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Abstract

Background: Adaptive support ventilation (ASV) is one of the advanced modes of ventilation. The available evidence regarding the
process of tracheal extubation indicates that staff working in intensive care unit usually performs the weaning process according
to their own experiences and conventional methods.
Objectives: This study aimed to assess the effect of weaning with adaptive support ventilation in two conventional or stan-
dard methods on respiratory and hemodynamic performance indices in patients undergoing coronary artery bypass graft (CABG)
surgery.
Methods: In this clinical trial, 100 patients candidate for coronary artery bypass graft (CABG) surgery at Jamaran hospital were
allocated to experimental and control groups in 2015. Each group had patients. The conventional method of ASV was used in the
control group without any intervention, while the standard method of ASV was applied in the experimental group. The groups were
compared in terms of arterial blood gases, vital signs, atelectasis, and duration of weaning process.
Results: There was no statistically significant difference between the experimental and control groups in terms of demographic
variables and disease history. Also, duration of mechanical ventilation and weaning process, duration of the patient’s trigger to the
tracheal extubation as well as other respiratory performance indicators and vital signs were similar between the groups (P > 0.05).
Conclusions: The results of this study indicate that in stable patients who have no history of lung problems, there is no need to
apply the difficult weaning protocol. These patients can be weaned without any complication.

Keywords: Coronary Artery Bypass Graft (CABG) Surgery, Adaptive Support Ventilation Mode, Respiratory and Hemodynamic
Indicators

1. Background

Coronary artery bypass graft (CABG) surgery is com-
mon (1). About 427000 patients annually undergo CABG in
the USA (2). Following CABG the patient is transferred to
intensive care unit (ICU) usually under mechanical venti-
lation in the first hours after surgery. The method and the
time of tracheal extubation are among the most important
factors influencing pulmonary complications (3). There-
fore, interventions concerning mechanical ventilation are
very important to decrease pulmonary compilations. Ben-
efits and outcomes of these interventions have been evalu-
ated in several studies such as a study on the benefits of fast
tracheal extubation of patients undergoing CABG weaning
from the ventilator (4).

The weaning process in CABG Patients is very impor-
tant. It has an important role in hemodynamic stability. In-
appropriate tracheal extubation can lead to adverse com-

plications and outcomes in patients increased morbidity
and mortality (5). Unsuccessful weaning and need for re-
intubation are reported in some studies. Probable risks of
re-intubation in cardiovascular patients highlights the ne-
cessity of conducting more studies in this regard (6, 7).

Tracheal Extubation in the first six hours after surgery
can decrease pulmonary complications and improve pa-
tient’s cardiac outcomes (8). This process is called fast
track extubation (FTE) and is one of the accepted concepts
in open heart surgery. FTE leads to a faster recovery and
can decrease the length of the patient’s ICU and hospi-
tal stay (4-9). FTE can decrease health care costs after car-
diac surgery up to 50%. Accompanied by proper anesthe-
sia technique during surgery and post-surgery manage-
ment, FTE can be performed in patients undergoing CABG
surgery without any specific complication (9).

Many studies have been conducted to evaluate the re-
lationship between modes of ventilation and FTE. ASV is
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one of the advanced ventilation modes; it includes the ben-
efits of the conventional ventilation modes; but excludes
some complications. There are many studies in recent
years regarding the efficacy of this mode of ventilation in
different settings. Some studies have mentioned the use-
fulness of this mode compared to the conventional modes
in patients undergoing CABG. ASV is a mode of ventilation
that provides minimum minute ventilation. This mode in-
cludes a microprocessor controlled system that automat-
ically leads the patient from controlled-mode ventilation
to assist and then spontaneous ventilation in a completely
adaptive form; ASV sets the ventilator according to the lung
mechanic and respiratory effort of patient (10, 11). This
mode, based on the clinical status of the patient, provides a
range of ventilation support including pressure controlled
ventilation (PCV), synchronized intermittent mandatory
ventilation (SIMV), or pressure support ventilation (PSV)
(10). In this mode, the ventilator frequently monitors respi-
ratory system mechanics and changes its settings accord-
ingly (12, 13). Among the benefits of using this mode, it
can be pointed out to automatic adjustment of ventilator
settings, automatic synchronization of ventilator based on
the changes in lung mechanic, less need to manipulate the
ventilator by the operator, improving coordination of the
patient with the ventilator, and automatic reduction of the
ventilator support (10, 11). The impact of ASV on the pro-
cess of tracheal extubation and FTE in cardiac patients has
been assessed recently. Despite the fact that ASV reduces
mechanical ventilation time, there are still some problems
(13). The process of weaning with ASV requires specific cri-
teria (Figure 1). Tracheal extubation is usually conducted
based on clinical judgment. ICU staff perform this process
based on their experiences and the non-specific conven-
tional routines of the ward (14).

Totally, in the process of tracheal extubation, there
is high emphasis on tracheal extubation parameters and
their role in successful tracheal extubation. The studies in-
dicate professionals have little knowledge in this regard
(15).

The study of Jung (1979) (16) regarding weaning crite-
ria in patients ventilated with SIMV indicated that wean-
ing parameters in patients who need short-term mechan-
ical ventilation leads to success in weaning, but weaning
standard parameters are less applied in patients who need
long-term mechanical ventilation.

Despite the emphasis on the use of the protocol, some
studies have not reported any benefit of the use of proto-
cols during the weaning process (14).

2. Objectives

The current study was carried out to evaluate the effect
of weaning with adaptive support ventilation in two con-
ventional or standard method on respiratory and hemody-
namic performance indices in CABG patients.

3. Methods

In this clinical trial, which was conducted in 2015, 100
patients undergoing CABG at Jamaran heart hospital were
allocated to the intervention and control groups, each con-
sisting of 50 patients. The patients were allocated to group
A and group B through a lottery in which, the patients tak-
ing sheet A were allocated to the experimental group and
those taking sheet B allocated to the control group. The pa-
tients were not aware of their group.

The inclusion criteria for this study were as follows:
not suffering from severe respiratory disease (COPD, at-
electasis, pneumonia), aged 30 - 70 years, and not having
emergency or redo surgery. Patients who were hemody-
namically unstable and needed high dose inotropes (more
than 5 micrograms/kg/min dopamine or equivalent dose
of other inotropes), and those bleeding more than 300 mL
per hour and undergoing reoperation for bleeding were
excluded from the study.

Considering α = 0.05 and test power of 90% according
to a previous study using the Altman Nomogram, the re-
quired sample size for this study was calculated for each
group; by considering 10% of sample loss, finally there
were 50 people for each group (11). One patient from the
intervention group due to hemodynamic instability and
one patient from the control group due to reoperation for
bleeding control were excluded.

After transferring the patient to ICU, ASV was applied.
Equal basic settings were employed on both groups and
mechanical ventilation was performed by the researcher.
The controlled settings of this mode included the follow-
ing items: patient’s ideal body weight (IBW), the value of
minute respiratory volume in percentage (Min volume),
positive end expiratory pressure (PEEP), fraction of in-
spired oxygen (Fio2), the level of ventilator sensitivity for
the breath of the patient (Trigger) and the maximum pres-
sure that must be applied (cmH2o) (10, 13).

Then, weaning with mechanical ventilation was per-
formed in the experimental group (Figure 1) and conven-
tional method in the control group. The comparative im-
pact of these two methods on patients’ respiratory and
hemodynamic indicators was assessed. Respiratory and
hemodynamic indicators were measured and recorded
during the weaning process. Accordingly, ABG, Spo2, sys-
tolic and diastolic blood pressure, arterial mean blood
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pressure, the amount of bleeding from the patient’s chest
tubes, the number of heart rate, breathing, central venus
pressure (CVP) ,and temperature (T) were assessed and
recorded before weaning and 1, 6, 12, and 24 hours after pa-
tients’ extubation. Also, to assess atelectasis, daily chest X-
ray was used for three days. All chest X-ray results were an-
alyzed by an anesthesiologist who was blind to the group
allocation. The study protocol was approved by the ethics
committee and written informed consent was taken from
all the participants.

Data were expressed by descriptive statistics (fre-
quency, average) and analyzed by inferential tests such as
chi-square, Mann-Whitney, and independent-t test.

4. Results

The mean age was 60.45 and 57.94 in the intervention
and control groups, respectively (P = 0.14). In terms of gen-
der, 12 participants (23%) in the intervention group and 18
(35%) in the control group were female (P = 0.15). other de-
mographic variables are presented in Table 1. There was no
statistically significant difference in demographic charac-
teristics between the experimental and control groups (Ta-
ble 1). The mean PaO2 during the weaning was 109.85 in the
experimental and 113.67 in the control groups. Also, there
was no statistically significant difference between groups
in the mean PaO2 in pre extubation, and 6, 12, and 24 hours
after extubation (P > 0.05). Our data shows that there
was no significant difference in other hemodynamic and
ABG indicators between the two experimental and control
groups (Table 2). The incidence of atelectasis on the second
postoperative day was 14 (26%) in the experimental group
and 23 (45%) in the control group. This difference was sta-
tistically significant (P = 0.14). The incidence of atelecta-
sis at other time intervals was not significantly different.
The data are presented in Table 3. The time of mechanical
ventilation was measured from ICU admission till the ex-
tubation. The mean mechanical ventilation time was 296
± 96 and 276 ± 95 minutes in the experimental and con-
trol groups, respectively. There was no significant differ-
ence between the two groups in the weaning time (Table
4). In our study all of the patients were extubated easily
and reintubation was not needed.

5. Discussion

The results of the present study showed that there
was no statistically significant difference between hemo-
dynamic and respiratory performance indicators of pa-
tients undergoing ASV in conventional and standard meth-
ods. According to the results, in terms of arterial blood

Table 1. Demographic Characteristics of the Participants in Two Groups

Variable Experimental
Group

Control Group P Value

Age (mean), y 60.45 57.94 P = 0.14a

Gender No. (%)

Female 12 (23) 18 (35) P = 0.15b

Male 41 (77) 33 (65)

EF (mean), % 49.62 48.82 P = 0.54b

Condition No. (%)

Hyperten-
sion

36 (68) 32 (63) P = 0.57b

Drug abuse 5 (9) 6 (12) P = 0.69

Diabetes 23 (43) 21 (41) P = 0.81c

Smoking 11(21) 8 (16) P = 0.50b

aThe results of the independent sample t-test.
bThe results of the chi-square test.
cThe results of the Fisher’s Exact test.

gases (ABG) analysis parameters, there is no significant dif-
ference between experimental and control groups in the
amount of arterial oxygen saturation, and partial arterial
pressure of oxygen and carbon dioxide.

In this regard, the results of the present study are con-
sistent with the findings of the study of Soulerz et al. (2001)
(17), while they are in contrast with those of the study of
Grouber et al. (2008) (18). This contradiction may be at-
tributed to the assessment of ASV and PRVC ventilation
modes in the experimental and control groups in the study
of Grouber.

However, there was a statistically significant difference
between the two groups regarding the respiratory rate in
the first 24 hours of weaning from mechanical ventilation.
This issue can be considered a success in the stability of res-
piratory pattern after weaning. However, there was no sig-
nificant difference between time intervals of assessment.
In this regard, the results of this study are consistent with
those of studies conducted by Soulerz et al. (2001), Chang
et al. (1996), and Janson e al. (1997) (13, 17, 19). Also, Grou-
ber et al. (2008) (18) reported the same results in terms of
changes in blood pressure and heart rate, but not in terms
of changes in respiratory rate. This difference can be due to
the different methods of work; so that in the study of Grou-
ber, ASV was compared to PRVC and volume support venti-
lation, while in the present study, ASV mode was assessed
through standard and conventional approaches.

The mean duration of mechanical ventilation was
lower in the control group; however, this difference was
not statistically or clinically significant. Also, the duration
of the first inspiratory effort after tracheal extubation (in
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Prepare the patient for connecting to devices

Setting parameters % MIN VOL, BODY WT, PASVLIMIT  

Ventilated out patient for a given time

The setting alarms the patient regarding the patient's condition
Tuning % MIN

Check blood gases, the patient's clinical status, and taking history of
Fspont, Fcontrol, Pinsp

Is Fspont and blood gas
acceptable?

Low-off % MIN VOL

Pinsp < 8cmH20

Considering patient for weaning

No

No
Yes

Yes

Figure 1. Standard Weaning Process Algorithm in ASV Mode

minute) was lower in control group, but this difference
was not statistically or clinically significant. In this regard,
this study is in agreement with the study of Petter et al.
(2003) and the study of Dounglman et al. (2008) (11, 20).
But, it is not consistent with the study of Sulerz et al. (2001)
and Gruber et al. (2008) (17, 18). It seems that the reason
for this similarity between the two groups in terms of dura-
tion of weaning process is the application of Fast Tracheal
Extubation method in the two groups and also the use of
similar medicines and methods in inducing and adminis-
tering anesthesia during surgery.

In the present study, atelectasis was observed in more
than 30% of the patients in the two groups. Other stud-
ies have revealed lower incidence rates, such as those per-
formed by Stiller et al. (1994) (21) with an incidence rate of

7.1%, or Jenkins et al. with the rate of 10% (22). On the other
hand, Brasher et al. (2003) (23) had a complication rate of
4.3% in the preoperative physiotherapy group compared to
2.6% in controls. Dull and Dull (1983) (24), recorded 77% of
patients diagnosed with pulmonary complications follow-
ing open-heart surgery and Westerdahl et al. (2001) (25) re-
ported 67%. This incidence has been reported up to 100%
in some studies (2). It seems that different reported values
are due to different tools for measuring atelectasis and the
extent to which the lung is involved as well as some clini-
cal symptoms. Some studies have utilized CT scan and sim-
ple radiography as the tools of measurement and could re-
port Micro atelectasis in some cases (2, 26). Different fac-
tors such as anesthesia and ventilation loss during surgery,
increased extra vascular fluid, increased pulmonary capil-
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Table 2. Hemodynamic Parameters of Participants in Two Groupsa

Variable Group Pre-Weaning Weaning After 6 h After 12 h After 24 h

Pa02 , mmHg
experimental 121.7 109.85 97.87 86.81 79.58

control 119.35 113.67 93.16 85.27 82.12

P value 0.82 0.49 0.32 0.72 0.56

PaCo2 , mmHg
experimental 35.23 38.11 36.4 35.77 35.21

control 36.3 38.5 37.14 35.43 35.24

P value 0.45 0.68 0.37 0.65 0.97

SaO2%
experimental 97.21 97.06 96.47 95.49 94.25

control 97.37 97.31 95.51 95 94.73

P value 0.73 0.56 0.09 0.43 0.49

MAP-mmHg
experimental 83.55 82.88 81.35 79.92 84.31

control 83.05 83.09 79.23 80.27 81.73

P value 0.78 0.91 0.22 0.85 0.22

HR-No
experimental 90.38 94.09 86.38 83.53 84.26

control 96.08 98.88 90.31 87.86 87.12

P value 0.08 0.12 0.12 0.12 0.23

aValues are expressed as mean.

Table 3. Atelectasis in the First to Third Days After Coronary Artery Bypass Graft
Surgery in Two Groupsa

Group Experimental Control Chi-Square Test

Atelectasis

First day

χ2 = 0.11; df = 1; P = 0.73
Yes 10 (19) 11 (22)

No 43 (81) 40 (78)

Total 53 (100) 51 (100)

Second day

χ2=3.95; df = 1; P =
0.04

Yes 14 (26) 23 (45)

No 39 (74) 28 (55)

Total 53 (100) 51 (100)

Third day

χ2 = 1.9; df = 1; P = 0.16
Yes 15 (28) 21 (41)

No 38 (72) 30 (59)

Total 53 (100) 51 (100)

aValues are expressed as No. (%).

lary permeability, retention of fluid in the lungs base, di-
aphragm dysfunction, abdominal distention, atelectasis
incidence after cardiac surgery, changes of chest wall due
to incisions sternum, pleural effusion, and pain are stated
as the causes of atelectasis (27, 28).

Table 4. Weaning Duration in Two Groups

GroupWeaning
Duration-Minutes

Mean (SD) Independent t-Test

Experimental 296 (96)
T = 1.08; df = 102; P = 0.27

Control 276 (95)

Data analysis using independent t test showed that
there was no significant difference between the two
groups in terms of atelectasis incidence in the first and
third days after surgery; however, the incidence of atelec-
tasis in the experimental group on the second day after
surgery was lower than that of the control group. This find-
ing is in line with those of obtained by Reyes et al. (1997)
(29) and Chang et al. (1996) (30) although it was not consis-
tent with the study results of Edmark et al. (2014) (31) and
Johnson et al. (19).

In the present study, there was no difference between
conventional and standard methods of weaning with ASV.
Considering the lack of significant difference between the
two methods, it seems that there is no need to perform dif-
ficult weaning protocols for the patients without underly-
ing lung problems, not suffering from post-surgery com-
plications, and undergoing mechanical ventilation just for
a short time for recovery. Such protocols can increase the
weaning time. This study does not recommend ignoring
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the routine weaning criteria. larger sample sizes and mul-
ticenter studies are needed.
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