
Laparoscopy Is Sufficient to Exclude Occult Diaphragm
Injury after Penetrating Abdominal Trauma
Randall S. Friese, MD, C. Eric Coln, MD, and Larry M. Gentilello, MD

Background: Occult diaphragm in-
jury after penetrating thoracoabdominal in-
jury can be difficult to diagnose and can
remain occult for months to years. Delayed
diagnosis is associated with the risk of her-
nia formation, strangulation, and high mor-
bidity and mortality. Although laparoscopy
has been proposed as a means of evaluating
the diaphragm in these patients, prior stud-
ies did not include a confirmatory proce-
dure or did not report long-term follow-up.
Thus, true sensitivity and specificity remain
unknown. The purpose of this study was to
determine the sensitivity and specificity of
laparoscopy for the detection of diaphragm
injury after penetrating thoracoabdominal
trauma. We hypothesized that laparoscopy
alone is sufficient to exclude diaphragm

injury after penetrating thoracoabdomi-
nal trauma.

Methods: We conducted a prospec-
tive case series of 34 hemodynamically
normal asymptomatic patients with thora-
coabdominal penetrating injuries. All pa-
tients underwent diagnostic laparoscopy
to evaluate the diaphragm for the pres-
ence of injury. All patients then under-
went confirmatory celiotomy (n � 30) or
video-assisted thoracoscopy (n � 4).

Results: All patients were men be-
tween the ages of 18 and 54 years. There
were 37 stab wounds and 1 gunshot
wound. The mean lowest preoperative sys-
tolic blood pressure recorded was 120 �
18 mm Hg. Penetrating injuries were
stratified by anatomic location (anterior,

18; posterior, 8; flank, 9; not specified, 3).
There were 7 true-positive, 30 true-nega-
tive, no false-positive, and 1 false-negative
result. Specificity, sensitivity, and negative
predictive value were 100%, 87.5%, and
96.8%, respectively. The single missed in-
jury occurred in a patient with hemoperi-
toneum from associated splenic injury
that obscured the diaphragm and war-
ranted celiotomy.

Conclusion: In asymptomatic he-
modynamically normal patients with
penetrating thoracoabdominal injury,
laparoscopy alone is sufficient to exclude
diaphragmatic injury.
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The need to exclude diaphragmatic injury in asymptom-
atic patients with penetrating injuries to the thoraco-
abdominal region continues to be a topic of debate.

Principles of nonoperative management for blunt abdom-
inal trauma have been extended to include many patients
with penetrating injuries. Some authors advocate expectant
management with serial examination without additional
diagnostic tests, with operations reserved for those who
develop signs of continuing blood loss or increasing ab-
dominal tenderness.1,2

Isolated injury to the diaphragm is not associated with
significant blood loss or development of peritonitis. There-
fore, expectant management raises concerns about the poten-
tial for missed diaphragmatic injury in stable patients with
penetrating wounds in proximity to the diaphragm. Because
of pressure gradients across the diaphragm, these injuries are
associated with herniation and a potential risk of strangula-

tion of abdominal viscera. Signs and symptoms may not
occur during trauma center admission and may be delayed for
a period extending as long as months to years.3–5 In one
study, delayed recognition of incarcerated diaphragmatic her-
nia after stab wounds to the lower chest and upper abdomen
was associated with a mortality rate of 36%.6

Previous studies on penetrating thoracoabdominal injury
report an incidence of diaphragmatic injury ranging from
20% to 40%.7–10 Several reports have described the use of
laparoscopy to exclude these injuries.11,12 However, most did
not include a confirmatory celiotomy or thoracoscopy to
definitively exclude missed diaphragmatic injury. The one
study that included mandatory celiotomy after laparoscopic
evaluation of the diaphragm included symptomatic patients as
well as asymptomatic patients.7 Therefore, true sensitivity
remains unknown.

The purpose of this study was to determine the sensitiv-
ity and specificity of laparoscopy for detection of occult
diaphragmatic injury in asymptomatic, stable patients with
penetrating wounds in proximity to the diaphragm. We hy-
pothesized that diaphragmatic injury after penetrating thora-
coabdominal trauma is common and that laparoscopy is suf-
ficient to exclude diaphragm injury.

PATIENTS AND METHODS
This study was conducted at Parkland Memorial Hospi-

tal, a Level I trauma center, between October 2000 and
January 2004. All asymptomatic, hemodynamically normal
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patients with penetrating thoracoabdominal injury were con-
sidered potential study candidates. Patients with any other
indication for celiotomy were excluded. Thoracoabdominal
wounds were defined as those occurring anywhere along the
point of attachment of the diaphragm to the costal margin.
The surface landmarks used to identify thoracoabdominal
wounds were the nipples and costal margin anteriorly, and the
scapular tips and costal margin posteriorly. The flank was
included as part of the thoracoabdominal area and defined as
the area between the anterior and posterior axillary lines.
Patients who met these criteria were approached for informed
consent. Patients unable to provide consent were excluded
and managed according to usual trauma protocols at the
discretion of the attending surgeon.

Preoperative evaluation included chest radiography in all
patients and computed tomography or thoracic ultrasound in
selected patients based on penetrating wound location or
chest radiographic findings. After initial evaluation, all pa-
tients were taken to the operating room for exploratory lapa-
roscopy under general anesthesia with the specific intention
of evaluating the diaphragm.

A single 10-mm trocar was placed in the supraumbilical
position using an open technique, and pneumoperitoneum
was established. The diaphragm was evaluated using a
30�degree scope while placing the patient in a steep reverse
Trendelenburg position. An additional trocar was placed,
when needed, for retraction. Laparoscopy was carried out
until the surgeon felt the evaluation of the diaphragm was
sufficient to identify or exclude injury.

Regardless of findings, all patients then underwent a
confirmatory procedure, either exploratory laparotomy (30
patients) or video-assisted thoracoscopy (4 patients). Laparo-
scopic findings and duration of procedure were recorded. One
patient underwent confirmatory thoracoscopy 2 days after
laparoscopy; all other patients underwent confirmation im-
mediately after laparoscopy. Operative findings were noted
and results compared with laparoscopic findings. Sensitivity,
specificity, and positive and negative predictive values were
calculated. This study was approved by the Institutional Re-
view Board of the University of Texas Southwestern Medical
School.

RESULTS
Thirty-four patients with 38 penetrating thoracoabdomi-

nal injures were enrolled and completed study procedures.
Mean age was 30.4 years (range, 18–54 years). All patients
were men. Thirty-three patients sustained stab wounds and
one patient suffered a gunshot wound. The majority of pa-
tients had anterior wounds (47%). The remainder were either
flank (24%), posterior (21%), or unspecified (thoracoabdomi-
nal wounds without indication of posterior, anterior, or flank
location) (8%). Thirty-five wounds were on the left side and
three wounds were on the right. Clinical parameters including
mean lowest systolic blood pressure, Revised Trauma Score,

and time required to perform laparoscopy were recorded
(Tables 1 and 2).

Radiographic evaluation consisted of chest radiography
in all 34 patients, thoracic ultrasound in 7 patients with
indeterminate chest films, and abdominal computed tomog-
raphy in 2 patients with posterior or flank injury (Table 3).
Two patients had peritoneal penetration without intra-abdom-
inal injury. Four patients were found to have a nonbleeding
liver laceration with minimal hemoperitoneum. One of these
patients also had an injury to the transverse colon and an
injury to the left hemidiaphragm. One patient had an injury to
the superior epigastric artery with bloody egress into the
peritoneal cavity, and another had an injury to the gonadal
vein. The single patient with a gunshot wound had a splenic
laceration with significant left upper quadrant hemoperito-
neum obscuring the left hemidiaphragm. This patient was
found to have a diaphragm injury at confirmatory evaluation
(Table 4).

Seven of the eight diaphragm injuries noted at celiotomy
were identified by laparoscopy. The single missed injury
occurred in the patient with a gunshot wound and splenic
injury with hemoperitoneum that prevented adequate visual-
ization of the diaphragm and who required celiotomy for
splenic repair. The overall prevalence of diaphragmatic injury

Table 1 Injury Location

Frequency
(n � 38)

Diaphragm Injury
(n � 8)

Anterior 18 6
Flank 9 0
Posterior 8 2
Unspecified 3 0
Right 3 1
Left 35 7

Table 2 Clinical Characteristics

Range Mean � SD

Lowest systolic pressure (mm Hg) 95–150 122.6 � 16.5
RTS 10–12 11.9 � 0.3
Laparoscopy time (min) 5–26 13.0 � 5.4

RTS, Revised Trauma Score.

Table 3 Radiographic Evaluation

Frequency Abnormal Diaphragm Injury
Present

CXR 34 5 (15%) 1
(HTX/PTX) (20%)

Thoracic U/S 7 2 (28%) 0
(Fluid)

Chest CT scan 2 2 0
(HTX/PTX)

CXR, chest radiography; U/S, ultrasound; CT, computed tomo-
graphic; HTX, hemothorax; PTX, pneumothorax.
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was 21% (8 of 38). Diaphragm injuries were more commonly
left sided (seven of eight) and anterior (six of eight).

Overall sensitivity was 87.5% and specificity was 100%.
Positive and negative predictive values were 100% and
96.8%, respectively. These results are summarized in Table 5.

DISCUSSION
The incidence of diaphragmatic injury was high, occur-

ring in 21% of patients with penetrating thoracoabdominal
injury. These results are similar to those reported in other
series, including a retrospective multicenter review of 510
patients undergoing laparoscopy for penetrating abdominal
trauma that described a 40% incidence of diaphragmatic
injury in the subset of patients with thoracoabdominal
injury.7–10 The very high risk of diaphragmatic injury in these
patients raises concerns about the safety of nonoperative,
expectant management of patients with penetrating wounds in
proximity to the diaphragm. The consequences of missed
injury may not be apparent for extended periods of time, and
many of these patients are lost to follow-up.13 Madden et al.
reported a 36% mortality in patients presenting with delayed
sequelae, with most deaths caused by strangulation and per-
foration of the stomach or colon into the pleural cavity.6

Radiographic evaluation for diaphragmatic injury in pa-
tients with these injuries is unreliable. Of the five abnormal
chest radiographs noted in our 34 patients, only one (20%)
was associated with a confirmed diaphragm injury. None of
the abnormal thoracic ultrasound or computed tomography
studies were associated with a confirmed diaphragm injury.

Most prior reports on the use of laparoscopy after pen-
etrating injury did not focus solely on the exclusion of injury
to the diaphragm, and those that did focus on detection of
diaphragmatic injury did not routinely perform celiotomy or
other confirmatory test to definitively exclude diaphragmatic
injury. Thus, the incidence of missed injuries cannot be re-

ported with certainty. In this study, all patients underwent a
confirmatory diagnostic procedure. All diaphragmatic inju-
ries were detected, with the exception of the one patient who
sustained a gunshot wound, with significant hemoperitoneum
preventing adequate visualization of the diaphragm. The 21%
prevalence of diaphragm injury after penetrating thoracoab-
dominal trauma noted in this study suggests that celiotomy is
necessary if the diaphragm cannot be adequately visualized at
laparoscopy.

Video-assisted thoracoscopy (VATS) is an alternative
option and, in addition, allows for evacuation of any associ-
ated hemothorax.14,15 Many of these patients require tube
thoracostomy, which can usually be inserted through the
same site at the completion of the procedure. However,
VATS does not provide visualization of the peritoneal cavity,
and if a diaphragmatic injury is found, abdominal injury
cannot be excluded. Both procedures allow repair of simple
diaphragmatic injuries.

Associated right-sided injuries, such as minor hepatic
lacerations, can often be treated by means of laparoscopic
placement of topical hemostatic agents.16 When injury to the
extraperitoneal portion of the right diaphragm is suspected, it
is important to visualize the bare area of the liver because
herniation of the right lobe is possible and can be associated
with pulmonary and hepatobiliary complications.17 The peri-
toneal reflection covering the bare area of the liver can be
taken down using electrocautery. This often requires an extra
laparoscopic port for downward retraction of the right lobe of
the liver. Any sign of significant liver injury would be an
indication for conversion to open exploration with control of
hemorrhage and placement of adequate drainage.

We placed a tube thoracoscopy in the emergency depart-
ment when pneumothorax or hemothorax was evident on
chest radiography. Thus, pleural decompression was obtained
before abdominal insufflation. It is important to be aware of
the potential for hemodynamic compromise at the time of
laparoscopy and abdominal insufflation secondary to unrec-
ognized diaphragmatic injury.

In summary, the incidence of diaphragmatic involvement
after penetrating thoracoabdominal injury is high, making
nonoperative, expectant management of these patients poten-
tially unsafe. Our findings support mandatory evaluation of
the diaphragm with laparoscopy to exclude injury in all
asymptomatic, hemodynamically normal patients. When pa-
tients have no evidence of intraperitoneal injury, the dia-
phragm can oftentimes be completely evaluated with lapa-
roscopy. In the absence of significant hemoperitoneum or
other factors preventing adequate visualization of the dia-
phragm, laparoscopy is a sensitive means of excluding occult
diaphragmatic injury in these patients. When significant he-
moperitoneum is encountered on laparoscopy or other factors
are present that prohibit adequate evaluation of the dia-
phragm, conversion to an open exploration should be consid-
ered to fully visualize the diaphragm at risk and exclude
additional injuries.

Table 4 Other Abdominal Injuries

Injury Frequency

Peritoneal penetration 2
Nonbleeding liver laceration 4
Grade I colon laceration 1
Vascular injury* 2
Splenic laceration 1

* Vascular injuries included a superior epigastric artery laceration
and a left gonadal vein laceration.

Table 5 Outcomes Table

Diaphragm Injury
Total

Present Absent

Laparoscopy
Positive 7 0 7
Negative 1 30 31

Total 8 30 38

Laparoscopy for Thoracoabdominal Trauma

Volume 58 • Number 4 791



REFERENCES
1. Velmahos GC, Demetriades D, Toutouzas KG, et al. Selected

nonoperative management in 1,856 patients with abdominal gunshot
wounds: should routine laparotomy still be the standard of care? Ann
Surg. 2001;234:395–403.

2. Shatney CH, Koji S, Morgan L. The natural history of stab wounds
of the diaphragm: implications for a new management scheme for
patients with penetrating thoracoabdominal trauma. Am Surg. 2003;
69:508–513.

3. Degiannis E, Levy RD, Sofianos C, Potokar MG, Florizoone GC,
Saadia R. Diaphragmatic herniation after penetrating trauma. Br J
Surg. 1996;83:88–91.

4. Leppaniemi A, Haapiainen R. Occult diaphragmatic injuries caused
by stab wounds. J Trauma. 2003;55:646–650.

5. Reber PU, Schmied B, Seiler CA, et al. Missed diaphragmatic
injuries and their long term sequelae. J Trauma. 1998;44:183–188.

6. Madden MR, Paull DE, Finkelstein JL, et al. Occult diaphragmatic
injury from stab wounds to the lower chest and abdomen. J Trauma.
1989;29:292–298.

7. Ortega AE, Tang E, Froes ET, Asensio JA, Katkahouda N,
Demetriades D. Laparoscopic evaluation of penetrating
thoracoabdominal traumatic injuries. Surg Endosc. 1996;10:19–22.

8. Ivatury RR, Simon RJ, Weksler B, Bayard V, Stahl WM.
Laparoscopy in the evaluation of the intrathoracic abdomen after
penetrating injury. J Trauma. 1992;33:101–109.

9. Murray JA, Demetriades D, Cornwell EE, et al. Penetrating left
thoracoabdominal trauma: the incidence and clinical presentation of
diaphragm injuries. J Trauma. 1997;43:624–626.

10. Zantut LF, Ivatury RR, Smith S, et al. Diagnostic and therapeutic
laparoscopy and penetrating abdominal trauma: a multicenter
experience. J Trauma. 1997;42:825–831.

11. Murray JA, Demetriades D, Asensio JA, et al. Occult injuries to
the diaphragm: prospective evaluation of laparoscopy in
penetrating injuries to the left lower chest. J Am Coll Surg. 1998;
187:626 – 630.

12. Ivatury RR, Simon RJ, Stahl WM. A critical evaluation of
laparoscopy in penetrating abdominal trauma. J Trauma. 1993;
34:822–828.

13. Feliciano DV, Cruse PA, Mattox KL, et al. Delayed diagnosis of
injuries to the diaphragm after penetrating wounds. J Trauma. 1988;
28:1135–1144.

14. Ochsner MG, Rozycki GS, Lucente F, Wherry DC, Champion HR.
Prospective evaluation of thoracoscopy for diagnosing diaphragmatic
injury in thoracoabdominal trauma: a preliminary report. J Trauma.
1993;34:704–709.

15. Freeman RK, Ghanam AD, Hutcheson KA, et al. Indications for
using video-assisted thoracoscopic surgery to diagnose diaphragmatic
injuries after penetrating chest trauma. Ann Thorac Surg. 2001;
72:342–347.

16. Salvino CK, Esposito TJ, Smith DK, et al. Laparoscopic injection of
fibrin glue to arrest intraparenchymal abdominal hemorrhage: an
experimental study. J Trauma. 1993;35:762–766.

17. Petrakis IE, Prokopakis G, Raissaki M, Zacharioudakis G, Kogerakis
N, Chalkiadakis G. Delayed diagnosis of a blunt rupture of the right
hemidiaphragm with complete dislocation of the right hepatic lobe
and small bowel in the chest. J Trauma. 2003;55:180.

The Journal of TRAUMA� Injury, Infection, and Critical Care

792 April 2005


