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Importance of Free Intraperitoneal Fluid
on Ultrasound in Children with 

Blunt Abdominal Trauma

AABBSSTTRRAACCTT  OObbjjeeccttiivvee:: The assessment of importance of free intraperitoneal fluid determination with-
out solid organ injury by ultrasound (US) in children who had blunt abdominal trauma (BAT). MMaatteerriiaall
aanndd  MMeetthhooddss:: The clinical and imaging data of 230 children with BAT were reviewed retrospectively.
All children underwent an abdominal US examination as the primary screening method. Patients with
free intraperitoneal fluid without any solid-organ injury according to US examination were included in
the study. The localization of intra-peritoneal fluid was also noted. US findings were compared with
findings of computerized tomography, laparotomy and clinical course. RReessuullttss:: Intraperitoneal fluid was
determined in 22 patients by US examination. Fluid was located in any location in the abdominal cav-
ity with or without pelvis involvement in 11 patients, and 6 of them had intra-abdominal injury ac-
cording to final diagnosis. Remaining 11 patients had only free pelvic fluid and 2 of them had pelvic wall
injury. However any intra-abdominal injury was not determined in 11 patients with only free pelvic
fluid (group 1), intra-abdominal injury was determined in 1 (25%) of 4 patients who had free fluid in a
single intraperitoneal space except pelvis (group 2) and in 5 (71%) of 7 patients who had free fluid in any
of the intra-peritoneal spaces in addition to pelvis (group 3). Intra-abdominal injury was significantly
higher in group 3 when compared to group 1 (Fisher's exact test p=0.002). CCoonncclluussiioonn:: US is an effective
screening method in hemodynamically stable patients with BAT. Clinical follow up of such patients is
enough because the risk of serious intra-abdominal injury is low in patients with only free fluid in pelvis
detected by US. However, the presence of free fluid in any abdominal location beyond the pelvis pelvis
necessitates examination with further imaging modalities.

KKeeyy  WWoorrddss::  Abdominal injuries; child; ultrasonography

ÖÖZZEETT  AAmmaaçç:: Künt karın travmalı (KKT) çocuklarda yapılan ultrasonografide (USG) solid organ yara-
lanması olmaksızın saptanan intraperitoneal serbest sıvının öneminin değerlendirilmesidir. GGeerreeçç  vvee
YYöönntteemmlleerr:: KKT'li 230 çocuk hastanın klinik ve görüntüleme bulguları geriye dönük olarak incelendi.
Hastaların tümünde ilk tarama yöntemi olarak USG incelemesi yapılmıştı. USG ile solid organ yaralan-
ması olmaksızın sadece intraperitoneal serbest sıvısı saptanan hastalar çalışmaya alındı. İntraperitoneal
serbest sıvının lokalizasyonu belirlendi. USG bulguları bilgisayarlı tomografi, laparotomi bulguları ve
klinik gözlem sonucu ile elde edilen son tanı ile karşılaştırıldı. BBuullgguullaarr:: USG ile 22 hastada intraperito-
neal sıvı saptandı. Hastaların 11'inde serbest sıvı, pelvis dışındaki karın içi boşluklarda veya pelvis ile bir-
likte diğer karın içi boşluklarda idi ve bunların 6'sında, son tanıya göre karın içi yaralanma vardı. Sadece
pelvik sıvı saptanan diğer 11 hastanın 2'sinde pelvik duvar yaralanması saptandı. Bu hastaların hiçbi-
rinde karın içi yaralanma saptanmazken (grup 1), pelvis dışı tek bir intraperitoneal kompartmanda sıvı
saptanan 4 hastanın (grup 2) 1'inde (%25) ve pelvis ile birlikte diğer intraperitoneal kompartmanlarda
sıvı saptanan 7 hastanın (grup 3) 5'inde (%71,4) karın içi yaralanma saptanmış olup grup 3'te karın içi ya-
ralanma saptanma sıklığı grup 1 ile karşılaştırıldığında istatiksel olarak daha yüksekti (Fisher's exact test
p=0,002). SSoonnuuçç:: USG hemodinamisi stabil KKT'li hastalarda oldukça etkili bir tarama yöntemidir. USG
ile sadece pelvik serbest sıvı saptanan hastalarda ciddi bir karın içi yaralanma riski düşük olduğundan bu
hastaların klinik takibi yeterli görülmektedir. Pelvis dışında herhangi bir kompartmanda serbest sıvı
varlığında ise ek görüntüleme yöntemlerine ihtiyaç vardır.

AAnnaahhttaarr  KKeelliimmeelleerr:: Karın yaralanmaları; çocuk; ultrasonografi
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maging methods play a major role for the eval-
uation of intra-abdominal organ injury because
non-operative management of blunt abdominal

trauma (BAT) has recently gained widespread ac-
ceptance in children. Computerized tomography
(CT) and ultrasound (US) are the primary radiolog-
ical methods for the detection of injury in patients
with BAT. CT examination has advantages for accu-
rately detecting localization and quantification of
any injury to solid organs and hollow viscera in the
abdomen.1 On the other hand, it involves a high ra-
diation dose (around 30 mSv in each exam) almost
equal to 12 years of background radiation. It has been
shown that the lifetime risk of a malignancy induced
by radiation dose of a single CT examination is asso-
ciated with ages.2,3 Therefore, it was previously stated
that “if CT scanning is used uncritically as a routine
screening tool in all children with BAT, a large num-
ber of children without any significant injury might
be unnecessarily exposed to high levels of radia-
tion”.3 The knowledge and experience with US tech-
nique, which is a radiation-free method, in the
management of patients with BAT will gradually de-
crease unnecessary CT examinations and radiation
exposures. Although the management of BAT pa-
tients with normal abdominal US involves a routine
procedure, the clinical procedures for patients with
some pathological findings in US may vary in dif-
ferent centers. The main purpose of this study is to
assess the importance of the US finding of free intra-
peritoneal fluid without solid organ injury after BAT
in hemodynamically stable children.

MATERIAL AND METHODS

All of pediatric patients with general body trauma
seen in our emergency department between June
2007 and December 2010 were enrolled into the
study retrospectively. The study was conducted ac-
cording to Helsinki declaration principles. A total
of 230 children who had primary radiological eval-
uations by US were included in the study. The US
examinations were performed by the radiology res-
idents in charge at the emergency room. The pres-
ence of free fluid within the abdominal cavity
and/or organ injury was accepted as a positive sign
for intra-abdominal injury. Patients were divided

into 3 groups according to fluid localization: The
patients who had only intra-pelvic free fluid (group
1), the ones with free fluid in intra-abdominal cav-
ity outside pelvis (group 2) and the ones with free
fluid in any location besides pelvis (grup 3). US ex-
aminations were performed with SSA-270A
(Toshiba, Japan) sonography device with a 3.75
MHz convex probe.

Secondary CT scan evaluations were per-
formed by a single-row detector helical CT scanner
device (X press/GX model TSX-002a, Toshiba,
Tochigi-Ken, Japan) with the following scanning
parameters: 80 mA, 120 kV, pitch 1.5, table feed of
5 mm per rotation, 5 mm reconstruction interval
and 5 mm-thick sections. A scout image was ob-
tained in supine position from the lower thoracic
level through the level of pubic symphysis. During
the examination, all patients received 2 mL/kg of
intravenous non-ionic contrast material at a flow
rate of 2 mL/sec. CT examination started 60 seconds
after the initiation of contrast material injection.

US findings were compared with the findings
obtained by repeated US, CT and laparotomy. Pa-
tients who had no examination other than initial
US were evaluated by clinical observation. These
patients who were discharged without any further
evaluations were considered as normal. Sensitivity,
specificity, positive predictive value, negative pre-
dictive value and accuracy of US for determination
of intra-abdominal organ injury were calculated.
The comparison of presence of injury according to
the localization of intra-peritoneal fluid was done
by using Fisher’s exact tests. A p value of <0.05 is
accepted as statistically significant. The agreement
between US and the final diagnosis is evaluated by
using Kappa (measurement of agreement test) test.

RESULTS

Total of 230 patients (101 males and 129 females)
who had undergone US examination for BAT were
included in this retrospective study. The most fre-
quent causes of BAT were falls from height and ve-
hicle accidents (Table 1). Ages of the patients
ranged between 8 months and 204 months, median
age was 66 (8-204) months. 
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Two hundred thirty patients were enrolled
into the study and CT imaging was made in 30 pa-
tients, CT and laparotomy was performed in two
patients and control US examination was per-
formed in one patient whereas the remaining 197
patients were followed up at the department of
emergency until they were discharged. Intra-ab-
dominal injury was determined in 16 patients as
the final diagnosis (Figure 1).

US examination was normal in 199 patients.
Only nine of them had further CT scanning and of
those, a single patient was reported to have hepatic
capsular laceration (false negative for US) by CT.
Remaining patients were observed clinically and
then discharged.

Of 230 patients who had an initial US, 31 had
pathological findings; free fluid in 22 patients, free
fluid and organ injury in 3 patients, free fluid and
retro-peritoneal hematoma in 2 patients, retro-

peritoneal hematoma in 2 patients, perirenal ae-
matoma in 1 patient and intra-psoas muscle
hematoma in 1 patient. Pathologic findings other
than free abdominal fluid were diagnosed by CT
and all patients were hospitalized, however only
one of them needed a surgical intervention. US ex-
amination of 22 patients with free intra-peritoneal
fluid without any solid organ injury revealed intra-
abdominal free fluid outside of pelvis in 4, free fluid
in any intra-abdominal cavity besides pelvis in 7,
and only intra-pelvic free fluid in 11 patients (Fig-
ure 2). Of these 22 patients, seven were followed
by observation unit of pediatric emergency depart-
ment, while the remaining 15 children were fol-
lowed at inpatients ward and only one needed an
urgent explorative surgery.
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Etiology Patients (n)

Intra-vehicular accidents 43

Extra-vehicular accidents 39

Falls from height 133

Others 15

Total 230

TABLE 1: Etiologies of blunt abdominal trauma.

FIGURE 1: The summary of the procedure and findings of 230 patients.
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FIGURE 2: The procedure and final diagnosis of patients who had intraperitoneal free fluid.
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Pelvic wall injury was determined in 2 pa-
tients among 11 patients who had only free pelvic
fluid. Although intra-abdominal injury was not de-
termined in these patients (group 1), intra abdom-
inal injury was determined in 1 (25%) of 4 patients
who had free fluid in single intra-peritoneal space
except pelvis (group 2) and in 5 (71%) of 7 patients
who had free fluid in any of intra-peritoneal spaces
in addition to pelvis (group 3). Intra-abdominal in-
jury was significantly higher in group 3 compared
to group 1 (Fisher’s exact test p=0.002). There was
no statistically significant difference between
group 1 and group 2 (p=0.313) and between group
2 and group 3 (p=0.242).

US results were true positive in 15, false posi-
tive in 16, true negative in 198 and false negative in
one patient. Sensitivity, specificity, positive pre-
dictive value, negative predictive value and accu-
racy for determination of the intra-abdominal
organ injury were found as 93%, 92%, 48%, 99%
and 92%, respectively. The agreement value be-
tween US and the final diagnosis was k=0.60
(p<0.001).

DISCUSSION

Although imaging methods used for BAT vary in
different health centers, US examination has pre-
served its value for initial evaluation. Free in-
traperitoneal fluid can be an important sign in
children with BAT. The management of patients
who have free intra-peritoneal fluid detected by US
without any organ injury is controversial.  Re-
cently, it has been reported that isolated free fluid
was determined in approximately 3% of patients on
the initial multidetector CT evaluation in male pa-
tients with blunt trauma and it may have no clini-
cal significance.4 A small amount of isolated pelvic
free fluid without any identifiable cause has been
determined in 5.0% (48 of 1000) of male patients
in another study.5 Another study, which was car-
ried out on asymptomatic children, showed that US
examination disclosed minimal free pelvic fluid in
6% of patients and it did not have any clinical
value.6 In our study, US examination revealed iso-
lated free pelvic fluid in 11 (4.8%) of 22 children
with blunt abdominal trauma. In this group of chil-

dren, six patients undergone CT scanning and two
of them were detected with pelvic bone fracture
and soft tissue injury without any organ involve-
ment. These results showed that the patients with
only intrapelvic free fluids determined by US can
be followed up clinically or repeated US examina-
tions without any further investigation. 

In a large series of 744 patients, Richards et al.
reported that 51 patients had free intraperitoneal
fluid with false positive in 9 patients.7 Seven of
them were females and it had been suggested that
pelvic fluid may depend on some physiological
conditions.7 Similarly, the study of Brown et al. on
92 patients, who had false positive findings by US,
showed that CT scan of patients with free fluid by
US did not determine intra-abdominal pathology in
31 patients whereas it determined normal physio-
logical fluid in 26 patients.8 In a different pediatric
age group, Katz et al. reported 18 false positive re-
sults and they had argued that false positive free
pelvic fluid might have been related to some nor-
mal physiological conditions commonly seen in chil-
dren.9 In another study performed on females at
reproductive age with trauma by Sirlin et al., ab-
dominal injury was not reported in 54 out of 56 pa-
tients who had free fluid only in cul-de-sac detected
by US examination.10 They commented as follows:
“In female patients at reproductive age with trauma,
free fluids isolated to the cul-de-sac is likely physi-
ologic; clinical follow-up should suffice”.10 In addi-
tion to this, as clearly seen in our study, some other
papers also stated that free intra-abdominal fluid
may exclusively related to pelvic skeletal injury
without any abdominal organ involvement.11-13

Rathaus et al. reported high probability of
organ injury in pediatric age group with extra-
pelvic free fluid in US.14 In this study, there was no
statistical difference in patients with or without
pelvic fluid in US when compared for organ injury,
and therefore it was concluded that there was min-
imal probability of organ injury when the fluid is
absent or only pelvic.14 In our study, five out of
seven patients reported with free fluid in any loca-
tion besides pelvis were confirmed as true positive
by CT scan (two had liver laceration, two had in-
testinal injury and one other had splenic injury).
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Orak et al. reported that the ratios of isolated organ
injuries were higher in patients with intraperi-
toneal fluid (34.1%) compared to patients with
pelvic fluid (2.3%).15 Presence of intraperitoneal
fluid was significantly associated with solid organ
injuries (p<0.005).15 Under the light of these find-
ings, we may suggest that, CT scanning should be
reserved for the patients who have free fluid in an-
other intra-abdominal space in addition to pelvis.

Browning et al. stated that if CT scanning is
used as a primary tool for abdominal injury, many
children will superfluously be exposed to high ra-
diation though they have no serious condition at
all.3 So far, US seems to be an efficient method of
evaluation for hemodynamically stable children
with pelvic fluid, as it has no radiation risk, it can
be used repeatedly, and it is a fast, reliable, and easy
to use side-by tool of radiology. US was also stated
as an efficient and valuable primary tool in chil-
dren with BAT.16

It can be considered that clinical follow up of
the patients with isolated free pelvic fluid is ade-
quate for children with BAT because any organ in-
jury was not determined in patients with isolated
free pelvic fluid. Studies with a larger population
are needed for supporting this concept.  One of the
limitations of our study is small sample size. The
study could not assessed if there was any relation
between the amount of fluid and intra-abdominal
injury because we did not measure the fluid
amount in our retrospective study. 

Therefore, we concluded that US is an efficient
screening method for hemodynamically stable
children with BAT. Due to the fact that the risk of
serious intra-abdominal injury is low in patients
with only free fluid in pelvis detected by US, it
seems sufficient to follow up such patients clini-
cally. However, the presence of free fluid in any
abdominal location besides pelvis necessitates ex-
amination with further imaging modalities.
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