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Introduction
Early mobilisation in the critical care unit is an accepted 

intervention to prevent the physical and non-physical morbidity 
associated with bed rest, mechanical ventilation, and critical 
illness. When early mobilisation is performed with patients 
who remain mechanically ventilated, the anticipated increase in 
exercise induced ventilatory demand (or work of breathing) can 
be offset by adjusting select mechanical ventilation variables for 
the duration of the exercise/mobilisation task. Gonzalez-Seguel 
and colleagues (2021) recently published a scoping review to 
explore the nature of “respiratory support adjustments” during 
early mobilisation of ventilated patients which identified limited 
published reports and no English language guidelines to describe 
the practice. In the scoping review, seven published articles were 
identified that reported mechanical ventilator adjustments during 
early mobilisation of which three (3) detailed continuous arm 
or leg ergometry [1-3]. The remaining four (4) reports detailed 
progressive functional mobilisation consistent with the early 
mobilisation practice observed in most United Kingdom critical  

 
care units [4-7]. Ventilator adjustments in these later reports were 
described as either increases in pressure support or increases in  
FiO2, or a combination of these adjustments. The ventilation mode  
and settings in these reports were inconsistently described and the 
clinical reasoning underlying the adaptations never explored.

Aims 
Since adjustments to mechanical ventilation settings are used 

by Physiotherapy teams completing early mobilisation of ventilated 
critically ill patients in our clinical setting, this pilot observational 
evaluation was designed to test the feasibility of exploring these 
ventilator adjustments. If the pilot evaluation demonstrates that 
the method and procedures are feasible in a clinical setting, a 
subsequent larger scale study will be pursued. Specifically, this 
pilot sought to: -

• Assess the potential for recruitment of ventilated critical 
care patients for whom ventilator adjustments were introduced 
during an activity intervention.
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• Describe the characteristics of the ventilated critical 
care cohort for whom ventilator adjustments were introduced 
during an activity intervention.

• Describe the Physiotherapy clinical reasoning underlying 
the decision to adjust ventilation settings to complete an 
activity intervention.

• Describe the baseline ventilation settings from which 
adjustments were attempted.

• Describe the activity interventions associated with 
ventilator adjustments.

• Describe the frequency and type of adjustments made to 
ventilator settings.

• Describe any change in physiological parameters 
associated with the activity interventions supported by 
ventilator adjustments.

• Describe the temporal characteristics of ventilator 
adjustments in relation to the start and completion of activity.

It is hoped that exploring ventilator adjustments during activity 
interventions within our clinical setting (as a pilot) will increase 
understanding of how and why ventilator adjustments are utilised, 
the observed physiological outcomes and any unanticipated effects. 
Completing this pilot should support and inform the development 
of a future multicentre trial and quantitative analysis [8]. This may 
in turn lead to the development of standard operating procedures 
or guidelines for clinical practice. 

Methods
Physiotherapy teams from two Barts Health NHS Trust Adult 

Critical Care Units (The Royal London Hospital and Newham 
University Hospital) participated in the data collection for this 
pilot over a 5-month period (January 2022 – May 2022). A non-
randomised convenience sample of ventilated patients receiving 
activity interventions (Monday to Friday) with ventilator support 
adjustments were included. A data collection tool was developed 
and trialled in consultation with the Barts Health Respiratory 
Physiotherapy Forum and included: -

• Anonymised patient demographics and airway type (ETT 
or Tracheostomy).

• Baseline, intervention, and post intervention ventilator 
characteristics including ventilator mode, pressure support 
(PS), positive end expiratory pressure (PEEP), tidal volume 
(TV), minute volume (MV), rapid shallow breathing index 
(RSBI) and the fraction of inspired oxygen (FiO2)

• Baseline, intervention, and post intervention physiological 
markers including arterial saturation (SaO2), respiratory rate 
(RR), heart rate (HR) and systolic blood pressure (SBP)

• The intervention delivered based was classified according 

to the internationally agreed ICU activity codes and definitions 
which were developed at the Fifth Annual International ICU 
Physical Medicine and Rehabilitation meeting in San Francisco 
[9]. 

• Clinical reasoning for adjusting the ventilator from 
a selection of three responses (known increase in work of 
breathing with intervention, anticipated increase in work of 
breathing with intervention or high baseline minute volume).

• The timing of ventilator adjustments prior to and at the 
cessation of the intervention from a selection of 4 time points 
(at the same time as activity start or end, within 1-2mins of 
activity start or end, 5mins before activity start or end, and 
10mins before activity start or end).

Completed data fields from each site were anonymised and 
combined to create a master data set which was stored electronically 
in a locked non-clinical area. The combined data was analysed 
using descriptive statistics and frequency histograms, rather than 
inferential statistics, since the goal of the pilot was not to test 
hypotheses. Similarly, since this was a pilot investigation, it was 
not deemed necessary to provide power analyses for the proposed 
sample size [10]. For the purposes of the pilot investigation, to 
accommodate data comparison and prevent data rejection from 
incomplete data fields, the total number of events from which 
descriptive statistics were derived was noted. This pilot evaluation 
was approved by the Barts Health Clinical Effectiveness Unit 
(Project 12311: Scoping Respiratory Support Adjustment during 
Physiotherapy Intervention). 

Results
Demographics: Thirteen (13) ventilated patients with a 

mean age of 55 ± 16yrs were included in the sample. 46% of the 
sample had a diagnosis that included COVID-19 (6/13). 100% of 
these patients had received a tracheostomy during their critical 
care admission and were experiencing activity with a mean time 
from tracheostomy insertion of 12.5 ± 11 days (N = 13). The total 
number of ventilator adjustment events included in this pilot was 
15 events. Three activity events were excluded from the analysis 
since patients were self-ventilating at baseline, in 2 events the 
patient was self-ventilating via a tracheostomy mask (TM) and in 
one event the patient was receiving High Flow Oxygen Therapy 
(HFOT) via a facemask.

Baseline: The mode of ventilation from which most activity 
events started was Pressure Support (PSV 61%), followed by 
Synchronised Intermittent Mandatory Ventilation (SIMV 11%), 
Pressure Control Ventilation (PCV 5.6%), and Pressure Regulated 
Volume Control (PRVC 5.6%) respectively (N = 15 events). Table 1 
outlines the mean ventilator settings and physiological parameters 
recorded prior to the activity intervention.
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Table 1: Baseline, intervention and post intervention ventilator settings and physiological parameters.  

Parameter Baseline Intervention Post Intervention

Pressure Support 
(Mean ± St Dev)

13.2 ± 5 
(N = 15)

15.5 ± 5.1 
(N = 15)

12.7 ± 5.9 
(N = 15)

PEEP 
(Mean ± St Dev)

6 ± 1.2 
(N = 15)

6.1 ± 1.2 
(N = 15)

5.9 ± 1.2 
(N = 15)

Tidal Volume 
(Mean ± St Dev)

409 ± 79 
(N = 15)

399 ± 73 
(N = 15)

*435 ± 65 
*(N = 9)

Minute Ventilation 
(Mean ± St Dev)

11 ± 2.7 
(N = 13)

*10.7 ± 2.4 
*(N = 6)

*11.42 ± 2.3 
*(N = 3)

RSBI 
(Mean ± St Dev)

69 ± 30 
(N = 13)

*63 ± 1.4 
*(N = 2)

*42 
*(N = 1)

FiO2 
(Mean ± St Dev)

0.39 ± 0.1 
(N = 15)

0.57 ± 0.3 
(N = 15)

0.38 ± 0.12 
(N = 14)

SaO2 
(Mean ± St Dev)

*93% ± 5% 
*(N = 9)

96.5% ± 2.6% 
(N = 12)

*95.6 % ± 3.2% 
*(N = 7)

Respiratory Rate 
(Mean ± St Dev)

28 ± 7.6 
(N = 15)

33.1 ± 13.4 
(N = 14)

28.8 ± 7.3 
(N = 13)

Heart Rate,  
(Mean ± St Dev)

97 ± 15 
(N = 14)

120 ± 26.5 
(N = 11)

*103 ± 28.5 
*(N = 8)

SBP,  
(Mean ± St Dev)

133 ± 19 
(N = 14)

144 ± 29 
(N = 11)

*131 ± 17.8 
*(N = 6)

*Items are those derived from less than 75% of the total data field due to incomplete data.

Intervention: The activity which occurred with the greatest 
frequency was “sitting on the edge of the bed” (SOEOB, Hodgson, 
2012) representing 60% of all activities. Hoist transfers, limb 
exercises in the bed and standing practice each occurred with a 
frequency of 13.1% respectively. No walking interventions were 
reported (N = 15 events). The most common reason for adjusting 
the ventilator was an anticipated increase in the work of breathing 
(74%), while a known increase in the work of breathing with 
activity was reported in 13.3 % of cases. A high baseline minute 
volume was recorded as the reason for ventilator adjustments in 
the remaining 13.3% of events (N = 15 events). The adjustments 
that occurred with the greatest frequency were an increase in FiO2 
alone (26.7%), and an increase in Pressure Support alone (26.7%). 
Increases in both the PS and FiO2 combined represented the 2nd 
most frequent change (20%) followed by providing a mandatory 
rate (13.3%). Changing the ventilator mode and increasing the 
PEEP and FiO2 together, both occurred with a frequency of 6.7% 
respectively (N = 15 events).

Adjusting the ventilator support 5mins prior to the activity 
occurred with the highest frequency (46.6%), followed by 1-2mins 
prior to the activity (33.4%), 10mins prior to the activity (13.3%) 
and at the same time as the activity (6.7%). (N = 15 events). Table 1 
outlines the mean ventilator settings and physiological parameters 
recorded during the activity intervention. Post Intervention: 
Returning the ventilator to baseline settings following the activity 
intervention occurred in 73% of the events while in 27% of events, 
ventilation was adjusted to another level (N = 15). Reducing the 
ventilator support within 10mins of the activity occurred with 

the greatest frequency (40%). Ventilator adjustments within 5 
mins, and immediately on cessation of activity occurred with the 
same frequency respectively (20 %), while reducing the ventilator 
support within 1-2mins of the activity cessation occurred in 13.3% 
of events. In one event (6.7%), the patient remained on the adjusted 
ventilator setting as their new mode of ventilation. (N = 15). Table 
1 provides mean ventilator settings and physiological parameters 
recorded at the conclusion of the intervention.

For clarity, two case examples (case example 1 and 2) are 
provided demonstrating individual baseline, intervention and post 
intervention data associated with ventilator adjustment supported 
rehabilitation activity.

Case Example 1: A 71yr old male receiving pressure support 
ventilation (PS 13, Peep 5) via tracheostomy with an FiO2 0.25, 
respiratory rate 26 breathspmin-1 and heart rate of 107 bpmin-1 
at rest. 10mins prior to a SOEOB intervention the pressure support 
was increased to 18 (Peep 5) while the FiO2 remained at 0.25. The 
pressure support was increased due to an anticipated increase in 
the work of breathing associated with the activity and achieved a 
tidal volume of 350mls during the activity with a respiratory rate of 
21 breathspmin-1 and HR elevation to 111bpmin-1. Within 10mins 
of completion of the activity the pressure support was reduced to 
12, Peep increased to 8 and FiO2 increased to 0.55. 

Case Example 2: A 36yr old male was receiving pressure 
support ventilation (PS 13, Peep 7) via tracheostomy with an FiO2 
0.45 yielding tidal volumes of 320mls. Baseline SaO2 was 85%, 
respiratory rate 25breathspmin-1, and HR 103bpmin-1. Five (5) 
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minutes before starting “exercises in the bed” the FiO2 was increased 
to 0.60 due to the anticipation of desaturation with activity. During 
activity the patient had SaO2 of 94% a RR of 30breathspmin-1 and 
HR 110bpmin-1. On completion of the bed exercises the FiO2 was 
immediately returned to 0.40, 5% lower than prior to the activity, 
while the pressure support was able to be reduced to 8 yielding 
tidal volumes of 400mls.These settings resulted in saturations of 
96%, a respiratory rate of 25 breathspmin-1 and HR 93 bpmin-1. 

Discussion
The rationale for completing this pilot was to explore the 

feasibility of recording the characteristics of ventilation adjustments 
during rehabilitation interventions in a ventilated critical care 
cohort. Feasibility can be determined by exploring process issues 
(recruitment); resource issues (time to complete data capture); data 
management issues (human and data optimization); and scientific 
issues (safety of intervention and treatment effect estimation). Most 
of the specific aims of this pilot relate to how accurately the data 
collection form reflected the various characteristics in question. 
For example, the form captured demographics of the ventilated 
cohort including age, airway type, the time between tracheostomy 
insertion and activity and COVID-19 status. However, the sex of the 
cohort was not included and if the cohort were expanded in a larger 
trial, the “time between intubation and activity” may be instructive 
to include, since some participants may not have received a 
Tracheostomy at activity participation.

We were surprised by the low volume of data captured during 
this pilot, given that the sampling period spanned 5-months. The 
true frequency of ventilator adjustments during early mobilisation 
of critically ill patients in these hospitals could not be determined 
since the data collection was not designed to capture every 
example of the use of this technique. It is possible that ventilator 
adjustments were occurring during rehabilitation when data 
therapists were absent (e.g., on weekends). Since the total number 
of activity interventions performed across the 5-months was not 
captured, it is impossible to determine the volume of ventilator 
adjusted mobilisation in relation to the total activity interventions 
delivered during that time. 

The volume and frequency of rehabilitation in mechanically 
ventilated patients in critical care has been previously reported 
as low. Thomas, et al. [11] reported low incidence of active 
rehabilitation techniques in patients receiving controlled ventilation 
(4%) or with an ETT (8%). In a one-day point prevalence survey in 
Germany [12], only 24% of 783 mechanically ventilated patients 
and 8% of patients with an ETT were mobilised out of their beds. A 
multi-centre prospective cohort study completed across 1,351 days 
in twelve ICU’s in Australia and New Zealand revealed that early 
mobilisation of mechanically ventilated patients was “uncommon” 
[13]. These results indicate the low prevalence of this rehabilitation 

practice when compared to activity occurring in non-ventilated or 
tracheostomised cohorts.

A post hoc count of rehabilitation interventions delivered 
to ventilated patients in one of the pilot centres (44 beds at the 
Royal London Hospital), revealed approximately 100 events in 
a month. Extrapolating this count to the frequency of activity 
events captured in this pilot demonstrates than only 3% of the 
total activity interventions included ventilator adjustments. If the 
frequency of ventilator adjusted activity is very low, data collection 
in a larger trial would need to extend beyond 5 months to achieve a 
sample size suitable for quantitative analysis. It is possible that data 
collecting therapists chose not to record every example of ventilator 
adjusted exercise due to data fatigue or the burden associated with 
the volume of data collected. We did not ask the data collectors their 
thoughts regarding the volume of data required for each event but 
recognise that 30% of data (see Table 1) is incomplete, particularly 
in the post intervention variables. Attention to rationalising data 
volume for the definitive trial is warranted, along with an indication 
of total activity interventions performed across the data collection 
period. 

The clinical reasoning underlying the decision to adjust 
ventilation settings to complete an activity intervention was able 
to be reported, but only with respect to three defined options 
presented. The addition of a free text category may have revealed 
further clinical indications unknown to the investigation team. Our 
report of baseline ventilation settings from which adjustments were 
attempted is consistent with previous reports Gonzalez-Seguel, et 
al. [14] with pressure support ventilation (PSV) and SIMV being 
the most frequent baseline ventilation mode. We were surprised 
that pressure control ventilation (PCV) and pressure regulated 
volume control (PRVC) were reported since these modes are 
usually associated with high sedation levels perhaps incompatible 
with participatory rehabilitation. It would also be interesting to 
explore whether the controlled ventilation modes were associated 
with the lower intensity activity within a larger trial to confirm this 
assumption. There is also evidence that proportional ventilation 
modes (proportional assist ventilation, PAV and neutrally adjusted 
ventilatory assist, NAVA) may improve exercise performance and 
work efficiency in ventilated subjects [15]. The investigation team 
should ensure a wider range of ventilation mode options are able to 
be selected for the definitive trial. 

The activity interventions associated with ventilator 
adjustments, type of ventilator adjustments and temporal 
characteristics of ventilator adjustments were able to be reported 
without difficulty. Expanding the response options within the 
ordinal scale temporal variables may improve the ability to apply 
parametric statistical testing within a larger trial and deserves 
some consideration [16]. Although we were able to report the 
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time frames for post intervention ventilator adjustments, we were 
also aware that in 27% of our events, ventilation was adjusted to 
another level following activity completion. The short case series 
also demonstrate that the post activity ventilator adjustment was 
not always a reduction in ventilator support or oxygen requirement 
(see Case Study One). To explore this aspect of the technique 
further, a qualitative response option could be considered asking 
data collectors to rate the post activity ventilator setting as “greater 
than” or “less than” the baseline support, which may enhance 
determinations of safety and efficacy.

Conclusion
The overall purpose of this pilot study was to assess the 

feasibility of conducting a larger scale investigation exploring 
ventilator adjustments during activity interventions in ventilated 
critical ill patients. Based on the Thabane, et al. [8] criteria for 
determining pilot study success, we conclude it is feasible to pursue 
a larger scale study providing modifications to the data collection 
form are completed. We also conclude that given the low frequency 
of ventilator adjustments observed in this pilot, a multi-centre 
prospective trial should be pursued to generate sufficient data for 
realistic comparative analysis. 
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