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Abstract

Objectives: Digital radiology is relatively new technology that allows the examiner a number of advantages. The
objective of this study is to evaluate the efficacy of digital chest radiography using plain expiratory and inspiratory
images to detect Pneumothorax and comparison of observer performance between residents and experienced
Emergency Department (ED) physicians.

Methods: Plain digital images of chest radiographs containing expiratory and inspiratory views, requested to
exclude Pneumothorax from January 2000 to December 2003 were included. All images were reviewed independently
by three experienced ED physician and three ED residents. The physicians were asked to decide on the presence or
absence of a Pneumothorax, its site, size and its percentage of occupying area. The physician’s reports were recorded
and compared with reports of consultant radiologists as a standard.

Results: A total of 252 sets of inspiratory and expiratory films were ordered. Of the 118 pairs that met the inclusion
and exclusion criteria, 76 pairs (64.4%) were positive for Pneumothorax using the standard consultant radiologist’s
reports. Overall sensitivity was 72.6% (CI + 4.2) for inspiratory and 80.0% (Cl + 3.7) for expiratory films (P=0.001),
with a specificity of 69.4% (CI  4.6) for inspiratory and 73.1% (Cl % 4.8) for expiratory films (P=0.12). The kappa for
agreement was 0.65, 0.52, and 0.32 for the presence of Pneumothoraces, their size (small, medium, or large), and
their percentage of occupying the area of pleural cavity respectively.

Conclusion: Expiratory images on a digital viewer are more sensitive than inspiratory images for detecting
Pneumothoraces, and this difference is decreased with expert physician’s review. The agreement was poor when a

percentage is used to describe the size of the Pneumothorax occupying Pleural cavity.
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Introduction

Over the last decade there have been remarkable advances in the
technology applied to radiological imaging. Digital radiography has
replaced film based conventional radiography. This is particularly true
for western countries, the impetus for these changes can be largely
attributed to the advantages inherent in digital imaging [1,2]. Many
attempts have been made in the past to compare observer performance
using digital versus conventional radiography and results have been
encouraging in favor of digital imaging [3,4].

Digital radiology is relatively a new technology that allows the
examiner a number of advantages. These include the ability to adjust
the view density, focus on or magnify an area of interest on a film and
so on. Many have proposed that this technology improves the ability
of emergency medicine physicians to diagnose a Pneumothorax from
a single inspiratory view because it allows for better assessment of the
lung and bony thorax.

This study was undertaken to assess the value of expiratory chest
images using digital viewers in the emergency department when a
Pneumothorax is suspected. The study was also designed to evaluate
the sensitivity of Pneumothorax detection for staff and residents and
to determine the inter observer agreement between ED physicians at
different level of experience while evaluating the presence, size (small,
medium, or large), site and percentage of occupying pleural cavity by
the Pneumothorax.

Methodology
This study was done in the McGill University Health Centre

Emergency Department Canada and the study was approved by
the institutional review board of the university and the director of
professional services of the health centre.

From the digital radiology system record chest images that
contained an inspiratory and expiratory antero-posterior or postero-
anterior views from January 2000 to December 2003 were taken. The
inclusion criteria included both inspiratory and expiratory images
taken an erect posture for the subject who presented in ED suspected
for Pneumothorax. The images were excluded if a chest tube was
present. When multiple images were found in a digital radiological
record for a given patient within one day duration then only one from
both inspiratory and expiratory view were included, preferably the
views that were done closest together in time.

Three emergency medicine staff and three emergency medicine
residents (each at a different level of training) were given a short clinical
history for each film and then were asked to evaluate the films. The
inspiratory and expiratory views were arranged randomly on several
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compact discs with no patient identification so that each view would be
evaluated independently. No lateral films were included for evaluation.
Although the films were randomly assorted on several compact discs
and not directly viewed from a dedicated digital viewing computer, each
physician had the ability to control the viewing computer as if he or she
were using the dedicated digital viewer (i.e., control the film density,
focus on a selected area, etc.). For each view, the physicians were asked
to decide the following: (1) if a Pneumothorax was present (yes or no),
and if so, (2) on which side the Pneumothorax was present, (3) the size
of the Pneumothorax either small, medium, or large using definitions
as “small”: defined as a “small rim of air around the lung”; “moderate”
defined as lung “collapsed halfway towards the heart border”; and
“complete”: defined as “airless lung, separate from the diaphragm” [5]
and (4) the percentage of Pneumothorax which was done by calculating
the ratio of the transverse radius of the Pneumothorax (cubed) to
the transverse radius of the hemi thorax (cubed) and to express the
Pneumothorax size as a percentage, multiply the fractional size by 100
[6].

Radiology reports of the plain radiographs of the same images
reported by consultant radiologists were taken as a standard to compare
with that of the ED physicians reports for the absence or presence of
Pneumothorax, site, size and area occupied by air in percentage within
in pleural cavity. Automated software SPSS was used to calculate the
statistical data. Agreement was calculated using the Cohen kappa, in
which the agreement is poor when k<0.2, is fair when 0.2<k <0.4, is
moderate when 0.4<k<0.6, is good when 0.6<k<0.8, and is very good
when k>0.8.

Results

A total of 252 sets of inspiratory and expiratory images were
ordered between January 2000 and December 2003 using the digital
radiology system. Of the 252 sets, 118 sets of films met the inclusion
criteria, and all were of adequate diagnostic quality, with 76 pairs
positive (64.4%) for Pneumothoraces. Thirty-seven of the 76 pairs had
small Pneumothoraces (48.7%), 25 pairs had medium Pneumothoraces
(32.9%) and 14 pairs had large Pneumothoraces (18.4%).

INSPIRATRY EXPIRATORY P

Sensitivity 77.1%,Cl £ 5.6 81.3%, Cl £ 5.1 0.17
Specificity 98.6%, Cl + 2.0 96.2%, Cl + 3.3 0.0
+LR 53.97, Cl + 1.38 21.13,Cl £ 0.86

-LR 0.23,Cl £ 1.38 0.20, Cl £ 0.86

PPV 98.8%, Cl+ 1.6 97.3%, Cl £ 2.3 0.15
NPV 73.8%,Cl£6.3 9%, Cl £6.6 0.75
Accuracy 86% 87% 0.69

+LR = positive likelihood ratio; —~LR = negative likelihood ratio; PPV = positive pre-
dictive value; NPP = negative predictive value.

Table 1: Detection of pneumothorax by the staff physician.

INSPIRATRY EXPIRATORY P
Sensitivity 68.1%, Cl+6.2 = 78.7%, Cl 5.4 0.001
Specificity 93.5%, Cl 4.1 | 92.2%, Cl +4.6 0.5
+LR 10.4, Cl £0.64 10.5, Cl 0.6
-LR 0.34, Cl £+0.64 0.23, Cl £0.6
PPV 94.2%, Cl £3.7 | 94.7%, Cl £3.2 0.77
NPV 61.0%, Cl +6.6 = 71.3%, Cl +6.9 0.004
Accuracy 78% 84% 0.04

+LR = positive likelihood ratio; ~LR = negative likelihood ratio; PPV = positive
predictive value; NPP = negative predictive value.
Table 2: Detection of pneumothorax by the residents.
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The staff physicians had sensitivity of 77.1% (CI +5.6) for inspiratory
and 81.3% (CI £ 5.1) for expiratory films (P=0.17 for the differences)
and a specificity of 98.6% (CI + 2.0) for inspiratory and 96.2% (CI
+ 3.3) for expiratory films (P=0.04 for the differences; Table 1). The
resident physicians had a sensitivity of 68.1% (CI + 6.2) for inspiratory
and 78.7% (CI + 5.4) for expiratory films (P=0.001 for the differences)
and a specificity of 93.5% (CI * 4.1) for inspiratory and 92.2% (CI
4.6) for expiratory films (P=0.5 for the differences; Table 2). When the
results of the staff and resident physicians were pooled together, the
sensitivity was 72.6% (CI * 4.2) for inspiratory and 80.0% (CI + 3.7)
for expiratory films (P=0.001 for the differences), and specificity was
96.0% (CI + 2.3) for inspiratory and 94.2% (CI + 2.8) for expiratory
films (P=0.12 for the differences; Table 3).

The kappa for agreement of the staff, residents, and the two groups
together on the presence of Pneumothorax was 0.79, 0.51, and 0.65,
respectively. The kappa for agreement of the staff, residents, and the
combined group on the size of Pneumothoraces as small, medium,
or large was 0.57, 0.42, and 0.52, respectively, and the kappa for
agreement of the staff, residents, and combined group on the size of
Pneumothoraces as a percentage was 0.38, 0.23, and 0.32, respectively
(Table 4).

Discussion

Therehavebeen manyremarkableadvancesin conventional thoracic
imaging over the past 10-15 years. Perhaps, the most remarkable is the
rapid conversion from film based to digital radiographic system. An
exciting aspect of these changes is due to ability of digital radiographic
application to enhance the diagnostic capabilities. It is common clinical
practice to request both inspiratory and expiratory films of the chest
when a Pneumothorax is clinically suspected. This is done in an effort
to increase sensitivity, even though this practice increases costs and
radiation exposure to the patients [7-9].

Historically, it is evident that expiratory views make a
Pneumothorax more obvious to the viewer, [10,11] possibly due to
the volume of air in the pleural cavity is greater in relation to the lung
volume of an inspiratory view. The greater volume of air in the pleural
space in an expiratory view is thought to make the lung denser with
clearer margins, allowing easier detection of a pneumothorax.[7,10,11]
However despite the different views in literature for ordering both
inspiratory and expiratory images, in practice it is still being used.

INSPIRATRY EXPIRATORY P
Sensitivity 72.6%, Cl 4.2 80.0%, Cl 3.7 0.001
Specificity 96.0%, Cl +2.3 94.2%, Cl 2.8 0.12
+LR 18.34, Cl £0.58 13.81, Cl +0.49
-LR 0.29, Cl +0.58 0.21, Cl £0.49
PPV 96.6%, Cl 2.0 96.0%, Cl 2.0 0.55
NPV 69.4, Cl +t4.6 73.1%, Cl +4.8 0.12
Accuracy 82% 85% 0.13

+LR = positive likelihood ratio; —-LR = negative likelihood ratio; PPV = positive pre-
dictive value; NPP = negative predictive value.

Table 3: Detection of pneumothorax by all physicians.

STAFF RESIDENTS ALL
Presence of 079 0.51 0.65
pneumothorax
Slzelas small, 057 0.42 052
medium, large
Size as percentage 0.38 0.23 0.32

Table 4: Kappa values for agreement on the findings.
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Although, it has been reported in studies that expiratory film only may
not be very sensitive to detect pneumothorax expiratory views still
considered to be good tool for diagnosing Pneumothorax. [9,12]

Radiological imaging has little value without expert reader’s
interpretation using their perceptual and cognitive processes giving
clinical utility and effectiveness [1]. In a study [10] combined inspiratory
and expiratory film both for conventional film ED physicians
performances was found to be 12.5% less than with that of standard
radiologist’s report. Whereas, in our study expiratory and inspiratory
digital images were evaluated in contrast to this study expiratory digital
images appear to be more sensitive than inspiratory views when pooling
all emergency physicians together (P=0.001). There appears to be no
statistical difference, however, when these inspiratory and expiratory
films are interpreted by more experienced ED physicians (P=0.17). The
less experienced ED resident physicians were more likely to detect a
Pneumothorax when viewing the expiratory digital film as compared
to the inspiratory digital film (P =0.001).

The sensitivity of both views was lower than might be expected or
assumed in the clinical setting, in our study it may be due to the large
proportion of small Pneumothoraces (48.7%) in the 76 pairs of films
with Pneumothoraces. The reason could be fact that ED physicians
were given only a short clinical history, without any description
related to findings of clinical exams. In addition, the physicians were
allowed to view the compact discs on their own computers at their own
convenience. It is likely that their home computer monitors were not
as large or as high resolution as the viewers used by the radiologists for
final interpretation.

Agreement on the size of Pneumothorax was moderate to good
when small, medium, or large was used to report the size, but only fair
to poor agreement was found when percentage was used.

Conclusion

It appears that expiratory antero-posterior digital chest images in
comparison to inspiratory digital images are more sensitive in detecting
Pneumothoraces by less experienced or resident ED physicians. No
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statistical difference emerges in the detection of Pneumothoraces
when the same inspiratory and expiratory films are viewed by more
experienced or staff ED physicians.

References

1. McAdams HP, Samei E, Dobbins J, Tourassi GD, Ravin CE (2006) Recent
advances in radiography. Radiology 24: 663-683.

2. Tylen U (1995) Digital chest radiography: Clinical aspects. J Digit Imaging 8:
15-19.

3. Goodman LR, Foley WD, Wilson CR, Rimm AA, Lawson TL (1986) Digital and
conventional chest images: Observer performance with film-digital radiography
system. Radiology 158: 27-33.

4. Cox GG, Cook LT, McMillan JH, Rosenthal SJ, Dwyer SJ (1990) Chest
radiography: Comparison of high resolution digital displays with conventional
and digital films. Radiology 176: 771-776.

5. Miller AC, Harvey JE (1993) Guidelines for the management of spontaneous
Pneumothorax. Standards of Care Committee, British Thoracic Society. BMJ
307:114.

6. Colins CD, Lopez A, Mathie A, Wood V (1995)Quantification of Pneumothorax
size on chest Radiographs using interpleural distances. Regression analysis
based on volume measurement from helical CT. Am J Roentgenol 165: 1127-
1130.

7. Bradley M, Wiliams C, Walshaw MJ (1991) The value of routine expiratory
chest films in the diagnosis of pneumothorax. Emerg Med j 8: 115-116.

8. John A. Marx Robert X, Hockberger Ron M (2005) Rosen’s Emergency
Medicine: Concepts and Clinical Practice Description. (6thedn), Elsevier Health
sciences, Mosby.

9. Seow A, Kazerooni EA, Pernicano PG, Neary M (1996) Comparison of upright
inspiratory and expiratory chest radiographs for detecting Pneumothoraces.
Am J Roentgenol 166: 313-316.

10. Aitchison F, Bleetman A, Munro P, McCarter D, Reid AW et al.(1993) Detection
of pneumothorax by accident and emergency officers and radiologists on single
chest films. Emerg Med J 10: 343-346.

11. Schramel FM, Golding RP, Haakman CDE, Sutedja TG, de Jong KA, et al.
(1996) Expiratory chest radiographs do not improve visibility of small apical
pneumothoraces by enhanced contrast. Eur Respir J 9: 406-409.

12. Schramel FM, Wagenaar M, Sutedja TG, Golding RP, Postmus PE (1995)
Diagnosis of Pneumothorax not improved by additional roentgen pictures of the
thorax in the expiration phase. Ned Tijdschr Geneeskd 139: 131-33.

Volume 2 + Issue 7 + 1000122


http://radiology.rsna.org/content/241/3/663.short
http://radiology.rsna.org/content/241/3/663.short
http://www.springerlink.com/content/65j812472p3q5587/
http://www.springerlink.com/content/65j812472p3q5587/
http://radiology.rsna.org/content/158/1/27.short
http://radiology.rsna.org/content/158/1/27.short
http://radiology.rsna.org/content/158/1/27.short
http://radiology.rsna.org/content/176/3/771.short
http://radiology.rsna.org/content/176/3/771.short
http://radiology.rsna.org/content/176/3/771.short
http://www.bmj.com/content/307/6896/114.abstract
http://www.bmj.com/content/307/6896/114.abstract
http://www.bmj.com/content/307/6896/114.abstract
http://www.ajronline.org/content/165/5/1127.short
http://www.ajronline.org/content/165/5/1127.short
http://www.ajronline.org/content/165/5/1127.short
http://www.ajronline.org/content/165/5/1127.short
http://emj.highwire.org/content/8/2/115.full.pdf
http://emj.highwire.org/content/8/2/115.full.pdf
http://www.ajronline.org/content/166/2/313.short
http://www.ajronline.org/content/166/2/313.short
http://www.ajronline.org/content/166/2/313.short
http://emj.highwire.org/content/10/4/343.abstract
http://emj.highwire.org/content/10/4/343.abstract
http://emj.highwire.org/content/10/4/343.abstract
http://www.ersj.org.uk/content/9/3/406.short
http://www.ersj.org.uk/content/9/3/406.short
http://www.ersj.org.uk/content/9/3/406.short
http://www.ncbi.nlm.nih.gov/pubmed/7845489
http://www.ncbi.nlm.nih.gov/pubmed/7845489
http://www.ncbi.nlm.nih.gov/pubmed/7845489

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Methodology
	Results
	Discussion
	Conclusion
	Table 1
	Table 2
	Table 3
	Table 4
	References



