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Opening Pandora’s box: the potential benefit of the expanded
FAST exam is partially confounded by the unknowns regarding
the significance of the occult pneumothorax
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Abstract

Introduction Point of care (POC) ultrasound brings

another powerful dimension to the physical examination of

the critically ill. A contemporary challenge for all care

providers, however, is how to best incorporate ultrasound

into contemporary algorithms of care. When POC ultra-

sound corroborates pre-examination clinical suspicion,

incorporation of the findings into decision-making is easier.

When POC ultrasound generates new or unexpected find-

ings, decision-making may be more difficult, especially

with conditions that were previously not appreciated with

older diagnostic technologies. Pneumothoraces (PTXs),

previously seen only on computed tomography and not on

supine chest radiographs known as occult pneumothoraces

(OPTXs), which are now increasingly appreciated on POC

ultrasound, are such an example.

Methods The relevant literature concerning POC ultra-

sound and PTXs was reviewed after an electronic search

using PubMed supplemented by ongoing research by the

Canadian Trauma Trials Collaborative of the Trauma

Association of Canada.

Results OPTXs are frequently encountered in the criti-

cally injured who often require mechanical ventilation with

positive pressure breathing (PPB). Standard recommenda-

tions for post-traumatic PTXs and the setting of PPB

mandate chest drainage, recognizing a significant rate of

complications related to this procedure itself. Whether

these standard recommendations generated in response to

obvious overt PTXs apply to these more subtle OPTXs is

currently unknown, and evidence-based recommendations

regarding appropriate therapy are impossible due to the

lack of clinical studies.

Conclusions OPTXs are a condition that illustrates how

incorporation of POC ultrasound findings brings further

responsibilities to critically appraise the significance of

these findings in terms of patient outcomes and overall

care. Adequately powered and adequately followed-up

clinical trials addressing the treatment are required.
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Pneumothorax � Occult pneumothorax � Critical care �
Mechanical ventilation

Introduction

Ultrasound is rapidly being accepted as an indispensible

tool that adds another dimension to almost any clinical

encounter [1, 2]. As a result of its ability to interrogate

anatomy deep within the body, ultrasound may provide

information and yield diagnoses that would not be
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identified using either physical examination or sometimes

even standard bedside radiologic tests. Pneumothoraces

(PTXs), seen on ultrasound (potentially confirmed using

CT scan if necessary), but not seen on the standard AP

supine chest radiograph are termed occult pneumothoraces

(OPTX) (i.e., occult to the CXR) [3–5] (Figs. 1, 2). With

continued study, it is now recognized that in busy trauma

centers the majority of PTXs encountered in the critically

injured may be occult [6, 7]. However, point of care (POC)

ultrasound has recently been shown to be an excellent

modality for detecting this condition [8–10]. The defining

factor of POC ultrasound is the fact that it is clinician-

performed and immediate. However, with information

comes responsibility for information management and

interpretation. The new information that the clinician now

possesses regarding the presence of an OPTX, that is

unexpected both clinically and previously unknown

radiologically, presents a quandary. Should the clinician

ignore this finding, recognizing that in previous years they

would have never known about it, or should they treat it

with placement of an early chest drain? Unfortunately this

intervention carries serious potential side effects [11, 12].

The answer is unclear, but the question exemplifies how the

incorporation of ultrasound as a new standard of physical

examination will bring new challenges regarding the need

for evidence-based ultrasound-guided clinical pathways to

appropriately incorporate these findings to ensure optimal

patient care [13].

The examination: the expanded FAST examination

The focused assessment with sonography for trauma

(FAST) has become a widely accepted and valuable tool

for resuscitating patients with traumatic injury [14, 15]. A

benefit of the increasing adoption of ultrasound (US) as an

everyday tool used by clinicians to assess the critically ill

and injured has been a natural curiosity to expand the scope

of conditions being sought [2, 16]. The use of US to

diagnose the presence of pneumothoraces (PTX) is one

such example, leading to the concept of the expanded or

EFAST [9, 17]. The healthy lung itself is not an obvious

target organ for examination with US. As air has a very

high acoustic reflectance, only artifacts are normally

identified deep–normal pleural surfaces [18]. Thus, the

majority of life-threatening post-traumatic thoracic trauma

is pleural based. These include rib fractures, flail chests,

hemothoraces, and PTX [19, 20]. The physiologic pleural

movements that occur with respiration, either spontaneous

or assisted, are therefore accurately and quickly depicted

using simple bedside US [21–23].

The concept of employing US to exclude or infer the

presence of a PTX relies on the fact that if the pleural

surfaces are proven to be in apposition, then by definition

an intra-pleural collection of air is excluded. For this

physiologic ‘‘lung sliding’’ (LS) to be seen, both pleural

surfaces must be accessible to be imaged, and thus must be

either contiguous or separated by a layer of fluid [9, 21, 23–

25]. In PTX, the intra-pleural air will separate the two

pleural surfaces and lung sliding will not be identified since

the visceral pleura are inaccessible to the US beam. With a

PTX, the images seen are horizontal reverberation artifacts

with no evidence of LS. Besides LS, another US finding

also affects the confidence of diagnosis. ‘‘Comet tail’’

Fig. 1 CT scan of acutely injured patient reveals a pneumothorax not

previously seen on the AP supine chest radiograph

Fig. 2 AP supine chest radiograph of the patient in Fig. 1, without

any obvious indication of a PTX
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artifacts (CTA) are reverberations believed to arise from

distended water-filled interlobular septae under the visceral

pleura. These are presumed to be the US equivalents of the

‘‘Kerley B lines’’ seen on CXR [26, 27] as they can only be

seen when the visceral pleura is in apposition to the parietal

pleura.

Other simple diagnostic maneuvers providing further

diagnostic confidence have been described. The color

power Doppler function is a simple technical means of

visually enhancing the depiction of sliding, designated the

‘‘Power Slide’’ [28]. This feature therefore allows a single

still image to depict a dynamic physiologic process, thus

simplifying archiving, transmission, and possibly even

auto-interpretation [29]. The utilization of the time–motion

or M mode function is another means of depicting and

enhancing lung sliding as a static image [8, 25, 30]. The

‘‘seashore sign’’ represents a granular pattern generated by

the normal pleural movements. In the presence of a

pneumothorax, however, the stratospheric sign is produced

instead, as there are no pleural movements upon one

another. The lung point sign builds upon these two previ-

ous signs to describe that point on the chest wall at which

the underlying lung intermittently contacts the chest wall

(Fig. 3). Thus, the US image will alternate between the

seashore and the stratosphere signs, allowing one to actu-

ally discern the size of a pneumothorax [25, 30–32].

Using this diagnostic approach, numerous investigators

have begun to use ultrasound to diagnose the presence of

pneumothoraces. Initial studies explored the potential of

US to infer the presence of pneumothoraces in veterinary

settings [33], after lung biopsies [18, 34, 35], and in a

mixed group that included three stable trauma patients

[22]. Much of the pioneering work arose from Dr. Lich-

tenstein’s [21, 24, 26] group in Paris. North American

interest in this technique was greatly facilitated by specific

space medicine-related needs arising from the presence

aboard the International Space Station of a high quality

ultrasound capability, without any other medical diagnostic

capabilities. NASA-associated research thus examined

basic science and clinical questions both in terrestrial- and

space-analog environments [23, 29, 36–42]. In the course

of these investigations it became apparent that there were

frequently cases whereby ultrasound appeared to be more

sensitive in detecting pneumothoraces after trauma than the

supine chest radiograph [8–10, 23, 43]. One study utilizing

the EFAST during acute trauma resuscitations found that in

patients with CT corroboration, the expanded FAST was

more than twice as sensitive as supine chest X-ray [9].

Since this study, other authors have also reported remark-

ably high accuracies for detecting OPTXs [8, 44], and have

even documented good correlation between the estimated

PTX size and the CT findings (Spearman’s rank correlation

0.82) using the relative thoracic topography of lung sliding

[44].

The condition: occult pneumothoraces

It should not be surprising that ultrasound appears to out

perform the supine chest radiograph in terms of diagnosing

post-traumatic pneumothoraces. This is because of the ever

increasingly recognized phenomenon of the occult pneu-

mothorax (OPTX) [3]. This term describes a pneumothorax

(PTX) that while not suspected on the basis of either

clinical examination or plain radiograph, but is ultimately

detected with thoraco-abdominal computed tomogram

(CT) [3, 4, 6, 7, 45, 46]. This situation is increasingly

common with the increased use of CT. The incidence

appears to approximate 5% in injured populations pre-

senting to hospital [45, 47–52], with CT revealing at least

twice as many PTXs as suspected on plain radiographs [43,

47, 50, 52–56].

The clinical quandary: what to do with occult

pneumothoraces?

The EFAST technique provides a means of detecting many

OPTXs that would have been missed if only supine CXRs

were being obtained, or diagnosed in a delayed fashion if

CT scans were obtained in all traumatized patients. An

earlier diagnosis might be especially beneficial in pre-

hospital and air transport environments [17, 57]. Though

the patient is admitted to a hospital setting, the importance

of detecting OPTXs remains largely unknown because the

clinical importance of OPTXs themselves remains some-

what unclear and controversial [3, 58]. While PTXs are a

Fig. 3 Point of care bedside ultrasound revealing an example of a

lung point wherein a portion of lung intermittently appears within the

ultrasound appearance of a PTX which indicates the lateral extent on

the chest wall of the PTX. As is typical of all POC ultrasound

diagnoses, this phenomenon is better viewed in real-time video

sequence (see electronic supplementary material)
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common and treatable cause of mortality and morbidity,

there is clinical equipoise regarding the appropriate treat-

ment of the OPTX [3, 58]. This is especially true in those

who are critically ill and require positive pressure venti-

lation (PPV). This is also the group for whom the highest

rates of chest tube complications have been reported [12].

More specifically, complication rates related to tube tho-

racostomy have been reported in up to 21% of cases [11,

12, 59, 60]. While the patient undergoing PPV is at the

greatest risk, proper management of an OPTX is extremely

controversial and based on little scientific evidence. Many

of these patients are already compromised due to acquired

or pre-existing pulmonary pathology, and clinical respira-

tory distress may be masked by concomitant respiratory

support and sedation. Conversely, these patients are con-

stantly monitored and cared for in settings where imme-

diate medical intervention is possible. Kolleff [61] also

reported that ventilated patients with PTXs were statisti-

cally more likely to develop tension pneumothoraces when

the diagnosis was missed or delayed. The guidelines of the

Advanced Trauma Life Support Course state that general

anesthesia or positive pressure ventilation should never be

administered to a patient who has sustained a traumatic

pneumothorax, or who is at risk for an unexpected pneu-

mothorax, without chest tube insertion [19]. The potential

risk of progression of a known PTX, to a tension PTX, is

thus a significant concern, with many opinions recom-

mending prophylactic chest tube placement for the patient

who is subjected to positive pressure ventilation [45, 47,

53, 54, 62–64].

However, other sources differ. In one review, the size of

the OPTX and number of rib fractures indirectly affected

outcome by influencing when clinicians placed chest tubes

[49]. If an OPTX was less than 5 mm 9 80 mm, and

associated with two or less rib fractures, patients were

managed conservatively, irrespective of the need for

ventilation. Ten of 17 (59%) total patients managed

without chest tubes were intubated and ventilated with

positive pressures. None required emergency chest tube,

although three of these ten (30%) ultimately required tube

thoracostomy for progression of their PTX [49]. Another

retrospective review of 26 patients compared the char-

acteristics and outcomes of 13 who were observed with

repeated chest radiography and 11 who underwent early

chest tube [65]. Ten of the 26 were ventilated, of which

six were managed without a chest tube. Despite the fact

that one of these (17%) failed observation (PTX pro-

gression), they concluded that there was no indication of

an OPTX warranted a prophylactic chest tube prior to

positive pressure ventilation [65]. Wolfman observed

OPTX’s in 36 patients. Thirteen of 16 ‘‘miniscule’’ occult

PTXs, and 11 of 20 moderate (anterior) PTXs were

managed successfully without chest tube for a 11%

failure rate of observation, including one tension pneu-

mothorax [66]. The eight remaining antero-lateral PTXs

were all treated with tube thoracostomy, whether intu-

bated or not. They concluded that only small and mod-

erate occult PTXs without mechanical ventilation could

be safely observed based on their results as they had not

randomized the larger OPTXs [66]. Guerrero-Lopez [55]

stated that OPTXs did not always necessitate treatment

despite mechanical ventilation, if they were ‘‘small and

without complications’’.

The best, although very limited, evidence guiding

management of occult PTXs in ventilated patients origi-

nates from two small prospective randomized studies.

Enderson [5] randomized 40 patients with occult PTXs to

chest tube [19] or observation [21], regardless of

mechanical ventilation. Fifteen observed patients were

ventilated, as were 12 with early chest tubes. Eight of the

15 (53%) had pneumothorax progression with ventilation,

three suffering tension PTXs. As none of the patients with

tube thoracostomy suffered any major complication, they

recommended that all patients with OPTX, who require

mechanical ventilation, have chest tubes placed. They felt

that the size of the initial OPTX was not predictive of the

risk of a tension PTX. Conversely, in 1999, Brasel [51]

reported on a prospective randomized trial in 39 blunt

trauma patients with 44 occult PTX’s. Nine patients in

each group were ventilated, and there was no statistical

difference in the sizes of OPTX’s. There were no differ-

ences in complications, and no patients in either group

required emergent tube thoracostomy for respiratory

compromise. Given the small numbers, this neither reach

statistical significance, nor was there any association

between size of the OPTX and failure of conservative

treatment [58]. They concluded, however, that OPTX’s

could be safely observed in ventilated patients. When

critically appraised, the power of these small studies was

insufficient to truly detect differences [58]. If a true dif-

ference existed between these studies, another explanation

for the potential discordance might also involve differ-

ences in ventilatory management, as most of latter

patients were in the intensive care unit and most of former

were in the operative suite. Approaches to ventilation

strategies in general also changed significantly over the

last decade. Decreased airway pressures and tidal volumes

became routine in the critically ill, wherein ventilatory

management stressed careful attention to controlling peak

and mean airway pressures, and limiting pressures below

those considered routine previously [67–69]. To further

address this clinical question, the Canadian Trauma Trials

Collaborative of the Trauma Association of Canada has

initiated a multi-center prospective randomized trial of

treating or observing selected mechanically ventilated

patients with OPTXs [70].
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Is POC ultrasound the hope at the bottom

of Pandora’s box?

Pandora had been given a large jar (rather than a box) and

instruction by Zeus to keep it closed, but she had also been

given the gift of curiosity, and ultimately opened it. When

she did so, all of the evils, ills, diseases, and burdensome

labor that mankind had not known previously, escaped from

the jar, but it is said, that at the very bottom of her jar, there

lay hope [71]. We do believe that there definitely is hope, at

the bottom of the unknowns, potential misdiagnoses, and

iatrogenic harm that may occur from knowing without

understanding, and that POC ultrasound is simply the lat-

ter—understanding our patients better. This understanding

occurs on many levels, however, such as having a greater

fidelity of imaging. No longer does a PTX need to be simply

there or not there. POC ultrasound has the ability to discern

in real-time how big in terms of chest topography the PTX

is, and whether it is expanding or decreasing in size [44, 72].

This understanding also requires detailed studies on out-

comes; now that we will know more about our patients; we

need to know what maters and what does not. It is in this

realm that evidence-based medicine becomes critical.

Conclusion

At the present time, the EFAST examination is able to

identify previously undetected pneumothoraces after injury

in our sickest patients. The question remains though, how

does this help them? Are occult pneumothoraces important

or will we injure more patients by acting on this information

and draining all the pleural spaces concerned? Only well

constructed and conducted prospective research appropri-

ately related to the overall clinical needs of the patient can

answer this [13]. Until these results are available, however,

we would suggest that awareness and respect for the power

of ultrasound as knowledge rather than ignorance of the

unknown are the first and hopeful step in understanding.
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