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Abstract: Weaning or liberation from mechanical ventilation is a phase of transition from total ventilator
support to spontaneous breathing. The aim of this study was to compare the effects of pressure support (PS),
continuous positive airway pressure (CPAP) and T-Piece trials on mean arterial pressure, respiratory rate,
arterial blood gases and successful extubation. In this prospective, observational study, 75 consecutive
patients requiring mechanically ventilation for > 48 hours were considered eligible for this study. Patients were
randomly divided into three groups (PS: n= 35, T-Piece: n= 30, CPAP: n= 10). Group PS received a PS of 7-10
cmH 0 and PEEP of 5 cmH 0with FiO  0.4, Group T-Piece on 40% venturi and Group CPAP received PEEP of2 2 2

5 cm H O with FiO  0.4. Mean arterial pressure, respiratory rate and arterial blood gas analysis to assess pH,2 2

PaO  and PaCO  was documented at 30 minutes and 120 minutes of spontaneous breathing trial (SBT) and also2 2

after 120 minutes post extubation. Patients were on constant monitoring for the next 24 hours, to assess the
success of extubation. Conclusion: From our study, it was concluded that mean arterial pressure, respiratory
rate, pH, PaO , PaCO , rate of extubation and reintubations were comparable amongst the 3 methods of weaning2 2

and there was no significant difference between the effects of pressure support (PS), continuous positive
airway pressure (CPAP) and T-Piece trials on the observed parameters(p>0.05).

Key words: Weaning   Pressure  Support   Continuous  Positive Airway Pressure  T- Piece  Mean
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INTRODUCTION studies on weaning have been conducted using

The weaning or liberation process is an important ventilation [7]. In these studies, readiness to wean has
phase which may require up to 50% of the total duration been assessed by an initial 2 hours T-piece trial and the
of mechanical ventilation [1]. It is important to identify the patients who tolerate this trial are extubated whereas
right time to initiate the weaning process and extubate a those failing this trial are randomized to different weaning
patient, since reintubation after early extubation is often methods. The reintubation rates of the initial spontaneous
associated with an increased risk of mortality and breathing  trials  (SBTs)  have  ranged  from  10  to  20%
morbidity [2 - 4]. Also, an unnecessary delay in extubating [6-9]. It is generally accepted that a spontaneous
a patient who has successfully weaned may increase breathing trial (SBT), performed with pressure support
morbidity and mortality due to complications associated (PS), continuous positive airway pressure (CPAP) alone
with prolonged mechanical ventilation [5, 6, 9]. Some of or a T-Piece is the best way to assess whether the patient
the major factors associated with weaning outcome are is able to breathe and maintain the vitals on his or her own
resolution of the precipitating illness, presence of before extubation [1, 10, 11]. We aimed at evaluating the
comorbid illnesses, cause of acute respiratory failure, effects of pressure support (PS), continuous positive
protocol and the method of weaning. Among these, the airway pressure (CPAP) and T-Piece trials of weaning in
method  of  weaning  is  an  important  variable   because relation with the respiratory rate, mean arterial pressure,
of  the potential  to  intervene.  Some  of  the major arterial blood gases and successful extubation.

spontaneous T-piece trials and pressure support (PS)
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MATERIALS AND METHODS to assess pH, PaO  and PaCO  were again documented.

This study was approved by the institutional review hours, to assess the success of extubation. All adverse
board and departmental dissertation committee of events were dealt appropriately.
Symbiosis Institute of Health Sciences, Pune. This
prospective, observational study enrolled 75 adult Statistical Analysis: Qualitative data were described by
patients who were intubated and ventilated for more than percentage distribution. Comparison of quantitave
48 hours for various causes, during July 2012 to February variables among three categories of weaning techniques
2013. All hemodynamically and clinically stable patients were done by analysis of variance (ANOVA). There were
who were more than 18 years of age, receiving mechanical 41 male (54.7%) and 34 female (45.3%) patients. The
ventilation (MV) support in the intensive care unit (ICU) average age was 47.8±16.3 and age ranged from 19 to 74
for different causes, assessed for readiness by critical care years. Average age was 47.8±16.3 and age ranges from 19
physicians for undergoing weaning and extubation trial to 74 years. 8.0% of the cases were in the age group of
were included in the study. Patients with do not <25 years and 18.7 % were in >65 years of age group.
resuscitate (DNR) status, mechanical ventilation Since the aim of the study was to evaluate the effects of
requirements <48 hrs, order not to reintubate and less different weaning criteria’s, the datas were collected at 30
than 18 years of age were excluded from the study. All minutes and 120 minutes of initiation of trial and if
patients were monitored with all vital parameters like extubated, 120 minutes post extubation reassessment of
respiratory rate, heart rate, pulse oximetry, the same values again as described in the methodology.
electrocardiography and arterial blood pressure. Reintubation cases in 24 hours of extubation were also

Study Protocol: All intubated patients on mechanical Pressure (mmHg). 2) Respiratory Rate (breathes per
ventilation and ready for weaning were clinically minute). 3) Ph. 4) PaO  (mmHg). 5) PaCO  (mmHg). 6)
evaluated by the critical care physicians. Prior to weaning Extubation rate. 7) Reintubation rate.
from mechanical ventilation, the patient was ventilated on
either assist control (AC)/ synchronized intermittent Comparison of Mean Arterial Pressure (MAP): Average
mandatory (SIMV) mode of ventilation. During weaning MAP among CPAP, T piece and PS was 82.4 ± 7.6,
intervention, the patient’s mode of ventilation was 84.5±6.7 and 87.7±9.2 respectively at 30 minutes of Post
selected randomly, as per intensivist’s direction to SBT. MAP at 30 minutes post SBT were comparable
pressure support  mode  (7-10  cmH O)  with  a  PEEP  of among the three categories (p>0.05). Average MAP2

5 cmH O, CPAP of 5 cmH O or directly to T Piece with among CPAP, T piece and PS was 84.6 ± 8.8, 82.8 ± 8.6 and2 2

40% Venturi. The FiO  delivered via ventilator was 40%. 84.1 ±16.7respectively at 120 minutes of Post SBT. MAP2

The vitals were constantly monitored for any deterioration at 120 minutes post SBT were comparable among the three
and warning signs of weaning failure. Mean arterial categories (p>0.05). Average MAP among CPAP, T piece
pressure, respiratory rate and arterial blood gas analysis and PS was 80.2 ±11.0, 85.6±9.5 and 85.7± 11.2respectively
to  assess pH,  PaO   and  PaCO were    documented   at at 120 minutes of Post Extubation. MAP at 120 minutes2 2

30 minutes and 120 minutes of trial wean. Patients who post extubation were comparable among the three
met extubation criteria and the spontaneous breathing trial categories (p>0.05). 
for 120 minutes underwent an immediate extubation and
received post extubation care such as nebulization,
bronchial hygiene therapy, incentive spirometry,
encouraged coughing etc. oxygen was supplemented via
a facemask. The patients who were not tolerating
spontaneous breathing trials were reinstituted on assist
control mode or SIMV mode with pressure support.
Extubated patients were constantly monitored for any
adverse events and all vitals were charted. Deterioration
in patient status/ warning signs were informed and
appropriate actions including reintubations were
performed. At 120 minutes post extubation, mean arterial
pressure, respiratory rate and arterial blood gas analysis

2 2

Patients were on constant monitoring for the next 24

noted. The analyzed parameters were: 1) Mean Arterial

2 2

CPAP T piece PS
------------- ------------- --------------

MAP Mean SD Mean SD Mean SD F P
30 minutes post SBT 82.4 7.6 84.5 6.7 87.7 9.2 2.19 0.12
120 minutes post SBT 84.6 8.8 82.8 8.6 84.1 16.7 0.1 0.9
120 minutes post Extubation 80.2 11.0 85.6 9.5 85.7 11.2 1.03 0.36
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Comparison of Respiratory Rate (RR): Average RR Comparison of PaO : Average PaO  among CPAP, T
among CPAP, T piece and PS was 21.8 ± 3.8, 20.1±3.2 and piece and PS was 116.5 ± 11.3, 112.3±15.4 and 117.3±11.8
20.1±3.4 respectively at 30 minutes of Post SBT. RR at 30 respectively at 30 minutes of post SBT. PaO  at 30 minutes
minutes Post SBT were comparable among the three post SBT were comparable among the three categories
categories (p>0.05). Average RR among CPAP, T piece (p>0.05). Average PaO  among CPAP, T piece and PS was
and PS was 20.8 ± 4.7, 19.6 ± 4.2 and 19.2 ±5.1 respectively 108.0 ± 10.7, 108.4 ± 15.1 and 107.9 ± 11.1 respectively at
at 120 minutes of Post SBT. RR at 120 minutes Post SBT 120 minutes of post SBT. PaO at 120 minutes post SBT
were comparable among the three categories (p>0.05). were comparable among the three categories (p>0.05).
Average RR among CPAP, T piece and PS was 20.3 ±8.3, Average PaO  among CPAP, T piece and PS was 93.7 ±6.8,
21.5±4.3 and 20.6± 4.6 respectively at 120 minutes of post 102.9±12.1 and 100.0± 9.7 respectively at 120 minutes of
extubation. RR at 120 minutes post extubation were post extubation. PaO  at 120 minutes post extubation were
comparable among the three categories (p>0.05). comparable among the three categories (p>0.05). 

CPAP T piece PS CPAP T piece PS
------------- ------------- -------------- ------------- ------------- --------------

RR Mean SD Mean SD Mean SD F P PaO Mean SD Mean SD Mean SD F P
30 minutes post SBT 21.8 3.8 20.1 3.2 20.1 3.4 1.1 0.34 30 minutes post SBT 116.5 11.3 112.3 15.4 117.3 11.8 1.2 0.31
120 minutes post SBT 20.8 4.7 19.6 4.2 19.2 5.1 0.43 0.65 120 minutes post SBT 108.0 10.7 108.4 15.1 107.9 11.1 0.01 0.99
120 minutes post Extubation 20.3 8.3 21.5 4.3 20.6 4.6 0.33 0.72 120 minutes post  Extubation 93.7 6.8 102.9 12.1 100.0 9.7 2.64 0.08

Comparison of pH: Average pH among CPAP, T piece piece and PS was 38.0 ±12.4, 42.4±3.5 and 41.2±2.7
and PS was 7.39 ±.03, 7.39±.03 and 7.39±.03 respectively respectively at 30 minutes of post SBT. PaCO  at 30
at 30 minutes of Post SBT. pH at 30 minutes post SBT minutes post SBT were comparable among the three
were comparable among the three categories (p>0.05). categories (p>0.05). Average PaCO  among CPAP, T piece
Average pH among CPAP, T piece and PS was 7.41 ±.05, and PS was 41.6 ± 5.7, 43.2 ± 4.2 and 52.5 ±2.3 respectively
7.38 ±.04 and 7.38 ±.04 respectively at 120 minutes of post at 120 minutes of post SBT. PaCO  at 120 minutes post
SBT. pH at 120 minutes post SBT were comparable among SBT were comparable among the three categories
the three categories (p>0.05). Average pH among CPAP, (p>0.05).Average PaCO  among CPAP, T piece and PS
T piece and PS was 7.39 ±.05, 7.39±.05 and 7.39±.04 was 41.7 ±7.1, 42.8±5.1 and 41.4± 3.9 respectively at 120
respectively  at  120  minutes  of  post extubation. pH at minutes of post extubation. PaCO  at 120 minutes post
120 minutes post extubation were comparable among the extubation were comparable among the three categories
three categories (p>0.05). (p>0.05).

CPAP T piece PS
------------- ------------- --------------

pH Mean SD Mean SD Mean SD F P
30 minutes post SBT 7.39 .03 7.39 .03 7.39 .03 .043 .958
120 minutes post SBT 7.41 .05 7.38 .04 7.38 .04 1.681 .193
120 minutes post  Extubation 7.39 .05 7.39 .05 7.39 .04 .012 .988

2 2

2

2

2

2

2

2

Comparison of PaCO : Average PaCO  among CPAP, T2 2

2

2

2

2

2

CPAP T piece PS
------------- ------------- --------------

PaCO Mean SD Mean SD Mean SD F P2

30 minutes post SBT 38.0 12.4 42.4 3.5 41.2 2.7 2.63 0.08
120 minutes post SBT 41.6 5.7 43.2 4.2 52.5 62.3 0.49 0.62
120 minutes post Extubation 41.7 7.1 42.8 5.1 41.4 3.9 0.64 0.53
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Analysis of Extubation: 90.0%, 86.7% and 91.4% of the be comparable and were statistically not significant
CPAP, T piece and PS got extubated after 120 minutes of (p>0.05).    Amongst   the  hemodynamic  parameters,
SBT respectively. The observed difference was not mean arterial pressure (MAP) during various time
statistically significant (p>0.05). intervals (30 minutes of post SBT, 120 minutes of post

Technique of wean
Extubation --------------------------------------------------------
after s CPAP T piece CPAP Total
120 minute --------- ----------- ----------- -------------
of SBT N % N % N % N %
Yes 9 90 26 86.7 32 91.4 67 89.3
No 1 10 4 13.3 3 8.6 8 10.7
Total 10 100 30 100 35 100 75 100

Analysis of Reintubation: 33.3%, 11.5% and 15.6% of
CPAP, T piece and PS group got reintubated in 24 hours.
The observed difference was not statistically significant
(p>0.05)

Technique of wean
--------------------------------------------------------
CPAP T piece CPAP Total
------------ ----------- ----------- -------------

Reintubation N % N % N % N %
Yes 3 33.3 3 11.5 5 15.6 11 16.4
No 6 66.7 23 88.5 27 84.4 56 83.6
Total 9 100.0 26 100.0 32 100.0 67 100.0

RESULTS

The analysis of successful extubation is done by
percentage difference and is found to  be  comparable.
The  difference  observed  was  not  statistically
significant (p>0.05). The arterial blood gas analysis
variables (pH, PaO  and PaCO ) during different time2 2

intervals (30 minutes of post SBT, 120 minutes of post
SBT and 120 minutes of post extubation), were found to

SBT and 120 minutes of post extubation), were found to
be comparable and were statistically not significant
(p>0.05). The respiratory rate during different time
intervals (30 minutes of post SBT, 120 minutes of post
SBT and 120 minutes of post extubation), were also found
to be comparable and were statistically not significant
(p>0.05).

DISCUSSION

Mechanical Ventilation (MV) is commonly used as a
life saving measure for patients suffering from various
medical conditions that result in respiratory failure, as well
as in post-operative recovery cases. Due to its numerous
adverse effects, MV should be discontinued as soon as
the patient can maintain spontaneous breathing with an
adequate gas exchange [1,10-13]. Weaning or liberation
from MV represents the period of transition from total
ventilatory support to a spontaneous breathing. Different
techniques can be used to wean patients from
mechanically ventilation [1, 11, 12]. Successful, timely
weaning and extubation has a considerable effect on the
ultimate patient outcome [11, 12, 14, 15]. Weaning may be
influenced by the underlying disease [12]. It is also
understood, that the need for reintubation itself is also a
marker of the severity of the underlying illness. From the
available data in the literature review, the rate of
reintubation ranges from 4 to 19 % [10, 12, 16]. The
process of liberation or weaning depends on the
clinician’s judgment that a patient may be able to tolerate
a reduction of ventilatory support [1, 10, 17, 18, 19]. At
that point, there are several options for a decreasing
support, some of which may be superior to others. The
most popular method in practice is T-piece trial. Esteban
et al. [17] compared 2 hours trial of unassisted breathing
using PS of 7 cm H O vs. a T-piece. A smaller proportion2

of patients in the PS group (14 %) failed to tolerate the
weaning and to achieve extubation at the end of the 2
hours trial than in the T-piece group (22 %). Of those
patients who were extubated, 38 in the PS group and 36 in
the T-piece group required a reintubation. The results of
the second largest trial, by same author have suggested
a possible advantage of PS over T-piece trial of
spontaneous breathing. Esteban et al. [6] found that 22 %
of 246 patients failed a T-piece weaning trial and of the
192 who were extubated, 19 % required a reintubation.
Whereas  another  study  of Jones et al. [20] found that 
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only 4 % of 52 patients underwent weaning with T-piece i.e. T-piece, PS and CPAP. Now a days, new technologies
trial were not extubated and of those who are extubated, like closed loop weaning systems, artificial intelligent
only 4 % of 50 patients required reintubation. In another weaning etc are proving to be useful in the enhanced
study, Esteban et al. [8] conducted a T-piece trial of an weaning process. Though these technologies provide
unassisted breathing in 546 patients and only 130 of had significant help in the process of weaning by
respiratory distress during a 2 hours T-piece trial. automatically reducing the ventilator support and by
Brochard et al also found that a large number of patients indicating the optimal window to disconnect the patient
have tolerated 2 hours T-piece trial of unassisted from the ventilator, it should not replace the clinical
breathing and out  of  456  patients  who  underwent  the criteria and clinical judgement regarding liberation
T-piece trial, only 109 had been unable to tolerate process.
spontaneous breathing [7]. Vallverdu et al. [9] concluded
that well supported 2 hours T-piece weaning had a REFERENCES
favorable outcome in extubation of patients with COPD.
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