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Introduction: Prior researches have showed that weaning protocols may decrease the duration of
mechanical ventilation. The effect of these protocols on chronic obstructive pulmonary disease (COPD)
patients is unknown. The purpose of this study was to evaluate the impact of an extensive mechanical
ventilation protocol including weaning applied by a respiratory therapist (RT) on the duration of mechanical
ventilation and intensive care unit (ICU) stay in COPD patients.

Materials and methods: A novel mechanical ventilation protocol including weaning was developed
and initiated for all intubated COPD patients by a respiratory therapist. Outcomes of patients treated using
this protocol during a 6-month period were compared to those of patients treated by physicians without a
protocol during the preceding 6 months.

Results: A total of 170 patients were enrolled. Extubation success was significantly higher (98% vs. 78%,
P=0.014) and median durations of weaning, mechanical ventilation and ICU stay compared with time to
event analysis were significantly shorter in the protocol based group (2 vs. 26 hours, log rank P<0.001, 3.1 vs.
5 days, log rank P<0.001 and 6 vs. 12 days, log rank P<0.001, respectively). Patients who were successfully
extubated and patients in the protocol based group were more likely to have shorter ventilation duration
[HR: 1.87, 95% confidence intervals (CI): 1.13-3.08, P=0.015 and HR: 2.08, 95 % CI: 1.40-3.10, P<0.001
respectively].

Conclusions: In our center, a protocolized mechanical ventilation and weaning strategy improved weaning

success and shortened the total duration of mechanical ventilation and ICU stay in COPD patients requiring

mechanical ventilation.
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Introduction

Mechanical ventilation is a common procedure used to treat
patients with respiratory failure due to chronic obstructive
pulmonary disease (COPD). Although it is life saving, it
is invasive, expensive and associated with some serious
potential risks such as ventilator associated pneumonia,
ventilator induced lung injury, hemodynamic problems
and prolonged intensive care unit (ICU) stay. Therefore,
reducing the time patients spend on mechanical ventilation
will lead to improvements in patient care, decrease in

related complications and reduced costs.
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Prior research has demonstrated that the use of
standardized weaning protocols can shorten the duration of
mechanical ventilation (1-4). Assessing readiness to wean
and the choice of ventilator strategies and modes vary among
physicians, and protocols performed by non-physician
medical staff such as nurses and respiratory therapists (R15)
may reduce the total duration of mechanical ventilation and
ICU length of stay (5,6). However, these previous studies
were performed in mixed medical and surgical patient
populations and only evaluated the role of these protocols
during the weaning period. Furthermore, there is little data
evaluating the effect of implementing these protocols in
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difficult to wean patients such as COPD (7-9).

In 2011 January, our ICU recruited a RT and
implemented a mechanical ventilation and weaning
protocol. Prior to this date, the choice of ventilator mode
and approach to weaning was left to the discretion of
individual respiratory physicians. The aim of this study was
to evaluate the impact of this protocol on total duration
of mechanical ventilation and weaning, ICU stay, weaning
success rates and mortality in COPD patients.

Materials and methods

This cohort study was conducted in the 29-bed ICU of
a 450-bed teaching hospital specializing in pulmonary
diseases and thoracic surgery. The data of patients who
were managed before the implementation of the protocol
was collected retrospectively and compared with the
prospectively collected data of patients managed with a
protocol. We included all COPD patients who required
mechanical ventilation due to an exacerbation more than
48 hours. There was no change in the physicians, treatment
modalities and other medical staff working in the ICU
between the study periods. COPD diagnosis was made
according to the Global Initiative for Chronic Obstructive
Lung Disease criteria and confirmed by the medical
records of our hospital (10). Patients who needed advanced
ventilatory techniques (PEEP level greater than 10 cmH,O,
inverse ratio ventilation, airway pressure release ventilation,
prone positioning) at the beginning or during the follow
up period due to acute respiratory distress syndrome were
excluded in both intervention and control groups due to
the incompatibility with the protocol and the exceptional
nature of the disease. Patients with a tracheostomy, who
were ventilated shorter than 48 hours, patients with a cause
of ICU admission different from COPD exacerbation and
patients who were under home mechanical ventilation
support were also excluded. The study was approved by
the institutional review board (number: 298) and written
informed consent was obtained from the patients and/or
next of kin.

Protocol-based group

A full time RT was assigned to work in the ICU in January
2011. From that time, a novel protocol-based mechanical
ventilation and weaning protocol for our center was
developed and pilot tested. After some adjustments, the
protocol was initiated for all intubated COPD patients.
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When an intubated patient was admitted to the ICU
or a patient was intubated during ICU stay, the RT set
the following parameters and settings: Assisted pressure
controlled mode, inspiratory pressure titration to achieve
a tidal volume (Vt) of 6-8 mL/kg, minimum respiratory
frequency (f) of 15 breaths/min, 3-5 cmH,O of positive end
expiratory pressure (PEEP), flow triggering at minimum
level but avoiding auto-triggering, inspiratory time (Tinsp)
set to maximum 1.5 seconds and fractional inspired oxygen
concentration (FiO,) titrated to achieve an arterial oxygen
saturation (Sa0O,) greater than 90% (11). The patients
were evaluated at least two times a day and manipulations
in Tinsp, f or both were done to achieve a partial arterial
carbon dioxide pressure (PaCO,) lower than 50 mmHg
and a pH value greater than 7.25. FiO, levels were
decreased gradually until 50%. Patients were assigned for a
spontaneous breathing trial (SBT) with a t-piece for 2 hours
when they met the following criteria: PaO,/FiO, >150,
PEEP <8 mmHg, Glasgow coma score (GKS) >8, number
of controlled breaths=0, number of patient triggered
breaths <35, pH >7.25 or PaCO, <50 mmHg, mean arterial
pressure 260 mmHg with no or low doses of vasopressors
(5 pg/kg/min), adequate cough for airway protection (10).
If the patients showed good tolerance with an acceptable
arterial blood gas analysis (pH 27.35, PaO,/FiO, >150 with
a FiO, <50%, f <35 breaths/min), they were extubated. If
signs of intolerance occurred (change in neurologic status,
f>35 breaths/min, pH <7.32, increase in PaCO, >10 mmHg,
heart rate >140 beats/min, systolic blood pressure >180
or <90 mmHg), patients were re-connected to the ventilator
and SBT was repeated the following day (11). If the patients
failed the SBT for three consecutive days, then they were
switched to pressure support ventilation and weaning was
continued by gradual reductions in pressure support level
until 7 emH,O is tolerated as described elsewhere (12,13).
If the patients tolerated the SBT with 7 ecmH,O of pressure
support for 2 hours (with the same tolerability criteria for
SBT with a t-piece as above) they were extubated.

Physician-directed group

Before January 2011, the choice of mechanical ventilation
mode was made by the physician’s individual preferences.
The most common preferred modes were assisted
volume controlled ventilation, synchronized intermittent
mandatory ventilation, pressure controlled ventilation and
pressure support ventilation. Weaning procedures were
also determined by the physician in charge of the patient.
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Table 1 Baseline characteristics of patients

Patient characteristics Protocol based (n: 73) Physician directed (n: 97) P
Age, years 71 [62-77] 65 [54-70] <0.001
Gender, M/F 56/17 74/23 1
APACHE I 19 [16-21] 16 [14-19] 0.001
pH* 7.22 [7.16-7.26] 7.23 [7.17-7.26] 0.92
PaCO,, mmHg* 88 [68-109] 90 [74-106] 0.77
Baseline PEEP, cmH,O 5 [5-6] 5 [5-6] 0.60

Data are expressed as median (IQR) or n [%]. APACHE, acute physiologic and chronic health evaluation; PaCO,, partial arterial

carbon dioxide pressure; PEEP, positive end expiratory pressure; *, the last arterial blood gas results before intubation.

Weaning criteria were not monitored daily and the assessing
readiness to wean and decisions for extubation were also
physician directed and performed according to subjective
criteria differing among physicians. Specific mechanical
ventilation and weaning protocols did not exist, but in
general physicians employed commonly recommended
procedures such as 2 hours of SBTs with t-piece or
7 cmH,O pressure support.

Definitions

Extubation success was defined as 48 hours independence
from mechanical ventilation (invasive or noninvasive). If
the patients could never reach the weaning period during
hospitalization (deterioration in the clinical status, death
etc.) they were classified as non-weaned for the primary
analysis. Duration of mechanical ventilation (MV) was
defined as the time from intubation until successful
extubation. Length of stay (LOS) in ICU was defined as
the time from intubation until ICU discharge. Weaning
duration was defined as the time from the beginning of the
first SBT (either with t-piece or pressure support) until
successful extubation.

Statistical analysis

Statistica 8.0 software (StatSoft Inc. Tulsa, USA) was used
for the analysis. Continuous variables were expressed as
medians with interquartile range (IQR) and categorical
variables were expressed as numbers with percentages.
Medians were compared by Mann Whitney U test and
frequencies were compared by Fisher’s exact test. Kaplan-
Meier curves with log rank test were used to compare
the time to successful extubation and liberation from

© Pioneer Bioscience Publishing Company. All rights reserved.

mechanical ventilation and time to ICU discharge. Patients
who died during ICU follow-up were censored in the
primary analysis; rates of deaths in both study periods
were compared as a secondary outcome. Cox proportional
hazards regression was used to adjust for other factors that
can affect MV duration and ICU length of stay. Results
were expressed as hazard ratio (HR) with 95 % confidence
intervals (Cls). A two sided P value of <0.05 was considered
as significant.

Results

Seventy three patients were enrolled in the protocol based
RT directed group and compared with 97 patients in the
physician directed group (7ible ). Patients in the protocol
based RT directed group were significantly older with a
significantly higher median APACHE II score. Weaning
success rates were comparable between the two groups
(72% vs. 68%, P=0.52). When the non-weaned patients
were excluded from the analysis, extubation success rate
was significantly higher (94% vs. 78%, P=0.014) in the
protocol based RT directed group. Mortality rates were
comparable between the two groups (1able 2). Time to
successful liberation from mechanical ventilation was
significantly shorter in the protocol based RT directed
group (Figure 1). MV duration until the first SBT (2.8
vs. 3 days, P=0.018), weaning duration (2 vs. 26 hours,
P<0.001), total MV duration (3.1 vs. 5 days, P<0.001)
and LOS in the ICU (6 vs. 12 days, P<0.001) were also
significantly shorter in the protocol based RT directed
group (Table 2, Figure 2). Overall, patients in the protocol
based group were more likely to become liberated from
mechanical ventilation when compared with the physician

directed group (unadjusted HR: 2.06 with 95% CI: 1.44-
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Table 2 Processes and outcomes during ICU stay
Patient characteristics Protocol based (n: 73) Physician directed (n: 97) P
Weaning outcome

Extubation success 53 [94] 66 [78] 0.014

Extubation failure 3 [6] 18 [22]

Non-weaned 17 [23] 13 [13] 0.07
MV duration until the first SBT, days 2.8[1.1-3.3] 3 [2-4] 0.018
Patients needed sedation 22 [30] 31 [32] 0.86
Weaning duration, hours 2 [2-24] 26 [20-72] <0.001
Total MV duration, days 3.1[1.7-4.2] 5[3-12] <0.001
LOS in ICU, days 6 [4-8] 12 [6-15] <0.001
ICU mortality 18 [25] 18 [19] 0.35

Data are expressed as median (IQR) or n [%]. APACHE, acute physiologic and chronic health evaluation; MV, mechanical
ventilation; SBT, spontaneous breathing trial; LOS, length of stay; ICU, intensive care unit; non-weaned, unable to be eligible for
weaning period; *, the last arterial blood gas results before intubation.
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Figure 1 Comparison of time to becoming successfully liberated
from mechanical ventilation between the protocol based RT
directed group and physician directed group by the Kaplan-Meier
method. Follow up was terminated at day 28. RT, respiratory

therapist; ICU, intensive care unit; MV, mechanical ventilation.

2.95, P<0.001) We included the a-priori specified variables
in a multivariable Cox-proportional hazard model to
evaluate the adjusted likelihood of becoming liberated
from mechanical ventilation. Age, APACHE II, PaCO,
and weaning outcome were selected as covariates for the
main effect model (purposeful selection). MV duration
until the first SBT, weaning duration and LOS in ICU were
significantly correlated with total MV duration so they were
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Figure 2 Comparison of length of ICU stay between the protocol
based RT directed group and physician directed group by the
Kaplan-Meier method. Follow up was terminated at day 28. RT,
respiratory therapist; ICU, intensive care unit; LOS, length of stay.

not included in the model. Model check using Kolmogorov-
Smirnov test was performed and all the variables included
in the model were normally distributed. There were no
colinearities between covariates. The only factors shortening
total MV duration was found as being in the protocol
based group (HR: 2.08, 95% CI: 1.40-3.10, P<0.001)
and extubation success (HR: 1.87, 95% CI: 1.13-3.08,
P=0.015) after adjusting for age, APACHE II and PaCO,
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levels just before intubation.

Discussion

This study suggests that the implementation of mechanical
ventilation and weaning protocol directed by a respiratory
therapist can reduce both weaning and total MV duration
and LOS in the ICU in COPD patients. The impact of the
RT directed protocol remained the same after adjusting for
some probable confounding factors such as age, APACHE
IT and PaCO,. Moreover, this kind of practice may improve
the weaning success rates in this patient group for whom
weaning can often be difficult and prolonged.

It is a well-known fact that intubation and mechanical
ventilation have some very important potential risks
in addition to obvious benefits. Ventilator associated
pneumonia, probably the most common complication
of intubation occurs at a rate of 1% to 3% per day of
mechanical ventilation (14). These complications lead to
increased costs and mortality in ICU patients. For this
reason, reducing the duration of MV and ICU stay has
always been an important aim for critical care physicians.

Selection of mechanical ventilation mode is often based
on clinician familiarity and institutional preferences since
there is a paucity of evidence indicating that choice of
mode affects clinical outcome. In an observational study
enrolling 412 ICUs in eight countries, the most commonly
used ventilator modes were assisted controlled ventilation,
synchronized intermittent mandatory ventilation, pressure
support ventilation and pressure controlled ventilation.
Tidal volumes were set around 8-9 mL/kg, respiratory rate
around 12-15 breaths/min and PEEP around 5 cmH,O (15).
There are studies reporting that this variety of decisions
made by physicians during follow up and weaning period
may lead to prolonged MV duration and ICU stay (16).
Therefore, we decided to use a standard ventilation mode
and weaning protocol for all patients.

Our findings are consistent with other studies that have
implemented weaning protocols. Tonnelier et 4/. reported
that a weaning protocol directed by nurses instead of
physicians resulted in a 6 days of shortening in MV duration
and ICU stay in a combined group of ICU patients which
included COPD patients. However, the improvements in
COPD patients did not reach statistical significance (5).
In another study performed by Wood and colleagues on
cardiac surgery patients, a progressive increase in the
proportion of patients weaned by the RTs and a slight
decrease in total ventilation time and weaning duration
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was observed (3). Marelich ez 4l. reported a decrease in MV
duration from median 124 hours to 68 hours for a mixed
group of ICU patients of which 16 were COPD in their
randomized controlled study (6). Ely ez 4/. also reported a
significant decrease in weaning and total MV duration with
a weaning protocol including daily screening of patients’
respiratory functions (17). In a recently published meta-
analysis, Blackwood et al. reported that weaning protocols
decreased the mean duration of mechanical ventilation
by 25%, duration of weaning by 78% and ICU stay by
10% (16). These findings were consistent with our results.
Moreover, we detected a significant decrease also in the
duration of MV untl first SBT. This finding also supports
the importance of a mechanical ventilation protocol
including daily screening and assessing readiness to wean
according to some objective criteria.

Weaning outcomes vary among studies. Esteban et a/.
reported 82% of extubation success with SBT with t-piece in
a combined group of patients of which 21% were COPD (13).
Lower success rates around 65% are also reported in some
other studies (18). These alterations might be due to the
experience of the ICU staff, severity or the patients and
differences in the ventilation and weaning modes used in
different centers. Our extubation success rate was consistent
with the literature in the physician directed group whereas
it was significantly higher in the Protocol based RT directed
group. There is also some evidence that weaning protocols
may increase the extubation success rates. Teixeira et al.
reported an increase in extubation success around 17%
with a weaning protocol (19). This is probably due to the
strict protocol used for assessing readiness to wean patients
in protocol group. This finding also suggests that the
alterations in the physicians’ individual decisions to extubate
the patients might worsen the success rates as reported in
some other studies (2).

To our knowledge, this is the first study that evaluates
the impact of non-physician directed mechanical ventilation
“plus” weaning protocol beginning from the intubation until
extubation in adults in a developing country. Hermeto ez /.
performed a similar study in premature infants and reported
outcomes consistent with our study (20). Nevertheless,
our study has several limitations. First, because of the non-
randomized design, the two groups compared may not
be comparable although we have performed a regression
analysis. We only could compare the APACHE II score
for the severity of the disease because other indices like
pulmonary function tests were not available for all patients.
Second, the idea that things get better over time regardless
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of what we do might have an impact on the positive results
in the intervention group. Even though the unit staff
remained the same throughout the study period, their skills
could have improved with experience. Although protocols
are helpful in improving outcomes in the ICU, we must take
into account that every patient is unique and sometimes it
may not be possible to follow protocols for each patient. An
experienced physician and a vigilant nurse who perform a
once daily SBT may have a big role to play in the successful
weaning of mechanically ventilated patients. It may not
be cost effective to recruit a respiratory therapist if ICU
physicians perform the mechanical ventilation and weaning
protocols but because of the lack of intensivists in most of
the centers throughout the world, non-physician medical
staff such as nurses or respiratory therapists able to perform
these protocols may decrease the workload of intensivists.
Last but not least, this study enrolled a homogenous patient
group in a single center so the results are not generalizable
to other patient groups and centers.

Conclusions

"This study demonstrated that, a simple mechanical ventilation
and weaning protocol applied by non-physician ICU staffs
like respiratory therapists might improve weaning success and
shorten the total duration of mechanical ventilation and ICU
stay in COPD patients requiring mechanical ventilation over
a 48-hour period. These improvements may also be achieved
without a change in mortality rates. Further multi-centric
studies are needed to evaluate the impact of these protocols
on heterogeneous patient groups in different centers.
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