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Problem statement

• Time spent in weaning process represents 40-50% of total duration of MV

• Mortality increases with increasing duration of MV

• Subjects receiving prolonged MV – 6% of all ventilated patients but consume 37% 

of ICU resources

B ´eduneau, Pham, Schortgen, et al.ATS 2017
Esteban A et al
Kollef MH et al 



Definitions

• Weaning – Starting from 1st attempt at separating the patient from the ventilator to the 

successful separation of the patient 

• Spontaneous Breathing Trial (SBT) – Test of spontaneous ventilation without or with minimal 

level of support

• Separation attempt – 

     For intubated patients – SBT with or without extubation or an extubation without identified 

SBT 

     For tracheostomized  patients - ≥24 hrs with spontaneous ventilation through tracheostomy 

without any MV 

J.M Boles et al ERS 2007



Definitions

• Successful weaning – 

 Intubated patients – Extubation without death or reintubation within 7 days after 

extubation

 Tracheostomized patients – Spontaneous ventilation through tracheostomy 

without any MV during 7 days 

• Weaning failure – Either failure of SBT or the need for reintubation within 48 h 

following extubation

J.M Boles et al ERS 2007



Schematic representation of the different stages occurring in 
a mechanically ventilated patient 

J.M Boles et al ERS 2007



Classification of patients according to the weaning process

J.M Boles et al ERS 2007

• Simple weaning – Patients who proceed from initiation of weaning to successful 

extubation on the first attempt without difficulty 

• Difficult weaning – patients who fail initial weaning and require upto 3 SBT or as 

long as 7 days from the first SBT to achieve successful weaning 

• Prolonged weaning – Patients who fail at least 3 weaning attempts or require >7 

days of weaning after the first SBT



Epidemiology

B ´eduneau, Pham, Schortgen, et al.: Epidemiology of Weaning ATS 2017

24% 57% 10% 9%



Epidemiology

• Incidence of unplanned extubation – 0.3-16% -83% initiated by pt, 17% accidental 

• 30-40% of the patients with self-extubation during weaning do not require 

reintubation 

• Mortality increases if there is delay in extubation – 12% when there was no delay 

vs 27% 

Ebstein et al AJRCCM
Copplin et al AJRCCM



Process of weaning 



Consideration for assessing readiness to wean 

J.M. Boles weaning from mechanical ventilation ERJ 2007



Copyrights apply

Effect of PSV vs T piece during SBT on 
successful extubation 
Carles Subira et al JAMA 2019

Spontaneous breathing trial with PSV or a T piece
Thille et al NEJM 2022

Study Multicentre RCT ,18 Spanish ICU Multicentre RCT, 31 ICUs in France  

Population N = 1153, N = 969

Intervention &
comparison

2 hr T piece SBT (N=575) vs
30 min SBT (N= 578) with PS 8 cm H2o, PEEP – 0

PSV (484) – PS – 8, PEEP - 0
T piece (485) -1 hr 

Inclusion Criteria Pts on MV for at least 24 hrs who fulfilled the 
weaning criteria  

Pts with high risk for extubation failure >24 hr 
MV, who fulfilled weaning criteria 

Primary outcome Successful extubation – 473 (82.3%) in PSV vs 
428 (74%) in T piece grp (Diff-8.2%, 95% CI 3.4 – 
13%, P = 0.001)
[Post extubation NIV/HFNC – Non protocolised]

Total time alive and without IMV (VFD) – 27 (24-
27) in PSV vs 27 (23-27) in T piece grp (Diff-0days, 
95%CI -0.5 to 1, p=0.31)
[80% patients received post extubation NIV]

Secondary outcomes Extubation after 1st SBT – 532(92.5%) vs 
486(84.1%) {8.4, P<0.001}
Hospital mortality- 60(10.4) vs 86(14.9) [-4.4, 
p=0.02]
90 day mortality 76(13.2) vs100(17.3) p=004]
Reintubation, ICU & hosp length of stay, 
tracheostomy - Nonsignificant

Extubation <24 hrs – 376(77.7%) in PSV vs 
350(72.2%) in T piece grp (Diff-5.5%, CI -0.8-5.9)
24 hr to 7days -97(20) vs 108(22.2)
>7 days- 11(2.3) vs 27(5.6)
Reintubation ≤ 7days – 72(14.9) vs 65 (13.6)
Median length of stay and mortality – similar



J.M. Boles weaning from mechanical ventilation ERJ 2007

Failure criteria for SBT



Pathophysiology of difficult 
weaning



Pathophysiology 

Respiratory Drive 
Respiratory muscle function 
O2 transport 
Systolic function 
Diastolic function 
Cognitive function 
Metabolic/Endocrine function 

Respiratory resistance 
Respiratory elasticity
Intrinsic PEEP
Gas exchange 
O2 consumption 

Capacity Load



Increase respiratory workload

• Elastic workload 

     Lung parenchyma – ARDS, pneumonia, fibrosis

     Chest wall – Kyphoscoliosis, flail chest, pleural effusion,                    pneumothorax, ascites etc

• Resistive load – 

     Airways – Bronchospasm, mucosal edema, excess secretions, DHI 

     ETT resistance – Kinking, small ETT 

     Ventilator – Inappropriate settings, malfunctioning valves

• Ventilatory needs 

     High MV – hyperventilation, fever, V/Q mismatch 

     Vent dyssynchrony 



Decrease respiratory capacity

• Decreased central drive – Sedatives, narcotics, metabolic – urea, met alkalosis, 

Infection – encephalitis, meningitis

• Decreased signal conduction – spine lesions, GBS, MG, AIP, phrenic n/v 

involvement – traumatic/iatrogenic, critical illness polyneuropathy

• Reduced strength and endurance – critical illness myopathy, disuse atropy, 

metabolic – decreased PO4, Mg, K, Ca, Endocrine – thyroid disturbances and 

adrenal insufficiency 



Respiratory causes

Cardiac causes

Neuromuscular 
causes

Nutrition

Neuropsychologic

Anaemia

Metabolic

DIFFICULT 
WEANING



Respiratory causes

Cardiac causes

Neuromuscular 
causes

Nutrition

Neuropsychologic

Anaemia

Metabolic

DIFFICULT 
WEANINGDelirium

Anxiety
Depression

WOB – vent settings
Reduced compliance
Airway obstruction
   resistive load
Respiratory m/s dysfunction – 
diaphragm 
During SBT – ET tube 
Post extubation – glottic edema, 
secretions

Prior cardiac 
dysfunction
Increased cardiac 
workload

Reduced central drive
Neuromuscular weakness
CINMA

Metabolic 
dysfunction
Electrolyte 
imbalance



1)Respiratory causes - 



Management of respiratory causes 

• Management of factors that increase elastic workload such as ascites, abdominal 

distention, pleural effusion, pneumothorax

• Management of factors that increase resistive load such as bronchospasm, 

excessive secretions, intrinsic peep, ventilatory circuit, malfunctioning vent valves

• Identification of patient-ventilator dyssynchrony and manage accordingly 

• Newer modes – NAVA, Automated – SmartCare, ASV

• Post extubation – NIV vs HFNC  



Patient-ventilator dyssynchrony

Candelaria de Haro et al ICM 2019



Patient-ventilator dyssynchrony

Candelaria de Haro et al ICM 2019

Can newer modes help?



• Eighteen eligible studies (n = 926 patients of ARF)

• Primary outcome was asynchrony index (AI)

• Secondary outcomes- duration of MV, ICU mortality, incidence rate of VAP, pH, 
and PaCO2 in ABG

• NAVA vs PSV 



Primary outcome - AI



Duration 
of MV 

ICU 
mortality



• RCTs comparing NAVA vs the standard ventilation mode in critically ill adult 

patients admitted to the ICU with invasive MV

• The main outcome was 28-day ventilatory-free days (VFD)

• Secondary outcomes were weaning failure, mortality, ICU and hospital length of 

stay, and need for tracheostomy



Study Population Intervention Outcome 

Liu et al 2020 
unicentric 

Patient on IMV who 
failed 1st SBT or 
reintubated after 
successful SBT 

N = 99
NAVA -47, PSV 
- 52

Weaning duration: 3.0 (1.2 to 8) vs 7.4 (2 to 
28) days; 95% CI -9.2 to 1.4, p = 0.039
Successful weaning – 70%(33/47) vs 
48%(25/52) p=0.02

Kuo et al 2016  
unicentric 

COPD patients who 
endured weaning failure 
for >21 days 

N = 33 
NAVA -14, PSV 
- 19

Asynchrony index: 0% vs 11.9%(p= 0.001)
Ineffective trigger 0% vs 52% (p= 0.001) 
Delayed trigger 0% vs 36% (p = 0.001), 
Flow asynchrony 0% vs 26%, 

Demoule et al 2016 
multicentric - 11

MV >24 hrs for ARF of 
resp cause, able to 
sustain psv and estimated 
remaining MV >48 hr

N = 128
NAVA = 61, 
PSV = 66

Proportion of patients remaining in NAVA or 
PSV throughout the first 48 h without any 
return to assist control ventilation: 67.2 vs 
63.3% (p = 0.66)

Hadfield et al 2020 
Multicentric - 4

Patients at risk of 
prolonged MV – COPD, 
HF, ARDS

N = 78
NAVA = 39, 
PSV = 39

Median (95% CI) mode adherence was 83% 
(64–97%) and 100% (100–100%), and 
protocol compliance was 66% (50–80%) and 
100% (89% - 100%)

Kacmarek et al 2020 
Multicentric - 15

Pts with ARF expected to 
be MV for >72 Hr

N = 306
NAVA = 153,
PSV = 153

Median VFDs: 22 vs 18 days, between-group 
difference 4 days (95% CI 0 to 8 days), p = 
0.016
No mortality difference 



VFD

Weaning Failure

No difference in 
mortality, hospital 
length of stay and 
need for 
tracheostomy 



PHYSIOLOGICAL CHANGES IN OBSTRUCTIVE AIRWAY DISEASES RELEVANT 
TO MECHANICAL VENTILATION

• Expiratory flow limitation – It leads to the development of inspiratory muscle 

fatigue

• Dynamic hyperinflation and auto-PEEP – The airflow obstruction, low elastic 

recoil, high ventilatory demand, and short expiratory time result in air trapping 

and consequent DH

• DH is the main factor explaining the increased ITP, increased WOB, ventilator 

dependency, and weaning failure







• Single centre RCT 

• Enrolled intubated COPD patients who met the inclusion criteria and were ready 

for weaning

• N = 97, ASV =49, PSV =48

• Patients with previous use of NIV were not included in the study

ERJ 2011





• Included 10 RCTs comparing automated weaning and SBT systems versus non-

automated weaning strategies

• Trials investigating predominantly critically ill adults requiring invasive mechanical 

ventilation

• The primary outcome was weaning time (time from randomization to extubation) 

as defined by the study authors





(MD -0.99 days, P value 0.03, seven trials, 516 
participants, low-quality evidence)

SmartCare  had no effect on time to first 
successful SBT, mortality or adverse events, 
specifically reintubation



(MD -0.99 days, P value 0.03, seven trials, 516 
participants, low-quality evidence)

P value 0.02, 6 trials, 
499 participants

P value 0.05, 7 trials, 
521 participants

SmartCare  had no effect on time to first 
successful SBT, mortality or adverse events, 
specifically reintubation



• Compare NAVA, PAV, ASV, and Smartcare/PS with standard PSV regarding their 

effectiveness for weaning in critically ill adults from IMV

• Primary outcome - weaning success

• Included 20 RCTs

• Secondary outcomes - weaning time, total MV duration, reintubation or use of 

non-invasive MV (NIMV) within 48 h after extubation, in-hospital and ICU 

mortality, in-hospital and ICU LOS





WOBPaco2

Cardiac Dysfunction 
Weaning from mechanical Ventilation

ITP adrenergic tone Pao2

SVR 
Myocardial 
ischaemiaPVR

RV dilatation 
Biventricular interdependance

LV afterload LV complianceLV preload 

Pulmonary Edema 

LVEDP

Routsi et al. Ann. Intensive Care (2019)



306 patients randomized

ATS 2012



Armand Mekontso Dessap ATS Journal 2012



• Included 30 patients after a first failed 1-h T-tube SBT who had a transpulmonary 

thermodilution (PiCCO 2) already in place

• Preload independence - PLR was assessed before the second SBT



• If PLR did not increase the CI by > 10 % before the SBT, the occurrence of SBT failure 

related to cardiac dysfunction was predicted with a sensitivity of 97 % [95 % CI 83–100], 

specificity of 81 % (95 % CI 61–93) and AUC of 0.88 (95 % CI 0.78–0.98)



Routsi et al. Ann. Intensive Care (2019)



Neuromuscular causes 
• Reduced central drive, Neuromuscular weakness, CINMA 

• MV is associated with ICU-acquired complications, such as diaphragm weakness – 

VIDD

• At least 25% of patients who are intubated for more than 7 days develop ICU-

acquired weakness

• Up to 80 - 100% of those who have severe sepsis and SIRS develop CINMA

• Development of ICUAW can lead to difficulty in weaning and prolonged MV 

De Jonghe et al JAMA 2002
Bednarik et al J Neurol 2005

Narjeet et al IJCCM 2021



Pathways involved in the occurrence of diaphragm weakness in critically 
ill patients

Martin Dres et al ICM 2017



- Prospective observational 
Cohort study 
- 200 adult patients on MV were 
enrolled 
- Patients assessed for 

readiness to wean 

USG Diaphragm was done – 
Diaphragmatic excursion and 
DTF were calculated 
[DTF = (TDmax − TDmin)/TDmin 
× 100]







Martin Dres et al ICM 2017



Neuromuscular weakness – Prevention 

• Intensive glucose control – Lower 

incidence of CIP/CIM and 

duration of MV 

• Early mobilization –

• NMES/EMS may reduce the CIPM 

and improve the MRCS score

Finfer et al NEJM 2009
Routsi et al Crit Care 2010 

Abukhabar et al 2013



Psychological dysfunction 

• Delirium – disturbance of the level of cognition and arousal 

• Delirium has been associated with many modifiable risk factors in ICU such as 

untreated pain, hypoxemia, anemia, sepsis, psychoactive drugs, and sleep 

deprivation

• Delirium can occur in up to 80% of patients in ICU

Goldberg et al JAMA 2020
Kotfis K et al 2018



• Anxiety and depression – 

• Many patients suffer significant anxiety during their icu stay 

• Contributors are dyspnea, inability to communicate and sleep disturbances 

• Prevalence of anxiety reported to be 30-75%

• Polysomnography showed frequent arousal and sleep fragmentation

• These patients are associated with longer ICU and hospital length of stay 

Andrew May et al ICM 2021
Alireza et al JCCM 2021
Brijesh et al JCCM 2021



• Cohort study

• Delirium was assessed by using the Confusion Assessment Method for the ICU (CAM-

ICU)

• 393 patients with MV support underwent a SBT

• Mean age 70 yrs (CAM ICU+), 61 yrs in (CAM ICU -)

• Mean SOFA score on ICU admission 6 vs 9 in CAM ICU + 

• 160 (40.7%) were diagnosed with delirium on the day of the first SBT





• Multicentre, blinded, placebo-controlled, RCT

• Patients with positive results on a screening test for delirium 

according to either CAM-ICU or the ICDSC were assessed for 

eligibility

• N = 1000, 1:1, 510 – Haloperidol, 490 – placebo

• Median age 70/71 yrs 

• 447 patients had hyperactive delirium and 540 patients had 

hypoactive delirium 







• Two-center, double-blind, placebo-controlled trial 

• Randomized 100 delirium-free critically ill adults receiving sedatives to receive nocturnal 

(9:30 P.M. to 6:15 A.M.) iv dexmedetomidine (0.2 mg/kg/h, titrated by 0.1 mg /kg/h 

every 15 min until a goal RASS score of -1 or maximum rate of 0.7 mg/kg/h was reached) 

or placebo until ICU discharge

• During study infusions, all sedatives were halved; opioids were unchanged

• Delirium was assessed using the Intensive Care Delirium Screening Checklist every 12 

hours throughout the ICU admission



40 (80%) of 50 patients] vs. 
placebo [27 (54%) of 50 
patients]; relative risk, 0.44; 95% 
confidence interval, 0.23–0.82; P 
= 0.006



Nutrition in ICU 

• Nutritional status monitoring, time to 

initial EN, calories, and target 

requirements are associated with 

positive effects on the duration of 

mechanical ventilation 

• ESPEN guidelines suggest an energy 

requirement of 20-25 kcal/kg/day 

and 1.3 g/kg protein equivalents/day

ESPEN guidelines 2023
Koontalay A et al 2021



• Retrospective study 

• Aim – To study the association between nutritional provision and successful 

ventilator weaning

• Primary outcome – Optimal nutrition intake

• Clinical outcomes – Length of stay, mortality, disease severity and hospital cost

• N = 326, 161 were extubation success, 161 – extubation failure 



• The successful extubation group consisted of patients who tended towards IBW 

during the weaning process (BMI 23.9 ± 5.0 versus 22.7 ± 4.8 kg/m2, p< 0.001)

• Patients of successful extubation received significantly more calories and protein 

after weaning (23.8± 7.8 kcal versus 27.8 ± 9.1 kcal, p< 0.001 and 0.97 ± 0.36 g 

versus 1.14 ± 0.42 g, p< 0.001)

• Successful weaning was associated with a higher survival rate (p= 0.016), 

shortened hospital stay (p= 0.001), and reduced medical costs (p< 0.001)



Post extubation 

• Laryngeal edema can lead to stridor and post-extubation respiratory failure 

• Risk factors include high cuff pressure, duration of ET intubation, excess ET 

secretions, difficult intubation, h/o self-extubation etc

• Studies showed the role of corticosteroids (MPS) 4-12 hrs before extubation in at-

risk patients 

• Doing cuff leak test for at-risk patients can be helpful 

Wouter A et al Crit Care 2015
Francis et al 
Cheng et al 



Copyrights apply

Effect of post extubation HFNC vs NIV on 
reintubation and postextubation RF in high risk 
patients – Hernandez et al JAMA 2016

Effect of post extubation NIV with active 
humidification vs HFNC on reintubation in patients 
at very high risk for extubation failure – Hernandez 
et al ICM 2022

Study Multicentre RCT, 3 ICU in spain RCT in 2 ICUs in spain 

Population N = 604 N = 182 

Intervention &
Comparison

NIV – 314, HFNC - 290 
SBT with either t-tube or PSV 7/0 for 30-120 min
(Low HF, high surgical pts in HFNC) spo2 target 
<92%

NIV – 92, HFNC – 90
SBT with PSV 7/0
Spo2 target >92%, Heart disease,copd,pts with >2 
comorbidities, more surgical pts in HFNC grp

Inclusion Criteria Adult pts receiving MV >12 hrs, ready for 
scheduled extubation

Pts receiving MV ≥ 24 hrs, ready for scheduled 
extubation

Primary Outcome Reintubation within 72 hrs – 60(19.1%) in NIV vs 
66(22.8%) in HFNC group (Diff -3.7%, CI -9.1 to ∞)
Post extubation RF – 125(39.8) vs 78(26.9) [diff 
6.6 to ∞) reaching noninferiority threshold(10)

Reintubation within 7 days – 21 (22.8%) in NIV vs 35 
(38.9%) in HFNC [Diff -16, CI-29.2 to -0.3, p=0.019]

Secondary 
Outcomes

Median ICU length of stay after randomization – 4 
vs 3 days (NIV vs HFNC) p=0.048
Adverse events – more in NIV – 135(43) vs 0 
(p=.001)
Mortality, VAP, time to reintubation – similar

ICU LOS – 9.5d vs 12.5, D=3,p=0.047
Intolerance to therapy – 19(20.7%) vs 8(8.9), p=0.02
Post extubation RF,VAP, Hospital LOS, ICU and hosp 
mortality, time to reintubation – Similar 



• 32 RCTs entered the quantitative analysis (5063 patients)

• Extubation failure (primary outcome), as defined by re-intubation secondary to 

post-extubation RF in a time interval varying from 48 h to 7 days

• Randomisation for COT or one type of NRS (i.e. CPAP, NIV or HFNO)





Summary 

Patient on mechanical ventilation 

Daily screening to assess readiness to wean 
Categorization into group 1, 2, 3 

Group 1 – Simple 
weaning 

Difficult and prolong 
weaning 

Find out causes – 
Respiratory/Cardiac/Neuromuscular/Psychological/Nut
ritional 

Cause-specific treatment 

SBT 

Extubation

Post extubation 
Steroids in laryngeal edema

NIV/HFNC 
Newer modes in difficult weaning
BNP and PLR role in cardiac cause
Address delirium, early 
mobilization, adequate nutrition 



Thank you !


	Default Section
	Slide 1: Difficult Weaning – Pathophysiology and Management 
	Slide 2
	Slide 3: Problem statement
	Slide 4: Definitions
	Slide 5: Definitions
	Slide 6
	Slide 7: Classification of patients according to the weaning process
	Slide 8: Epidemiology
	Slide 9: Epidemiology
	Slide 10: Process of weaning 
	Slide 11
	Slide 12
	Slide 13
	Slide 14: Pathophysiology of difficult weaning

	Pathophysiology of difficult weaning
	Slide 15: Pathophysiology 
	Slide 16: Increase respiratory workload
	Slide 17: Decrease respiratory capacity
	Slide 18
	Slide 19
	Slide 20: 1)Respiratory causes - 
	Slide 21: Management of respiratory causes 
	Slide 22: Patient-ventilator dyssynchrony
	Slide 23: Patient-ventilator dyssynchrony
	Slide 24
	Slide 25: Primary outcome - AI
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30: PHYSIOLOGICAL CHANGES IN OBSTRUCTIVE AIRWAY DISEASES RELEVANT TO MECHANICAL VENTILATION
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41: Cardiac Dysfunction 
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47: Neuromuscular causes 
	Slide 48: Pathways involved in the occurrence of diaphragm weakness in critically ill patients
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53: Neuromuscular weakness – Prevention 
	Slide 54: Psychological dysfunction 
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63: Nutrition in ICU 
	Slide 64
	Slide 65
	Slide 66: Post extubation 
	Slide 67
	Slide 68
	Slide 69
	Slide 70: Summary 
	Slide 71


