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Abstract

Background: Ultrasound has widely been used to assess patients with blunt abdominal trauma and detect free fluid in the ab-
domen. Nevertheless, different studies reported different false negative for this imaging technique.
Objectives: The present study was conducted to evaluate the diagnostic value of the repetitive ultrasound in diagnosis of free in-
traperitoneal fluid.
Methods: In this study, 125 patients with abdominal blunt trauma were recruited prospectively for ultrasound evaluation. Ultra-
sound and CT- scan were performed for all recruited patients in the study. In case of positive ultrasound or CT-scan (free fluid in
the peritoneal cavity), patients underwent surgical operation. In the presence of negative ultrasound and CT-scan, and if the pa-
tient was alert and had stable vital signs, then, he/she would undergo exact supervision. In such patients, ultrasound and CT-scan
were repeated 12 and 24 hours after admission. If any of the tests were positive, the patient underwent laparotomy. Moreover, if
ultrasound and CT-scan examinations were negative 24 hours after admission, the patients with normal laboratory tests were dis-
charged according to the surgeon’s decision. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) were calculated.
Results: Of the 125 patients with abdominal blunt trauma, 90 patients finally underwent laparotomy. Based on the surgical outcome
as the gold standard, the initial, 12 hours, and 24 hours sensitivity were measured to be 19.8%, 75.2%, and 82.2%, respectively. These
numbers for specificity were 91.7, 75, and 70.8, respectively; they were 90.9, 92.6, and 92.2 for PPV, and 21.3, 41.8, and 48.5 for NPV,
respectively.
Conclusions: The sensitivity of ultrasound to detect intraperitoneal fluid in blunt abdominal trauma cases will be increased by
repeated ultrasound examinations.
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1. Background

Blunt abdominal trauma (BAT) accounts for about 80%
of abdominal injuries seen in patients referred to the emer-
gency departments (1). Although management of abdom-
inal penetrating trauma is largely determined clinically,
the diagnosis of BAT by physical examination is unreliable,
especially in unconscious cases (2). On the other hand,
early diagnosis of injuries is essential and late diagnosis
and overlooked injuries are associated with poor outcome
(3). Some procedures like diagnostic peritoneal lavage
(DPL), computerized tomography scan, (CT-scan), abdom-
inal ultrasonography, and laparoscopy have been used for
abdominal assessment in patients with blunt injury (4-6).
Despite the very high sensitivity (96%), DPL is an invasive
procedure with the incidence of 1% to 9% possible compli-
cations of trauma to the bladder, bowel, and large vessels
(7). Also, its low specificity may lead to unnecessary surgery

in 39% of cases (8). Diagnostic laparoscopy has had good
sensitivity and specificity (94% and 98%, respectively) for
predicting the need for laparotomy, however, this proce-
dure is either invasive and time consuming or costly (9).
The need for non-invasive, cost-effective, and accurate pro-
cedures has increased the tendency to use imaging tech-
niques for evaluating patients with BAT. Although a CT-
scan is the gold standard in abdominal assessment in BAT,
some limitations such as x-ray exposure, high costs, possi-
bility of renal poisoning in case of using contrast media, ar-
tifact due to patient movement, and need for patient trans-
portation have led to reduced use of CT- scan in such pa-
tients (10, 11). Alternatively, many studies have shown that
ultrasound can be replaced by DPL or CT- scan (12, 13); how-
ever, there are some evidences that show relying on ultra-
sound as the only means of assessing BAT victims instead of
DPL or CT scan may lead to misdiagnosis (14, 15). So far, how-
ever, there has been little discussion about the increasing
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accuracy of repeated or serial ultrasound in the evaluation
of BAT (14, 16). Therefore, considering the limited studies
and controversies about the value of repeated ultrasonog-
raphy in early diagnosis of abdominal injuries in the pa-
tients sustaining BAT (17), this study was designed to evalu-
ate the role of repeated ultrasound as a screening method
for evaluating the need for operative intervention in such
patients.

2. Objectives

The present study was designed to evaluate the diag-
nostic value of the repetitive ultrasound in the diagnosis
of free intraperitoneal fluid in patients with BAT.

3. Methods

This was a prospective study on the diagnostic value of
serial ultrasound in blunt abdominal trauma conducted
at Kashan Shahid Beheshti hospital over a period of 12
months, from March 21, 2015 to March 21, 2016. Ethical ap-
proval was obtained from the deputy of research of Kashan
University of Medical Sciences. Written informed consent
was obtained from the patients and in cases that patients
were unable to give consent, it was obtained from their rel-
atives. The study included all patients aged 16 years and
older who admitted to the Shahid Beheshti hospital dur-
ing the study period with clinical manifestations of BAT
due to different mechanisms including motor vehicle ac-
cidents and falling (from more than 20 feet height). Pa-
tients without consent, those whose FAST (focused assess-
ment with sonography in trauma) was equivocal or diffi-
cult to interpret, patients with penetrating trauma or peri-
tonitis, with gross hematuria, unstable vital signs, loss of
consciousness, or those with pelvic fracture were excluded
from the study. Routine resuscitation and treatment were
performed for the all patients. Chest and pelvic x-ray and
also FAST and CT-scan were performed for all recruited pa-
tients in the study. In case of positive FAST or CT-scan (free
fluid in the peritoneal cavity), patients underwent surgi-
cal operation. In the presence of negative FAST and CT-scan
examinations, and if the patient was alert and had stable
vital signs, and if the x-ray of the chest (CXR) and pelvis
(PXR) was normal and there was no noticeable bleeding
in the urine and no signs of peritonitis, the patients un-
derwent exact supervision. In such patients, ultrasonog-
raphy and CT-scan were repeated 12 and 24 hours after
admission using a Medison v20 11 MHz linear transducer
(Samsung, Korea). All ultrasound and CT-scan examina-
tions were performed by an experienced radiologist in the
field of trauma. Ultrasonography was considered positive

when the liquid was seen in one of the 5 intraperitoneal
spaces. If abdominal ultrasound or CT-scan showed fluid
or blood 12 and 24 hours after patients’ admission, then
they were considered as positive and underwent surgical
operation. If ultrasound and CT-scan examinations were
negative 24 hours after admission, the patients with nor-
mal laboratory test and normal abdominal examination
results were discharged based on the surgeon’s decision
(Figure 1). Phone follow-up was performed for all patients
within 72 hours of discharge to reduce false negative cases.
Finally, the results from ultrasounds were compared with
the surgical and CT-scan results as the gold standard to de-
termine specificity and sensitivity of FAST in BAT patients.
Patients were categorized as true positives (TP) including
cases with positive FAST and positive CT-scan or hemoperi-
toneum after operation; false positives (FP), or cases with
positive FAST but negative CT-scan, or no hemoperitoneum
after laparotomy; false negatives (FN), or those with nega-
tive FAST but with positive CT-scan, or hemoperitoneum af-
ter operation (because of deterioration of their condition);
and finally true negatives (TN), or those who had negative
FAST and negative CT-scan or those who were discharged
from the hospital with good condition without any clini-
cal manifestations during the first 72 hours after discharge
from the hospital. Sensitivity, specificity, positive predic-
tive value, and negative predictive value of FAST as a diag-
nostic approach were calculated.

4. Results

A total of 125 BAT patients [86 males (68.8%)] were in-
cluded in the study. The mean (SD) age of the patients was
28.11 (25.8). Road traffic accident was the common mode
of injury [103 (82.4%)] and in 22 patients (17.6%), injury was
caused by falling from a height. False negative ultrasound
was found in 2 cases (8.3%), while true positive was found in
20 (19.8%) at admission time (P = 0.242). In 12 and 24 hours
after admission and ultrasound exams, true positives in-
creased more significantly compared to false negatives (Ta-
ble 1).

Based on the results presented in Table 1, diagnostic
values for serial ultrasound were calculated. Although the
sensitivity of ultrasound at admission was only 19.8%, the
positive predictive value of the test was 90.9%, showing
that cases with positive ultrasound at admission will have
a positive laparotomy in more than 90% (Table 2). However,
in patients with negative ultrasound at admission time,
the result of laparotomy was negative in 21.3%. In other
words, the positive ultrasound at admission is highly im-
portant to find hemoperitoneum cases. High sensitivity,
positive, and negative predictive value will be achieved if
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Table 1. Frequency of Serial Ultrasound Versus Surgical Operation Results Leading Diagnosis

Screening Results Surgical Operation P Value

Negative Positive

Ultrasound at Admission
Negative 22 (91.7) 81 (80.2)

0.242
Positive 2 (8.3) 20 (19.8)

12 h Ultrasound
Negative 18 (75) 25 (24.8)

< 0.001
Positive 6 (25) 76 (75.2)

24 h Ultrasound
Negative 17 (70.8) 18 (17.8)

< 0.001
Positive 7 (29.2) 83 (82.2)

Patient admission and 
primary FAST (n = 125) 

Result of CT-scan or 
ultrasound 

Yes (n = 72)

No (n = 53)  

Result of CT-scan or 
ultrasound 

Yes (n = 10)

NO (n = 43) 

 

Surgical operation 

Result of CT-scan or 
ultrasound 

No (n = 35) 

Yes (n = 8)

Patient discharge and 
follow up 

 First CT-scan 
(n = 125) 

 
12- Hour ultrasound and CT-

scan 

 
24- Hour ultrasound and CT-scan 

Figure 1. Diagram of Study Approach in Blunt Abdominal Trauma Patients

ultrasound is performed at 12 and 24 hours after admis-
sion, showing that the diagnostic power of the ultrasound
will be increased by 2 and 3 folds compared with the admis-

sion time (Table 2).
Also, in this study diagnostic value of serial ultrasound,

as the gold standard, was considered compared to CT- scan.
Sensitivity and specificity were 30.6% and 100%, respec-
tively at arrival time, while positive and negative predictive
value of the test were 100% and 51.4%, respectively. In 12 and
24 hours ultrasound after admission, sensitivity increased
to 81.9% and 88.9%, respectively. However, in these times
the specificity was decreased. These results revealed that
patients with positive ultrasound at arrival have a positive
CT only in 51.4% of the cases, while those with negative ul-
trasound at arrival time have 100% negative CT-scan. In ad-
dition, prolonged hospitalization resulted in an increase
in sensitivity and negative predictive value, but a decrease
in specificity and positive predictive value (Table 3).

5. Discussion

The present study found that primary ultrasound at ad-
mission time has a high positive predictive value to diag-
nose intraperitoneal fluid in BAT cases and its diagnostic
value will be increased if it is repeated 12 and 24 hours after
admission. BAT is a serious diagnostic and management
challenge for the trauma care team, especially surgeons
due to its inherent nature that requires rapid, accurate,
and efficient treatment. Delayed diagnosis may cause sig-
nificant morbidity and mortality, thus, early diagnosis and
appropriate intervention can improve outcomes (18). As
a rapid, easy to perform, reliable, repeatable, safe, less ex-
pensive and cost effective tool, ultrasound can be an opti-
mal screening test for BAT cases, especially in hemodynam-
ically unstable patients in emergency departments (3). Sev-
eral investigations have been done on the diagnostic value
of ultrasound in BAT patients (6, 7, 19-21). However, differ-
ent studies have reported different results on the potency
of ultrasound to show free intraperitoneal fluid. The find-
ings of the current study, to some extent, are consistent
with those of Blackbourne et al. (2004), who found that the
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Table 2. Sensitivity, Specificity and Predictive Value of the Test

Sensitivity Specificity PPV NPV

Ultrasound at Admission 19.8 91.7 90.9 21.3

12 h ultrasound 75.2 75 92.6 41.8

24 h ultrasound 82.2 70.8 92.2 48.5

Table 3. Sensitivity, Specificity and Predictive Values of Ultrasound compared to CT-Scan

Ultrasound Results CT Scan Results SEN SP PPV NPV

Negative Positive

Arrival Time
- 53 50 30.6 100 100 51.4

+ 0 22

12 h after admission
- 30 13 81.9 56.6 71.9 69.8

+ 23 59

24 h after admission
- 27 8 88.9 50.9 71.1 77.1

+ 26 64

Abbreviations: CT, computed tomography; NPV, negative predictive value; PPV, positive predictive value; SEN, sensitivity; SP, specificity.

sensitivity of ultrasound will be increased by a secondary
ultrasound to detect intra-abdominal injury. In their study,
the sensitivity of the primary ultrasound in BAT cases has
been increased from 31.1% to 72.1%, while the specificity of
primary and secondary ultrasound was the same, 99.8%
(22). Sensitivity of initial ultrasound based on the surgical
operation in the current study was 19.8%, which reached to
75.2% for the second (12 hours after admission) and 82.2%
for the third attempt (24 hours after admission). However,
the specificity of the primary ultrasound in our study was
high (91.7%), which gradually decreased in the second (75%)
and third (70.8%) attempts. This rather contradictory re-
sult regarding specificity may be due to methodological
difference between our study and Blackburn investigation.

Their study has been retrospective and the second ul-
trasound was performed during 30 minutes to 24 hours af-
ter an initial ultrasound, while we performed second and
third ultrasounds exactly 12 and 24 hours after the initial
one. The present findings are also in agreement with Ra-
jabzadeh Kanafi et al. (2012) (16) and Feyzi et al. (2015) (23)
findings that showed performing a secondary ultrasound
increases the sensitivity of the test. Nevertheless, several
studies have reported a high sensitivity (88.2% - 94.44%) for
ultrasound in the first attempt (11, 18, 24). Although the re-
sults of the mentioned studies differ from ours in sensitiv-
ity, they are mainly consistent with our findings in speci-
ficity. Moreover, in almost all the above studies and some
others (23, 25), positive predictive value was more than
90%, which is consistent with our finding in the present

study.
In conclusion, the evidence from this study suggests

that although the initial ultrasound in BAT patients has
low sensitivity, the sensitivity of the test will be increased
through repeating. However, high positive predictive
value of the ultrasound shows that more than 90% of pa-
tients with positive ultrasound will be undergoing laparo-
tomy.

The results of the present study revealed that only
slightly more than half of the cases with positive ultra-
sound have positive CT-scan at arrival time. However, those
with negative ultrasound at admission have 100% negative
CT, indicating that it can be possible to discharge patients
with negative ultrasound, but it should be considered that
half of the cases with positive ultrasound at arrival have
positive CT.
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