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Background. Blunt abdominal trauma in childhood contributes significantly to both morbidity and mortality. Selective non-operative
management of blunt abdominal trauma in children depends on both diagnostic and clinical factors. Computed tomography (CT) scanning
is widely used to facilitate better management. Increased availability of CT may, however, result in its overuse in the management of blunt
abdominal trauma in children, which carries significant radiation exposure risks.

Aim. To evaluate the use and value of CT scanning in the overall management and outcome of blunt abdominal trauma in children in the
Tygerberg Academic Hospital trauma unit, Parow, Cape Town, South Africa, before and after improved access to CT as a result of installation
of a new rapid CT scanner in the trauma management area (previously the scanner had been 4 floors away).

Methods. Patients aged 0 - 13 years who were referred with blunt abdominal trauma due to vehicle-related accidents before the introduction
of the new CT scanner (group 1, n=66, November 2003 - March 2009) were compared with those seen in the 1-year period after the scanner
was installed (group 2, n=37, April 2009 - April 2010). Details of clinical presentation, imaging results and their influence on management
were retrospectively reviewed. A follow-up group was evaluated after stricter criteria for abdominal CT scanning (viz. prior evaluation by
paediatric surgical personnel) were introduced (group 3, n=14, November 2011 - May 2012) to evaluate the impact of this clinical screening
on the rate of negative scans.

Results. There were 66 patients in group 1 and 37 in group 2. An apparent increase in CT use with increased availability was accompanied
by a marked increase in negative CT scans (38.9% compared with 6.2%; p<0.006). Despite a slightly higher prevalence of associated injuries
in group 2, as well as a slightly longer length of hospital stay, there was a similar prevalence of intra-abdominal injuries detected in positive
scans in the two groups. In addition, rates of small-bowel perforation in the two groups were similar. The rate of negative scans in group 3 was
46.2% (6/13), but all except one of these patients had a severe brain injury preventing adequate clinical evaluation of intra-abdominal injury.

Conclusion. CT scanning for blunt abdominal trauma in children is essential in the presence of appropriate clinical indications. Ease of access
probably increases availability, but the rate of negative scans may increase. Management guidelines should be in place to direct CT scanning to
cases in which clinical examination and/or other modalities indicate a likelihood of intra-abdominal injury. The principle of ‘as low (radiation)
dose as reasonably achievable’ (ALARA) should be adhered to because of the increased radiation exposure risks in children.
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Trauma remains a major contributor to paediatric mortality and is
the leading cause of death among children worldwide, particularly
in Africa.”’ It has been described as ‘the neglected disease of
modern society’,m and whereas childhood deaths from other
causes continue to decline in many countries, trauma-related
deaths are increasing. In South Africa, the trauma-related death
rate in children was reported as being 1.5 - 3.8 times higher than
that in the USA in 1990, the leading cause being vehicle-related
accidents.”

Blunt abdominal trauma (BAT) is more frequent than penetrating
abdominal trauma in children and may pose a diagnostic challenge.
The diagnostic tool most commonly used in the assessment of the
child with BAT is computed tomography (CT) scanning. Ease of access
rather than clear clinical indications may tend to influence its use. In
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centres with easy access to CT scanning, the majority of children with
suspected BAT will be given a CT scan. The question asked in this
study was whether this approach is justified, or whether the use of CT
scanning should be based on clear clinical indications."

The reported advantages of routine CT scanning in children with
BAT are that it facilitates the evaluation and triage of identified injuries
and minimises negative abdominal exploration.[5 ! On the other hand,
excessive use of medical imaging increases exposure to ionising
radiation (a potential carcinogen) without yielding significant benefits

to all patients,”

and excessive use of CT can also negatively impact
on healthcare costs. Few guidelines exist to aid in deciding when CT
should be used.

The installation of a new multi-slice, high-definition CT scanner

directly adjacent to the trauma unit at Tygerberg Academic Hospital,
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Parow, Cape Town, in 2009 (as opposed to much more difficult previous
access 4 floors away) has shown considerable benefits, including
ease of access, improved patient care, decreased patient transit time
through the radiology suite, and speeding up of radiological diagnoses.
However, its extensive use in children has raised some concern over
potential overuse in BAT in this age group, especially in the light of
long-term radiation and other risks.

This study set out to evaluate the overall value of CT scanning in
the management and outcome of children subjected to this screening
modality in the Tygerberg Hospital trauma unit before and after the
installation of the new scanner at the beginning of 2009.

Method

We retrospectively reviewed paediatric patients (<13 years) with
vehicle-related BAT managed at Tygerberg Academic Hospital
(November 2003 - March 2009) with respect to abdominal imaging,
clinical and radiological pathological findings and length of hospital
stay. The hospital records of children seen over a 1-year period
(2009/2010) after the improved access to CT (‘post-trauma unit
CT’, group 2) were analysed and compared with those of patients
admitted to the paediatric surgical services during the preceding
5% years, when the scanner was 4 floors away (‘pre-trauma unit
CT’, group 1). A further group of paediatric BAT patients presenting
over a 7-month period after a change in policy regarding abdominal
CT scan performance (viz. prior assessment by paediatric surgical
personnel was required; group 3) was followed up to assess the
impact of this ‘rule’ on the rate of negative CT scans.

Statistical evaluation

Fisher’s exact and/or chi-square statistical tests for significance
were performed where applicable. A p-value of <0.05 was regarded
as statistically significant. Patient anonymity and confidentiality
were protected.

Results

Of 103 patients admitted to the paediatric surgical services with
BAT due to vehicle-related accidents during November 2003 -
March 2009, 66 were seen in the ‘pre-trauma unit CT period
(group 1) and 37 in the ‘post-trauma unit CT’ period (group
2). The number of patients scanned in group 2 (n=37) probably
reflects an increase in CT use over the earlier years of the study.

The imaging modalities employed to evaluate the patients’
abdominal injuries are shown in Table 1. A decrease in the use of
ultrasonography (from 33.3% to 2.7% of paediatric patients with
BAT) and an increase in the use of CT scanning were observed, in
keeping with current management protocols.

A slightly higher incidence of associated injuries was observed
in group 2, as well as slightly longer hospital stay (Table 2). The
rates of hollow muscular organ perforation (mostly small bowel)
in the two groups were similar (Table 3). Only one of the total of
7 patients who required surgery did not have abdominal CT; this
patient had bladder rupture that was managed laparoscopically
after ultrasonography. One patient with a jejunal perforation at
surgery had free fluid reported on the CT scan with no signs of
solid organ injury.

Nevertheless, the prevalences of intra-abdominal injuries
detected on CT differed because of a high rate of negative CT scans
(38.9% v. 6.2%; p=0.006) after improved access to CT (Table 4).
This was unrelated to concomitant scanning for associated head
injuries, which may influence patient selection (i.e. 24.2% and
16.2% of groups 1 and 2, respectively, required CT brain scanning).
Looking at the positive abdominal CT scans only (45 in group 1
and 22 in group 2), the prevalences of intra-abdominal injuries
in the two groups were similar (24 - 32% splenic injuries and 73 -
55% hepatic injuries in groups 1 and 2, respectively).

In group 3, the rate of negative scans was 46.2% (6/13), but all
except 1 of these patients had a severe brain injury,

Discussion

Selective non-operative management of BAT has become standard
practice in paediatric patients,””* with a 90 - 95% success rate
in children with blunt solid organ injuries.”” Management of
these patients depends heavily on diagnosis and therefore on
the improved accuracy of modern imaging modalities, with
CT representing the gold standard."” It is fully accepted that
abdominal CT imaging for BAT underlies the success of selective
non-operative management in children, with a negative predictive
value of abdominal CT for intra-abdominal injuries exceeding
99% in paediatric patients."” CT is particularly useful in situations
where the patient is unable to respond and serious injuries may be
missed (e.g. head injury). Some would therefore even recommend
routine CT scanning of the injured child because of the advantages

Table 1. Imaging modalities employed to evaluate abdominal injuries in paediatric patients with MVA/PVA-related BAT

Pre-trauma unit CT
(group 1), N=66

Time periods and imaging
modalities

Post-introduction trauma
unit CT (group 2), N=37

Prior paediatric surgical review for
CT (group 3), N=14

Time period November 2003 - March 2009

Abdominal imaging, n (%)

April 2009 - April 2010

Nov 2011 - May 2012

AXR 3 (4.5) 0 (0) 2 (14.3)
US abdomen 22 (33.3) 1(2.7) 1(7.1)

US only 9/22 (40.9) 1(2.7) 1(7.1)

CT abdomen 48 (72.7) 36 (97.3) 13 (92.9)
US & CT abdomen 11/22 (50.0) 0 (0) 0(0)

CT brain 16 (24.2) 6(16.2) 11 (78.6%)

MVA = motor vehicle accident; PVA = pedestrian-vehicle accident; BAT = blunt abdominal trauma; CT = computed tomography; AXR = abdominal radiograph;

US = ultrasound.
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Table 2. Associated injuries, haemoglobin concentrations and hospital stay in paediatric patients with MVA/PVA-related BAT

Associated injuries, haemoglobin

Pre-trauma unit CT

Post-introduction trauma unit Prior paediatric surgical review

and hospital stay (group 1), N=66 CT (group 2), N=37 for CT (group 3), N=14
Associated injuries, n (%)
Traumatic brain injury 8 (12.1) 7 (18.9) 8 (57.1)
Skull fracture 3 (4.5) 5(13.5) 5(35.7)
Facial fracture 3 (4.5) 2 (5.4) 1(7.1)
Spine injury 0 (0) 1(2.7) 0(0)
Chest injury 13 (19.7) 8 (21.6) 2 (14.3)
Pelvic fracture 7 (10.6) 8 (21.6) 3(21.4)
Major soft-tissue injury 13 (19.7) 4(10.8) 1(7.1)
Long-bone fracture 9 (13.6) 10 (27.0) 12 (85.7)
Haemoglobin (g/dl), mean
Admission 9.8 10.7 9.5
Nadir 8.6 8.2 9.2
Length of hospital stay (days)
Mean 11 17 9
Median 7.5 9 8

MVA = motor vehicle accident; PVA = pedestrian-vehicle accident; BAT = blunt abdominal trauma; CT = computed tomography.

Table 3. Abdominal injuries requiring surgical intervention in paediatric patients with MVA/PVA-related BAT

Pre-trauma unit CT Post-introduction trauma unit CT Prior paediatric surgical

Injury (group 1), N=66 (group 2), N=37 review for CT (group 3), N=14
Jejunal perforation, 7 (%) 2 (3.0) 1(2.7) 0(0)
Rectal injury: colostomy, 7 (%) 1(1.6) 0(0) 0(0)
Intraperitoneal bladder rupture, n (%) 1 (1.6) 0 (0) 0(0)
Liver rupture (unstable), n (%) 1(1.6) 0(0) 0 (0)
Biloma, 7 (%) 1(1.6) 0 (0) 0 (0)
Pancreatic transection, n (%) 0 (0) 0 (0) 1(7.1)
Total 6(9.1) 1(2.7) 1(7.1)

MVA = motor vehicle accident; PVA = pedestrian-vehicle accident; BAT = blunt abdominal trauma; CT = computed tomography.

in evaluating and triaging identified injuries as well as minimising
negative abdominal exploration.[” However, one must bear in
mind that abdominal exploration is not often needed, with only
5 - 10% of children proceeding to abdominal exploration. In
addition, decisions regarding emergency surgical intervention
are only based on clinical grounds (a haemodynamically unstable
patient) and not on radiological findings. Timing of special
investigations is also an important factor. In this study, CT scans
were frequently performed in completely stable children referred
from peripheral health institutions more than 24 hours after injury,
when scans are unlikely to make a difference in active management
in the absence of clinical indications.

There appeared to be an increase in CT use during the period
represented by group 2, along with increased accessibility. This
increase also raised concern because of the high rate of negative
scans (38.9% compared with 6.2%; p<0.006) observed after
improved access to CT in our unit. This would suggest a lowered
threshold for indications for CT scanning (possibly even in the
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absence of clinical signs) and even a shift towards more liberal use
in the minds of the attending doctors.

Despite a slightly higher incidence of associated injuries in
group 2, as well as a slightly longer length of hospital stay (Table 1),
the rates of intra-abdominal injuries detected on positive CT scans
were similar in the two groups (Table 4). This finding suggests that
the increased or routine use of CT did not necessarily improve the
rate of detection of blunt abdominal injuries. On the other hand,
the rate of negative scans clearly increased significantly (p<0.006)
with ease of access. Although this analysis demonstrates the overall
trend, the asymmetrical nature of the three groups needs to be
borne in mind.

Seven children with BAT required surgery during the period of
the study, but CT was only influential in decision making in 6 of
them, as one did not have an abdominal scan. In this particular
case, bladder rupture was suspected on ultrasonography and
confirmed and treated on subsequent laparoscopy! There was also
no major difference in rates of small-bowel perforation between
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Table 4. Findings on ultrasound and CT in paediatric patients with MVA/PVA-related BAT

Pre-trauma unit CT Post-introduction trauma CT Prior paediatric surgical review for CT
(group 1), N=66 (group 2), N=37 (group 3), N=14
Imaging findings n % of total n % of total n % of total
Ultrasound, n (%) 22 33.3 1 2.7 1 7.1
Normal 12/22 (54.6) 182 1/1 (100) 2.7 1/1(100) 7.1
Free fluid, no other
injury 8/22(364) 121 0(0) 0(0) 0(0) 0(0)
CT abdomen, # (%) 48 72.7 36 97.3 13 92.9
Normal 3/48 (6.2) 4.5 14/36 (38.9) 37.8 6/13 (46.2) 429
Free fluid, no other
injury 1/48 (2.1) 16 0 (0) 2/13 (15.4) 14.3
Liver injury 33/48 (68.7) 50.0 12/36 (33.0) 32.4 3/13(23.1) 214
Splenic injury 11/48 (22.9) 16.7 7/36 (19.4) 18.9 4/13 (30.8) 28.6
Renal injury 9/48 (18.7) 136 3/36 (8.3) 8.1 0 (0) 0 (0)
Adrenal
haematoma 1/48 (2.1) 1.6 1/36 (2.8) 2.7 1/13 (7.7) 7.1
Pancreatic injury 0(0) 0 (0) 0 (0) 0 (0) 1/13 (7.7) 7.1
Diaphragm
rupture 0(0) 0 (0) 0 (0) 0(0) 1/13 (7.7) 7.1
Vascular injuries* 2/36 (5.6) 5.4 0 (0) 0 (0)

*Inferior vena cava thrombus, superficial femoral artery laceration.

CT = computed tomography; MVA = vehicle occupant accident; PVA = pedestrian-vehicle accident; BAT = blunt abdominal trauma.

Table 5. Suggested indications for primary computed tomography versus primary ultrasound in conjunction with clinical
evaluation in haemodynamically stable children with blunt abdominal trauma

Indications to consider primary abdominal CT Indications to consider primary abdominal US*

Significant abdominal tenderness as evidenced by verbal Delayed presentation >24 hours but <7 days after injury with no
report, facial expression, pulse rate response, etc. N.B.: Repeat  signs of sepsis, normal amylase, absence of peritonitic signs and
examination as necessary for confirmation where equivocal no vomiting

due to other painful injuries or in young, frightened children
Presentation >7 days after injury
Hypotensive on admission with sustained stabilisation after

fluid resuscitation Delayed presentation >24 hours after injury with asymptomatic
macroscopic haematuria or symptomatic microscopic
Abdominal distension (re-evaluate after insertion of haematuria

nasogastric tube and urinary catheter)
Absence of peritonitic signs; mild to moderate abdominal

Abdominal tenderness with significant ecchymosis and tenderness after isolated low-impact blunt abdominal trauma
abrasions, e.g. seatbelt sign with normal haemoglobin, normal liver enzymes and serum
amylase, and normal vital signs; in conjunction with serial
Abdominal signs and suspicion of non-accidental injury clinical reviews and absence of head injury or concomitant
(important to document for medicolegal reasons) injury requiring general anaesthesia, e.g. orthopaedic injury

Abdominal signs with known bleeding dyscrasia,
splenomegaly (high risk for splenic rupture)

Macroscopic haematuria

Polytrauma including significant trauma above and below
abdomen, Chance fracture, head or spinal injury, etc.
precluding reliable examination of abdomen and increasing
risk of associated intra-abdominal injury

*Not indications for ‘FAST’ scans. Note that this list is not exhaustive or prescriptive, and clinical judgement is required in all cases. US should be repeated or a CT scan
considered if clinical findings change over time.
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the two groups (Table 2). In one patient with a jejunal perforation,
only free fluid was seen on CT, with no signs of solid organ injury
or free air.

It must be emphasised that careful clinical review of BAT
patients remains a mandatory aspect of management. This must be
carried out even when there is no radiological evidence of injury
on the CT scan, due to the possibility of missed injuries to hollow

viscera"!!

or secondary bleeding.

Although a trauma unit-based CT scanner is probably every
trauma doctor’s dream, it is not without possible risks, especially
in children. Recent publications”'* have drawn attention to the
fact that the benefits of CT scanning are offset by the very high
radiation dose a modern CT scan represents to a child, with the
lifetime radiation risk being proportional to age."” It is now well
accepted that small children are up to 10 times more sensitive
to radiation than adults. The risk is increased not only by their
longer life expectancy but also by possible radiation overdose
due to copying of adult-orientated protocols (an adult CT scan
gives approximately 10 - 20 mGy radiation)."” This could be even
higher if multiphase CT scanning is employed or the CT settings
are not adjusted for child-appropriate radiation levels (~5 mGy").
Children have been shown to be more sensitive to the long-term
effects of radiation because of an increased number of rapidly
dividing cells in conjunction with longer life expectancy."*""
There is some debate as to the degree of increased risk of cancer
mortality related to CT scanning in a child. Currently the risk of
developing a serious cancer (e.g. thyroid carcinoma or leukaemia)
from a single CT scan has been calculated to be as high as 1 in
1 000, with an even higher risk in infants."” As this estimation of
radiation exposure is extrapolated from nuclear bomb survivors,
and CT has only been in clinical use for 30 years, no long-term
data are currently available to indicate how accurate it is."*'"

However, it would seem reasonable to advocate judicious use
and careful management of CT scans in paediatric BAT. The
apparent risks, although largely unproven, are sufficient to cause
concern and should lead to careful evaluation of the routine use
of CT scanning in paediatric BAT. Guidelines should include
avoiding CT scans where clinical judgement or another imaging
modality can be used, and avoiding repeat scans unless clinically
indicated. Where a CT scan is clinically indicated, there seems
to be support for the principle of ‘as low (radiation dose) as
reasonably achievable’ (ALARA)" when performing CT in
children, by adjusting the dose to the patient’s size and age."*"!
Decreasing the radiation dose has been shown not to influence
diagnostic accuracy negatively, and theoretically decreases the
cancer risk without increasing the rate of missed injuries."”

Although our data in this study are retrospective in nature, it
appears that routine or increased use of CT scans in children with
BAT does not appear to improve the diagnostic yield of intra-
abdominal injuries significantly. Furthermore, the possible side-
effects mitigate against overuse. Parents should also be informed
of the relative risks of the radiation exposure and the expected
benefits of the scan, and the issue of informed consent has been
raised by some.””

Regular review of clinical parameters remains the mainstay of
selected non-operative management of BAT in children. There are
as yet few data comparing clinical outcome and costs of primary
use of CT as opposed to combining serial clinical examinations with
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ultrasound and use of biochemical measurements. For example,
elevated transaminase enzymes have a reported sensitivity of up
to 100% (depending on time elapsed since injury)”*” for intra-
abdominal injury in BAT. A small study found serial ultrasound
scans in conjunction with clinical assessments to have over 97%
accuracy in effecting appropriate diagnosis and facilitating surgical
decision making in children with BAT.?” CT could then be used
as a possible secondary investigation only as indicated. In this
scenario, sonography of the abdomen and retroperitoneum to
look for intra-abdominal injury in the otherwise stable patient
needs to be differentiated from focused abdominal sonography
in trauma (FAST), which is known to have a low sensitivity for
intra-abdominal injuries and is only aimed at identifying sources
of haemorrhage in unstable patients requiring urgent laparotomy/
thoracotomy.* Indications for CT should include cases in which
the clinical and/or sonographic parameters suggest intra-abdominal
injury, or the patient’s response may be compromised (e.g. head
injury) (Table 5). In stable paediatric BAT patients without head
injury, serial clinical examinations by suitably trained clinicians
should play a far bigger role in management, particularly when there
is low clinical suspicion of an intra-abdominal injury. In admissions
after 24 hours from the time of injury, a CT scan is probably only
indicated in the presence of ongoing clinical signs or abnormal
ultrasound findings. However, clinicians need to be aware that with
or without definitive imaging, regular clinical review in BAT patients
is mandated.

Conclusion

Although we strongly support the use of CT scanning in children
with BAT where clinically indicated, we feel that it should be
limited to patients with agreed clinical indications.

Secondly, in order to decrease radiation exposure to children
with BAT, CT should not be relied on as the first-line imaging
modality exclusively, but should rather be used for greater
anatomical accuracy where clinical examination and/or other
modalities indicate likely intra-abdominal pathology. Further
evaluation of the primary use of serial ultrasound scans as a
diagnostic imaging modality in stable children with BAT is
recommended.

Thirdly, when CT is required, the machine settings should be
adjusted to allow ‘as low (radiation dose) as reasonably achievable’
(ALARA) to minimise radiation risks.
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