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Abstract

Background: Pulmonary atelectasis is common following sternotomy for cardiac surgery. The degree of atelectasis present on chest x-
ray has been used to assess efficacy of interventions designed to reduce atelectasis, however radiological atelectasis scoring systems used
may exaggerate the clinical effect of atelectasis in these patients. We have produced an alternative scoring system that seeks to correct
this problem and this study aimed to evaluate this.

Methods: Following ethics approval we retrospectively selected 50 consecutive patients admitted to the intensive care unit following
cardiac surgery. Electronic copies of chest x-ray taken on return to the intensive care unit, on day 1 and day 3 postoperative were
obtained and corresponding details of oxygenation were collected from patient records. Anonymised chest x-rays were scored, using both
the old and new scoring system, by a radiologist blinded to the clinical data. Chest x-ray scores were compared with oxygenation indices
at the time of chest x-ray. Day 1 scores were also assessed for their ability to reflect day 3 oxygenation indices and supplemental oxygen
requirement.

Results: The new score demonstrated better ability to detect atelectasis on chest x-ray and better specificity than the old score when
comparing the chest x-ray findings with the clinical oxygenation status of the patients. The new score also performed better at predicting
day 3 oxygenation status from the day 1 chest x-ray.

Conclusions: This new scoring method performed better as an outcome measure for atelectasis in studies of patients following cardiac

surgery. It may also better identify patients who require ongoing administration of supplemental oxygen on postoperative day 3.
Keywords: Atelectasis, cardiac surgery, cardiopulmonary bypass, chest x-ray, outcome measures

Introduction

Postoperative complications following cardiac surgery increase
mortality, morbidity and costs [1]. One major cause of postoperative
respiratory complications is atelectasis [2]. The development of
atelectasis following general anesthesia and cardiac surgery is almost
inevitable [2,3] and has been described as present in most patients
with an incidence of around 90% of cardiac surgical patients [4,5].
Atelectasis impairs oxygenation, worsens lung compliance, augments
the development of lung injury and increases pulmonary vascular
resistance [6]. It may also be associated with postoperative infective
complications such as pneumonia, [7] and may be resistant to simple
techniques employed to improve lung function such as patient
positioning, physiotherapy and incentive spirometry [3]. Ensuring
adequate oxygenation and respiratory support is vital in the
postoperative period; however there is little published evidence to
guide clinicians in the objective selection and use of oxygen delivery
devices [8]. We are conducting a large scale randomised controlled
trial to assess the effect of prophylactic nasal high flow oxygen
therapy (NHF) using the Optiflow™ system (Fisher & Paykel
Healthcare, New Zealand) on postoperative oxygenation in cardiac
surgical patients [9]. In order to evaluate the hypothesis that NHF can
improve pulmonary function and reduce atelectasis we required a
validated atelectasis scoring system. Currently there are few scoring
systems for reporting atelectasis from chest x-rays [10-12]. The
Radiological Atelectasis Score (RAS) has been used to describe the
degree of atelectasis in postoperative patients [10]. We felt this score
may over-emphasise subtotal atelectasis in the lower lobes and
furthermore it does not attribute any extra weight if there is additional
atelectasis in the middle or upper lobes.

Therefore we have designed a new scoring system to differentiate the
severity of atelectasis in patients with multi-lobar involvement.
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The aims of this study were to evaluate a proposed atelectasis scoring
system against a previously published scoring system in a group of
patients following cardiac surgery; to assess the ability of the two scores to
reflect the oxygenation at the time the chest x-ray (CXR) was taken; and
to assess the ability of the two scoring systems to reflect oxygenation
indices on subsequent days.

Methods

Fifty consecutive patients' clinical records were selected for retrospective
review. These patients were selected by the principal investigator and
were admitted to the intensive care unit (ICU) during the month of January
2010. Inclusion criteria were: aged 18 years or more, received median
sternotomy for cardiac surgery with cardiac bypass, weaned from
mechanical ventilation and extubated within eight hours post-op, length of
stay in ICU less than 24 hours, and only required simple nasal prongs or
face mask for oxygen delivery following extubation. Ethical approval for
the study was obtained from the Northern X regional ethics committee.
Due to the retrospective observational nature of the study, the need for
informed consent was waived.

Oxygenationindices
Clinical details of oxygenation on post-operative day 1 and 3 were
obtained from the patients' records and electronic copies of anteroposterior
CXR taken on return to ICU (baseline), day 1 (d1) post-operative and day
3 (d3) post-operative were downloaded and stored on compact disc for
review by the radiologist.

On day 1 all patients had arterial blood gas measurements available and
the partial pressure of oxygen (PaOz) and fraction of inspired oxygen
(FiO) closest to the time the CXR was taken were recorded, along with
pulse oximetry readings. Arterial blood gas measurements were not
available on patients on day 3, so pulse oximetry was used to measure
peripheral oxygen saturation (SpOz) value.
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Oxygen requirement at time of CXR was recorded. From these data
the PaO2/FiO2 (P/F) and SpO2/FiO2 (S/F) ratios were calculated. An
S/F ratio of 445 was selected as a binomial outcome to distinguish
patients either requiring oxygen or with SaO2 or Sp02<94% versus
those with an SaO2 or SpO2>94% on air.

Atelectasis scoring

The x-rays were scored using both the radiological atelectasis score
(RAS) and a modified radiological atelectasis score (m-RAS) system
by a single radiologist (Author DM) who was blinded to the
oxygenation data and to the order in which the x-rays were taken by
obscuring the date the CXR was taken (see box 1).

The radiological atelectasis score (RAS): the presence of atelectasis
is expressed by a 5-point score [10].
O=clear lung fields
1=plate-like atelectasis or slight infiltration
2=partial atelectasis
3=lobar atelectasis
4=bilateral atelectasis

Data analysis

Data analysis was undertaken using STATA12 (StataCorp LP, Texas,
USA) and Statistical Package R (R Development Core Team (2010).
R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. ISBN 3-
900051-07-0. For both the old and new scores the day 1 and day 3
CXR scores were also compared with oxygenation indices (P/F or S/F
ratio) at the time of CXR. Day 1 scores were also assessed for their
ability to characterize day 3 S/F ratios below 445 (An S/F ratio of
<445 equates to any requirement for supplemental oxygen or
Sp02<94% on air).

The modified radiological atelectasis score (m-RAS): each lobe
(including the lingula) is scored 0-3 as

shown below. The scores of the six lobes are then summed to give a
19-point score (0-18).

0=Normal

1=Plate or minor infiltrate

2=Moderate atelectasis

3=Total atelectasis

Results
Fifty patients were included in this study. Baseline demographic data
is presented in (Table 1).

Gender n(%)
Male B35 (70)
Female 15 (30)
IAge, yrs - mean(SD) 60.54 (14.98)
SpO, % FiO, S/F ratio
IAverage(SD)|Average(SD) |Average(SD)
Baseline
Whole group 50 99 (1.3) 0.45 (0.08) 227 (39)
Patients on room air 010 0 0
S/IF <445 and FiO,>21% | 50 [99 (1.3) 0.45 (0.08) 227 (39)
S/F <445 and SpO,<93% | 0 0 0 0
Day 1
Whole group 50 |97 (2) 0.29 (0.04) 341 (50)
Patients on room air 3 98 (2) 0.21 (0) 468 (10)
S/F <445 and FiO2 >21% | 44 |97 (2) 0.30 (0.03) 332 (40)

S/F <445 and SpO2<93% | 3 92 (L7)  [0.35(0.02) [266 (13)

Day 3

Whole group 49*(95 (2.7) 0.23 (0.03) 428 (52)
Patients on room air 39 95 (2.9) 0.21 (0.03)  {453(14)
S/F <445 and FiO2 >21% | 10 (94 (1.7) 0.29 (0.03)  [330(14.5)
S/F <445 and SpO2< 93% | 10 (94 (2.2) 0.21 (0.03) 435 (10.3)

Table 1: Baseline demographics.
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On post-operative return to the ICU, 43 patients (86%) were determined to
have some degree of atelectasis using both scoring systems. By day 1 the
overall incidence of atelectasis was 86% using RAS and 98% using m-
RAS. The incidence on day 3 was 98% using RAS compared with 96%
using m-RAS. (Figure 1) shows the degree of atelectasis at return to ICU,
day 1 and day 3 for the group. There was an approximately linear
relationship between the RAS and m-RAS scores, but with m-RAS
demonstrating a greater range of scores.

When comparing the scoring systems' ability to predict oxygenation status
at day 3 from the changes seen on the CXR taken on day 1, the m-RAS
performed better than the RAS; both scoring systems were more accurate
in reflecting day 3 oxygenation status from changes seen on the day 1
CXR than on the day 3 CXR. The ability of day 1 x-ray to predict day 3
oxygenation is shown in (Table 2). This was the only significant result
with a likelihood ratio of 0.1 for an m-RAS of 3.

Sensitivity  |Specificity PPV NPV LR+ |LR-
m-RAS >=0 [100% 0% 0.41 |- 1.0 --
m-RAS >=1 [100% 3.45% 0.42 1.0 1.031 (0.0
m-RAS >=2 [100% 13.8% 0.44 (1.00 1.1 0.0
m-RAS >=3 [95% 41.4% 0.53 [0.92 1.6 0.1
M-RAS >=4 [75% 62% 0.58 [0.78 |2 0.4
m-RAS >=5 |45% 93% 0.82 |0.71 |64 0.6
m-RAS >=6 |30% 100% 1.0 [0.67 |- 0.7
m-RAS >=7 [15% 100% 1.0 1[0.63 |- 0.9
m-RAS >=8 |10% 100% 1.0 (062 |- 0.9
m-RAS >=9 5% 100% 1.0 (0.6 -- 1.0
m-RAS>9 (0% 100% -- 059 |- 1.0

Table 2: Ability of Day 1 m-RAS to predict S/F ratio <445 on day 3.
(Figure 2) shows the receiver operating characteristic (ROC) curves for
using the two scores to predict whether the S/F ratio would be below 445
on day 3 using the baseline x-ray. The area under the curve for m-RAS is
0.62 and for RAS is 0.55. (Figure 3) shows the ROC curves for using RAS
and m-RAS on day 1 to predict an S/F ratio <445 on day 3. The area under

the curve for m-RAS is 0.79 and for RAS is 0.71.
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Figure 2 : ROC curve for predicting day 3 S/F ratio of <445 using
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Figure 3: ROC curve for predicting day 3 S/F ratio of <445 using day 1

X-ray scores.
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When analyzing the oxygenation indices it was found that on day 3
41% of patients had an S/F ratio below 445, indicating either an
ongoing requirement for supplemental oxygen therapy (n=10) or a
measured SpO2 of < 93% on room air (n=10). In the group still
requiring supplemental oxygen, the average SpO2 was 94.3% (range
91-96%), while receiving an average FiO2 of 0.28 (giving an average
S/F ratio of 330). Other data for the group not requiring oxygen but
with SpO2 <94% is shown in (Table 1).

Discussion

This study has evaluated a new system for assessing atelectasis on
chest x-ray of patients following cardiac surgery. The overall
incidence of atelectasis on return to ICU following cardiac surgery
was found to be 86%. This is comparable with other studies in this
population which have reported an incidence of 64% to 100% [13-15].

The m-RAS was developed to address perceived deficiencies when
scoring atelectasis on CXRs of patients undergoing cardiac surgery.
This study has demonstrated that day 1 m-RAS is more accurate than
day 1 RAS in predicting poor oxygenation in postoperative cardiac
surgical patients from their routine CXRs. We hypothesise that this
improved predictive ability is due to the ability of m-RAS to better
differentiate subtotal lobar atelectasis.

The selection of appropriate end-points for Phase Il clinical trials is
essential to robust study design but may prove problematic. Defining a
clinically important end point in studies of critically ill patients is an
important consideration in order to avoid poorly conceived clinical
trials [16]. Whilst designing a study to investigate the effects of nasal
high flow oxygen therapy on atelectasis in patients following cardiac
surgery, [9] we were tasked with finding a suitable tool to measure,
accurately, atelectasis on chest x-ray at various time points
postoperatively. It was felt that published scoring systems may over-
estimate the severity of subtotal bilateral basal atelectasis frequently
seen following cardiac surgery, thus reducing the specificity of the
scores ability to predict clinically important indices. Therefore, a
system was designed to more accurately describe the degree of
atelectasis formation recognizing changes throughout the whole lung
and with the ability to differentiate between patients with bilateral
changes affecting the lower lobes only and patients with more
extensive changes. Other published trials have faced this problem too,
describing inconsistencies in the way atelectasis is reported and the
apparent lack of an adequately validated scoring system for
assessment and reporting of atelectasis [12,14].

Previous studies differ in how atelectasis is perceived to affect
oxygenation. One study found that hypoxaemia was not present in
most patients who had demonstrated atelectasis, with only 4% being
unable to maintain an arterial oxygen tension of 13.3kPa [14] while
another reports that the presence of atelectasis coincided with a
requirement for higher positive end expiratory pressure (PEEP) and
FiO2 necessary to maintain oxygenation [17]. In this study it was
found that the day 1 m-RAS was a good predictor of an S/F ratio of
below 445 which would identify patients on supplemental oxygen
therapy or those who had an SpO2<94% on day 3. This is a relevant
and pragmatic clinical outcome for this group and reflects guidelines
in the management of oxygen therapy in critically ill adults [18].

This study also demonstrated a difference in the temporal relationship
between clinical signs (e.g. respiratory rate and oxygen saturations)
and the changes seen on chest x-ray. This concept of a time-lag
between clinical changes and CXR changes is well described. Clinical
examination has been found to under-estimate the frequency of
atelectasis and changes in temperature, heart rate and respirations are
poorly correlated with atelectasis post cardiopulmonary bypass
[14,19]. Changes in lung function have been described previously with
evidence showing that pulmonary complications persist for around a
week after cardiac surgery, with the most severe symptoms observed
around the second post-operative day [20-22]. Increased elastance
parameters following cardiac surgery with peak changes occurring
around day two to three have also been demonstrated [22].
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Limitations of this study

No assessment of atelectasis was performed on the preoperative chest x-
ray, therefore the assumption is that there was no pre-operative atelectasis.
Pre-operative CXR assessment has not been routinely performed in
previously published studies either. One study took pre-operative x-rays
and compared them to post-operative and found none at baseline but 8/35
had atelectasis post-operatively [22].

No other demographic or clinical data was collected. This study was
performed purely to assess the degree of atelectasis on chest x-ray and to
determine how this might predict oxygenation status post-operatively.

This study was designed as a retrospective study, thus potentially suffering
from selection bias. However to minimize selection bias the protocol
required the enrollment of 50 consecutive patients who met the inclusion
and exclusion criteria chosen for this study who received routine
postoperative oxygen therapy. They should therefore reflect the group that
will be enrolled into the planned randomized controlled trial.

Conclusion

This new scoring method appears to be better suited as an outcome
measure of atelectasis in studies of patients following cardiac surgery. It
may also have some utility in discriminating patients who require ongoing
supplemental oxygen on postoperative day 3, however further prospective
studies are required to confirm this. We propose to use this modified
scoring system as a secondary outcome in a randomised controlled trial
investigating the use of prophylactic nasal high flow oxygen therapy after
cardiac surgery [9].
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