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Abstract
Here, we present a case of pneumoperitoneum caused by traumatic pneumothorax after a fall. The patient is an 82-year-oldmale
who was brought into the emergency department after being found at the bottom of a flight of stairs with a bleeding
scalp laceration. Upon presentation, the patient underwent emergent intubation followed by tube thoracostomy placement,
had necessary imaging and was transferred to the surgical intensive care unit (SICU). Imaging revealed signs of
pneumomediastinum and pneumoperitoneum in addition to the partially resolved pneumothorax. In the SICU, the patient
becamehemodynamicallyunstable requiring vasopressor support,which in the faceofdocumentedpneumoperitoneumwithout
a clear causemandated exploration. Hewas taken to the operating room for suspected viscus perforation, thoughnonewas found
after extensively searching during an exploratory laparotomy. We suspect the patient developed pneumomediastinum and
pneumoperitoneum as a result of traumatic pneumothorax, hastened by his subsequent intubation andmechanical ventilation.

INTRODUCTION
Pneumoperitoneum, the presence of free air within the periton-
eal cavity outside of the viscera, results from perforation of intra-

abdominal organs in ∼90% of cases [1]. Approximately 5–15%
of pneumoperitoneum cases are not due to intra-abdominal
organ perforation but are the result of thoracic, gynecologic or
other intra-abdominal pathologies [2]. Thoracic injuries leading
to pneumomediastinumhave several etiologies, arising predom-

inantly from mechanical ventilation-induced barotrauma, but it
can also occur after cardiopulmonary resuscitation, pneumo-
thorax, tracheal rupture, median sternotomy and blast injury

[2]. The flow of air from the thoracic cavity to the abdomen is a re-
sult of pressure differences, and intrathoracic pressures of 60 cm
H2Oor greaterwill result in subcutaneous emphysema andpneu-
moperitoneum from progression of air flow [3, 4].

Several cases of pneumoperitoneum have been reported
following blunt trauma. In one report, patients were managed
following blunt thoracoabdominal trauma over 17 years. Of 233
patients, 32 were positive for free air on radiograph; of which,
25 had a gastric perforation managed surgically. Another seven
patients were without a hollow viscus intra-abdominal injury,
though all had pneumothorax in common and the majority
had other intra-abdominal injuries [5].
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CASE REPORT
An 82-year-old male with past medical history of diabetes melli-
tus and alcohol abuse arrived by ambulance after being found
unresponsive at the bottom of a flight of stairs with a scalp lacer-
ation. While en route to the hospital, two unsuccessful intub-
ation attempts were made for a Glasgow coma scale (GCS) of 8.
Upon arrival in the emergency department (ED), his GCS was de-
termined to be 3 and was intubated with use of the Glidescope.
Physical examination revealed decreased breath sounds on the
left and crepitus over the left chest wall, suggestive of subcutane-
ous emphysema, and an immediate tube thoracostomy was
performed prior to chest X-ray (CXR) to reduce the suspected
pneumothorax. CXR post chest tube placement demonstrated
large amounts of subcutaneous emphysema (Fig. 1 ), which was
also visible on computed tomography (CT) scan along with evi-
dence of pneumomediastinum and pneumoperitoneum (Fig. 2),
with pneumoretroperitoneum and pneumoperitoneum present
on abdominal CT scan (Fig. 3). As a result of the fall, he also sus-
tained a fracture of the right frontal bone, fractures of the C2 and
C3 vertebrae, and mild subarachnoid and subdural hemorrhage
without shift. There were no intra-abdominal injuries found. He
was admitted to the surgical intensive care unit (SICU) andmain-
tained on mechanical ventilation, remaining hypotensive, hypo-
thermic and mildly tachypneic, becoming increasingly unstable
over the next 8 h. Due to the known pneumomediastinum, pneu-
moperitoneum andworsening instability, hewas taken to the op-
erating room for suspected viscus perforation and peritonitis. An
exploratory laparotomywas performed, which revealed air within
the lesser sac, but no evidence of bleeding or perforation. When
closing the operative site, crepitus was also noted over the right
chestwall, and achest tubewasplaced into the right pleural space.

Postoperatively, the patientwas rapidlyweaned fromall vaso-
pressor agents, though he required persistent mechanical venti-
lation. He developed several complications including acute
respiratory distress syndrome, pneumonia and acute renal fail-
ure with ongoing hyponatremia. He also developed several epi-
sodic seizures that were controlled medically. After 22 days in

the SICU, the patient’s family elected to pursue inpatient hospice
care as the patient remained on mechanical ventilation and was
generally non-responsive.

DISCUSSION
In our case, a fall caused a rib fracture that resulted in a lung lacer-
ation, leading to a pneumothorax. Subsequently, by virtue of the
Macklin effect, the patient developed pneumomediastinum. The
Macklin effect occurs when traumatic rupture of alveoli causes
free air to travel along bronchovascular sheaths [3]. Intra-abdomin-
al pressure is typically greater than intrathoracicpressure.However,
in the setting of pneumothorax and pneumomediastinum, the in-
trathoracic pressure may be higher than intra-abdominal pressure.
This pressure reversal forces free air from the thoracic cavity into
the intra-abdominal cavity, resulting in pneumoperitoneum [4].

Two other reports describe pneumothorax progressing to
pneumomediastinum and pneumoperitoneum after a fall [5, 6],
whereas the majority of other reported cases were due to high-
er-energy traumas than our patient’s fall [5, 7, 8]. Our patient
had a tube thoracostomy performed on arrival in the ED,
which should have released any accumulated intrathoracic pres-
sure prior to developing pneumomediastinum and pneumoperi-
toneum. Other reported cases have theorized that delayed
placement of the chest tube was responsible for the pneumoper-
itoneum, making this case unique in that regard.

Diagnosis of pneumoperitoneum is often only possible with
imaging, initially on plain radiographs or by CT scans [9]. Patients
with spontaneous pneumoperitoneum often undergo emergency
laparotomy as a reflex response. Some have advanced the idea of
nonsurgical treatment of spontaneous pneumoperitoneum in the
absence of a pathological condition that necessitates surgical

Figure 2: Chest CT scan obtained shortly after patient’s arrival displaying

evidence of subcutaneous emphysema (white arrow), pneumomediastinum

(black arrow) and air tracking down resulting in pneumoperitoneum (gray arrow).

Figure 1: CXR performed after thoracostomy and chest tube placement displaying

areas of subcutaneous emphysema (white arrows).
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Figure 3: Sagittal view from CT abdomen/pelvis with contrast (A) showing areas of free air in mediastinum and thoracic cavity spreading downward into peritoneum

(white arrows). Coronal view (B) showing free air within the abdominal cavity. Pockets are visible around the aorta, pancreas and liver (white arrows), as well as the

presence of subcutaneous emphysema.

Figure 4: Adaptation of the algorithm initially proposed by Hoover et al. [10] for managing spontaneous pneumoperitoneum.
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exploration. Hoover et al.produced analgorithmsuggestingproper
management of spontaneous pneumoperitoneum (Fig. 4), basing
their primary recommendations for management on radiologic
imaging, temperature, leukocyte count and physical examination
[10]. Our patient was hypothermic, had a leukocyte count within
normal limits and was unresponsive, so a proper abdominal
examination could not be performed. Per this algorithm surgical
exploration was not initially warranted and he should have
been observed. However, our patient had worsening hypotension,
tachycardia, hypothermia, tachypnea, acidosis with high anion
gap and hypokalemia, and we felt it was pertinent to progress to
laparotomy due to his decline in status. Though laparotomy did
not reveal any perforations, the patient’s vital signs normalized
postoperatively over the next 24 h.

Pneumoperitoneum in the absence of hollow viscus perfor-
ation is uncommon, and even rarer when caused by low-impact
traumatic pneumothorax without concomitant abdominal trau-
ma. Similar cases have resulted from higher-impact trauma that
allowed for the accumulation of greater intrathoracic pressures
or delay in tube thoracostomy. The combination of low-impact
trauma and immediate tube thoracostomy does not favor the de-
velopment of pneumothorax progressing to pneumomediasti-
num and pneumoperitoneum, making this case unique. The
development of subsequent hemodynamic instability has not
previously been described, raising the possibility that even in
the absence of intra-abdominal injury, releasing pneumoperito-
neum via laparotomy may be beneficial. While surgical manage-
ment is not necessary for all cases of pneumoperitoneum, due to
our patient’s worsening status, an exploratory laparotomy was
warranted and was ultimately therapeutic.

CONFLICT OF INTEREST STATEMENT
None declared.

REFERENCES
1. Khan ZAJ, Novell JR. Conservative management of

tension pneumoperitoneum. Ann R Coll Surg Engl 2002;84:
164–5.

2. Mularski RA, Sippel JM, Osborne ML. Pneumoperitoneum:
a review of nonsurgical causes. Crit Care Med 2000;28:
2638–44.

3. MacklinD. Pneumothoraxwithmassive collapse fromexperi-
mental local overinflation of the lung substances. Can Med
Assoc J 1937;36:414–20.

4. Grosfeld JL, Boger D, Clatworthy HW Jr. Hemodynamic and
manometric observations in experimental air-block syn-
drome. J Pediatr Surg 1971;6:339–44.

5. Nishina M, Fuji C, Ogino R, Kobayashi R, Kohama A. Pneumo-
peritoneum and pneumoretroperitoneum in blunt trauma
patients. J Trauma 2000;49:565–6.

6. Andrew TA, Milne DD. Pneumoperitoneum associated with
pneumothorax or pneumopericaridum: a surgical dilemma
in the injured patient. Injury 1979;11:65–70.

7. Sabsovich I, Desai R, Alba R, Yunun J, Sammet D. Idiopathic
pneumoperitoneum after blunt chest trauma. 2015. Avail-
able at hcplive.com/publications/surgical-rounds.2008-04-
02 (August 2015, date last accessed).

8. Di Saverio S, Filicori F, Kawamukai K, Baoron M, Tugnoli M.
Combined pneumothorax and pneumoperitoneum following
blunt trauma: an insidious diagnostic and therapeutic di-
lemma. Postgrad Med J 2011;87:75–8.

9. Levine MS, Scheiner JD, Rubesin SE, Laufer I, Herlinger H.
Diagnosis of pneumoperitoneum on supine abdominal
radiographs. Am J Roentgenol 1991;156:731–5.

10. Hoover EL, Cole GD, Mitchell LS, Adams CZ Jr., Hassett J.
Avoiding laparotomy in nonsurgical pneumoperitoneum.
Am J Surg 1992;164:99–103.

4 | K.R. Curfman et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/jscr/article/2015/12/rjv147/2412543 by guest on 23 M

ay 2023



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


