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Pneumothorax is commonly seen in trauma patients; the diagnosis is confirmed by radiography. 
The use of ultrasound where radiographic capabilities are absent, is being investigated by the 
National Aeronautics and Space Administration. We investigated the ability of ultrasound to 
assess the magnitude of pneumothorax in a porcine model. Sonography was perfonned on anes- 
thetized pigs in both ground-based laboratory (n = 5) and microgravity conditions (0 x g) aboard 
the KC-135aircraft during parabolic flight (n = 4). Aliquots of air (50-100 cm3) were introduced 
into the ohest to simulate pneumothorar Results were videorecorded and digitized for later 
interpretation Several distinct sonographic patterns of partial lung sliding were noted including 
the combination of a sliding zone with a stillzone and a "segmented" sliding zone. These "partial 
lung sliding" patterns exclude massive pneumothorax manifested by a complete separation of the 
lung from the parietal pleura. In 0 x g, the sonographic picture is more diverse; one x g differences 
between posterior and anterior aspects are diminished. Modest pneumothorax can be inferred by 
the ultrasound sign of "partial lung sliding." This fiidin& which increases the negative predic- 
tive value of thoracic ultrasound, may be attributed to intermittent pleural contact, small air 
spaces, or alterations in pleural lubricant. Further studies of these phenomena are warranted. 

P NEUMOTHORAX IS A COMMON clinical problem that amined the effects of weightlessness on these sono- 
may be spontaneous or iatrogenic or may follow graphic findings to ascertain the accuracy of ultra- 

chest trauma. The diagnosis of pneumothorax is sug- sound for the specialized application of determining 
gested by the history and clinical examination; confir- the extent of pneumothorax during space flight. 
mation requires chest roentgenography. In settings 
where radiologic capabilities are not immediately Methods 
available ultrasound may provide information that can 
aid in the diagnos~s of pneumothomx. Numerous sono- The procedures described herein conformed to the 
graphic signs have been described that are associated National Institutes of Health Guidelines for the Care of 
with pneumothorax; however, prior investigators have Laboratory Animals and were approved by the Na- 
suggested that ultrasound is inaccurate in the determi- tional Aeronautics and Space Administration (NASA) 
nation of the magnitude of the pneumothorax. Johnson Space Center Institutional Review Board, the 

This study, using a controlled animal model, inves- University of British Columbia, and University of 
tigates the utility of thoracic ultrasound imaging to Texas Medical Branch-Galveston Animal Care and 
determine the extent of pneumothorax. We then ex- Use Committees. 

Initial ground studies were performed at the Animal 
Care Facility at the Jack Bell Animal Research Facility 

Presented at the 43rd hnmal Meeting. MidwcaSurg~calAYSO- at the University of British Columbia (Vancouver, BC, 
claoon. Mnchac Ialand, Michigan, August 13-16.2000. Canada) to develop the model and verify the diagnos- 

This study way supported by NASA Contract NAS9-09?005, tic accuracy of ultrasound in this porcine model. Adult 
Natlonal Aeronautics and Space Adrninistrdtiod%TohnsoliSpace female Yorksh~re pigs (average weight 25 kg) were 
Center. 
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chavsky, M.D.. Ph.D.. Department of Surgery, Detrod Reoe~vlng mglkg) and maintained with Pentobarbltal. The anl- 
Hosp~ral. 4201 St. Antome, Detroit, MI 48201 mals were intubated and continuously ventilated with 
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an Impact Ventilator (Model 754) (Impact Instrumen- 
tation, West Caldwell. NJ) with a tidal volume of 600 
to 750 cm3 a positive end-expiratory premre of 5 cm 
H,O, and a rate of 12 to 16 per minute. bIair on the 
anjmals' chest and abdomen was removed with a de- 
pilatory agent and shaving. A Foley catherer was in- 
serted into the bladder. 

Baseline ultrasonic scans of both hemithoraces were 
performed with a high-definition ultrasound machine 
and a hand-held ponabie ultrasound device. Thoracic 
scaoswere done in a serial fashion in the anterior chest 
apex, the mid-lateral chest, and the posterior thoracic 
region. Continuous scanning was done for approxi- 
mately 10 to 20 seconds in each area. When possible 
the scanning plane was aligned parallel to the long axis 
of the body to maximize the possible range of motion. 
The presence or absence of lung sliding (to-and-fro 
motion coincident with respiratian at the visceral- 
parietal interface) was then determined. T h  images 
were digitally recorded for later data analysis. 

Hardware 

Two ultrasound imaging systems were investigated 
in this study. The first device was an HDI-5000 (ATL, 
Bothell, WA), which is similar to the unit that will be 
part of the Human Research Facility in the US 
Laboratory Module on the International Space Station. 
Images from this device were recorded and annotated 
for later analysis. The transducer used for this appli- 
cafion was a broad-band 12-5-MHz linear probe. 
A second portable uItrasound device, the Sonosite 
180 (Sonosite, Inc., Bothell, WA), which is a 5.4-lb 
battery-powered unit equipped with a 5-2-MHz broad- 
band probe, was used. 

Pnaumotharax Model 

Baseline scans of both hemithoraces were per- 
formed before instnunentation to determine the pres- 
ence or absence of lung sliding or comet tail artifacts 
in all three thoracic portals. A 16-F Cordis introducer 
was then inserted in the apex of the right chest through 
a small stab incision. Care was taken to avoid intro- 
duction of air or lung injury during insertion; the h-
racic scans were repeated before instillation of air into 
the chest. Aliquots of air were then serially imduced 
into the chest through the catheter followed by tho- 
racic ultrasound examinations in the anterior, lateral, 
and posterior portals. Gradually increasing thoracic in- 
flation volumes were used starting at 10 cm3 and con- 
cluding with a total inflation volume of 1000 cm3 of 
air. A chest tube was then inserted and connected to a 
Heimlich valve, and the intratharacic pressure was in- 
creased by the addition of positive end-expiratory 
pressure and sigh ventilation. The thoracic ultrasound 
examinations were then repeated before conclusion of 

the protocol. Each animal was eutbanized and necrop- 
sies were performed to verify catheter and chest tube 
placement and examine the lungs for evidence of iat- 
rogenic injury. 

The micrograwity phase of the study was done in 
conjunction wirh the University of Texas Medical 
Branch (UTMB)in Galveston, TX and the NASA/ 
Johnson Space Center in Houston, TX.The animals 
were prepared at an offsibe animal facility (UTMB-
Galveston) before transport to Ellington Field for the 
flight. Thezero gravity (0 x g) studies were performed 
onboard NASA KC-135 research aircraft during para- 
bolic flight profiles. Each patabola consisted of two 
phases lasting approximately 2 minutes: 30 to 40 sec-
onds of 1.8 x g followed by approximately 15 to 20 
seconds of transition fallowed by 20 to 25 seconds of 
0x g flight followed by another transition period. The 
animal, life support, moniroring equipment, and ultra- 
sound equipment were secured in the aircraft floor 
before takeoff. 

Baseline ultraswnd evaluations were completed 
during level flight (I x g) and during parabolic flight 
(0 x g) before instrumentation. The insufflation cath- 
eter was then inserted and the air insufflations were 
done as previously outlined during the initial zero- 
gravity transition to allow adequate time for air equili- 
bration and ultrmound evaluation during the period of 
zero gravity. 

Lung sliding was readily apparent in all lung fields 
before instrumentation in all of the animals. Image 
quality was excellent with the HDI 5000 ultrasound 
machine with comet tail anifacts noted in a number of 
the animals. The Sonosite 180 ultra~ound device pro- 
duced image quality of lesser resolution; however, 
lung sliding was also evident on the smaller built-in 
screen. When the Sonosite 180 was connected to an 
external 15-inch monitor through its output channel 
excellent imagc qualiry was not~d. 

There was no evidence of pneumothorax after in- 
sertion of the insufflation catheter; lung sliding was 
unchanged in all animals. After insufflation of 150 
cm3of air into the insufflation catheter an area of 
delineation of l ~ n g  sliding/not sliding was identified in 
the anterior thoracic portal (Table 1). This finding of 
"partial lung sliding" consisted of visualization of lung 
sliding in a portion of the scanning window witb ad-
jacent absence of sliding noted in the same window. It 
is presumed that this occurs when the transducer is 
placed over an area where the visceral and parietal 
pleura are separated in the scanning window. 
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chest radiography. The presence of lung sliding or 
comet tail signs reliily excludes pneumothorax; h w -  
ever, prior investigators have not been able to correlate 
ultrasound fmdings with the extent of pneumcthorax. 
Sistrom et al.' blindly compared taped tharacic ultra- 
somd examinations of patients with variable-sized 
pneumothoraces and found limited correlation. The di-
agnostic sensitivity of ultrasound in this series was less 
than that of comparable reports, suggesting that the 
accuracy of the examhation is reduced when images 
are sared for later miew on tape. Furthermore the 
absence of a trained operator at the primaiy investiga- 
tion to allow repeat scanning or interpretation of subtle 
fmdings may affect the sensitivity of the examination. 

In this report partial lung sliding was initially evi- 
dent at very low insufflation volumes that would cor- 
relate with a clinically and possibly radiographically 
silent pneumothorax. This finding has been recently 
reported in two patients who had a small pneumotho- 
rax detected on CT with a normal chest radiograph? 
Although the complete absence of lung sliding is a 
reliable indicator of the presence Bfpneumothorax the 
addition of the partial lung sliding sign may improve 
the diagnostic sensitivity of the examination in the 
detection of small pneumothoraces. 

Thoracic ultrasound appears to be a u$eful test in the 
microgravity environment with some interesting dif- 
ferences from terrestrial applications. Lung sliding is 
readily apparent in zero-gravity in normal lungs and is 
reliably absent in animals with pneumothom. Tho- 
racic ultrasowmi appears to be more sensitive in a zero- 
gravity environment possibly because of more uniform 
distribution of the interpleural air in the absence of 
gfavity. Furthermare all areas of the thorax were 
equally sensitive as the lung assumes a central peri- 
hilar position during pueumothonx in zero graviry. 
This finding was confirmed in this investigation by 
visualization of the thoracic cavity by thosacoscopy as 
a secondary objective of this study (data not shown). 

The absence of immediate chest roentgenography 
complicates the diagnosis of pneumothorax and can 
significantly impact treatment and outcome. This is of 
particular importance in rural settings, in military con- 
flicts, and in aerospace medicjne where radiologic ca- 
pabilities are absent. Injured patients with a possible 
pneumothorax in remote areas may receive thoracos- 
tomy tube placement without definitive diagnosis be- 
fore transport to a treatment center. Astronauts aboard 
the International Space Station are at risk for pneumo- 

thorax from hypobaric exposure during space walks 
and potential blunt injury. Power and weight restric- 
tions prohibit the use of X-ray imaging aboard the 
Enternational Space Station. The use of ultrasound may 
be of potential benefit for the diagnosis of pneumo- 
thorax in these settings and others facilitating appro- 
priate treatment before emergency transfer. 

Thoracic ultrasound appears to be apromising tech- 
nique for the exclusiou of pneumothorax in patienis in 
whom chest radiography is delayed or impossible. Fa- 
miliarity gained by pedrnmance of thoracic ultrasound 
concomitant with abdominal evaluation in trauma pa- 
tients has led to the ability to detect an apicl pneu- 
mothorax with the identification of a partial lung slid- 
ing sign. Theoretically recognition of the partial lung 
sliding sign may be used to diagnose partial or locu- 
lated pneurnothoraces that may not be identified by the 
strict application of complete absence of lung sliding 
as the only criterion for diagnosis of pneumothorax. 
Verification of the usefilness of thoracic ultrasound 
requires randomized evaluation in trauma centers that 
should be explored during routine Focused Abdominal 
Sonography for Ttauma (FAST) analysis. 
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