
Weaning from 
mechanical ventilator 

Ṏ ứ
HQIC₇
ү їῐ ∂ Ṷ
ү ≡ Ғ Ṷ
ốּר ᾎϢốּר
₇ Мї ѻԉ

Ғ Ὑ



ẻᵮᵂӣҳḔ

Four steps

ïExchange between air 

and lungs

ïExchange between lungs 

and blood

ïTransport in blood

ïExchange between blood 

& cells





DEMANDS
ÅPressure loads

Ź CLT ἤ
ŷ RAW  ẻᵮ  ϩ
ÅVentilation loads

ŷ VA (ŷ VCO2 VO2 )

ŷ VD

ÅImposed load

CAPACITY
ÅNeural drive

ÅMuscle function

Åstrength

Åendurance

Respir Care 2013;58(6):1074 ς1082.



Days of weaning vs. ICU mortality

Penuelas et al.  Am J Respir Crit Care Med 2011; 184:430ς437



ESRDҧ the mortality risk after a 1-MV, but long-term survival seemed similar

Elderly, Medical pts, MOFhad a worse outcome



Chih-Cheng Lai, Chung-Han Ho, Kuo-Chen Cheng, Chien-Ming Chao, Chin-Ming Chen, Willy Chou

World J Gastroenterol 2017 March 28; 23(12): 2201-2208

Cryptogenic LCNon-cryptogenic LC (as HBV, HCV related)

LC, especially non-cryptogenic LC, significantly ŷthe risk of 

death after a 1-MV.

Cryptogenic LC



Weaning failure Vs. ICU mortality

CurrOpinCritCare 2013, 19:57ς64



Medicine (2016) 95:41(e4852)

6583patients were enrolled and 403 patients (6.1%) had extubationfailures.

The overall in-hospital mortality rate was 11.3%.



Course of Mechanical 
Ventilation

CurrOpinCritCare 15:36ς43
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279 cases receiving mechanical 

ventilation for at least 24 hrs

The weaning process occupying up to 50% of its total duration
Chest 1994; 106: 1188ς1193



Ventilator weaning

1. Treatment of cause of acute respiratory failure

2. Assess readiness to wean/ Spontaneous breathing 
trial (SBT: T-piece, low PSV, CPAP) 

3. SBT trial comparison & how long?

4. Weaning Index /Protocol

5. Post-extubation : NIV/HFNC for Weaning? 
Steroids?

6. Weaning Experiences from Chi -Mei Medical 
Center



NEJM 2012:367;2233-2239



Treatment strategies in ICU

ÅPossible infection survey & treatment

ÅDynamic assessment of fluid 
responsiveness into EGDT

ÅConservative fluid therapy

ÅLung protective strategy in ARDS

ÅLight sedation

ÅEarly mobilization



Treatment of cause of acute 
respiratory failure



TO SAVE LIVES.....

Early fluid resuscitation 

Early identification 

Early antibiotics



Kumar et al. CCM. 2006:34:1589-96.
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cumulative antibiotic initiation

Cumulative Initiation of Effective Antimicrobial 
Therapy and Survival in Septic Shock



CritCare Med 2017; 45:1538ς1545

CVP, MAPPLR, PPV, SVV



Medicine (2019) 98:8(e14453)

lactate clearance 

(>10%/6h) 
superior to ScvO2(>70%)

in-hospital mortality



Items Survivor(n=118) Non-survivor(n=46) Ǉ ǾŀƭǳŜϞhw όфр҈ /Lϟύ p value*

After Bundle intervention 87(73.7%) 22(47.8%) 0.007 0.256(0.101~0.647) 0.004

Lactate Clearance >10% 92 (78%) 26 (56%) 0.006 0.340(0.132~0.873) 0.025

Urinary tract infection 42(35.6%) 5(10.9%) 0.002 0.280(0.084~0.938) 0.039

APACHE II scores 21.5ǰ7.7 28.3ǰ8.1 <0.001

TISS scores 27.0ǰ6.9 31.8ǰ8.9 0.002

Coma scales 10.2ǰ3.6 7.8ǰ4.0 <0.01

Intra-abdominal infection 5(4.2%) 9(19.6%) 0.002

Ventilator use 80(67.8%) 45(97.8%) 0.002

:
>10%(ICU >10%) ǯ



Date of download:  4/11/2020
Copyright 2019 American Medical Association. 

All Rights Reserved.

From: Effect of a Resuscitation Strategy Targeting Peripheral Perfusion Status vs Serum Lactate Levels on 28 -

Day Mortality Among Patients With Septic Shock: The ANDROMEDA -SHOCK Randomized Clinical Trial

JAMA. 2019;321(7):654-664. doi:10.1001/jama.2019.0071

normalization of capillary refill time vs a strategy 

targeting serum lactate levels (no difference)



CHEST 2009; 136:102ï109

Both early goal-directed and late conservative 
fluid management can influence patient outcomes



Å The mortality rate of severe 
influenza patients admitted to 
the ICU was high (26.4%), 

Å A negative fluid balance 
associated with better survival



Comparison of Two Fluid -Management
Strategies in Acute Lung Injury

ÅFigure 3. Probability of Survival 
to Hospital Discharge and of 
Breathing without Assistance 
during the First 60 Days after 
Randomization.

N Engl J Med 2006;354:2564-75.

Conservative strategy: Improved 

ventilator & ICU free days within 

28 days(p<0.001)

NEJM 2006 Jun 15;354(24):2564-75



Mortality* - Low vs Traditional Tidal Volume
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P=0.007

* death before 
discharge home 
and breathing without 
assistance

Mechanical Ventilation of Sepsis-

Induced Acute Lung Injury (ALI)/ARDS

ARDSNet. N Eng J Med 2000;342:1301-1308.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10793162


The Cochrane Library 2013, Issue 2

Mortality is lower with LPS for ARDS



Sedation Goal in ICU Patients1

ÁLight Sedation (RASS -2 to +1) vs. Deep Sedation (RASS < -3)?

ςThe 2013 guidelines suggested targeting light levels of sedation or using daily 
awakening trials, andminimizing BZDs to improve short-term outcomes

27ANA-AM-1908-14

Time to extubation (3 RCTs, 453 patients)

Study or subgroup Mean difference (IV, random, 95% CI)

Treggiari 2009 -2.60 (-5.51, 0.31)

Shehabi 2013 0.02 (-1.38, 1.42)

Bugedo 2013 -1.00 (-2.79, 0.79)

Total (95% CI) -0.77 (-2.04, 0.50)

Time to extubation (3 observational studies, 1524 patients)

Study or subgroup Mean difference (IV, random, 95% CI)

Shehabi 2012 -5.30 (-5.89, -4.71)

Shehabi 2013 -2.47 (-4.12, -1.36)

Balzer 2015 -2.30 (-2.65, -1.95)

Total (95% CI) -3.46 (-5.70, -1.23)

Tracheostomy rate (1 RCT and observational study, 452 patients)

Study or subgroup Risk ratio (IV, random, 95% CI)

Treggiari 2009 0.73 (0.17, 3.12)

Tanaka 2014 0.57 (0.40, 0.80)

Total (95% CI) 0.57 (0.41, 0.80)

Light sedation was not associated with reduction in:
- Delirium (2 RCTS, 140 patients), RR 0.96 (95% CI, 0.80 

to 1.16)
- PTSD (2 RTCs, 62 patients), RR 0.67 (95% CI, 0.12 to  

3.79)
- Depression (2 RCTs, 128 patient), RR 0.76 (95% CI, 

0.10 to 5.58)

Favours(experimental)    Favours(control)

-10                      -5                     0 (day) 5                      10

1. CritCare Med. 2018 Sep;46(9):e825-e873. (2018 PADIS Guidelines)

FavoursLightsedation      FavoursHeavysedation

0.1         0.2              0.5          1             2                5             10

-10                    -5                        0 (day) 5                       10

FavoursLS FavoursHS



Non-BZD: First Choice of Sedative

ÅPropofol can reduce 1.4 hr to extubation 
versus BZDs

ÅPropofol can achieve light sedation 52 
min faster than BZDs

Cardiac Surgery
(Propofol > BZD)

ÅPropofol can reduce 11.6 hr to 
extubation versus BZDs

ÅPropofol can achieve light sedation 7.2 hr
faster than BZDs

Noncardiac Surgery
(Propofol, Dexmed. > BZD)

28
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Time to extubation (7 RCTs, 409 patients)

Study or subgroup Mean difference (IV, random, 95% CI)

Grounds 1987 -3.35 (-4.10, -2.60)

Snellen 1990 -1.48 (-3.28, 0.32)

McMurray 1990 -1.93 (-2.26, -1.60)

Roekaerts 1993 -2.35 (-3.92, -0.78)

Searle 1997 -0.07 (-0.71, 0.57)

Dowd 2001 -0.30 (-1.11, 0.51)

Ling 2008 -0.80 (-1.00, -0.60)

Total (95% CI) -1.41 (-2.19, -0.64)

Time to light sedation (2 RCTs, 70 patients)

Study or subgroup Mean difference (IV, random, 95% CI)

Snellen 1990 -42.00 (-78.82, -5.18)

Rorkaerts 1993 -61.00 (-96.65, -25.35)

Total (95% CI) -51.80 (-77.42, -26.19)

Time to extubation (10 RCTs, 423 patients)
Study or subgroup Mean difference (IV, random, 95% CI)

Boeke 1989 -76.20 (-109.59, -42.81)

Clarke 1991 -3.54 (-11.23, 4.15)

Carrasco 1993 2 -13.10 (-15.36, -10.84)

Costa 1994 -5.20 (-5.65, -4.75)

Barrientos-Vega 1997 -63.10 (-86.70, -39.50)

Hall 2001 2 -23.90 (-49.91, 2.11)

Hall 2001 3 -38.40 (-73.18, -3.62)

Mesnil 2011 -4.57 (-10.58, 1.44)

Srivistava 2014 0.35 (0.30, 0.41)

Zhou 2014 -42.00 (-52.67, -31.33)

Total (95% CI) -11.60 (-15.62, -7.58)

Time to light sedation (10 RCTs, 357 patients)
Study or subgroup Mean difference (IV, random, 95% CI)

Carrasco 1993 2 -1176.00 (-1373.44, -978.56)

Carrasco 1993 Not estimable

Carrasco 1993 3 -3174.00 (-3632.15, -2715.85)

Chamorro 1996 2 -210.00 (-355.22, -64.78)

Chamorro 1996 -50.00 (-63.07, -36.93)

Weinbroum 1997 -60.0 (-71.53, -48.47)

Sanchez 1998 -550.00 (-778.43, -321.57)

Sandiumenge 2000 -227.00 (-592.05, 138.05)

Mesnil 2011 -168.90 (-249.86, -87.94)

Zhou 2014 -3390.00 (-4334.52, -2445.48)

Total (95% CI) -433.50 (-534.47, -332.52)

Favourspropofol FavoursBZD
-4             -2              0 (hr)       2              4

Favourspropofol FavoursBZD
-100           -50               0 (min)    50             100

Favourspropofol FavoursBZD
-100               -50                   0 (hr)           50                100

-1000             -500                  0 (min)        500               1000
Favourspropofol FavoursBZD

CritCare Med. 2018 Sep;46(9):e825-e873. (2018 PADIS Guidelines)



ICU rehabilitation



Mobility Is Medicine

ANA-AM-1908-14
30

Endothelium
function

Neuromuscular 
integrity

CVfunction

Sugar 
homeostasis

Chronic  
inflammation

Depression





32

SCI, IF:3.289, 5/65

Correspondence author
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Early rehabilitation for COPD pts in the ICU with ARF is associated withŹ MV duration

(SCI, IF: 2.275, *correspondence author, 39/60)


















































