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Objectives: To assess the effect of early use of
continuous positive airway pressure (CPAP) therapy
to treat or prevent acute atelectasis in post-operative
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cardiac patients particularly smokers and elderly
patients.

Methods: A pilot study suggested enrolling at least
32 participants in each group to be significant. One
hundred and eight patients from King Fahd Armed
Forces Hospital, Jeddah, Kingdom of Saudi Arabia
who met the inclusion criteria participated in this
study conducted between March 2010 and March
2011. The participants were divided randomly into 3
groups, incentive spirometry (IS) therapy, and CPAP
therapy every 2 (CPAP2hrs), or 4 hours (CPAP4hrs).
Inspiratory capacity (IC) was used to compare the
3 therapy regimes. Simultaneously, respiratory rate
(RR), heart rate (HR) and oxygen saturation (SpO,)
were measured for all groups. Failure was defined as
requiring intubation, bi-level positive airway pressure,

or added chest physiotherapy.

Results: Thirty-six patients participated in each group
(98 male and 10 female, with a mean age of 62+9.3
years). The IC increased significantly in the CPAP2hrs
group when compared with the control group or the
CPAP4hrs group. The SpO, decreased significantly
in the control group and the CPAP4hrs groups when
compared with the CPAP2hrs group. Also, there were
no significant differences in RR and HR between all
groups.

Conclusion: Early use of CPAP via mask therapy for
half an hour every 2 hours had better outcomes to re-
open collapsed alveoli after cardiac surgery.
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Atelectasis is a medical complication that may affect
part of one lung or both lungs as a result of the
lungs not fully inflating. It is regularly described as a
collapse of the lung tissue but is not identical with a
collapsed lung, which is a more specific condition that
features atelectasis.! Atelectasis may be either an acute
or chronic condition.? The most common cause of acute
atelectasis is post-surgical atelectasis, characterized by
restricted breathing after thoracic or abdominal surgery.
Smokers and elderly people are at an increased risk of
atelectasis, and it is those groups of patients targeted in
this study.® There is a large number of coronary artery
bypass graft (CABG) performed in the worldwide and
there is a high occurrence of post-operative pulmonary
complications in cardiac surgery (range 20-95%).* The
high incidence of PPCs can result in high mortality
and increased length of hospital stay, which leads to an
increase in the cost of the surgery. Several studies®® have
been conducted in the last decade to recognize those
patients with high risk of PPCs and the best methods to
treat or prevent these complications.

The goal of atelectasis treatment is to remove
lung secretions and re-expand the affected lung
tissue. Post-surgical atelectasis can be treated by chest
physiotherapy (CPT), focusing on deep breathing and
encouraging coughing.” Incentive spirometry (IS) (the
regular method to treat atelectasis) is often used as part
of the breathing exercises, and is also used to prevent
atelectasis after surgery.® Once the IS therapy is used
frequently on a regular basis; airway patency can be
maintained and alveolar atelectasis can be prevented or
reversed.” However, the effectiveness of IS therapy has
been questioned by several publications,'®!? and other
publications that argue the use of IS therapy for major
post- operative patients.*!?

Continuous positive airway pressure (CPAP) therapy
is part of a main group of therapies called non-invasive
ventilation (NIV) or non-invasive positive pressure
ventilation (NPPV)." The clinical use of NPPV began
with the introduction of intermittent positive pressure
breathing (IPPB) in 1947,' which was widely used
to deliver aerosolized medications for 10-15 minutes
several times a day. When Sullivan and colleagues
introduced the CPAP via mask in 1981," it became
the initial choice for the management of obstructive
sleep apnea, and was later used successfully with acute
respiratory failure. During the last decade, the CPAP
delivery system has been significantly developed in the
technology and patient interfaces.'®

In the past, several studies>”'”" used CPAP therapy
to treat PPCs and found no significant difference from

other therapies. However, the type of CPAP delivery

system used was not a standalone system and without
any new features, such as auto-leak compensation, the
period of CPAP therapy was shorter (10 to 15 minutes),
and the frequency of the therapy was fewer (2-4 times
a day). The above characteristics will influence the
effectiveness of CPAP therapy. All methods of therapy
such as IS, coughing and breathing exercises, or CPAP
have a valuable role to play in the prevention or the
treatment of post-operative pulmonary complications.
However, the type of therapy that should be used is not
completely clear yet.

Therefore, this study aims to assess the effect of the
early use of CPAP via mask therapy to treat or prevent
acute atelectasis in post-operative cardiac patients
particularly smokers and elderly patients

Methods. This prospective randomized study
recruited participants from patients scheduled for
cardiac surgery in King Fahd Armed Forces Hospital
in Jeddah, Saudi Arabia from March 2010 to March
2011. A pilot study was carried out to examine the
significance of the sample size, and it was suggested
to enroll at least 32 participants in each group to be
significant. The patients who agreed to participate in the
study came to the hospital to read the participant’s sheet
before the cardiac surgery and sign the consent form.
The present study follows the guidelines for medical
research involving human subjects according to the
principles of the Helsinki Declaration. All procedures in
this study followed King Fahd Armed Forces Hospital
patient safety guidelines, which are based on American
guidelines. The King Fahd Armed Forces Hospital
Research and Ethics Committee approved this study.
One hundred and twenty participants agreed
to enroll in the study; however, 5 of them refused
to participate after the cardiac surgery, and 7 were
excluded as they developed one or more of the
exclusion criteria after the surgery. One hundred
and eight post cardiac surgery patients who met the
inclusion criteria (smoker, hemodynamically stable,
healthy lungs, and above 50 years old) participated in
this study. Patients who had massive atelectasis (more
than 50% of alveolar collapse), predicted mortality rate
more than 30% (depending on pre-surgery patient’s
assessment), undergone repeat cardiac surgery, severe
pulmonary edema, severe bleeding (more than 100 ml
per hour), history of chronic lung diseases, unstable
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angina, and contraindication for CPAP or IS therapy
were excluded. The participants were divided randomly
into 3 groups; the control group used IS (Respiflo
5000 incentive spirometer, Tyco Healthcare Group LP,
Mansfield, Massachusetts, USA) 15 times per hour.
The first trial group used CPAP via mask (4-6 cmH,O)
(the type of CPAP delivery system used in this study
is ResMed VPAP III, ResMed, Milton, Australia) for
half hour every 2 hours, while the second trial group
used CPAP via mask (4-6 cmH, O) for half hour every
2 hours. Each group used the therapy for 3 days after
extubation during the wake-up hours in the cardiac
unit (usually from 6 am to 8 pm). Inspiratory capacity
(IC) (a maximum volume of air inhaled after a normal
expiration) measured in liters was used to compare the
3 therapy regimes. The IC was measured by an incentive
spirometer (Respiflo 5000 incentive spirometer, Tyco
Healthcare Group LP, Mansfield, Massachusetts,
USA) and to confirm the accuracy and reliability of IC
measurements, the participants were asked to repeat the
test 3 times and the largest volume was taken. The IC
was measured after the cardiac operation as baseline-
test, after 12 hours from the start of each therapy, after
24 hours, 48 hours, and post therapy. Simultaneously,
respiratory rate (RR), heart rate (HR) and saturation
of peripheral oxygen (SpO,%) (saturation of arterial
oxygen is a ratio expressed as a percentage of the volume
of oxygen carried to the maximum volume that can be
carried by the hemoglobin and measured by a pulse
oximeter device) were measured for all groups. Also,
chest x-ray was performed to confirm the improvement
or the prevention of post-surgical atelectasis (categorized

as zero=normal, 1=mild, 2=moderate, or 3=severe
atelectasis) and sputum induction (a procedure to
obtain deeply coughed-out sputum) was taken to clarify
chest infection or pneumonia (categorized as zero=no
growth, 1=mild, 2=moderate, or 3=heavy growth).
Failure was defined as a need for advanced therapy such
as mechanical ventilation and bi-level positive airway
pressure (BiPAP) or added CPT therapy. In addition,
secondary end points consisted of length of stay in
hospital and 30 days mortality.

The Statistical Package for Social Sciences (SPSS
Inc., Chicago, IL, USA) version 18.0 was used for the
analyses of data, and one-way mixed mode]l ANOVA
and Tukey post-hoc tests were used to examine the
differences between the baseline and post therapy. The
Shapiro-Wilk test was used to explore the data outcomes,
and the results suggested the use of the parametric data
test (p-value). Also, the mean, standard deviation (SD),
and 95% confidence intervals (95% CI) were calculated
for all variables measurements.

Results. Thirty-six patients participated in each
group (98 male and 10 female with a mean age of
6249.3 years). Twenty-six (72%) participants from the
CPAP2hrs group succeeded to re-open the collapsed
alveoli, 20 (55%) participants from CPAP4hrs group
succeeded to re-open the collapsed alveoli, and 19
(53%) participants from the IS control group succeeded
to re-open collapsed alveoli. The IC was increased
significantly in the CPAP2hrs group (baseline mean for
IS control group: 1.34L and CPAP2hrs group: 1.42L,
post-therapy mean was 1.59L in the IS control group
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Figure 1 - Inspiratory capacity (IC) difference between continuous positive airway pressure (CPAP) every 2 hours therapy, every 4 hours, and control

(incentive spiromtery [IS] therapy) group.
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Figure 2 - Saturation of peripheral oxygen (SpO,) difference between continuous positive airway pressure (CPAP) every 2 hours therapy, every 4 hours

and control (incentive spiromtery [IS] therapy) groups.

and 1.88L in the CPAP2hrs group, p=0.037, 95%
CI) (Figure 1). Also, when comparing the CPAP2hrs
group with the CPAP4hrs group, there was a significant
increase in IC in the CPAP2hrs group (baseline mean for
CPAP2hrs: 1.42L, and CPAP4hrs: 1.33L, post therapy
mean for CPAP2hrs: 1.88L, and CPAP4hrs: 1.58L,
=0.027, 95% CI). However, there was no significant
difference in IC between the IS control group and the
CPAP4hrs group (baseline mean for IS control group
1.34L and CPAP4hrs 1.33L, post-therapy mean for IS
group: 1.59L, and for CPAP4hrs group 1.58L, p=0.99,
95% CI). The SpO, was decreased significantly more
in the IS group as compared with the CPAP2hrs group
(baseline mean 96.67% for IS group and 96.42% for
CPAP2hrs group; post-therapy 95.6% for IS group,
and 97.17% for CPAP2hrs group, p=0.001, 95% CI)
(Figure 2). Also, the SpO, was decreased significantly
more in the CPAP4hrs group as compared with the
CPAP2hrs group (baseline mean 97.2% for CPAP4hrs,
96.42% CPAP2hrs; post-therapy 96% for CPAP4hrs
and 97.2% CPAP2hrs, p=0.004, 95% CI). However,
there was no significant difference in SpO, between
IS control group and CPAP4hrs group (p=0.569). In
addition, there were no significant differences in RR
and HR between all groups of therapies.

The chest x-ray results confirmed an improvement
in IC in the CPAP2hrs group; most of the successful
participants had a zero category result (normal lungs)
post therapy, while a baseline measurement resulted in

one to 2 categories (mild to moderate atelectasis). Also,
most of the sputum sample baseline measurements for
all successful participants had very light to mild category
result, and cleared or very light growth post therapies in
all groups. However, some of unsuccessful participants
had mild to moderate growth in sputum induction
(4 participants from CPAP2hrs, 6 participants from
CPAP4hrs, and 5 participants from the IS control
group). In addition, most of participants who had
heavy growth category in sputum induction at baseline
measurements were not successful in all groups of
therapies.

The average hospital stay for the IS control group
was 9.5 days, CPAP2hrs group was 8.7 days, while the
CPAP4hrs group was 9 days. There was a decrease in
the hospital stay in the CPAP2hr group by almost one
day as compared with the IS control group. Also, one
participant from the CPAP2hrs group died within 30
days after the cardiac surgery, 2 died from the CPAP4hrs
group, while nobody died from the IS control group.
However, the reasons for death were related to the
development of other medical conditions such as renal
or cardiac complications not related to post-pulmonary
complications. There were no significant differences in
the mortality rate among all the groups of therapies.

Discussion. The main finding of this prospective
randomized study is that the early use of CPAP 2 hours
therapy for post-cardiac surgery patients resulted in
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statistically significant improvement in treating post-
surgical atelectasis, and lead to improved outcomes and
a shorter hospital stay.

The findings of this study failed to confirm the
effectiveness of IS therapy to reduce PPCs after cardiac
surgery. The previous studies had similar results;*
for example, a systematic review by Overend’ found
no strong evidence to support the use of IS therapy
for decreasing PPCs. Also, Freitas et al* conducted a
randomized controlled trial to assess the effects of IS
therapy for preventing PPCs (such as atelectasis and
pneumonia). They found that there was no significant
difference between the IS therapy and other therapies
such as intermittent positive pressure breathing (IPPB).
However, the IPPB therapy is an old method of therapy
and this study uses the new standalone system to deliver
CPAP therapy. In addition, Rezaiguia and Jayr’s*
results show an equivalence in efficacy between the
3 therapies (IS, CPT, and IPPB) while treating post-
operative complications. They suggest post-operative
therapy should be continued for 3-5 days to prevent
pulmonary complications, which agreed with the used
of the therapy for 3 consecutive days in this study.

The effectiveness of CPAP therapy is influence by 5
main components: the type of CPAP delivery system,
the period of CPAP therapy, the frequency of CPAP
therapy, the interface (the type of mask used in CPAP),
and the person who applies the therapy to the patient.
Despite, the importance of auto- leak compensation
in the new type of CPAP delivery system, the period
of CPAP therapy and the frequency used in this study
is what makes the significant difference, as there is
no significant difference between CPAP therapies for
half an hour every four hours and IS therapy in this
study. The 2 hour frequency used in this study made
a significant difference, as we found no significant
difference between CPAP 4hrs therapy and IS therapy
in this study. This agreed with previous study findings
that used IPPB therapy to deliver CPAP therapy, and
found no significant difference between IPPB therapy
and IS therapy.>”"” However, this disagrees with a
shorter time period and frequency of CPAP therapy
used in the above studies.

The decrease in length of hospital stay by
approximately one day in the CPAP2hrs group in
this study will reduce the cost of cardiac surgery.
The daily cost of a coronary cardiac unit (CCU) bed
in the hospital, where this study was conducted, is
approximately 1500 US dollars, and despite the extra
daily cost of other medical services this 1500 US dollars
reduction in cardiac surgery will be a substantial saving
in the annual cardiac surgery budget. For example, in
the CPAP2hrs group involving 36 participants in this
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study; the total cost reduction in this group is estimated
at 54000 US dollars. Also, the shorter hospital stay will
lead to a shorter waiting list for cardiac surgery patients.
Previous studies confirm that the high incidence of
post coronary artery bypass graft (CABG) pulmonary
complications can result in high mortality and increased
hospital stay, which leads to an increase in the cost of
the surgery.**

Limitation. Due to the fact that all the participants
in this study were smokers, which caused them to
produce excessive secretions after the cardiac surgery,
and despite the CPAP therapy in this study being
applied by well-trained respiratory therapists who do
their best to encourage the participants to expectorate
the mucus by deep breathing and coughing, still some
participants had thick mucus requiring CPT to remove
the secretions. However, added CPT will lead to a failure
in this study, which makes the removal of very thick
secretions a limitation of this study. Also, even with the
use of very soft gel masks to deliver the CPAP therapy in
this study, and added DuoDERM gel to prevent allergy-
prone skin from redness, some participants who have
sensitive skin will have redness in the contact area of the
nose after mask removal, especially female participants,
making it uncomfortable for them to use it again. One
of the goals of post-operative atelectasis treatment is to
remove the airway secretions from the lungs, and the
use of CPT is one of the limitations in the present study.
Adding CPT may easily remove the lung secretions and
improve the lung expansion therapy. Future prospective
studies to assess the benefit of combined CPAP therapy
with CPT may lead to better outcomes.

In conclusion, the early use of CPAP via mask therapy
for half an hour every 2 hours had better outcomes to
re-open collapsed alveoli after cardiac surgery, especially
in smokers and elderly patients in this study. However,
the present study investigated a sub-group of patients
(elderly smoker patients with healthy lungs) and that
not exclude the benefits of IS therapy use with other
groups of patients.
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