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Emergence and 
Postoperative Atelectasis: 
Comment

To the Editor:

I read with great interest the article by Östberg et al.1 which 
provides clinically relevant information. The authors 

and the accompanying editorial2 adequately mention the 
main limitation of the study (i.e., findings are restricted to 
a healthy population undergoing low-risk surgery of rela-
tively short duration). My concern relates to the data pre-
sentation and interpretation.

Outliers may affect results, assumptions, and conclusions. 
Labeling an observation as an outlier implicitly suggests that 
it is an unlikely observation, is not the result of natural vari-
ability, and that a similar observation is unlikely to occur in 
the future under comparable conditions. The authors pro-
vide no explanation for designating nine data points from 
eight patients (27% of all patients!) as outliers. In the absence 
of a possible explanation for why the outliers might have 
occurred, such an approach seems questionable. The fact 
that the outliers lie outside the ranges (fig. 2) would sug-
gest that they were not included in the overall data analysis. 
Especially in studies with a rather small number of patients, 
it would be preferable to treat the outliers like all other data 
because those “extremes” may well reflect natural variabil-
ity. In this context, the lack of the upper range whisker of 
the baseline values in the Zero PEEP [positive end-expi-
ratory pressure] group (fig. 2) prevents an adequate assess-
ment of how “extreme” the outliers really were. Overall, 
the rationale for designating certain observations as outliers 
remains unclear. At a minimum, the method of defining an 
outlier needs to be described, labeling of the observation as 
an outlier be justified, and the implication of using outliers 
be spelled out.

The authors interpret their findings as showing that 
postoperative atelectasis was small without effect on oxy-
genation. This interpretation is based on median values. 
However, the ranges of areas of atelectasis and Pao

2
/Fio

2
 

ratios were large, reflecting considerable individual variabil-
ity. The area of atelectasis increased by 7 cm2 or more in 
two patients of each group. It would clinically be relevant 
to know the oxygenation status of these particular patients.

The statement that most patients had very small areas of 
atelectasis at baseline is not fully supported by the data. Two 
patients in the PEEP and three in the Zero PEEP group 
had baseline atelectasis areas of approximately 8.5 to 9.5 cm2 
(PEEP group) and 5.5 to 6.5 cm2 (Zero PEEP group). This 
constitutes 17% of the entire population.

The overall evidence suggests a detrimental effect of an 
Fio

2
 1.0 before extubation on the development of postop-

erative atelectasis. Why not abandoning administration of 
100% oxygen before extubation altogether? Best practice 
may well consist of administrating an Fio

2
 of maximally 

0.8 before emergence from anesthesia.3–5 A patient who 
requires an Fio

2
 greater than 0.8 before extubation should 

probably not be extubated. “The knowledge is there! Yet, 
the tradition is long lived, and we still frequently practice 
100% oxygen before extubation.”3
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In Reply:

We appreciate Dr. Priebe’s interest in our article.1,2 The 
existence of outliers is an inherent feature of biology, 

and respiratory pathophysiology and atelectasis formation is 
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certainly no exception to this rule. We can assure Dr. Priebe 
that all outliers were included in the analyses, which is also 
clearly stated in the Materials and Methods section. The statis-
tical definition may vary, but according to the default setting 
in our statistical software, any observation that is 1.5 interquar-
tile ranges below the first quartile or above the third quartile 
is deemed an outlier. In one of the boxplots in figure 2, no 
data point exists between the third quartile and 1.5 interquar-
tile ranges, therefore no whisker is displayed. Furthermore, the 
nine outlier data points from eight patients are from two sepa-
rate investigations, i.e., from a total data set of 60 observations. 
The proportion of outliers is therefore 13% and not 27%.

The size of atelectasis is preferably discussed in terms of 
percentage of total lung area in a specific slice of the lungs. We 
insist that most patients had small atelectasis before awakening, 
with the median for all patients being only 1.3% of total lung 
area in a basal scan of the lungs,3 the most vulnerable parts. 
Indeed, five patients exhibited somewhat larger atelectasis: 
four of them still under 3% of total lung area and one with 
4.1% of total lung area. These are not extreme numbers, but 
still statistically defined as outliers in our data, since nearly all 
other patients exhibited minimal atelectasis. Postoperatively, 
no single patient, outliers included, needed supplemental oxy-
gen or had an oxygen saturation below 95%.

Knowledge on the effect of awakening with Fio
2
 0.8 

instead of 1.0 is still lacking. We would welcome evidence 
showing that awakening with Fio

2
 0.8 results in even smaller 

postoperative atelectasis, and we particularly look forward 
to the resulting discussion whether it is worth shortening 
safe apnea time by 25% to achieve this.4 Meanwhile, we 
prefer providing our patients with a maximum oxygen 
reserve during awakening.
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