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Abstract

Background: This study analyzed the mechanisms and management of child blunt abdominal trauma to optimize prevention
strategies.

Aim and objectives: We identify risk factors for organ injuries and their influence on increasing morbidity and mortality. Injury
characteristics including age, gender, injury mechanism, clinical presentation and complications were included.

Methods: This is a retrospective cohort analysis (n=134) over 10 years at a tertiary hospital. All data was statistically evaluated
including descriptive analysis accepting a confidence interval of 95%.

Results: Most common mechanisms of injuries were falls (56%), sport-related (41.8%) and road-traffic accidents (21.6%).
Sonography was primarily performed in 85.8% and identified a correlation between free abdominal fluid, abnormal laboratory
(p<0.001) and injury pattern (p<0.001). In 41.8% an organ laceration and in 46.3% additional injuries were found, 67.9% were
boys and suffered of an intraabdominal injury (p=0.034) with higher scores for severity (p=0.014). Complications (34.4%) occurred
significantly higher after spleen (p=0.001), liver (p=0.001) and gastrointestinal injuries (p=0.001) especially after child abuse.

Conclusions: Prevention is key to reduce accidental intra-abdominal and abuse-related injuries. The risk for a non-accidental
etiology increases if factors like difficult social circumstances, low family income, parental substance abuse or mental illness and
family violence are combined to male gender.
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Key Message

What is already known on this topic: Falls are a very common occurrence in childhood and are also often trivialized by
parents or other caregivers. In this case, it is imperative to look closely and take an accurate medical history, as potential risks for
organ injuries can often be deduced.

What this study adds: This study, which spans a period of 10 years in a tertiary hospital, also considers cases of child abuse.
In order to avoid overlooking the rare resulting injuries, which can also be fatal if they occur, it is important to train all persons
involved in safe diagnosis and treatment.

How this study might affect research, practice or policy: As children have their whole lives ahead of them, it is even more
important to focus on their health and to protect this vulnerable group through prevention of accidents and, in the case of child
abuse, through structured support services and consistent application of existing laws. A first step would be to include children’s

rights in the constitution.

Copyright © All rights are reserved by Melanie Kapapa.
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Introduction

Mechanisms of blunt abdominal trauma in children are
diverse and age-related [1]. In Europe and North America, the
most common injuries result from road traffic accidents, followed
by falls and sport-related trauma [2,3]. Toddlers suffer accidents
mostly at home, whilst in older children the place of injury shifts
to educational facilities and leisure activities [4]. In road traffic
accidents younger children are mostly involved as pedestrians or
motor-vehicle passengers, but when they get older also as active
participants [5]. Since different trauma mechanisms cause different
injury patterns, an early and correct diagnosis is essential and has
to be based on the knowledge of the local epidemiology of trauma
and injury [6, 7]. Moreover, abdominal injuries are serious and even
potentially lethal, they can be difficult to diagnose and induce severe
early complications, therefore the management with a specialized
pediatric trauma team essential [8]. The risk of injury and severity
increases with the number of injured organs and thus also the
possible complication rate. Spleen and liver are the most common
injured organs, followed by kidney, pancreas and gastrointestinal
tract (GI) although these are rather seldom affected [2]. Specifically,
common mechanisms for pancreas injuries are accidents with
bicycles, while seat belt restraints, especially when incorrectly used
may lead to GI injuries [8]. In non-accidental traumas, GI injuries
are far more common but in these cases their diagnosis may be
often delayed [9]. This study was therefore designed to assess if
the epidemiology of pediatric abdominal traumas in Southwest
Germany also followed the general pattern or whether there were
regional differences that have to be consider in managing such
patients. Specifically, we aimed to test and assess the following
parameters: [1] evaluation of gender differences; [2] assessment
of typical trauma mechanisms for intraabdominal injuries (IAI)
and non-IAl; [3] establish the most appropriate diagnostics
using laboratory parameters and radiologic imaging, [4] evaluate
resulting injuries, treatment and complications; [5] verify the
occurrence and percentage of child abuse in abdominal trauma [6]
recommend new prevention strategies based on the analysed data.

Methods

Design: The study was designed to assess retrospectively all
children treated for blunt abdominal trauma at the tertiary
Medical Center which met the inclusion criteria. Data from
patients enrolled in the study was obtained from medical
records, hospital files, reports and radiologic
examinations. The study was approved by the local ethics
committee (No. FSt/Sta; Trial registration 19.07.2017).

surgical

Inclusion criteria: All patients aged 0-17 years (n=134) who
were admitted with blunt abdominal trauma from January
1, 2005, to December 31, 2015, and treated primarily at the
tertiary hospital were included. Patients were divided in two

groups: one with an intraabdominal injury (IAI), which includes
injuries of the spleen, liver, kidneys, pancreas or GI tract and a
second group without these injuries, called non-IAI.

Exclusion criteria: Patients were excluded from the study if the
primary treatment was not performed at the University of Ulm;
if there were no anamnestic indication of abdominal trauma;
if there were penetrating abdominal injuries; if the diagnostics
showed diagnosis other than blunt abdominal trauma,
like iatrogenic injuries; gut perforation caused by necrotic
enterocolitis or focal intestinal perforation, volvulus, inguinal
hernia or urachal infection and if the patient’s documentation
was incomplete. A total of 31 patients were excluded from the
study due to these reasons.

Patients and surveyed subjects: From the 134 patients
admitted with blunt abdominal trauma and included in the
study 122 were treated as inpatients (91%) while 12 as
outpatients (9%).

Data Collection: Data were anonymously collected and
analyzed based on the medical records, laboratory findings,
surgical reports and radiologic imaging study results. The
collected data were transferred into a database and analyzed.
The main points of interest were patient’s age and gender,
mechanism of injury, possible foreign objects involved in the
accident, severity of the injuries (IAI or non-IAl), clinical-,
laboratory- and radiologic findings, conservative or surgical
treatment, evidence of child abuse, complications and duration
of hospital stay.

Statistics: Recorded data were initially analyzed with
descriptive methods and clearly outlined for initial appraisal.
The mean, standard deviation, median and range were
reported for quantitative parameters, while absolute and
relative frequencies were calculated for qualitative parameters.
Exploratory tests between interesting subsets were selected
based on the underlying parameters. Given the size of the
subsets, the t-test and non-parametric tests such as Wilcoxon
and Kruskal-Wallis were performed in addition to ANOVA,
including post-hoc testing such as Bonferroni. Significance was
established as p < 0.05. All statistical tests were performed
using the IBM SPSS® software, version 24 (IBM, Armonk, NY,

USA).
Results

Age and Gender: Our collective consisted of 76 male- (56.7%)
and 58 female children (43.3%). Boys suffered more often
(67.9%) an 1AI (p=0.034) with higher scores for severe injury
(p=0,014), and in both gendersin older age (p=0.008). Mean age
for blunt abdominal trauma without IAl was 7.3 years (+4,6), in
children with isolated IAI 10 years (*+4,6) and in children with
multiple IAI 10.5 years (+5,6) (Figure 1).
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Figure 1: Evaluation of age and gender differences.

Trauma mechanism: The mechanisms for abdominal trauma
were highly dependent on the age of the affected child. The
most common trauma mechanism was a fall in 56% of children
(n=75), usually below one meter (n=42; 56%), followed by
sport-related trauma in 56 patients (41.8%), road traffic
accidents in 29 (21.6%) and active hit during (related to human
or animal contact) in 17 (12.7%) children. Twenty-seven
children (36.2%) suffered of an IAI after a fall, 21 children
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(28.14%) with IAI were involved in road-traffic accidents and
19 (25.46%) with IAI suffered of sport-related traumas. The
association between road traffic accidents and IAI was highly
significant (p<0.001). Interestingly, eighty percent of accidents
involving a domestic object, like steps or furniture, did not lead
to an IAI (p=0.025). Seventy-eight children with non-IAI had a
fall (61.5%) or sport-related accidents (47.4%). One child had
multiple Al after child abuse (1.3%) (Figure 2).
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Figure 2: Typical trauma mechanisms for intraabdominal injuries (IAI) and non-IAL
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Laboratory studies: In 84.3% of the children (n=113) at
least one laboratory parameter was altered, and the severity
of the injury in these was also significantly higher (p<0.001).
A decrease in hemoglobin (48.2% of the patients, p<0.001),
hematocrit (35.7%, p<0.001) and erythrocytes (23.2%,
p<0.001) was significantly more common in children with IAI

(n=56). Conversely, aspartate aminotransferase (p=0.041),

Table 1: Abnormal laboratory parameters.

lipase (p=0.014), leukocytes (p=0.004) and glucose (p<0.001)
were significantly elevated in these children. We have also
determined a significant correlation between IAl and hematuria
(p=0.014) and urinary retention (p=0,029). Children with
multiple IAI had in 100% of the cases abnormal laboratory
results (n=13), while in children with isolated IAI (n=43) had
abnormal results in 97.7% (Table 1).

Abnormal Decreased labo- P-value
Number of laborator ST e T -value rato arame- -value DLP abnormal LP
. y parameters in IAI p Ty p . P .
Patients (n) | parameters LP (ELP) (n=56), [%] ELP vs. all IAI ters (DLP) in all vs. all IAI vs. severity of
(), [%] =l IAI (n=56), [%] injury
Isolated IAI B B o aspartate amino trans- hemoglobin
injury n=43 n=42,97,7% ferase [30,4%] p=0.041 [48.2%] p<0.001
lipase [10,7% e hematocrit '
il leulg)cyte[s (51 08]%] p=0.014 p=0.004 [35.7%)] p<0.001 p<0.001
Multiple IAI -13 =13, 1009 ! p<0.001 p=0.014 ’ p<0.001
injuries n n=1s, % glucose [51,1%] erythrocytes
hematuria [5,4%] [23.2%)]

Radiologic studies: The initial imaging diagnostic was the
Focused Assessment with Sonography for Trauma (FAST)
in 85.8% of the children (n= 115). Computer tomography
(CT) was performed in 6 children (4.7%) initially, all of them
polytrauma patients. The association of free abdominal fluid
and severe injury patterns was significant (p<0.001), like in
multiple affected organ injuries (Data not shown).

Resulting injuries: From the collective of 134 children 41.8%
had an IAI (n=56), which 76.7% were isolated (n=43) and
23.2% multiple (n=13). Affected organs were mostly the spleen
(40.3%), liver (26.4%), kidney (15.3%), Gl-tract (12.5%) and
pancreas (5.6%). 19.5% of IAl patients were classified as
polytrauma patients (n=11), they suffered in 87.5% (n=10)
significantly more often liver injuries (p<0.001) and in 14.3%
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(n=8) an intubation at the trauma scene was necessary. Seventy-
eight children (58.2%) had non IAI Additional extra-abdominal
injuries were seen in 62 children (46.3%), mainly head trauma
(n=39; 29.1%), thorax (n=26; 19.4%), hips (n=11; 8.2%), arm/
shoulders (n=10, 7.5%), face (n=8.6%), and neck/lumbar spine
(n=2 each; 1.5%). Of these, traumas in the thorax (p=0.001),
arms with shoulders (p<0.001) and legs with hips (p=0.008)
were significantly associated with IAI and thus severe trauma.
Additionally, extra abdominal injuries were seen frequently in
combination with liver injuries (89.5%, p<0.001), GI in 55.6%,
pancreas in 50%, spleen in 48.3% and kidneys in 45.5%. Visible
skin alterations were reported in 35 children (26.1%), of which
40% (n=14) had IAIL; seat belt restraints were causal in 8
children and of those 2 suffered a GI injury (Figure 3).

(1] m
\ — ™ ™ L] ~
o o o O L o o
NET N H” 88 [N
OVERRUN ACTIVE HIT NON-
TRAUMA ACCIDENTAL

spleen Mpancreas & Gltract Klliver [Mspleen

Figure 3: Resulting injuries and affected organs.
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Non-accidental injuries/ child abuse and neglect: stomach), as well as extra abdominal injuries (ribs and femur
Fortunately, only two cases of non-accidental injuries were fracture). A second child (toddler) was treated for a liver injury
observed in our cohort: in the first one, a newborn boy was after falling on the pavement from the 1st floor window without
seen with a small abdominal skin hematoma after suffering supervision (Photography 1 and 2).

multiple IAI (rupture of spleen, liver, and a 4cm tear of dorsal

gehattan L

Photography 1: Full body XRAY of 18-day old male, made at external hospital prior admission at the tertiary hospital.
Pathologies: “football sign” after stomach perforation and additionally a left femur fracture. Rip fractures appear clearly later
on control chest XRAYs.

Photography 2: Small skin hematoma of 18-day old male prior laparotomy.
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Treatment: A primary conservative therapy was performed
in 60.7% (n=34) of children with IAI after injuries of the liver
(n=14), kidney (n=8) and spleen (n=17). However, in 6 children
with IAI (17.6%) surgical treatment was required after failure
of the primary conservative therapy. Surgical treatment was
performed in 22 children (39.2%) with IAI caused by spleen
(34.5%), liver (26.3%) or kidney (27.3%) ruptures. The
indication for surgical treatment were pathological radiologic

Spleen
Pancreas

studies (n=19; 86.4%) combined with signs of bleeding
(n=10; 45.5%), indications for surgical treatment after
failure of conservative treatment were clinical deterioration
(n=7; 31.8%), worsening laboratory values (n=7; 31.8%)
and increasing inflammatory markers (n=2; 9.1%). Surgical
treatment due to extra abdominal injuries was performed in
5.2% of all patients (n=7) (Figure 4).
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Figure 4: Treatment after abdominal trauma in order of affected organ.

Complications: Complications were described in 34.4% of all
inpatient children (n=42). Twenty-one had isolated abdominal
complications (n=21; 17.2%) and 28 had additionally extra-
abdominal complications (23.0%). These complications were
seen after conservative treatment in IAl patients in 45.5%
(n=15), after secondary surgical treatment in 66.7% (n=4) and
after primary surgical treatment in 75% (n=12). Complications

Table 2: Complications after abdominal trauma.

were significantly more frequent after spleen injury (p=0.001),
liver (p=0.001) and GI tract injuries (p=0.001). One polytrauma
patient with multiple organ lacerations (liver, spleen and
various blood vessels) after a rollover trauma died during an
emergency abdominal exploration because of acute circulatory
failure (Table 2).

Complication [%] Affected organ. Organ vs. complication
All Patients (n=122) Complications (n=42)
[34,4%] (n) p-value
isolated abdominal complications 21 17,2

intra- and extra abdominal complications 28 23 Spleen; (n=17) p=0,001
IAI with conservative treatment (n=33) 15 45,5 Liver; (n=13) p=0,001
IAI with secondary surgical treatment (n=6) 4 66,7 GI Tract; (n=8) p=0,001

IAI with primarily surgical treatment (n=16) 12 75

Duration of hospital stay: Thirty children (24.6%) were
treated in an intensive care unit (ICU), and the average ICU
duration stay was 11.8 days (+ 39.3; range 1-219; median
4 days). The mean duration of overall hospital stay was 9.78
+ 9.8 days, (range 1-44 days; median 5 days), excluding the

proven case of child abuse. Hospital duration stay increased
significantly with the severity of injury (p<0.001): patients with
multiple IAl (n=12) stayed hospitalized on average 23 days
(51.7 + 99.5; range 11-366) while children with isolated IAI
(n=42) stayed on average 14 days in the ward (16.6 + 9.3; 3-44).
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Due to the legal implications and a very lengthy treatment the
hospital discharge was greatly delayed in those children with
proven child abuse and neglect (366 and 44 days, respectively).
Sixteen patients were discharged prematurely against medical
advice after their parents interrupted the treatment (Data not
shown).

Discussion

Based on the results summarized in the previous chapter
we were able to test and assess all parameters described in the
introduction.

Evaluation of gender differences: It is widely known that
boys are up to 81% more frequently involved in accidents
[2,3,5], and that a significant association between gender,
intraabdominal injury and severity of injury exist [7]. In our
study and that of other boys lead the IAI's “hit list”, whether
isolated or multiple, possibly due to a higher willingness to
take risks [10], in accidents caused by equestrian sports girls
are more often affected [3]. Every child should be informed and
prepared for dangers of sports, since only an aware child can be
more careful and try to avoid accidents, naturally in the extent
possible due to limitations of individual age and maturity. A
good example is the consequent and frequent use of a helmet
and suitable protective clothing during sports like cycling,
roller blading or riding.

Assessment of typical trauma mechanisms for IAI and non-
IAI: The higher incidence of falls is due to the ever-increasing
mobility of children when growing up [11]. Our data showed a
peak for accidents due to falls in the 2-3 years old age group,
in which the involved objects were mostly domestic ones, yet
these falls seldom led to an IAl. However, Unni et al. showed
that even low-level falls could lead to severe injuries [12].
These home accidents are almost entirely preventable, so
parents should strive for safe home environment. In all age
groups riding the bicycle is a common leisure activity [13],
falls are frequently [14] and not trivial [6]. In this setting the
typical trauma mechanism for pancreas injuries is being hit
by the handlebar [8], therefore pain after cycling abdominal
trauma should always be taken seriously. This illustrates well
why a thorough clinical examination, laboratory and abdominal
ultrasounds are mandatory in every examination in a pediatric
emergency room after abdominal trauma. In regard to other
vehicle accidents, the typical trauma patterns are dependent on
children’s age [5] and 3 out of 10 children with GI tract injuries
were involved in a car accident as occupants [15]. In this case,
the reason seems to be universally a suboptimal restraint of the
child [16,17], therefore it is imperative to inform and educate
parents about correct safety of children in a car by using an age-
adapted seat and properly restraining seat belt.

Establish the most appropriate diagnostics using
laboratory parameters and radiologic imaging: Holmes
et al. identified six laboratory parameters which were highly

suggestive of 1Al [18]. In our study, we found a significant
association of the presence of IAl with a decrease of hematocrit,
hemoglobin and erythrocytes, with elevated AST, lipase, total
leukocytes and glucose, particularly after a road accident, in
patients with abnormal urinary output and in patients with
thoracic-, shoulder-, pelvic- or leg injuries. In terms of imaging
diagnostics, the sensitivity of ultrasound has been reported
to differ between 41-72% [19]. Rozycki et al. described
limitations especially in identifying low-grade organ injuries
[20] and other showed that often initially no free fluid could
be detected [21]. We do not corroborate these findings since
we found free fluid in 26.9% of cases without IAl. A possible
explanation for that is the variability in the experience of the
examiner with pediatric ultrasound, therefore we emphasize
that ultrasound should always be assessed in conjunction
with other pathological findings. Holmes et al. reported that
if certain parameters suggestive of an 1Al were present like
hypotension, haemoperitoneum and free abdominal fluid
further radiological diagnostics are recommended [22]. The
implementation of abdominal CT scan after trauma is useful for
a quick and reliable assessment of internal organ injuries [20].
However, the radiation exposure should always be considered,
and Cotton et al. described the use of CT scan in 15% of children
without an IAI [23]. The sensible use of radiological diagnostics
is an important element in treatment of blunt abdominal
trauma. Therefore, the management should ideally be decided
by an interdisciplinary team to avoid over- or under diagnosis.

Evaluate resulting injuries, treatment and complications:
The precise knowledge of each individual accident mechanism
is important to assess resulting injuries, since nearly every
organ in the body can be affected. However, in most cases a
quick assessment following the decreasing order of frequency
(namely spleen -> liver -> kidneys -> Gl-tract -> pancreas)
may save valuable time to the begin of the therapy. Children
with “seat belt sign” have a 200-fold or more risk for an intra-
abdominal injury [24]. Every abdominal wall bruising, either
accidental or due to child abuse multiplies the risk for an IAI
and therefore plays an important role in diagnostics [14,21,25].
Miller et al. has further shown that in all children with head
injuries who undergo surgery there are also abnormalities in
the clinical and FAST abdominal examinations [26]. Patients
who die after blunting abdominal trauma often suffer of head
trauma combined to injuries of liver and vessels [27]. In regard
to the therapy modalities, most liver and kidney injuries can
be treated conservatively with success. However, less than
50% of spleen injuries are able to be treated conservatively.
Children with GI injuries have to be operated after a primary
conservative in nearly 50% of the cases, mostly due to delayed
diagnosis and sepsis complications. The appropriate treatment
of abdominal traumas is always a challenge, as often the initially
suspected injury is not the only one. Moreover, it is difficult
to get adequate information on pain location or intensity
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from young children which may lead to a delay in diagnosis.
One suggested approach to prevent this factor is to educate
parents about the most common dangers and, in the event of an
accident, to encourage them to provide adequate first aid and
not to downplay the symptoms. As an example, an unobserved
bicycle crash has to be treated as a potentially blunt abdominal
trauma through handlebar until proven otherwise.

Verify the occurrence and percentage of child abuse in
abdominal trauma: In our cohort 2 children (3.5%) suffered
child abuse culminating in IAL In these cases, we confirmed the
known risk-factors for child abuse, like young age, male gender
[28] and a medical history which is not fitting to the injury
pattern [29,30]. One newborn boy was so severely abused that
he had to undergo several surgeries (56 in total) with varied
complications, resulting in an extended hospital stay of 366
days (which is well known for non-accidental injuries) [9,28].
A careful anamnesis of the accident history with a critical
assessment of the plausibility of the mechanism is essential
to detect child abuse, especially in very young children. If
child abuse is overlooked, the consequences due to serious
injuries can be easily fatal, since the necessary and appropriate
(surgical) treatment is often delayed.

Conclusion

Blunt abdominal trauma is common in children and can lead
to various organ injuries with life-threatening complications.
Depending on the affected organs, different medical management
strategies are necessary. In our cohort of southern German children
most patients could be treated conservatively, yet an adequate
and prompt surgical intervention was required when the patients’
showed signs of clinical deterioration. Additionally, every symptom
such as pain after an abdominal trauma must to be taken seriously.
A thorough clinical examination, laboratory and abdominal
ultrasound are the minimum requirement in a pediatric emergency
room after abdominal trauma and have been shown to successfully
identify IAls in our patients. Moreover, a careful assessment of the
plausibility of the accident is essential to detect cases of child abuse.
In our opinion, the best way to reduce the incidence of pediatric
trauma is prevention, and this should be mostly addressed to the
parents, since most accidents happen at home or in the immediate
proximity of a parent. Further strategies have to include parental
information, in early childhood optimally during preventive
examinations by their pediatrician.

Limitation- Selection

A major strength of our study is that it was performed in a
representative cohort of a tertiary hospital, in which the variation
of accident types is high and even polytraumatized, unstable
and severely wounded patients are managed. This care is always
provided by a multi-professional team, which enabled us to have
reproducible and verifiable data for all the endpoints of the study in
the entire period, including time and modus of accident, admission,
conservative or surgically treatment, and short-term outcome

including the whole pediatrics ICU stay until discharge. However,
our study has also limitations since it is only a retrospective analysis
and based on a single-center hospital observation. Nonetheless, a
prospective study with different prevention modalities based on
the data acquired in this study is currently being planned.
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