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Can Inspiratory muscle training improve
weaning outcomes in difficult to wean
patients?
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Common mechanisms
leading
to weaning failure

Santangelo E et al. Curr Opin Crit Care 2022

BRAIN: impaired central drve, impaired airway control,

oversedation, anxi r_11_.'_.f4.lcprr_-ssim!

AIRWAYS: Glotic edema, bronco-obstruction,

INCt L.l.\L'-LI SECretlons

LUNG: derecruitment, cardingenic
pulmonary edema, unsolved previous lung
disease

HEART: increased workload,
reduced rransmural pressure, increased

afterload, unmasked diastolic
dysfunction

DIAPHRAGM: increased respiratory

workload, nenromuscular weakness of

diaphragm dysfun

METABOLISM: metabolic
acidosis / alkalosis, hyperglicaemia,

corticosteroids insufficency

GENERAL STATUS: Overweight/ malnutation,
critical illness myopathy and / or nenropathy,

unsolved sepsis
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New classification: WIND study

15t separation
attempt

Weaning failure

Day 2 Day 3 Day 4 Day 5 Day 6 ,

Transfer/ Succesful
death weaning/death
Groep: Groep 2:
NoO Difficult
Weaning Weaning

Beduneau G, et al. Am J Respir Crit Care Med 2017
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Weaning Failure

Pump
Capacity

VIDD Respiratory

muscle pump Load on
ICUAW Muscle

weakness

the pump

Lung disease

diminished respiratory drive
Cardiovascular
dysfunction

impaired neuromuscular

dysfunction Chest-wall
disease

After Moxham J.
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Task: training of inspiratory muscles

 Assessement
* Training
- Endurance training
- Additional strength training (IMT)
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Objective measurements

Considerations for assessing readiness to wean

Adequate oxygenation

5

a0, =8{3% on E:FI.I:_ 0.4 {or F“_E_:’F

10, 2150 mmHg]

PEEF =& cmH,0

Adequate pulmonary function

f-‘! £35 breaths-min

I MIF =-20--25 cmnH,O

V=5 mL-kg ™

I WG =10 mL-kg ™" |

fo/ Vo <105 breaths-min™ L™

Mo significant respiratory acidosis

J-M. Boles et al. Eur. Resp. J. 2007; 29: 1033-1056
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Task: training of inspiratory muscles

 Assessement
 Training
— Endurance training
— Additional strength training (= IMT)
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In analogy with the UZL ‘start to move ASAP’ protocol

Start to breathe protocol = start to wean

Gosselink R. et al. Netherlands J Crit Care. 2011; 15(2):1-10
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Spontaneous breathing
Cycling with legs, arms (bed-chair)
Chair (in bed/out of bed)

—> first activities separately
1 = 2 activities at the same time
| > 3 activities at the same time
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Strength training: IMT

Intermittent loading of the respiratory muscles

AIM =

Increasing strength of the inspiratory muscles




IMT devices: MTL - TFRL

Threshold
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BORG scores
(aim: 4-6 on effort and dyspnea)

W e w— — — — — — o— — — ol — — — S —

Vt = 70% of FVC

Hoffman M, et al. BMJ Open 2018
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What does literature say?
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IMT facilitates weaning from MV among patients in
the ICU: a systematic review

Inspiratory muscle strength
Rapid shallow breathing index
Weaning duration
|Weaning success [
Duration of MV
Length of stay in the ICU/Hospital
Non-invasive ventilation (shorter time)

Comparison
Inspiratory Muscle Training| versus sham / no training

Elkins M et al. Journal of Physiotherapy 2015
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Weaning failure patients may benefit from IMT

Weaning success=RR: 1.34 (95%CI: 1.02-1.76)

Subgroup

o RR (65% Ci) Proportion weaning success
|Patients with weaning difficulty Trainin g Control
Elbouhy 90% 55%
Martin3
Subtotal e 1% 47%

Patients without weaning difficulty

Cader?®
Condessa’
Pascotini®®

Subtotal

Pooled

L] T T T 1
0.5 0.7 1 1.5 2
Favours control Favours training

Elkins M et al. Journal of Physiotherapy 2015
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Design: ’MweanT study

90 patients with difficult weaning

Inclusion period: 10/2017 to 05/2023

Sham
(Low intensity IMT)

Intervention
(high intensity IMT)

BM) Open Can inspiratory muscle training
improve weaning outcomes in difficult
to wean patients? A protocol for a
randomised controlled trial
I(IMweanT study) I

Mariana Hoffman,"?® Marine Van Hollebeke,>* Beatrix Clerckx,>® Johannes Muller,®
Zafeiris Louvaris,>® Rik Gosselink,2® Greet Hermans,*® Daniel Langer®®

BMJ Open. 2018

—> Only 1 study used a sham intervention as controlled
condition

Martin et al. Critical Care 2011, 15:R84
hittpe/ecforum.com,/content/15/2/R84

© CRITICAL CARE

Open Access

RESEARCH

Inspiratory muscle strength training improves
weaning outcome in failure to wean patients: a
randomized trial
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Intervention

|
|
|
1
] ]
|
! I ]
I I I
: : |
Daily (5/7) ! Daily (7/7) I Dalily (5/7) i Daily (7/7)
|
a a =
: The highest pressure setting! >30% MIP (PImax) I Largest opening of a resistive | <10% MIP (PImax)
Intensity that the subject could I I training device !
consistently open during | : :
inspiration I : !
| |
I 1 I
215% MIP : ! ;
I - I
| |
4 sets of 6-10 forceful ! 4 sets of 6-10 full VC E 4 sets of 6-10 long, slow | 4 sets of 6_—10 f_uII \_/C
inspirations : and fast inspirations : inspirations I and deep inspirations
1 i I
I I I : :
Threshold PEP device (IMT) | TFR Loading I Resistive training device (Pflex) E TfF: LOI"_"d'nlag 2022e5|s|_t|agce
if baseline cm
________________________________ RSN VR Bboastat et
: . 1 I I
\WIEETaNelli{eIl [N (INEVIM +10 cmH,0 | +15 cmH,0 : +2 cmH,0 E +14 cmH,0
| I :
. 0 : : :
Weaning success % 71% : 64% ] A7% L 74%
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No significant difference in weaning success rate
(primary outcome)

At 28 days after start IMT At ICU discharge
p=0.28 p=0.92

50 50—

404 404
= Bl \Weaning failure =
o, 30+ Bl \Weaning success o 307
= =
2 o
T 207 = 20+
o n=o8 Q n=36 n=38

- 0 o)
Lo- iy 10— (82%) (83%)
0- 0
A A QA QA
N D Q
S & & &
& & <& <&
& & $ S
N N4 WO o
O N & &
&S ?
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Conclusion ’'M WEANT Study

 Intervention/Sham result in similarly high weaning success rate

* Intervention/Sham result in similar increases in IMS

Is the training stimulus that we provide with IMT different
when applying and High or Low external load?

» Characterize the training stimulus during IMT in difficult to
wean patients?

 Instructions on velocity of breathing matters:
- slow, deep or fast, deep inspirations against low load?

- fast, deep inspirations against high load? Poddighe D et al. in

preparation
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Explorative assessments (in progress)

Breathing conditions (-,
<10% \Low load IMT Qo Hich load IMT
a Unsupported PImax 30% 'gh foa

. PImax
spontaneous breathing

- 1 f;a

1 set slow and deep inspirations 1 to 2 sets fast and deep
1 minute 1 minute (control group study Martin et al) inspirations

(Intervention group
(I'MmweanT)

1 set fast and deep inspirations
(control group I’'mweanT)

Poddighe D et al. in preparation m

Images: flaticon.com
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Results:
20
o 5 5 , : .
| APaw, determined by the external load imposed during IMT, and
%\ : V- APaw Inspiratory flow
R B ¥ APes APes = index of inspiratory effort

We neglected around two third of the total inspiratory
effort

Total inspiratory effort was lower when IMT is executed
with slow and deep inspirations

-40- j d 1
d Total inspiratory effort was similar when IMT is executed
y with fast and deep inspirations against both a low or
MV SB LLs-IMT  LLFIMT  HL-MT :
high load
I© H <10% <10% 30%
:y
Sow  Fastfas Ky LEVER

Poddighe D et al. in preparation
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Hindsight:
Factors Influencing Trial Design

Age & ICU LOS,

Frailty Comorbidity

. Comparator
Population Defining Usual
Awake, timing of care / Sh‘am
Weaningprotocol Intervention

Type,frequency,

Future direction
dose & intensity

of IMT
Systematic Intervention Outcome research,;
iew: - Timing of
review Timing of onset assessment RCT's focused

on addressing
Van Hollebeke methodological
(in press) 2024 unknowns

Elkins, 2015
Vorona, 2018

Martin,2011

Experiental learning; Advancing field of knowledge; Reflection on publications and study results

Connelly et al. Thorax 2018
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