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Pneumothorax is typically ruled out sonographically by detecting a glide sign, lung pulse,

and/or B lines, and ruled in by detecting the return of a glide sign and/or presence

of a lung point. This case series describes novel lung ultrasound findings (abnormal

curtain signs) in dogs with naturally-occurring pneumothorax. This case series also

describes a novel lung ultrasound protocol that involves evaluating the curtain sign along

the entire thoracoabdominal border and evaluating the ventral pleural space with the

probe parallel to the ribs. Six dogs with pneumothorax (three traumatic pneumothorax

and three spontaneous pneumothorax) had lung ultrasound performed. All dogs had

normal synchronous curtain signs in the caudal mid-to-ventral region of the thorax and

abnormal curtain signs in the caudal mid-to-dorsal thoracic regions. Five dogs had

bilateral pneumothorax; four had a lung point and absence of a glide sign bilaterally, and

one had a lung point identified unilaterally (a lung point was not visible on the opposite

side and the glide sign was equivocal bilaterally). One dog had a unilateral pneumothorax,

in which a lung point and absence of a glide sign were identified. With the probe parallel

to the ribs in the ventral thorax, a small volume pleural effusion was also identified in two

dogs. All dogs had mild to moderate quantities of pleural air removed via thoracentesis or

chest tubes following lung ultrasound. Two distinct types of abnormal curtain sign were

observed, referred to as the asynchronous curtain sign and the double curtain sign. The

authors hypothesize that these abnormal curtain signs are caused by the presence of free

air within and/or cranial to the costophrenic recess. To the authors’ knowledge, this is the

first description of pneumothorax-induced abnormal curtain signs, and the first report of

evaluating the curtain sign to diagnose pneumothorax in any species. Further research is

required to determine the sensitivity and specificity of asynchronous and double curtain

signs in diagnosing pneumothorax, and to investigate whether probe orientation parallel

to the ribs in the ventral thorax will improve detection of pleural effusion.
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INTRODUCTION

In veterinary medicine, the accuracy of diagnosing
pneumothorax with lung ultrasound is variable, and likely
depends on the experience of the sonographer, underlying
pathology, patient positioning, scanning protocol, and criteria
used to diagnose pneumothorax (1–5).

Historically, pneumothorax is sonographically ruled out by
detecting a glide sign, lung pulse (rhythmic movement of the
pleura synchronous with the heart beat), and/or B lines, and ruled
in by detecting the return of a glide sign and/or presence of a lung
point (4, 5).

Sonographically, the curtain sign is a sharply demarcated
vertical edge separating aerated lung from abdominal contents.
Lung ultrasound protocols generally avoid evaluation of the
curtain sign because the thoracoabdominal border is reportedly
difficult to interpret and abdominal structures may be confused
for lung pathology (5–7). However, the human literature has
recently described abnormal curtain signs associated with a
number of pleural space and lung pathologies (8–10). When
pleural effusion or lung consolidation occupies the space between
the parietal lining and the diaphragm, the normal aerated
lung/soft tissue interface (curtain sign) is lost (8, 9). With
diaphragmatic hernias, a double curtain sign can occur when
herniated abdominal contents located within the pleural space
are trapped between aerated lung and the diaphragm (10);
a cranial curtain sign is observed where aerated lung and

herniated abdominal content are in contact, and a second,

caudal curtain sign, occurs where herniated abdominal content
contacts the diaphragm. Finally, massive pneumothorax can

FIGURE 1 | Still images and schematic of a normal curtain sign at end expiration (top row) and end inspiration (bottom row). The ultrasound probe was positioned

over the right paralumbar region at the level of the right kidney, over the liver, between the 11th and 12th intercostal spaces, and incorporates the air/soft tissue

interface between the abdomen and the thorax which appears as a vertical edge (curtain sign). During inspiration, the vertical edge of the curtain sign and the

abdominal contents move caudally at a similar rate. Dashed lines, vertical edge (air/soft tissue interface); Solid line, center of image; R, rib; RS, rib shadow; P, pleural

line; A, A line; L, liver; RK, right kidney. Arrow shows direction of movement of the vertical edge during inspiration (also see Video S1).

create a pseudo curtain sign, which has the appearance of a
normal curtain sign (8); the pseudo curtain sign is believed
to occur when large or complete pneumothoraxes result in
sufficient free air in the costophrenic recess to create a similar
vertical air/soft tissue interface to that of aerated lung and soft
tissue. Pseudo curtain signs appear to move primarily due to
diaphragmatic excursions that allow air to move in and out of
the costophrenic recess. The curtain sign has not been assessed in
small animals.

The objectives of the current case series are: (1) describe a
novel lung ultrasound protocol; (2) describe the finding of two
distinct types of abnormal curtain sign in dogs with naturally
occurring pneumothorax; and (3) propose a potential hypothesis
for why abnormal curtain signs occur with pneumothorax. To the
authors’ knowledge, this is the first report of a pneumothorax-
induced abnormal curtain sign in any species.

LUNG ULTRASOUND PROTOCOL

In healthy patients, the curtain sign is the sharply demarcated
vertical edge separating aerated lung from abdominal contents
(Figure 1). During inspiration, the vertical edge and abdominal
contents move caudally at a similar rate; the movement of the
vertical edge and abdominal contents is therefore synchronous
(Video S1) (7–9). With pneumothorax, an abnormal curtain sign
is the vertical edge separating free air in the caudal pleural
space from abdominal contents. We define the asynchronous
curtain sign as movement of the vertical edge in the opposite
direction of the abdominal contents or minimal movement
of the vertical edge while abdominal contents move caudally
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(Figure 2 and Video S2). We define the double curtain sign as
two vertical edges visible in the same sonographic window
(Figure 3 and Video S3).

A modified Armenise lung ultrasound protocol (3) was
developed to evaluate the curtain sign at the caudal borders
of the lung for pathology, to evaluate regions of the thorax
where free air is most likely to accumulate (caudal dorsal thorax
with the patient in sternal recumbency or standing, widest
part of the thorax at the caudal border with patients in lateral
recumbency), and to evaluate the ventral-most regions of the
thorax for small volumes of pleural effusion that may not be
identified when the probe remains perpendicular to the ribs
(Figure 4). Dogs were scanned in sternal, right lateral, and left
lateral recumbency as well as standing. Fur was not clipped
and alcohol was used as the coupling agent. The ultrasound
probe is first placed perpendicular to the ribs, ∼1/2 to 2/3 of
the way up the thorax, just caudal to the scapula in the 6th
intercostal space (widest part of the thorax). The probe is then
slid horizontally in a caudal direction one intercostal space at
a time until the curtain sign is identified. If the curtain sign is
normal at this site, the probe is slid dorsally (keeping the curtain
sign visible within the sonographic window) until the hypaxial
muscles are encountered (as indicated by loss of the pleural line).
The probe is then slid ventrally until the pleural line reappears
(the most caudal dorsal region of the thorax). From this point,
the remainder of the lung and pleural space is evaluated in a
similar fashion as described by Armenise et al. (3), with the
exception that the curtain sign is identified again in the mid
thorax and followed ventrally until it contacts the heart, at which

point the probe is turned parallel to the ribs to evaluate the most
ventral regions of the thorax for the presence of pleural effusion
(Figure 4).

Ethics approval for lung ultrasound and thoracic radiographs
was obtained from the University of Calgary as part of a larger
study, and owner consent was obtained for inclusion of all
six dogs.

CASE 1

A 4-year-old male castrated Samoyed (13 kg) was referred with
a radiographic diagnosis of spontaneous pneumothorax. On
presentation the dog was moderately dyspneic. Pneumothorax
was confirmed with three-view thoracic radiographs,
thoracentesis was performed, and bilateral small-bore chest
tubes (MILA thoracostomy tube, MILA International, Inc.,
Erlanger, KY.) were placed with manual suctioning every
4 h. Twenty-four hours after arrival, computed tomography
(CT) confirmed the diagnosis of bilateral pneumothorax.
The dog underwent a median sternotomy and a partial left
lung lobectomy. Post-surgical chest tubes were maintained.
Eight hours after surgery, the dog was tachypneic (72 bpm)
and mildly dyspneic. Lung ultrasound, performed in a
standing position, identified a normal synchronous curtain
sign ventrally on both sides of the thorax and both an
asynchronous curtain sign and a double curtain sign in
the mid-to-dorsal caudal lung regions bilaterally. A glide
sign was absent dorsally and a lung point was identified
bilaterally. Following lung ultrasound, 11 and 9 mL/kg

FIGURE 2 | Still images and schematic of an asynchronous curtain sign at end expiration (top row) and end inspiration (bottom row). The ultrasound probe was

positioned over the right paralumbar region just below the right kidney, over the liver, between the 9th and 10th intercostal spaces, and incorporates the air/soft tissue

interface between the abdomen and the thorax which appears as a vertical edge (curtain sign). During inspiration, the vertical edge of the curtain sign moves in the

opposite direction (cranially) of the abdominal contents (caudally). Dashed lines, vertical edge (air/soft tissue interface); Solid line, center of image; RS, rib shadow; P,

pleural line; A, A line; L, liver; Asterisk, hepatic vessel. Solid arrow shows direction of movement of the vertical edge during inspiration. Dashed arrow shows direction

of movement of the abdominal contents during inspiration. Length of arrow represents degree of movement relative to the image above (also see Video S2).
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FIGURE 3 | Still images and schematic of a double curtain sign at end expiration (top row), mid-inspiration (middle row), and end inspiration (bottom row). The

ultrasound probe is located over the liver, about halfway up the thorax, between the 7th and 8th intercostal spaces, over the air/soft tissue interface between the

abdomen and the thorax. During inspiration, two vertical edges of the curtain sign are visible in the same sonographic window. Dashed lines, vertical edges (air/soft

tissue interface); Solid line, center of image; R, rib; RS, rib shadow; P, pleural line; A, A line; L, liver. Arrows show movement of the vertical edges in opposite directions

during inspiration in this example. Length of arrow represents degree of movement relative to the image above (also see Video S3).

of air was removed from each chest tube. The dog was
eventually discharged.

CASE 2

A 5-year-old female spayed Collie cross (25 kg) was referred
with a radiographic diagnosis of spontaneous pneumothorax.
On presentation the dog was tachypneic (56 bpm) and mildly
dyspneic. Bilateral pneumothorax was confirmed with three-view
thoracic radiographs and CT. The right accessory lung lobe and
caudal portion of left cranial lung lobe were removed during
exploratory median sternotomy. Bilateral post-surgical small-
bore chest tubes were placed. The day after surgery, the dog
was tachypneic (80 bpm) and mildly dyspneic. Lung ultrasound,
performed in sternal recumbency, identified bilateral normal
synchronous curtain signs ventrally and an asynchronous curtain
sign and a double curtain sign in the mid-to-dorsal caudal lung
regions bilaterally. A glide sign was absent dorsally and a lung
point was identified bilaterally. Following lung ultrasound, 8 and
18 mL/kg of air was removed from each chest tube. The dog was
eventually discharged.

CASE 3

An 8-year-old female spayed Husky cross (18 kg) was referred
with a radiographic diagnosis of spontaneous pneumothorax. On
presentation, the dog was eupnic (28 bpm). Lung ultrasound,
performed in a standing position, identified bilateral normal
synchronous curtain signs ventrally and an asynchronous curtain
sign and a double curtain sign in the mid-to-dorsal caudal
lung regions bilaterally. A glide sign was absent dorsally and a
lung point was identified bilaterally. Immediately following lung
ultrasound, three-view thoracic radiographs confirmed a mild to
moderate pneumothorax. Sixty hours after arrival, a CT revealed
moderate bilateral pneumothorax. A median sternotomy was
performed, and a single bulla was removed via partial left lung
lobectomy. The dog was eventually discharged.

CASE 4

A 10-month-old male mixed breed dog (38 kg) was referred with
pelvic fractures and a radiographic diagnosis of pneumothorax
following motor vehicle trauma. On presentation the dog
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FIGURE 4 | Illustration of the modified Armenise lung ultrasound protocol.

Upper image: the ultrasound probe is first placed perpendicular to the ribs,

∼1/2 to 2/3 of the way up the thorax, just caudal to the scapula in the 6th

intercostal space (widest part of the thorax). The black arrow indicates initial

probe positioning followed by sliding of the probe caudally (until the curtain

sign is identified), followed by sliding of the probe dorsally along the curtain

sign until the hypaxial muscles are identified (loss of the pleural line). The probe

is then slowly slid ventrally off the hypaxial muscles until the pleural line

reappears (the most caudal dorsal region of the thorax). Lower image: after

identifying the most caudal dorsal location, the remainder of the lung and

pleural space is evaluated in a similar fashion as described by Armenise et al.

(3) and follows an S-shaped pattern (blue arrow), with the exception that the

curtain sign is identified again in the mid thorax and followed ventrally until it

contacts the heart, at which point the probe is turned parallel to the ribs to

evaluate the most ventral regions of the thorax for the presence of pleural

effusion. The probe can be slid both ventrally and dorsally within each

intercostal space with the probe remaining parallel to the ribs to look for lung

pathology as well as pleural effusions in the ventral region of the pleural space

(red arrows indicate parallel probe positioning with small ventral and dorsal

sliding of the probe).

was tachypneic (100 bpm) and moderately dyspneic. Eighteen
milliliters per kilogram of air was removed from the left
hemithorax with thoracentesis. Eight hours later, the dog was
mildly tachypneic and dyspneic. Lung ultrasound, performed
in sternal recumbency, identified bilateral normal synchronous
curtain signs ventrally and an asynchronous curtain sign and
a double curtain sign in the mid-to-dorsal caudal lung regions
bilaterally. The glide sign was difficult to assess bilaterally and
considered equivocal. On the right hemithorax, a lung point
was present in the mid caudal region and there were increased
B lines at and below the lung point. On the left hemithorax,
a lung point and B lines were not observed. With the probe
oriented parallel to the ribs, a scant amount of pleural effusion
was noted bilaterally in the most ventral regions of the pleural
space abutting the diaphragm. Following lung ultrasound, three-
view thoracic radiographs revealed a mild pneumomediastinum,

mild pneumothorax, and a small volume of pleural effusion.
Concurrent injuries included right caudal acetabular fracture and
multiple sacral fractures. The dog was eventually discharged.

CASE 5

An 18-month-old female spayed Great Pyrenees (38 kg) was
referred with right humeral fracture and a radiographic
diagnosis of pneumothorax following motor vehicle trauma. On
presentation the dog was tachypneic (84 bpm) and moderately
dyspneic. Thoracentesis was performed (54mL/kg of air removed
from right hemithorax and 40 mL/kg from left hemithorax). A
right sided small-bore chest tube with continuous suction was
placed. Twelve hours post-presentation, continuous suction was
discontinued and lung ultrasound was performed in left lateral
recumbency to assess the right hemithorax and partial sternal
recumbency to assess the left hemithorax (the humeral fracture
prevented sternal positioning due to patient discomfort). A
bilateral normal synchronous curtain sign was observed ventrally
and an asynchronous curtain sign and a double curtain sign were
present in the mid-to-dorsal caudal lung regions bilaterally. A
glide sign was absent dorsally and a lung point was identified
bilaterally. Increased numbers of B lines were observed in the
ventral lung regions at and below the lung point bilaterally.
With the probe oriented parallel to the ribs, a scant amount
of pleural effusion was noted bilaterally in the most ventral
regions of the pleural space. Following lung ultrasound, 8 mL/kg
of air was removed through the chest tube and three-view
thoracic radiographs showed mild pneumothorax bilaterally, a
small volume of pleural effusion, and increased soft tissue opacity
bilaterally consistent with pulmonary contusions. A left brachial
plexus avulsion was also diagnosed 12 h following admission. The
owner elected euthanasia.

CASE 6

A 2-year-old male neutered mixed breed dog (18 kg) was
evaluated following motor vehicle trauma. The dog was
tachypneic (68 bpm) and moderately dyspneic. Lung ultrasound,
performed in sternal recumbency, identified bilateral normal
synchronous curtain signs ventrally. On the left hemithorax, both
an asynchronous curtain sign and a double curtain sign were
present in the mid-to-dorsal caudal lung regions, the glide sign
was absent dorsally, a lung point was identified, and increased
numbers of B lines were observed in the ventral lung regions at
and below the lung point. On the right hemithorax, a normal
synchronous curtain sign was present along the entire caudal
border of the thorax, a glide sign was present at the most caudal
dorsal regions, and diffuse B lines were observed in the mid to
ventral lung regions. Following lung ultrasound, thoracentesis
was performed only on the left hemithorax (28 mL/kg of
air removed). Following thoracentesis, three-view thoracic
radiographs confirmed a moderate left-sided pneumothorax,
multiple left-sided rib fractures, and increased soft tissue opacity
bilaterally consistent with pulmonary contusions. Concurrent
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injuries included a degloving tail injury and a left coxofemoral
luxation. The dog was eventually discharged.

DISCUSSION

Abnormal curtain signs were identified in six dogs presenting
with pneumothorax using a novel point-of-care lung ultrasound
protocol developed to assess the thoracoabdominal border. All
dogs had two distinctly different abnormal curtain signs: the
asynchronous curtain sign and the double curtain sign. In all
dogs, abnormal curtain signs were only observed in the mid-to-
dorsal caudal regions of the thorax. Normal synchronous curtain
signs were present in the mid-to-ventral caudal regions of the
same hemithorax in all dogs.

The diaphragm is dome-shaped and bulges cranially into the
thoracic cavity, so the costal aspect of the diaphragm is pushed
directly against the inner surface of the last few ribs, forming the
costophrenic recess (11, 12). During inspiration the lung expands
caudally into the costophrenic recess and contraction of the
diaphragm displaces abdominal contents caudally (13), creating
a curtain sign with a single vertical edge that moves caudally
at a similar rate as the abdominal structures (Figure 1 and
Video S1). We hypothesize that abnormal curtain signs occur
with pneumothorax due to the presence of free air within and/or
cranial to the costophrenic recess (Figure 5). An asynchronous
curtain sign may result when there is free air at the cranial border
of the costophrenic recess. During inspiration, the negative
pressure created by expansion of the thorax may pull the costal
diaphragm laterally until it contacts the ribcage and pushes
free air cranially, while contraction of the diaphragm pushes
abdominal contents caudally. This creates asynchrony between
the vertical edge moving cranially and abdominal contents
moving caudally (Figure 2 and Video S2). It is also possible that
during inspiration, the negative pleural pressure is insufficient to
pull the costal diaphragm into contact with the ribcage. In this
situation, minimal movement of free air combined with caudal
movement of abdominal contents would create an asynchronous
curtain signwhere the vertical edge remains relativelymotionless.
A double curtain sign may result when free air is trapped within
the costophrenic recess. This free air trapping creates an area
where the diaphragm is in contact with the chest wall and air is
present both cranial to that area (either aerated lung, free air in
the pleural space, or an air bubble trapped in the costophrenic
recess cranial to the area of contact) and caudal to that area
(air bubble trapped in the costophrenic recess caudal to the area
of contact). This would create a double curtain sign with two
vertical edges separating air from abdominal contents (Figures 3,
5 and Video S3).

Although a pseudo curtain sign has been described in humans
with pneumothorax, a pseudo curtain was not identified in any
dogs of the current study. This is likely due to the fact that all
dogs in the current series hadmild to moderate pneumothoraxes.
It is possible that with more severe or complete pneumothoraxes,
a pseudo curtain sign will be seen in dogs as it is in humans.

The asynchronous curtain sign is likely a similar phenomenon
to reverse sliding recently reported in anesthetized dogs with

FIGURE 5 | Hypothesized mechanism of asynchronous and double curtain

signs. Computed tomography image of a dog with spontaneous

pneumothorax showing free air (asterisks) trapped in the costophrenic recess.

Cranial and caudal borders of the costophrenic recess are indicated by long

arrows and arrowheads, respectively. An asynchronous curtain sign occurs

when there is free air cranial to the costophrenic recess (cranial to long black

arrows); during inspiration, the negative pressure created by expansion of the

thorax pulls the costal diaphragm (B) laterally until it contacts the ribcage (A)

and pushes free air cranially, while contraction of the diaphragm pushes

abdominal contents caudally. A double curtain sign occurs when the

ultrasound probe is placed between two pockets of air (between two

asterisks) creating two visible vertical edges (air/soft tissue interfaces). A

double curtain sign can also appear as a result of air becoming trapped in the

costrophrenic recess during inspiration. For example, if negative pleural

pressure pulls the costal diaphragm (B) into contact with the thoracic wall (A),

air may become trapped at the @ symbol, which would create a double

curtain sign when the probe is placed between the cranial asterisk and the @

symbol. The leading edge of the double curtain sign in this situation may also

be asynchronous, moving cranially during inspiration as the diaphragm

continues to come in contact with the chest wall.

experimentally-induced pneumothorax (4). Reverse sliding refers
to the direction of movement of A lines. At the thoraco-
abdominal border of healthy dogs, A lines slide caudally on
inspiration as the diaphragm moves caudally, and cranially on
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expiration as the diaphragm moves cranially (4). With mild
pneumothorax, A lines move in the opposite direction, sliding
cranially on inspiration and caudally on expiration (4). Reverse
sliding was found to be more sensitive and specific than other
lung ultrasound findings (M mode barcode or stratosphere sign,
lung slide, lung point, and lung pulse) for the diagnosis of mild
pneumothorax (4). Dogs in the current case series were not
evaluated for reverse sliding. However, given the similarities in
the description of reverse sliding and the asynchronous curtain
sign, we suspect that the presence of an asynchronous curtain
sign in which the vertical edge moves cranially during inspiration
would be associated with the presence of reverse sliding. An
asynchronous curtain sign in which the vertical edge is relatively
motionless would not be expected to result in reverse sliding.
The double curtain sign may or may not be associated with
reverse sliding. Therefore, abnormal curtain signs may still be
present when reverse sliding is not detectable. Furthermore,
given that both abnormal curtain signs were identified in all
six dogs while the absence of a glide sign was equivocal in two
instances and the lung point was not identified in one instance,
abnormal curtain signs may be more sensitive than historical
lung ultrasound findings used to diagnose mild to moderate
pneumothorax. Further research is required to investigate the
sensitivity and specificity of reverse sliding as well as abnormal
curtain signs, and to investigate whether the volume of air in the
pleural space affects the location of abnormal curtain signs along
the caudal thoracoabdominal border.

The sensitivity of T-FAST is reported to be moderate for
the detection of pleural fluid when compared to CT in dogs
suffering trauma (1). Most thoracic point-of-care ultrasound
protocols in small animals recommend orienting the probe
perpendicular to the ribs (3, 5, 6). In two dogs that suffered
from trauma in the current case series, small volume pleural
effusion in the most ventral regions of the pleural space
was identified only with the probe orientated parallel to the
ribs. Both of these cases had scant pleural effusion also
identified on thoracic radiographs. Further research is required
to investigate if probe orientation (perpendicular vs. parallel
to the ribs) in the ventral regions of the thorax will improve
the detection of pleural effusion with veterinary point-of-
care ultrasound.

There are several limitations to this case series. Only a
small number of spontaneously breathing cases (n = 6) were
included, and only mild tomoderate cases of pneumothorax were
assessed. The sensitivity and specificity of abnormal curtain signs
for diagnosing pneumothorax was not evaluated. The clinician
performing the lung ultrasound protocols was not blinded to

possible underlying pathology and could have been biased in

searching for sonographic findings of pneumothorax. However,
each patient was thoroughly evaluated for the absence of a glide
sign, lung point, return of a glide sign, and presence of abnormal
curtain signs.

This case series describes a novel lung ultrasound protocol
that involves scanning the entire thoracoabdominal border and
evaluating the curtain sign. This case series also describes
the novel finding of abnormal curtain signs in dogs with
naturally occurring pneumothorax. Abnormal curtain signs
included the asynchronous curtain sign and the double curtain
sign. We hypothesize that these abnormal curtain signs are
caused by the presence of free air within and/or cranial to the
costophrenic recess.
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