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 Clinical assessment 

-Breathing pattern (control of breathing) 
-Resp system mechanics 
-Resp µ work 
-Gas exchange 
-Cardiovascular performance 
-Upper airway protection 
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                    %                               1998 (n=780)      2004 (n=869)     P 

SBT extubation readiness              58                    62                 0.09 
Extubation after 1st SBT                62                    77               <0.001 
SBT T-piece                                     76                    71                 0.07 
SBT low PSV                                   10                    14                 0.06 



Table 

VARIABLE 

GROUP 
Simple 

Weaning 
n=58 (61%) 

Difficult 
Weaning 

n=21 (22%) 

Prolonged 
Weaning 

n=16 (17%) 

ANOVA 
(p) 

Age (years) 63±15 64±12 67±10 0,43 

SAPS II 49±20 51±18 44±16 0,50 

TMV (days) 6±5 10±8 21±17 <0,001b, c 

ICU length of stay 
(days) 10±7 17±13 24±15 <0,001a, b 

REIOT rate 4 (7%) 4 (19%) 8 (73%) <0,001b, c 

Tracheotomy rate 2 (3%) 2 (10%) 8 (50%) <0,001 b, c 

ICU mortality 2 (3%) 1 (5%) 6 (38%) <0,001 b, c 

Halted weaning process 13 (22%) 4 (19%) 10 (63%) <0,004 b, c 
a Statistical significance between simple and difficult weaning  
b Statistical significance between simple and prolonged weaning 
c Statistical significance between difficult and prolonged weaning 
SAPS II: Simplified acute physiology score, TMV: Total mechanical ventilation, ICU: Intensive care unit, REIOT: Reintubation. 



Evaluating patients under MV 
Weaning: 

1. SCREENING PHASE: Patients are likely to breathe 
without the ventilator: underlying cause of respiratory 
failure improved (respiratory mechanics, gas exchange, 
hemodynamics). 
Predictive indexes or diagnostic tests (f/VT < 105). 

2. CONFIRMATORY PHASE: Withdraw ventilator 
(SBT ≤ 2h)/reduce assistance (PSV). 

3. Extubation, and spontaneous breathing wihout ETT. 
Aims: Withdraw as soon as possible 
           Avoid extubation failure 



Beginning End 

Screening T-piece (<2h) Extubation 
Extubation 

Clinical approach 

Predictors Techniques 



Diagnostic tests 

•  SCREENING 
•  Aim: Pick up as many 

cases of Dx+ as possible 
•  Suspicion: low 
•  Needs high SE (low FN 

results): a negative test 
rules out the Dx+. PID.  

•  CONFIRMATORY 
•  Aim:   To confirm the 

suspicion 
•  Suspicion: high 
•  Need high SP (low FP 

results): a positive test 
rules in the Dx+. NIH.   

Screening tests are tipically performed when the pretest probability  
of Dx+ (WS) is low. Should be quick and easy to perform. 

f/VT has a 97% SE and 64% SP. Corollary: it is extremely good to 
screen, but not sufficient to confirm. This is why clinicians 
undertake two diagnostic tests in sequence: f/VT and T-piece trial. 

Principles and practice of mechanical ventilation. 2nd ed. Tobin MJ, Ed. Mc Graw-Hill. 
New York, 2006 



SE = TP/TP+FN SP = TN/TN+FP 

Test f/VT 
(predictive index) 

Prevalence or Pretest probability = TP+FN/TP+FN+FP+TN 

Gold standard 

Principles and practice of mechanical ventilation. 2nd ed. Tobin MJ, Ed. Mc Graw-Hill. 
New York, 2006 



Post-test 
probability 
of successful 
outcome 

(Prevalence) 

Δ 100% 

Δ 34% 

Δ 12% 



119 episodes 
 MV (MICU) 

•  Improved/Resolved 
•  “Good” MS, no sedation 
•  T < 38 
•  f < 35 breaths/min 
•  SaO2 > 90% , FiO2 < .40 
•  Hemodynamics stable 
•  Hgb >10 

Extubated 

2 min T piece 

Success 
75 (63%) 

Reintubated 
44 (37%) 

Zeggwagh AA, et al. ICM 1999;25:1077-83 



   Esteban A, et al.AJRCCM;1999;159:512-8 

Median 15 min 
(15-29) 

Median 30 min 
(15-60) 
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25/69 (36%) failed after 30 min 

217 Patients: 69 failed/ 148 extub/ 23 reintub 

N=44; 12 copd, 28 arf, 
4 neurol 

N=8; 1copd, 7 arf 

N=7; 2copd, 5arf 

N=10; 5copd, 5arf 



Brochard L, et al. AJRCCM 1994;150:896-903 Esteban A, et al. NEJM 1995;332:345-50 

Probability of success over time: Rate of SW 
with a once daily SBT was 2.83 times higher 
than that with SIMV (p<0.006) and 2.05 
times higher than that with PSV (p<0.04). 

Factors explaining weaning duration: 
Etiology of the disease (COPD), p=0.01 and 
mode of ventilation (PSV), p=0.03 

5.7 vs 9.3 d 

3.4 vs 6.4 d 
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n=17 n=15 
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31 COPD patients 
A significant increase in Rinsp was found in WF patients. 
Why? 

-Increase in Vt/Ti. No, because increased by the same degree in 
WF and WS groups. 
-Decrease in lung volume. Unlikely, because PEEPi increased 
-Secretions. But both groups were equally suctioned before SBT 

It could be due to bronchoconstriction...but why only in WF? 



Mechanisms of SBT induced 
heart failure 

-Increased venous return. 

-Increased LV afterload. 

-Increased myocardial O2 demand (may 
cause ischemia if CAD exists). 
-Reduced LV compliance (DHF, ventricular 
interdependence). 
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15 COPD and cardiovascular disease 
Transition from CMV to SB significantly increased: Mean fall in 
Ppl swings, Cardiac index, Mean arterial blood pressure,  Heart 
rate, and Transmural PCWP (from 8 to 25 mmHg) 
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11 WS (5 COPD) and 8 WF (5 COPD) 

WF: O2 transport did not increase and O2 extraction increased 
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Cabello B, et al. ICM 2010; 36:1171-9  

Tolerance:               100%          11/14 (79%)    8/14 (57%)     0% 
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RCT: 43 assorted patients with persistent weaning failure 
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   Kress JP, et al. NEJM 2000;342:1471-7 

Daily SAT vs control on vent: 4.9 vs 7.3 days (p=.004) 
RCT of 128 MICU patients 



Spontaneous Awakening Trials (SAT) 

•  ICU stay 3 days less in SAT group (6.4 vs 
9.9 d, P=0.02) 

•  27% of control patients had diagnostic 
tests due to altered mental status vs. only 
9% of SAT group (P=0.02) 

Kress JP, et al. N Engl J Med 2000;342:1471-7 



Lancet 2010 



Parthasarathy S, Tobin MJ. AJRCCM 2002;166:1423-9 

Arousals and awakenings 
Sleep fragmentation, measured as number of arousals and awakenings, was 
greater during PSV than during ACV 79±7 vs 54 ±7 events/h, p=0.02 



Bosma KJ, et al. CCM 2007;35:1048-54 
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 De Jonghe B, et al. JAMA 2002;288:2859-67 

Patients under MV for at least of 7 days were screened daily for 
awakening (D1). Cohort study March 1999-June 2000 (5 ICUs). 
ICU acquired paresis: severe muscle weakness on D7 after 
awakening. 

Results: 95 patients achieved awakening, and 25% had ICUAP. 
Duration of MV after D1 longer in ICUAP patients compared 
to those w/o (18.2 vs 7.6 days, p=.03). 

Independent predictors of ICUAP: female, # days with 
dysfuction of 2 or more organs, duration of MV, and 
administration of corticosteroids.  
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Control group 

Rehab group 

















 Weaning: summary 

- Time course of weaning depends on a predefined clinical 
strategy. 
-In the majority of cases (~ 2/3), a progressive weaning is 
unnecessary. 
-Optimal withdrawal is based on a simple, rigorous, and 
reproducible strategy.  
-Clinical practice and organization may profoundly 
affect outcomes of both, the whole mechanical ventilation 
and the weaning process.   


