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I ntrod uct i on atelectasis.3 AtelecFasis is a partial or cgmplete cqllapse

of lung tissue, and is a commonly occurring complication

Atelectasis is a known complication in patients and a  following heart surgery. The reported incidence of
cause of hypoxemia after heart surgery.* In anesthesia for  atelectasis after heart surgery varies widely, ranging from
surgery, pulmonary collapse begins, which may persist  around 30% to as high as 70%.* This difference can be

for several days.” Surgeries with a duration longer than 3-  attributed to factors like the diagnostic methods used
4 hours along with anesthesia causes an increased risk of
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(chest x-ray vs. more sensitive techniques), definition of
atelectasis severity, and specific type of heart surgery.

Anesthesia can suppress deep breathing and coughing,
which normally keep airways clear. Pain from surgery
can also limit deep breaths. These factors allow mucus to
build up and block airways, or prevent alveoli (air sacs)
from inflating fully.

The adverse effects of atelectasis are more common in
patients with underlying debilitating lung conditions and
heart disease. Its prevalence is well documented with
patients having low Ejection Fraction undergoing heart
surgery. In heart surgery, there are specific aspects of
operation that increase its occurrence like use of thoracic
artery.

In heart surgery, cardiopulmonary bypass (CPB) is
established and includes deflating of lungs for a better
surgical exposure. This intraoperative pulmonary collapse
resolves with spontaneous breathing after awakening
however for days after surgery atelectasis and hypoxemia
can continue.>® In literature, atelectasis can lead to
prolonged hospitalization, increase cost and rise in
mortality.’

The current study focused on a specific manoeuvre
during the operation to target and address post- operative
atelectasis. The partial or complete lung collapse reduces
oxygen intake and can lead to pneumonia, respiratory
failure, and a longer hospital stay. These complications
place a substantial burden on the already strained
healthcare system in Pakistan. The aggressive IPRM has
been demonstrated to improve lung volume, oxygenation,
and compliance, thereby reducing the incidence of
atelectasis and pneumonia. By preventing these
complications, the need for additional respiratory support,
prolonged mechanical ventilation, and antibiotic therapy
can be minimized. Moreover, effective prevention of
postoperative pulmonary complications can lead to a
shorter duration of hospital stay. This translates to
quicker patient turnover, freeing up hospital beds for
other patients and reducing overall healthcare costs. By
reducing the severity and duration of postoperative
pulmonary complications, the demand for critical care
resources, such as ventilators and intensive care unit
beds, is decreased. Preventing pulmonary complications
facilitates earlier mobilization and discharge, leading to
improved quality of life for patients. While the initial
investment in implementing aggressive IPRM may be
required, the long-term benefits in terms of reduced
healthcare costs, shorter hospital stays, and improved

patient outcomes make it a potentially cost-effective
strategy.

Keeping in view the already under pressure health
settings and healthcare workers in Pakistan. The
aggressive  intraoperative  pulmonary  recruitment
maneuver before weaning in patients of coronary artery
bypass surgery could save costs and prevent healthcare
burden. The specific purpose of study was to assess the
effectiveness of aggressive intraoperative pulmonary
recruitment maneuver before weaning in limiting
immediate postoperative pathological atelectasis in
patients with coronary artery bypass surgery.

Methodology

The study was approved by the ethical committee of
Kulsum International Hospital in Islamabad. This was a
retrospective cohort study consisting of 40 patients.
Patient information was recorded on structured proformas
from the medical records of patients of coronary artery
disease who had undergone bypass surgery. Patient’s
statistical profile, indications, signs and symptoms were
recorded. Echos were done and patients included had
ejection fractions more than 50%. The pre-operative and
post-operative chest x-ray were studied by the single
radiologist. All the patients had the FEV1 on pulmonary
function test within 80% of predictive value.

Exclusion criteria included preoperative congestive heart
failure based on chest x-ray, chronic obstructive
pulmonary disease based on pulmonary function test, as
well as perioperative hemodynamic stability requiring
postoperative vasopressor greater than four hours in ICU.
The study outcome i.e. atelectasis was compared between
two groups. In this study medical record of 20 patients
with recruitment maneuver initiation before weaning
from bypass was available which was selected while an
equal number (n=20) of patients in whom the protocol
recruitment maneuver was not initiated before weaning
from cardiopulmonary bypass machine were also selected
for the purpose of comparative analysis.

As per study analysis, the patients’ chest x-ray was taken
before operation and then on the first and third
postoperative days. In order to make it more objective,
basilar atelectasis causing the obliteration of costo-
phrenic and cardio-phrenic angles were observed on chest
x-ray. Measurement of atelectasis included thin lines in
the chest x-ray of lungs, on the basis of available
references and radiologists.
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Strict mechanism and intraoperative timing of pulmonary
recruitment was followed. The mechanism of pulmonary
recruitment involved inflation of bilateral lungs with a
hand assisted bag until the pressure reached 30 mmHg on
anesthesia monitor and kept it on this pressure for 15
seconds, immediately before initiating normal ventilation
for weaning from cardiopulmonary bypass. The study
outcome was comparison of immediate postoperative
pathological atelectasis between two groups in the first 24
hours based on chest x-ray.

Data was analyzed in SPSS version 22. The categorical
variables like gender, comorbidity, and atelectasis were
measured as frequency and percentages whereas the
quantitative numerical variables like age was measured as
mean and standard deviation. The frequency of atelectasis
was compared between two groups using chi square test
at a significance level of 0.05.

Results

In the present study, out of 40 patients, 32 were males
and 8 were females. Age ranged from 45 to 72 years with
an overall mean of 55.7 £ 5.2 years. In group A, the mean
age was 53.6 + 4.1 years while in group B, it was 54.9 =
6.8 years. In group A, where aggressive pulmonary
recruitment maneuver was implemented, there were 15
(75.0%) males and 5 (25.0%) females compared to 17
(85.0%) male and 3 (15.0%) females in group B where
aggressive pulmonary recruitment maneuver was not
implemented. The ejection fraction of the patients was
50%. Comorbidities included hyperlipidemia,
hypertension and Diabetes mellitus which were present in
all (100.0%) study cases. Overall, the mean duration of
surgery was 4.03 hours. The mean duration of CPB time
was 72 minutes. The ones who required were all
extubated within six hours of arrival in the ICU. (Table I)

In group A, the 24-hour chest x-ray demonstrated only 1
(5.0%) basilar angle obliteration consistent with
atelectasis. While in group B, all 20 (100.0%) patients
needed extubation within 6 hours of arrival in ICU. The
24-hour chest x-ray in this group demonstrated more than
three basilar angles obliteration in 12 (60.0%) patients.
There were four basilar angles obliteration in 4 (20.0%)
patients and one angle obliteration in 4 (20.0%) patients.
In these patients of group B, 4 (20.0%) also developed
pneumonia with a hospital stay period of more than 7
days. (Table II)

Table I1: Comparison of atelectasis between two groups.

Table 1I: Demographic characteristics of patients in two
groups.

Group A Group B p-

(n=20) (n=20) value
Age (years)
45 to 55 5 (25.0%) 4 (20.0%)
56 to 65 9 (45.0%) 10 (50.0%) 0.89
66 or above 6 (30.0%) 5 (25.0%)
Mean + SD 53.6+4.1 54.9+6.8 0.78
Gender
Male 15 (75.0%) 17 (85.0%) 0.51
Female 5 (25.0%) 3 (15.0%)
Comorbidities
Hypercholesterolemia 20 (100.0%) 20 (100.0%)
Diabetes mellitus 19 (95.0%) 20 (100.0%) 078
Hypertension 19 (95.0%) 18 (90.0%)

Group A GroupB  p-value
(n=20) (n=20)
No of angles obliterated representing atelectasis
burden
One 1 (5.0%) 5 (25.0%)
Two 0 (0.0%) 0 (0.0%)
Three 0 (0.0%) 5(25.0%)  <0.001
Four 0 (0.0%) 12 (60.0%)
Complications/side effects
Pneumonia 0 (0.0%) 4 (20.0%) <0.001*
Others 0 (0.0%) 0 (0.0%)
Hospital stay (days)
Mean + SD 21+13 5.6+2.8 <0.001
Discussion

This study highlights that the aggressive intraoperative
pulmonary recruitment maneuver limits the pathological
changes in the early post-operative period in patients
undergoing CABG. Thus, it should be routinely utilized
as an intra-operative strategy to prevent post-surgery
pulmonary dysfunction in patients undergoing cardio-
pulmonary bypass surgery. Plenty of previous literature
depicts that the immediate postoperative atelectasis,
secondary to reduction of aeration lung, is highly
prevalent in patients undergoing heart surgery with
cardio-pulmonary bypass and may continue for days. The
atelectasis is more common in the dependent region near
the diaphragm. Similar, to current study findings a meta-
analysis published in the British Journal of Anaesthesia
found that IPRM reduced the incidence of postoperative
pulmonary complications compared to conventional
ventilation.2 Similarly, there are several randomized
controlled trials that have demonstrated the effectiveness
of IPRM in preventing atelectasis and improving
oxygenation.®

Many studies have witnessed atelectasis  post
cardiopulmonary bypass surgery and have classified it as
linear, segmental and lobar.%! It may extend to 35% of
lung parenchyma, leading to hypoxemia, which itself has
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detrimental effects on the hemodynamics, especially in
patients with baseline elevated pulmonary hypertension.
Generally, atelectasis is resolved within the first 24 to 48
hours with simple maneuvers, like: early mobilization,
turning patient’s sides,'> deep breathing or respiratory
muscle training.*® There are instances, where it reflects
infection in the atelectatic region.

Though there is little evidence of causality, atelectasis
may be associated with the development of bacterial
pneumonia leading to significant rise in mortality 30%-
46% in heart surgery.’* The patients may suffer
hypoxemia, necessitating prolonged oxygen and
antibiotic therapy or even mechanical ventilation.?*®

The underlying mechanism is secondary to altering the
production of surfactant preventing the re-expansion,
decreased mucociliary transport in the atelectatic region
of the lung parenchyma. In Literature there is significant
association of underlying pulmonary disease (asthma,
bronchitis), diabetes, hyperlipidemia,'® obese patients'’
and low ejection fraction less than 50% with atelectasis
after cardiac surgery. Moreover, smoking, alcohol
consumption, 4 units of packed red blood cells
transfusion?® and patients on medications like steroids are
at greater risk of atelectasis following CABG.

Cardiac mass can enlarge up to 32%,%° hence pressing the
subjacent lung segments that would increase lung
collapse hence loss of aeration and atelectasis of that
specific region® and its exaggerated compression is also
noted with cardiomegaly.?! Scientific evidence, reports
many pulmonary protection strategies, which includes the
role of pharmacological intervention, surgical strategies
and physiotherapy. These measures definitely reduce the
overall pulmonary dysfunction related to cardiac surgery.
The management is a multistep process that starts during
operative and postoperative phases.**?

The current study focused on the intra-operative phase
and worked on a single maneuver to influence the
incidence of atelectasis based on post-operative chest x-
ray in the first 24 hours. Clearly, this study documented
that intraoperative pulmonary recruitment maneuver
significantly influenced the incidence of atelectasis, when
compared with the control group. It has been suggested
that eliminating the usual standard i.e., no lung inflation
during CPB by maintaining a degree of lung ventilation
may be beneficial. It is further supported by the fact of
compression phenomena by the increased heart mass due
to CABG also that off pump coronary artery bypass
surgery (OPCAB) seems to provide better lung protection

by eliminating ischemia reperfusion injury, due to
maintenance of lung ventilation in OPCAB. Studies have
shown that lung recruitment maneuvers re-opens
collapsed lung regions, hence improving oxygenation.??
These observations led the current investigators to
conduct this trial and compare recruitment maneuver
protocol as explained with the control group.

Intraoperative pulmonary recruitment maneuver does
help in reduction of early postoperative atelectasis,
especially in surgeries like CABG. More so, further
studies can be done, where this maneuver can prove
useful in subjects, who are more prone to atelectasis, like
prolonged bypass time or enlarged hearts. This maneuver
can also be done in the postoperative setup, hence, a
comparison study between the two can also be conducted.
Clinical manifestation of the pulmonary dysfunction
varies from mild atelectasis to severe respiratory failure.
The management of pulmonary dysfunction is a multistep
process, which is well documented in literature.

There were multi-level advantages of this study that
included firstly, addressing pulmonary dysfunction
during and early on after coronary artery bypass surgery.
The study has programmatic implications in terms of
saving additional costs and limiting healthcare burden
due to pulmonary dysfunction in CABG patients. The
limitation of this study was that it has worked on only
one postoperative complication i.e. atelectasis.

Conclusion

It is concluded that the aggressive intraoperative
pulmonary recruitment maneuver limits the pathological
changes such as atelectasis in the early post-operative
period in CABG patients. This maneuver should be
utilized as an intra-operative strategy for prevention of
post-surgery  pulmonary  dysfunction.  Pulmonary
dysfunction is one of the most common complications,
related to open heart surgery and can have a significant
impact on patient outcomes and health economics.
Furthermore, in future trials, a comparison study can be
done on the use of this maneuver in intra and
postoperative settings.
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