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Abstract

Intensive care unit (ICU) patients can be immobilised over long periods due to their conditions, and the subsequent manage-
ment inclusive of mechanical ventilation, which is also associated with complications. Hence, early mobilization of intubated
patients (EMIP) may be beneficial but there are various barriers including the lack of consensus guidelines. Based on a brief
scoping literature review, this article notes of perhaps one consensus guidelines developed from a systematic review in 2014
followed by a meeting of experts from ICU but there are other guidelines, recommendations, and strategies. However, there
still exists the challenge of consensus guidelines for early mobilization. Barriers and/or facilitators, evaluation of optimal
intervention dosage, good communication, and use of necessary assistive equipment have also been identified. Some resource
limited countries lack physiotherapists and equipment, and these services are therefore provided mostly by nurses and junior
doctors, which calls for tailored guidelines. Prominent note in the guidelines is oximetry but not blood gas measurement and
another note are the limitations caused by vasoactive agents. Perhaps, the cost and invasive nature of the blood gas analyses
are concerns and this is significant for resource limited countries. However, this test and alternatives need considerations in
the guidelines. There is agreement on safe early mobilisation of intubated patients (EMIP), but this requires developing to
tailor for resource limited countries. The vasoactive agents affect blood gases, hence evidence-base blood gases and acid—
base analyses are necessary to integrate in monitoring intubated patients in ICU. Given the four criteria (cardiovascular,
neurological, respiratory, and ‘others’) and challenges in the existing guidelines, some laboratory tests are recommended as
additional items to the ‘others’ criterion to improve on potential points of imprecision and risk of bias.
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1 Introduction

Intensive care unit (ICU) patients have long periods of
immobilisation due to their critical conditions, and the asso-
ciated management regimes such as mechanical ventilation
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[1]. Globally, about 13—-20 million patients are managed in
ICUs annually. In patients who have had mechanical ventila-
tion for more than 48 h, wasting of skeletal muscles is seen
and various reasons are cited including the pathophysiology
of critical disease. Early mobilisation of intubated patients
(EMIP) is an established clinical management protocol.
However, studies have reported seemingly conflicting per-
spectives [2, 3], leading to opinion that early active mobi-
lisation of intubated ICU patients may do more harm than
good [4].

Patients on prolonged invasive mechanical ventilation,
are prone to immediate high risk of muscle atrophy, and
severe weakness, among others [5, 6], and further the pro-
cess is an invasive airways procedure involving cardiorespi-
ratory physiology. Hence, acute management of critically ill
patients in the ED is commonly based on blood gas analysis
[7, 8]. Therefore, it is important to consider guidelines and
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recommendations taking into account accessibility of the
test in communities that have limited resources.

2 Focus of Perspective

Three questions constituted the basis of this paper—uviz:
What are the guidelines for early mobilisation of intubated
patients in ICU? What are the challenges in early mobili-
sation of intubated patients in ICU? How is evidence-base
laboratory medicine such as blood gas analysis employed in
determining early mobilisation of intubated patients in ICU?

Four points-of-interest highlighted in the discussion
include advantages of EMIP, planning and method of early
mobilisation, and considerations of administration of vaso-
active agents with evidence-base laboratory.

3 Literature Search

The brief literature search was discretionally limited to
PubMed platform and the whole term “early mobilisation
of intubated patients in ICU”. Themes of interest used for
selection of literatures for critical review were based on
clinical laboratory monitoring perspective hence, included
‘guidelines’, ‘challenges’, and ‘blood gas analyses.

The main search yielded 52 articles including 16 free full
texts, amongst which is the 36th International Symposium
on Intensive Care and Emergency Medicine [9]. Among the
16 full texts, only one (6.25%) is expert consensus recom-
mendations i.e., guidelines [10], while another two papers
(12.50%) discussed challenges [1, 11]. Within the sympo-
sium abstracts that comprised 461 items, four items selected
that touched on laboratory perspectives.

4 Discussion

4.1 What are the Guidelines for Early Mobilisation
of Intubated Patients in ICU?

The brief literature search highlights that there exists prob-
ably one consensus guidelines’ recommendation that was
developed from systematic review in 2014 and a meeting of
multidiscipline experts from ICU. According to the authors,
consensus was reached on the criteria for safe mobilization,
but not on the levels of vasoactive agents [10].

In a systematic review update of guidelines for clini-
cal practice [12], seven points were itemized that could be
termed as recommended principles and guidelines. The prin-
ciple itemized is mainly that EMIP can be safe and capable
of reducing the cost of patient’s healthcare. The guidelines,
which were six, recommend that the EMIP program be
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outlined especially in terms of outcome evaluation. Other
recommendations include requirements for standard opera-
tional protocol, skills set of the healthcare clinician, safety
checklist, multidisciplinary teamwork, and engagement of
the patient and family caregivers. It was recommended, as
part of the conclusion, that significant deviations existed in
the quality of clinical practice approaches, and that future
research addresses gaps regarding patient selection [12].
Further, one of the authors of the consensus guidelines in
2014 and update of 2020 lead a team of four colleagues
to suggest another list of recommendations [13], and two
points are pertinent to note. First, it was identified that up
to eight international guidelines were developed. Second,
the recommendations increased to 10 strategies. In addi-
tion to the previously listed six requirements, the add-on
four recommendations included identifying barriers and/or
facilitators, evaluating optimal intervention dosage, good
communication between teams, and use of necessary assis-
tive equipment. This is echoed in the recommendation of
future trends [3].

There have studies in the Americas, for instance, a Brazil-
ian guideline that seems to have developed from systematic
literature review and was based on six pertinent questions
including contraindications and prognostic indicators such
as oxygen saturation monitoring. This study among others,
noted that early mobilization is associated with superior
functional outcomes and need to be carried out whenever
required, and is safe, hence should be the aim of the multi-
disciplinary team [14]. Another report of a cross-sectional
study involving seventeen Latin American countries high-
light EMIP to be an established clinical practice, though
standard protocol existed for only 36.1% of cases [15].

4.2 What are the Challenges on Early Mobilisation
of Intubated Patients in ICU?

From the two papers that highlighted the challenges, each
suggested a theme.

Data from India was based on quality improvement ini-
tiative clinical audit to identify challenges and advocated as
with other recommendations, a multidisciplinary approach
for significant improvements in early mobilization [1]. The
second paper is on children and premised on the known chal-
lenge of oversedation and/or undersedation. The authors
indicate that literature favours protocol of goal setting based
on sedation scoring; but that ages and pharmacological dif-
ferences in drugs make it difficult to standardized practice
[11].

Further, another paper enunciated the challenges to
implementing the existing consensus guidelines [16]. The
enunciation is based on observational study of 280 consulta-
tions in 100 patients and the report highlighted two barriers.
Firstly, among those identified with low risk, 40% could not



Intensive Care Research (2024) 4:137-142

139

be mobilized and time-constraint is the barrier. Secondly, in
those with high risk of adverse event, sedative is the barrier
in 82% of the patients.

In the clinical trial report of Hodgson et al. [5] on “early
active mobilization during mechanical ventilation in the
ICU”, results show no difference between intervention group
compared to usual care group. The activities of daily living,
cognitive function, disability, psychological function, and
quality of life showed no significant difference between both
groups [5]. In the clinical trial, use of vasoactive agents and
sedation scores were similar in both groups. However, some
pertinent challenges are highlighted in the study limitations,
some of which are outlined as follows:

e “Mobilization levels that were achieved in the usual-care
group were ... similar to the control group of a previous
clinical trial showing benefits from early mobilization.”
However, a brief critical review shows (Table 1) that the
referred previous study had relatively more cardiorespi-
ratory diagnosis in control group relative to intervention
group [17]. Thus, it is possible that benefits observed in
the previous study could have been swayed by the rela-
tively less cardiorespiratory prevalence in the interven-
tion group.

“Our protocol stipulated that whenever it was feasible to
do so, patients in the usual-care group should receive treat-
ment from physiotherapy staff members.” It is pertinent to
emphasize the “whenever it was feasible to do so” in this
recommendation in protocol. Indeed, many resources limited
communities lack professional physiotherapists and neces-
sary assistive equipment. In some cases, such professions are
not available, hence these necessary services are provided
mostly by nurses and junior doctors. The implication is that
guidelines be tailored to cater for such situations.

Table 1 Cardiorespiratory characteristics between groups in the two
studies compared

Diagnosis Intervention ~ Usual care
New study based  Sepsis 246 245
on consensus Trauma 15 14
recommendation COVID-19 7 10
Total 268 269
Older study prior ~ Acute lung injury 27 31
to consensus COPD 4 6
recommendation Asthma 5 4
Sepsis 7 9
Haemorrhage 1 2
Total 44 52

4.3 How is Evidence-Base such as Blood Gas
Analysis Employed?

Prominent point of note in the guidelines is indicated in the
use of oximetry but not blood gases and acid base measure-
ments. Given that it is developed by Australian clinicians
who have access to blood gas analysis, it behoves that prac-
titioners in resource-limited settings probably lack the moti-
vation to consider such test. However, research to elucidate
gaps in patient selection had been suggested [12], hence a
discretional question about evidence-base use of blood gases
and acid base analyses.

Among the four abstracts selected from the international
symposium [9], two employed blood gas analysis. The first
(abstract #181) reported a case of intubation informed by
arterial blood gas, which showed both metabolic and respira-
tory acidosis. The second (abstract #234) reported on cases
of haematological malignancy and the need for non-inva-
sive ventilation (NIV) monitored with blood tests including
blood gas analysis. Interestingly, the report highlights that
cases of NIV failure have abnormal PaCO, and FiO, [9].
That is, blood gas analysis can be combined with pulse oxi-
metry to make informed decision.

Perhaps, the cost and invasive nature of the blood gas
analysis test are probable concerns that must be acknowl-
edged [18]. This is particularly significant for resource lim-
ited settings and where healthcare costs are paid off-pocket.
However, this test and potential alternatives would need
to be considered for integration in future updates of the
guidelines.

4.4 Four Points-of-Interest in Brief

1. Advantages of EMIP: Studies report that early mobi-
lization of patients may have positive effects but there
are barriers, further early mobilization may not be suf-
ficient to reduce ICU-acquired weakness and may also
carry risks, which sustains some controversies neces-
sitating further recommendations [2, 3]. EMIP in ICU
is therefore a concern for the patients, clinical team, and
public health officers [5]. There are studies that have
reported that early active mobilisation of intubated ICU
patients may do more harm than good [4]. Of note, some
authors of the consensus guidelines have asked whether
“to mobilize or not to mobilize” is the appropriate ques-
tion and some have highlighted difficulties in determin-
ing evidence for decision on early mobilization [6].

2. Planning and method of early mobilisation: EMIP
involves planning, implementation, and evaluation
phases. Thus, in this agenda-perspective, an articula-
tion of the SMART components becomes imperative in
the plan—re: what is the specific objective for the early
mobilization? How would the objective and subsequent
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success of the EMIP be measured? While achievabil-
ity checks would require compliance to methodological
guidelines, the reality check calls for evaluations of the
pros and cons of the selected method as well as risks and
side-effects of the EMIP. Perhaps, time frame may be a
no brainer, but ideally planning is required at the start
of intubation.

On the methods, it is a given that early mobilization
involves optional sets of activities of daily living. This
opinion on SMART plan is in line with indicated guide-
lines, that is, EMIP program should include outline of
safety checklist (planning phase), standard operational
protocol (implementation phase), and outcome evalua-
tion (evaluation phase), among others [12].

3. Consideration of vasoactive agents: The literatures
have indicated agreement on the criteria for safe mobi-
lization; but appear to indicate no consensus on the
levels of vasoactive agents [10]. At this juncture, it is
pertinent to emphasize that while expert consensus
guidelines were based on risk classification instead of
sedation scoring, critical thinking would reveal some
agreement between these authors’ opinion and the con-
sensus guidelines. That is, the challenge of developing
consensus guidelines for early mobilization exists only
when analgesic and vasoactive agents are involved.

Therefore, it is expedient to review the planning and
evaluation phases of EMIP programs, where vasoactive
agents have been involved. Perhaps, the review of safety
checklists alongside sedation scoring may advance our
knowledge and practice. Further review of how out-
comes are being evaluated may lead to some consensus.

4. Vasoactive agent versus evidence-base monitoring:
The effects of vasoactive agents on blood gas changes
have been reported [19, 20]. Blood gases and acid—base
analyses are integral to monitoring intubated patients
in ICU, therefore, these analyses perhaps need to be
considered, for example, to determine need and levels
of administered vasoactive agents. For instance, it has
been known that intubation is unnecessary where non-
invasive ventilation (NIV) is successful, and that NIV
failures are associated with abnormal blood gases and
use of vasoactive agents [9]. Perhaps, it is pertinent to
highlight that even the antibiotic isoniazid has been
reported to cause anion gap enroute metabolic acidosis.
These highlight the need to go beyond sedation scores
and consider integration of laboratory evidence-base
protocol in EMIP where vasoactive agents are involved.

@ Springer

5 Development/Recommendations
5.1 Premises of Recommendation

This development or recommendation is based on two
premises. First is the already existing expert consensus
guidelines [10], as well as challenges [1, 11]. However, the
guidelines have yet to integrate laboratory evidence-base.
Second is that intubation is unnecessary where NIV is suc-
cessful, and NIV failure is associated with abnormal ABG
and/or vasoactive agents [9]. Hence the need to consider
laboratory evidence-base protocol in EMIP regimen that
involves vasoactive agents.

Third is the GRADE approach for assessments of cer-
tainty, which considers five areas including imprecision,
inconsistency, indirectness, publication bias and risk
of bias [21]. On this occasion, imprecision in the cur-
rent guidelines is the lack of laboratory evidence-base.
For instance, monitoring of respiratory insufficiency is
imprecise and need to be supported with ABG [22], just
as assessment of the effects of vasoactive agents [19, 20]
(Table 2).

5.2 Objective of Recommendation

To integrate laboratory monitoring as evidence-base in the
existing EMIP guidelines. It is important to emphasize that
the objective these additional items is NOT to develop a
brand-new guideline, but to add some ascertainment steps
to improve potential points of imprecision and risk of bias
in the existing one.

5.3 Justification of Recommendation

ABG monitoring has been used in clinical review of ven-
tilation settings and intervention intubation, but inconsist-
ently [23]. Further, ABG and acid-base balance monitor-
ing are associated with NIV and use of vasoactive agents
[9, 19, 20].

5.4 Significance of Recommendation:

Considering that pharmacological differences in drugs has
been a challenge to standardized practice [11], and the
association of with abnormal blood gases with vasoactive
agents [9]; the additional step of laboratory monitoring in
the guidelines could assess the certainty of effect of EMIP
regimen. As per emphasis on objective, the main signifi-
cance of this recommendation is, based on the GRADE
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jl'ab!g 2 Clhlrren‘t criteria and Safety criteria In-bed exercises Out-

additional items of-bed
exercises

Existing guideline [10]

Cardiovascular safety**

Respiratory safety*

as recommended in existing
guideline

Neurological safety***

Others’
Pulse oximetry: for respiratory insufficiency* ‘

Additional items to the
“Others’ criterion’

Transcutaneous blood gas monitoring™

ABG and electrolytes monitoring %

Anaemia and thrombocytopaenia'* ‘

Keys:

*Including adjunct therapy, intubation status, ventilatory parameters

**Including blood pressure, arrhythmias, and presence of devices

***Including consciousness, delirium, and intracranial pressure

"The “Others criterion’ includes medical consideration, that further incorporate suspicion of bleeding and
pharmacological cooling management (re: sedatives). Further considerations include femoral and central

venous catheters

*Imprecise if peripheral perfusion is decreased. Hence risk of interpretation bias and need to be supported

with ABG [22]

Hnferior to ABG. Hence could be confirmed with ABG [22]

T Laboratory measure to ascertain consideration of bleeding in existing guideline

concept [24], for improvement on the point of imprecision
in the existing guideline. Further, this recommendation is
strong where vasoactive agent has been used.

6 Conclusion and Recommendation

There is agreement on the need for safe EMIP. However,
there is also room to improve on the existing guidelines,
even if this requires developing guidelines that are tailored
to resources limited settings. Another point of note is the
adoption of evidence-base laboratory test using blood gas
and acid base analyses, which seem used in some studies but
not contained in current recommended guidelines.

Acknowledgements This piece of work is part of cardiovascular
evidence-based research. Work is done in authors’ official capacities.

Author Contributions EUN prepared the first draft. PTB discussed the
intellectual content and did the editing of first draft. EUN & PTB pro-
duced the second draft. LW initiated the questions for the paper and
reviewed the second draft. All authors reviewed and approved the final
draft including the revision version.

Funding Not applicable.

Data Availability Not applicable.

Declarations

Conflict of Interest The authors declare that they have no competing
interests.

Ethics Approval and Consent to Participate Not applicable.
Consent for Publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Mohan S, Patodia S, Kumaravel S, Venkataraman R, Vijayara-
ghavan BKT. Improving mobility in critically Ill patients in a ter-
tiary care ICU: opportunities and challenges. Indian J Crit Care
Med. 2021;25(1):34-42.

@ Springer


http://creativecommons.org/licenses/by/4.0/

142

Intensive Care Research (2024) 4:137-142

10.

11.

12.

13.

15.

Ding Q, Wang Y, Yang C, Li X, Yu X. Clinical utility of the
sivelestat for the treatment of ALI/ARDS: moving on in the con-
troversy? Intensive Care Res. 2023;3(1):12-7.

Mao Z, Liu C, Li Q, Cui Y, Zhou F. Intelligent intensive care unit:
current and future trends. Intensive Care Res. 2023;2023:1-7.
Kho ME. Critically appraised paper: in adults receiving intensive
care, increased early active mobilisation did not improve clinical
outcomes but increased adverse events [commentary]. J Physi-
other. 2023;69(1):56.

Hodgson CL, Bailey M, Bellomo R, Brickell K, Broadley T, Buhr
H, Gabbe BJ, Gould DW, Harrold M, Higgins AM, et al. Early
active mobilization during mechanical ventilation in the ICU. N
Engl J Med. 2022;387(19):1747-58.

Hodgson CL, Kho ME, da Silva VM. To mobilise or not
to mobilise: is that the right question? Intensive Care Med.
2023;49(8):1000-4.

Cervantes CE, Chu A, Heller D, Lemont M. Early dialysis in a
rare case of combined toxic alcohols ingestion. CEN case reports.
2020;9(1):11-4.

Schiitz N, Roth D, Schwameis M, Roggla M, Domanovits H. Can
venous blood gas be used as an alternative to arterial blood gas in
intubated patients at admission to the emergency department? A
retrospective study. Open Access Emerg Med. 2019;11:305-12.
Bateman RM, Sharpe MD, Jagger JE, Ellis CG, Solé-Violan J,
Loépez-Rodriguez M, Herrera-Ramos E, Ruiz-Hernandez J, Bor-
derfas L, Horcajada J, et al. 36th International Symposium on
Intensive Care and Emergency Medicine : Brussels, Belgium,
15-18 March 2016. Crit Care. 2016;20(2):94.

Hodgson CL, Stiller K, Needham DM, Tipping CJ, Harrold M,
Baldwin CE, Bradley S, Berney S, Caruana LR, Elliott D, et al.
Expert consensus and recommendations on safety criteria for
active mobilization of mechanically ventilated critically ill adults.
Crit Care. 2014;18(6):658.

Saliski M, Kudchadkar SR. Optimizing sedation management to
promote early mobilization for critically Ill children. J Pediatr
Intensive Care. 2015;4(4):188-93.

Lang JK, Paykel MS, Haines KJ, Hodgson CL. Clinical practice
guidelines for early mobilization in the ICU: a systematic review.
Crit Care Med. 2020;48(11):e1121-8.

Hodgson CL, Schaller SJ, Nydahl P, Timenetsky KT, Needham
DM. Ten strategies to optimize early mobilization and rehabilita-
tion in intensive care. Crit Care. 2021;25(1):324.

. Aquim EE, Bernardo WM, Buzzini RF, Azeredo NSG, Cunha

LSD, Damasceno MCP, Deucher RAO, Duarte ACM, Libre-
lato JT, Melo-Silva CA, et al. Brazilian guidelines for early
mobilization in intensive care unit. Rev Bras Ter Intensiva.
2019;31(4):434-43.

Barros-Poblete M, Bernardes Neto SC, Benavides-Cordoba V,
Vieira RP, Baz M, Marti JD, Spruit MA, Torres-Castro R. Early

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

mobilization in intensive care unit in Latin America: a survey
based on clinical practice. Front Med. 2022;9:1005732.

Capell EL, Tipping CJ, Hodgson CL. Barriers to implementing
expert safety recommendations for early mobilisation in intensive
care unit during mechanical ventilation: a prospective observa-
tional study. Austral Crit Care. 2019;32(3):185-90.

Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik
AlJ, Esbrook CL, Spears L, Miller M, Franczyk M, Deprizio D,
et al. Early physical and occupational therapy in mechanically
ventilated, critically ill patients: a randomised controlled trial.
Lancet. 2009;373(9678):1874-82.

Tyagi D, Govindagoudar MB, Jakka S, Chandra S, Chaudhry D.
Correlation of PaCO(2) and ETCO(2) in COPD patients with
exacerbation on mechanical ventilation. Indian J Crit Care Med.
2021;25(3):305-9.

Hendon E, Kane J, Golem GM, McBroom A, Flores S, Wong J,
Villarreal EG, Loomba RS. Acute effects of vasoactive medica-
tions in patients with parallel circulation awaiting hybrid or Nor-
wood procedure. Ann Pediatr Cardiol. 2022;15(1):34-40.
Boerma EC, Ince C. The role of vasoactive agents in the resuscita-
tion of microvascular perfusion and tissue oxygenation in criti-
cally ill patients. Intensive Care Med. 2010;36(12):2004-18.
Schiinemann HJ, Higgins JPT, Vist GE, Glasziou P, Akl EA,
Skoetz N, Guyatt GH. Chapter 14: completing ‘Summary of find-
ings’ tables and grading the certainty of the evidence. In: Higgins
JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch
VA, editors. Cochrane handbook for systematic reviews of inter-
ventions, version 6.4; Cochrane; 2023.

Bockholt R, Paschke S, Heubner L, Ibarlucea B, Laupp A,
Janicijevic¢ Z, Klinghammer S, Balakin S, Maitz MF, Werner C,
et al. Real-time monitoring of blood parameters in the intensive
care unit: state-of-the-art and perspectives. J Clin Med. 2022;11:9.
Chandran J, D’Silva C, Sriram S, Krishna B. Clinical utility of
arterial blood gas test in an intensive care unit: an observational
study. Indian J Crit Care Med. 2021;25(2):172-5.

Schiinemann HJ, Brennan S, Akl EA, Hultcrantz M, Alonso-
Coello P, Xia J, Davoli M, Rojas MX, Meerpohl JJ, Flottorp S,
et al. The development methods of official GRADE articles and
requirements for claiming the use of GRADE—a statement by the
GRADE guidance group. J Clin Epidemiol. 2023;159:79-84.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Guidelines for Early Mobilisation of Intubated Patients in Intensive Care Unit: Clinical Pathology Evidence-Base Perspective
	Abstract
	1 Introduction
	2 Focus of Perspective
	3 Literature Search
	4 Discussion
	4.1 What are the Guidelines for Early Mobilisation of Intubated Patients in ICU?
	4.2 What are the Challenges on Early Mobilisation of Intubated Patients in ICU?
	4.3 How is Evidence-Base such as Blood Gas Analysis Employed?
	4.4 Four Points-of-Interest in Brief

	5 DevelopmentRecommendations
	5.1 Premises of Recommendation
	5.2 Objective of Recommendation
	5.3 Justification of Recommendation
	5.4 Significance of Recommendation:

	6 Conclusion and Recommendation
	Acknowledgements 
	References




