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Weaning from
Mechanical Ventilation
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Outline

O Epidemiology of MV weaning

O Strategies of ventilator weaning
e Role of SBT
e SBT technique

O Decision to Extubate
O Post-extubation care
O Prolonged mechanical ventilation (PMV)



Epidemiology



Burden of MV & OQutcomes

O Taiwan 4{ Death J
_2No
>170,000 / yr 20-30%
(Taiwan NHIA Report. 2016)
PMV
O USA
>800,000 / yr Extubation
(Wunsch. Crit Care Med. 2010) 55-65%

*MV days (Median): 5 days
*ICU stay (Median) : 7 days



Weaning Outcome in Talwan

100% 28 15% aa 5% af

MV RCC RCW Mortality
100% 15% 30% 50% per yr
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Tallored Outcome Data
“A patient like me”

-
Subgroup Day number of MV use N
| Male, age 65-74

~

94.1% 99.7%

Lower bound of 95% CI Upper bound of 95% Cl

42.6% 44.2%

Lower bound of 95% CI Upper bound of 95% Cl

Methodology: please refer to Ruan SY. Ann Am Thorac Soc. 2020




Strategies of Ventilator Weaning



Clinical Course of Respiratory Failure

Start of
MV

Start of
weaning

Extubation

Load

> Time

—» Capacity

—» Demand

4 44

Test / Predictor ?



Strategies of Weaning:
How to Predict Readiness to Liberation

O Spontaneous breathing trial (SBT)

O Predictors (demand/capacity/combination)
e Vi, RSBI, CROP index ...... (Meade. CHEST 2001)

o e [ Weaning ]

predictor

FUlMVIL | UMV e bate Full MV l > Extubate

support support support
e 0 ( Weaning

SBT | predictor
Full MV Full MV l
- Extubate
L support SBT Extubate
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Landmark Study about Weaning Methods

e NEW ENGLAND
JOURNAL of MEDICINE

— Daily multiple SBT
N =546 .
: — Once-daily SBT
v' P/F>200
v" No vasopressor — |[MV (Intermittent mandatory ventilation)

Esteban. N Engl J Med 1995 11



Comparison of Weaning Methods
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Esteban. N Engl J Med 1995 12



Evolution of Weaning Practice

® SBT m T-piece m CPAP ® Low level PS
® Gradual reduction ® Pressure support © SIMV-PS SIMV
90 /l 87
-
’f
80 -

--——-——_—’

70| 66

64

1998 2004 2010
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Best Practice in MV Weaning

O Once-daily SBT for discontinuation assessment is

recommended in weaning guidelines.
(Macintyre. CHEST. 2001, Boles. Eur Respir J. 2007)

o SBT technique
e Several techniques are used to conduct an SBT.
(Boles. Eur Respir J. 2007)
e With vs. without inspiratory pressure augmentation
(Schmidt. Am J Respir Crit Care Med. 2017)
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Assessment of Readiness to Wean

(Criteria for Starting SBTs)

—» Capacity

T

—» Demand

L N
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Assessment of Readiness to SBT

Assessment of
readiness to SBT

O Subjective criteria

— Subjective criteria

— Objective criteria

e Physician believes discontinuation possible
e Resolution of disease acute phase

Macintyre. Chest 2001
Boles. Eur Respir J 2007

16



Assessment of Readiness to SBT

O Objective criteria
e No vasopressor, HR <140
e Adequate mentation

e Adequate oxygenation
* P/Fratio 2 150 or FiO, < 0.4
* PEEP<8cm H,0

e Adequate pulmonary function

* RR<35/min

° _ ] \\
MIP < -25 ' Q: Effects of :

* Vr>5ml/ke ' strict/loose criteria ? !

- RSBI < 105 M e ’

Macintyre. Chest 2001
Boles. Eur Respir J 2007
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SBT Techniques

Method? Duration? Failure criteria?
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SBT Methods & Durations

Inspiratory Pressure Augmentation (-)

* T-piece
* T-piece with PEEP
* CPAP

SBT Duration

Inspiratory Pressure Augmentation (+)

30"~ 120’

* PS5-8cmH,0
* Automatic tube compensation

19



Practice Variation in SBT Techniques
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PS with PEEP

Burns. Ann Am Thorac Soc. 2018

CPAP (no PS)

T-piece

T-piece with
PEEP
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Landmark Study Comparing
T-plece vs. Pressure-support

N = 484

MV > 48h C

—> T-piece Xx2h—> 63%

Successful
liberation

Esteban. Am J Respir Crit Care Med 1997

—> PS-7 x2h — 70%
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(SBT success%) x (1 — Reintubation%)

MV > 48h
n =484
T-piece PS-7
n =246 n=238

Trial Failure Trial Success Trial Failure Trial Success
n=>54 n=192 (78%) n=33 n =205 (86%)

)

Re-intubation Re-intubation
n=236(18.8%) n =38 (18.5%)

63% p=0.14 70%

Esteban. Am J Respir Crit Care Med 1997 22




PSV vs. T-piece, Meta-analysis

No. of No of

SBT success 1381 1.06 [1.01-1.12]

Re-intubation 7 1365 0.93 [0.72-1.20]

Liberation success 11 1904 1.06 [1.02-1.10]

Burns. Crit Care. 2017



Official Executive Summary of an American Thoracic

Society/American College of Chest Physicians Clinical Practice
Guideline: Liberation from Mechanical Ventilation in Critically Il Adults

hospitalized patients ventilated more than 24
hours, we suggest that the initial SBT be

(5-8 cm H,0) rather than without (T-piece or

Qecommendation).

/ATS/CHEST recommendation. For acutely \

conducted with inspiratory pressure augmentation

continuous positive airway pressure) (Conditional

/

Schmidt. Am J Respir Crit Care Med. 2017

24



AAAAAAAAAAAAAAAA

Resplratory and
ats  Critical Care Medicines

Effect of Spontaneous Breathing Trial Duration

on Outcome of Attempts to Discontinue
Mechanical Ventilation

N =526

MV > 48h C

—> T-piece 30’

Esteban. Am J Respir Crit Care Med 1999

—> T-piece 120’

76%

Successful
liberation

73%
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PS-8 x 30’ vs. T-piece x 120’

INTERVENTION FINDINGS

Successful extubation

1153 Patients randomized

30-Minute pressure 2-Hour T-piece
support ventilation ventilation
575 578 473 of 575 patients 428 of 578 patients
30-Minute pressure 2-Hour T-piece ] N
support ventilation ventilation
Less demanding More demanding ] g7
spontaneous spontaneous 82 _3% o 740%
breathing trial breathing trial
PRIMARY OUTCOME
. . - Between-group mean difference:
Successful extubation, defined as remaining free group o
of mechanical ventilation for 72 hours after first 8 2/0
spontaneous breathing trial (95% Cl, 3.4% to 13.0%); P = .001
T o © AMA
26

Subira. JAMA. 2019




Physiology of SBT. Meta-analysis
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Sklar. Am J Respir Crit Care Med. 2017
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Criteria of SBT Failure

O Subjective
e Agitation, diaphoresis, cyanosis
e Evidence of increasing effort

O Objective
e RR>35/min or P 250%
e HR>140/min or P 220%
e Systolic BP > 180/min or I 2 20%
e 5p0O, <90% or PaO, < 50-60 mmHg
e PaCO,>50 or T >8 mmHg

Boles. Eur Respir J 2007
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Decision to Extubate
(After SBT Success)



Decision to Extubate: Airway Protection

O Neurological function

e Glasgow Coma Scale

O Cough strength
e Peak expiratory flow rate
e Maximal expiratory pressure
e White card test

O Secretion volume
e Suctioning frequency

O Post-extubation airway edema
e Cuff leak test

Epstein. Intensive Care Med 2002
Thille. Am J Respir Crit Care Med. 2013
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Post-extubation Stridor

O Incidence: 6-37%

O A cuff leak test is suggested for high risk patients
O Risk factors:

e Traumatic intubation

e Intubation more than 6 days
e Large endotracheal tube

e Female sex

e Reintubation

O Systemic steroids at least 4 hours before extubation
e Conditional recommendation

Girard. Am J Respir Crit Care Med. 2017

31



Post-extubation Care

At risk for extubation failure?
Preventive management?

32



Extubation to Preventive NIV ?

No. of No of

Extubation success 1.14 [1.05-1.23]

ICU mortality 4 485 0.37[0.19-0.70]

o ATS/ACCP Guidelines: Strong recommendation
o High risk groups: Hypercapnia, COPD, Heart failure

Schmidt. Am J Respir Crit Care Med. 2017 33



Post-extubation High-Flow Nasal Cannula

O Low-Risk Patients (HFNC vs. O,)
e N=527

e Reintubation: 4.9% vs. 12.2% (p= 0.004)
(Herndndez. JAMA. 2016)

O High-Risk Patients (HFNC vs. NIV)
e N=604

e Reintubation: 22.8% vs. 19.1%
(Herndandez. JAMA. 2016)
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Prolonged Mechanical Ventilation
&
Difficult-To-Wean



Difficult-To-Wean

O Epidemiology
e PMVin Taiwan: 15%
e Difficult & prolonged weaning: 20%
e Associated with poor outcome (Risk factor studies)

O Limited EBM recommendations

O Permanently ventilator-dependent: 3 months of
weaning attempts have failed (2001 Accp Guidelines)

e Unless there is evidence for clearly irreversible disease

O Structured approach



Structural Approach

Airway / lung Brain Diaphragm Endocrine
Resistance Complance Gas exchange QDelirium Other cognitive dysfunction Endocrine Metabolic

Screening:
depression, 12 lead ECG before at end oy o a .
) anxiety, SBT Pi, max Serial physical examination
Flow-time loops, Inspiratory fexpiratory (A-alD,o CAM-ICY h " Mm""l‘:
Assessment inspiratory occlusion occlusion sleep pattern Sv,0z before / at end SBT (other neuromusc disorders) o ga
Echocardiography before
& after SBT
Intervention albuterol, steroids Radiology: Reorientation Anxiolytics
p::; n::: Mobilization Behavioral therapy Afterload reduction Early mobilization Early mobilization Provide adequate
Repeat loops, acitas Haloperidol Reduce nolse / light during sleep Inotropes energy intake
inspiratory occlusion
l If ischemia:
PEEPi:Modify EIC in PSV Diuretics betablocker
bronchodilators Physiotherapy optimize hemoglobin
Plasma cortisol before /
Advancad Diagnostic bronchoscopy Neuropsychologist: Pulmonary artery catheter  Diaphragm fluoroscopy Examination by nourclogist ~ _a_ aen umol ACTH
assessment during SBT depression, anxiety, echography EMG, nerve conduction velocity
Pay Plasma thyroid
hormaone
r— Reduce analgetics/
intervention Thoracosentesis mw« ety Cortisol iv
Phrenic nerve conduction velocity
Rescue Contrast echocardiography: prassure Muscle biopsy
assessment Intracaedial shuant BNP using nl!lﬁ:dn::.mw
Diaphragm EMG
fascue " Dexmedetomidine Levosimendan Antioxidants (vitamin C and E)
intervention B Inspiratory muscle training

Figure 1. Framework for the evaluation of difficult-to-wean patients. For each patient, diagnostics as described in the white box should be performed to assess the reasons(s) for difficult
weaning. Endocrine dysfunction is probably relatively rare and therefore is not included in the first line of evaluation. Possible treatment/interventions are mentioned but, of course, need to be
individualized. If the first-line evaluation does not improve weaning, proceed to the next level (within the affected column). For instance, if airway resistance is elevated but is not affected by albuterol
and optimizing ventilator settings, diagnostic bronchoscopy should be performed to visualize the central airways. Risks and benefits should be weighed in each patient. ACTH, adrenocorticotrophic
hormone; BNP, brain natriuretcic peptide; CAM-ICU, confusion assessment method for the intensive care unit; DOE, oxygen delivery; ECG, electrocardiogram; EIC, end inspiratory cycling; EMG,
electromyography; iv, intravenous; P, airway occlusion pressure at 100 ms; PEEP, intrinsic positive end-expiratory pressure; Pi, max, maximal inspiratory pressure; PSV, pressure support ventilation;
SBT, spontaneous-breathing trial; SvO,, mixed venous oxygen saturation.

Heunks. Crit care. 2010 37



C
N

Resistance

Assessment

Intervention albuterol, steroids

Repeat loops,
inspiratory occlusion

PEEPi:Modify EIC in
bronchodilator:

Advanced

Advanced
intervention

Rescue
assessment

Rescue
intervention

Figure 1. Framework for t
weaning. Endocrine dysfun
individualized. If the first-lin
and optimizing ventilator s
hormaone; BNP, brain natriu
electromyography; iv, intra
SBT, spontanecus-breathin

Heunks. Crit care. 2010

Assessment

Intervention

Advanced
assessment

Advanced
intervention

Alrway / lung

Resistance Complance Gas hange
p .

Flaw-time loops, inspiratory /expiratory (A-a)D,0z
inspiratory occlusion occlusion
albuterol, steroids Radiology:
Pleural fluid Prowde sdequse
Atelectasis
Repeat loops, Ascites
PEEPi:Modify EIC in PSV Diuretics
bronchodilators Physiotherapy

) for difficult

e, nead to be
ffected by albuterol
renocorticotrophic
cling; EMG,
pport ventilation;
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Starting MV

Readiness to weaning (SBT)

|
MYV support

* Subjective/ objective criteria
e Daily screening

!

— Not ready

Ready

* PS > T-piece
30’ ~ 120’

Daily SBT

for difficult-to-wean

SBT failure SBT success
Readiness to extubate
* Structured approach | |
Extubation Tracheostomy

patients

NIV (high risk group)
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Thank You for Listening

—

K,Eggﬂ,

syruan@ntu.edu.tw
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