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Effects of the use of mechanical ventilation
weaning protocol in the Coronary Care Unit:
randomized study

Efeitos da aplicacéo de protocolo de desmame de ventilacdo mecanica em Unidade Coronaria: estudc
randomizado

Raquel Ferrari PIOTTEOLilia Nigro MAIA 2, Mauricio de Nassau MACHADDSuzana Perez ORRICO

RBCCV 44205-1269

Abstract 0.0001) with significantly lower reintubation rates (16.7%
Objective: To compare mechanical ventilation weaning vs. 66.7%,P = 0.005).
based on a protocol using the spontaneous breathing trial Conclusion: The use of a specific protocol based on the
against mechanical ventilation weaning without a spontaneous breathing trial for mechanical ventilation
standardized protocol in heart patients. weaning in heart patients had better outcomes than weaning
Methods: Prospective, open, randomized studyn 2006, carried out without a standardized protocol, with shorter
36 patients undergoing mechanical ventilation for over 24 weaning times and lower reintubation rates.
hours were randomized into two groups: control group -
eighteen patients whose mechanical ventilation weaning Descriptors:Cardiology. Intensive Care Units.Ventilator
was performed according to the different procedures adopted Weaning. Respiration,Ar tificial.
by the multidisciplinary team; and experimental group -
eighteen patients weaned according to previously established Resumo
protocol. Objetivo: Comparar o desmame da ventilacdo mecénica
Results: Control group patients started the weaning realizado segundo a aplica¢do de protocolo baseado no teste
process sooner than experimental group patients (74.7 * de respiracdo espontanea e o mesmo procedimento realizado
14.7 hours vs. 185.7 + 22.9 hourB~0.0004). Howeverafter sem padronizacdo, em pacientes cardiopatas.
the experimental group patients were ready for weaning, Métodos:Estudo prospectivo, aberto e randomizado. Em
the extubation was carried out more rapidly than in the 2006, 36 pacientes em ventilagdo mecanica ha mais de 24
control group (149.1 = 3.6 min vs. 4179.1 + 927.8 miR, < horas foram randomizados em dois grupos: grupo controle:
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18 pacientes foram submetidos ao desmame da ventilagéo
mecanica de acordo com os procedimentos adotados pela
equipe multiprofissional e grupo experimental: 18 pacientes
foram submetidos ao desmame de acordo com protocolo
previamente estabelecido.

Resultados:Os pacientes do grupo controle iniciaram o
desmame precocemente em relagdo ao grupo experimental
(74,7 £ 14,7 horas vs. 185,7 + 22,9 hord®+0,0004), Porém,
apos os pacientes do grupo experimental estarem aptos ao
desmame, este foi realizado em um tempo mais curto em
relacdo ao grupo controle (149,1 + 3,6 min vs. 4179,1 + 927,8

INTRODUCTION

Mechanical ventilation (MV) is a procedure widely used
in intensive care units (ICUs) [1-3]. Recent studies show
that 33% to 46% of patients admitted to these units use
MV at some point during hospitalization [1-Gurrently
most patients undergoing mechanical ventilatory support
can be quickly removed from the ventilatep that the
condition responsible for establishing the MV has been
treated and / or stabilized [4]. The unnecessary
prolongation of this process can result in increased hospital
costs and complications associated with MV [3].

A portion of the cases, ranging from 5% to 30%, has
difficulty in weaning, thus it is not possible to remove the
fan in the first attempts. This fact occurs more commonly in
patients with previous pulmonary diseases, cardiopathies,
major abdominal or thoracic gary, prolonged mechanical
ventilation time, multiple organ dysfunction or even
debilitating neurological diseases [4].

Several factors contribute to the weaning failure and
return to the MYsuch as retention of secretions, atelectasis,
pulmonary congestion, myocardial ischemia, laryngeal

min; P <0,0001) com taxas de reintubacéo significativamente
menores (16,7% vs. 66,7%P = 0,005).

Concluséo:0 uso de um protocolo especifico, baseado no
Teste de Respiragdo Espontanea para desmame de ventilagdo
mecanica, em pacientes cardiopatas, teve resultados
melhores do que o desmame realizado sem um protocolo
padronizado, com menor tempo de desmame e menores taxas
de reintubacéo.

Descritores:Cardiologia. Unidades deTerapia Intensiva.
Desmame do RespiradorRespiracaoAr tificial.

Several studies have evaluated the weaning from MV in
general ICU patients [10.13]. Howeyén the best of our
knowledge, there is no study that has evaluated only
cardiomyopathy patients (databases PUBMED and LILACS).
These patients have characteristics that require special
precautions for ventilatonynutritional, hemodynamic and
inotropic supportMany of these patients have ventricular
dysfunction, pulmonary congestion, hemodynamic instgbility
myocardial ischemia or use of vasoactive drugs, and all of
these conditions can contribute to the weaning failure and
prolonged dependence on mechanical ventilator

These conditions may already be present or triggered or
aggravated by the M¥nd the weaning [112].Although a
significant number of cardiac patients admitted to coronary
units remain in prolonged MV and present difficulties in the
transition between mechanical and spontaneous ventilation,
the different weaning modes were not tested in this
populationTherefore, it is important to identify what type of
weaning has the best results in this population.

The aim of this study was to evaluate the effects of the
weaning protocol used in General Intensive Care in a
population of cardiac patients admitted to the Coronary

edema and bronchoaspiration. The prolonged use of the Care Unit (CCU).

fan can cause respiratory muscles atrophy and decrease

performance of the diaphragm [4].

The weaning conducted properly reduces the number
of reintubations, reduces hospital staduces the risk of
respiratory infections and improves survival of patients
undergoing MV [50-10].

The effects of MV in patients with heart disease are

METHODS

Selection of patients

From March to December 2006, 36 patients admitted to
the CCU on MV for more than 24 hours were prospectively
and consecutively included, with an median age of 59.5

complex and depend on a number of variables, especially 16.4 years, 58.3% male.

the patient volume status, the role of right and left

The inclusion criteria in the study were patients

ventricles, afterload, lungs functional status and chest and admitted to the CCV on MV for more than 24 hours; older

abdominal compliance [11.12].
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undergo spontaneous ventilation, patients with indication
for weaning from MV The study excluded patients who
had at least one of the following: conditions and / or
circumstances that could result in difficulty in
understanding the informed consent form (psychiatric
iliness, alcohol or drug addiction, mental retardation),
refusal of the patierg’family to sign the informed consent;
terminal illness and dependence on mechanical ventilation,
in other words, patients who do not progress after weaning
and often had to undgw tracheotomy

Pilot Study

Before starting the stugdwg pilot study was conducted
with a questionnaire answered by the professionals
involved in weaning patients and collecting data related to
this procedure. This pilot study identified the lack of

standardization of the various stages of weaning and intense

variation in the results obtained in this procedure with a
high failure rate and high mortality of patients on prolonged
mechanical ventilation.

The pilot study and the present study were approved
by Local Research Ethics Committee (Notification No. 037/
2006)(ClinicalTrials.go\E

number NCT00557999).

Randomization

Patients were manually randomized into two groups. It
was determined that the first patient would be from the
experimental group, the next one from the control group
and so on. In other words, odd patients were from the
experimental group and even ones from the control group.

» Experimental Group Patients who underwent
spontaneous breathing test (SBT) in accordance with its
protocol, [4] without any modification;

» Control Group:Patients who underwent weaning
without application of specific protocol and the criteria
of the professional responsible for the procedure. The
team consisted of doctors and therapists who had
experience in mechanical ventilation. Howeesach one
used their own weaning criteria, for example, they used:
the gradual reduction of pressure support, in which the
weaning is performed by gradually reducing the pressure
support according to clinical parameters and SIMV
(Synchronized Intermittent Mandato¥entilation), in
which the weaning is performed by gradually reducing
the frequency of the mandatory artificial ventilgtor
without a specific protocol.

Clinical evaluation

After resolution of the cause leading to the creation of
MV, patients in both groups were subjected to daily clinical
evaluation in the morning in order to determine whether
they were able to be weaned from mechanical ventilation,

according to the clinical criteria of SBT listed below:

1) Cause of MVresolution of the cause and alteration
that led to MV

2) Neurological Stability: patient awake, with no infusion
or with little infusion of sedative / narcotics, with effective
cough and Glasgow Coma Scale (GC%;

3) Cardiovascular Stability: mean arterial pressure (MAP)
= 60 mm Hg without vasopressors or in low doses, heart
rate (HR)= 140 / min, hemoglobin (H®8.0t0 10.0 g/ L,
partial pressure of arterial oxygen (Pa& BP mm Hg with
inspired oxygen fraction (FiO 0.4, oxygenation index
(PaO 2/ FiO 2 150 to 300 without significant respiratory
acidosis;

4) Metabolic stability Temperature <37.8 ° C and
absence of electrolyte disturbancks+, Na +, Mg +, Ca
+2, P +4 + that can impair ventilatory muscle function.

Experimental Group

In the experimental group, after completion of all clinical
criteria, SBT was applied for 120 minutes with the fan set to
the following parameters: respiratory rate (RR) - 1 rpm,
pressure support (PS) - 7 cm H20, positive end-expiratory
pressure (PEEP) - 5 cmH20 and FiO2 - Tk patient was
monitored and if at the end of 120 minutes his oxygen
saturation (Sa02) was greater than or equal to 90% RR
35 bpm, systolic blood pressure (SBP0 mmHg andk
180 mmHg, and HR 140 bpm, without severe agitation or
decreased level of consciousness, extubation was
performed If the patient failed the test, the parameters of
MV used before were reestablished, and, after a rest period
of 24 hours, the test would be performed again, and so on,
until extubation.

Control Group

In the control group, during weaning, the patient was
evaluated for the parameters of SBiUt the test result was
not communicated to the doctor assistant, leaving it to his
discretion the moment for extubation.

Clinical Data

Clinical and demographic data of the patients were
collected from both groups, previous diseases, admission
diagnosis, date and reason for intubation and ventilatory
parameters at the beginning of the weaning.

Objective

The study objective was to compare weaning from
mechanical ventilation performed according to the
application of SBT protocol and the same procedure
performed without standardization, in cardiac patients
admitted to the Coronary Care Unit.

For this comparison, the following parameters were used:
1) Primary Objective: reintubations frequency during the
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hospitalization period; 2) Secondary objectives: time spent
in Coronary Care Unit, time between intubation and
beginning of the weaning; time between the beginning of
the weaning and extubation, time elapsed between SBT
and extubation ; occurrence of respiratory infection in
patients who required reintubation, mortality of patients
who required reintubation.

Definition of terms

Weaning:The term weaning refers to the process of
transition from spontaneous to artificial ventilation in
patients who remained on invasive mechanical ventilation
(IMV) for more than 24 hours [4]; successful weaning:
maintenance of spontaneous ventilation for at least 48 hours
after discontinuation of artificial ventilation [4];
unsuccessful weaning: return to MV for a period less than
48 hours [4], reintubation, necessity to reestablish the
artificial area via.The reintubation was considered
premature when it occurs in less than 48 hours after
extubation [4], respiratory infection: culture positive result
(106 CFU) of tracheal aspirate in patients on MV for more
than 24 hours [4], hospital mortality: death within the
hospitalization period in which the patient remained on MV

Satistical analysis

The sample size calculation was based on the
comparison of proportions of independent cohort study
with 80% power and type | error of 5% based on the
reintubation expectation of 15% in the experimental group
and 60% in the control one, totaling a minimum of 17
individuals per group, according to a preliminary
assessment made in the pilot study

0.658); valve surgery 16.7% in the experimental group and
16 7% in the control group P¢ 0.999),ACS with
suprall.1% in the experimental group and 11.1% in the
control group -B> 0.999)ACS without suprall1% in the
experimental group and 5,6% in the control group> (
0.999), CHF in the experimental group 16.7% and 5.6% in
the control group K= 0.602), PTE 11.1% in the experimental
group and 5.6% in control groupRPx 0.999).

There was no statistically significant difference between
the groups, including the relation to tApache Il score
applied prior to randomization (15 £ 0.0 vs. 14.3v4;P =
0,220) (Rblel).

There was no statistically significant difference between
groups in relation to ventilatory parameters at the beginning
of the weaning, as shown ifable 2.The groups were
comparable in relation to all assessed physiological
variables.

Concerning the primary objective of the studlye
experimental group had significantly lower rates of
reintubation than the control group (16.7%66.7%;P =
0.005).In the control group, out of the 18 patients included,
16 of them (88.8%) were extubated and two (11.1%) remained
on MV.

Eleven individuals (68.7%) of the 16 extubated patients
failed the SBT conducted by the investigator and all were
re-intubated in less than 48 hours after extubation. Out of
the 5 patients approved by the SBfiily one (20%) was re-
intubated after a week from complications of the underlying
disease.

Regarding the experimental group, all the 18 patients
included underwent the SBand 1 (61.1%) were approved
and extubated. Concerning the 11 extubated patients, three

Categorical data are presented in absolute numbers and (27.3%) required reintubation, two of them in less than 48

percentages, and continuous variables in mestandard
error (SE). Continuous variables were compared by the
nonparametric Mann-Whitney test (non-Gaussian
distribution). Fishels exact test was used to compare
categorical variables? values <0.05 were considered
statistically significant (two-tailedfinalyses were carried
out with the intention to treat.

The software used for statistical analysis were GraphPad
Instat v 3.0 and &ts Direct $atistics Software\2.6.2.

RESULTS

Baseline characteristics of the study groups are
presented in two tables, the first concerning the clinical

and demographic data, and the second one regarding the

respiratory variables recorded at the time the patient began
to be weaned from M\Regarding the admission diagnosis,
there was no statistical significance between the two
groups: myocardial revascularization 11.1% in the
experimental group and 22.2% in the control group= (
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hours. The reintubation causes were the heart failure
decompensation requiring the use of vasoactive drugs and
complications in the immediate post-operative period of
valve sugery associated with atrial septopladtige third
patient remained extubated for more than a week, requiring
reintubation due to a lung infection.

Patients in the experimental group had delayed onset of
weaning in relation to the control group (185.7 £ 22.9 hours
vs. 74.7 £ 14.7 horaB,= 0.0004). Howeveafter being able
to be weaned, it was performed in a much shorter time
compared to the control group (149.1 3.6 minvs. 4179.1 +
927.8 minP <0.0001), showing also a shorter period between
the end of SBT and extubation (29.1 + 3.6 min vs. 1493.0 =
1216 minP = 0.0005).

Pertaining to the other secondary objectives, the
incidence of respiratory infection was higher in re-intubated
patients in the control group [seven (58.3%) of 12 patients
who were reintubated] compared to the experimental group
[one (33.3%) of three patients reintubated], and this
difference was not significant €70.569) (Rble 3).
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Table 1. Baseline characteristics of patients undergoing weaning from mechanical ventilation (n = 36).

Baseline characteristics Experimental Group Control Group P Value
n =18 n=18
Demographic data
Men [n(%)] 10 (55.6) 11 (61.1) P >0.999
Women [n(%)] 8 (44.4) 7 (38.9) P >0.999
Age (mean + SE) 590.3+4.3 59.8 +3.5 0.820
Cause of current hospitalization
Myocardial revascularization [n(%)] 2(11.1) 4(22.2) 0.658
Valve Sugery [n (%)] 3(16.7) 3(16.7) P >0.999
ACS with Supra [n (%)] 2(11.1) 2(11.1) P >0.999
ACS without Supra [n (%)] 2(11.1) 1(5.6) P >0.999
CHF n(%) 3(16.7) 1(5.6) 0.602
PTE n(%) 2(11.1) 1 (5.6) P >0.999
Personal History
History of diabetes [n (%)] 5(27.8) 4(22.2) P >0.999
Smoking [n(%)] 7 (38.9) 5(27.8) 0.724
COPD n(%) 1 (5.6) 2(11.1) P >0.999
SAH n(%) 10 (55.6) 10 (55.6) P >0.999
Prior AMI (%) 7 (38.9) 3(16.7) 0.264
Apache Il Prognostic Score
Apache Il (mean + SE) 15+0.0 143+0.4 0.220
Approximate mortality (mean + SE) 21.2+3.0 17.6 £ 2.0 0.530

n - number of patients,% - percentage of patients, SE - standard error; ACS - acute coronary syndrome; HF-heart
failure; PTE - pulmonary thromboembolism, COPD - chronic obstructive pulmonary disease, SAH - systemic
arterial hypertension; AMI - acute myocardial infarction

Table 2. Physiological variables of patients undergoing weaning from mechanical ventilation (n = 36).

Physiological variables* Experimental Group Control Group P Value
n=18 n=18
PEEP 5.0+0.0 5.0+0.0 P >0.999
Maximal inspiratory pressure 19.3+0.6 19.2+0.8 0.220
Respiratory rate 257+1.1 252+1.1 0.640
Tidal volume (ml) 505.5 + 5.6 490.0 + 16.9 0.580
Tobin Index 51.1+23 53.2+3.5 P >0.999
Pressure support 13.4+£0.7 128+ 0.5 0.810
FiO, 0.4+0.0 0.4+0.0 P >0.999
PaQ 108.6 £ 6.3 108.8+5.4 0.910
Oxygenation index (PaO2/Fi02) 2715+ 15.8 2719+ 13.4 0.910
Heart rate 80.5+3.1 80.8+3.0 0.990
Systolic blood pressure 127.0+ 4.0 130.8+3.1 0.500
Diastolic blood pressure 78.2+3.3 81.8+2.2 0.530
Arterial oxygen saturation 97.3+0.3 97.3+£0.5 0.500
Body temperature (° C) 36.9+0.1 36.9+0.1 0.980
Hemaoglobin 10.6 £0.2 105+£0.3 0.800
Glasgow Coma Scale 11+04 11+0.5 0.510

*Mean * SE, n - number of patients, SE - standard error; PEEP - positive end-expiratory pressure; FiO2 -
fraction of inspired oxygen, PaO 2 = partial pressure of oxygen in arterial blood
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Table 3. Secondary Objectives: weaning from mechanical ventilation (n = 36).

Mechanical ventilation*

Experimental Group Control Group P \alue

ni8 ni8
Length of ICU stay (days) 23.1+45 23.5+3.7 0.77
Time between intubation and beginning of weaning (houls85.7 + 22.9 74.7 £ 147 0.0004

Time between beginning of weaning and extubation (min)L49.1 + 3.6

Time between SBT and extubation (min)

4179 £927.8 < 0.0001

29.1+3.6 1493.0 £ 1216.0 0.0005

* Mean = SE, n - number of patients, SE - standard error; ICU - Intensive Care Unit; min - minutes; SBT -

spontaneous breathing test

Concerning mortalityin the experimental group of three
patients who underwent reintubation, two (66.6%) died,
while in the control group of 12 patients who were re-
intubated, eight (66.6%) dieE¥ 0.999).

DISCUSSION

Removing the patient from MV can be harder than
keeping them on it. The withdrawal process of the
ventilatory support takes about 40% of the total time of
MV. Some authors describe the weaning as the “shadow
area of intensive care” and, even in experienced hands, it
can be considered a mixture of art and science [14,15].

In our studythe patientdhaseline characteristicsafile
1) and physiological variables at the beginning of the
weaning (Bble 2) were similalrhe process of randomization
favored a balance between the two groups, making them
comparable.

Despite the weaning of patients in the control group
was too early initiated, the time elapsed between the
beginning of this process and extubation was significantly
shorter in the experimental group. This fact can be explained
as follows: in the experimental group, the decision to initiate
the procedure was made based on the approval of the
spontaneous breathing test, which depended on the
completion of a series of clinical, hemodynamic and
ventilatory criteria. Meanwhile, in the control group, the
onset of weaning was fastéecause it did not depend on
tests of independence and formal pre-established criteria.

On the other hand, in the experimental group, after the

in early extubation and unnecessary prolongation of the
duration of the weaning process [5,6,13,16-27].

According to the International Guidelines for weaning
from MV [4] and the last Brazilian Consensus on Mechanical
Ventilator, the recommended way to wean is based on the
spontaneous breathing test (SBT). Therefore, this method
was chosen to be used in our study

In relation to the primary objective of the studye
experimental group had significantly lower rates of
reintubation than the control group (16.7%66.7%;P =
0.005).It is worth emphasizing that in the control group, all
patients re-intubated in less than 48 hours after extubation,
68.7% of the cases had no criteria for weaning, according
to the SBTconducted by the investigator

The reduction in reintubation rates found in the
experimental group was the result of choosing the best
time for extubation, determined by the SESeveral authors
have demonstrated the importance of this result in the
evolution of patients [5,12,13,18-20,24,28]. When compared
to the first intubation, reintubation increased eight times
the risk of pneumonia and from 6 to 12 times the risk of
death, being considered an independent predictor of
mortality [13,14,19,29,30].

In the control group, the early weaning, without the use
of standardized clinical and ventilatory criteria, made the
patients take a longer time to be weaned, and re-intubated
more frequentlywhich was a decisive factor for the weaning
failure from MV,

The daily assessment of the weaning parameters held
in the experimental group has been described in the literature

patients were able to be weaned, the same was done in aas one of the factors responsible for good performance

much shorter time. In the control group, the absence of
well-established criteria that would ensure that the patient
would be able to keep them on spontaneous ventilation,
made the decision for extubation were invariably delayed.
Thus, the total duration of weaning was significantly higher

when compared to the experimental group.

These data are consistent with what was described in
several studies of patients admitted to general intensive
care units. In these studies, the non-use of protocol has
made the time of extubation become inaccurate, resulting
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observed using the protocol of SBT [4,13,16-18,31].

Ely et al. [32] demonstrated that patients who underwent
daily assessment of weaning parameters have been more
successful during extubation (87% vs. 3% 0.0001)
and higher survival rates (74% vs. 29P6= 0.0001) in
relation to the control group.

The reduction of the weaning period in our study had
great practical importance, since it is widely shown that
prolonged mechanical ventilation is associated with
increased length of stay in hospital and intensive care and
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an increased risk of respiratory infection and death.

Several randomized controlled trials in hospitalized
patients in general intensive care demonstrated reduction
of the period in which patients used to be on mechanical
ventilation, lower rates of reintubation and fewer
complications when weaning from MV was performed
according to specific protocol [5,6,13,16-23, 28].

A recent randomized multicenter trial comparing the
weaning protocol with SBT to the weaning performed
without standardization, evaluated 147 patients admitted
to general ICU, 74 from the experimental group and 70 from
the control group. When compared to the control group,
the experimental group showed significant reduction of time
spenton MV (7.5 vs. 12 days, P = 0.003), reintubation rates
(23% vs. 46%P = 0.4) and hospitalization period (74% vs.
15.5 daysP=0.02) [24].

However these studies were performed in non-cardiac
patients admitted to general intensive care units.

Although a significant number of cardiac patients
admitted to coronary units remain on prolonged MV and
present difficulties in the transition between mechanical
and spontaneous ventilation, the different weaning modes
were not tested in this population.

The presence of cardiopathy may contribute to weaning
failure and prolong dependence on the ventilator due to
several factors, including ventricular dysfunction and
vasoactive drug addictioDuring the weaning process,
those patients with cardiopathies have higher risk of
hemodynamic instability or acute myocardial ischemia
[27.33-39].

The results of this studwith emphasis on reducing
weaning time and risks of reintubation were similar to those
already demonstrated in general ICU patients. These data
suggest that the protocol based on the SBT was beneficial
and safe in cardiac patients admitted to the Coronary Unit.
The importance of the current study is the fact that it is the
first study that randomly evaluated the use weaning
protocol in cardiac patients, so there is no data in the
literature. The rationale described in this paper tries to
summarize the reasons why most units do not use coronary
weaning protocol developed for general patients. These
reasons do not have scientific proof and the study shows
that the physiopathological changes caused by the
cardiopathy did not prevent these patients to benefit from
the use of a weaning standardized protocol from mechanical
ventilation.

However the number of patients included in this study
was insufficient to accurately assess the secondary
objectives in relation to clinical events (respiratory infection
and mortality). The absence of significant differences is
noted between the two groups, and it was useful to reinforce
the obtained results, as the main objective according to the
sample size calculation.

However definitive conclusions can only be obtained
by means of analysis of mortalitgs the studies that
accurately analyze morbidity and mortality require a large
number of patients, the surrogate endpoints are often used,
in the present studweaning time and risks of reintubation.
The analysis performed are useful in evaluating the
procedures, provide a basis for future research, but the
conclusions should be used as a guide, not as definitive
information on clinical decision-making.

CONCLUSION

The application of specific protocol in cardiac patients
admitted to the Coronary Unit based on SBT for weaning
from MV was superior than the non-standardized weaning,
with shorter weaning time and lower reintubaiton rates.
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