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Abstract
Introduction  The objective of this study was to compare the accuracy of Focused Assessment with
Sonography for Trauma (FAST) with Local Wound Exploration (LWE) in detecting intra-abdominal
injuries for patients with abdominal gunshot and stab wounds by calculating the sensitivity,
specificity, predictive values and likelihood ratios of each diagnostic modality.
Methods This is a cross-sectional study conducted from June 2009 to June 2011 at a tertiary
government level II trauma center in Manila. Included in the study were the medical records of all
patients treated for abdominal gunshot and/or stab wounds. The following data were obtained from
the records: demographic profile; mechanism of injury, whether gunshot or stab; location of injury,
whether anterior, posterior abdomen (back); diagnostic procedures and results, whether FAST, local
wound exploration, or both; management, whether surgical or conservative; and intraoperative
findings, including organ/s injured, if any. For the gold standard, the subjects were categorized as
positive or negative injury based on the laparotomy findings or, in the absence of surgical intervention,
recovery without sequelae. The results of FAST and LWE were compared to the results of the gold
standard by calculating the sensitivity, specificity, positive predictive value, negative predictive value
and likelihood ratio with 95% confidence interval, for each modality.
Results The study included 95 subjects with a mean age of 31 years. Sixty eight (68) patients (71.6%)
underwent FAST while 62 (65.3%) underwent LWE. There were 35 patients (36.8%) who underwent
both the FAST and LWE. A total of 78 patients had anterior abdominal stab and gunshot wounds. FAST
was more specific (97%) than sensitive (36.5%); LWE, however, was more sensitive (95%) than specific
(50%). The positive predictive value of FAST was 100% while that of LWE was 77.6%. FAST had a low
negative predictive value at 32.7% while LWE had a high negative predictive value of 84.6%. FAST had
a higher positive likelihood ratio than that of negative likelihood ratio (12 versus 0.635). LWE, on the
other hand, had a lower positive likelihood ratio of 1.9 but a high negative likelihood ratio of 0.1. The
confidence intervals of the accuracy estimates were moderately precise.
Conclusion  This study showed that LWE is an accurate diagnostic procedure in detecting traumatic
injuries, while FAST is accurate in ruling out significant injury in patients with abdominal stab and
gunshot wounds. For patients with suspected intra-abdominal injury, LWE should be done first as a
screening test followed by FAST as a confirmatory test.
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 he  management  of   abdominal gunshot  and stab
        wounds has continued to evolve over the years, from
mandatory celiotomy to serial physical examination,
local wound exploration and the use of  diagnostic
imaging techniques. The indications for surgery have
drastically decreased over the years, with the advent of
new non-invasive modalities l ike computerized
tomography scan (CT scan) and ultrasonography.
Researchers continue to evaluate various protocols but
despite the advances in technology, the optimum method
to determine the need for laparotomy has yet to be
definitively established. The aim has always been to
reduce the number of  unnecessary operations without
increasing the number of  missed injuries, as well as to
reduce the length of  hospital stay and healthcare costs.

Before the era of  diagnostic imaging, most of  these
patients underwent mandatory celiotomy. In the mid-
seventies, studies1,2,3 started to show that the combination
of  local exploration and peritoneal lavage in lower chest
and abdominal stab wounds increased diagnostic
accuracy, eliminated unnecessary hospitalization and
reduced the number of  negative laparotomies. Seventy
percent of  patients were spared an operative procedure,
and the incidence of  negative laparotomy decreased to
less than 5%.

The advent of  non-invasive and accurate imaging
modalities has expanded the possibilities of  managing
abdominal gunshot and stab wounds. Yet, to this day,
the role of  ultrasonography compared with CT scan is
still being clarified. An objective evaluation of  CT scan
for penetrating abdominal wounds showed that this
imaging modality has excellent accuracy4  of  at least
94%, with 100% sensitivity and 94% specificity.5

However, the high cost of  this procedure precludes its
routine use in the local setting. In addition, it is not yet
readily available in many local trauma centers. Although
the Philippines continues to develop its trauma care
services by providing education to trauma care personnel
and improving facilities, not all institutions can afford
the latest advances in trauma care.

The logical alter native to CT scan may be
ultrasonography. It costs less and is more widely
available.  In a recent meta-analysis of  Focused
Assessment with Sonography for Trauma (FAST), the
pooled overall sensitivity and specificity of  ultrasound
were 78.9% and 99.2%, respectively.6 In this regard, this
study was formulated to compare the available diagnostic
modalities presently being used in a 200-bed tertiary
government Level II Trauma Center which caters mostly
to patients from the lower socioeconomic groups. There
is no CT scanner or materials for other minimally

T invasive procedures that may be done bedside or in the
operating room for both the diagnosis and treatment of
trauma patients. The only available non-invasive
diagnostic test for trauma in this hospital is
ultrasonography, performed for trauma patients using
the FAST technique. The objective of  this study was to
compare the accuracy of  FAST with local wound
exploration in detecting intra-abdominal injury
secondary to gunshot and stab wounds by calculating
the sensitivity, specificity, predictive values and
likelihood ratios of  each diagnostic modality.

Methods
This is a cross-sectional study conducted from June 2009
to June 2011 at a tertiary government level II trauma
center in Manila. Included in the study through their
medical records were all patients treated for abdominal
gunshot and/or stab wounds. Anterior abdominal
wounds included those confined between the two
midaxillary lines laterally, a line connecting the anterior
costal margins superiorly and a line over the pubic
symphysis inferiorly.  Posterior abdominal wounds
included those located between the two midaxillary lines
laterally, a line connecting the tips of  the scapulae
superiorly and a line over the gluteal folds inferiorly.
Patients who were immediately brought to the operating
room for surgery without undergoing either of  the test
procedures were excluded.

The following data were obtained from the records:

1. Demographic profile
2. Mechanism of  injury, whether gunshot or stab
3. Location of  injury, whether anterior or posterior

abdomen (back)
4. Diagnostic procedures and results, whether FAST,

local wound exploration, or both
5. Management, whether surgical or conservative
6. Intraoperative findings, including organ/s injured,

if any

Local wound exploration was performed as follows:
After sterile skin preparation and infiltrating with a local
anesthetic, the wound was surgically extended and
inspected under direct vision.  LWE was labeled as
positive if  the fascia was penetrated, and negative in the
absence of  fascial penetration. FAST was performed as
follows: The patient was placed in a supine position.
Using the curvilinear probe of  a Medison SonoAce™
ultrasound machine, the sonologist on duty evaluated
four areas of  the abdomen: the perihepatic, perisplenic,
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pelvic and pericardial spaces.  It was labelled as positive
if  a black rim, representing free intraperitoneal fluid, was
present between two organs, or if  an abnormal black rim
was found inside a solid organ, indicative of  gross injury
to that organ.  The FAST was considered to be negative
in the absence of the black rim described. The gold
standard was the intraoperative findings; the subjects
were categorized as positive if  there was injury or
negative, if  none was found. In subjects who did not
undergo surgical intervention, recovery without sequelae
was considered negative.

The results of  the FAST and LWE were compared
to the results of the gold standard by calculating the
sensitivity, specificity, positive predictive value, negative
predictive value, and likelihood ratio with 95%
confidence interval for each modality.

Results
The study included 95 subjects whose records were
retrieved from June 2009 to June 2011. Their mean age
was 31 years and more than 95% were males who
sustained stab wounds in the anterior abdomen. More
than two-thirds underwent FAST or LWE while 35
patients underwent both the FAST and LWE. A total of
78 patients had anterior wounds, with 62 (77.5%)
undergoing LWE and 53 (66.2%) undergoing FAST.
These are summarized in Table 1.

Table 2 compares the results of  the FAST with the
gold standard and shows that the FAST detected 19 of
the 52 patients with injury, for a sensitivity of  36.5%,
and accurately ruled out injury in all 16 patients without
injury, for a specificity of  100%. The positive predictive
value was 100%, and the negative predictive value was
32.7%. Positive likelihood ratio was approximated (by
converting 0 to 0.5), to be 6.2 (95% CI: 0.7 – 189.2) while

Table 1.  Characteristics of patients with abdominal stab and gunshot wounds who underwent FAST and LWE in a level 2 trauma
center, Manila, June 2009 - June 2011.

Characteristic     Diagnostic Procedure Subjects
FAST LWE TOTAL
(N=68) (N=62) (N=95)

Mean age (years) 31
Gender Male 64 (94.1%) 58 (93.5%) 91 (95.8%)

Female   4 (5.9%)   4 (6.5%)   4 (4.2%)

Mechanism of injury Stab Wound 66 (97.1%) 52 (83.9%) 85 (89.5%)
Gunshot Wound   2 (2.9%) 10 (16.1%) 10 (10.5%)

Location of Injury Anterior 53 (77.9%) 62 (100.0%) 78 (83.9%)
Posterior 15 (22.1%)   0 15 (16.1%)

Operative findings Positive for injury 50 (73.5%) 39 (62.9%) 65 (68.4%)
Negative for injury   3 (4.4%)   7 (11.3%)   7 (7.4%)
Surgery not done 15 (22.1%) 16 (25.8%) 23 (24.2%)

the negative likelihood ratio was 0.6 (95% CI: 0.2 – 0.5).
Table 3 compares the results of  LWE with the gold
standard and shows that LWE accurately detected 38 of
the 40 patients with injury, for a sensitivity of  95.0%,
and ruled out injury in 11 of  the 22 patients without
injury, for a specificity of  50.0%. The positive predictive
value was 77.6%, and the negative predictive value was
84.6%. The positive likelihood ratio was 12.1 (95% CI:
2.2 – 65.2), while the negative likelihood ratio was 0.1
(95% CI: 0.02 – 0.4). Table 4 compares the test
parameters of  the FAST versus LWE, with
corresponding 95% confidence intervals.

Table 2.  Comparison of FAST results with operative findings
or conservative management in a level 2 trauma center, Manila,
June 2009 - June 2011.

FAST (+) Injury (-) Injury TOTAL

Positive 19   0 19
Negative 33 16 49

TOTAL 52 16 68

Table 3.   Comparison of LWE results with operative findings
or conservative management in a level 2 trauma center, Manila,
June 2009 - June 2011.

LWE (+) Injury (-) Injury TOTAL

Positive 38 11 49
Negative   2 11 13

TOTAL 40 22 62
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Table 4.  Comparison of the test parameters of FAST and LWE, with corresponding 95% confidence intervals in a level 2 trauma
center, Manila, June 2009 - June 2011.

PARAMETER FAST Confidence Interval LWE Confidence Interval

Sensitivity   0.365 0.248 - 0.501 0.95 0.835 - 0.986

Specificity   1 (0.97) 0.765 - 0.997 0.5 0.307 - 0.693

Positive Predictive Value   1 (0.99) 0.759 - 1 0.776 0.630 - 0.878

Negative Predictive Value   0.327 0.204 - 0.477 0.846 0.537 - 0.973

Positive Likelihood Ratio 12.06 2.23 - 65.25 1.9 1.244 - 2.903

Negative Likelihood Ratio   0.635 0.516 - 0.78 0.1 0.024 - 0.411

Prevalence   0.759 0.638 - 0.851 0.645 0.517 - 0.760

In order to determine whether location of  injury,
anterior or posterior, could have inf luenced the
comparison of  the accuracy of  the two diagnostic tests,
a sensitivity analysis was done by excluding 15 patients
with posterior wounds, and recalculating the accuracy.
Results showed no significant change in the accuracy of
the test parameters. A secondary analysis, including only
the patients who underwent both FAST and LWE, was
also done to determine if  this could have altered the test
results. Recalculation, however, showed no significant
change in the test parameters.

Discussion
This study showed that FAST had a high specificity but
low sensitivity, while LWE had a high sensitivity but a
low specificity. FAST accurately ruled out 100% of
patients with no abdominal injury, but failed to detect
more than half  of  those with significant injury. In
contrast, LWE accurately detected 95% of  those with
abdominal injury, but failed to rule out half  of  those
with no injury.

There were no false positives for FAST, and
calculation of  the positive likelihood ratio could only
be done by converting the “0” to “0.5” value. The positive
likelihood ratio showed that the probability of injury was
increased 12 times if  FAST was positive. However, the
negative likelihood ratio showed that the probability of
injury was decreased only 1.6 times if  FAST was negative.
In contrast, the positive likelihood ratio for LWE showed
that the probability of injury was increased only two times
if  LWE was positive, but the negative likelihood ratio
showed that the probability of injury was decreased 10
times if  LWE is negative.

For the predictive values, if  FAST result was positive,
then the probability of  injury was a virtual certainty,

compared with LWE, in which the probability of  injury
was less than 80%. However, if  FAST result was negative,
the probability that there was really no injury was only
around 32%, as compared to almost 85% for LWE.
Except for the positive likelihood ratio, the test results
we obtained were moderately precise, as shown by the
95% confidence intervals and are indicative of  an
adequate sample size.

The results of  this study indicate that the two
diagnostic modalities complement each other. The
weakness in accuracy of  one modality is offset by the
strength of  the other modality. With its high sensitivity,
LWE is a good screening test to determine those subjects
with intra-abdominal injury. FAST can then be
performed to rule out the intra-abdominal injury due to
its high specificity.

A systematic review of  the medical literature
revealed a meta-analysis6 that compared the accuracy
of  FAST among different studies. The pooled overall
sensitivity and specificity were 78.9% and 99.2%,
respectively. There were no differences in test accuracy
between trials that included patients with penetrating
injuries and those that did not. This present study, showing
a high specificity but lower sensitivity for FAST, is
consistent with all these. The findings agree with previous
studies1, 2 which have consistently concluded that LWE
can decrease the number of negative laparotomies due to
its high accuracy in detecting injury.

The Basic Emergency Skills in Trauma (BEST)
course curriculum of  the Philippine College of  Surgeons
includes LWE and FAST as options in patients with
penetrating abdominal trauma who have equivocal
abdominal findings and stable vital signs. Wound
exploration may be utilized for a single anterior
abdominal wound, with the additional stipulation of
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performing diagnostic peritoneal lavage (DPL) if  wound
exploration proves to be positive. FAST is a good
modality to determine if  there is free intraperitoneal fluid
or solid organ injury.  However, it is operator dependent
and there must be at least 50 ml of  free peritoneal fluid
to be sonographically visible.7

As a retrospective cross-sectional study, this research
has several inherent limitations. Ultrasound is known
to be operator-dependent and in this study, FAST was
performed by several sonologists. In addition, CT scan
as a gold standard was not possible since it was not
available in the study site. Thus, for patients who did
not undergo surgery, the authors had to rely on clinical
observation and monitoring to confirm the absence of
signif icant injury. It  is also possible that some
symptomatic patients may have undergone FAST and/or
LWE despite indications for immediate surgery.
Unfortunately, these data were missing in the patients’
medical records. This could have resulted in an
overestimation of the actual accuracy of the tests under
study.Future studies validating this study’s results should
be prospective to allow better control of selection and
information bias. A larger sample size can also increase
the precision of the results. Additional outcomes for such
a prospective study should be a comparison of
complication rates and other adverse events, especially
for LWE, which is an invasive diagnostic procedure. In
summary, this study showed that LWE is an accurate

diagnostic procedure in detecting traumatic injuries,
while FAST is accurate in ruling out significant injury in
patients with abdominal stab and gunshot wounds. For
such patients with suspected intra-abdominal injury, LWE
should be done first as a screening test followed by FAST
as a confirmatory test.
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