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Abstract

Background—Bedside ultrasonography in the diagnosis of pneumothorax has been well

described in emergency and trauma medicine literature. Its role in detection of iatrogenic

pneumothoraces has not been studied. We describe the performance of bedside ultrasonography in

detection of procedure related pneumothoraces and highlight some limitations.

Methods—185 patients underwent thoracentesis (n=60), transbronchial biopsy (n=48), CT-

guided lung biopsy (n=76), and CT-guided cryoablation of a lung mass (n=1). Bedside

transthoracic ultrasound examination and post-procedure chest radiograph were performed in all

patients. Patients in whom pleural surface was not well imaged with ultrasound were said to have

a limited exam. Chest x-ray was the standard for diagnosing pneumothorax.

Results—Chest x-ray detected pneumothorax in 8/185 patients (4.0%). Ultrasound diagnosed

pneumothorax in seven of these patients. Sensitivity, specificity and diagnostic accuracy were

88%, 97% and 97%, respectively. Limited quality ultrasound examinations due to pre-existing

lung disease was seen in 43/185 patients. The positive and negative likelihood ratios for patients

with adequate scans were 55 and 0.17, respectively. Likelihood ratio for patients with limited

quality scan was 1.08.
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Conclusions—Bedside chest ultrasonography, in the presence of good quality scan, is a

valuable tool in the evaluation of post procedure pneumothorax. Patients with preexisting lung

disease in whom the quality of ultrasound examination is limited should be studied with a chest x-

ray.
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INTRODUCTION

Iatrogenic pneumothorax is a complication of various procedures involving bronchoscopic

and percutaneous lung biopsies. Rates of iatrogenic pneumothorax depend on the type of

procedure, operator experience, and presence of underlying lung disease. For CT guided

transthoracic needle biopsy, the observed rate of pneumothorax is 15-20%1 and up to 50% if

aerated lung is traversed during needle penetration. Ultrasound guided thoracentesis and

fluoroscopic transbronchial needle biopsies have reported rates of pneumothorax of 2-4%.2-4

Thoracic ultrasonography has been used in the diagnosis of pneumothorax. Early studies in

trauma patients have shown ultrasound to be more sensitive and specific than portable

antero-posterior (AP) chest x-ray.5-7 Many emergency rooms perform thoracic ultrasound

together with the Focused Assessment and Sonography for Trauma (FAST) exam before

ordering an initial screening chest x-ray (CXR).8,9 Ultrasonography has also been used to

diagnose pneumothorax in critically ill patients.10

Imaging aerated lungs produces a series of artifacts, many of which have been previously

defined by Lichtenstein et al.11 Vertical artifacts, known as comet tails or “B lines”, are due

to a difference in acoustic impedance between two structures, such as visceral pleural and

aerated lung. They appear as vertical lines that originate from the pleural surface and extend

to the edge of the screen. Reverberation artifacts, known as “A lines”, are seen in the

presence of air within pleural space, and appear as equidistantly spaced horizontal lines

below the pleura (Fig. 1). Lung sliding is the back and forth movement of a pleural line that

occurs during a respiratory movement. The presence of lung sliding and/or comet tails

reliably excludes a pneumothorax at the site of examination.11 Absence of lung sliding is

seen in pneumothorax but may also be present in other conditions such as pleural adhesions

and bullous emphysema.11 Therefore, when used in isolation, absence of lung sliding cannot

definitively confirm a pneumothorax. “Lung point”, or a transition point between aerated

lung and pneumothorax, confirms the diagnosis of pneumothorax at the examination site.

Experience with ultrasonography in the identification of iatrogenic pneumothorax is

limited12,13. This study was conducted to determine the diagnostic accuracy, advantages as

well as limitations of ultrasound in the evaluation of iatrogenic pneumothorax in patients

undergoing thoracentesis, CT guided transthoracic lung biopsy, and transbronchial lung

biopsy.
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MATERIALS AND METHODS

Study Design

185 patients were enrolled in an observational cross-sectional study between August 2011

and March 2012. Institutional Board Review approval (protocol # 1107011827) was

obtained prior to the study commencement. Patients were 18 years or older and scheduled to

undergo a thoracentesis, CT guided needle lung biopsy or transbronchial lung biopsy.

Patients were excluded if they developed an intraoperative pneumothorax requiring manual

aspiration or chest tube drainage prior to ultrasound examination, declined to provide

informed consent, to undergo an ultrasound examination or chest x-ray, or were pregnant.

After informed consent, every participant underwent a pre-procedure thoracic ultrasound

examination with a 7.5 MHz linear vascular transducer (Sonosite M Turbo, Bothell, WA.)

Most were supine during the examination, others were semi-upright, sitting or standing. The

pleural surface was identified as a hyperechoic line between two rib shadows. Images were

acquired in a longitudinal scanning plane with the transducer indicator in a cephalad position

along the mid-clavicular, anterior-axillary, mid-axillary, and posterior-axillary lines. Each

line was scanned for 10 seconds, allowing a complete examination of the thorax to be

performed in 40 seconds. The scan was deemed adequate if the pleural surface with lung

sliding was imaged in at least 3 consecutive intercostal spaces along each line of scanning.

Ultrasound scans that did not meet this criteria were deemed limited. All ultrasound

examinations were performed and interpreted by the clinical investigator at the patient’s

bedside and then saved as a video file for later review by an attending radiologist. The

clinical investigator was a second year pulmonary fellow who underwent a 2 hour

introductory thoracic ultrasound course at the start of his fellowship and routinely used

ultrasound for central line placement. The co-interpreter was a general board certified

radiologist with no specialty training in thoracic ultrasonography. Both investigators were

blinded to the chest x-ray and computed tomography results. All patients received a post

procedure ultrasound examination. Pneumothorax was excluded if either the lung sliding or

comet tail artifacts were visualized in each intercostal space examined. The following

criteria were used to establish the diagnosis of pneumothorax on ultrasound: loss of both

lung sliding and comet tails, with or without the appearance of A-lines or identification of a

lung point. Neither the clinical investigator nor the radiologist co-interpreting the ultrasound

was present during the procedures. Patient’s health care providers were not allowed to

communicate any clinically relevant information to the investigator and the latter was not

permitted to interview or examine the patient. The results of a positive post procedure

ultrasound scan for a pneumothorax were communicated to patient’s healthcare providers.

Each patient underwent a post procedure anterior-posterior (AP) chest radiograph that was

ordered emergently. Chest x-ray was the standard for diagnosis of pneumothorax. Both chest

x-ray and ultrasound were performed within 60 minutes of completion of the procedure. All

chest radiographs were uploaded into the computer database system in a digital format and

interpreted by board certified radiologists who were unaware of the ongoing study.

Description of Procedures

CT-guided Transthoracic Needle Biopsy—Most CT guided lung biopsies biopsies

were performed using local anesthetic. An outer 19-gauge cannula (Cardinal Health Temno
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Biopsy System, Dublin, OH) was advanced into the lesion under CT guidance. Through this

outer cannula, fine needle aspirates using a 22-gauge needle (Cardinal Health BD Wescott

and Cardinal Health BD Chiba, Dublin, OH) were obtained, followed by a limited CT of the

biopsy site. Patients recovered in a position dependent to the biopsy tract for two hours. Post

procedure chest x-ray was obtained during the recovery period.

Cryoablation—Cryoablation was performed under general anesthesia. A 17gauge

cryoprobe (Endocare Cryocare CS, Irvine,CA.) was advanced and positioned within the

lesion under CT guidance. Two cycles or freeze and thaw, lasting 8 and 7 minutes,

respectively, were performed utilizing manufacturer recommendations. A post procedure

portable chest radiograph was also performed during the recovery.

Transbronchial Lung Biopsy—Transbronchial biopsies were performed using an

Olympus flexible bronchoscope (Olympus Videobronchoscope Evis Exera II BF Type

Q180, Melville, NY, USA) under moderate sedation. All procedures were performed by

pulmonary fellows under direct supervision of a pulmonary attending. Transbronchial

biopsy forceps (Boston Scientific Radial Edge, Global Park Heredia, CR) were advanced to

the target lesion under fluoroscopic guidance. A chest x-ray was obtained at the conclusion

of the procedure.

Thoracentesis—Thoracentesis was performed by medical housestaff and/or pulmonary

fellows, without direct pulmonary attending supervision. Ultrasound was used in all cases to

identify the pleural effusion and nearby anatomical structures. Thoracentesis needle (Arrow-

Clarke Pleura-Seal Thoracentesis Kit, Reading PA) was advanced into the pleural space and

pleural effusion was drained using a manual syringe pump method. A chest x-ray was

obtained at the conclusion of the procedure.

Statistical Methods

A sample size of 160 produced a two-sided 95% confidence interval with a width equal to

0.100 when the sample specificity was 0.90. The sample size calculation was computed

using a Wilson Score confidence interval with continuity correction. Basic descriptive

statistics were reported. Cohen kappa statistics were computed with corresponding p-values

to evaluate the inter-observer agreement of the readers. The sensitivity, specificity and

diagnosis accuracy of ultrasound readings were calculated with 95% exact binomial

confidence intervals (Collett 1999). Likelihood ratios were also computed. All data was

analyzed with a statistical software package.14

RESULTS

193 patients were screened and 185 were enrolled into the study. There were 91 men and 94

women. The average age was 67 (range 23-92). Reasons for exclusions and performed

procedures are summarized in Figure 2. The average time between ordering a chest film and

obtaining an image for interpretation was 49 minutes. Four percent of patients (8/185) were

diagnosed with a pneumothorax based on a chest x-ray. Seven pneumothoraces occurred in

CT-guided lung biopsy group (Table 1). Ultrasound correctly identified 7/8 pneumothoraces

when interpreted by clinical investigator and 6/8 pneumothoraces when interpreted by
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radiologist. The diagnostic performance of ultrasound for each operator is summarized in

Table 2. The clinical investigator and the radiologist had an excellent agreement in the

interpretation of ultrasound scans (k=0.8± 0.07, p value≤0.001). Reduced lung sliding was a

common reason for limited quality ultrasound scans and a frequent source of discordance

between chest x-ray and ultrasound. (Table 3). One patient with false positive ultrasound

scan had an occult pneumothorax confirmed with chest CT and another patient developed a

large pneumothorax requiring drainage after an initial chest x-ray was negative. Patients

with a false negative ultrasound scan had clinically insignificant pneumothoraces at the time

of ultrasound examination, although on repeat imaging one patient developed an enlarging

pneumothorax that required chest tube placement. Limited quality ultrasound examinations

were present in 43/185 (23%) of patients (Table 4.) Common causes for limited quality

scans were reduced lung sliding from underlying lung disease such as bullous emphysema,

and previous lung surgeries and radiation treatments resulting in pleural adhesions.

Ultrasound showed high diagnostic accuracy in a setting of an adequate scan (Table 5.)

Ultrasound offered no diagnostic value in patients with limited quality examination. Chest x-

ray excluded a pneumothorax in all patients with false positive ultrasound scans. No

invasive procedures were performed solely on the basis of ultrasound examination.

DISCUSSION

Most studies performed in emergency medicine and trauma patients report sensitivity and

specificity of ultrasound in detection of pneumothorax to be above 90%10. Our study differs

from those published in several important ways. Many previous studies used chest CT as the

standard for diagnosing pneumothorax 7,10,15. Given the cost and exposure to ionizing

radiation, we chose to compare ultrasound with a chest x-ray. In contrast to earlier studies

reporting on patients with traumatic pneumothorax, patients in our study had significant

underlying lung disease, as evidenced by the nature of performed procedures and a high

prevalence rate of limited quality ultrasound scans.10 As shown in table 4, the most common

cause of limited scans was reduced lung sliding from pleural adhesions due to prior thoracic

surgeries and radiation therapies. The use of ultrasound for diagnosis of pneumothorax in

such patient population may be non-diagnostic and obtaining a baseline pre-procedure scan

may identify patients in whom chest x-ray should be the preferred imaging modality. Unlike

earlier studies in which ultrasound examinations were performed by emergency medicine

physicians and radiologists, all ultrasound scans in our study were performed by a

pulmonary fellow.7,10 Finally, in our study the entire hemithorax was examined with

ultrasound. This is in contrast to previous studies where a more limited ultrasound

examination was performed7. It is unclear whether a comprehensive examination is

necessary, although we hypothesize that it may improve diagnostic accuracy by detecting

occult pneumothoraces. To our knowledge there have been no studies comparing various

scanning techniques on the diagnostic accuracy of ultrasound, and since we did not detect

any pneumothoraces in the posterior axillary line, we suggest that it is not necessary to

routinely include this region of the thorax in the ultrasonographic examination.

Since loss of lung sliding following a procedure suggests procedure-related pneumothorax,

performing a pre-procedure scan allows the clinician to diagnose pneumothorax with greater

confidence. Pre-procedure scan can also identify patients in whom ultrasound may be of
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limited diagnostic value due to reduced lung sliding. Although previously suggested by

Koenig et al16, to our knowledge, we are the first to systematically include pre-procedure

ultrasound examination in the evaluation of pneumothorax.

Out of 5 patients falsely diagnosed with pneumothorax by the clinician, two had reduced

lung sliding due to pleural adhesions from prior lung surgeries and one had bullous

emphysema. (Fig.3). These disease states have been previously demonstrated to reduce lung

sliding and result in false positive ultrasound scans11. Chest CT was available in 3 patients

with false positive ultrasound scan and confirmed an occult pneumothorax in one. Since CT

was not performed every time there was discrepancy between chest x-ray and ultrasound,

the true prevalence of occult pneumothoraces is unknown.

Operator experience is an important determinant of the diagnostic accuracy of the

ultrasound. In our study, all scans were acquired by a second year pulmonary fellow who

underwent a two hour thoracic ultrasound course. Studies show that intensive care unit

residents with no prior ultrasound experience can reliably perform thoracic ultrasonography

for detection of pneumothorax after 2 hours of training.17

Although neither the radiologist nor the clinical investigator were permitted to receive any

clinical information, it is conceivable that by being present at the bedside and physically

seeing the patient, the investigator was clinically biased. While low prevalence rate of

pneumothoraces makes direct comparison between the radiologist and the clinical

investigator difficult, we hypothesize that including clinical suspicion in the evaluation of

pneumothorax may improve the diagnostic accuracy of ultrasound.

We noted several advantages that ultrasound offers over chest x-ray. The first is that

ultrasound exam can be performed more quickly than a chest x-ray. Chest x-rays were

available for review an average 48 minutes following the procedure. A second advantage is

the lack of ionizing radiation. One disadvantage of ultrasound is lack of accuracy in the

evaluation of pneumothorax size.18,19 At this time we recommend following pneumothorax

size with serial chest x-rays. A second disadvantage is the need for a trained clinician. A

third disadvantage is the cost of purchasing and maintaining the equipment. However, many

institutions are already using ultrasound for thoracenthesis and central line placement, and

will bear no additional cost by including an ultrasound in the evaluation of post procedure

pneumothorax.

This study has several limitations. First, the diagnostic accuracy seen in this study reflects

the skill of a single clinical investigator. Studies in which ultrasound exams are performed

by several clinicians are needed to determine the inter-operator variability and

reproducibility of this data. A second limitation is the low prevalence rate of

pneumothoraces.

Given low incidence of pneumothoraces following transbronchial biopsy and thoracentesis,

several authors recommend against performing routine post procedure chest x-ray in the

absence of clinical symptoms. 20,21 Such recommendations have not been extended for

patients undergoing CT-guided needle lung biopsy, where the incidence of pneumothorax is

higher. None of our study patients who developed post procedure pneumothorax had clinical
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symptoms at the time of diagnosis. We therefore recommend that every patient having

undergone a lung biopsy or a thoracentesis be evaluated for post procedure pneumothorax

using an ultrasound as the first imaging modality. In the presence of good quality ultrasound

scan obtaining a chest film becomes unnecessary. Patients with reduced quality ultrasound

examinations should be studied with a chest x-ray. Performing a pre-procedure ultrasound

scan can identify patients in whom ultrasound may not be diagnostic. We believe that this

approach will greatly reduce the number of unnecessary chest films.

CONLCUSION

Bedside ultrasound is a valuable imaging tool that can reliably exclude post procedure

pneumothorax provided that pleural surface is adequately imaged and lung sliding is present

on a pre-procedure scan. Patients in whom ultrasound examination is limited should be

studied with a chest x-ray.
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Figure 1.
Ultrasound image comparing normally aerated lung with pneumothrax
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Figure 3.
Bullous Emphysema Resulting in False Positive Ultrasound Scan

Shostak et al. Page 11

J Ultrasound Med. Author manuscript; available in PMC 2014 June 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Shostak et al. Page 12

T
ab

le
 1

Pr
ev

al
en

ce
 o

f 
Pn

eu
m

ot
ho

ra
ce

s,
 D

ia
gn

os
ed

 o
n 

C
he

st
 X

-r
ay

, A
m

on
g 

V
ar

io
us

 P
ro

ce
du

re
 G

ro
up

s

P
ro

ce
du

re
 G

ro
up

Sa
m

pl
e 

Si
ze

 (
n)

P
re

va
le

nc
e 

of
pn

eu
m

ot
ho

ra
x 

– 
no

. (
%

)

C
T

-g
ui

de
d

tr
an

st
ho

ra
ci

c 
lu

ng
bi

op
sy

1,
2

77
7 

(9
%

)

T
ra

ns
br

on
ch

ia
l

ne
ed

le
 lu

ng
bi

op
sy

3

48
1 

(2
%

)

T
ho

ra
ce

nt
es

is
60

0 
(0

%
)

T
ot

al
18

5
8 

(4
%

)

1 In
cl

ud
es

 o
ne

 p
at

ie
nt

 w
ith

 C
T

-g
ui

de
d 

cr
yo

ab
la

tio
n.

2 Fo
ur

 p
at

ie
nt

s 
de

ve
lo

pe
d 

in
tr

a-
op

er
at

iv
e 

pn
eu

m
ot

ho
ra

x 
re

qu
ir

in
g 

ch
es

t t
ub

e 
dr

ai
na

ge
 a

nd
 w

er
e 

ex
cl

ud
ed

 f
ro

m
 th

e 
st

ud
y.

3 O
ne

 p
at

ie
nt

 d
ev

el
op

ed
 in

tr
a-

op
er

at
iv

e 
pn

eu
m

ot
ho

ra
x 

re
qu

ir
in

g 
ch

es
t t

ub
e 

dr
ai

na
ge

 a
nd

 w
as

 e
xc

lu
de

d 
fr

om
 th

e 
st

ud
y

J Ultrasound Med. Author manuscript; available in PMC 2014 June 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Shostak et al. Page 13

T
ab

le
 2

D
ia

gn
os

tic
 P

er
fo

rm
an

ce
 o

f 
U

ltr
as

ou
nd

 in
 D

et
ec

tio
n 

of
 P

ne
um

ot
ho

ra
x

O
pe

ra
to

r
Se

ns
it

iv
it

y,
 %

 [
95

%
 C

I]
Sp

ec
if

ic
it

y,
 %

 [
95

%
 C

I]
D

ia
gn

os
ti

c 
A

cc
ur

ac
y 

%
 [

95
%

 C
I]

C
lin

ic
al

 I
nv

es
ti

ga
to

r
88 [0

.3
5-

0.
90

]
97 [0

.9
3-

0.
98

]
97 [0

.9
3-

0.
98

]

R
ad

io
lo

gi
st

75 [0
.3

5-
0.

90
]

97 [0
.9

3-
0.

98
]

96 [0
.9

3-
0.

98
]

J Ultrasound Med. Author manuscript; available in PMC 2014 June 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Shostak et al. Page 14

T
ab

le
 3

E
tio

lo
gi

es
 o

f 
D

is
ag

re
em

en
ts

 B
et

w
ee

n 
C

he
st

 X
-r

ay
 a

nd
 U

ltr
as

ou
nd

D
is

ag
re

em
en

t
C

lin
ic

ia
n

R
ad

io
lo

gi
st

U
lt

ra
so

un
d

L
im

it
at

io
n

E
ti

ol
og

y 
/

C
om

m
en

ts
1

U
S

C
X

R

Po
si

tiv
e

N
eg

at
iv

e
X

X
R

ed
uc

ed
 lu

ng
 s

lid
in

g
B

ul
lo

us
 e

m
ph

ys
em

a

Po
si

tiv
e

N
eg

at
iv

e
X

X
N

on
e

T
im

in
g 

of
 s

ca
n2

Po
si

tiv
e

N
eg

at
iv

e3
X

X
R

ed
uc

ed
 lu

ng
 s

lid
in

g
Pl

eu
ra

l a
dh

es
io

ns

Po
si

tiv
e

N
eg

at
iv

e
X

R
ed

uc
ed

 lu
ng

 s
lid

in
g

Pl
eu

ra
l a

dh
es

io
ns

Po
si

tiv
e

N
eg

at
iv

e
X

N
on

e
N

on
e

Po
si

tiv
e

N
eg

at
iv

e
X

R
ed

uc
ed

 lu
ng

 s
lid

in
g

Pl
eu

ra
l a

dh
es

io
ns

Po
si

tiv
e

N
eg

at
iv

e
X

N
on

e
N

on
e

N
eg

at
iv

e
Po

si
tiv

e
X

X
N

on
e

N
on

e

N
eg

at
iv

e
Po

si
tiv

e
X

N
on

e
N

on
e

1 E
tio

lo
gi

es
 f

or
 r

ed
uc

ed
 lu

ng
 s

lid
in

g 
in

fe
rr

ed
 b

as
ed

 o
n 

pa
tie

nt
’s

 m
ed

ic
al

 h
is

to
ry

.

2 Pn
eu

m
ot

ho
ra

x 
w

as
 s

ee
n 

on
 u

ltr
as

ou
nd

 o
bt

ai
ne

d 
30

 m
in

ut
es

 a
ft

er
 th

e 
in

iti
al

 n
eg

at
iv

e 
ch

es
t x

-r
ay

. A
 s

ig
ni

fi
ca

nt
 p

ne
um

ot
ho

ra
x 

re
qu

ir
in

g 
ch

es
t t

ub
e 

dr
ai

na
ge

 w
as

 c
on

fi
rm

ed
 o

n 
a 

re
pe

at
 c

he
st

 x
-r

ay
.

3 O
cc

ul
t p

ne
um

ot
ho

ra
x 

co
nf

ir
m

ed
 o

n 
ch

es
t c

om
pu

te
d 

to
m

og
ra

ph
y.

U
S 

=
 u

ltr
as

ou
nd

. C
X

R
 =

 c
he

st
 x

-r
ay

J Ultrasound Med. Author manuscript; available in PMC 2014 June 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Shostak et al. Page 15

T
ab

le
 4

E
tio

lo
gy

 o
f 

L
im

ite
d 

Q
ua

lit
y 

U
ltr

as
ou

nd
 E

xa
m

in
at

io
ns

E
ti

ol
og

y
N

R
ed

uc
ed

 lu
ng

 s
lid

in
g1

18

Pl
eu

ra
l e

ff
us

io
ns

13

O
be

si
ty

3

Pa
ce

m
ak

er
3

T
un

ne
le

d 
ca

th
et

er
3

B
re

as
t i

m
pl

an
ts

3

T
ot

al
43

1 O
ne

 p
at

ie
nt

 h
ad

 b
ul

lo
us

 e
m

ph
ys

em
a,

 th
e 

re
m

ai
ni

ng
 p

at
ie

nt
s 

m
os

t l
ik

el
y 

ha
d 

pl
eu

ra
l a

dh
es

io
ns

 b
as

ed
 o

n 
th

ei
r 

m
ed

ic
al

 h
is

to
ry

.

J Ultrasound Med. Author manuscript; available in PMC 2014 June 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Shostak et al. Page 16

T
ab

le
 5

D
ia

gn
os

tic
 P

er
fo

rm
an

ce
 o

f 
U

ltr
as

ou
nd

 W
he

n 
Pe

rf
or

m
ed

 b
y 

C
lin

ic
al

 I
nv

es
tig

at
or

 in
 D

et
ec

tio
n 

of
 P

ne
um

ot
ho

ra
x 

in
 P

at
ie

nt
s 

w
ith

 A
de

qu
at

e 
an

d 
L

im
ite

d

So
no

gr
ap

hi
c 

E
xa

m
in

at
io

ns

C
he

st
 X

-r
ay

P
os

it
iv

e
N

eg
at

iv
e

T
ot

al
L

ik
el

ih
oo

d 
ra

ti
o

95
%

 C
on

fi
de

nc
e

In
te

rv
al

A
de

qu
at

e 
L

im
it

ed
U

lt
ra

so
un

d

A
de

qu
at

e
P

os
it

iv
e

5
2

14
2

55
(0

.4
5-

0.
85

)

A
de

qu
at

e
N

eg
at

iv
e

1
13

4
0.

17
(0

.3
6-

0.
52

)

L
im

it
ed

2
41

43
1.

08
(0

.8
5-

0.
90

)

T
ot

al
8

17
7

18
5

J Ultrasound Med. Author manuscript; available in PMC 2014 June 02.


