following tracheostomy. Specifically, this intervention significantly
reduces the incidence of pulmonary infections, decreases antimicrobial use
density (AUD), and shortens the duration of antibiotic therapy. Furthermore,
it is associated with a reduction in the duration of tracheostomy dependency
and overall hospital stay, as well as a notable decrease in hospitalization costs.
However, no statistically significant difference in mortality was observed.

Conclusion: These findings highlight the potential of progressive ambulation
as a clinically valuable intervention for improving outcomes in neurosurgical
patients undergoing tracheostomy. Further research is necessary to explore
its broader applicability across diverse patient populations, identify optimal
implementation strategies, and assess long-term effects.
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Introduction

Tracheotomy is a common surgical procedure widely used in
critically ill patients with upper airway obstruction, those requiring
prolonged mechanical ventilation, and those in need of respiratory
support (1). Owing to its simplicity and low cost, tracheotomy has
been extensively applied in clinical practice. It effectively relieves
upper airway obstruction, alleviates dyspnea, reduces airway
resistance, and decreases anatomical dead space (2). Additionally,
tracheotomy can improve respiratory mechanics, enhance patient
comfort, and facilitate the clearance of airway secretions (3).
Epidemiological data indicate that the utilization rate of tracheotomy
is increasing annually (4). In a study of patients with acute respiratory
failure, the rate of tracheotomy reached 10.8% (5). Moreover, patients
who underwent tracheotomy had longer hospital stays and
significantly higher mortality rates compared to those who did not.
Another study reported that approximately 6 to 11% of patients in the
intensive care unit (ICU) ultimately required tracheotomy to establish
an artificial airway (6). However, tracheotomy may also lead to a series
of complications. The surgical incision disrupts the body’s natural
defense barriers, particularly the mucosal barrier of the respiratory
tract, thereby impairing the patients original airway protective
mechanisms (7). Combined with factors such as prolonged bed rest
and compromised immune function, patients are highly susceptible
to pulmonary infections (8). Other complications following
tracheotomy include incisional infection, granulation tissue formation,
accidental decannulation, and pneumothorax (9). These complications
not only prolong hospitalization but also increase the consumption of
medical resources (10). Therefore, in clinical practice, it is crucial to
appropriately determine the timing and indications for tracheotomy
and optimize postoperative care and management. These measures are
of significant importance for reducing the incidence of complications
and improving patient outcomes.

Scientific and rational nursing interventions are crucial for reducing
complications associated with tracheotomy and ensuring favorable
outcomes in neurosurgical patients who have undergone tracheotomy.
One of the key interventions is early progressive ambulation activities.
These activities follow a stepwise approach, encompassing multiple
stages such as sitting up in bed (with the back unsupported), sitting at
the edge of the bed, sitting out of bed, standing at the bedside, and
walking (11,
ambulation for the patient. However, current research on the safety and

12). The ultimate goal is to achieve independent

efficacy of early ambulation activities in neurosurgical tracheotomy
patients is relatively limited both domestically and internationally, and
there is a lack of accurate data on the rate of out-of-bed activities (13).
This situation is primarily attributed to the following factors: First,
tracheotomy patients typically present with severe physical trauma,
multiple indwelling catheters, and general debilitation (14). Second,
there is a relative shortage of clinical healthcare human resources.
Additionally, adverse events that may occur during early out-of-bed
activities, such as falls, unplanned tube dislodgement, and changes in
clinical condition, further increase the risks and challenges associated

Abbreviations: MDT, multidisciplinary team; ICU, intensive care unit; RCT,
randomized controlled trial; BMI, body mass index; GCS, Glasgow coma scale;
DDD, defined daily dose; CNY, China Yuan; AUD, antibiotic use density; ICU-AW,

intensive care unit-acquired weakness.
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with implementation (15). Despite these challenges, early out-of-bed
activities hold significant importance for patient recovery. Studies (16,
17) have shown that early progressive out-of-bed activities can
effectively enhance muscle strength, improve organ function, and
promote the recovery of self-care abilities. They also accelerate the
restoration of independent functional capabilities and boost patients’
confidence in returning to daily life and family, offering new hope for
recovery. Therefore, early progressive ambulation activities are of vital
importance for the prognosis of neurosurgical tracheotomy patients.

Objectives

The present study aims to establish a multidisciplinary team
(MDT) led by neurosurgical nurses to develop and implement an early
progressive ambulation protocol for neurosurgical patients, to provide
a scientific and reliable basis for the nursing and rehabilitation of
tracheotomy patients in clinical practice.

Methods

This study employed a randomized controlled trial (RCT) design.
The study protocol was reviewed and approved by the hospital’s ethics
committee (approval number: IRB2025032). Written informed
consent was obtained from all participating patients and their family
members prior to enrollment.

In our RCT, the sample size was calculated to ensure adequate
statistical power to detect clinically significant differences between the
intervention and control groups. The primary outcome was incidence
of pulmonary infection in stroke patients, and the calculation was
based on a significance level (@) of 0.05 and a power (1—/) of 80%.
Using the formula for comparing two independent groups,

(za,ﬁzﬂ

2
A ] , where Z,, is the standard normal deviate
o

corresponding to the significance level (1.96 for a = 0.05), Z; is the
standard normal deviate corresponding to the desired power (0.842
for power = 80%), A is the expected mean difference between groups,
and o is the pooled standard deviation, we determined that a sample
size of approximately 25 subjects per group, totaling 50 subjects for
the entire study, would be required.

This study consecutively included adult stroke patients (age
>18 years) who met the following inclusion criteria: (1) admission to
the Neurosurgery Department of our institution between September
1, 2023 and January 31, 2025; (2) undergoing primary tracheostomy
during the current hospitalization; (3) absence of active infection or
suspected infection at the time of tracheostomy; and (4) anticipated
hospitalization duration >5 days post-procedure.

Exclusion criteria comprised: (1) history of previous tracheostomy;
(2) diagnosis of community-acquired pneumonia upon admission; (3)
mortality within 5 days of hospitalization; and (4) incomplete clinical
records. Patients who were transferred to other departments or
healthcare facilities during the study period were considered
withdrawn from the study.

Randomization was implemented using a computer-generated
random sequence. Participants were assigned to either progressive
ambulation group or the routine care group in a 1:1 ratio. The
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randomization sequence was generated by an independent statistician
who was not involved in the recruitment or treatment of participants.
This method ensured that the allocation was unbiased and maintained
the integrity of the study design.

The indications for tracheotomy in our study were determined
based on established clinical guidelines (4, 18) and the specific needs
of our patient population. Tracheotomy was performed for patients
who were anticipated to require mechanical ventilation for more than
5 days due to prolonged ventilator dependence. Additionally, it was
indicated for patients with impaired neurological status or those at
risk of aspiration to ensure airway protection. The procedure also
facilitated improved airway management by allowing better control of
airway secretions and reducing the risk of complications associated
with prolonged endotracheal intubation.

The decision to remove the tracheal intubation was guided by
several criteria. Patients were considered for decannulation once they
demonstrated stable respiratory function without the need for
mechanical ventilation, ensuring airway integrity with no obstructions
or complications that would preclude safe removal of the tube.
Furthermore, patients had to be able to protect their airway, manage
secretions, and demonstrate adequate respiratory function to maintain
oxygenation and ventilation. Regarding discharge status, not all
patients were discharged immediately after tracheal intubation
removal; some remained in the hospital for further medical
management or rehabilitation. The decision to discharge was based on
the overall clinical status and readiness for home care. For patients
who were discharged with the tracheal intubation still in place, the
duration of tracheal intubation was calculated from the time of
insertion until the time of discharge. This approach ensured accurate
tracking of the duration of intubation, even if the patient was still
dependent on the tube at the time of discharge.

Patients in the control group received the standard post-
tracheotomy care protocol in the neurosurgical department. This
protocol included maintaining the ward environment at a temperature
of 21-24°C and a humidity level of 60%. Early enteral nutrition was
initiated, with appropriate nutritional fluids selected according to
medical orders and administered continuously via a nutrient pump to
ensure patency of the nasogastric tube. The tracheal tube was secured
with an appropriate degree of tightness, defined as allowing a single
transverse finger width between the securing strap and the neck.
Nurses on each shift were required to promptly check the fixation
status to prevent loosening and to monitor the skin condition around
the tracheostomy site. The skin surrounding the tracheostomy tube
was disinfected with 0.5% povidone-iodine to maintain cleanliness
and dryness. Gauze dressings were routinely changed twice daily, with
immediate replacement if heavily contaminated. Additionally, the
inner cannula of the tracheostomy tube was disinfected twice daily as
part of the standard care regimen.

The progressive ambulation group in this study implemented a
standardized, phased mobilization protocol as an adjunct to
conventional care. This evidence-based protocol incorporated
periodic clinical assessments to determine appropriate activity
progression, with rehabilitation phases carefully tailored to each
patient’s baseline functional status and recovery trajectory. The
intervention followed a physiologically-graded sequence beginning
with basic bed-level activities (supine-to-sitting transitions and edge-
of-bed sitting), progressing to upright positioning (sitting in a chair
and static standing), and ultimately advancing to ambulation training.

Frontiers in Neurology

10.3389/fneur.2025.1591273

This three-phase progression system was individually calibrated
through continuous physiological monitoring and functional
assessment to optimize both safety and therapeutic efficacy. Protocol
implementation followed a stratified approach: patients demonstrating
limited muscular capacity (MRC grade <3) initiated with passive
range-of-motion exercises and supported sitting activities; those
achieving moderate strength (MRC grade 3-4) progressed to active-
assisted movements and weight-bearing standing exercises; while
patients meeting predefined safety criteria advanced to supervised
ambulation training. Activity intensity was dynamically titrated based
on real-time physiological parameters (including heart rate, oxygen
saturation, and perceived exertion) to maintain an optimal therapeutic
window while preventing both overexertion and inadequate stimulus.
This precision dosing approach aimed to maximize neuromuscular
adaptation while minimizing adverse event risks. The detailed phase
division and operational procedures are shown in Table 1 and Figure 1.

To ensure the scientific rigor, validity, and efficient progression of
this study, a MDT was established to provide interdisciplinary
professional support and facilitate the integration of resources. The
MDT consisted of five core members, each with distinct professional
backgrounds and responsibilities: The team included two clinical nurses
who played pivotal roles in the study. One nurse was responsible for the
overall coordination of the project, including the implementation of the
study protocol, coordination of the research process, and daily
management of participants. The other nurse focused on data collection
and analysis, systematically organizing, entering, and conducting
preliminary analyses of the data generated during the study. This
ensured the integrity and accuracy of the data, thereby providing a
reliable basis for subsequent statistical analyses and interpretation of
results. In addition to the nurses, the team comprised a neurosurgeon
and a head nurse from the neurosurgical department. The
neurosurgeon, leveraging extensive professional knowledge and clinical
experience, provided medical guidance for the entire project, ensuring
the scientific soundness and feasibility of the study protocol. This role
also involved timely assessment and management of any medical issues
that arose during the study. The head nurse was responsible for
overseeing the project, ensuring strict adherence to the predetermined
protocol, and maintaining the quality of nursing practices throughout
the study. This role was crucial in safeguarding the well-being of
participants and ensuring the smooth progression of the research. The
team also included a rehabilitation physician, who was primarily
responsible for the implementation and supervision of the intervention
measures. During the progressive ambulation protocol, the
rehabilitation physician developed personalized rehabilitation plans
based on individual patient conditions and monitored the execution of
the rehabilitation training to ensure its efficacy and safety. Additionally,
the rehabilitation physician provided professional training and technical
guidance to the nursing staff involved in the rehabilitation training,
thereby enhancing the overall level of rehabilitation care within the
team. Through the collaborative efforts of the MDT, each member
contributed their unique expertise while working in concert with one
another. This interdisciplinary cooperation formed an efficient and
cohesive research framework, providing robust organizational support
and professional backing for the successful conduct of this study.

In our study, the indications for initiating and discontinuing
antibiotics were strictly adhered to established clinical guidelines and
protocols (19, 20). Antibiotic therapy was initiated when there was a
clinical suspicion of infection, which was subsequently confirmed
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TABLE 1 The protocol for early progressive ambulation in neurosurgical patients undergoing tracheostomy.

Phase

GCS:3-8

The head of the bed is routinely elevated to 30 degrees.

GCS:9-12

The head of the bed is routinely elevated to 30 degrees.

GCS:13-15

The head of the bed is routinely elevated to 30 degrees.

The head of the bed is elevated to 60 degrees (1-3 h)

The head of the bed is elevated to 60 degrees (0.5-1 h)

The head of the bed is elevated to 60 degrees (20-30 min)

Phase One: Elevation of the Bed Head.

The patient is assisted into a 90-degree sitting position by
family members, with the back separated from the bed
panel, maintaining a right angle to the bed surface (0.5 to

1 h per session, twice daily).

® 90-degree sitting position (with family assistance, the
patient’s back is lifted off the bed panel to assume a sitting
position at a 90-degree angle to the bed surface) (1to2h
per session, twice daily).

@ Bedside sitting with assistance from two caregivers (as
tolerated by the patient).

@ Bedside sitting with assistance from one caregiver (as

tolerated by the patient).

@ Bedside sitting with assistance from one caregiver (1.5 to

2.5 h per session, twice daily).

® Independent sitting position (as tolerated by the patient).

Phase Three: Ambulation.

caregivers, adjusted according to the patient’s tolerance, and
gradually transitioned to walking with assistance from one

caregiver.

/ The patient can tolerate the maximum activity level of the current phase without worsening of their condition, and is ready
Progression criteria for next phase
to progress to bedside standing.
/ @ Bedside standing with assistance from two caregivers @ Bedside standing with assistance from two caregivers
(starting from 1 min, gradually increasing duration based (starting from 1 min, gradually increasing duration based
on the patient’s tolerance). on the patient’s tolerance).
Phase Two: Bedside standing
® Wall-supported standing with assistance from two @ Standing with assistance from one caregiver (starting
caregivers (starting from 1 min, gradually increasing from 1 min, gradually increasing duration based on the
duration based on the patient’s tolerance). patient’s tolerance).
/ The patient can tolerate the activities of the current phase without worsening of their condition and is ready to progress to
Progression criteria for next phase
ambulation.
/ Ambulation is initially performed with assistance from two | Ambulation is performed with assistance from one

caregiver, adjusted according to the patient’s tolerance, and

gradually transitioned to independent walking.

1. Patients may wear monitoring devices, infusion pumps, nutritional pumps, or other equipment during the above activities. The use of such equipment should not hinder out-of-bed mobilization.
2. The out-of-bed mobilization plan should be adjusted according to the patient’s circadian rhythm, daily schedule, and lifestyle habits (e.g., sitting up in the morning, resting at noon, sitting up before meals, and changing positions 1 h after meals).
Suspension Criteria: © Heart rate < 40 beats per minute or > 120 beats per minute; ® Respiratory rate < 5 breaths per minute or > 40 breaths per minute; ® SpO2 < 88%; @ Intracranial pressure > 25 mmHg; ® Falls; ® Catheter dislodgement; @ Pain.

GCS, Glasgow Coma Scale.
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The early progressive ambulation intervention in neurosurgical patients undergoing tracheostomy.

Phase Il

through microbiological or radiological evidence. The duration of
antibiotic use was tailored to the individual clinical course of each
patient. In certain cases, extended courses of antibiotic therapy were
deemed necessary due to the complexity of the infection, delayed
clinical response, or the presence of resistant pathogens.

The following demographic and clinical information was collected
for each patient: gender, age, body mass index (BMI), Glasgow Coma
Scale (GCS) score at admission, history of hypertension, history of
smoking, history of cerebral hemorrhage, and history of cerebral
infarction. In this study, we collected several key outcome measures
to comprehensively evaluate the impact of interventions on patients
undergoing tracheotomy. The incidence of pulmonary infection was
assessed based on diagnostic criteria. This included evaluating patients
for fever (>38.5°C), elevated leukocyte counts (>10 x 10°/L), typical
respiratory symptoms, auscultation findings, radiographic evidence of
inflammation, and positive sputum cultures. Mortality rate was
defined as the proportion of deaths attributable to pulmonary
infections following tracheotomy, reflecting the severity of these
infections. Antibiotic Use Density (AUD) was calculated to quantify
antibiotic exposure, using the World Health Organization’s Defined
Daily Dose (DDD) as a standardized measure. The formula used was
AUD = Total DDD of antibiotics / Total patient-days x 100, providing
insights into the appropriateness of antibiotic use and its potential
impact on medical quality and patient safety. Additionally, the
duration of antibiotic use was recorded to assess the overall exposure
period, which is crucial for understanding antimicrobial stewardship
practices. Tracheotomy duration was measured from the date of the
procedure to successful decannulation, while the length of hospital
stay was calculated from admission to discharge, both serving as
indicators of the overall healthcare burden and patient recovery time.
Finally, hospitalization costs were documented to reflect the economic
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impact of tracheotomy and associated complications on healthcare
resources. These measures collectively provide a detailed assessment
of clinical outcomes, resource utilization, and economic implications
in patients undergoing tracheotomy.

Statistical analyses were conducted using SPSS version 25.0 to
ensure the scientific rigor and accuracy of the results. Appropriate
statistical methods were applied based on the type of data variables. For
dichotomous variables, such as gender and the occurrence of
pulmonary infection, descriptive statistics were presented as
percentages (%). Between-group differences were analyzed using either
the chi-square test (5 test) or Fisher’s exact test. The chi-square test was
used for comparisons of dichotomous variables in larger sample sizes,
while Fisher’s exact test was employed for smaller sample sizes to
provide more precise statistical results, thereby ensuring the accuracy
of analyses in scenarios with limited sample numbers. For continuous
variables, including age, length of hospital stay, and duration of
antibiotic use, descriptive statistics were reported as mean + standard
deviation. The mean reflects the central tendency of the data, while the
standard deviation quantifies the dispersion of the data points.
Between-group comparisons were performed using the independent
samples t-test to determine significant differences in mean values
between two groups. In all statistical analyses, a significance level of
P <0.05 was used to determine statistical significance.

Results

As depicted in Figure 2, a total of 59 neurosurgical patients who
underwent tracheostomy were ultimately included in the study. Of
these, 29 patients received the progressive ambulation intervention,
while 30 patients received standard routine nursing care. As presented
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[ Enroliment ] Assessed for eligibility (n= 64)
Excluded (n=4)
+ Not meeting inclusion criteria (n=3)
"] « Declined to participate (n=1)
Randomized (n=60)
¥ [ Allocation ] y
Allocated to progressive ambulation Allocated to routine nursing care (n=30)
intervention (n= 30) + Received allocated intervention (n=30)
+ Received allocated intervention (n=30) + Did not receive allocated intervention (n=0)
«+ Did not receive allocated intervention (n=0)
v
{ Follow-Up ] v
Lost to follow-up (n=0) ¥.
Lost to follow-up (n= 0)
Discontinued intervention (Voluntary request ) ) ) )
for transfer to another hospital for further Discontinued intervention (n= 0)
treatment) (n=1)
y [ Analysis ] v
Analysed (n=29) Analysed (n= 30)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)
FIGURE 2
The flow diagram of patient inclusion.

in Table 2, there were no statistical differences in the gender, age, BMI,
GCS score at admission, disease diagnosis, history of hypertension,
history of smoking, history of cerebral hemorrhage, history of cerebral
infarction and aspiration occurred on admission and use of sedative
drugs between ambulation group and control group (all p > 0.05).

As shown in Table 3, there was statistical difference in the
incidence of pulmonary infection between ambulation group and
control group (p = 0.02), the incidence of pulmonary infection of
ambulation group was significantly lower than that of control group.
There was no statistical difference in the mortality between ambulation
group and control group.

In the ambulation group, both the AUD and the duration of
antibiotic use were significantly lower than those in the control group.
The differences between the two groups were statistically significant
(all p < 0.05). Detailed results are presented in Table 4.

As shown in Table 5, compared with the control group, the
ambulation group exhibited significantly shorter durations of
tracheostomy, hospital stay, and lower hospitalization costs. The
differences between the two groups were statistically significant (all
p<0.05).

Frontiers in Neurology

Discussion

The concept of progressive ambulation can be traced back to the
late 19th century, when early studies demonstrated that mobilization
soon after surgery could significantly reduce postoperative hospital
stays (21). By the late 20th century, as understanding of the
complications associated with prolonged sedation and mechanical
ventilation deepened, early mobilization began to be incorporated into
clinical practice in ICUs. It has been reported that daily interruption
of sedation could significantly shorten the duration of mechanical
ventilation and ICU length of stay (22). Early mobilization could
improve respiratory function, reduce the incidence of intensive care
unit-acquired weakness (ICU-AW), and decrease the duration of
mechanical ventilation (23).

In recent years, the application of progressive ambulation in ICUs
has gradually increased. For example, Bailey et al. documented 1,449
instances of early mobilization interventions among 103 patients, with
53% of mechanically ventilated patients engaging in out-of-bed
activities (24). Another study demonstrated that ICU patients who
underwent early mobilization interventions had significantly shorter
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TABLE 2 Characteristics of included neurosurgical patients undergoing tracheostomy.

Characteristics

Ambulation group (n = 29)

Control group (n = 30)

Male/female 20/9 22/8 0.512 0.184
Age (y) 62.05 £ 10.74 61.48 +£10.99 5.276 0.082
BMI 21.69+2.13 21.80 £2.35 2.344 0.102
GCS at admission 8.77 +£3.24 8.81 +3.31 1.746 0.068
Disease diagnosis 1.628 0.145

Ischemic stroke 19(65.52%) 21(70.00%)

Hemorrhagic stroke 10(34.48%) 9(30.00%)
History of hypertension 17(58.62%) 18(60.00%) 1.328 0.114
History of Smoking 9(31.03%) 10(33.33%) 1.274 0.092
History of cerebral hemorrhage 2(6.90%) 2(6.67%) 1.558 0.104
History of cerebral infarction 2(6.90%) 3(10.00%) 1.298 0.087
Aspiration occurred on admission 3(10.34%) 2(6.67%) 2.041 0.116
Use of sedative drugs 21(72.41%) 22(73.33%) 1.845 0.077

BMI, Body Mass Index; GCS, Glasgow Coma Scale.

TABLE 3 Comparison of the incidence of pulmonary infection and mortality rate between the two groups.

Variables Ambulation group (n = 29) Control group (n = 30)
Pulmonary infection 6(20.69%) 16(53.33%) 2.104 0.002 ‘
Mortality 0(0%) 0(0%) 1.00 ‘

TABLE 4 Comparison of antibiotic use density (AUD) and duration of antibiotic use between the two patient groups.

Variables

Ambulation group (n = 29)

Control group (n = 30)

AUD (DDDs/100 patient-days) 56.70 + 14.23 71.42 £16.08 9.553 0.040
Duration of antibiotic use (d) 25.85 +10.51 30.29 +12.76 3.239 0.016
AUD, Antibiotic Use Density.
TABLE 5 Comparison of tracheostomy duration, length of hospital stay and hospitalization costs between the two groups.
Variables Ambulation group (n = 29) Control group (n = 30) t p
Tracheostomy duration (d) 21.05 +10.85 30.66 + 14.26 3.905 0.014
Length of hospital stay (d) 37.32+18.24 44.24 + 20.64 5.018 0.022
Hospitalization costs (CNY) 98963.79 + 2100.63 11647.42 + 2205.26 44.599 0.038

CNY, China Yuan.

hospital stays and better functional recovery (25). However, despite
the theoretical advantages of early mobilization, its widespread
implementation in clinical practice remains challenging. Many ICUs
initiate physical therapy only after patients are extubated, whereas
early mobilization should ideally begin within 48 h of initiating
mechanical ventilation and continue throughout the ICU stay (26).
The implementation of progressive ambulation requires the
collaboration of a multidisciplinary team, including physicians,
nurses, physical therapists, and respiratory therapists (27). These
studies underscore the critical role of multidisciplinary collaboration
in the successful implementation of early mobilization.

Progressive ambulation significantly reduces the incidence of
pulmonary infection, aligning with the recognized benefits of early
mobilization in ICUs. This reduction is achieved through
improvements in respiratory function and a decrease in complications

Frontiers in Neurology

associated with prolonged bed rest (28). Early mobilization enhances
oxygenation and reduces the incidence of atelectasis and pleural
effusion, which are likely key mechanisms contributing to its
effectiveness in lowering pulmonary infection rates (29). The benefits
of early mobilization can be attributed to multiple factors: it promotes
early out-of-bed activities, thereby reducing respiratory stasis and
sputum accumulation, and decreasing the risk of respiratory tract
infections (30). It also strengthens respiratory muscles, improves
oxygenation, and enhances spontaneous breathing capacity, further
reducing pulmonary complications (31). Additionally, early
mobilization may improve systemic circulation and boost immune
function, both of which contribute to a lower risk of infection (32).
Collectively, these mechanisms underpin the significant clinical
advantages of progressive ambulation in reducing pulmonary
infection incidence.
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Progressive ambulation significantly reduces AUD and the
duration of antibiotic use, an effect that may be attributed to multiple
factors. Progressive ambulation enhances systemic circulation and
immune function, thereby reducing the demand for antibiotics driven
by infections. This type of activity strengthens patients’ overall
physical capacity and promotes recovery, which in turn lowers the
incidence and severity of infections (33). Additionally, reducing
antibiotic use not only helps mitigate the development of antimicrobial
resistance but also decreases healthcare costs (34). Antimicrobial
resistance represents one of the major challenges to global public
health, and reducing unnecessary antibiotic use is a key strategy in
addressing this issue (35). Therefore, progressive ambulation is not
only an effective rehabilitation intervention but also a potential
strategy to reduce inappropriate antibiotic use. This finding suggests
that the implementation of early mobilization should be prioritized in
clinical practice to optimize patient outcomes and reduce the
consumption of healthcare resources.

The results of this study demonstrate that progressive ambulation
significantly reduces the duration of tracheostomy and length of
hospital stay. These findings are consistent with the recognized
benefits of early mobilization in improving patients’ functional status
and accelerating recovery (36). By promoting early out-of-bed
activities and reducing bed rest time, early mobilization mitigates
complications associated with prolonged immobility, such as deep
vein thrombosis and pressure ulcers (37). Additionally, early
mobilization has been shown to improve patients’ psychological states
and reduce the incidence of delirium, which may further enhance the
recovery process (38). Progressive ambulation also significantly lowers
hospitalization costs, likely due to the reduced length of stay, decreased
incidence of complications, and diminished use of antibiotics (39).
Moreover, early mobilization reduces reliance on high-cost medical
resources, such as mechanical ventilation and intensive care (40).
Therefore, progressive ambulation not only improves clinical
outcomes for patients but also represents a potential strategy for
reducing healthcare costs.

Based on the current findings, we advocate for the clinical
adoption of progressive ambulation, particularly in neurosurgical
patients with tracheostomy, while emphasizing the need for a
structured implementation framework. A multidisciplinary team
(MDT) approach involving physicians, nurses, physical therapists, and
dietitians is essential to develop and execute personalized rehabilitation
plans (41), complemented by systematic training programs to enhance
healthcare providers’ competency in early mobilization protocols (42).
Future research should focus on identifying optimal patient
populations for this intervention, establishing standardized protocols
adaptable to diverse clinical settings (43), and evaluating long-term
outcomes. Importantly, implementation strategies must address safety
concerns through technological innovations in assistive devices and
rigorous monitoring protocols to mitigate risks such as equipment
dislodgement and patient falls (44). Despite existing evidence
supporting early mobilization, its full integration into routine practice
requires both refinement of clinical protocols and development of
supportive infrastructure. Through these coordinated efforts,
progressive ambulation can be effectively established as a fundamental
component of rehabilitation programs, ultimately improving patient
outcomes while maintaining the highest safety standards. The
successful translation of these findings into clinical practice will
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depend on continued interdisciplinary collaboration and ongoing
evaluation of implementation outcomes.

This RCT has several limitations that should be acknowledged and
addressed in future research. Firstly, the study was conducted as a
single-center investigation with a relatively small sample size. This
design choice may limit the generalizability of the findings to broader
populations, as it could introduce biases related to specific population
characteristics or geographic factors. Secondly, due to constraints in
human resources and funding, it was not feasible to blind either the
intervention providers or the outcome assessors. This lack of blinding
may have potentially influenced the objectivity of the study results,
thereby affecting the interpretation of the findings. Future research
should consider adopting a multicenter design to increase the sample
size and enhance the representativeness of the study population.
Additionally, incorporating blinding methods, where feasible, would
significantly enhance the reliability and generalizability of the study
findings. Such improvements would contribute to a more robust
evaluation of the intervention’s efficacy and safety.

Conclusion

In conclusion, this study find that progressive ambulation offers
significant clinical benefits for neurosurgical patients undergoing
tracheostomy. Specifically, it reduces the incidence of pulmonary
infection, AUD, and duration of antibiotic use. Additionally, it
shortens the duration of tracheostomy and length of hospital stay,
while also lowering hospitalization costs. These findings suggest that
progressive ambulation not only enhances clinical outcomes but also
optimizes the efficiency of healthcare resource utilization. Given
these results, we recommend incorporating progressive ambulation
into the clinical management of neurosurgical patients with
tracheostomy. To ensure its safety and efficacy, we advise forming a
MDT comprising physicians, nurses, physical therapists, and
dietitians. This team can collaboratively develop and implement
personalized rehabilitation plans tailored to individual patient needs.
Future research should further explore the applicability and long-
term effects of progressive ambulation across diverse patient
populations. This will help optimize clinical practice and validate the
broader implementation of this intervention. Through these efforts,
progressive ambulation has the potential to become a key strategy for
improving outcomes in neurosurgical patients with tracheostomy.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

In this study, all methods were performed in accordance with
the relevant guidelines and regulations. The study has been
reviewed and approved by the ethics committee of the Affiliated
Suzhou Hospital of Nanjing University Medical School (approval

frontiersin.org


https://doi.org/10.3389/fneur.2025.1591273
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Yinetal.

number: IRB2025032). The participants provided their written
informed consent to participate in this study.

Author contributions

XY: Investigation, Writing — original draft. LZ: Investigation,
Writing - original draft. YJ: Investigation, Writing - original draft. XZ:
Investigation, Writing - original draft.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was funded
by the Nursing Pre-Research Fund Project of the Affiliated Suzhou
Hospital of Nanjing University Medical School in 2022(No.
szkjcyy2022009), and the Suzhou Special Fund for the Diagnosis
and Treatment Technology of Key Clinical Diseases (No.
LCZX202239).

References

1. Kovacevic P, Baric G, Dragic S, Momcicevic D, Zlojutro B, Jandric M, et al.
Intubation versus tracheotomy outcomes in critically ill COVID-19 patients in low-
resource settings: what do we know? J Clin Med. (2025) 14:15-22.

2. Temel S, Metin H, Gok MG, Yuksel RC, Sungur M, Gulmez E, et al. Comparative
analysis of percutaneous dilatational tracheotomy and surgical tracheotomy in critically
ill patients: outcomes and complications. ] Cardiothorac Vasc Anesth. (2025) 39:1214-20.
doi: 10.1053/j.jvca.2025.02.008

3. Morales Rosario OI, Lagazzi E, Panossian VS, Plascevic ], Arda Y, Abiad M, et al.
Timing of tracheostomy in geriatric patients with isolated severe traumatic brain injury:
a nationwide analysis. Am J Surg. (2025) 240:116100. doi: 10.1016/j.amjsurg.2024.116100

4. Extubation TwgoCECo0ATa, Association TCRGotBoPMaRotCM, Association
TPCoCRotCRM. Consensus of China experts on adult tracheotomy and Extubation.
Chin ] Phys Med Rehab. (2023) 32:20-8.

5. Wu J, Guo R, Tian Y. Effect of lung rehabilitation training in patients with
tracheotomy without mechanical ventilation: a prospective cohort study. Chin Crit Care
Emerg Med. (2024) 31:15-9.

6. Luo J, Xie W, Hong S, Gao J, Yang C, Shi Y. Comparison of outcomes between early
and late tracheostomy. Respir Care. (2023) 69:76-81. doi: 10.4187/respcare.10837

7. Chen XH, Zhao JJ, Chen C, Yao L. Establishment and validation of a predictive
model for tracheotomy in critically ill patients and analysis of the impact of different
tracheotomy timing on patient prognosis. BMC Anesthesiol. (2024) 24:175. doi:
10.1186/512871-024-02558-x

8. Namavarian A, Levy BB, Tepsich M, McKinnon NK, Siu JM, Propst EJ, et al.
Percutaneous tracheostomy in the pediatric population: a systematic review. Int J Pediatr
Otorhinolaryngol. (2024) 177:111856. doi: 10.1016/j.ijporl.2024.111856

9. Boyi T, Raghavan M, Antongiovanni ], DeGiovanni JC, Carr MM. Tracheotomy in
children older than two years: analysis of discharge trends from 2015 to 2020. Int J
Pediatr Otorhinolaryngol. (2024) 176:111815. doi: 10.1016/j.ijporl.2023.111815

10. Madgar O, Kassif Lerner R, Devons-Sberro S, Nini-Perlstein N, Baltzan AL,
Rozendorn N, et al. The safety of pediatric bedside tracheostomy. Ann Otol Rhinol
Laryngol. (2024) 133:695-700. doi: 10.1177/00034894241252231

11. Biazon T, Pott H Jr, Caruso FCR, Bonjorno JC Jr, Castello-Simoes V, Lazzarini
MTB, et al. Effect of early multiprofessional mobilization on quality indicators of
intensive care in a less economically developed country: an action on "rehabilitation
2030"in Brazil. Arch Phys Med Rehabil. (2025) 106:51-60. doi: 10.1016/j.apmr.2024.08.010

12.Jannoun N, Noureddine S, Puzantian H, Zeineldine S. A survey of healthcare
providers about the feasibility and implementation of early mobilisation of patients in
critical care units in a Lebanese hospital. Aust Crit Care. (2025) 38:101169. doi:
10.1016/j.aucc.2024.101169

13. Suzuki G. Exploring the role of early mobilization in preventing ICU readmission.
Crit Care Med. (2025) 53:e743-4. doi: 10.1097/CCM.0000000000006507

14. Yun J, Baek Y, Yun R, Cho WH, Kim T. A multicenter survey identifying the status
of early rehabilitation in intensive care units in Korea. Ann Phys Rehabil Med. (2025)
68:101908. doi: 10.1016/j.rehab.2024.101908

Frontiers in Neurology

10.3389/fneur.2025.1591273

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

15. Zhu J. Revolutionizing ICU rehabilitation: enhancing early mobilization with
mobile vpatient lift devices. Crit Care Med. (2025) 53:€215-6. doi:
10.1097/CCM.0000000000006448

16. Twose P, Peirce S, Maisey J, Jones L, Nunn J. Ventilator-tube holder for mobilising
patients with a tracheostomy: a pilot usability study (TrachVest). Aust Crit Care. (2025)
38:101077. doi: 10.1016/j.aucc.2024.05.014

17. Ozaki Y, Kono Y, Shinohara A, Nakamura T, Ishihara T, Nishida O, et al. The
impact of mobilization training time during the first postoperative week on the length
of hospital stay in postoperative patients admitted to an intensive care unit. J Rehabil
Med. (2025) 57:jrm41015.

18. Persons NRPCoCRAfD, Center CRR. Expert consensus on rehabilitation and
management of airway function in patients with severe neurotracheotomy. China
Rehabil Theory Pract. (2024) 30:869-81.

19. Metersky ML, Kalil AC. Management of ventilator-associated pneumonia:
guidelines. Clin Chest Med. (2018) 39:797-808. doi: 10.1016/j.ccm.2018.08.002

20. Moja L, Zanichelli V, Mertz D, Gandra S, Cappello B, Cooke GS, et al. WHO's
essential medicines and AWaRe: recommendations on first- and second-choice
antibiotics for empiric treatment of clinical infections. Clin Microbiol Infect. (2024)
30:S1-S51. doi: 10.1016/j.cmi.2024.02.003

21. du Plessis I, Francis S, Morrow B. Early mobilisation in Windhoek intensive care
units: practices, attitudes and barriers. S Afr J Physiother. (2025) 81:2118. doi:
10.4102/sajp.v81i1.2118

22.Lee ], Kim Y, Lee HJ. Nurse-involved early mobilization in the intensive care unit:
a systematic review and meta-analysis. Nurs Crit Care. (2025) 30:e13278. doi:
10.1111/nicc.13278

23. Ghaziani E, Petersen M, Olsen MH, Korshoj AR, Dyrskog S, Bernhardt J, et al.
First out-of-bed mobilisation in adults with severe acquired brain injury in Scandinavian
neurointensive care units: a survey of current clinical practice (FOOBScan). Acta
Anaesthesiol Scand. (2025) 69:e14574. doi: 10.1111/aas.14574

24. Investigators TS, the ACTGHodgson CL, Bailey M, Bellomo R, Brickell K, et al.
Early active mobilization during mechanical ventilation in the ICU. N Engl ] Med. (2022)
387:1747-58. doi: 10.1056/NEJM0a2209083

25. Domann JE, Davies LE, Zivick EE, Johnson L, Keller EP, Walz AA. Keep moving:
sustainability of an early mobility protocol in an academic pediatric ICU. Pediatr Qual
Saf. (2025) 10:e783. doi: 10.1097/pq9.0000000000000783

26. Broadley T, Serpa Neto A, Bailey M, Bellomo R, Brickell K, Buhr H, et al. Adverse

events during and after early mobilisation: a post hoc analysis of the TEAM trial. Aust
Crit Care. (2025) 38:101156. doi: 10.1016/j.aucc.2024.101156

27.Shiota N, Nosaka N, Nawa N, Fujiwara T, Shigemitsu H, Wakabayashi K.
Enhancing early mobilization in critically ill patients through multidisciplinary rounds:
a process-focused observational study. Anaesth Crit Care Pain Med. (2025) 44:101485.
doi: 10.1016/j.accpm.2025.101485

28.Nazir A, Clementius B, Rafa HA, Sakalia C, Nurhalizah HA. The effect of
neuromuscular electrical stimulation on muscle proteolysis, muscle mass and strength,

frontiersin.org


https://doi.org/10.3389/fneur.2025.1591273
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1053/j.jvca.2025.02.008
https://doi.org/10.1016/j.amjsurg.2024.116100
https://doi.org/10.4187/respcare.10837
https://doi.org/10.1186/s12871-024-02558-x
https://doi.org/10.1016/j.ijporl.2024.111856
https://doi.org/10.1016/j.ijporl.2023.111815
https://doi.org/10.1177/00034894241252231
https://doi.org/10.1016/j.apmr.2024.08.010
https://doi.org/10.1016/j.aucc.2024.101169
https://doi.org/10.1097/CCM.0000000000006507
https://doi.org/10.1016/j.rehab.2024.101908
https://doi.org/10.1097/CCM.0000000000006448
https://doi.org/10.1016/j.aucc.2024.05.014
https://doi.org/10.1016/j.ccm.2018.08.002
https://doi.org/10.1016/j.cmi.2024.02.003
https://doi.org/10.4102/sajp.v81i1.2118
https://doi.org/10.1111/nicc.13278
https://doi.org/10.1111/aas.14574
https://doi.org/10.1056/NEJMoa2209083
https://doi.org/10.1097/pq9.0000000000000783
https://doi.org/10.1016/j.aucc.2024.101156
https://doi.org/10.1016/j.accpm.2025.101485

Yinetal.

cardiorespiratory fitness, functional activity, and quality of life in post-cardiac surgery
patients: a narrative review. ] Multidiscip Healthc. (2025) 18:983-94. doi:
10.2147/JMDH.S506069

29.Imai R, Abe T, Iwata K, Yamaguchi S, Kitai T, Tsubaki A. Regional cerebral oxygen
saturation during initial mobilization of critically ill patients is associated with clinical
outcomes: a prospective observational study. Intensive Care Med Exp. (2025) 13:13. doi:
10.1186/540635-025-00722-2

30. Othman SY, Elbiaa MA, Mansour ER, El-Menshawy AM, Elsayed SM. Effect of
neuromuscular electrical stimulation and early physical activity on ICU-acquired
weakness in mechanically ventilated patients: a randomized controlled trial. Nurs Crit
Care. (2024) 29:584-96. doi: 10.1111/nicc.13010

31.Daum N, Drewniok N, Bald A, Ulm B, Buyukli A, Grunow JJ, et al. Early
mobilisation within 72 hours after admission of critically ill patients in the intensive care
unit: a systematic review with network meta-analysis. Intensive Crit Care Nurs. (2024)
80:103573. doi: 10.1016/j.iccn.2023.103573

32. Suzuki G, Kanayama H, Arai Y, Iwanami Y, Kobori T, Masuyama Y, et al. Early
mobilization using a mobile patient lift in the ICU: a randomized controlled trial. Crit
Care Med. (2024) 52:920-9. doi: 10.1097/CCM.0000000000006219

33.Li T, Wan J. Effect of goal-oriented sequential early activities in ICU patients with
acquired weakness. Chin Pharm Res. (2024) 3:105-7.

34.Li X, Gu T, Zhang X. Application of stepped early exercise in ICU patients with
mechanical ventilation. Evid Based Nurs. (2023) 9:2537-42.

35.Lei J, Hu X, Li K. Effect of early standardized activity plan combined with 5A
nursing model in ICU patients with mechanical ventilation. Clin Med Res Pract. (2023)
8:135-7.

Frontiers in Neurology

10

10.3389/fneur.2025.1591273

36. Mart ME, Ely EW. Early mobilization in the ICU and diabetes: a bittersweet
concoction? Am ] Respir Crit Care Med. (2024) 210:703-5. doi:
10.1164/rccm.202405-0964ED

37. Zhang C, Wang X, Mi ], Zhang Z, Luo X, Gan R, et al. Effects of the high-intensity
early mobilization on long-term functional status of patients with mechanical ventilation
in the intensive care unit. Crit Care Res Pract. (2024) 2024:1-9. doi: 10.1155/2024/4118896

38. Wu H, Wu D, Geng X. Early mobilization in neurological intensive care units:
worthy of more attempts. Nurs Crit Care. (2024) 29:857-60. doi: 10.1111/nicc.13108

39. Yen HC, Chuang HJ, Hsiao WL, Tsai YC, Hsu PM, Chen WS, et al. Assessing the
impact of early progressive mobilization on moderate-to-severe traumatic brain injury:
arandomized controlled trial. Crit Care. (2024) 28:172. doi: 10.1186/s13054-024-04940-0

40. Fazio SA, Cortes-Puch I, Stocking JC, Doroy AL, Black H, Liu A, et al. Early
mobility index and patient outcomes: a retrospective study in multiple intensive care
units. Am J Crit Care. (2024) 33:171-9. doi: 10.4037/ajcc2024747

41. Lathyris D. Early mobilisation of critically ill patients: how soon is soon enough?
Intensive Crit Care Nurs. (2024) 82:103651. doi: 10.1016/j.iccn.2024.103651

42. Soto S, Adasme R, Vivanco P, Figueroa P. Efficacy of the "start to move" protocol
on functionality, ICU-acquired weakness and delirium: a randomized clinical trial. Med
Intensiva (Engl Ed). (2024) 48:211-9. doi: 10.1016/j.medin.2023.12.001

43. Wozniak H, Kho ME, Fan E. Early mobilisation in the intensive care unit: shifting
from navigating risks to a patient-centred approach. Lancet Respir Med. (2024) 12:341-3.
doi: 10.1016/S2213-2600(24)00039-0

44. Maia T, Magalhaes PAFE, Santos DTS, de Brito Gomes JL, Schwingel PA, de Freitas BA.
Current concepts in early mobilization of critically ill patients within the context of
neurologic pathology. Neurocrit Care. (2024) 41:272-84. doi: 10.1007/s12028-023-01934-8

frontiersin.org


https://doi.org/10.3389/fneur.2025.1591273
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.2147/JMDH.S506069
https://doi.org/10.1186/s40635-025-00722-2
https://doi.org/10.1111/nicc.13010
https://doi.org/10.1016/j.iccn.2023.103573
https://doi.org/10.1097/CCM.0000000000006219
https://doi.org/10.1164/rccm.202405-0964ED
https://doi.org/10.1155/2024/4118896
https://doi.org/10.1111/nicc.13108
https://doi.org/10.1186/s13054-024-04940-0
https://doi.org/10.4037/ajcc2024747
https://doi.org/10.1016/j.iccn.2024.103651
https://doi.org/10.1016/j.medin.2023.12.001
https://doi.org/10.1016/S2213-2600(24)00039-0
https://doi.org/10.1007/s12028-023-01934-8

	Early progressive ambulation in neurosurgical patients with tracheostomy: clinical application and evaluation
	Introduction
	Objectives
	Methods
	Results
	Discussion
	Conclusion

	References

