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Abstract

Purpose: In this prospective study we aimed to investigate the diagnostic value of ultrasonography (US) in hemodynamically stable children
after blunt abdominal trauma (BAT) using computed tomography (CT) as the gold stakdéedals and methods: Between 1997 and 2001,
96 children with BAT were evaluated prospectively. CT was performed first, followed by US. US and CT examinations were independently
evaluated by two radiologists for free fluid and organ injury. The sensitivity, specificity, positive predictive value, negative predictivalvalue an
overall accuracy of US were assessed regarding CT as the gold staRekafts. Overall 128 organ injuries were determined in 96 patients
with CT; however, 20 (15.6%) of them could not be seen with US. Free intraabdominal fluid (FIF) was seen in 82 of 96 patients by CT (85.4%)
and eight of them (9.7%) could not be seen by US. We found that sensitivity, specificity, positive predictive value, negative predictive value
and overall accuracy of the US for free intra-abdominal fluid were 90.2, 100, 100, 63.6 and 91.7%, resp€ctiehigions: US for BAT in
children is highly accurate and specific. It is highly sensitive in detecting liver, spleen and kidney injuries whereas its sensitivity is moderate
for the detection of gastrointestinal tract (GIT) and pancreatic injuries.
© 2003 Published by Elsevier Ireland Ltd.
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1. Introduction exposure, need for contrast media and lack of immediate
availability are some of the disadvantages of CT. Therefore,

In children, to choose the appropriate imaging method US has been accepted by many clinicians. Focused abdom-

for evaluation of intra-abdominal organ injury (lAl) is very inal sonography for trauma (FAST) is designed to evaluate

important because non-operative management of blunt ab-trauma patients based on the presence or absence of free

dominal trauma (BAT) has gained wide acceptance recently.fluid. In pediatric population, the experience is limited and

Accurate and prompt assessment of injuries is critical, since the accuracy is less certain with U&5].

unrecognized injuries may have potentially serious conse- In this prospective study, by using CT as the gold stan-

guences. Abdominal computerized tomography (CT) is con- dard, we aimed to assess the diagnostic value of US in hemo-

sidered to be the most accurate, noninvasive imaging modal-dynamically stable children after BAT. For this purpose we

ity for evaluating trauma victims. Since 1980's CT has been compared sensitivity, specificity, positive predictive value,

accepted as a definitive imaging modality for injured pa- negative predictive value and overall accuracy of US.

tients in the United Stated,2]. However, in Canada, Eu-

rope and Japan, ultrasonography (US) is widely used in the

examination of children with BAT3]. High cost, radiation 2 Materials and methods
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surgeon. All of the cases who were suspected to have anTable 1
intraabdominal injury and who were hemodynamically sta- The mechanisms of the trauma

ble were sent to the radiology department. These patientsThe mechanisms of traumas Number of patients (%)
underwent an abdominopelvic QT anq US examination. 96 Taffic accident 59 (61.5%)
patients having an intraabdominal injury detected by CT Fall 18 (18.7%)
and/or US examination were included into this study. Chil- Animal attack 8 (8.3%)
dren with normal radiologic findings were excluded from g‘t’r?”s accident 74(7(4:%5/0/)0)
. . er . 0
the study. CT and US evaluations were done by two differ- Total 96 (100%)

ent faculty radiologists. In all patients CT was performed
followed by US and the time interval between CT and US
examinations was less than 2 h. Data obtained from CT and

US examinations were recorded separately. 3. Results
CT examinations were made with a spiral computed to-
mography machine (PickBf PQS model, USA). Oral con- Twenty one girls (21.8%) and seventy five boys (78.2%),

trast material (1-2% urografine diluted with water) was totally 96, aged between 0 and 16 years (mean 9 years of
given to 64 of 96 patients 30-45 min before CT examina- age) were investigated in this study. The mechanisms of the
tion. In all patients, 20 s after the intravenous bolus injec- trauma are presented Table 1
tion of 2 mg/kg contrast media, abdominopelvic region was  FIF were seen in 82 of 96 patients by CT (85.4%) and
scanned with 5 or 10 mm slice thickness and was evaluatedin 8 of these 82 patients (9.7%) FIF could not be seen by
by the same radiologist. US. 14 of 96 (14.6%) patients had intraabdominal organ
After CT examination, all patients were examined by injury without FIF (six liver, five spleen, and three kid-
another radiologist with Hitachi 550 EUB or General Elec- ney injury). Sensitivity, specificity, positive predictive value,
tric Radius US equipment using 3.5-5-7.5 MHz probes. All negative predictive value and overall accuracy of the US
of the US examinations were performed by a faculty radi- for FIF are 90.2, 100, 100, 63.6 and 91.7%, respectively
ologist working in the US department. Sonographist was (Table 2.
not aware of the patients’ clinical history, physical exam-  Overall 128 organ injuries were detected in 96 patients
ination, laboratory and other imaging findings. Upper and with CT, however, 20 (15.6%) of them could not be seen
lower gquadrants of the abdomen were examined at least inwith US. The spleen was the most commonly affected organ
two planes (longitudinal and transverse). Detected organ in-and 22 of 51 splenic injuries were associated with other
juries and existence of free intraabdominal fluid (FIF) was organ injuries Fig. 1). US failed to demonstrate 8 of 51
recorded. splenic injuries. There were 46 liver injuries and 21 of them
To determine the diagnostic value of US in detecting organ were accompanied by associated organ injuries. The most
injury and FIF, all data obtained from US were compared commonly injured site was the posterior segment of the right
with CT findings. Sensitivity, specificity, positive predictive lobe (=235, 76%). US failed to demonstrate 5 of 46 liver
value, negative predictive value and overall accuracy of the injuries. Overall 19 kidney injuries were demonstrated by CT
US were assessed. (Fig. 2A, B). However, two kidney injuries were overlooked
Children diagnosed to have intraabdominal injury were by US. All of the injuries were unilateral (11 left, 8 right)
hospitalized and treated conservatively or surgically as indi- and six of them were associated with other organ injuries.
cated. US had been used for the follow up of patients who There were gastrointestinal injuries in nine children with
did not undergo any surgical operation whereas patients whoBAT (two gastric, four small bowel, one colon perforation
underwent surgical operation were controlled by CT initially and two mesenteric injuries), in eight of nine there were

and then by US. associated other organ injuries. US failed to demonstrate
Table 2
Diagnostic values of US in detecting FIF and intraabdominal organ injury
TP TN FN FP Sensitivity (%) Specificity (%) Predictive value Accuracy (%)
Positive Negative
Free fluid 74 14 8 0 90.2 100 100 63.6 91.7
Spleen 43 45 8 0 84.3 100 100 84.9 91.7
Liver 41 50 5 0 89.1 100 100 90.9 94.8
Kidney 17 77 2 0 89.5 100 100 97.5 97.9
Intestine 5 87 4 0 55.5 100 100 95.6 95.8
Pancreas 2 93 1 0 66.7 100 100 98.9 99.0

TP, True positive; TN, true negative; FN, false negative; FP, false positive.
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Fig. 1. Splenic subcapsular hematoma. (A) Transverse sonogram shows a linear area of decreased echogenicity in the lateral aspect of the spleen, (B)
CT scan of the same patient.

four gastrointestinal tract (GIT) injuries. There were three 4. Discussion

pancreatic injuries demonstrated by CT, all of which were

associated with other organ injuries (two liver, one spleen). Abdominal CT scanning is the diagnostic imaging modal-

US failed to demonstrate one of these pancreatic injuries. ity of choice for the initial evaluation of the hemodynam-
Table 2presents the diagnostic values of US in detecting ically stable child sustaining BAT. Accuracy of abdominal

FIF and intraabdominal organ injuries. CT in detecting solid organ injuries is well documenféfl
Affected organs from trauma determined by CT, distribu- However, despite the diagnostic superiority of CT in the

tion of associated organ injuries and success rate of US inevaluation of patients with BAT, the absence of CT imag-

demonstrating these injuries are showrTable 3 ing units in some centers, the risk of exposure to ionizing
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Fig. 2. (A) Transverse sonogram shows perinephric hematoma and absence of normal renal echogenicity. (B) Post contrast CT scan of the same ca
reveals a perinephric hematoma and laceration of the right kidney.

radiation, the need for sedation for some patients, being lim- nal organ injuries preceded by the studies performed by Liu
ited to stabile patients and being expensive are some of theet al.[12] and Kshitish et al[7].
disadvantages of CT imagird]. Therefore, there has been The most common cause of abdominal trauma in chil-
considerable interest regarding the use of US for the initial dren is motor vehicle accidents (MVA) followed by fak.
evaluation of these patients. US offers the potential for rapid Similarly, MVA and falls are the first and second most com-
diagnosis at the bedside, since patients can be examined irmon causes of abdominal trauma, respectively, in our study.
the emergency uniB-11] The third common cause of abdominal trauma is reported
Few studies exist about diagnostic value of US in com- to be the sports accidents. In contrast to other studies, the
parison with abdominal CT imaging in children with BAT. third common cause was animal attack in our study (8.3%)
Our study is the third study, which includes all intraabdomi- because cattle breeding are very common in our region.
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Table 3
Distribution of injured organs according to US and CT findings

ficity, positive predictive value, negative predictive value and
accuracy of US for the evaluation of kidney injuries are re-

Injured  Detected Associated other organ injuries Failed US  ported as 67, 100, 100, 89 and 91%, respectiiidlyWhen
0 by CT i i

rgan y Detected by CT Detected by US we compared these values yvlth the ones in our study, we

found that our values were highéefaple 9.

Spleen 51 22 (43.1%) 43 (84.4%) 8 (15.6%) Injuries of GIT are relatively uncommon in BAT and the
Liver 46 21 (45.6%) 41 (89.2%) 5 (10.8%) diagnosis of GIT injuries is quite difficult. Mesenteric in-
Kidney 19 6 (31.5%) 17 (89.5%) 2 (105%) 9124 | quite - Mesente
Intestine 9 8 (88.8%) 5 (55.6%) 4 (44.4%) luries oftgn accompany QIT injuries. Intestinal injuries can
Pancreas 3 2 (66.6%) 2 (66.7%) 1 (33.3%) be either intraluminal or in the form of a ruptuj22]. Mor-
Total 128 59 (46.0%) 108 (84.4%) 20 (15.6%) tality rises from 5 to 65% if there is any delay in the di-

agnosis and treatmef23]. Repeated physical examination
is emphasized to be very important since the ratio of false
negativity is 25% with CT imaging. It is also stated that
free extraluminal fluid was present in 33-40% of patients
for the evaluation of children with BAT3]. Colley et al. with intestinal injury and oral contrast material leaked out
[5] found that FAST has 55% sensitivity, 83% specificity, in 0-12% of the casel24]. The incidence of intestinal in-
86% positive predictive value and 50% negative predictive jury was 7% (nine cases) in our series and we diagnosed
value in children, so they suggested that FAST has insuffi- all these cases by CT scanning. The sensitivity, specificity,
cient sensitivity and negative predictive value to be used as apositive predictive value, negative predictive value and ac-
screening imaging test in hemodynamically stable children curacy of US in the determination of these cases were 55.5,
with BAT. Nunes et al[13] found the sensitivity, specificity, 100, 100, 95.6 and 95.8%, respectively. We could not find
positive predictive value, negative predictive value and ac- any data to compare with our results. However, US is de-
curacy rate of US in the determination of free abdominal termined to be unsuccessful in detecting GIT injuries. Our
and pelvic fluid in the children with BAT as 69, 100, 100, results also confirmed this statement. We suggested that the
95 and 95%, respectively. In many studies the sensitivity high success rate with CT scanning in our study was due to
and specificity range between 56 and 99%, 95 and 100%,the few number of cases and to a good teamwork.
respectively[14-17] In our study, the accuracy of US in Pancreatic injuries are rare in patients with Bf4].
detecting FIF is 91.7%, with specificity, sensitivity, positive Pancreatic injuries are seen in 1-2% of c428% We iden-
predictive value and negative predictive value of 100, 90.2, tified pancreatic injury in three patients (2%). CT scanning
100 and 63.6, respectively. FIF could not be detected by CT showed a direct fracture in one of these cases. There were
in 14 (15%) of patients with IAl. In the literature reported peripancreatic fluid and hematoma in the other two. In our
incidence of this finding is about 20—-40P%,18,19] series, the sensitivity, specificity, positive predictive value,

We assessed the sensitivity, specificity, positive predictive negative predictive value and accuracy rate of US in detect-
value, negative predictive value and overall accuracy of US ing these cases were found to be 66.7, 100, 100, 98.9 and
for spleen, liver, kidney, intestine and pancreas separately. In99%, respectively. However, these data may have low accu-
the literature, we could not find data to compare with our re- racy since the number of cases is only a few.
sults except for spleen and kidney. The most common injured In conclusion, US for BAT in children is highly accurate
organ was the spleen in our series as was reported by otherand specific. It is highly sensitive in detecting liver, spleen
[4,7]. Kshitish et al[7] reported that US has 73% sensitiv- and kidney injuries whereas its sensitivity is moderate for
ity, 100% specificity, 100% positive predictive value, 87% the detection of GIT and pancreatic injuries. We suggest that
negative predictive value and 90% accuracy in 11 splenic in- US should be used to detect both FIF and intraabdominal
juries and 67% sensitivity, 100% specificity, 100% positive organ injury for the evaluation of hemodynamically stable
predictive value, 89% negative predictive value and 91% ac- patients with BAT.
curacy in nine renal injuries. Our results were similar with
the ones reported by Kshitish et f] except for the higher
sensitivity of our study.

In the literature, the incidence of liver injury among chil-
dren with BAT is stated to be 10-27%, as the second most

FAST or complete abdominopelvic US can be performed
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