REVIEW ARTICLE

Respiratory Support Adjustments and
Monitoring of Mechanically Ventilated
Patients Performing Early Mobilization:

A Scoping Review

OBIJECTIVES: This scoping review is aimed to summarize current know-
ledge on respiratory support adjustments and monitoring of metabolic and
respiratory variables in mechanically ventilated adult patients performing
early mobilization.

DATA SOURCES: Eight electronic databases were searched from incep-
tion to February 2021, using a predefined search strategy.

STUDY SELECTION: Two blinded reviewers performed document se-
lection by title, abstract, and full text according to the following criteria:
mechanically ventilated adult patients performing any mobilization interven-
tion, respiratory support adjustments, and/or monitoring of metabolic/res-
piratory real-time variables.

DATA EXTRACTION: Four physiotherapists extracted relevant informa-
tion using a prespecified template.

DATA SYNTHESIS: From 1,208 references screened, 35 documents
were selected for analysis, where 20 (57%) were published between
2016 and 2020. Respiratory support settings (ventilatory modes or respi-
ratory variables) were reported in 21 documents (60%). Reported modes
were assisted (n = 11) and assist-control (n = 9). Adjustment of variables
and modes were identified in only seven documents (20%). The most fre-
quent respiratory variable was the Fio,, and only four studies modified the
level of ventilatory support. Mechanical ventilator brand/model used was
not specified in 26 documents (74%). Monitoring of respiratory, metabolic,
and both variables were reported in 22 documents (63%), four documents
(11%) and 10 documents (29%), respectively. These variables were re-
ported to assess the physiologic response (n = 21) or safety (n = 13).
Monitored variables were mostly respiratory rate (n = 26), pulse oximetry
(n=22), and oxygen consumption (n = 9). Remarkably, no study assessed
the work of breathing or effort during mobilization.

CONCLUSIONS: Little information on respiratory support adjustments
during mobilization of mechanically ventilated patients was identified.
Monitoring of metabolic and respiratory variables is also scant. More stud-
ies on the effects of adjustments of the level/mode of ventilatory support
on exercise performance and respiratory muscle activity monitoring for safe
and efficient implementation of early mobilization in mechanically ventilated
patients are needed.
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a promising intervention to counteract ICU-

acquired weakness and to recover functional
status (1). Even though EM has been extensively advo-
cated, its benefits have remained elusive (2, 3). Clinical
trials have described inconsistent effects on functional
outcomes of mechanically ventilated patients who
received EM (4-8). These results have been tradi-
tionally explained by a lack of knowledge on the op-
timal dosage of ICU mobilization (9-12) and by the
use of inadequate functional outcome measures (3).
Alternatively, during exercise, a mismatch between
respiratory support and exercise-induced ventilatory
demand may excessively increase work of breathing,
limiting mobilization performance and eventually
leading to fatigue (13).

Several respiratory support strategies (e.g., assisted
or proportional modes) have been studied to improve
patient-ventilator synchrony during stationary con-
ditions (14, 15), but little is known about respiratory
support during EM in the ICU. Ideally, mechanical
ventilation adjustments during EM should increase
physical therapy efficiency while avoiding excessive
work of breathing and fatigue (16).

Expert recommendations for safe EM include
monitoring of cardiovascular, respiratory, and neuro-
logic variables (17). However, in contrast to the exten-
sive knowledge of exercise physiology outside of the
ICU (18), assessment of the physiologic response to
EM in critically ill patients remains underexplored.
Mechanically ventilated patients are usually those most
closely monitored; this includes metabolic and res-
piratory variables currently available in modern me-
chanical ventilators and ICU monitors (e.g., indirect
calorimetry and volumetric capnography) (19-21).
The availability of real-time monitored variables could
allow better decision-making on dosage of EM and
could guide respiratory support adjustments accord-
ing to exercise intensity in this setting.

Systematic reviews of EM in mechanically venti-
lated patients have only focused on safety, feasibility,
effectiveness, and definitions of the interventions
(12, 22-25), obviating the issue of ventilatory adjust-
ments to cope with the additional ventilatory demand
of exercise. Furthermore, although the Pain, Agitation/
sedation, Delirium, Immobility/mobilization, and
Sleep disruption 2018 guidelines recommend that me-
chanical ventilation should not be considered a barrier

Early mobilization (EM) has been proposed as
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to mobility (26), there are no guidelines on ventilatory
assistance adjustments during EM. Based on the rec-
ommendations for reviews, a scoping review emerged
as the most appropriate first step to systematically
address the issue of adjustment and monitoring of me-
chanical ventilation during EM (27).

The aim of this review is to summarize current
knowledge on respiratory support adjustments and
monitoring of metabolic and respiratory variables in
mechanically ventilated adult patients performing EM.

MATERIALS AND METHODS

The research questions of this scoping review were as
follows: “What respiratory support adjustments have
been studied in mechanically ventilated adult patients
performing EM in the ICU?” and “What metabolic
and respiratory variables have been studied to monitor
the physiologic response to EM in mechanically venti-
lated adult patients in the ICU?”

This scoping review was conducted using the Joanna
Briggs Institute framework (28, 29) as initially con-
ceived by Arksey and O’Malley (30). To preserve the
quality of this review, the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension
for Scoping Reviews Checklist was used (31). This re-
view was approved and registered by the Research and
Clinical Trials Unit of Clinica Alemana de Santiago
(register number: 2019-752). The methods details
of this review were recently published elsewhere as a
study protocol (32).

Operational Definitions

The operationalized relevant terms for this scoping re-
view were defined for the selection, data extraction, and
analysis (Table S1, Supplemental Digital Content 1,
http://links.lww.com/CCX/A596), including terms
such as “early mobilization intervention,” “respiratory
support,” “ventilatory mode” and “respiratory variable”.

Search Strategy

A biomedical librarian (A.].S.) and two critical care
physiotherapists (EG.-S., A.C.-M.) performed the
search strategy combined keywords and medical sub-
ject headings for the concepts of “early mobilization”,
“ICU” and “mechanical ventilation”. The original search
included documents from inception (start of online
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availability) to November 2019, and the search strategy
was adapted to the following eight relevant biomedical
databases (Table S2, Supplemental Digital Content 2,
http://linkslww.com/CCX/A596): PubMed (National
Center for Biotechnology Information [NCBI]),
Cumulative Index to Nursing and Allied Health
Literature plus with full text (EBSCO), Rehabilitation
and Sport Medicine (EBSCO), Scielo Citation Index
(Clarivate),  Epistemonikos, ClinicalTrials.gov,
Cochrane Library (free access by the Chilean Ministry
of Health), and Physiotherapy Evidence Database. In
addition, a hand search was performed to identify the
relevant titles from the reference lists of the documents
identified in the eight-biomedical databases. A search
update was performed in PubMed (NCBI) in February
2021 including references between November 2019 and
February 2021 using the same original search strategy.
The references identified in all sources were collected
in EndNote (Clarivate Analytics, Boston, MA).

Eligibility Criteria

Inclusion and exclusion criteria for documents were de-
fined based on the recommended Population, Concept,
and Context method (27, 28). For the Population crite-
rion, documents including adult patients on mechanical
ventilation for at least 48 hours (including any ventila-
tion through an endotracheal tube, tracheostomy tube,
and/or noninvasive ventilation) were selected. For the
Concept criterion (intervention), documents including
any EM intervention performed by physiotherapy,
nurse, and/or other allied-health professional were
selected. For the Concept criterion (outcomes), docu-
ments reporting about respiratory support settings for
the EM (including ventilatory mode or respiratory var-
iable) or documents reporting any metabolic and/or
respiratory variables used to monitor before, during, or
after EM interventions were selected. For the Context
criterion (studies), all types of English or Spanish sci-
entific documents about critical care, including original
studies, conference abstracts available in the same bio-
medical databases, reviews, clinical practice guidelines,
expert recommendations, and protocols studies were
selected. The exclusion criteria were documents in-
cluding pediatric or neonatal population, animal mod-
els or in vitro studies, interventions initiated outside
the ICU, only thoracic or respiratory physiotherapy
interventions (e.g., inspiratory muscle training and
airway clearance techniques), studies including only
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non-real-time metabolic or respiratory variables, full
text not available, duplicates not eliminated automati-
cally, and protocols of a study already included.

Document Selection

Screening and selection of documents were performed
with the Covidence systematic review software (Veritas
Health Innovation, Melbourne, VIC, Australia) (avail-
able at www.covidence.org). All references were
imported from EndNote to Covidence, and once the
duplicates were removed the document screening
started. Two blinded reviewers to each other judgment
(EG.-S., A.C.-M.) screened independently by title and
abstract all documents about EM on mechanically ven-
tilated patients and accepted the documents accord-
ing to the selection criteria previously described. The
conflicts between reviewers were resolved with a third
one (R.P-A) by consensus. If it was not possible to de-
termine suitability for inclusion following title and ab-
stract review, the reference was accepted and full text
reviewed (33). An attempt was made to retrieve the
full text of all accepted abstracts. If the accepted title
or abstract existed only as such or as protocol study,
the authors searched for its final publication. If full text
was not found, the reference was excluded. Full text
review was conducted to determine final eligibility by
the same two authors blinded to each other judgment
(EG.-S., A.C.-M.).

Data Extraction and Analysis

Following the data extraction template previously
designed by the researchers (32), four critical care
physiotherapists (EG.-S., A.C.-M., ]J.M., R.P-A)
extracted the variables and data from each selected
document, including information from supplemen-
tary materials and appendices. The four reviewers met
to determine by consensus if the information extracted
was consistent. The following data were extracted
from each selected document: bibliometric data (e.g.,
authors, year of publication, journal scope, document
type), characteristics of the intervention (e.g., type of
EM, type of respiratory support), and outcomes (e.g.,
respiratory support adjustments, metabolic, and respi-
ratory variables). From each original study, the brand
and model of mechanical ventilators and monitoring
devices used were extracted, if available. The study
design and the results of the measured metabolic and
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respiratory variables were also extracted from the orig-
inal research documents. The discrepancies or uncer-
tainties in the synthesis and analysis of information
were discussed with a senior critical care physician
(J.G.). The results were summarized descriptively as
counts and percentages.

RESULTS

Data Synthesis and Documents Characteristics

This scoping review was performed within a 7-month
period from November 2019 (bibliographic search)
to May 2020 (data extraction and analysis), plus the
search update conducted in February 2021. After
removing duplicates, title and abstract screening was
performed for 1,208 references. From 109 full text
documents assessed for eligibility, 35 were selected for
analysis (Fig. 1). Thirty-two original studies, two study
protocols and one narrative review were selected, all
of them in English. For study protocols, we extracted
only the planning of metabolic and respiratory vari-
ables measuring, the brand/model of ventilators to be
used, as well as the assistive rehabilitation equipment.
References from the included narrative review that
met the selection criteria had already been included
as original articles, and there was no overlap. An
overview of documents characteristics is summarized
in Table 1.

EM Interventions

Based on the operational definitions used in this review,
10 types of EM interventions on mechanically venti-
lated patients were identified (Table S3, Supplemental
Digital Content 3, http://links.Iww.com/CCX/A596).
The interventions were mostly leg/arm cycling (n = 18
[51%]) and progressive mobility (n = 14 [40%]).

Ventilatory Modes and Respiratory Variables
Used During EM

From the 35 analyzed documents, 14 (40%) did not
report any details on respiratory support used be-
fore, during, and/or after EM. All documents in-
cluded patients with invasive mechanical ventilation
(by endotracheal or tracheostomy tube), and none
studied EM under noninvasive ventilation in the ICU.
Respiratory support settings (ventilatory modes or
respiratory variables) were reported in 21 documents

4 www.ccejournal.org

(60%) (Table 2). Setting of both modes and variables
were identified in only nine documents (26%). The
ventilatory modes reported were assisted (n = 11) and
assisted-controlled modes (n = 9). In addition, eight
different respiratory variables were identified, mainly
including F1o, and pressure support level. Only seven
studies reported adjustments or titration of respiratory
support during EM (Table 3); five documents reported
the F10, adjustment (13, 34, 47-49), and in only four
documents, the level of pressure support was adjusted
(13, 16, 34, 40). From the documents reporting the use
of assisted modes (e.g., pressure support ventilation
and proportional modes), cycling-off and inspiratory
triggering were reported in one study (13). Only nine
of 21 documents reporting ventilatory modes or respi-
ratory variables specified the brand and model of the
mechanical ventilator used.

Respiratory and Metabolic Real-Time Variables
Monitored on EM

Thirty-four documents reported real-time respiratory
or metabolic monitoring before, during, and/or after
EM interventions. The acquisition of the variables was
through indirect calorimetry (n = 10 [29%]), bedside
ICU monitor (n = 9 [26%]), pneumotachograph, or
respiratory mechanics monitor (n = 3 [9%]), and 14
(42%) did not specify monitoring equipment brand or
model used. Among 18 monitored variables, 11 were
respiratory and seven metabolic (Table 4). Metabolic
and respiratory monitoring was performed to assess
the physiologic response in 21 documents (62%)
and safety of EM in 13 (38%). Remarkably, no study
assessed the work of breathing or respiratory effort
using an esophageal balloon during EM.

A summary of the metabolic and respiratory vari-
ables monitored in each document is presented in
Table S4 (Supplemental Digital Content 4, http://links.
lww.com/CCX/A596).

DISCUSSION

This is the first review on respiratory support adjust-
ments and monitoring in mechanically ventilated
patients performing EM. Regarding the first research
question, 60% of documents informed about ventilatory
modes and respiratory variables, and 25% reported the
brand and model of the mechanical ventilators used. In
addition, adjustments or titration of respiratory support
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of documents selection process.

during EM were identified in only seven documents.
Regarding the second research question, 97% of docu-
ments assessed metabolic and/or respiratory variables;
however, 40% of them did not specify the device used to
acquire these variables in real time.

The increasing number of publications identified
between 2016 and 2020 suggests a growing interest in
EM of mechanically ventilated patients. However, active
mobilization in patients with an endotracheal tube or
tracheostomy has been infrequently reported in 1-day
prevalence studies worldwide (53-57). This can be
explained by deep sedation during mechanical venti-
lation (57) and because not all intubated patients need
EM. Intense mobilization strategies to minimize muscle

Critical Care Explorations

weakness and rest-effects should start as early as pos-
sible, focusing on patients who will likely require pro-
longed invasive mechanical ventilation (58-60). Most
of the EM interventions identified in this review were
in-bed and low intensity activities. These interventions
were performed mostly using assistive rehabilitation
equipment, which allow EM when out-of-bed mobility
is unfeasible and as a progressive mobility aid (61). For
example, Medrinal et al (35) reported that functional
electrical stimulation cycling increases oxygen uptake
of the vastus lateralis muscle and cardiac output in
sedated mechanically ventilated patients. From a moni-
toring perspective, Akoumianaki et al (13) reported that
awake mechanically ventilated patients increase oxygen
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Gonzalez-Seguel et al

TABLE 1.

Overview of Included Documents Reporting
the respiratory Support Adjustments and
Monitoring of Mechanically Ventilated
Patients on Early Mobilization

Characteristics N = 35, n (%)

Year of publication

2016-2020 20 (57)
2011-2015 9 (26)
2006-2010 4 (11)
Before 2006 2 (6)
Study design
Observational study 21 (60)
Clinical trial 8 (23)
Cross-over study 3 (9)
Study protocol 2 (6)
Narrative review 1 (3)
Journal scope
Critical Care and Intensive Care 12 (34)
Medicine
Physical Therapy and 7 (20)
Rehabilitation
Medicine miscellaneous 7 (20)
Pulmonary and Respiratory 5 (14)
Medicine
Anesthesiology 2 (6)
Surgery 1(3)
ClinicalTrials.gov 1(3)
Respiratory support variables reported
Reported ventilatory mode 6(17)
Reported respiratory variable 6 (17)
Both ventilatory mode and 9 (26)
respiratory variable
Adjusted ventilatory variable 7 (20)
Not reported 14 (40)
(Continued)
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TABLE 1. (Continued).

Overview of Included Documents Reporting
the respiratory Support Adjustments and
Monitoring of Mechanically Ventilated
Patients on Early Mobilization

Characteristics N = 35, n (%)

Monitored variables reported

Respiratory variables 22 (63)

Metabolic variables 4 (11)

Both respiratory and 10 (29)
metabolic variables

Not reported 1(3)

Reason to measure variables

To assess physiologic 21 (60)
response

To assess safety 13 (37)
response

Not specified 1(3)

consumption (Vo,) and Co, production (Vco,) when
performing active cycling. In mechanically ventilated
patients, mobilization could therefore lead to insufh-
cient respiratory support or asynchrony due to unmet
ventilatory demand, either in sedated (44) or awake (13)
patients, particularly if weak (16).

The prevalence of asynchronies remains high in crit-
icallyill patients during stationary conditions (62, 63);
ideallyasynchronies should be managed adjusting respi-
ratorysupportrather thanincreasingsedation (64, 65).
This review identified 15 documents describing respi-
ratory support variables for EM, including F1o, (13, 34,
35, 47-51), pressure support level (13, 16, 34, 35, 40),
positive end-expiratory pressure (13, 35), inspiratory
triggering, and cycling-oft (13). However, most of the
documents using assisted modes did not report the
nature of these adjustments, and none reported in-
spiratory time or inspiratory rise time during EM (66).
If these adjustments are vital to minimize asynchro-
nies and excessive work of breathing during assisted
ventilation at rest (64), their relevance should be
even more under conditions of variable ventilatory
demand (44).
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TABLE 2.

Ventilatory Modes and Respiratory
Variables on Early Mobilization of
Mechanically Ventilated Adult Patients®

N=21,
Respiratory Support n (%)
Ventilatory mode used during mobilization
Assisted mode 11 (52)
Pressure support (13, 16, 34-39) 8 (38)
Pressure support, proportional assist 1 (5)
ventilation, and neurally adjusted
ventilatory assist (13)
Not reported (40-42) 3 (14)
Assist-control mode 9 (43)
Volume (34, 39, 43) 3 (14)
Pressure (44) 1(5)
Volume and pressure (36, 45, 46) 3(14)
Pressure, pressure-regulated volume 1 (5)
control ventilation, and synchronized
intermittent mandatory ventilation (37)
Not reported (47) 1(5)

Respiratory variable reported during mobilization
Fio, (13, 34, 35, 47-51) 8
Pressure support level (13, 16,34, 35,40) 5

2

(24)
Positive end-expiratory pressure (35, 46) (11)
Inspiratory triggering (13) 1 (5)
Cycling-off (13) 1 (5)
Tidal volume (volume-controlled 1 (5)

ventilation) (43)

ECMO blood flow (49) 1 (5)
ECMO sweep flow (49) 1 (5)
Variables were not changed for early 3(14)

mobilization (44, 45, 52)

ECMO = extracorporeal membrane oxygenation.
Each of the 21 documents reported one or more ventilatory
modes and/or respiratory variable.

During exercise, increased whole body Vo, and Vco,
must be coupled to increased minute ventilation and
work of breathing; however, during sustained exercise,

Critical Care Explorations

work of breathing and the proportion of whole body
oxygen consumed by the respiratory muscles exponen-
tially rises (67). Interestingly, exercise physiology has
shown a competitive blood flow distribution between
respiratory and locomotor muscles (18, 68, 69). In
healthy volunteers, Harms et al (68) demonstrated that
respiratory muscle unloading using proportional assist
ventilation during cycling increased leg blood flow and
regional Vo,, whereas the opposite effect was induced
by resistive respiratory muscle loading. Twenty years
later, Dominelli et al (69) assessed work of breathing
and blood flow to respiratory and locomotor muscles
during submaximal exercise under spontaneous, as-
sisted, and loaded ventilation. Work of breathing was
positively correlated to respiratory muscle blood flow
and negatively correlated to locomotor blood flow. In
fact, respiratory muscle unloading using proportional
assist ventilation in healthy subjects markedly reduced
the rate of rise of respiratory and limb discomfort per-
ception, extending time to exhaustion by 14% (70).
Furthermore, in congestive heart failure outpatients
performing constant-load exercise, inspiratory pres-
sure support not only decreased work of breathing and
the rate of rise in respiratory effort but increased exer-
cise endurance by 40% (71). In other words, decreasing
the work of breathing by adequate respiratory support
can improve peripheral muscle performance in healthy
individuals and likely in ICU patients. Within this scop-
ing review, only four studies reported ventilatory sup-
port adjustments during active exercise (13, 16, 34, 40).
For example, Chen et al (16) were able to extend arm
cycling duration and tolerance increasing pressure
support level in patients with documented respira-
tory weakness, and Akoumianaki et al (13) were able
to improve exercise efficiency switching from pressure
support ventilation to proportional modes during leg
cycling in chronically critically ill patients. Then, by
efficiently alleviating respiratory muscle work, longer
duration and/or intensity of exercise should be feasible.

From a technical perspective, it is remarkable that
25% of the published documents reported the brand
and model of the mechanical ventilators used. This
information is specially important when using as-
sisted modes; Thille et al (72) reported that the perfor-
mance of inspiratory trigger, pressurization capacity,
and expiratory resistance differs considerably across
new-generation ventilators. If ventilators may still
have difficulties in providing adequate support during
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TABLE 3.
Summary of Studies in Which Mechanical Ventilator Were Adjusted During Early Mobilization

Metabolic/
Ventilatory Mode / Respiratory Respiratory
Mechanical Support Adjust- Real-Time
Type of Mobilization Ventilation Brand ments During Variables
References Study Design Sample Intervention and Model Mobilization Measured
Black et al Observational 26 mechanically SOEOB, balance activi- None specified PS level RR, VE, Vo,,
(40) study ventilated via ties, standing, transfer- adjustment. Co, pro-
tracheostomy ring and walking. There were no Fio, duction,
from a medical- Patients were encour- adjustments. and res-
surgical ICU. aged to achieve their piratory
maximum functional exchange
level following the Func- ratio.

tional Status Score for
the ICU activities.

Akoumianaki Cross-over 10 mechanically Leg cycling (MOTOmed Servo |, Maquet, PS level was setto Vo, Vi, VE,
etal (13) study ventilated from Letto 2; RECK-Technik, Solna, Sweden attain Vt 6-8mL/ Spo,,
a medical- Betzenweiler, PSV and NAVA kg. The NAVA/ RR, and
surgical ICU. Germany): The intensity ~ Puritan Bennett 840, PAV support was asynchrony
Most patients was selected according Covidien, Mans- titrated to attain the index.
had a tracheos- to a prior incremental field, MA: PSV same mean airway
tomy. workload test to and PAV+ pressure that PSV.
determine the maximum Flow triggering was set
resistance level capacity. as the most sensi-
Cycling started from tive possible evad-
passive mobilization and ing autotriggering
the resistance was on PSV/PAV, and
gradually increased 0.5pV on NAVA.
based on patient’s Cycling-off criterion
tolerance to cycle was 25% (40% for
between 30 and 60 rpm. chronic obstructive

pulmonary disease)
on PSV, 3L/min on
PAV and 70% on
NAVA.

PEEP remained at the
same level and RR
< 30 beats/min.

Fio, was titrated to
attain Spo, > 95%.

Kho Observational 33 mechanically Leg cycling (RT-300 su- None specified Fio, was adjusted to  Spo, and
et al (48) study ventilated from a pine cycle; Restorative attain Spo, >88%.  asynchrony
medical-surgical Therapies, Baltimore, MD): The mean Fio, used
ICU (96% via 30min of leg cycling with an pre during and
endotracheal additional 1 min cool down, after cycling
tube and 4% via starting with passive cycling ranged from
tracheostomy). using 5rpm. Patients were 37.3% to 38.8%.

encouraged as much active
cycling as possible using
low resistance.

Chenetal  Observational 15 patients who Upper extremity ergometer PSV (brand/model  Ventilator mode was Spo, and RR

(16) study were undergo- test (Active Passive Train, not specified) shifted from A/C
ing prolonged Tzora Co, Kibbutz Tzora, to PSV.
mechanical Israel) in upright bed Three PS levels were
ventilation position. Constant-load, titrated: baseline
(between 24 symptom-limited exercise PS level, PS level
and 114 test with fixed resistance +2cm H,0, and PS
mechanical (approximately 10W) until level +4cm H,O.
ventilation intolerable shortness of PEEP and Fio, were
days). breath, discomfort, or not changed

exhaustion. throughout the study.

(Continued)
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TABLE 3. (Continued).
Summary of Studies in Which Mechanical Ventilator Were Adjusted During Early Mobilization

Metabolic/
Ventilatory Mode / Respiratory Respiratory
Mechanical Support Adjust- Real-Time
Type of Mobilization Ventilation Brand ments During Variables
References Study Design Sample Intervention and Model Mobilization Measured
Ko et al (49) Observational 8 ECMO patients PROM, neuromuscular None specified As needed during Spo,, RR, and
study (one venoarte- electrical stimulation, exercise, perfu- ECMO
rial ECMO and sitting in reclined bed or sionist and res- blood flow
seven venove- on SOEOB, strengthen- piratory therapist
nous ECMO). ing using elastic band in performed ECMO
sitting position, standing and ventilatory
out of bed or marching management,
in place with or without respectively, in-
device, and assisted cluding adjust-
walking. ments of Fio,,
ECMO blood flow,
and sweep gas
flow.
Mah Clinical trial 28 mechanically Stepwise fashion based Volume-controlled Increased PS level None

et al (34) (quazi-experi-  ventilated from a on physical assessment ventilation and or place on A/C reported
mental trial) surgical ICU. and clinical condition PSV (brand/ starting 30 min
using a progressive model not before and con-
five-level activity protocol specified) tinue 30 min after
ranged from PROM for activity.
unconscious patient to Increased Fio, by
walking without assis- 200% before ac-
tance. tivity
Defer weaning during
mobility
Bailey etal  Observa- 103 patients with  Progressive mobility and A/C (brand/model A pre-/postactivity Spo,
(47) tional mechanical walking including not specified) rest period with
study ventilation for SOEOB without back A/C for 30min as
>4 d from support, sit in a chair needed.
a respiratory after transfer from the Fio, was increased
ICU. hospital bed, and am- by 20% before
bulate with or without initiation.
assistance. Defer weaning dur-
ing mobility.

A/C = assist-control mode, ECMO = extracorporeal membrane oxygenation, NAVA = neurally adjusted ventilatory assist, PAV = proportional assist venti-
lation, PEEP = positive end-expiratory pressure, PROM = in-bed passive exercise, PS = pressure support, PSV = pressure support ventilation, RR = res-
piratory rate, SOEOB = sitting on the edge of the bed, Spo, = pulse oximetry saturation, VE = minute ventilation, Vo, = O, consumption, Vt = tidal volume.

stationary conditions (72, 73), technical sources of
mismatch between patient demand and respiratory
support could be magnified during EM. This phenom-
enon could be more relevant in weak patients due to
prolonged ventilation and when the level of sedation
is reduced.

Respiratory support adjustments are generally used
to minimize ventilation-induced lung injury (74), im-
prove oxygenation (75), decrease asynchronies (64),
avoid disproportionate work of breathing (76), and pro-
mote weaning (77). Real-time ICU monitoring should
provide information to guide respiratory support

Critical Care Explorations

adjustments during both stationary and nonstationary
conditions (78). Monitoring of metabolic and respi-
ratory variables identified in this review was used to
assess physiologic response (n = 21) and as safety mea-
surements to start or stop EM (n = 13). However, no
document reported ventilatory adjustment based on
the interpretation of these variables. Additionally, no
document reported monitoring of variables related to
work of breathing or respiratory effort during EM (e.g.,
using esophageal balloon or electrical activity of the di-
aphragm). Measuring these mechanical variables could
not only allow to adjust respiratory support and/or

www.ccejournal.org 9
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TABLE 4.

Respiratory and Metabolic Real-Time
Variables Monitored on Early Mobilization
of Mechanically Ventilated Adult Patients®

To Assess
To Assess Physiologic
Safety Response

N=13,
n (%)

N=21,
n (%)

N = 34,

Variables n (%)

Respiratory rate 9 (69) 17 (81) 26 (77)
Pulse oximetry 10 (77) 12 (57) 22 (65)
saturation
O, consumption 9 (43) 9 (27)
Co, production 8 (38) 8 (24)
Tidal volume 8 (38) 8 (24)
Energy expenditure 5 (24) 5 (15)
Minute ventilation 4 (19) 4 (12)
Respiratory 3(14) 3(9)
exchange ratio®
Asynchrony index 2 (16) 1 (5) 3(9)
Rapid shallow 1(8) 1 (5) 2 (6)
breathing index
Inspiratory time 1(5) 1(3)
Expiratory time 1(5) 1(3)
Peak inspiratory 1 (5) 1(3)
pressure
End-tidal Co, 1(5) 1(3)
Extracorporeal 1(8) 1(3)
membrane
oxygenation
blood flow
Oxyhemoglobin 1 (5) 1 (3)
(NIRS)
Deoxyhemoglobin 1 (5) 1 (3)
(NIRS)
Tissue O, satura- 1(5) 1(3)

2

tion (NIRS)

Overall

NIRS = near infrared spectroscopy.
2Each of the 34 documents reported one or more variables.
®Also reported as respiratory quotient.
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exercise intensity but also to avoid the potential of
exercise-inflicted lung injury during EM as an exten-
sion of the concept of patient self-inflicted lung injury
at rest (79).

Safety assessment of EM using ICU monitoring
has been studied extensively (17, 80). This review
highlights the incorporation of metabolic variables to
assess the physiologic response to exercise in patients
on invasive mechanical ventilation. The use of indirect
calorimetry in the ICU setting allows to measure Vo,,
Vco,, energy expenditure, and respiratory exchange
ratio (20). According to the available evidence, pas-
sive mobilization does not generate significant changes
in the metabolism of sedated and ventilated patients
compared with active mobilization (35, 41, 42, 81, 82).
Due to changes in sedation practices of recent years,
patients may wake up earlier anticipating active mobi-
lization in those who still require mechanical ventila-
tion (26). This challenges mobilization teams to adjust
the exercise dose and/or respiratory support, incorpo-
rating the interpretation of respiratory and metabolic
real-time monitoring during EM.

This scoping review has limitations that deserve
to be explained. Although an exhaustive search and
selection process was conducted, given the novelty of
the topic, some studies may have been inadvertently
lost. To compensate, a hand search was performed
to include documents that were not identified in the
eight selected databases. Based on the selection cri-
teria, some documents that monitored EM through
metabolic and respiratory variables were not in-
cluded because these variables were not measured in
real time. This criterion was chosen to identify vari-
ables that are readily available for decision-making
during EM. This scoping review did not include stud-
ies on exercise of mechanically ventilated patients in
non-ICU settings. Unexpectedly, no EM studies were
identified in ICU patients under noninvasive venti-
lation. Therefore, findings of this review only per-
tain to patients with invasive ventilation in the ICU
setting.

Future research on EM should specify the devices
used (e.g., mechanical ventilators, monitoring equip-
ment) and the adjustments used before (baseline), dur-
ing, and after mobilization. Based on the findings of
this review, no recommendations can be yet defined
for respiratory adjustments in mechanically ventilated
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patients who perform EM, but it is likely that more
attention should be given to the level/mode of ventila-
tory support rather than just focusing on the amount
of oxygen delivered. If there is still controversy on
ventilatory settings during the initial stage of protec-
tive ventilation and weaning, the choice of adequate
respiratory support during EM to avoid respiratory
muscle overload and improve exercise performance
may be even a greater challenge. Further research is re-
quired to identify variables to balance exercise dosing
(intensity, frequency, type, and duration) and respi-
ratory support adjustment during EM. In this review,
specific respiratory adjustments and settings for EM
were identified. However, we found no study reporting
respiratory adjustments during mobilization based on
available real-time metabolic or respiratory monitor-
ing. This review only reports information available in
the literature but not necessarily in clinical practice. A
point prevalence study could be a next step to iden-
tify if ventilator variables are adjusted during EM or
to describe detailed ventilator information during EM
sessions.

CONCLUSIONS

Little information on respiratory support adjustments
during EM of mechanically ventilated patients was
identified. Furthermore, the vast majority of docu-
ments identified did not specify the mechanical ven-
tilator used. The most frequent adjustment was to
increase the F1o, rather than the level or mode of ven-
tilatory support. Monitoring of metabolic and respira-
tory variables is also scant, and nearly half of them did
not specify the monitoring devices used; remarkably,
no study assessed the work of breathing or respiratory
effort during mobilization. More studies on the effects
of adjustments of ventilatory support on exercise per-
formance and respiratory muscle activity monitoring
for safe and efficient implementation of EM in me-
chanically ventilated patients are needed.
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