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Introduction and outline of the thesis

INTRODUCTION

Being intensively involved in the treatment of children sustaining blunt abdominal trauma,
we once posed the simple question: “What is the evidence for one week bed rest in chil-
dren with liver injury?” This question eventually led to the research resulting in this thesis.
In this introduction we will first outline the incidence of pediatric trauma whereafter we will
focus on some of the differences between children and adults. Differences in physiology
and anatomy form the background for many of the following chapters. All physicians treat-
ing children with possible (abdominal) injury should be aware of these differences. In the
present thesis, focus is first on the diagnostic process in children with suspected abdominal
injury. After delineating the role of CT scan, several possible alternative diagnostic modali-
ties will be discussed. Subsequently clinical outcome in relation to conceivable treatment
modalities in children with blunt trauma sustaining solid organ injuries are evaluated. The
introduction will be followed by a brief outline of the thesis.

Pediatric trauma

Epidemiology

Trauma still is worldwide the number one cause of death for children below the age of 18
(between 1 and 18 years) even in well-developed and wealthy countries such as the Neth-
erlands.” Roughly two third of these fatalities are caused by traffic injury in the Netherlands.
Due to the many preventive precautions that have been implemented in traffic such as
mandatory child seats and the technical improvements in motorised vehicles the incidence
death rate has dramatically declined. In 1983 the Dutch annual number of fatal paediatric
road traffic accidents was 191 (0-16 years), while in the year 2012 it has decreased to 27.
Figure 1 depicts annual mortality and causes for the years 1983 and 2012."

Injury can be inflicted by blunt force trauma and penetrating trauma. In several parts of the
world, penetrating trauma is the most prevalent. However, in Europe, >90% of injuries are
caused by blunt trauma. Seriously injured children often suffer from multiple injuries. Head
injury is present in the majority of cases and accounts for 75% of deaths.??

The types of injury mechanisms are age dependent. In infants, non-accidental injury is
most prevalent whereas, for toddlers, falls are the predominant injury mechanism. In older
children, road traffic accidents and sports injuries predominate. More than 50% of road
traffic accidents involve the child as a pedestrian and a further 20% as cyclists. For the
Dutch population, bicycle and motorcycle accidents might predominate in older children.
Whether this indeed is the case will be investigated in the chapters regarding liver and
splenic injury of the present thesis.

Pediatric trauma deaths have a trimodal distribution with 50% dying at the scene from
either severe head injury or major hemorrhage. A further 30% die within the first few
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Figure 1: Dutch pediatric fatalities in the years 1983 (blue) and 2012 (red) and causes of death.
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hours from head injury, hemorrhage, or airway emergencies. Late deaths due to organ
failure and sepsis are often due to inadequate initial resuscitation.

Abdominal trauma accounts for about 10% of trauma in children but is the leading cause
of initially unrecognized fatal injury. It is second only to airway problems as the most
frequent cause of preventable death.? Therefore a thorough analysis of injury patterns is
important in the care of children with possible intra-abdominal injury.

Differences between children and adults

Physiological differences

Stress responses in children are different from those in adults. As stroke volume is relatively
constant in children, tachycardia is the only way to increase heart minute volume. Children
are able to maintain hemodynamic stability for a long period of time, with only subtle
signs of deterioration (often only a mild tachycardia) before they rapidly develop severe
hypovolemic shock. Bradycardia should be considered as a near fatal sign.

As the skin area of children is relatively large, hypothermia will develop relatively rapidly
when compared to adults. Hypothermia in combination with acidosis and coagulopathy
is — just as in adults — the lethal triad. Hypothermia should therefore be avoided whenever
possible, and can often be achieved with relative ease such as by heating of the emergency
room.
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Anatomical differences

Due to the size of the patient, injury patterns differ in children when compared to adults.
Children will more often suffer from (concomitant) brain injury due to the relatively large
size of their head. It is one of the reasons that brain injury is the cause of death in 75%
of the cases.

When compared to adults the abdominal organs are closely packed together.

Children have relatively little abdominal muscle or fat mass, which can absorb some of the
impact.

The ribcage is very elastic, offering less protection to the liver and spleen. Also, the dia-
phragm is placed more horizontally, thus displacing the liver and spleen downwards, which
further increases the vulnerability of the intra-abdominal organs. Children have a relatively
small pelvis placing the bladder more intra-abdominally and thus less protected. All these
factors contribute to the vulnerability of the abdomen in children.?

Finally, although the principles of acute trauma care do not differ between children and
adults, in children even “simple” interventions such as placement of an intravenous cath-
eter can be more difficult because of the smaller size of the vessels, while medication
regimes also differ from those in adults. For all these reasons, the child with possible severe
trauma can therefore pose a significant challenge for ‘adult’ physicians.

Diagnosing abdominal injury in children

Assessment

Potentially injured children are assessed through the ATLS/APLS principles: ABC (DEFG) and
treat first what kills first.* After establishing a free airway and an adequate oxygenation/
ventilation, circulation is assessed. Vital parameters are age-dependent. Signs of shock will
only become apparent after a loss of > 15% of the total circulating volume. Hypotension
will occur only after an acute loss of 25% of the total circulating volume. When there are
signs of shock 20 ml/kg warm isotonic crystalloid is administered, which can be repeated.
This first bolus comprises 25% of the circulating volume, after the second bolus 50% of
the circulating volume has been replaced. Signs and symptoms of shock can be very subtle;
a mild tachycardia is often the only sign and can be easily mistaken as a sign of pain or
discomfort. Systolic pressure can even be increased due to the shock response. In this way,
children are different from adults. This is important when considering the presence of
hemodynamic (in)stability.

The definition of hemodynamic stability in children is subjective to multiple variable pa-
rameters. The assessment of hemodynamic instability is an evolving process, in which the
physiological reaction to fluid challenges might be more important than the first read-out
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of the monitor. Children who respond to fluid boluses can be considered as ‘responders’,
and management is different from those who do not respond. Children who are stabilized
after a bolus of 2x25% of the circulating volume are considered hemodynamically stable
according to the APLS definition.

In case of severe hypothermia, coagulopathy and acidosis ‘damage control surgery’ might
become necessary: in the case of abdominal injury this consists of stopping the bleeding
as soon as possible, preventing further fecal spill (e.g. by stapling the bowel), (temporarily)
closing of the abdomen followed by further stabilization in the pediatric intensive care.
While very important in children, a more detailed discussion of the damage control prin-
ciple goes well beyond the present chapter.

After stabilisation of vital functions and completion of the primary survey, a complete
physical examination is carried out. An initial normal physical examination does not rule
out internal injury. Especially in children this is an important point. Small external injuries,
e.g. a small bruise due to a handlebar injury, can be a sign of severe intra-abdominal injury.
Obvious lesions such as the seatbelt sign are pathognomonic for severe intra-abdominal
injury. Preferably, the physical examination is repeated by the same (senior) physician at
regular intervals after the accident, as changes in the examination can offer important
insights in the presence or absence of injury. Repeated physical examination is therefore
essential in the assessment of the abdominally injured child and its importance cannot be
overstated.’

In the secondary survey X-rays of the chest, pelvis and cervical spine are obtained, Focussed
Assessment with Sonography for Trauma (FAST — aimed at identifying free intra-abdominal
fluid) or regular ultrasound imaging of the abdomen is performed and blood samples are
obtained.

In the absence of hemodynamic instability, a multi-phase contrast enhanced CT is generally
performed when abdominal injury is suspected (e.g. when intra-abdominal fluid is present
on FAST). Also in the Netherlands and thus in the University Medical Centre Groningen,
(UMCG) a CT scan is considered the investigation of choice for determining the presence
and extent of intra-abdominal injury in hemodynamically stable children.? However, indica-
tions for CT scan are rather ambiguous in most centres. They often consist of a high index
of suspicion (e.g. a seatbelt sign with abdominal tenderness), laboratory disturbances
indicative of intra-abdominal injury (e.g. raised liver function tests or raised amylase) or
ultrasound findings such as the presence of free fluid or the suggestion of injury to the
parenchymatous organs. Hemodynamic instability, as defined by the APLS, should (in non-
responders) be seen as an indication for emergency surgical intervention and is thereby a
contra-indication for CT scan of the abdomen.*
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Blood analyses

Laboratory testing contributes significantly to the identification of children with intra-
abdominal injuries after blunt trauma.® Since physical examination and hemodynamic
parameters are frequently unreliable for the abdominally injured patients, serum analyses
are helpful tools in the diagnostic workup, e.g. to assess (persistent) blood loss or to get
an indication of the presence of organ specific injury. While detailed discussion of the
subtleties of serum analysis goes beyond the scope of this chapter, a specific serum marker
for abdominal injury would be a valuable addition to the diagnostic workup. It could save
valuable time, and reduce costs and unwarranted medical examinations.

Imaging techniques

Ultrasonography and FAST are quick and non-invasive investigations, readily available in
most hospitals. While FAST aims at a rapid identification of free fluid (in Morrison’s pouch,
the perisplenic area, the pelvis and the pericardium), a formal ultrasound can be performed
in stable patients. With added Doppler, ultrasonography can even assess flow in essential
vascular structures. It has no ionising radiation and sedation is not needed for adequate
investigation. In hemodynamically unstable patients with blunt abdominal trauma, bedside
ultrasound in the emergency room should be the initial diagnostic modality performed
to identify the need for emergent laparotomy.’ It is also very suitable for follow up of
abdominal injury.

However, ultrasound also has its downsides. It is operator dependant and although it is
reasonably sensitive to free fluid, it is not very reliable for the assessment of solid organ
injury, let alone grading of injuries.

CT imaging is considered the golden standard for imaging of abdominal injury due to its
accuracy. It is relatively quick and generally available in most hospitals and with the use of
intravenous contrast it can even distinguish and localize active bleeding.

The AAST issued the Organ Injury Scales (OIS) to be able to compare patient groups for
research purposes.® Concurrently the development of the CT scan made swift and relatively
accurate initial analysis of the abdominal injury possible. The CT scan has thus become the
gold standard of diagnosing intra-abdominal injury in children and has adapted the use of
the OIS for grading injuries. Table 1 depicts the AAST grading system for hepatic injury. For
all organ injuries a comparable grading system is available.

CT imaging also has its downsides. It has a risk of contrast reactions, can be relatively time
consuming and is a serious ionising radiation hazard for patients. Also, there is an inherent
danger in transporting patients to and from the CT suite, which itself poses danger as
monitoring and intervention options in the CT suite are suboptimal at best.
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Table 1: 1994 AAST revised Hepatic injury score.?

Grade* Injury type Description of injury
| Hematoma Subcapsular, <10% surface area
Laceration Capsular tear, <1cm

parenchymal depth
Il Hematoma Subcapsular, 10%-50% surface area
intraparenchymal, <5 ¢cm in diameter
Laceration Capsular tear, 1-3cm parenchymal depth that does not
involve a trabecular vessel
Il Hematoma Subcapsular, >50% surface area or expanding; ruptured
subcapsular or parecymal hematoma; intraparenchymal
hematoma > 5 cm or expanding
Laceration >3 cm parenchymal depth or involving trabecular vessels
Y Laceration Laceration involving segmental or hilar vessels producing
major devascularization (>25% of spleen)
V Laceration Completely shattered spleen

Vascular Hilar vascular injury with devascularizes spleen

While CT and ultrasound remain the imaging tests of choice during the golden hour,
the subsequent management of patients after trauma, either post surgical or during a
watchful waiting algorithm sometimes requires repeated advanced cross sectional imag-
ing. Given the lack of radiation dose and the multiple tools in the MRl armamentarium (i.e.
MR cholangiopancreatography), the use of MRI for post-acute imaging does have a role
in the assessment and certainly the follow-up of abdominal injury, particularly in young
patients. When the child has been stabilized, MRI can be an important adjunct, e.g. in
diagnosing pancreatic injuries.

Using MRI scanners in an emergent fashion is impractical for several reasons. Many
emergency departments have CT scanners nearby; many do not have easy access to MRI
scanners or MRI technologists waiting on standby for trauma studies. It is often impossible
or impractical to perform the necessary safety screening of trauma patients. It is necessary
to have the surgical trauma team close at hand, often inside or just outside the scan room,
making screening of great importance and the risk of projectiles a major hazard. While
rapid MRI protocols of the abdomen could easily be performed with scan times similar
to that of the CT, trauma patients often undergo total body scanning for concomitant
injuries. For reasons of accessibility, safety, and the need to scan multiple body parts in
rapid succession, CT is still considered the golden standard of trauma imaging during initial
analysis despite the radiation exposure.’
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Management of paediatric abdominal trauma through the years:

from non-operative management to aggressive surgery and back

During the last 100 years the management and approach to parenchymatous visceral inju-
ries has fluctuated from surgical caution at the turn of the previous century as advocated
by Beckman’s “intelligent conservatism” in the 1920s, followed by aggressive surgical
intervention throughout most of the century, and finally a move back towards an initial
non-operative approach.

Nowadays the selective, non-operative management (NOM) of blunt abdominal trauma in
hemodynamically stable patients is well established and accepted as initial modus of treat-
ment.'>" However, as recently as 30 years ago this was not the case. The management of
choice at that time was an aggressive approach of mandatory operative repair based on
the concept that a significant injury will not heal spontaneously, and therefore, the earlier
the surgical intervention the better. In retrospect, the often unnecessary and sometimes
technically difficult surgery led to increased morbidity and mortality.'®

In the sixties, the recognition of Overwhelming Post Splenectomy Infections (OPSI) resulted
in the wish for spleen preserving therapies, specifically for children. After splenectomy
the lifetime risk for OPSI is around 5%, with a mortality rate of about 50%, which makes
it a substantial risk specifically for children."” This prompted pediatric surgeons to be as
conservative as possible with injury to the spleen, and set the tone for the development
of NOM.

The development of endovascular treatment options over the last decades, such as the
Selective Arterial Embolization (SAE), have added a potential treatment modality that
favours the outcome of non operative management in abdominal injury.'®

Since the seventies, a shift from operative to non-operative treatment for injury to the
intra-abdominal solid organs has occurred.”™ Pediatric surgeons were among the first to
adopt this form of treatment. Even for the higher grades of injury in the various organs,
high success rates with this policy of “watchful waiting” are achieved.?® In this regard it
is interesting to note that there is a poor correlation of grades of injury and the need for
surgical intervention.?"?> The success rate of NOM, when necessary assisted by SAE, can
reach up to 95%, even for the higher grades of injury?.

Gradually the success rate of NOM rose to the extent that guidelines for non-operative
treatment of splenic and hepatic injuries were issued by the American Paediatric Surgical
Association (APSA) in the year 2000.% (Table 2)

These guidelines provide support to maximize patient safety and assure efficient, cost-
effective utilization of resources and are based on injury grades using CT imaging. They
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Table 2: Treatment of liver injuries according to the APSA guidelines*

Grade linjury Grade Il injury Grade Il injury Grade IV injury

ICU stay none none none 1day
Hospital stay (days) 2 3 4 5
Pre discharge imaging none none none none
Post discharge imaging none none none none
Activity restriction (weeks) 3 4 5 6

provide an algorithm for treatment, observation on ICU and in hospital, repeat of imaging
and the period to minimise physical exercise.

Challenges in diagnosing and treating blunt abdominal injury in children
Treatment of abdominal injuries in hemodynamically stable children is supposedly based
on grade of injury as diagnosed on CT imaging. Whether this corresponds with the actual
clinical course is unknown. The difficulty of NOM is that no one knows exactly what is
going on inside the abdomen; CT images are only an approximation of the reality. While
we tend to treat children based on interpretation of these images, it is unknown whether
there is a good agreement between radiologists and surgeons regarding the severity of
injury as observed on CT. Also, while we tend to treat children based on interpretation
of these CT images, it is well known that the most sensitive prognostic tool for success
of NOM is repeated (abdominal) examination of the child by the same investigator.”> An-
other important observation is that intra-operative findings and CT-findings do not always
match.?® Frequently a splenic or hepatic rupture is found on explorative laparotomy for
concomitant injuries. Likewise the pancreatic duct can be transsected where CT imaging
had not even raised suspicion of injury. Sensitivity for perforation of a hollow viscus, which
is besides hemodynamical instability the only absolute indication for laparotomy, is low. For
duodenal injury e.g., sensitivity does not exceed 50%. The administration of oral contrast
does not improve this.?’

Maybe even more important, CT has several major disadvantages. Besides the fact that
CT scanning implies — in most hospitals — a time-consuming and potentially dangerous
transport of the child from the safe and controlled environment of the shock room to a
“doughnut of death” in which monitoring and acute interventions are much more cum-

bersome, CT itself carries the risks of radiation induced injury.%

lonising radiation such as in X-ray diagnostics brings on a lifetime risk of developing
malignancies induced by the investigation. Specifically in children the radiation is known
to possibly bring extra harm. For a given radiation dose, there is a difference in cancer
risk from radiation exposure for children compared to adults for several reasons: tissues
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and organs that are growing and developing are more sensitive to radiation effects, an
infant has a longer life expectancy in which to manifest the potential oncogenic effects of
radiation, and finally the radiation exposure from a fixed set of CT parameters results in a
dose that is higher for a child compared to an adult.

It is therefore of the utmost importance to adapt our evaluation algorithm to a safe evalua-
tion as regards to detection of injuries that may need treatment but with minimal radiation
exposure. Even while following the ‘As low as reasonably achievable” (ALARA) principle,
it is estimated that 1:1000 children might die as a result of a radiation induced tumor.?®?°
Best is therefore to avoid radiation exposure completely. For abdominal injury in children,

little is known about the diagnostic yield of CT scan in the light of radiation exposure.

To conclude, while non-operative management of children with intra-abdominal injury has
proven to be a very effective treatment modality, many questions and challenges remain in
the diagnostic workup and treatment of these children. Some of these will be addressed
in this thesis.

In the first part of the thesis we will describe the current diagnostic work-up in children
with suspected intra-abdominal injury in our center. We will investigate whether CT
scan is a reliable tool for diagnosing intra-abdominal injury. Also we will describe the
diagnostic yield of CT scan in relation to the risks associated with radiation exposure. In
a separate chapter we will perform a similar analysis for repeat CT scans after referral to
our center. Subsequently we will study the accuracy of a novel abdominal injury score for
children and a novel trauma marker. Both are adjuncts to routine care, which might aid in
the decision to obtain a CT scan. In the second part of the thesis we will investigate daily
practice in our hospital for children with intra-abdominal injury, and compare our results
with the literature. In subsequent chapters injury to the liver, spleen and pancreas will be
discussed. In these analyses we will focus on the results of non-operative management
and we will try to identify areas for further improvement in clinical management for these
patients.
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OUTLINE OF THE THESIS

A general introduction to pediatric trauma and a short outline of the thesis is provided in
chapter 1.

Subsequently we will focus on the diagnostic process in children with suspected intra-
abdominal injury. The American Pediatric Surgery Association has issued guidelines for the
treatment of hemodynamically stable children with isolated injury to the liver or the spleen.
These guidelines are based on the grading of injury on CT.

In chapter 2 the reliability of a CT based grading system of liver injury in paediatric ab-
dominal trauma is investigated. To this end we determine the inter- and intra observer
agreement for liver injury as graded following the Organ Injury Scale from the American
Association for the Surgery of Trauma. Several specialists, including radiologists, paediatric
surgeons, trauma surgeons and hepatobiliary surgeons all independently and repeatedly
grade hepatic injury on a CT scan and inter- and intra-observer variation is computed.

In chapter 3 we investigate the additional radiation risk of abdominal CT and calculate
the estimated lifetime risk for malignancy and additional mortality risk in the light of novel
diagnostic findings that might or might not alter management. This way we will determine
the diagnostic yield of CT scan in children with suspected intra-abdominal injury.

Since progressively more injured children are being referred to specialist centres and sub-
sequently undergo a CT scan in both facilities, we set out to compute the extra radiation
dose and associated risks of a repeated abdominal CT after transferral to our center. This
is described in chapter 4, again in the light of novel diagnostic findings possibly altering
management.

Combining readily available data into an abdominal injury score might also aid in prevent-
ing unnecessary diagnostic procedures such as CT scan. To this end we will retrospectively
validate the Blunt Abdominal Trauma in Children score (BATIC) in a large cohort of patients
in chapter 5.

In chapter 6 we investigate the kinetics of plasma Liver Fatty Acid Binding Protein (L-FABP) as
a possible marker for intra-abdominal (hepatic) injury. In a pilot study (comprised of the first
50 patients of a large prospective trial into the development of biomarkers for abdominal
injury and the development of the Systemic Inflammatory Response Syndrome and Multiple
Organ Failure) we measured L-FABP in plasma obtained at three hour intervals from adult
patients who were administered to the Shock Room with (suspicion of) severe trauma.
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In the second part of this thesis we will investigate injury to the intra-abdominal parenchy-
matous organs. As described in chapter 7 we analyse liver injury. Main endpoints are the
success rates of non-operative management (NOM) and late complications. Among others,
trauma mechanism, age; divided in different age groups, treatment modalities and length
of hospital and ICU stay are assessed.

Similar data are analysed for the children with splenic injury in our hospital, as described in
chapter 8. This chapter describes the data for all pediatric patients with splenic injury, but
also divides them into a multitrauma and isolated splenic trauma group.

Paediatric pancreatic injury is an entity on its own and described in chapter 9. It is relatively
uncommon, easily missed, and hard to diagnose even in the higher injury grades such as
transsection of the pancreatic duct that sometimes call for early surgical treatment. Several
issues on diagnostics regarding abdominal injury are raised.

Chapter 10 has been written as a discussion paper for Dutch physicians dealing with
possible intra-abdominal injury in children. Chapter 11 more profoundly discusses the
findings of these thesis and the conclusions we can draw. It also casts an eye on future
perspectives. Chapter 12 provides a summary and discussion of the main conclusions in
English and Chapter 13 in Dutch.
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ABSTRACT

Introduction: The American Pediatric Surgical Association developed guidelines for the
management of haemodynamically stable children with hepatic or splenic injury, based on
grade of injury on CT scan. This study investigated the intra- and inter-observer agreement
of radiologists, paediatric surgeons, trauma surgeons and hepatobiliary surgeons when
scoring liver injury based on CT scan findings. Patients and Methods: CT scans of patients
with blunt abdominal trauma were independently assessed twice by a fellow and a con-
sultant radiologist, paediatric surgeon, trauma surgeon and one consultant hepatobiliary
surgeon. Reviewers were unaware of the clinical course. All scans were multislice CTs with
a slice thickness of 3 mm, and both the arterial and venous phase were assessed. Injury
was scored using the American Association for the Surgery of Trauma (AAST) liver injury
scale. Intra-observer agreement was tested using Cohen’s kappa coefficient. Inter-observer
agreement was tested using Cohen ' s kappa for the second reading of individual observers

I

and Spearman ' s rank correlation for the mean of both readings from each observer.
Results: CT scans of 27 patients (11 girls and 16 boys, median age 11.7 £ 5.2 years) were
reviewed. Mean AAST grade of liver injury was 3.3 = 1.1 for radiologists, 2.9 = 1.0 for
paediatric surgeons, 3.0 = 0.9 for trauma surgeons and 3.2 + 0.8 for the hepatobiliary
surgeon (p = 0.30) Intra-observer agreement was moderate, with kappa below 0.7 for
all observers except for one of the radiologists. Inter-observer correlation using Cohen ’
s kappa coefficient was also moderate, with kappa below 0.5. In contrast, inter-observer
correlation using Spearman ' s test was good, suggesting that there is agreement on the
general severity of injury but not on the exact grading of injury using the AAST scoring
system. Conclusion: Intra-observer agreement is only moderate when assessing liver injury
using the AAST grading system. Only the most experienced radiologist demonstrated good
intra-observer agreement, which might indicate the necessity of the presence of a senior
trauma radiologist at all times. However, this is not possible in most centres. Although
there was agreement concerning the general severity of injury, inter-observer agreement is
also moderate. These data cast doubt on the use of the AAST liver injury score alone as a
decision-making tool when assessing haemodynamically stable children with blunt hepatic

injury.
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INTRODUCTION

In 2000 the American Pediatric Surgical Association (APSA) issued guidelines for the
management of haemodynamically stable children with hepatic or splenic injury. These
guidelines are based on the grade of injury as assessed by computed tomography (CT)
scan'. Grading of injury was performed using the American Association for Surgery of
Trauma (AAST) Organ Injury Scale (OIS). This grading system was developed in 1989,
mainly for research purposes?. After being validated using a national registry data set, these
guidelines have subsequently been prospectively validated as safe®. These guidelines also
provide recommendations with regard to the days of bed rest, ICU stay, length of hospital
stay and follow-up and the use of imaging during follow-up. Subsequently, haemodynami-
cally stable children, but also adults, with liver or spleen injury have been treated all over
the world based on the grading of CT images using the AAST OIS. However, as yet no
study has ever attempted to assess the reliability of the AAST OIS CT grading with regard
to inter- and intraobserver variability. The present study therefore set out to determine
inter- and intra-observer agreement with regard to the scoring of liver injury on CT scan
between radiologists, paediatric surgeons, trauma surgeons and hepatobiliary surgeons.

PATIENTS AND METHODS

Using the hospital trauma registry, paediatric patients with proven hepatic injury caused
by blunt abdominal trauma since 2000 were identified. All identified patients were
subsequently evaluated for the presence and the quality of CT images by a senior radiolo-
gist. All CT scans with a maximum of 3 mm slices and with early and late (arterial and
venous phase) intravenous contrast were selected. All images were made with a Philips
SR 4000 or a Siemens Sensation-64 scanner. Visipaque ™ (Amersham Health, Princeton,
NJ) was used as intravenous contrast (2.5 ml / kg body weight). The arterial phase was
usually scanned at 20 s and the venous phase at around 60 s after injection. All CTs were
independently assessed and scored twice by the following investigators: a senior radiol-
ogy resident and a consultant radiologist, a fellow and consultant paediatric surgeon, a
senior surgical trauma resident and consultant trauma surgeon and finally a consultant
hepatobiliary surgeon. All participants were unaware of the clinical course of the patients.
Injuries were scored according to the American Association for the Surgery of Trauma
(AAST) hepatic organ injury scale (HIS or OIS) (Table 2). Intra-observer agreement was
tested using Cohen’s kappa coefficient. Inter-observer agreement was tested using two
different approaches: Cohen’s kappa for the second reading by the individual observers
and Spearman’s rank correlation on the mean of both readings from each observer. SPSS
11 was used for all calculations.
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Table 1: Liver injury scale (1994 revision).

Liver injury scale (1994 revision)

Grade* Type of Injury Description of injury AIS-90
| Hematoma Subcapsular, <10% surface area 2
Laceration Capsular tear, <1cm 2

parenchymal depth
Il Hematoma Subcapsular, 10% to 50% surface area 2

intraparenchymal <10 cm in diameter

Laceration Capsular tear 1-3 parenchymal depth, <10 cm in length 2
Il Hematoma Subcapsular, >50% surface area of ruptured subcapsular or 3
parenchymal hematoma; intraparenchymal hematoma > 10 cm or
expanding
Laceration >3 cm parenchymal depth
IV Laceration Parenchymal disruption involving 25% to 75% hepatic lobe or 4

1-3 Couinaud's segments
Vv Laceration Parenchymal disruption involving >75% of hepatic lobe or >3 5
Couinaud’s segments within a single lobe
Vascular Juxtahepatic venous injuries; ie, retrohepatic vena 5
cava/central major hepatic veins

Vi Vascular Hepatic avulsion 6

*Advance one grade for multiple injuries to the same organ up to grade lll

Table 2: Intra-observer variation as evaluated using Cohen’s kappa coefficient for each individual
observer.

Cohen’s Kappa coéfficiént

Senior radiologist 0.75
Junior radiologist 0.39
Senior pediatric surgeon 0.38
Junior pediatric surgeon 0.21
Senior trauma surgeon 0.58
Senior surgical resident 0.60
Senior Hepatobilliary surgeon 0.65
RESULTS

CT scans of 27 patients (11 girls and 16 boys with a median age of 11.7 £ 5.2 years) were
retrieved and reviewed. The mean AAST grade of liver injury was 3.3 = 0.8 for the whole
observer group. It was 3.3 = 1.1 for radiologists, 2.9 = 1.0 for paediatric surgeons, 3.0
0.9 for trauma surgeons and 3.2 = 0.8 for hepatobiliary surgeons (p = 0.30) There were
no significant differences in mean CT grade between the senior and junior specialists from
the same discipline, except for the radiologists. The senior radiologist scored 3.7 + 1.4
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while the junior radiologist score was 3.0 + 1.0 (p < 0.001). Intra-observer agreement was
moderate, with kappa below 0.7 for all observers except for one of the radiologists (Table
1). This was the radiologist with the most experience of paediatric trauma imaging. Inter-
observer correlation using Cohen’s kappa was also moderate, with kappa not exceeding
0.5. In contrast, inter-observer correlation using Spearman ' s test was good, suggesting
that there is an agreement between all observers on the general severity of injury, although
not on the exact grading of injury. Non-operative management was successful in 23 of
the 27 patients (83%). 4 patients had to undergo surgery for persistent haemodynamic
instability.

DISCUSSION

Over the past decade, evidence-based guidelines have emerged in an attempt to stan-
dardise care and limit the financial costs associated with prolonged hospitalisation for
paediatric blunt abdominal trauma. In 1998 the AAST developed different scales for vari-
ous organs: the organ injury scales (OIS)*. The purpose of these scales was to develop injury
severity scores for individual organs to facilitate clinical research. To maximise patient safety
and assure efficient, cost-effective utilisation of hospital resources, the APSA subsequently
developed guidelines for the management of haemodynamically stable children with
hepatic or splenic injury, based on grades of injury visible on CT scan'. These guidelines
provide recommendations regarding the days of bed rest, ICU stay, length of hospital stay
as well as follow-up and routine imaging. After being validated using a national registry
dataset of 832 patients, these guidelines have subsequently been prospectively validated as
safe®. Remarkably, the APSA guidelines have adapted the OIS as a guideline for treatment
although the correlation between operative findings and CT images is known to be poor?.
In addition, grading based on CT imaging for hepatic injury fails to predict the success of
non-operative management®®. The clinical use of OIS is therefore debatable.

Despite several attempts’®, neither predictive parameters have been addressed in the
management of hepatic or splenic injury nor has a validated new protocol been developed
so far'®'2,

A useful classification of organ injury should ideally provide an accurate injury description,
be of prognostic value for treatment options, create a basis for comparison for clinical
research purposes, be reliable or easily reproduced and, most of all, be practical and simple
in daily clinical use. All of these features have been evaluated for the AAST OIS with a
focus on outcome in clinical trials except for reliability and reproducibility. One of the
most important factors influencing reliability in diagnostic tools is inter- and intra-observer
variability: the extent that an evaluation will yield the same result if repeated a second time
by the same or by a second observer. To our knowledge no previous study has ever been
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performed to assess the reliability of the AAST OIS based on CT images for blunt liver injury
in children. The present data indicate an only moderate intra-observer agreement using
the AAST grading system, even with modern high resolution multislice CT. Only the most
experienced radiologist demonstrated good intra-observer agreement. This might indicate
the necessity of the presence of a senior trauma radiologist at all times. However, this is
not possible in most centres.

Although there was agreement regarding the general severity of injury, inter-observer
agreement was also moderate. This suggests that different reviewers have a somewhat
similar opinion about the general severity of injury, but that exact grading is much more
difficult and should therefore not be used as guideline for treatment.

Taken together with the poor correlation of CT findings with intra-operative findings, and
the poor predictive value of CT findings with regard to the success rate of non-operative
management, the question rises whether the AAST OIS is the appropriate decision-making
tool when assessing haemodynamically stable children with blunt hepatic injury. The
poor inter- and intra-observer agreement found in the present study might even be the
explanation for the poor correlation between imaging and clinical findings such as hae-
modynamic (in)stability and preoperative findings as well as for its poor predictive value
for the outcome of (non-operative) treatment of injury of parenchymatous organs such
as the liver and spleen in children. We therefore endorse the paradigm that isolated blunt
spleen and liver injuries, regardless of their CT-based grade, might be safely managed
using an algorithm based on haemodynamic status rather than radiological grading®. CT
scanning provides important information about the anatomical extent of injury, including
the possible presence of a “blush”, which could be of value for treatment options. The
currently used grading systems are not accurate enough to serve as a guide for treatment.

CONCLUSION

There is significant intra- and inter-observer variation in the grading of paediatric liver
injury using CT scan alone. Therefore the value of the AAST OIS as clinical treatment guide-
lines should be doubted. Management of haemodynamically stable paediatric patients
with blunt liver injury should be dictated by clinical parameters, not based on radiological
images alone.
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The use of CT scan in hemodynamically stable children with blunt abdominal trauma
INTRODUCTION

The initial evaluation of the injured child, following ATLS/APLS principles, is similar to that
of the adult: plain x-rays of chest, and pelvis combined with the primary survey, subse-
quently followed by abdominal ultrasound and/or abdominal CT imaging.

Many consider CT scanning the imaging modality of choice for evaluation of severity of in-
jury, especially in hemodynamically stable children. It is non-invasive, quick and considered
the most accurate method, readily available in most hospitals’.

Non Operative Management (NOM) of solid organ injuries in hemodynamically stable
children is now generally accepted as the standard of care. However, previous studies
suggest a poor correlation between the grade of injury and the outcome of NOM in hemo-
dynamically stable children?. This raises the question whether CT is helpful for establishing
criteria for non-operative management or predicting outcome of NOM. Furthermore, to
our knowledge, CT imaging has never been validated for grading abdominal injuries and
in majority of cases ultrasound in combination with abdominal examination is reliable®. A
recent paper suggests a CT scan only has moderate inter and intra- observer agreement for
the grading of hepatic injuries in children®. Therefore the value of CT scanning in children
with blunt abdominal injury can be questioned.

For a given radiation dose, there is a difference in cancer risk from radiation exposure for
children compared to adults for several reasons: tissues and organs that are growing and
developing are more sensitive to radiation effects, an infant has a longer life expectancy
in which to manifest the potential oncogenic effects of radiation, and finally the radiation
exposure from a fixed set of CT parameters results in a dose that is higher for a child
compared to an adult.

Despite the evolution of modern CT scanners and the As Low As Reasonably Achievable
(ALARA) principle, radiation dosage and associated risks are still substantial, especially in
the paediatric population.

We set out to determine the diagnostic value of CT scans in relation to the radiation dose,
tumour incidence and tumour mortality by radiation for hemodynamically stable paediatric
patients with blunt abdominal injury. We focussed on the changes in management due to
new information obtained by CT.

PATIENTS AND METHODS

The University Medical Centre Groningen is a level 1 trauma centre, assessing around 150
paediatric patients in the accident and emergency shock room annually.
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In our hospital, regular diagnostic ultrasounds on admission are performed on all patients
that potentially have sustained abdominal injury. CT imaging is performed based on the
ultrasound results combined with clinical findings. In several cases extensive concomitant
injuries to chest, pelvis or head was seen as an indication to perform abdominal CT. The
decision to perform a CT is ultimately made by the attending surgeon.

All CT scans for suspected paediatric abdominal injury performed in our accident and
emergency department between 2005 and 2010 were retrieved from the radiology regis-
try. Subsequently the notes of these patients were analysed for: injury and hemodynamic
parameters, (changes in) therapy and radiological interventions. Patients who were hemo-
dynamically unstable were excluded.

Scans were performed using a Siemens Sensation-64-Slice MSCT with a maximum of 3 mm
slices and with early and late (arterial and venous phase) intravenous contrast. As intrave-
nous contrast, Visipagque™ (Amersham health) was used (2,5 ml/kg body weight). Arterial
phase was usually scanned around 20 seconds and venous phase around 60 seconds after
injection.

From the original scans we used the Dose Length Product (DLP) to calculate the Effective
Dose (ED) and extrapolated radiation exposure data from atomic bomb explosions, the
BEIR VIl report, to calculate the estimated induced life time tumour and mortality risk>.
Injury severity was calculated using the Injury Severity Score system. In our hospital, the
APSA classification for the grading of hepatic or splenic injuries was not used for decid-
ing upon e.g. ICU or hospital stay. Patients with proven hepatic or splenic injury were
routinely admitted to a high care unit for hemodynamic monitoring for 24 hours, and then
discharged to the regular ward. During the years of the study bed rest was subsequently
prescribed for 4 days.

RESULTS

Seventy-two patients underwent abdominal CT scanning for suspicion of abdominal injury,
all shortly after admission. Specifically for persistent hemodynamic instability, six patients
underwent surgery by means of an explorative laparotomy; two underwent radiological
interventions by means of Selective Arterial Embolization (SAE) for transient responding.
These eight patients were therefore excluded from this study, thus leaving 64 hemody-
namically stable patients for further analysis.

There were 39 boys and 25 girls with a median age of 10, range 1-18 years. The median
systolic blood pressure on admission was 120 with a range of 75-144 mmHg. The median
diastolic blood pressure was 65 with a range of 30-87 mmHg. The median heart rate on
admission was 87 with a range of 65-144 Bpm. The median Injury Severity Score (ISS) was
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Table 1: Demographic and clinical data of hemodynamically stable children that were scanned for ab-
dominal injury. (median/(range))

Total 64
Male/female 39/25
Systolic BP on admission 120 (75-144)
Diastolic BP on admission 65 (30-87)
Heart rate on admission 87 (65-144)
ISS 10 (1-75)
AlS 1 (0-5)
LOS (days) 10 (0-59)
ICU (days) 1 (0-11)

10 with a range of 1-75. The median abdominal Abbreviated Injury Score (AIS) was 1 with
a range of 0-5. The median length of hospital stay (LOS) was 10 days with a range of 0-59
days. The median length of ICU stay was 1 day with a range of 0-11 days. (See table 1)
Four patients died (6%); one succumbed as result of chest injury and three due to neuro-
logical injury, among them the patient with an ISS score of 75 (massive destruction of both
cranium and brain).

On the remaining 60 patients, only one laparotomy was performed, for suspicion of duo-
denal perforation. These 60 patients developed no major abdominal complications during
admission and none was readmitted after discharge from hospital.

In 44 out of 64 (69%) patients, free fluid or intra-abdominal organ injury was found
on ultrasound. CT imaging brought forward 49 injuries in 47 of 64 patients (73%). The
abdominal injuries as found on CT are described in table 2.

The three additional diagnoses CT brought forward compared to ultrasound consisted
of one grade | pancreas injury, one grade | liver injury and one grade | renal injury. Ret-
rospectively, the raised amylase combined with a seatbelt sign, high transaminase levels,
and macroscopic haemoglobin in the urine sample could all have raised suspicion of the
aforementioned injuries also without CT scan. These telltales could have made an inclina-
tion for further examination including CT imaging.

Table 2. Injuries found on CT imaging ranged by organs inflicted.

Organ n
No injuries found 19
Liver 26
Spleen 10
Pancreas 4
Kidney 5

other 4

a1
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Only in three out of the sixty-four hemodynamically stable cases (5%) a CT scan brought
forward an indication for intervention or change in management. One patient was sus-
pected of a duodenal perforation and underwent a laparotomy. A grade Il hepatic lacera-
tion, but no duodenal, injury was found during the explorative laparotomy.

The other two patients were underwent SAE of the splenic artery. One for an arterial blush
observed on the contrast enhanced CT due to splenic laceration. Patient remained stable,
and during the angiogram the blush had disappeared. The second patient underwent
(prophylactic) SAE for having sustained a grade V splenic injury.

The LOS of these 3 patients was 6, 9 and 25 days. The ICU stay was 0, 2 and 5 days, and is
not significantly different from the patients without intervention (p=0,84 and 0,83)

The median radiation dosage was 11,43 mSv (range 1,19-23,76 mSv) in our patients.
Using the BEIR VIl methodology, this results in an estimated increase of the lifetime tumour
incidence of 0,17% (range 0.05-0.67%) and an estimated increase in lifetime tumour
mortality of 0,08% (0.02-0.28%)°.

DISCUSSION

This study was undertaken to establish the diagnostic yield of CT scanning in relation to
the associated radiation risk in the hemodynamically stable paediatric patient suspected of
blunt abdominal trauma. Although it is retrospectively analysed in a single institute and
has a limited patient group, it demonstrates that in 95% of cases, results from the CT scan
did not alter management. It does add an estimated 0,17 % lifetime tumour and a 0,08%
lifetime mortality risk, due to this single CT-scan.

On the three patients where CT did alter management one can even argue whether CT
has not actually done extra harm, for the laparotomy and both of the SAE's may have been
unnecessary. As in our hospital length of (ICU and hospital) stay and days of bed rest were
not decided upon by CT, management was also not altered otherwise by CT.

Non-operative management of injury to the parenchymatous organs in children with ab-
dominal injury has proven to be a safe approach”'. This also holds true for the more severe
grades of injury. The keystone to this treatment is hemodynamic stability. No imaging
technique so far has a solid predictive value for the outcome of NOM. Even the correlation

of contrast extravasation on CT images and the success rate of NOM remain unclear®'°.

CT imaging has several advantages over other types of imaging studies such as accuracy
and speed, but it also has its downsides. CT imaging has never been validated for the use
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of the AAST organ injury score, nor has it ever been validated or corrected for the use on
paediatric patients. It is only proven to be moderately accurate on inter and intra observer
agreement for paediatric hepatic injury”.

Although the ALARA principle (As Low As Reasonably Achievable) counts for the use of
CT imaging using ionising radiation, patients are still exposed to considerable amounts of
radiation'". When abdominal injury is suspected and/or free fluid is present on ultrasound,
a multi phase intravenous contrast enhanced CT is generally performed in our centre.
The multi phase contrast enhancement leads to a double to quadruple radiation exposure
compared to a plain abdominal CT, plus the risk of contrast reactions. In children, some
form of general anaesthesia is often necessary just to be able to perform the scan, as it can
be very threatening for a child resulting in unwanted movement and poor quality imaging.

Although the level of the risk is open for discussion, it is generally accepted that radia-
tion adds lifetime risk in development of malignancies'’. In our study, using the BEIR VII
methodology, we calculated an added lifetime tumour risk of 0,17% and a mortality risk
of 0,08% due to the exposed radiation. However, these values are crude estimates since
risks of medical imaging at effective doses below 50 mSv for single procedures are too low
to be detected'. These figures may appear high but may well be even higher since these
numbers are only based on the single initial CT scan on admission. In reality some patients
even underwent more radiological imaging, e.g. for follow up, angiography, or CT scans
performed in referral hospitals prior to referral to our centre.

Conservative management regarding CT imaging of blunt abdominal trauma may increase
the risk of delay in the diagnosis of hollow viscus injuries. Despite the clinical suspicion,
diagnosis of hollow viscus injury is often delayed in children'. However, serial abdominal
examination is the most sensitive indicator of occult bowel injury, and the consequences
of a delayed diagnosis are unclear'. In combination with the limited sensitivity of CT scan
for hollow-viscus injury, the fear to miss such injury should not lead the attending surgeon
to perform CT scan unless suspicion persists on repeated physical examinations combined

15,16

with laboratory findings

Algorithms such as the Blunt Abdominal Trauma in Children score (BATIC), using only
readily available serum markers and ultrasonography, produce a negative predictive value
for intra abdominal lesions of 97% resulting in a reduction of CT imaging and hospital
admission of 67%"”. However, this scoring system has not been validated prospectively in
a large series yet.
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Although the present series is a relatively small, retrospective single centre study, the results
emphasise the need for development of new diagnostic algorithms for blunt paediatric
abdominal injury. We strongly suspect that careful monitoring of hemodynamic parameters
combined with repeated physical examination, (repeated) ultrasound imaging and blood
analysis can postpone and thereby reduce the need for CT imaging. This will lead to lower
radiation exposure and eventually to lower radiation associated morbidity and mortality.
The benefits of early injury diagnosing by CT scan probably do not outweigh the risks of
radiation exposure. The results of our data suggest that the use of CT scans can largely be
avoided in hemodynamically stable children with blunt abdominal injury.

The purpose of this paper is to increase the awareness of the risks associated with radiation
exposure in children. We realize that the numbers in the present series are estimations, but
with these data in mind our message can be summarized in: look before you leap (to the
CT scanner).



The use of CT scan in hemodynamically stable children with blunt abdominal trauma

REFERENCES

1.

Gaines BA, Ford HR. Abdominal and pelvic trauma in children. Crit Care Med. 2002 Nov;30(11
Suppl):S416-23. Review.

McVay MR, Kokoska ER, Jackson RJ, et al. Throwing out the “grade” book: management of
isolated spleen and liver injury based on hemodynamic status. J Pediatr Surg. 2008 Jun;43(6):
1072-6.

Retzlaff T, Hirsch W, Till H, et al. Is sonography reliable for the diagnosis of pediatric blunt
abdominal trauma? J Pediatr Surg. 2010 May;45(5):912-5

Nellensteijn DR, ten Duis HJ, Oldenziel J, et al. Only moderate intra- and inter-observer agree-
ment between radiologists and surgeons when grading blunt paediatric hepatic injury on CT
scan. Eur J Pediatr Surg. 2009 Dec;19(6):392-4. Epub

Committee to Assess Health Risks from Exposure to Low Levels of lonizing Radiation, National
Research Council, National Acadamy of Science. BEIR VII, 2005, june.29
Signaleringscommissie Kanker van KWF Kankerbestrijding. Signaleringsrapport ‘De kans op
kanker. Bewerking van cijfers NKR en CBS 1999-2003".Amsterdam, interne rapportage KWF
Kankerbestrijding, 2007.

Stylianos S. Evidence-based guidelines for resource utilization in children with isolated spleen
or liver injury. The APSA Trauma Committee. J Pediatr Surg. 2000 Feb;35(2):164-7; discussion
167-9.

Ochsner MG. Factors of failure for nonoperative management of blunt liver and splenic inju-
ries. World J Surg. 2001 Nov;25(11):1393-6. Review

Davies DA, Ein SH, Pearl R, et al. What is the significance of contrast “blush” in pediatric blunt
splenic trauma? J Pediatr Surg. 2010 May;45(5):916-20.

van der Vlies CH, Saltzherr TP, Wilde JC, et al. The failure rate of nonoperative management in
children with splenic or liver injury with contrast blush on computed tomography: a systematic
review. J Pediatr Surg. 2010 May;45(5):1044-9. Review.

Schenkman L. Radiology. Second thoughts about CT imaging. Science. 2011 Feb 25;331(6020):
1002-4.

Shah DJ, Sachs RK, Wilson DJ. Radiation-induced cancer: a modern view. Br J Radiology 2012;
85:e1166-73

Albanese CT, Meza MP, Gardner MJ, et al. Is computed tomography a useful adjunct to the
clinical examination for the diagnosis of pediatric gastrointestinal perforation from blunt
abdominal trauma in children? J Trauma. 1996 Mar;40(3):417-21

Letton RW Jr, Worrell V, Tuggle DW. American Pediatric Surgical Association Committee on
Trauma Blunt Intestinal Injury Study Group. Delay in diagnosis and treatment of blunt intestinal
perforation does not adversely affect prognosis in the pediatric trauma patient. J Trauma. 2010
Apr;68(4):790-5.

Allen GS, Moore FA, Cox CS Jr, et al. Delayed diagnosis of blunt duodenal injury: an avoidable
complication. J Am Coll Surg. 1998 Oct;187(4):393-9.

Venkatesh KR, McQuay N Jr. Outcomes of management in stable children with intra-abdominal
free fluid without solid organ injury after blunt abdominal injury. J Trauma. 2007 Jan;62(1):
216-20.

Karam O, Sanchez O, Chardot C, et al. Blunt abdominal trauma in children: a score to predict
the absence of organ injury. J Pediatr. 2009 Jun;154(6):912-7. Epub 2009 Feb 23

45






Chapter 4

The diagnostic yield of repeat CT scan
after transfer to a tertiary care center for
pediatric abdominal injury: little novel
information but an increased cancer risk

DR Nellensteijn, TH van Zwieten, MJW Greuter,
R van Baren, HJ ten Duis, JBF Hulscher






The diagnostic yield of repeat CT scan after transfer to a tertiary care center for pediatric abdominal injury | 49

INTRODUCTION

CT scan is considered the gold standard for abdominal injury. This holds true for both
adults and children. It is readily available, quick and has a high sensitivity and specificity
for abdominal injury. However, even when following the As Low As Reasonably Achievable
(ALARA) principle, CT scans involve a large radiation dose, which is associated with an
increased cancer risk. Children are more vulnerable for radiation than adults. Reducing the
amount of radiation is therefore important, especially in the pediatric population.

In the Netherlands, most children who sustain blunt abdominal trauma are admitted to
a regional hospital. These centers are well capable of diagnosing and treating most non-
life threatening injuries. When more serious injury is suspected, e.g. injury to the liver or
the pancreas, children are — after being stabilized - subsequently transferred to one of
the pediatric trauma centers. Often the diagnostic workup has been completed by the
transferring center, including CT scans. This workup is sometimes considered inadequate,
for various reasons, leading to repeat CT scans. This doubles the dose of radiation, and
subsequently increases the cancer risk even further. Aim of the present study was to analyze
the diagnostic yield of these “repeat CT scans” and to calculate the associated increase in
cancer risk in hemodynamically stable children with suspected blunt intra-abdominal injury.

PATIENTS AND METHODS

We performed a retrospective analysis of all children transferred to the University Medical
Center Groningen for blunt intra-abdominal injury. The University Medical Center Gronin-
gen (UMCG) is a Dutch level 1 trauma center covering the north-east of the country. Charts
of all pediatric patients (<18 years of age) that were transferred to the UMCG between
2000 and 2009 for treatment of blunt abdominal trauma within 24 hrs after initial pre-
sentation were retrospectively reviewed, using the prospective trauma database. Patients
who underwent a repeat CT scan upon admission in our center, within 24 hours after the
accident, were subsequently included in the present study. Patients that underwent surgery
before transfer were excluded, just as patients that were transferred for other injuries (e.g.
brain injury)

Main endpoint was diagnosis before and after repeat CT.

Computation of radiation risk

We used the Dose Length Product (DLP) to calculate the Effective Dose (ED) from the
original CT scans. If no DLP was available the ED was estimated on the basis of the used
CT protocol and the patient dosimetry calculator CTDosimetry (version 1.0.3.) developed
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by ImPACT." Because hospitals use different CT scanners with different scanning protocols,
the mean ED from the CT scans made by the transferring hospitals were compared with the
mean ED from the CT scans made in the UMCG. The associated risk for tumor induction
was estimated using the BEIR VII methodology on the basis of sex, age at each exposure
and calculated ED”

In the UMCG, CT scans were performed using the CT scanners mentioned in table 1. In
all cases a formal multi-phase CT was performed, with early and late (arterial and venous
phase) intravenous contrast, using Visipaque 320 (Amersham Health) 2.5 ml/kg body-
weight. Arterial phase was scanned in most cases around 20 seconds and venous phase
around 60 seconds after injection of the contrast.

Table 1: Types of CT scanner used in the present study

Type CT scanner Number of patients
Siemens Sensation 64 slice 8
Philips SR 4000 2

Dual Source Definition 1

Siemens Sensation 16 slice 1

Statistics

Continuous variables were compared using Student’s T test or Mann Whitney U test as ap-
propriate. Categorical variables were compared using Chi Square statistics or Fisher Exact
test. All calculations were performed using the SPSS statistical software package, version
16.0

RESULTS

Between 2000 and 2009, 45 hemodynamically stable patients were transferred to the
UMCG for abdominal injury after blunt abdominal trauma. There were 27 boys and 18 girls
with a median age of 10 years, range 2-17 years. 12 of these 45 patients (27%) underwent
a repeat CT scan after transfer to the UMCG. The population is further described in table 2.
There were no significant differences between patients who underwent a repeat CT and
those who did not regarding severity of injury, type of treatment and outcome. (see table 2)

It turned out to be very difficult to retrospectively analyze the indications for repeat CT
scan. After analysis of the scans from the referral hospital by the radiologist and the at-
tending surgeon, imaging was considered inadequate (e.g. no intravenous contrast) in
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Table 2: Patient and treatment characteristics of hemodynamically stable patients who did not and
patients who did undergo repeat scan after transfer for abdominal trauma

Descriptive parameters No repeat CT1 (N= 33) Repeat CT (N= 12)

N= 45

Blood pressure (mmHg):  Systolic: Diastolic: Systolic: Diastolic:
117 (95-145) 63 (45-88) 115 (84-145) 65 (40-85)

Pulse rate 108 (71-165) 100 (71-140)

Hemoglobin levels 7.0 (4.4-8.8) 6.8 (6.2-8.5)

ICU3 stay (days) 1(0-8) 2 (0-6)

Hospital stay (days) 13 (1-59) 10 (1-20)

ISS4 Total 9 (0-21) 9 (4-50)

AlS abdominal 9 (0-16) 4 (0-16)

Mortality 0(0%) 1(8%)

Radiologic intervention NOM: 23 (70%) NOM: 9 (75%)

(NOMS5, ANOM6, OM7)  ANOM: 5 (15%) ANOM: 1 (8%)
OoM: 5(15%) OM: 2 (16%)

1Computed Tomography, 2Standard Deviation, 3Intensive Care Unit, 4Injury Severity Score, 5Non-Oper-
ative Management, 6Assisted Non-Operative Management, 7Operative Management

Non operative management (NOM) combined with radiological (percutaneous) interventions such as
ERCP or Selective Arterial Embolisation (SAE) or was described as Assisted Non Operative Treatment
(ANOM)

three patients, one patient underwent a total body scan for multiple injuries, and in eight
cases the exact reasons could not be retrieved. In eleven cases (92 %) there was no change
in diagnosis or management. In one case (8%) a splenic artery blush was found upon
review of the scan from the referring center (which had not been noted prior to referral).
This was confirmed by a repeat CT, and the splenic artery was subsequently embolized.
There were no additional diagnoses, nor was there any change of management.

The mean ED from the CT scans made in the referring hospitals was 11.21 mSv (range 3.0
to 26.0 mSy, SD= 7.56). The mean ED from the CT scans made in the UMCG was 11.50
mSv (range 1.1 to 20.5, SD= 7.10). No significant difference was found in mean ED from
CT scans between the referring hospitals and the UMCG (p= 0.38). The mean ED from the
repeat CT scans in the UMCG, 11.50 mSy, range 1.1 to 20.5, correlates with an estimated
mean risk for tumor induction of 0.28%, range 0.04% to 0.61%.

The onset of a radiation induced malignancy due to exposure in infants will presumably
present before the age of 40.The risk of developing any form of malignancy before the
age of 40 in the Netherlands is 1.67%.? An absolute risk increase of 0.28% due to one CT
scan therefore implies a relative risk increase of 16,8% to develop any form of malignancy

before the age of 40.
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DISCUSSION

The present study challenges the use of repeat CT scans in hemodynamically stable children
transferred for blunt abdominal trauma. While only one quarter of transferred patients un-
dergoes repeat CT scan, diagnosis and treatment is rarely affected or altered. In over 90%
of patients who undergo repeat CT scan there is no change in management, while there
is a 17% relative risk increase to develop any form of malignancy before the age of 40.

Despite the use of the As Low As Reasonably Achievable principle, pediatric patients are
still at a higher risk for the development of radiation associated injuries when compared
to adults because of several reasons: 1) fast dividing cells are more sensitive for ionizing
radiation, 2) children have a longer life expectancy resulting in a longer time period to
develop malignancies due to radiation and 3) children can receive a too high dose when
settings are not adjusted to weight and age of the child.[3] Therefore, the use of CT scan
in children should be considered even more carefully than in adults.

The American Pediatric Surgical Association (APSA) guidelines describe a clear role for CT
grading of hepatic and splenic injuries in the management of these injuries in hemody-
namically stable children, mainly regarding admission times to the ICU and hospital.*

Most hemodynamically stable pediatric patients who have sustained blunt trauma to the
parenchymatous organs of the abdomen can be managed non-operatively, even in the
more severe cases.*> However, the grading of these injuries by CT scan has never been
validated.® Although higher injury grades appear to induce a higher risk of for (surgical or
radiological) intervention, previous studies have shown a poor correlation between the CT
grade of injury and the outcome of NOM in hemodynamically stable children.® A recent
study from our center suggested only a low to moderate inter- and intra observer variation
in grading liver and splenic injuries by CT.” In our center the APSA guidelines are therefore
abandoned. We feel that more precise grading of injury has no clinical consequences and
is therefore no indication for a repeat CT scan.

Might there be another reason to perform a (repeat) CT scan besides grading of injury? In
the present series, the NOM strategy does not change after repeat CT scan and there was
no difference in ICU and hospital stay between patients that underwent a repeat CT scan
and those who did not.

Non operative management of blunt abdominal trauma may increase the risk of delay in
the diagnosis of hollow viscus injuries. Diagnosis of hollow viscus injury is often delayed
in injured children. However, the consequences of a delayed diagnosis are unclear. Serial
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abdominal examination is the most sensitive indicator of occult bowel injury and CT scan
has a relatively low sensitivity for detecting hollow-viscus injury.2*'® The fear to miss such
injury should not lead the surgeon caring for these children to perform a (repeat) CT scan.

One might argue that in the hemodynamically stable child the referring hospital should
refrain from performing a CT scan. The decision to transfer the patient to a tertiary care
facility can be made upon the findings of free fluid or suspicion of injury to the parenchy-
matous organs on ultrasound. After transfer, the decision to perform a CT scan should be
made by the attending trauma-/pediatric surgeon, however this discussion is beyond the
scope of this article.

The present series has several limitations. It is a small, single center study, ranging over a
decade. Nonetheless, we strongly feel that the current practice in our institution is a very
common one, as clinicians caring for injured children always tend to err on the safe side.
The present paper suggests that erring on the safe side is not as safe as it appears: dou-
bling the radiation dose due to repeat CT scans in hemodynamically stable children with
abdominal trauma offers little novel information yet exposing the patient to a potential
threat.
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ABSTRACT

Background

The aim of this study is to validate the use of the Blunt Abdominal Trauma in Children
(BATIC) score. The BATIC score uses only readily available laboratory parameters, ultra-
sound results and results from physical examination, and does therefore not carry any risk
of additional radiation exposure.

Methods

Data of pediatric trauma patients admitted to the shock room between 2006 and 2010
were retrospectively analyzed. Blunt abdominal trauma was defined radiologically or
surgically. The BATIC score was computed using 10 parameters: abnormal abdominal
ultrasound, abdominal pain, peritoneal irritation, hemodynamic instability, ASAT >60 U/,
ALAT >25 U/l, WBC >10 x109/I, LDH >330 U/l, amylase >100 U/I and creatinine >110
umol/l. Sensitivity, specificity, NPV and PPV were computed. Missing values were replaced
using multiple imputation and BATIC scores were calculated based on imputed values.

Results

Included were 216 patients, 144 male, 72 female, median age 12. 18 patients (8%) sus-
tained abdominal injury. Median BATIC scores of patients with and without intra-abdominal
injury were 9.2 (6.6 -15.4) and 2.2 (0.0 -10.6) resp. (p < 0.001). When the BATIC score is
used with a cut-off point of 6, the test showed a sensitivity of 100% and a specificity of
87%. Negative and positive predictive values were 100% and 41% resp. The AUC was
0.98.

Conclusions

The BATIC score can be a useful adjunct in the assessment of the presence of abdominal
trauma in children, and can help determine which patients might benefit from a CT scan
and/or further treatment and which might not.
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INTRODUCTION

In children, the Computed Tomography (CT) scan is by many considered the gold standard
for assessment of intra-abdominal injury in hemodynamically stable patients’. Initial assess-
ment of pediatric trauma patients with CT permits accurate detection of intraperitoneal
and extraperitoneal fluid or hemorrhage. Furthermore, it can detect and quantify severity
of injuries to solid and hollow organs.

Computed tomography however has multiple disadvantages®*. Radiation has severe long-
term risks®, especially in children®. The ratio of the risk of any abdominal or pelvic cancer
occurring due to a single CT examination to the risk of a naturally occurring cancer over the
lifetime in a child is estimated to be 2:1000 to 3:1000*°. The younger the child, the higher
the estimated risk*®. Furthermore, in > 90% of the cases, a CT-scan does not influence
the choice of treatment, especially in the era of non-operative management of injuries to
the parenchymatous organs’. CT imaging has never been validated for grading abdominal
injuries in children, and intra- and interobserver variation are significant®. Transport of the
patient to and from the CT-scan can be dangerous and timeconsuming and CT diagnostics
are costly®. The use of procedural sedation in restless pediatric patients undergoing CT can
also propose risks.

Given these disavantages, a non-invasive scoring system for the presence or absence of
intra-abdominal injury, using only readily available parameters, can be of clinical impor-
tance. To this end, Karam et al. devised the BATIC score'®. This score can be calculated using
readily available parameters such as physical examination findings, abdominal ultrasound,
and routine laboratory parameters. Karam et al described promising results (with a negative
predictive value of 97%. In this study, we validated the score in a larger cohort of pediatric
trauma patients and evaluated its generalisability to an independent sample of new patients.

METHODS

Included were all consecutive pediatric trauma patients (<18 years of age) who were
admitted to the shock room of the University Medical Centre Groningen (UMCG) between
April 2006 and September 2010. The UMCG is a level | trauma centre covering the north of
the Netherlands. Patients are admitted to the shock room when serious injury is suspected
based on vital signs, clinical suspicion or (high-energy) trauma mechanism.

Excluded were all patients that sustained penetrating trauma, patients not primarily admit-
ted to our hospital, and patients with 5 or more missing BATIC variables (out of 10).
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Table 1: Shows the construction of the BATIC score by both studies. The total BATIC score is calculated by
summing the points of each item. *Differences can be found with regard to WBC, lipase and creatinine.

WBC* WBC > 9.5 g/l WBC > 10x 109/ 1
LDH LDH > 330 1U/I LDH > 330 U/l 1
Lipase (Amylase)* Lipase > 30 1U/I Amylase > 10 1U/I 1
Creatinine* Creatinine > 50 mcg/l Creatinine > 110 ymol/I 1

All data were generated from a prospective trauma database. Clinical and routine labora-
tory outcomes were used for analysis.

BATIC scores were retrospectively computed as follows. See also table 1. Patients with
abnormal ultrasound findings were given 4 points. Abnormal ultrasound findings were
defined as: free fluids or injuries to hollow or visceral organs. Ultrasound examinations
were performed and examined by a radiologist or a senior resident. Presence of abdominal
pain and peritoneal irritation on physical examination were both given 2 points. Two points
were added if hemodynamic instability occurred. Aspartate aminotransferase (ASAT) > 60
U/l and alanine aminotransferase (ALAT) > 25U/L both accounted for 2 points. One point
was given to all of the following laboratory findings: white blood cell count (WBC) > 10
x 109 /I, Lactate dehydrogenase (LDH) > 330 IU/I, amylase > 10 IU/I and creatinine > 110
pmol/l. Three parameters differ from the original score’ and were altered due to the fol-
lowing reasons. WBC concentration was changed from g/l to WBC count/l, since our center
uses this as a standard (WBC > 10 x 109 /| is considered abnormal). For serum creatinine a
different cut-off point was used as this was the standard used in our center. Creatinine >
110 pmol/l was considered abnormal, where Karam et al. considered creatinine > 50 mcg/I
as abnormal. Serum lipase is not routinely determined in our center and thus replaced
by amylase (amylase > 10 1U/I is considered abnormal). An overview of changes is shown
in table 1. In the shock room, all laboratory values are available within one hour after
obtaining the samples.

The total BATIC scores were computed by summing the points of each item. The scores
range from 0-18, with higher values indicating a greater likelihood of the presence of intra-
abdominal injury. These scores were correlated to the absence or presence of abdominal
injury in patients. In our center, it is common practice to perform a CT scan of the abdomen
and pelvis in case of an abnormal abdominal ultrasound, highly suspect injuries (e.g. blunt
abdominal trauma with the presence of a seatbelt sign) and head injury necessitating CT
scan. Abdominal injury was therefore defined as the presence of intra-abdominal injury
on CT scan or during surgical intervention. Patients who did not undergo an abdominal
CT scan and had an asymptomatic clinical course were considered not to have abdominal
organ injury.
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CT costs were acquired from the Dutch DBC (DRG) system. This is a predefined average
care package, which is applied with a fixed price when a specific diagnosis occurs. The cost
of a single CT scan is €148.

STATISTICS

Data was processed using PASW Statistics 18. Missing values were replaced using multiple
imputations (5 imputations) and BATIC scores were calculated based on imputed values.
The average BATIC score was calculated across these imputations.

Categorical data were presented as counts and percentages. Normally distributed data
were summarized as mean and standard deviation (SD) whereas continuous data with a
non-normal distribution were expressed as median and range. Chi square test was used
to compare categorical data. Normally distributed continuous variables were compared
using Student’s t test. The Mann Whitney U test was used to compare continuous data
with a nonparametric distribution. All tests were two sided, and a p-value of < 0.05 was
considered statistically significant.

Sensitivity, specificity, negative predictive value (NPV) and positive predictive value (PPV)
were computed. A receiver operating characteristic curve (ROC- curve) was constructed to
determine the optimal cut off point for the presence of intra-abdominal injury. The optimal
cut off point was based on the highest sensitivity and specificity combined. The area under
the curve (AUC) was calculated to assess the discriminative power of the BATIC score.

RESULTS

Patient characteristics

A total of 272 patients were admitted between April 2006 and September 2010. Excluded
were 56 patients on the basis of penetrating trauma mechanisms (4), no primary admission
to the UMCG (15) or missing of more than 5 variables (37). Patient characteristics, such as
gender, ISS, length of stay (LoS) and mortality did not differ significantly between included
and excluded patients. The only variable that varied significantly between both groups was
age, with a median of 11.5 (0-17) in included group vs. 5.5 (1-17) in the excluded group
(p =0.001).

216 patients were included for analysis, of which 144 male and 72 female. The median
age was 12 years (range 0-17). Trauma mechanisms included pedestrians struck (15.3%),
falls from height (27.8%), motor vehicle crashes (14.4%), motorcycle crashes (19.9%)
and bicycle crashes (16.7%), and miscellaneous mechanisms (6.0%). 18 patients (8.3%)
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Table 2: Patient characteristics

Total group No abdominal injury Abdominal injury p-value
N=216 N=198 N=18

Sex 144M (67 %) 131M (66%) 13M (72%) 0.60
Age (years) 12 (0-17) 12 (0-17) 12 (3-17) 0.70
ISS 9 (0-75) 9 (0-75) 16 (1-66) 0.02*
LoS Hospital (days) 2.6 (0.0-93.0) 1.9 (0.0-89.5) 9.1 (0.0-93.0) <0.01*
LoS ICU (days) 0.0 (0.0-42.8) 0.0 (0.0-42.8) 0.0 (0.0-38.0) 0.160
Mortality (%) 5.6 5.1 1.1 0.28
Ultrasound performed 31/216 (14.4%) 18/198 (9.1%) 13/18 (72.2%) <0.01*
Abdominal pain 120/216 (55.6%) 103/198 (52.0%) 17/18 (94.4%) <0.01*
Peritoneal irritation 41/216 (19.0%) 36/198 (18.2%) 5/18 (27.8%) 0.045*
Hemodynamic instability 21/216 (9.7 %) 14/198 (7.1%) 7/18 (38.9%) <0.01*
ASAT (IU/L) 42 (8-1990) 40 (8-450) 162 (40-1990) <0.01*
ALAT (IUL) 20 (4-1237) 20 (4-419) 101 (15-1237) <0.01*
WBC (10 x 109 /L) 11(2-41) 10 (2-41) 13 (2-22) <0.01*
LDH (1U/1) 297 (58-1655) 294 (58-875) 431 (223-1655) <0.01*
Amylase (IU/L) 59 (7-992) 58 (7-334) 99 (41-991) <0.01*
Creatinine (umol/L) 50 (15-115) 50 (15-115) 55 (30-105) 0.16
BATIC score 2.4 (0.0-15.4) 2.2 (0.00-10.60) 9.2 (6.60-15.40) <0.01*

P-values were computed comparing the columns: ‘No abdominal injury’ and ‘Abdominal injury’ Median
and range are shown for variables as applicable.

sustained abdominal injury. ISS was significantly higher in patients who sustained intra-
abdominal injury, 16.0 (1-66) vs. 9.0 (0-75) (p=0.02), see table 2. Abdominally injured
patients stayed in the hospital for a longer period of time, 9.1 (0-93) vs. 1.9 (0-89.5) days
(p<0.01). The length of stay in the ICU did not differ significantly between abdominally
and non-abdominally injured patients, 0.0 (0-38) vs. 0.0 (0-43) resp. (p=0.16). Mortality in
patients with and without abdominal injuries was 11.1% and 5.1% respectively. This is not
statistically significant (p=0.28).

Most prevalent sustained injuries were ruptures of the spleen (7) and/or liver (7), perfora-
tions of the small intestines (3) or damage to the kidneys (2). Injuries to diaphragm (1),
bladder (1) and pancreas (1) occurred incidentally. Computed tomography of the abdomen
was performed in 34 patients. Intra-abdominal injury was seen in 17 of these scans. In one
patient, a jejunal perforation was missed on CT but diagnosed during laparotomy 24 hours
after admission. Within the group that sustained abdominal injury, 7 out of 18 patients
required surgical intervention (OR). Apart from the jejunal perforation mentioned above, no
additional injuries were seen during laparotomy. All patients observed without imaging were
available for follow-up and did not propose any clinical suspicion of intra-abdominal injury.
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Table 3: BATIC variables before imputations

Total group No abdominal ~ Abdominal injury ~ p-value  Missings
N=216 injury N=18
N=198
Ultrasound 11/195 (6%) 0/179 (0%) 11/16 (69%) <0.01* 21
Abdominal pain 33/113 (29%) 24/104 (23%) 9/9 (100%) <0.01* 103
Peritoneal irritation 6/166 (4%) 3/151 2%) 3/15 (20%) <0.01* 50
Hemodynamic instability 7/185 (4%) 3/170 (2%) 4/15 (27 %) <0.01* 31
ASAT 41 (8-1990) 38 (8-450) 162 (40-1990) <0.01* 14
ALAT 20 (4-1237) 20 (4-419) 101 (15-1237) <0.01* 8
WBC 11 (2-41) 10 (2-41) 13 (2-22) <0.01* 21
LDH 290 (58-1655) 286 (58-780) 490 (223-1655)  0.047* 131
Amylase 54.0 (7-334) 52.5 (7-334) 71.5 (41-188) <0.01* 58
Creatinine 50 (15-115) 50 (15-115) 52.5 (30-105) 0.215 5
BATIC score 2 (0-13) 1(0-8) 8 (5-13) <0.01* -

P-values were computed comparing the columns: ‘No abdominal injury” and ‘Abdominal injury’

When assessing the difference in laboratory findings (ALAT, ASAT, WBC, LDH, Amylase and
Creatinine) between the abdominally and non-abdominally injured groups the abdomi-
nally injured group shows significantly higher values for all variables except for creatinine.
Abnormal ultrasound findings, abdominal pain, peritoneal irritation and hemodynamic in-
stability all occurred significantly more often in the abdominally injured group, see table 2.

Of 2160 data points used to calculate BATIC values, 18.5% (400) were based on imputation,
see table 3. Median BATIC scores of patients with and patients without intra-abdominal
injury were 9.2 (6.6 -15.4) and 2.2 (0.0 -10.6) resp. (p < 0.001). The median BATIC score
in the operatively (OR) treated group was 11.6, and 8.1 in the non-OR group (p= 0.174).
Figure 1 shows the distribution of BATIC scores and the percentage of patients with
abdominal injury per BATIC score. When a BATIC score with a cut-off point of 6 (> 6
is considered abnormal) is used, the sensitivity was 100% and the specificity was 87%.
Negative and positive predictive values were 100% and 41%, respectively. When the score
is used with a cut-off point of 7, the sensitivity was 89% and the specificity was 94%. The
negative and positive predictive values were 99% and 59%, respectively. The area under
the ROC-curve was 0.98 (figure 2). When we performed this analysis in only those patients
who underwent imaging, results were similar (data not shown).

An overview of statistical values of both cut-off points is shown in table 4. The level of

evidence was |I.

When a BATIC cut-off value of 6 would have been used, 16 of the 34 performed abdomi-
nal CT scans (47 %) could have been avoided. When a cut-off value of 7 would have been
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Figure 1: Percentage of patients with abdominal injury per BATiC score.
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Figure 1 shows the distribution of patients among the different BATIC scores. Furthermore the percent-
age of abdominally injured patients per BATIC score is displayed.

Figure 2: ROC curve
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The ROC curve displays the relation between sensitivity and specificity for different cut-off points. For ev-
ery cut-off point of the BATIC score, a corresponding sensitivity and specificity value can be determined.
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Table 4: Comparing BATIC cut-off points

BATIC cut-off: 6 BATIC cut-off: 7
NPV 100% 99%
PPV 41% 59%
Sensitivity 100% 89%
Specificity 87% 94%
AUC 0.98 0.98

used, 19/34 (56%) would have been unnecessary in the present cohort. This would have
led to a decrease in healthcare costs of €2368 or €2812 resp.

DISCUSSION

The present series confirmed the usefulness of the BATIC score in a large cohort of 216
pediatric trauma patients. Sensitivity and specificity were around 90% depending on the
chosen cut-off value, with negative predictive values > 99%. BATIC therefore seems to be
able to reliably rule out intra-abdominal injury. A method of ruling out intra-abdominal
injury rather than confirming its presence has greater clinical value in our opinion®'". A
positive score indicating the presence of intra-abdominal injury would inevitably lead to a
subsequent CT-scan.

CT scans still play an important role in the diagnosis of intra-abdominal injuries'?. However,
CT scans are associated with a relatively high radiation exposure and subsequent radia-
tion risk. As most hemodynamically stable pediatric patients with parenchymatous injury
are treated non-operatively and CT scanning is not able to grade the extent of injury
reliably and therefore rarely leads to change in management®, the use of CT scan as the
gold standard might be questioned. The BATIC score may help in differentiating between
patients that need CT and patients that do not. This way, the BATiC score can help reduce
the amount of unnecessary CT scans, reducing radiation and thereby radiation induced
cancer incidence and lastly costs.

When BATIC scores are < 6, none of the patients have intra-abdominal injury in this series.
When BATIC scores are < 7, 99% of the patients will not have intra-abdominal injury. This
taken together with the suggestion that repeated abdominal examination by the same
physician might be the best diagnostic tool for diagnosing intra-abdominal injury, and that
a late diagnosis often does not necessarily influence outcome, suggests that in patients
with a BATIC score < 6, CT scans could be avoided altogether. This would lead to a 47%
reduction in CT scans.
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In the abdominally injured group CT-scans led to a change in management in 1 of the
18 patients (6%). The CT-scan showed intra-abdominal air and during laparotomy a je-
junal perforation was observed. Initially this patient was hemodynamically instable but
responded to fluid resuscitation with no abnormalities during ultrasonography. The BATIC
score would have been 8 indicating likelihood of the presence of intra-abdominal injury
and justifying a CT-scan. The indication for laparotomy or embolization in the other 6
patients requiring intervention was based on hemodynamic instability. CT-scans aided in
targeting the treatment. CT-scans missed one jejunal perforation for which laparotomy
was performed based on hemodynamic instability, which developed a few hours after
admission. The BATIC score was designed to rule out abdominal injury. When a patient has
a BATIC score < 6, a CT-scan seems unnecessary.

1" The blood tests used in

The BATIC score was based upon the original score by Karam et a
the original article were shown, among others, to have the strongest power to discriminate
between patients with and without abdominal injuries. Furthermore they were deemed
part of the standard workup in most emergency departments. However, this study uses a
slightly altered protocol. Scores of WBC and creatinine were based on other reference val-
ues (those used in our center) and lipase was replaced by amylase as lipase is not routinely
measured in our center.

The fact that lipase was used instead of amylase, might limit the BATiC score since Karam
et al. showed a more significant predictive value for lipase. When looking at the data, cre-
atinine seems strikingly less important in our analysis. In this series only 1 patient showed
an abnormal value. This patient sustained no abdominal injury. The origin of this finding
might lay in the fact that creatinine is not a very specific marker for any abdominal organ.
Holmes et al recently published a prediction rule consisting of 7 patient history and physical
examination variables without blood tests or ultrasonography''. This algorithm was tested
in over 12.000 patients, and is an ever further step towards minimizing diagnostic proce-
dures in children, especially as these variables are available in any emergency room around
the world. However, while their results are very promising, some of the missed diagnoses
in their cohort may not have been missed when utilizing FAST and blood tests'*'®. FAST
has a relatively low sensitivity, but a high specificity for abdominal injury'”'®. The strong risk
stratifying capacity, combined with the added benefits of being fast, cheap, non-invasive
and readily available in most emergency rooms, suggests that ultrasonography is an im-
portant adjunct in the care for children with suspected intra-abdominal injury. It would be
of great interest to compare the BATIC with the Holmes algorithm in a prospective study.
When comparing our population to the population of Karam et al. a difference in prevalence
of abdominal injury is observed. Karam et al. reported 31/147 (21.1%) having sustained
abdominal injury whilst our population consisted of 18/216 (8.3%). When taking this into
account a higher NPV and lower PPV can be expected in our population based on a lower
prevalence of abdominally injured patients.



External validation of the Blunt Abdominal Trauma in Children (BATIC) score

Since this was a retrospective analysis, it was inevitable that data was not complete. This
is why multiple imputations were used, to give a more reliable view on the scores. When
assessing the values before imputations however, similar conclusions can be drawn (table
3). However, the necessity to use imputations does limit the accuracy of the conclusions
to some extent. The retrospective nature furthermore limits the possibility of assessing
uniformity in parameters such as hemodynamic stability. Further prospective studies into
the use of the BATIC score are needed to further validate this as a screening tool for
intra-abdominal injury.

In the present era, CT scan will remain the gold standard for diagnosing intra-abdominal
injury. To avoid unnecessary CT scans and subsequent radiation risks and costs, the BATIC
score seems a reliable tool to assess the presence of intra-abdominal injury. When BATIC
scores are < 6, CT scan seems unnecessary.
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ABSTRACT

Introduction

Blunt abdominal traumas present a diagnostic challenge. A specific marker for abdominal
injury would be a valuable diagnostic asset. Liver Fatty Acid Binding Protein (L-FABP) is
present in liver, kidney, pancreas and the intestines. Serum levels of L-FABP may thus be a
marker for severity of injury and/or of intra-abdominal injury

Aim of this study was to establish kinetics of L-FABP plasma levels in multi-trauma patients.
Secondary aim was to gain insight into the relation of L-FABP levels with the severity of
injury and presence of intra-abdominal injury.

Patients/Methods

Prospective study including all consecutive adult patients admitted to the shock room with
suspicion of multitrauma. Blood samples for L-FABP ELISA were obtained upon arrival (T0),
and subsequently three (T3), six (T6), nine, 12 and 24 hours after trauma. L-FABP levels
were correlated with clinical data, e.g. shock index, emergency trauma score (EMTRAS),
Abbreviated Injury Score (AIS), Injury Severity Score (ISS), length of (ICU) stay and mortality.

Results

In 56 patients (46M, 10F, median age 46 years, median ISS of 17) median L-FABP plasma
concentration was elevated on admission and decreased to normal levels within 9 hours.
Half life time was just over three hours. Initial L-FABP levels correlate with ISS, abdominal
AIS, EMTRAS, shock index, ICU stay and mortality. The five abdominally injured patients
had higher median L-FABP levels at TO, T3 and T6.

Conclusion

Based on these results L-FABP can be seen as marker for injury severity, possibly specifically
for presence of abdominal injury.
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INTRODUCTION

Despite diagnostic and therapeutic advances, managing patients with blunt abdominal
trauma still present a clinical challenge. The mechanism of injury, physical examination,
hemodynamic status and several blood/serum analyses together with medical imaging help
the attending physician to form his judgment. Extensive diagnostic work-up of the patients
with potential abdominal injury often is time consuming and expensive. In addition, im-
aging techniques have limitations and are frequently operator or interpreter dependent.
Unnecessary imaging may even be harmful to patients due to radiation exposure or the
use of intravenous contrast. A specific serum marker for abdominal injury would be a
valuable addition to the diagnostic workup. It could save valuable time, and reduce costs
and unwarranted medical examinations.

Non operative management (NOM) of abdominal injuries is the treatment that is preferred
over operative treatment. However, certain multi-trauma patients do need an operation or
radiological intervention when deterioration occurs.! A sensitive indicator for such deterio-
ration would aid in the observation of the abdominally injured patient.

Fatty acid binding proteins (FABP) are small proteins (12-15 kDa) that are present in various
organs, including those of the abdomen and are involved in the intra cellular fat me-
tabolism. Nine different isoforms are known in the human body. For the trauma surgeon
probably the most relevant FABP’'s are I-FABP (intestinal) and L-FABP (liver). While I-FABP
is mainly present in the enterocytes of the small bowel, L-FABP is present in the liver, the
kidney, the pancreas and the small and large bowel. Tissue damage, due to injury and hypo
perfusion of the splanchnic region as result of hemorrhagic shock, induces cell disruption.
This leads to the release of FABP's into the systemic circulation. And as a result of their small
molecular mass, FABP’s might be subsequently rapidly excreted by the kidney. Due to its
wide expression in the internal organs, L-FABP might be a sensitive marker for abdominal
injury.

Several small studies suggest that | and L FABP may be a valuable adjunct to the diagnosis
of abdominal injury, with higher FABP levels upon admission to the emergency room in-
dicating the presence of intra-abdominal injury.** Aim of the present study is to establish
the kinetics of L-FABP in multi-trauma patients. Secondary aim is to gain insight into the
relation of L-FABP levels with the presence of intra-abdominal injury and the severity of
injury
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PATIENTS AND METHODS

Setting

The University Medical Centre Groningen is a Level | trauma centre covering the North of
the Netherlands. Annually, some 250 multi-trauma patients are admitted to the Emergency
Room, of which an estimated 10 to 20% will have intra-abdominal injury that may require
surgical or radiological intervention.

Patients

To ensure a representative trauma population, all adult patients (>18 years of age) admit-
ted to the Emergency Room of the UMCG were eligible when serious injury was suspected,
regardless of the type or extent of injury. The suspicion of serious injury was defined by
the mobilisation of the UMCG A-trauma team, consisting of, among others, a trauma
surgeon, an anesthesiologist, a radiologist and a neurologist. Upon admission, all patients
were treated according to the Advanced Trauma Life Support (ATLS) guidelines. All patients
therefore underwent X-rays of cervical spine, chest and pelvis. Ultrasonography of the ab-
domen was also performed in all cases. Computed Tomography (CT) scans were performed
as deemed necessary by the attending trauma team. Indications for abdominal CT were
the presence of free fluid or parenchymal injury on ultrasound or extensive concomitant
injuries to head, chest and pelvis. The presence of intra-abdominal injury was defined
by the presence of characteristic signs on ultrasound or CT scan or by intra-operative
findings. Only injury to the intra-abdominal organs or hollow visceral injury was considered
to be intra-abdominal injury, while fractures of the bony structures of the pelvis were not.
The group was subsequently divided into patients with and without abdominal injury.
Multivariate analysis was performed to establish the discriminating ability of L-FABP in
identifying abdominal injury.

All consecutive multi-trauma patients admitted in May and July 2010 were evaluated. This
prospective trial (NTR2211) that aims at evaluating the use of Fatty Acid Binding Proteins in
the diagnosis of abdominal trauma and the development of complications such as multiple
organ failure was approved by the Medical Ethical Committee of the University Medical Cen-
tre Groningen. Informed consent was obtained 48 hours after trauma from either patient or
patient proxy, using the procedure of informed consent as described in previous studies.>®
If patients were to be discharged before this timeframe, informed consent was obtained
before discharge. When informed consent was not obtained, samples were destroyed.

To assess the presence of shock, the Shock Index was computed.” We also calculated
the Emergency Trauma Score (EMTRAS), based on base excess, Glasgow Coma Scale and
prothrombin time as determined within 30 minutes of arrival to the ED.8 After discharge
from the hospital, the abdominal Abbreviated Injury Score (AIS) and the Injury Severity
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Score (ISS) were computed by a trained physician assistant according to the AAST 1998
updated revised organ injury scale.”'® Age, sex, Length Of Hospital Stay (LOHS), Intensive
Care Unit Stay (ICUS) and in hospital mortality were also registered.

Blood Processing

To determine the kinetics of L-FABP, blood samples were obtained upon arrival in the
emergency room (T0), and subsequently three (T3), six (T6), nine (T9), 12 (T12) and 24
(T24) hours after trauma. Thereafter daily blood samples were taken until surgery or until
discharge, whatever came first. Specimens were collected in pre-chilled ethylenediamine-
tetraacetic acid (EDTA) vacuum tubes (Vacutainer®). All samples were instantly processed
and centrifuged at 1500g at 4°C for 15 minutes. Afterwards the supernatant was trans-
ferred to fresh polypropylene tubes and stored at -80 °C until batch sample analysis.
Blinded specimens were used for duplicate measurement of L-FABP levels. A commercially
available Enzyme Linked Immunosorbent Assay (ELISA) kit (HK 404, Hycult Biotechnol-
ogy, Uden, the Netherlands) was used according to the manufacturers’ instructions. The
standardized undiluted detection limits were 100-25000 pg/ml. Samples were diluted until
the detectable window was reached. Plasma of healthy individuals contains approximately
12000 pg/ml L-FABP. Three healthy subjects without a medical history served as controls.

Statistics

Continuous variables were compared using Student’s t-test or Mann Whitney U-test as
appropriate. Categorical data were compared using Chi-square or Fisher Exact test. For
non-parametric correlations Spearman’s test was used.

A p-value of < 0.05 was considered statistically significant. The Statistical Software Pack-
age (SPSS 16.0) was used for all analyses.

RESULTS

Patients

Between May and July 2010 there were 62 eligible patients. Denial of informed consent
occurred in 1 patient and 5 patients were not enrolled for various reasons (see table 1).
Patient characteristics of those not enrolled did not differ from the study group. (Data not
shown)

There were 46 males and 10 females included in the study. Their median age was 46 yrs
(18-82). Five patients sustained one or more abdominal injuries: liver (4), spleen (2), and
duodenum (1). The median shock index of all patients was 0.79 (0.33-1.83), the median
EMTRAS was 3.5 (0-9) and the median ISS was 17 (1-75). The median abdominal AIS was
0 (0-5). The median LOHS was 7 days (1-72) and ICU stay was 1 day (0-65) Mortality was
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Table 1: Reasons for exclusion of study

N
No obtained informed consent 1
Dead on arrival 1
Invalid/lost or no samples taken 3
Age under 18 after initial inclusion 1
Total 6

Table 2: Characteristics of the abdominally versus non abdominally injured patients

Whole group Abdominally injured Non abdominally injured p-value

N 56 5 51 0.35
Age* 46 (18-82) 48 (38-82) 45 (18-79)

Sex 46 M 10 F 4M 1 F 42M 9F 0.35
ISS * 17 (1-75) 49 (17-59) 16 (1-75) 0.01
AIS abdomen* 0 (0-5) 4 (2-5) 0(0-2) 0.00
EMTRAS* 3.5(0-9) 4 (2-6) 3(0-9) 0.597
Shock index* 0.71(0.33-1.83) 0.86 (0.43-1.75) 0.69 (0.33-1.83) 0.19
LOHS* 7(1-72) 11 (1-29) 6 (1-72) 0.17
ICUS* 1 (0-65) 2(1-11) 1 (0-65) 0.085
Mortality 25% 40% 24% 0.42

Values are *median (range). ISS, Injury Severity Score. AlS, Abbreviated Injury Score. EMTRAS, Emergency
Trauma Score. LOHS, Length of hospital stay in days. ICUS, Intensive Care Unit Stay in days.

25%. These characteristics, also divided in those who were abdominally injured versus
those who were not, are depicted in table 2.

L-FABP kinetics

Blood for the TO sample (arrival in Emergency Room) was obtained after a median of 54
minutes post-injury (range 44-150). Median L-FABP upon admission to the Emergency
Room was 35660 pg/ml (8086-13,882,309). The median L-FABP concentration decreased
sharply to normal levels within 9 hours as depicted in figure 1. The median half-life time of
the decreasing L-FABP levels in the first few hours was 3 hours and twenty minutes.

Correlation of L-FABP with clinical parameters

There is a significant correlation between L-FABP levels upon admission and ISS, abdominal
AIS, EMTRAS, Shock Index, ICU stay and mortality. Age, sex and LOHS did not correlate
with L-FABP levels on admission. (Table 3) Also, levels of L-FABP were significantly higher in
patients with a shock index above 0.7 (p=0.026).

The abdominally injured group had higher median L-FABP levels at TO, T3 and T6 compared
to the non-abdominally injured group (p=0.06) (Figure 2).
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Figure 1: Box plots representing L-FABP levels of all patients at the 6 different time moments.
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Figure 2: Median plasma levels of L-FABP in patients with and without abdominal injury in time.
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Table 3: Correlation between TO L-FABP levels and clinical parameters.

TO Correlation coefficient p-value
Age 0.31 0.88
Sex 0,03 0.98
ISS 0.40 0.00*
AlS 0.34 0.01*
EMTRAS 0.49 0.00*
Shock index 0,51 0.00*
LOHS 0.09 0.52
ICU 0,32 0.02*
Mortality 0.27 0.04*

*Statistically significant

There results of our blood samples are depicted in figure 1. Several patients, who did
not sustain abdominal injury, developed high levels of L-FABP and some levels stayed
persistently high during the first days. Further analyses of these specific data indicate
that the patients with high L-FABP who did not sustain intra-abdominal injury all were
hemodynamically unstable neurotrauma patients who, in the ICU, required vasopressors
to maintain an acceptable hemodynamic profile. Some patients with extensive abdominal
and concomitant injuries persisted to produce high levels of L-FABP's through the first
days. These patients were also sedated and admitted to the ICU where vasopressors and
intravenous fluids were administered to treat hemodynamic instability.

DISCUSSION

Identification of patients with significant intra-abdominal injury is important to improve
outcome. The reliability of radiological methods such as FAST (Focused Assessment with
Sonography for Trauma) is variable and operator dependent, therefore the computed
tomography (CT) is considered the gold standard for the diagnosis of intra-abdominal
injuries. However, there is poor correlation between the findings on CT and outcome
of (conservative) management of parenchymal injuries.' Likewise, grading of injury (as
described by the AAST) using CT has never been validated. The only study trying to do so
(in children) demonstrated only a moderate inter and intra observer agreement."’

In many hospitals CT is relatively time consuming due to transport to and from the CT
scan. During transport and the scan itself, monitoring the patient is also more difficult.
Overreliance may even result in poor outcome in specific cases.' Finally, the risk of cancer
induction due to the large dose of radiation involved in CT scanning is becoming more



Correlates and kinetics of L-FABP in multi-trauma patients

important, especially in the paediatric population.” Therefore it would be of the utmost
importance to identify novel markers for abdominal injury.

This paper describes the kinetics of plasma L-FABP levels in a consecutive cohort of adult
trauma patients. To our knowledge, this is the first study describing consecutive L-FABP
levels in multitrauma patients. The present study demonstrates that there is an increase
in L-FABP levels shortly after injury in multitrauma patients. L-FABP levels return to normal
within several hours. In trauma patients, median L-FABP half-life time was just over three
hours. Confirming the hypothesis that injury triggers L-FABP release, there is a significant
increase of L-FABP levels in patients with a shock index > 0.7. There is a significant correla-
tion between L-FABP levels upon admission with ISS, abdominal AIS, EMTRAS, Shock Index,
ICU stay and mortality. There are some remarkably high levels in our study, specifically in
the first measurements. These patients all suffered from severe brain injury, indicating that
not only abdominal injury but also systemic injury elevates levels of L-FABP significantly.
Further studies are needed to verify this hypothesis.

Although these results represent a relative small study, there is a large difference between
patients with and patients without intra-abdominal injury, bordering on a statistically
significant difference (p=0.06). This suggests that L-FABP might be a useful adjunct as an
early indicator for intra-abdominal injury.

Another novel finding is the high level of L-FABP’s in hemodynamically unstable patients
with neurotrauma. We can only speculate that these comatose patients somehow con-
stantly produce L-FABP possibly due to the hypoperfusion of the splanchnic area, which
is associated with hypovolemic shock or possibly with the use of vasopressors such as nor
epinephrine. Another possible explanation might be that the systemic inflammatory re-
sponse causes the constant release of L-FABP in the systemic circulation. Finally, the release
of L-FABP from neuronal tissue can not be ruled out, although the literature suggests that
L-FABP is not present in brain or nerve tissue." " This goes beyond the scope of the present
paper, yet needs further investigation.

Based on these preliminary results L-FABP can be seen as early marker for severity of injury
and possibly specifically for the presence of abdominal injury. L-FABP levels rise quickly
after the injury to rapidly decrease afterward. A larger number of patients will be necessary
to determine the diagnostic accuracy of L-FABP for the presence of intra-abdominal injury.
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ABSTRACT

Introduction: Paediatric blunt hepatic trauma treatment is changing from operative treat-
ment (OT) to non-operative treatment (NOT). In 2000 the American Pediatric Surgical
Association has published guidelines for NOT of these injuries. Little is known about the
treatment of paediatric liver trauma in the Netherlands. Patients and methods: Data of all
patients aged 18 years and younger admitted to our hospital for blunt hepatic trauma in
the past 18 years were retrospectively analysed using a prospective trauma registry. The
mechanism of injury, treatment, ICU admission time, total admission time, morbidity and
mortality were assessed. Subsequently the group was divided into patients treated before
and after 2000. Results: Eighty patients were identified: 52M, 28F with a mean age of 12
years (range 2 — 18).

Thirty patients sustained isolated liver injury. Concomitant injuries were fractures of long
bones (28), abdominal (25), chest (24) and head injuries (18). Mean ISS score was 18
(range 4 — 57). Mortality was 8 %. Mechanisms of injury consisted of bicycle (25 % ), car
(20 % ), and motorcycle accidents (15 % ), pedestrian hit by vehicle (15 % ), fall from
height (14 % ) and accidents associated with animals (11 % ). Haemodynamically stable
patients underwent NOT (55). 25 patients (31 %) underwent a laparotomy, which in 20
cases (80 %) was related to hepatic injury. Although the groups treated before and after
2000 did not differ haemodynamically on admission to hospital, a shift to NOT is evident:
24/ 37 (63 %) patients underwent NOT before 2000 versus 38 / 45 (84 % ) after 2000 (p
= 0.04). Complications following NOT were rare. Late onset bleeding did not occur. Two
patients developed an infected biloma, requiring a laparotomy. Mean ICU stay before 2000
was 4.2 days (range 0 — 25 days) and 2.6 days (range 0 — 17 days) after 2000. Total hospital
time did not decrease: 14 days (range 1 — 39 days) before 2000 and 14 days (range 1 - 60
days) after 2000. The overall mortality was 8%. All deaths occurred in the operative group
and were spread evenly over both periods.

Conclusion: In blunt paediatric liver trauma, the incidence and trauma mechanism seem
age-related. A shift to NOT is found in the treatment of paediatric blunt hepatic trauma.
NOT is the preferred treatment for the haemodynamically stable patient. Complications are
rare and the success rate is 96%. The mean ICU stay has decreased but the total admission
time could possibly be shortened.
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INTRODUCTION

Blunt liver injury is associated with high energy trauma or violent compression of the ab-
dominal or thoracic wall. Several studies have shown that the majority are caused by traffic
accidents' ™. Little is known about the relation between mechanism of injury and severity
of injury in the different age groups in the Dutch paediatric population.

Over the last decades the treatment of paediatric traumatic hepatic injury has shifted
from operative treatment (OT) to non-operative treatment (NOT). In 2000, the American
Pediatric Surgical Association (APSA) recommended evidence-based guidelines for the
management of haemodynamically stable patients with isolated liver or spleen injuries’*
(Tables 1, 2). These guidelines consisted of recommendations concerning observation time
in the Intensive Care Unit, total admission time and the necessity of radiological imaging.
All were related to the grade of injury as defined by computed tomography (CT) scanning.
Subsequently, our unit gradually adapted to these guidelines, although the internal debate
on admission time and obligatory bed rest continued.

The purpose of this study is to determine the demographic parameters of paediatric liver
injury in our hospital and secondly to audit and possibly improve the current treatment of
paediatric liver injury, taking the guidelines and literature into consideration.

Table 1: Treatment of liver injuries according to the APSA guidelines®

Grade | injury Grade Il injury Grade Il injury Grade IV injury

ICU stay none none none 1day
Hospital stay (days) 2 3 4 5
Pre discharge imaging none none none none
Post discharge imaging none none none none
Activity restriction (weeks) 3 4 5 6

Table 2: CT grading of liver injury

Grade I: Laceration(s) < 1 cm deep
Subcapsular haematoma < 1 ¢cm diameter

Grade II: Laceration(s) 1-3 cm deep
Subcapsular or central haematoma 1-3 cm diameter

Grade llI: Laceration(s) 3-10 cm deep
Subcapsular or central haematoma 3-10 cm diameter

Grade IV: Laceration(s) > 10 cm deep
Subcapsular or central haematoma > 10 cm diameter
Lobar maceration or devascularization

Grade V: Bilobar tissue maceration or devascularisation
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PATIENTS AND METHODS

The UMCG is a level 1 trauma centre in the northern part of the Netherlands. A retrospec-
tive analysis was performed of all patients aged 18 years and younger who were admitted
to our hospital in the last 18 years (1990 — 2008) with blunt abdominal trauma causing
hepatic injury as demonstrated on ultrasound and / or CT-scan. Patients were identified
using a comprehensive prospective trauma registry, in which age, sex, trauma mechanism
and sustained injuries are included.

To investigate the relation between age and the different mechanisms of injury, four dif-
ferent age groups were created: group | (O — 5 years), group Il (6 — 10 years), group llI
(11 =15 years), and group IV (16 — 18 years). Main outcome measures were: Injury Severity
Score, trauma mechanism, length of stay in the ICU and in hospital, and the success of
non-operative treatment. Injury severity was calculated using the Injury Severity Score (ISS)
based on the Abbreviated Injury Scale (AIS) and assessing all associated injuries. Haemody-
namic parameters on admission (blood pressure, pulse rate and haemoglobin levels) were
retrieved from the charts.

The indication to perform a laparotomy was subjective, based on the attending surgeon’s
assessment of haemodynamic stability. The treatment, including all surgical events, compli-
cations that occurred during admission, length of ICU stay, total hospital admission time and
mortality were assessed. Subsequently the group was divided in two groups, those treated
before and those treated after the publication of the APSA guidelines in the year 2000.
Statistical calculations were performed using the SPSS 14.0 statistical software package.
For continuous variables Student ’ s t - test or Mann Whitney U -test was used as appropri-
ate, for categorical variables the Chi square or Fisher ’ s exact tests were used. p -values <
0.05 were considered statistically significant.

RESULTS

Patient characteristics and injury mechanism Eighty children, 52 boys (65 % ) and 28 (35 %
) girls were admitted to our hospital with radiographically confirmed liver injury. The mean
age was 12 years, ranging from 2 to 18 years. Isolated liver injury was found in 30 children
(38 %) whereas 50 (62 %) had sustained associated injuries. 28 (35 %) children sustained
fractures of long bones, additional abdominal or visceral injuries were found in 25 patients
(31 % ). Injuries to the chest occurred in 24 patients (30 %). Neurological or head trauma
was found in 18 (23 %) children. All these injuries resulted in a mean ISS score of 18 with
arange of 4 - 57.

Bicycle accidents accounted for most of the injuries (n = 20, 25 %), followed by car ac-
cidents (n = 16, 20 %). Pedestrians struck by vehicles and motorcycle accidents accounted
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Figure 1: Trauma mechanism in the age groups
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for injuries in 12 patients (15 %). An overview of the different trauma mechanisms is
provided in Fig. 1. Although there is a clear relation between age and the mechanism of
injury, there is no significant difference between ISS scores in the different age groups.

Operative treatment

In 25 cases (31 %) a laparotomy was performed due to clinical signs of circulatory instabil-
ity. Patients undergoing a laparotomy had a significantly higher ISS compared with patients
treated non-operatively (27 [range 4— 57] versus 16 [range 4— 50], p < 0.001).

In 19 of 25 cases the laparotomy was performed because of the liver injury, in 6 cases
because of other visceral injuries. Packing of the liver was performed in 12 patients; topical
haemostatic agents (including the use of sutures) were used in nine. One patient underwent
a segmental resection in the acute phase. For the surgical group the mean ICU admission
period was 7.2 days (range 0 — 25 days) and the mean total admission time was 19 days
(range 1 — 46 days). Complications in the surgical group consisted of bile leakage (n = 2),
abdominal compartment syndrome (n = 1), acute respiratory distress syndrome and / or
multiorgan failure (n = 9). Rebleeding occurred in one patient. Eight patients underwent
one or more re-laparotomies. One late bleeding occurred 10 days after admission: a child
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in the surgical group fell out of the hospital bed and had to undergo a relaparotomy for
haemostasis because of rebleeding from the liver.

Overall mortality was 8 %. All deaths occurred in the operative group. One patient exsan-
guinated in the operating room, two patients died of severe concomitant neuro-trauma,
one patient developed irreversible pulmonary oedema and two patients succumbed to
multi-organ failure.

Non-operative treatment

In total, 55 children (69 %) were considered haemodynamically stable enough by the at-
tending surgeon to undergo NOT. In the NOT group complications occurred in ten patients,
including bowel obstruction (n = 1), pneumonia (n = 2), deep venous thrombosis (n = 1),
syndrome of inappropriate antidiuretic hormone (n = 1) and urinary tract infection (n = 1).
Late onset bleeding did not occur. Two patients required a laparotomy at seven and nine
days after injury, respectively. Both patients developed an infected biloma which could
not be managed by percutaneous drainage alone. In both patients, symptoms developed
within the first 48 h of admission. Segmental resection was eventually unavoidable to halt
the persistent bile leakage. In the NOT group the mean ICU admission was 2.0 days (range
0 - 10 days) and the total admission time was 11.9 days (range 1 — 60 days). Overall, NOT
was successful in 53 /55 cases (96%).

The percentage of patients who were given NOT was significantly higher in the period after
the year 2000, compared to the period before 2000 (63% versus 84%; p = 0.04) There
was no significant difference in haemodynamic parameters or mean ISS scores between
patients treated before and after 2000, illustrating that, in similar patient groups, a differ-
ent treatment philosophy was chosen by the surgical team caring for the patient in favor
of the NOT after 2000.

Admission time before and after 2000

The mean ICU stay of the group before 2000 was 4.2 days (range 0 — 25 days) and 2.6 days
(range 0 — 17 days) after 2000. Total hospital time did not decrease: 14 days (range 1 — 39
days) before 2000 and 14 days (range 1 — 60 days) after 2000 (see Table 3 ).

Table 3: Clinical parameters (Mean — range) parameters in the different periods.

Period < 2000 Period > 2000
Blood pressure(diast) 80 (35-95) 70 (40-92)
Blood pressure (syst) 120 (90-170) 120 (80-145)
Pulse 100 (68-176) 90 (50-130)
Age 13.5 (4-18) 11.0 (2-18)
ISS-score 16.5 (4-57) 16.0 (4-41)

Hb (mmol/l) 7.3 (4.0-9.1) 7.2 (4.1-9.2)
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DISCUSSION

Trauma is the number one cause of death in children worldwide, even in the relatively
traffic safe countries of Western Europe'®'*. Internationally, most injuries are caused by
traffic injuries. This was no different in the present study population. We observed different
incidences in the mechanisms of injury for the different age groups. A few injury types
remained stable throughout the age groups, for example the car accidents, falls or injuries
caused by animals. The bicycle injuries mainly cause injury to children learning to ride
their bikes and were therefore specifically represented in the group aged 6 — 10 years.
This might be a typically Dutch phenomenon. One could also imagine that the significant
increase in motorcycle accidents in the eldest group could be caused by reckless driving by
young drivers, unaware of their vulnerability on the motorbike. In roughly two thirds of the
present population, the liver injury was associated with substantial other injuries, making
it a heterogeneous but also severely injured group of patients.

Fluid rescucitation alone is often sufficient to stabilise children haemodynamically, which
is different from the adult patient with severe haemodynamic instability. Therefore NOT
might be more beneficial in the paediatric population®'*. Over time, the treatment of pae-
diatric blunt hepatic injury changed from conservative treatment to aggressive operative
treatment at the beginning of the last century, only to return to non-operative treatment
where possible by the end of the century?. To assess the impact of the APSA guidelines and
audit the outcomes in our hospital, patients were divided into two groups, one group of
patients admitted before 2000 and one group admitted after 2000.

We observed a significant shift from operative to non-operative treatment over time,
whilst the patient characteristics for both groups did not diff er in terms of haemodynamic
parameters or injury severity. Since no rigid protocol regarding haemodynamic stability
was used, the indication for operative treatment still depended on the attending surgeon’s
(subjective) assessment of haemodynamic stability. The severity of injury as assessed by
CT-scan is known to be associated with an increasing frequency of blood transfusion but
does not correlate with the need for surgery®®. We endorse the theory that there is a poor
correlation between grade of injury based on CT images and the success-rate of NOT.
Hence the CT-scan was used as a diagnostic rather than a prognostic tool and treatment
decisions were not made based on CT findings but on clinical grounds'". In 19/ 25 patients
the decision to perform a laparotomy was based on haemodynamic instability due to liver
injury, while 6 patients underwent a laparotomy for other reasons. The APSA guidelines in
combination with the emerging results for non-operative treatment in the adult population
support a policy of watchful waiting. In our series this is confirmed by the increase in the
number of patients managed non-operatively over time despite the fact that haemody-
namic parameters on admission were similar.

85



86 | Chapter 7

Based on the present data, the non-operative treatment of haemodynamically stable pae-
diatric patients with liver injury seems safe: complications are rare and in the present series,
the success rate of NOT is 96 % which is in accordance with the literature®>#1%121413 | gte-
onset bleeding did not occur in our population. Both patients who required a laparotomy
due to persistent bile leakage showed signs of deterioration within 48 h after admission.

Our treatment philosophy has gradually shifted from early operation to non-operative
treatment and watchful waiting. Although this basic change did decrease our ICU ob-
servation times, the total hospital time did not change. In our hospital patients with a
proven injury to the parenchymatous organs were often hospitalized for at least ten days.
Interestingly, this is not in accordance with the APSA guidelines. Possible explanations are
the doubt concerning the predictive value of grading by CT images only and the fear of
late onset rebleeding. Maybe the time has come to shorten the admission time in non-
operatively treated patients, because surgical intervention appears not to be necessary
when the first three days post trauma are uneventful*'". This could lead to an even more
profound change in the philosophy of the multidisciplinary team treating these patients.

CONCLUSION

In this retrospective study of paediatric blunt liver injury, the incidence and injury mecha-
nism were found to be age-related. Most cases of liver injury were caused by traffic, with
bicycle injuries especially prevalent in the patient group aged 6 — 10 years. A shift to
non-operative treatment was found over time, paralleled by a decrease in the mean ICU
stay. However the total admission has not decreased significantly. There were no severe
late onset complications in the NOT group. As the incidence of complications is low and
success rates are over 95 %, non-operative treatment is the preferred treatment for the
haemodynamically stable patient. The total hospitalization time in our hospital could fur-
ther be shortened, as late complications are rare.
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ABSTRACT

Introduction

There has been a shift from operative treatment (OT) to nonoperative treatment (NOT) of
splenic injury. In this study we evaluate the outcomes of treatment of paediatric patients
with blunt splenic trauma in our hospital with special attention to the outcomes of NOT.

Patients and Methods

Data of all patients <18 years with radiologically proven blunt splenic injury admitted to
the UMCG between 1988 and 2007 were retrospectively analysed using a prospective
trauma database. Mechanism of injury, type of treatment, ICU admission time, total admis-
sion time, morbidity and mortality were assessed. Patients were divided into two groups,
those admitted before and after 2000. Patients suffering isolated splenic injuries were
subsequently assessed separately.

Results

Sixty-four patients were identified: 49 males and 15 females with a mean age of 13 years
(range 0-18). Three patients died shortly after admission to the emergency room due to
severe neurologic injury and were excluded. In the remaining 61 patients concomitant
injuries were present in 62%: fractures of long bones (36%), chest injuries (16%), abdomi-
nal injuries (33%) and head injuries (30%). Mechanisms of injury: car accidents (26%),
motorcycle (20%), bicycle (19%), fall from height (17%) and pedestrians struck (8%).

A change in treatment strategy is witnessed before 2000 compared to after 2000. Sig-
nificantly more patients underwent NOT after 2000 in the isolated injured group 4/11
(36%) before vs. 10/11 (91%) after (p=0.009) and 15/19 (79%) before vs. 8/20 (40%)
after 2000 (p=0.032) in the multitrauma group. There also is a shift to spleen preserving
operations in the isolated injury group from 9/11 (82%) before vs. 11/11 (100%) after
the year 2000 (p=0.069) and 10/19 (53%) before vs. 17/20 (85%) after the year 2000
(p=0.031) in the multitrauma group. All life-threatening complications occurred within 24
hours. The mortality for the entire cohort was 7% and all of these patients were treated on
operatively. When comparing the median ICU length of stay and length of stay in hospital
before and after 2000 it increased significantly in the isolated injury group and remained
statistically the same in the multitrauma group.

Conclusion

Splenic injury in children is associated with substantial mortality. This is due to concomitant
(neurologic) injuries and not to the splenic injury itself. In the treatment of splenic injuries
in hemodynamic stable children non-operative treatment is gaining preference above
operative treatment. ICU length of stay and length of stay in hospital have, despite the
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change from OT to NOT, remained the same. Complications in the NOT group are rare,
suggesting that NOT is safe. It can be concluded that we are still observing children in
hospital for a time period that is longer than necessary’

INTRODUCTION

Blunt splenic injury in children is a potentially severe injury with a relatively high incidence.
It is associated with high-energy trauma or violent compression of the abdominal or tho-
racic wall. Traffic related accidents account for the majority of blunt splenic injuries seen
in children'?2.

The management of blunt splenicinjury in children has changed over the past two decades.
The most prominent change is the shift from operative treatment (OT) to non-operative
treatment (NOT). Studies have proven the safety of this approach, specifically in children*?,
and this has led to a worldwide adaptation of non-operative treatment. In 2000 the
American Paediatric Surgical Association (APSA) published evidence-based guidelines for
the management of hemodynamically stable patients with isolated liver or spleen injuries®.
These guidelines were set to create a benchmark for observation time in the Intensive
Care Unit (ICU), the total length of stay (LOS) and indications for radiological imaging. All
recommendations in the guidelines were related to the grade of injury as defined by the
AAST organ injury scale. The degree of injury was assessed using computed tomography
(CT) when possible.

This study was undertaken to audit the changes in treatment of splenic injury in the UMCG
in Groningen, the Netherlands over the last two decades and assess our compliance to
the APSA guidelines. The purpose of this study is therefore to analyse the treatment of
splenic injury and particularly the observation times of children admitted to the UMCG.
The cohorts before and after 2000 are compared as this is the year the APSA guidelines
were published.

PATIENTS AND METHODS

The UMCG is a level 1 trauma centre. A retrospective analysis was performed and patients
were identified using a comprehensive prospective trauma registry. The population for this
study consists of all patients, aged 18 and younger, that were admitted to the UMCG with
radiological (ultrasound and/or CT-scan) proven blunt traumatic splenic injury during the
period of 1988-2007.
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The data were analysed for age, sex, trauma mechanism, type of treatment, concomitant
injuries, injury severity, mortality, complications during treatment, length of admission in
the ICU (LOS-ICU) and in hospital (LOS-Hos).

To relate the different parameters to age, four different age groups were created: group |
(0 — 5 years), group Il (6 — 10 years), group lll (11 — 15 years), and group IV (16 — 18 years).
This particular division was based on a previous study from our institution regarding hepatic
injuries in which these age groups delineated different trauma mechanisms®.

The cohort was divided into two main groups; isolated splenic injury and multi trauma pa-
tients. To assess a possible shift in treatment and LOS, patients were subsequently divided
in those treated before and those treated after 2000 (the publication year of the APSA
guidelines).

Statistics

Statistical calculations were performed using the SPSS 16.0 statistical software package.
Student t-test or Mann Whitney U test was used for continuous data as appropriate, while
Chi square tests or Fisher Exact tests were used for categorical variables. P-values < 0.05
were considered statistically significant.

RESULTS

Patients

Sixty-four patients were identified: 49 male and 15 female with a mean age of 13 years
(range 0-18). The injuries were induced by car accidents (26%), motorcycle accidents
(20%), bicycle accidents (19%), falls from height (17%) and pedestrians struck (8%). Fall
from height was the most important cause of injury in the 6-10 year group, bicycle injuries
in the 11 to 15 year group and motorcycle accidents in the 16-18 year group as shown in
Figure 1.

Three patients had sustained such severe neurological damage that treatment was ceased
immediately after diagnosis of the neurological injuries. All died shortly after admission to
the emergency room and were subsequently excluded from the analysis, leaving 61 cases
for the present study.

Of the remaining 61 patients, 39 (62%) suffered concomitant injuries. Fractures of long
bones (36%) were most frequent, followed by additional abdominal injuries (33%), head
injuries (30%) and chest injuries (16%). Twenty-two patients (36%) suffered isolated
splenic injuries.

Due to the fact that >50% of the patients were not subject to CT-scanning, the organ
injury scale was not suited as a measure of injury severity. The Injury Severity Score (ISS)
was used instead. The isolated splenic injury group had a median (range) ISS of 25 (4-25)
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Figure 1: Traumamechanisms in the different age groups
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before 2000 and 25 (4-25) after (p=0.329). The multitrauma group had a median ISS of 29
(9-75) before 2000 and 34 (24-75) after (p=0.06).
The mortality for the entire cohort was 7% and all of these patients were operated on.

Treatment and Length of stay

Isolated splenic injury patients

Of the 22 patients that suffered isolated splenic trauma 8 (36%) underwent laparotomy.
Two of them underwent total splenectomy, one a partial splenectomy, four received spleen
salvaging operations such as splenic nets and one was not specifically documented on. The
remaining 14 patients were treated conservatively.

Eleven patients were admitted before the year 2000 and eleven after. Before 2000, 4/11
(36%) received conservative treatment as opposed to 10/11 (91%) after 2000 (p=0.009).
Before 2000, 9/11 (82%) patients received spleen-preserving treatment as opposed to
11/11 (100%) after the year 2000 (p=0.069).
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Table 1: ICU and hospital length of stay (LOS) in children with splenic injury before and after 2000.

Before 2000 After 2000 P-value
Median (range) days Median (range) days
All patients (n=61) n=19 N=20
ICU stay (days) 1(0-23) 3 (0-24) 0.83
Hospital stay (days) 14 (0-58) 9.5 (0-54) 0.32
Isolated splenic injury (n=22) n=11 n=11
ICU stay (days) 0 (0-1) 2 (0-4) 0.02
Hospital stay (days) 7 (3-10) 12 (7-16) <0.01

The median LOS-ICU and LOS-Hos before 2000 increased significantly after 2000 as de-
scribed in Table 1.

Multitrauma patients

Of the 39 patients that suffered a multitrauma 23 patients (59%) underwent operative
treatment of the splenic injury. Eleven of these underwent total splenectomy, one a partial
splenectomy and eight received spleen-salvaging operations such as splenic nets. One
patient received a total splenectomy with partial splenic reimplantation, one was treated
using splenic packing and one patient was not specifically documented on. The remaining
16 patients were treated conservatively and in one of these patients the splenic artery was
selectively embolised. Nineteen patients were admitted before the year 2000 and twenty
after. Before 2000, 15/19 (79%) underwent laparotomy as opposed to 8/20 (40%) after
2000 (p=0.032). Before 2000, 10/19 (53%) patients received spleen preserving treatment
as opposed to 17/20 (85%) after the year 2000 (p=0.031).

The median LOS-ICU and LOS-Hos before 2000 remained statistically the same before and
after 2000 as described in Table 1.

Treatment overview for entire cohort

Of the 31 laparotomies performed, twenty-one (68%) were performed because the patient
was hemodynamically unstable, as defined by the persistent necessity for fluid resuscitation
as perceived by the attending trauma surgeon. Eight of these were patients with isolated
injury. Other indications were suspicion of hollow-viscous perforation or severe hepatic
injury with hemodynamic instability. The mode of treatment applied to patients admitted
before and after 2000 is shown in Figure 2.

In a number of cases complications occurred. Two patients had to undergo a second lapa-
rotomy: one due to bleeding from the splenic artery six hours after the initial operation and
the other due to iatrogenic diaphragm perforation caused by a chest tube.

Five patients developed pneumonia, one developed an infected splenic hematoma 10 days
after the accident and one developed pulmonary embolism and a wound abscess.
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Figure 2: mode of treatment in children with splenic injury before and after 2000
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All potential life-threatening complications occurred within the first 24 hours and all pa-
tients undergoing a second laparotomy were operated on within the first 24 hours. One
patient with an initial indication for conservative treatment underwent a laparotomy within
24 hrs after the accident due to a concomitant hepatic tear. Therefore the success rate
(defined as not having to undergo a laparotomy once non-operative treatment had been
initiated) of NOT for splenic injury, was 29/30 (97 %).

DISCUSSION

The current number one cause of death in children is trauma. Even in highly developed
countries such as the Netherlands, traffic accidents account for the majority of deaths®’
which is confirmed by this study.

After the year 2000, there was a significant shift towards non-operative treatment of
splenic injury, with a total success rate of 97%. Complications in the NOT group were rare,
and if life threatening, they occurred within 24 hours. Furthermore there was no mortality
in this group. NOT thus provides a safe approach®®.
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Table 2: Guidelines from the American Pediatric Surgical Association regarding ICU and Hospital length
of stay (LOS) for hemodynamically stable children with isolated splenic/hepatic injury.

Grade 1 injury Grade 2 injury Grade 3 injury Grade 4 injury

ICU LOS (days) none none none 1
Hospital LOS (days) 2 3 4 5
Activity restriction (weeks) 3 4 5 6

The complications and deaths in the entire cohort all occurred during the first 24 hours of
admission indicating that there is no benefit of prolonged stay for any of these patients in
the ICU. The APSA guidelines, shown in Table 2, also support this statement.

The indication to perform OT in patients with blunt abdominal injuries is not always based
on objective assessment®. Literature reports varying degrees of familiarity with and use of
clinical practice guidelines for pediatric splenic injury management in the general surgeon
group. Limited pediatric experience and lack of pediatric hospital resources may limit more
widespread adoption of nonoperative management'®.

Especially in multi-trauma patients hemodynamic (in-) stability is not the only criterium
for laparotomy. Suspicion of hollow-viscous injury, injury to the diaphragm etc. might also
prompt the surgeon to perform an exploration of the abdomen. In the present series 32%
of the laparotomies were performed for other indications than “hemodynamic instability”.
But also the term “hemodynamic instability” is rather subjective'®. The main challenge in
the current management of the hemodynamically instable multitrauma patient with intra-
abdominal injury is defining the cause for hemodynamic instability. In the present series,
the definition of hemodynamic instability was subject to assessment by the attending
surgeon. The response to fluid resuscitation might be a better guide for management than
initial hemodynamic (in) stability. However, due to the lack of data and the retrospective
nature of the study this could not be ascertained.

We realize that concomitant abdominal trauma can be an indication for laparotomy and
thus lead to some form of spleen preserving treatment. In the present study, there were
two patients who underwent laparotomy for indications other than splenic injuries. In both
of these patients the spleen was preserved.

Even an arterial blush on the initial CT scan can be successfully treated non-operatively
when using an established treatment protocol'®'®. The APSA protocol states that manage-
ment should be based on physiological response rather than radiologic features of the
injury. Fluid resuscitation alone is often sufficient to stabilise a paediatric patient hemody-
namically (as opposed to adults). This offers further evidence that non-operative treatment
is safe in the paediatric population, even in the presence of seemingly significant injuries®.
Literature shows that the success rate for NOT in high grade splenic injuries (IV and V) is
very high if patient is hemodynamically stable. The only difference with lower grade injuries
is that the LOS increases significantly'.
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We also observed an increase in spleen preserving operations. Spleen preservation induces
a reduction in postoperative morbidity, hospital stays and blood products administration®.
Also from an immunological point of view spleen preserving treatment deserves preference
as the immune system is not compromised and vaccination is therefore unnecessary. Total
splenectomy should therefore be reserved for patients with persistent intra-abdominal
blood loss'®.

Splenic artery embolization is an upcoming treatment modality. However, as only one
patient underwent selective splenic artery embolization in the present series no comments
can be made on success rates in treatment of splenic injury in children.

Remarkably the length of stay in the ICU and hospital between the groups before and
after 2000 do not differ significantly despite the significant shift towards non-operative
treatment. There even seems to be an increase in the length of stay in ICU and hospital
of patients with isolated splenic injury, which cannot be attributed to an increase in injury
severity. The most probable reason for these prolonged admission times is fear of splenic
rebleeding, which disappears after splenectomy. Considering the few and minor complica-
tions after NOT, and the fact that all serious complications occur within 24 hours, one can
state that the UMCG s still too careful with regard to its observation time. A decrease in
the length of stay is beneficial for the paediatric patient, their parents and it reduces costs.
We strongly suspect that UMCG is not the only hospital being too careful.

CONCLUSION

Splenic trauma in children is a severe type of injury with a substantial mortality. This is
however due to the frequent occurrence of concomitant (neurological) injuries. In the
treatment of splenic injuries in hemodynamic stable children non-operative treatment is
gaining preference above operative treatment. However, the definition of hemodynamic
(in) stability remains subjective, and other clinical factors may influence the decision to
perform a laparotomy. In the present series, success rate of NOT is 97 %, and complications
are rare. However, lengths of stay in the ICU and the hospital have not decreased, despite
the change from OT to NOT. Given these facts it can be concluded that the UMCG is
still observing children in hospital for a period that is longer than necessary and a strong
suspicion exists that this is also the case in other hospitals.
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ABSTRACT

Pancreatic injury in children is rare. The diagnosis is difficult to establish because shortly
after an accident there is frequent lack of complaints and the blood test often still normal.
Also, additional investigations in the initial stage are often very specific. The treatment of
pancreatic lesions without involvement of the pancreatic duct (grades 1 and 2) is conserva-
tive. With regards to lesions involving the pancreatic duct (grade 3 and above) there also
seems to be a shift to non-surgical treatment, but there is still little evidence for either
treatment modality. Based on three children’s cases, two with grade 3 and one with a
grade 2 pancreatic lesions, we provide insight in the difficulty in diagnosis and treatment.
A high "index of suspicion”, reassess after six hours, and accessible consultation or referral
to a trauma center, is frequently recommended regarding these injuries.
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INTRODUCTION

Pancreatic injury in children is rare. However, the consequences can be severe. The retro-
peritoneal location of the pancreas frequently results in a typical late onset of complaints,
often hours after the initial injury. In blunt trauma to the abdomen, a high level of suspicion
is justified, even when there are no, or few symptoms shortly after the accident. Laboratory
tests and imaging techniques are also non-specific with regards to pancreatic injuries.
There is relatively little literature on the best treatment for pancreatic lesions in children.
However, preference is being given to a non-operative treatment. In this lesson we will
give an overview on the advantages and disadvantages of additional investigations and the
different treatments. We also indicate the importance of consultation with or referral to a
trauma center. We illustrate this by example of three case studies.

Patient A, a girl of 2.5 years old, was injured by a 25 kg sink that fell of a shelve on her belly
at a hardware store. A doctor saw her the same day, but by then she had no complaints any
more. On physical examination, the doctor found no abnormalities. However, the based
on the nature of the trauma, the patient was referred to the emergency room at a regional
hospital. Physical examination revealed no abnormalities there either.

Laboratory tests showed the following results (reference values in parentheses). Hb 7.7
mmol /1(7.0 to 9.7), AST 675 U/ L (<45), ALT 733 U/ L (<40) and amylase 170 U /| (<65).
The infection parameters were not increased. An ultrasound of the abdomen revealed a
small rupture in the left liver lobe with a trace of free fluid. Because clinical alarm symp-
toms were absent and laboratory abnormalities little different from the reference values at
that time, no further investigation was performed that day. She was admitted for clinical
observation. The next day there were still no symptoms, but the serum amylase increased
to 733 U/ |. For this reason a CT performed which revealed a transection of the pancreas
(grade 3). (Figure 1.) The grading of pancreatic lesions by the American Association for

Figure 1: CT scan of the abdomen with transsected of the pancreas (grade Ill)

transsectie
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the Surgery of Trauma (AAST) organ injury scale is depicted in the table. This patient
was transferred to our center. She was discharged after 2 weeks without interventions.
A control ultrasound after 3 weeks showed an asymptomatic pseudo-cyst of 1.5 cm for
which an expectant policy was implemented successfully.

Patient B was a 7-year-old boy who had sustained a handlebar injury to his belly sixteen days
before transfer to our center. A CT scan of the abdomen in the initial hospital diagnosed
a grade Il pancreatic lesion. This injury was initially treated conservatively. A week after
the injury he was discharged from hospital in reasonable condition. Within 24 hours he
was re-admitted with progressive abdominal pain, peritonitis signs and fever. The amylase
level rose to 4083U / L. An ultrasound of the abdomen revealed slight fatty infiltration
around the pancreas with a trace free fluid. Because his clinical state deteriorated, he was
transferred to our clinic.

MRI-cholangiopancreatography (MRCP) of the abdomen revealed a laceration of the pan-
creas (grade 3) with debris and a fistula from the pancreatic duct to the peritoneal cavity.
(Figure 2)

Several attempts of endoscopic stent placement, in order to bridge the lesion in the pan-
creatic duct, failed. Finally, at 13 weeks after trauma, he developed refractory ascites in
connection with the pancreatic infection and was surgically drained. Due to adhesions the
abdomen was hardly accessible. With difficulty, initially only a splint could be placed in

Figure 2: MRI cholangiopancreaticography (MRCP) of patient B with grade Ill pancreatic injury. There is
de fistula from the pancreatic duct to an intra-abdominal cavity filled with debris.

ductus
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the distal pancreatic duct for decompression. This was released in the stomach. The fistula
could not be uncovered.

In a second attempt, necessary because of acute deterioration of the patient by dislocation
of the splint, a complete adhesiolysis was carried out and the fistula was identified. As
hemodynamic instability during this operation occurred, a temporary drainage with a drain
was chosen for. After several days, the situation of the patient was improved and a final
drainage with pancreatic-fistula-jejunostomy, was performed. The jejunum was attached
on the pancreas (and in this case also on the fistula) in order to drain the pancreatic secre-
tion. The further recovery went well. After five months, the boy was free of symptoms.

Patient C, a boy of 8 years old, complained of increasing abdominal pain and loss of
appetite, a day after he had sustained handlebar injury. On physical examination, a sick
boy was seen. He vomited and was lying on his side with bent legs. Externally there were
no abnormalities. On palpation there was guarding in the upper abdomen without signs
of peritonitis.

Blood tests showed an elevated serum amylase of 983 U / L (reference: <100) with mild
leukocytosis. An ultrasound showed a trace free fluid with a normal aspect of the pancreas.
A CT scan of the abdomen however, revealed a possible pancreatic rupture. This patient
was transferred to our center. Re-evaluation of the CT showed a serious contusion, and
possibly even a transection of the pancreas.

For peritoneal irritation with sharp increase in serum amylase (> 4000 U / L), we decided
to perform an explorative laparotomy that same night. Intra operatively a contusion of
the pancreas (grade 2) without laceration was found. A percutaneous drain system and
a jejunostomy catheter were laid out. The postoperative recovery was uneventful and the
patient was transferred to the referring institution 12 days later

DISCUSSION

The above cases illustrate how insidious pediatric pancreatic injury can be. Despite the
absence of symptoms during the first hours after the accident, the patient may have seri-
ous injuries. Additional investigations, such as ultrasound or CT, in the first few hours are
also often not contributing to the diagnosis. The literature in this area is scarce.

Diagnostics

Of all abdominal injuries in children, approximately 5% (3-12%) involves pancreatic injury.’
Traumatic pancreatic injuries are classified according to severity: Grade 1 to 5, as is shown
in the table 1. The cause is usually blunt injury to the upper abdomen, such as a fall on
the handlebars or a car accident in which a two-point seatbelt was worn. One should also
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Table 1: AAST grading of pancreatic injury

Grade* Type of Injury Description of Injury
Hematoma Minor contusion without duct injury
Laceration Superficial laceration without duct injury
I Hematoma Major contusion without duct injury or tissue loss
Laceration Major laceration without duct injury or tissue loss
I Laceration Distal transection or parenchymal injury with duct injury
IV Laceration Proximal’ transection or parenchymal injury involving ampulla
Vv Laceration Massive disruption of pancreatic head

always rule out child abuse. The injury is usually caused by compression of the pancreas
to the spine.

Due to the retroperitoneal location of the pancreas, abdominal pain frequently develops
hours to days after injury, as was the case in patients A and C. Sometimes there are no
symptoms, as in the first patient. One must be wary of pancreatic injury with a history or
the presence of visible defects on the (upper) abdominal wall, such as a belt print. The
physical examination in the first hours after the accident is unreliable. There is possibly
neither pain on palpation nor signs of peritoneal irritation. It is therefore recommended
to re-evaluate all patients who sustained a possible pancreatic injury, again after several
hours.

The serum level of amylase is an unreliable marker for pancreatic injury for it is frequently
not increased early after the accident. It does rise after several hours, which is why it should
be tested repeatedly.? An increased excretion of amylase in the urine may also indicate
pancreatic injury, but that increase does not occur until late. A rising serum amylase or an
increased urine concentration of amylase justifies CT imaging.? CT provides better insight
into the presence and location of parenchymal lesions, but has so far not been validated for
these lesions.* CT imaging in pancreatic lesions has a sensitivity of 75% and a specificity of
80%. 10 In the hemodynamically stable patient, the sensitivity of ultrasound significantly
(48-98%) ranges; Ultrasound therefore has a low negative predictive value for pancreatic
injury.® This was also the case in our patients. To assess the integrity of the pancreatic duct,
Endoscopic Retrograde Cholangiopancreatography (ERCP) and MRCP or secretin-MRCP
appear more appropriate than CT.® Experience with these techniques in children with
pancreatic injury is very limited. Given the invasive nature, ERCP has significant drawbacks
especially in smaller children.
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Treatment

Whether or not to operate is a difficult dilemma when the diagnose pancreatic injury
has been made. Non-operative treatment consists of enteral feeding through a duodenal
catheter or total parenteral nutrition, naso-gastric drainage, proton pump inhibitors and
possibly octreotide. Although this has been described in almost all the literature, there are
no conclusive studies on the benefits of proton pump inhibitors or octreotide.

This also applies to the indications for surgical treatment. In recent years, a shift to the
non-operative treatment has occurred, also of more extensive injuries. However, most of
the literature that compares operative with the conservative treatment consists of small
retrospective studies. These studies advocate that grade 1 and 2 lesions in can successfully
be treated non-operative in 64 to 100% of the cases.”"

There is no consensus on the optimal treatment of severe pancreatic lesions involving the
pancreatic duct. (grade 3-5) Success Rates of non-surgical treatment of pancreatic duct
injury range from 16% to 80%.% However, the number of interventions for complications
seem to rise in non-operative treatment of the more severe injuries such as abscess drain-
age and treatment of pseudocysts or fistulae®

Surgical intervention is indicated in peritonitis, threatening hemodynamic or respiratory
failure or infected necrosis of the pancreas. Surgical intervention due to secondary bacte-
rial pancreatitis or necrotizing pancreatitis, however, is very rare in children.™

If non-surgical treatment fails, surgery is necessary. This can be very tricky as shown in
patient B. The abdomen, as a result of persistent peritonitis, was virtually inaccessible due
to pancreatic leakage from the fistula. Some surgeons prefer to operate early in case of
severe pancreatic injury, specific to the tail end. For the difficulty of the surgery increases
with longer wait, along with the decreasing morbidity of pancreatic surgery. Another
advantage is that the spleen can more often be preserved

Surgical options are pancreas tail resection, pancreaticojejunostomy or drainage. Only in
complete distal pancreatic transection, a spleen sparing distal - pancreatectomy can be
performed. If there is a full-proximal transection, a Roux Y pancreaticojejunostomy can
be carried out. Setting the indication to perform such an operation requires close collabo-
ration between pediatric surgeons, pediatric (Hepato-pancreatic) physicians, orthopedic
surgeons, and abdominal (hepatopancreaticobiliair) surgeons, because experience with
this type of injury, by definition, will be relatively small.

Late surgery, usually with failure of nonoperative treatment, often involves drainage of
a pseudocyst or persistent pancreatic fistula as seen in patient B. Disadvantages of late
operation is longer operation times and difficulty in accessibility by adhesions, which are
the result of chronic pancreatic inflammation due to persistent leakage from a pancreatic
fistula, such as in patient B.

ERCP offers the possibility over stenting the injury of the pancreatic duct. However, it runs
the risk of iatrogenic pancreatitis. ERCP with stent placement can induce the formation
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of a pseudo-cyst although is does not always occur. Stent placement is also a technically
difficult procedure especially in small children.

An important consequence of conservative treatment is the emergence of pancreatic pseu-
docysts.” This occurs in 0-44% of the cases.”® Many pseudocysts resorb spontaneously, but
in cysts> 5 cm and symptomatic, intervention should be considered.

Ladies and Gentlemen, these cases illustrate that the diagnosis of pancreatic injury in chil-
dren is often difficult to determine. In blunt abdominal trauma, pancreatic injury should
always be included in the differential diagnosis even though initially there are neither
physical nor biochemical alarm symptoms. It is recommended that every child in whom
pancreatic injury is suspected undergoes a full re examination again after 6 hours. Abnor-
mal or elevated amylase levels in serum or urine are grounds for further diagnostics in the
form of CT, MRI and MRCP. Severe injuries with complete transection of the pancreatic
duct can often be treated non-surgically, but unambiguous evidence for the best treatment
is still lacking. Timely referral to, or consultation of a trauma center with extensive experi-
ence with hepato-biliary-pancreatic surgery, is recommended because of the complexity of
diagnosis and treatment.
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ABSTRACT

Blunt abdominal trauma in children occurs fairly frequently. Although computed to-
mography scanning is considered by many to be the gold standard, in children who are
hemodynamically stable, CT images do not usually result in new perspectives that lead to
changes in management. However, the burden of radiation for the child is considerable.
CT scanning for blunt abdominal trauma should therefore be avoided in children who are
hemodynamically stable. Novel algorithms, using parameters from the patient’s history,
physical examination, and possibly ultrasound and laboratory tests, seem to be sufficient
for ruling out intra-abdominal injury in more than 95% of cases.
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INTRODUCTION

Blunt abdominal trauma in children is relatively common. Although many consider CT scan
as golden standard, it rarely provides new perspectives that lead to a change in manage-
ment in the hemodynamically stable child. However, the radiation exposure is considerable.
In hemodynamically stable children with blunt abdominal trauma, a CT scan should be
avoided as much as possible. New algorithms that make use of parameters obtained from
the patients history, physical examination and possible ultrasound and or lab findings,
can predict the presence or absence of intra abdominal injuries in more than 95% of the
patients.

Computed Tomography (CT) is seen by many as the gold standard for diagnosing traumatic
intra -abdominal injury in children. However CT scan is not without risks: in particular in
children, the risk of radiation-induced malignancy is much higher than in adults. In a recent
commentary in the Dutch Journal of Medicine the risk of CT scans in children has been
discussed.” In this current paper, we discuss the increasingly prominent role of CT in the
diagnosis of intra -abdominal injury in children.

Primary survey

The care of the child with suspected abdominal injury requires a systematic approach. As
soon as the first survey focused on airway, breathing, circulation and neurological status
is completed and the child is stable, a complete physical examination is performed. Subtle
abnormalities such minor abrasions due to a handlebar in the abdomen can be a sign of
significant internal injuries.? Clearly visible defects such as the “seatbelt sign” are almost
pathognomonic of serious internal injuries. An initial normal physical examination does not
rule out internal injuries. Preferably, the same physician repeats the physical examination
after a few hours, as changes in physical examination may be an important clue in ab-
dominal injury. Adequate and constant monitoring is essential so changes, in for example
hemodynamics, can be detected.

Imaging

Ultrasound

Ultrasound, mainly focused on the detection of free fluid, is a rapid, non -invasive way
to detect intra-abdominal injury. Also, pericardial and pleural fluid can be excluded. The
ultrasound can be performed during the initial survey and can easily be repeated when
necessary, which makes the ultrasound a very valuable asset and diagnostic tool. In the
hemodynamically unstable child an ultrasound can confirm the need for emergency lapa-
rotomy.
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However, the reliability of an ultrasound is dependent on the experience of the sonographer.
Ultrasound is not reliable for the assessment of the severity of the injury of parenchymal
organs, such as liver and spleen, nor for the presence of a hollow viscus perforation. Also
the retroperitoneum is difficult to assess by ultrasound. In children, ‘Focused Assessment
with Sonography in Trauma’ (FAST) has a high specificity for the presence of hemoperito-
neum ( 83-98 % ), but a low sensitivity. Where the positive predictive value is >0.85, the
negative predictive value is around 0.5. Repeating the examination may possibly improve
these outcomes.3 In light of the initial low sensitivity and low negative predictive value of
ultrasound, it is essential to evaluate the trauma mechanism, the laboratory results and to
repeat physical examination and ultrasound in order to assess a child properly.

cT

In adults, a contrast enhanced CT scan is considered the gold standard for a suspected
intra -abdominal injury. Even in children, who are hemodynamically stable, many doctors
in the Netherlands consider CT with intravenous and/or oral contrast the examination of
choice.4 on a CT scan, free fluid can be identified and it is frequently possible to determine
the location and extent of injury. Active bleeding can also be visualized using intravenous
contrast. The negative predictive value of abdominal CT is > 99 %°

The American Pediatric Surgical Association (APSA) issued guidelines in 2000 for the non -
operative treatment of hemodynamically stable children with isolated spleen or liver injury.
These guidelines provide guidelines for nonoperative treatment based on the grading of
the severity of the injury as revealed by a CT scan.® To be able to abide these rules, often a
CT is performed to determine the severity of the injury. However, there is a large inter- and
intra- observer variability in the assessment of the grade of liver injury in children.” CT im-
ages also often do not correspond to the intra-operative findings, nor does grading based
on CT scan predict the success rate of non-operative management.®®

Moreover, it appears that a CT scan in hemodynamically stable children with abdominal
injury does not alter management in more than 95 %. Non-surgical treatment for intra
-abdominal parenchymal lesions are safe and successful for more than 90 % of hemody-
namically stable children, regardless of the age of the child and the severity of the injury. In
case of failure of the non-surgical treatment, a late laparotomy does not increase morbidity
and mortality. The admission time in the ICU and length of hospital stay are not increased
by non surgical treatment.'®

Additional to intra -abdominal haemorrhage, a perforation of a hollow organ forms the
main operation indication in children. The sensitivity of CT for perforation of a hollow or-
gan, such as the duodenum, is only about 50%.'" This low sensitivity also applies to other
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bowel lesions. Therefore, the value of a CT scan appears to be limited for the diagnosis
of perforation of a hollow organ. In a review of the APSA, 90% of children who had to
undergo surgery because of duodenal injury showed abnormalities on physical examina-
tion, such as the seatbelt sign or rebound tenderness.'’

The presence of free fluid on a CT scan is not a direct indication for surgical or radio-
logical intervention. More than 95% of children with intra -abdominal free fluid due to
parenchymatous organs and without obvious bowel perforation, can be managed without
operation. If bowel perforation is present, peritonitis symptoms will develop within 24
hours."? For this reason repeated physical examination by the same, preferably experienced
physician, is considered the most reliable diagnostic test. In experienced hands, laparos-
copy may be considered in a hemodynamically stable child, as diagnostic tool or to localise
a previously proven or expected injury. A low threshold for conversion to laparotomy must
be however obtained.

A ‘negative’ laparotomy, during which with no injury is found and which on hindsight can
be unnecessary, leads to early morbidity in 20-43% of trauma cases. The incidence of long-
term complications such as severe ileus after a negative laparotomy ranges from 0.5-4%.'?

An advantage of CT is the ability to localize an arterial blush. If hemodynamically stable or
responding well to resuscitation a selective embolization of the injured vessel is possible.
However, embolization is not without risks, especially given the relatively small femoral
artery and the substantial risk of necrosis of liver or gallbladder with embolization of the
hepatic artery or one of its branches. Moreover, a non-surgical treatment is successful in
72% of hemodynamically stable children with liver or spleen injury and a visible arterial
bleeding (‘blush’) on the CT scan." Expectant management is defensible.

The main risk of a CT scan is the relative high doses of ionizing radiation to which children
are exposed. Young children are more susceptible to radiation-induced tumours by ionizing
radiation than adults because they have a longer life expectancy, there is on average more
time in which these tumours may develop, and the tissues are more susceptible to radiation
damage. Although little direct evidence has been found for the relationship between the
setting of CT scans on the child’s age and an increased risk for the development of a
malignancy, it is estimated that roughly 1 in 1000 children will develop cancer as a result

of a CT-scan later in life.""

As an example, we collected data that come from the University Medical Center Groningen.
The average radiation dose in children who underwent CT for suspected abdominal injury
was 11.4 mSy, with a range of 1.2 to 23.8 mSv. This bandwidth is the result of differences

113



114

Chapter 10

in type CT (for example, with or without contrast, thoracic or pelvis included or not). Using
the ‘Biological Effects of lonizing Radiation (BEIR) VIl model leads to an estimated absolute
increase in tumour risk of 0.26% on 40-years of age.'® As the risk of malignancy before
the age of 40 is 1.7% in a normal population, this means an increase in the relative risk by
about 15% based on these figures.'” in other words, 1:500 children who undergo a CT for
suspected abdominal injuries in our series will develop radiation-related malignancy, during
the rest of his or her life and 1:1000 will subsequently die due to that tumor.

The above figures are in line with recent data from Australia and the United States, al-
though the way in which the radiation risk is calculated is still heavily under discussion''®
In the United States the majority of CT scans take place in non-children’s hospitals using
higher dose of radiation., More often multiple body regions are scanned simultaneously in
non pediatric centers, significantly increasing the additional radiation exposure.'®. To what

extent this is also holds true for the Netherlands, is unknown.

MRI

MRI produces non-ionising, harmless, magnetical radiation. This technique is not suitable
for the acute care facilities yet. With the current logistics the MRI is not always available
and although the duration of the studies are still further reduced, it takes much longer for
an MRI than a CT scan to perform a scan., Especially if multiple parts of the body need to
be scanned.. Because of the long duration of the study with children anaesthesia is often
necessary. Also, interventions during the MRI are virtually impossible.

Alternatives

Given the limitations of the imaging studies a scoring system that makes use of a combina-
tion of parameters of a physical examination, laboratory tests and ultrasound would be
a valuable addition to children with blunt abdominal injury. Such algorithms might be
able to identify children with a high risk of abdominal injuries, which can then undergo
a CT scan or, conversely, identify children with a very low risk of injury not needing CT
imaging. In 2009, Swiss researchers developed the “Blunt abdominal trauma in children
(BATIC) score” that uses parameters that are obtained with standard trauma assessment:
physical examination, laboratory values and ultrasound results.19 Table 1 lists the variables
of BATIC. With the help of this score, a negative predictive value of 97% can be achieved.
Other studies reported similar predictions based on history and physical examination for
children with a very low risk of blunt abdominal injury.?®?' In these studies a negative
predictive value > 95% could also be reached. The use of such algorithms reduces the
number of unnecessary scans thus further reducing radiation and should be studied more
extensively.



Does CT scan for blunt abdominal trauma in children amount to a lot of radiation for little yield?

CONCLUSION

Although CT examination is considered by many to be the gold standard in the diagnosis
of children with blunt abdominal trauma, clinicians should be aware of the possible con-
sequences of radiation exposure from CT scans in children, especially since the results of
the CT scans typically do not alter management. The radiation exposure by the latest CT
scanners may reduce radiation slightly, but we will need to stay thinking critically about
potentially dangerous diagnostics.

Ultrasound combined with repeated physical examination and repeated laboratory tests is
probably the best diagnostic tool. The policy should be based primarily on the physiological
response to injury, more than the radiological image of it. Performing a CT scan should be
avoided in the hemodynamically stable child with suspected abdominal injury. Research is
needed to determine whether new algorithms such as BATiC score, can identify high risk
of abdominal injury thereby reducing unnecessary harmful investigations.
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General discussion and future perspectives
INTRODUCTION

A recent search (april 2014) in PubMed demonstrated 30565 hits for ‘abdominal trauma’.
When the search was narrowed to ‘pediatric abdominal trauma’ there were 1394 hits
left, 370 of which were published in the last 5 years. Most of these were retrospective
case series; prospective trials are few and far between. When the search was narrowed to
‘clinical trials’ in the last 5 years, only 17 studies remained. This apparent lack of clinical
trials contrasts sharply with the enormous impact pediatric trauma can have on both the
individual as on society as a whole.

Worldwide pediatric trauma is the most important cause of death and/or permanent
disability in children." While this might be different in other parts of the worlds, in the
Netherlands some form of blunt force trauma is usually involved (>90%). Abdominal
trauma accounts for some 10% of trauma in children but is the leading cause of initially
unrecognized fatal injury.

While the mechanisms of injury and injury patterns may vary widely, the initial treatment
of the severely injured child is always the same. Just as in adults, the Airway-Breathing-
Circulation-Disability-Exposure sequence is followed, according to the Advanced Trauma
Life Support (ATLS) and Advanced Pediatric Life Support (APLS) standards.’

When vital functions have been stabilized and the primary survey has been completed, a
thorough physical examination is carried out. An important paradigm in pediatric surgery,
so eloquently and frequently advocated by Adrian Bianchi, is “just look at the child”. A
child can be crying, agitated, but also be quiet, subdued. This manifold of emotions can
be a sign of severe injury, but also of fear. This phenomenon is also present in adults yet in
children it is magnified to a large extent. The physician treating the child should therefore
be aware of this, and preferably have experience with severely injured children.

Even the smallest excoriations can be an indication for severe injury. Most (in)famous is the
small offprint of the bicycle handlebar in the upper abdomen. Although this might seem a
minor injury to the inexperienced, in fact it is highly suggestive for severe intra-abdominal
parenchymatous injury. Any visible injury should therefore trigger the physician to look
even more closely for severe injury. Look, and look again.

Of course, physical examination of the abdomen of a child is an art in itself. Muscular
rigidity or other signs of peritonitis, are a sign of intra-abdominal injury. However, the
discriminatory power of the initial examination can be questioned, especially in an agitated
child.
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Recently it has been demonstrated that there is an acceptable interobserver agreement
for most of the parameters obtained during physical examination, such as (location of)
abdominal tenderness or abdominal distention.® However, this did not hold true for perito-
neal irritation and abnormal chest auscultation findings, which are important signs during
physical examination.® Repeated examinations at regular intervals by the same experienced
physician might be a highly sensitive tool for detecting intra-abdominal injury. It might be
the change in abdominal examination and not the initial examination itself that points the
way to intra-abdominal injury.’

As injuries to the abdominal organs are common in children, efforts should be made to im-
prove the diagnostic and therapeutic process for children with suspected intra-abdominal
injury. While doing so, one should keep in mind that children are a different population
when compared to adults; psychologically but also physically and physiologically. Dif-
ferences in anatomy but also in hemodynamic response and physiologic compensation
mechanisms can turn the treatment of pediatric trauma patients into a challenge for the
surgeon. As life expectancy is long, the long-term effects of all diagnostic and therapeutic
procedures should be taken into account. This implies a thorough analysis of the current
practices, with emphasis on the diagnostic work-up and the role of non-operative treat-
ment. While ‘treat first what kills first” is one of the most important paradigms in trauma
surgery, in pediatric surgery ‘do no further harm’ certainly equals this. Pediatric trauma
can have significant long-term effects, both psychologically and physically, and all efforts
should be made to minimize both short and long-term effects.

The present thesis adds to the body of knowledge regarding intra-abdominal injury by
assessing the outcome of recent diagnostic and therapeutic strategies for children with
(suspected) intra-abdominal injury. Although most of the studies are retrospective series,
they describe the current practice in one of the largest pediatric traumacenters in the Neth-
erlands. This provides insight in the daily care for this vulnerable patient group in a dedicated
center. While lessons learned from this thesis may not be applicable universally, especially not
in smaller or third-world hospitals, most of the results can be of use for dedicated centers.
Although not set out as an audit, results obtained from this thesis have led to considerable
changes in management in our hospital, especially regarding diagnostic workup and admis-
sion times. In the paragraphs below we will discuss the findings of this thesis.

. DIAGNOSTICS IN PEDIATRIC ABDOMINAL INJURY

In the first part of the thesis we have investigated several aspects of the diagnostic workup
in children with suspected intra-abdominal injury. We have demonstrated that inter- and
intraobserver variation for grading liver injury on Computed Tomography (CT) scan is



General discussion and future perspectives

significant. This makes CT scan not suitable for defining treatment algorithms such as
the APSA guideline. Subsequently we have demonstrated that CT scan has a very limited
diagnostic yield in the hemodynamically stable child, and should be avoided, as radiation
risks are substantial. Injury scoring systems such as the BATIC score®?, as well as serum
markers such as Fatty Acid Binding Proteins, might aid in the decision to perform a CT scan.
In the following paragraphs we will discuss these findings and some of the problems we
have encountered. We will also outline future perspectives.

Hemodynamic stability

Treatment algorithms in trauma patients are mostly based on hemodynamic parameters
and the concept of hemodynamic stability. However, there is no clear-cut definition of
hemodynamic (in)stability. The definition of hemodynamic stability is subjective to multiple
variable parameters. In children it also differs to age and size of the patient. Therefore
assessing hemodynamic stability can be treacherous.

This is reflected in the literature, in which hemodynamical instability is not described
unequivocally if at all. For instance: the APLS defines hemodynamic instability as the need
for over 2x20 ml/kg resuscitation fluids. While this seems rather well defined, there is no
indication of the time frame wherein patient should be stabilized or remain stable. Also,
more subtle signs — such as a persistent drop in haemoglobin levels — which may or may
not necessitate surgical or radiological intervention are not discussed at all.

There may be guidelines when certain interventions might be necessary, but this does not
equal an unequivocal definition of hemodynamic instability or shock. This also holds true
the other way around: while criteria for shock can be classified, this classification does not
necessarily offer guidelines for treatment. The hemodynamic status of a patient therefore
remains in part dependant on subjective judgement by attending physicians. This makes
comparison of literature difficult, even more so as most authors refrain from a clear defini-
tion of what they consider hemodynamically stable.

Compensatory mechanisms for blood loss in children can maintain hemodynamic stability
for a long time, followed by a rapid and sometimes irreversible deterioration of the infant.
This is why it is so important to be informed on the severity of the injury as soon as
possible. Swift and reliable diagnostics therefore are of the utmost importance. Several
investigations, such as laboratory analyses, ultrasound and CT, might provide us with
information in addition to physical examination. However, the benefits of each diagnostic
modality should be weighed against its risks.
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The role of Computed Tomography

Doctors have a remarkable low tolerance for ambiguity. If a diagnostic test can improve
their confidence level from 90% to 95%, it will usually be performed. One could also
argue that a doctor needs to be informed of the extent of an injury, even if treatment is
not affected. In some countries medico-legal considerations might lead to such a strategy.
We must however bear in mind that these investigations can carry risks, so a risk-benefit
analysis should be made before ordering these tests.

To maximize patient safety and assure efficient, cost-effective utilization of hospital re-
sources, the American Pediatric Surgical Association (APSA) developed guidelines for the
management of hemodynamically stable children with isolated hepatic or splenic injury,
based on grades of injury on CT scan."" This grading follows the Organ Injury Scale as
issued by the American Association for the Surgery of Trauma.'? However, as we have
demonstrated there is a significant intra- and interobserver variation in the grading of
pediatric liver injury using CT-scan alone.’ Most likely these figures are similarly inaccurate
for other organ injury grading scores in abdominal injury, especially in children. Therefore
the value of the AAST OIS as a solid basis for a clinical treatment guideline, as issued by
the APSA, is doubtful. Decision-making should be dictated by clinical parameters, not
by radiological images. Otherwise one might be as the prisoners stuck in Plato’s cave: as
shadows are all they see, they mistake these shadows for reality.'

CT imaging is not going to help us in grading injury, and the APSA guidelines may there-
fore not be applicable. As CT is known to be a possibly harmful examination due to the
radiation risks involved, especially in children, we have investigated the diagnostic yield of
CT in children with suspected abdominal injury. Based on our results, CT scanning in the
workup for abdominally injured child holds very limited diagnostic yield in the treatment
of abdominal injury. Although a few novel diagnoses were established, treatment was
not altered in 96% of cases. This has also been demonstrated for e.g. CT scans for chest
trauma, in which management was also not altered.” While in the present series the
presence of an arterial blush was rare, this might be an important sign which changes
management. However, also in the presence of an arterial blush, there might not be a need
for surgical or radiological intervention.'®

Even more worrisome was the computed risk for radiation-induced malignancy. Using BEIR
VI methodology, the estimated absolute increase in tumor risk at the age of forty is 0.26%.
While this might not seem impressive, it is an increase in the relative risk with 15%, as the
absolute tumor risk in the average Dutch population at the age of forty is 1.7%. In other
words: 1:500 children who underwent a CT scan will develop a radiation induced tumor,
and 1:1000 will die from that tumor. While we have used BEIR VII methodology, which
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might be a point for discussion, these numbers are in accordance with recent observational

studies from Australia and the United States.'”'®

We strongly suspect that careful monitoring of hemodynamic parameters combined with
repeated physical examination, (repeated) ultrasound imaging and blood analysis can
postpone and thereby reduce the need for CT imaging. This will lead to lower radiation
exposure and eventually to lower radiation associated morbidity and mortality. The benefits
of early injury diagnosing by CT scan probably do not outweigh the risks of radiation
exposure.'®? The results of our data suggest that the use of CT scans can largely be
avoided in hemodynamically stable children with blunt abdominal injury.

While CT scan should be avoided in hemodynamically stable children, it might be an impor-
tant adjunct in ‘responders’, i.e. children who can be stabilized by fluid resuscitation alone,
or in children with a slow but persistent drop in hemoglobin levels. Responders might not
be considered as hemodynamically stable as fluid rescuscitation is needed to normalize
hemodynamic status. A persistent hemoglobin drop is also suggestive for persistent bleed-
ing. For both categories CT scan can offer insight in the location and severity of bleeding.
It can also aid in the decision to attempt (selective) angioembolization.

We are convinced that in hemodynamically stable children the CT scan holds little diagnos-
tic yield and with our results, we intend to increase the awareness of the risks associated
with radiation exposure in children. The fear to miss an injury should not lead the attending
surgeon to perform CT scan. The induced risk by performing an abdominal CT sometimes
outweighs the benefits and is therefore not consistent with the “primum non nocere”
principle. This also holds true for children undergoing CT scan of other body parts such
as the head: performing an abdominal CT because the child is in the CT scanner anyway
and there might be some free fluid on ultrasound doubles the radiation dose. Diagnosing
and treatment of pediatric blunt abdominal trauma should be focussing on the child rather
than a quest for diagnostic imaging. Look at the child, look and look again before you leap
to the CT scanner!

Even more worrisome is the repeating of investigations involving ionizing radiation after
transfer of a child with suspected intra-abdominal injury to specialist centers. Apparently
the decision to obtain a repeat CT scan is dependent of the interpretation of the original
scans by the treating physician and is highly subjective. While the indications to do so — like
obtaining a multiphase CT from the liver — might seem sound, the repeat CT does add high
dose radiation but rarely alters management.

In non-specialized centers radiation exposure during the work up of abdominally injured
children is significantly higher when compared to specialized pediatric trauma centers.?
In the United States it has been demonstrated that in non-specialized centers, organ-
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preserving therapy is less frequently used leading to a higher incidence of splenectomies.?’
This suggest that centralization of care for severely injured children is beneficial. While
there are no known data on this subject regarding the Netherlands, there is no reason to
assume that this is different. Centralization of specialist care, such as pediatric abdominal
injury, both operative and non-operative, should be encouraged. As to be expected, initial
management and diagnostics of paediatric abdominal trauma does not always take place
in a specialists centre but will frequently take place in a peripheral hospital. In a stable child,
one should refrain from CT scans in community hospitals. This might lead to a decrease in
referrals to the pediatric trauma centers as small intra-abodminal injuries will not be found
and thus patient will not be referred. There is also no consensus to underpin a protocol
for obtaining repeat CT scans in pediatric abdominal trauma after referral to a specialist
centers.

Although the exact risk of radiation due to medical imaging is still topic of discussion it is
safe to say radiation is potentially harmful. CT imaging in abdominal injury with children
should be seen as a potential killer rather than an eminent lifesaver. Currently the use
of CT scans seems decreased in daily practice, although numbers are still lacking. While
previously during morning rounds results from the CT scan were asked for, nowadays it is
asked why the scan was performed in the first place. This might reflect a change in attitude
towards imaging techniques with ionizing radiation in children.

Alternatives for CT scan: the BATIC score and serum markers

Workup programs like the Blunt Abdominal Trauma in Children (BATIC) score are proven to
be accurate.? The BATIC score has demonstrated to be an extremely reliable tool. When
the score is used with a cut-off point of 7, the sensitivity was 89% and the specificity
was 94%. The negative and positive predictive values were 99% and 59%, respectively
for predicting the presence of intra-abdominal injuries. As it only uses data from physical
examination, laboratory results and ultrasonography results, which are obtained in every
trauma case, the BATIC score should be prospectively tested in a multicenter trial of both
secondary and tertiary care hospitals. This way, children with a low risk of intra-abdominal
injury could be detected. In these children CT scans could therefore be avoided. The main
advantage of the BATIC score is that it comprises hemodynamic parameters, lab results and
ultrasound imaging. These are all easily obtainable parameters and are concurrent with
the ATLS concept. It is therefore an objective measurement that correlates strongly with
common clinical reasoning.

Biomarkers

A specific blood plasma marker for the presence abdominal injury would be a valuable
addition to the diagnostic workup. It could save valuable time, and reduce costs and
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unwarranted medical examinations. Based on preliminary results in adults, Liver Fatty Acid
Binding Protein (L-FABP) can be seen as early marker for severity of injury and possibly
specifically for the presence of abdominal injury.?> L-FABP levels rise quickly after the injury
to rapidly decrease afterward. A large number of patients will be necessary to determine
the diagnostic accuracy of L-FABP for the presence of intra-abdominal injury. This prospec-
tive trial is currently underway in the University Medical Center Groningen.

The biological availability of FABPs in urine makes it a potentially valuable marker specifi-
cally for the presence of abdominal injury in children. While the current ELISA is available
only in research setting, a point-of-care test will become available this year. This will allow
the physician to test e.g. Liver or Intestinal Fatty Acid Binding Protein on the spot in the
emergency room. This technique might also become available for other centres after a
prospective trial has been conducted. This could evolve into a clinical urine or blood test to
indicate the presence or absence of intra abdominal injury.

One of the main legal problems in the Netherlands is the impossibility to perform observa-
tional studies without direct (possible) therapeutic benefit in children. We have attempted
to perform an observational study using urine L-FABP as biomarker for the presence of
intra-abdominal injury in children. However, the Institutional Review Board of the Uni-
versity Medical Center Groningen did not grant permission for that trial, as the individual
child did not possibly benefit because all ELISA's were to be done in batch analysis when
inclusion was completed. Until this law has changed — and there are many efforts in place
to do so — this kind of observational research leading to an improvement in management
is impossible in children.

II. INTRA-ABDOMINAL INJURY

This thesis started with the simple question why a child with liver injury should be in bed
for one week. In the second part of the thesis we investigated daily practice in our hospital
for patients with intra-abdominal injury, and compared our results with the literature. We
focused mainly on the results of non-operative management (NOT) and we tried to identify
areas for further improvement in clinical management for these patients.

In our hospital the observation of splenic and hepatic injuries consisted of one-week bed
rest, independent of injury severity. This was based on the theory that a thrombus needs
time and rest to become be organised and prevent re-bleeding. For neither this observation
period nor for the APSA protocol, conclusive evidence exists. Independent of observation
schemes late bleeding does occur.
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Liver

Regarding pediatric blunt liver injury, we have found incidence and injury mechanism to
be age-related. Most cases of liver injury are caused by traffic crashes, with bicycle injuries
especially prevalent in the 6-10 year old patients. The high incidence of bicycle injuries
seems to be a typically Dutch phenomenon compared to international data.’

Concerning treatment, fluid resuscitation alone is often sufficient to stabilize children he-
modynamically, which is different from the adult patient who is hemodynamically instable.
Therefore NOT might be more appropriate in the pediatric population. Historically the
treatment of paediatric blunt hepatic injury has changed from conservative treatment to
aggressive operative treatment in the beginning of last century to return to non operative
treatment if possible by the end of the century.?*?>%6%

We also have found a shift to non-operative treatment over time in our hospital, paralleled
by a decrease in the mean ICU stay. This is in line with the literature. However the total
admission time has not decreased significantly. The avoidance of risks is the most probable

explanation for the fact that total admission time has not decreased in our hospital.

Spleen

The management of splenic injury used to be an aggressive approach of mandatory op-
erative repair based on the concept that a significant injury will not heal spontaneously.
In retrospect, the often unnecessary and sometimes technically difficult surgery led to
increased morbidity and mortality.

The recognition of overwhelming post splenectomy infections (OPSI) resulted in the wish
for spleen preserving therapies specifically for children in the sixties. After splenectomy the
lifetime risk for OPSI is around 5% with a mortality rate of about 50%, which makes it a
substantial risk specifically for children.?® Pediatric surgeons were among the first to realize
this potential threat. Spleen preserving therapies such as splenic nets became popular to
maintain splenic function. Subsequently pediatric/ traumasurgeons surgeons developed

even more conservative regimen by adopting a entire non-operative approach.?>*%*’

Splenic injury in children is associated with substantial mortality. This mortality is mainly
due to concomitant injuries but not to the splenic injury itself. For splenic injuries in hemo-
dynamically stable children, ICU and hospital stay have, despite the change from opera-
tive treatment to non-operative treatment, remained the same. Although they are well
described in literature, we did not observe severe late onset complications in children with
hepatic or splenic injury treated non-operatively. As the incidence of complications is low
and success rates are over 95%, non-operative management is the preferred treatment for
the hemodynamically stable patient. Although the conservative approach towards splenic
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and hepatic injury is now the treatment of choice, treatment protocols tend to err on
the safe side.” The total admission time for liver and splenic injury should further be
shortened, as late complications are rare.

Pancreas

Pancreatic injury in children is often difficult to diagnose but should always be in the
differential diagnose in the abdominally injured child, even in the absence of physical or
biochemical suspicious signs. Repeated evaluation and specific blood and urine analysis for
amylase after 6 hours is advised. This implies that in case of early discharge the child has
to be followed up in the outpatient clinic, and general practitioners should readily refer
patients with a suspicion of pancreatic injury (trauma mechanism and upper abdominal
pain) to a (pediatric or trauma) surgeon. In case of a raised suspicion for pancreatic injury
imaging techniques such as CT, MRI or MRCP are indicated. Imaging techniques should
specifically focus on injury to the pancreatic duct. Injury to the pancreatic duct is and
remains a challenge to diagnose.

Even higher grades of injury, including transsection of the pancreatic duct, can sometimes
be treated non-operatively.’®'3% A complete transsection of the pancreatic duct can -when
discovered within hours after the injury — be an indication for pancreatic tail resection.’
However, less invasive measures such as ERCP with stenting should be considered before
embarking on resection, especially in the bigger child. The complexity of diagnosis and
treatment of pancreatic injury implies that early referral to or consultation of specialists at
pediatric trauma centers with experience in pediatric pancreatic injury is advised.

CONCLUSIONS

I. Diagnosis

We have demonstrated that inter- and intraobserver variation for grading liver injury on CT
scan is significant. This makes CT scan not suitable for defining treatment algorithms such
as the APSA guideline. Subsequently we have demonstrated that CT scan has a limited
diagnostic yield in the hemodynamically stable child, and should be avoided if possible, as
radiation risks are substantial. Injury scoring systems such as the BATIC score, just as serum
markers such as Fatty Acid Binding Proteins, might aid in the decision whether or not to
make a CT scan in the hemodynamically stable child.

In our hospital, new guidelines are being composed regarding the workup for children
with (suspected) blunt abdominal injury. There is an increased awareness of the inherent
dangers of CT scan, and we now refrain from CT scan in the hemodynamically stable
child — even in the presence of free fluid on ultrasound. Not performing a CT scan implies
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that the physician is not aware of the extent of injury. However, as others and we have
demonstrated: a CT scan often only offers a false sense of security. This is something doc-
tors should learn to live with, as the alternative is probably more detrimental to the patient.
It might be that in the absence of CT scan - and thus in relative doubt about the extent of
injury - we will have a lower threshold for admission of children for observation or keep
them in observation for a slightly longer period of time to ensure that there is no serious
injury. The effects of our changed policies should therefore be monitored closely.

Also, a nationwide study aiming to prospectively evaluate the BATIC score is under review
in the different pediatric trauma centers in the country, while we eagerly await first results
from the FABP trial to see whether these results could be applicable to children as well.
A multi-center trial investigating circulating L-FABP levels in children should provide a
subsequent answer to that.

Il. Treatment.

In general, non-operative management in pediatric abdominal injury is safe. There should
be a large index of suspicion for pancreatic injury, which is easily missed in the acute phase,
and repeat examinations including blood analysis should be performed in every child with
a possible pancreatic injury. Hospital stay can be shortened for virtually all children with
intra-abdominal parenchymatous injury — at least in our center. A critical review of the
admission protocols for pediatric abdominal injuries is therefore advised.

Based on the findings in this thesis we could argue that when there have not been
complications within the first two days, patients can be discharged the third or fourth
day post injury. When there is no clear organ damage on ultrasound, patients might be
discharged the second day after the accident. For patients with limited injury to liver or
spleen, discharge the third day post injury might be a good option. One might argue that
the child is (subconsciously) capable of determining the need for bed rest and hospital
admission: we all too often observed children jumping around in their hospital beds or
on the wards. These kids could probably be discharged the moment they are able to walk
around. This relies on thorough instructions for both patients and parent/caretakers, as
late complications can never be ruled out. Just as new diagnostic algorithms, these new
guidelines for monitoring hemodynamically stable children with hepatic or splenic injuries
should be investigated prospectively

To answer the question, which formed the basis of this thesis: there was no evidence for
adhering to one-week bed rest in children with splenic or hepatic injury. Updated protocols
for primary analysis, initial treatment and follow-up, including protocols for transferring
of injured paediatric patients, should be composed and validated by both specialised and
referral centres. Such protocols will reduce time, avoid needless investigations and prevent
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harmful radiation exposure. Thereby it will reduce morbidity and mortality, not only at the
first admission to the shock room but also in the long run. To this end, prospective trials are
necessary. This implies a stronger collaboration between pediatric trauma centers as well as
a change in Dutch law. From such collaboration all injured children will benefit.

In the long run, a small country like the Netherlands will benefit from concentration of
specialised care. This implies that, ideally, severely injured children should be referred to
one or two dedicated pediatric traumacenters, which might even have a supranational
function. Accreditation of these centers, including key performance indicators and formal
national guidelines, may contribute significantly to the care of the possibly injured child.
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SUMMARY

In chapter 1 we introduced the research topic of this thesis. Being intensively involved in
the treatment of children sustaining blunt abdominal trauma, we once posed the simple
question during ward rounds:“what is the evidence for one week bed rest in children with
liver injury?” Literature search was not very helpful, so we decided to investigate this in our
own series. This marked the start of the studies resulting in this thesis.

In chapter 2 we have investigated the reliability of a CT based grading system of liver
injury in paediatric abdominal trauma. To this end we have determined the inter- and intra
observer agreement for liver injury as graded following the Organ Injury Scale from the
American Association for the Surgery of Trauma. Several specialists, including radiologists,
paediatric surgeons, trauma surgeons and hepatobiliary surgeons all independently and
repeatedly graded hepatic injury on a CT scan and inter- and intra-observer variation was
computed.

Intra-observer agreement was moderate, with a kappa below 0.7 for all observers except
for the most senior radiologist. Inter-observer correlation using Cohen’s kappa coefficient
was also moderate, with a kappa below 0.5. In contrast, inter-observer correlation using
Spearman s test was good, suggesting that there is agreement on the general severity of
injury but not on the exact grading of injury using the AAST scoring system. These data
cast doubt on the use of the AAST liver injury score alone as a decision-making tool when
assessing haemodynamically stable children with blunt hepatic injury.

In chapter 3 we have investigated the additional radiation risk of abdominal CT and cal-
culated the estimated lifetime risk for malignancy and additional mortality risk in the light
of novel diagnostic findings that might or might not alter management. This way we have
determined the diagnostic yield of CT scan in children with suspected intra-abdominal
injury.

In 44 out of 64 (69%) patients, free fluid or intra-abdominal organ injury was found on
ultrasound. CT brought forward three additional diagnoses not discovered previously: one
grade | pancreas injury, one grade | liver injury and one grade | renal injury. Retrospectively,
these injuries could have been suspected based on laboratory findings.

Only in three out of the sixty-four hemodynamically stable cases (5%) a CT scan brought
forward an indication for intervention or change in management. One patient was sus-
pected of a duodenal perforation and underwent a laparotomy. The other two patients
were underwent selective angioembolization of the splenic artery.

The median radiation dosage was 11,43 mSv (range 1,19-23,76 mSv). Using BEIR VI
methodology, the estimated absolute increase in tumor risk at the age of forty is 0.26%.
While this might not seem impressive, it is an increase in the relative risk of 15%, as the
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absolute tumor risk in the average Dutch population at the age of forty is 1.67%. In other
words: 1:500 children who underwent a CT scan will develop a radiation-induced tumor,
and 1:1000 will die from that tumor.

Since more and more injured children are being referred to specialist centres and sub-
sequently undergo a CT scan in both facilities, we have set out to compute the extra
radiation dose and associated risks of a repeated abdominal CT after transferral to our
center. This has been described in chapter 4, again in the light of novel diagnostic findings
possibly altering management.

27% of referred patients underwent a repeat CT scan after transfer to the UMCG. There
were no significant differences between patients who underwent a repeat CT and those
who did not regarding severity of injury, type of treatment and outcome. The indications
for the repeat CT scan were hard to recover. In 92% there was no change in diagnosis or
management.

The mean ED from the CT scans made in the referring hospitals was 11.21 mSv (range 3.0
to 26.0 mSy, SD= 7.56). This is comparable to the mean ED from the CT scans made in the
UMCG 11.50 mSv (range 1.1 to 20.5, SD= 7.10) (p= 0.38). The mean ED from the repeat
CT scans in the UMCG, 11.50 mSy, range 1.1 to 20.5, correlates with an estimated mean
risk for tumor induction of 0.28%, range 0.04% to 0.61%.

The onset of a radiation-induced malignancy due to exposure in infants will presumably
present before the age of 40.The risk of developing any form of malignancy before the
age of 40 in the Netherlands is 1.67%. An absolute risk increase of 0.28% due to one
repeat CT scan therefore implies a relative risk increase of 16,8% to develop any form of
malignancy before the age of 40.

Combining readily available data into an abdominal injury score might also aid in prevent-
ing unnecessary diagnostic procedures such as CT scan. To this end we have retrospectively
validated the Blunt Abdominal Trauma in Children score (BATIC). This has been described
in chapter 5. In a cohort of 216 patients, 18 patients (8%) sustained abdominal injury.
Median BATIC scores of patients with and without intra-abdominal injury were 9.2 (6.6
-15.4)and 2.2 (0.0 -10.6) resp. (p < 0.001). When the BATIC score was used with a cut-off
point of 6, the test showed a sensitivity of 100% and a specificity of 87%. Negative and
positive predictive values were 100% and 41% resp. The AUC was 0.98.

The BATIC score can thus be a useful adjunct in the assessment of the presence of abdomi-
nal trauma in children, and can help determine which patients might benefit from a CT
scan and/or further treatment and which might not.

In chapter 6 we have investigated the kinetics of plasma Liver Fatty Acid Binding Protein
(L-FABP) as a possible marker for intra-abdominal (hepatic) injury. We have measured L-
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FABP in plasma obtained at three hour intervals from adult patients who were administered
to the Shock Room with (suspicion of) severe trauma.

In 56 patients (46M, 10F, median age 46 years, median ISS of 17) median L-FABP concen-
tration was elevated on admission and decreased to normal levels within 9 hours. Half
life time was just over three hours. Initial L-FABP levels correlate with ISS, abdominal AlS,
EMTRAS, shock index, ICU stay and mortality. The five abdominally injured patients had
higher median L-FABP levels at admission, three hours and six hours after the accident.
Based on these results it is worthwhile to investigate L-FABP as marker for abdominal injury
in a larger cohort.

In the second part of this thesis we have investigated injury to the intra-abdominal paren-
chymatous organs. In chapter 7 we have described the outcome of patients with liver injury
in our center. Eighty patients were identified: 52M, 28F with a mean age of 12 years (range
2 — 18). Most important mechanism of injury was a bicycle accident (25%) Thirty patients
sustained isolated liver injury. Hemodynamically stable patients underwent non-operative
treatment (NOT). 25 patients (31 %) underwent a laparotomy, which in 20 cases (80 %) was
related to the hepatic injury. A shift to NOT was evident: 24 / 37 (63 %) patients underwent
NOT before 2000 versus 38 / 45 (84 %) after 2000 (p = 0.04). The success rate of NOT
was 96%. Complications following NOT were rare. Late onset bleeding did not occur. Two
patients developed an infected biloma, requiring a laparotomy. Mean ICU stay before 2000
was 4.2 days (range 0 — 25 days) and 2.6 days (range 0 — 17 days) after 2000. Total hospital
time did not decrease: 14 days (range 1 — 39 days) before 2000 and 14 days (range 1 — 60
days) after 2000. The overall mortality was 8%. All deaths occurred in the operative group.

Similar data were retrospectively analysed for the children with splenic injury in our hospital,
as described in chapter 8. Splenic injury in children was associated with substantial mortal-
ity. This was due to concomitant (neurologic) injuries and not to the splenic injury itself.
Also in the treatment of splenic injuries in hemodynamic stable children non-operative
treatment is gaining preference above operative treatment. In children with isolated splenic
injury, NOT is performed in 91% of cases. When surgery was necessary, spleen preserv-
ing techniques also gained popularity. ICU length of stay and length of stay in hospital
have, despite the change from OT to NOT, remained the same. Complications in the NOT
group are rare, suggesting that NOT is safe. It can be concluded that we are still observing
children in hospital for a time period that is longer than necessary.

Paediatric pancreatic injury is an entity on it's own and has been described in chapter 9.
It is relatively uncommon, easily missed, and hard to diagnose even in the higher injury
grades such as transsection of the pancreatic duct that sometimes call for early surgical
treatment.
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The diagnosis is difficult to establish because shortly after an accident there is frequent
lack of complaints and the blood test often still normal. Also, additional investigations in
the initial stage are often not very specific. The treatment of pancreatic lesions without
involvement of the pancreatic duct (grades 1 and 2) is conservative. With regards to le-
sions involving the pancreatic duct (grade 3 and above) there also seems to be a shift
to non-surgical treatment, but there is still little evidence for either treatment modality.
Based on three children’s cases, two with grade 3 and one with a grade 2 pancreatic
lesion, we provide insight in the difficulty in diagnosis and treatment. A high “index of
suspicion”, reassessment after six hours, and accessible consultation or preferably referral
to a pediatric trauma center, is recommended.

Chapter 10 has been written as a discussion paper for Dutch physicians dealing with
possible intra-abdominal injury in children. It put emphasis on the inter- and intra-observer
variation of grading hepatic or splenic injury on CT scan, and as such casts doubt on the
use of the APSA grading system for hemodynamically stable children. We subsequently ar-
gued that CT scan should be used with caution, as the diagnostic yield does not outweigh
the radiation risk in hemodynamically stable children.

Chapter 11 more profoundly discussed the findings of these thesis and the conclusions
we have drawn. It also introduced several future perspectives. We have demonstrated
that inter- and intraobserver variation for grading liver injury on CT scan is significant. This
makes CT scan not suitable for defining treatment algorithms such as the APSA guideline.
Subsequently we have demonstrated that CT scan has a very limited diagnostic yield in the
hemodynamically stable child, and should be avoided, as radiation risks are substantial.
Injury scoring systems such as the BATIC score, just as serum markers such as Fatty Acid
Binding Proteins, might aid in the decision whether or not to obtain a CT scan in the
hemodynamically stable child.

In our hospital, new guidelines are being composed regarding the workup for children
with (suspected) blunt abdominal injury. There is an increased awareness of the inherent
dangers of CT scan, and we now often refrain from CT scan in the hemodynamically stable
child — even in the presence of free fluid on ultrasound. It might be that in the absence
of CT scan we will admit children relatively easy or for a slightly longer period of time to
ensure that there is no serious injury. The effects of our changed policies should therefore
be monitored closely.

In general, non-operative management in pediatric abdominal injury is safe. There should
be a large index of suspicion for pancreatic injury, which is easily missed in the acute phase,
and repeat examinations including blood analysis should be performed in every child with
a possible pancreatic injury. Hospital stay can be shortened for virtually all children with
intra-abdominal parenchymatous injury — at least in our center.
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To answer the question that formed the basis of this thesis: there was no evidence for
one-week bed rest in children with splenic or hepatic injury. Updated protocols for primary
analysis, initial treatment and follow-up, including protocols for transferring of injured
paediatric patients, should be composed and validated by both specialised and referral
centres. Such protocols will reduce time, avoid needless investigations and prevent harmful
radiation exposure. Thereby it will reduce morbidity and mortality, not only at the first
admission to the shock room but also in the long run. To this end, prospective trials are
necessary. This implies a stronger collaboration between pediatric trauma centers as well
as a change in the Dutch law to facilitate research in children. From such collaboration all
injured children will benefit.
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In hoofdstuk 1 hebben we het onderwerp van dit proefschrift geintroduceerd. Nauw
betrokken bij de behandeling van kinderen met stomp buiktrauma vroegen we ons ooit af
wat het wetenschappelijk bewijs was voor de week bedrust die wij kinderen met leverlet-
sel voorschreven. Een literatuuronderzoek bracht ons niet verder. Vervolgens besloten we
onze eigen patiéntengroep te analyseren. Dit markeerde het startpunt van de onderzoeken
die tot dit proefschrift geleid hebben.

In hoofdstuk 2 hebben we de betrouwbaarheid van een scoringssysteem voor leverletsel
gebaseerd op CT-beelden onderzocht. We hebben de inter- en intraobserver variatie voor
de gradering van leverletsel volgens de Organ Injury Scale van de American Association
for the Surgery of Trauma (AAST) bepaald. Diverse specialisten waaronder radiologen,
kinderchirurgen, traumachirurgen en hepatobiliair chirurgen scoorden leverletsel op CT
scan. De beoordeling van de scans gebeurde onafhankelijk van elkaar en werd enkele
dagen later herhaald. Vervolgens hebben we de intra- en interobserver variatie berekend.
De intra-observer overeenkomst was matig (kappa<0.7 voor alle beoordelaars behalve
voor de meest senior radioloog). De inter-observer correlatie was — gebruik makend van
Cohen’s kappa — matig (kappa < 0.5). Daarentegen was de inter-observer correlatie goed
als we Spearman’s test gebruikten. Dit impliceert dat er globaal overeenstemming is over
de ernst van het letsel, maar dat er geen overeenstemming was over de exacte graad van
het letsel volgens het AAST scoringssysteem. Deze observaties trekken het gebruik van de
gradering van de ernst van het leverletsel volgens de AAST criteria als enige parameter
voor het bepalen van het beleid in twijfel bij hemodynamisch stabiele kinderen met stomp
leverletsel.

Hoofdstuk 3 beschrijft het stralingsrisico ten gevolge van CT scan. In hoofdstuk 3 hebben
we het geschatte risico op een straling geinduceerde maligniteit en het risico op overlijden
aan een dergelijke tumor berekend. Hierbij hebben we ook geanalyseerd in hoeverre een
CT scan nieuwe diagnoses aan het licht bracht en in hoeverre deze nieuwe diagnoses het
beleid veranderden.

Bij 44/64 patiénten (69%) werd met behulp van echografie dan wel orgaanletsel, dan
wel vrij vocht in het abdomen aangetoond. De vervolgens gemaakte CT scan leverde drie
nieuwe diagnoses op: een graad | pancreas letsel, een graad | lever letsel en een graad 1
nierletsel. In retrospectie hadden al deze letsels verwacht kunnen worden op basis van de
laboratoriumuitslagen.

Het beleid wijzigde slechts in 3/64 hemodynamische stabiele patiénten (5%). Een patiént
werd verdacht van een duodenumruptuur en onderging een laparotomie. De beide andere
patiénten ondergingen selectieve embolisatie van de arteria lienalis.

De mediane stralingsdosis was 11,43 mSv (range 1,19-23,76 mSv). Gebruikmakend van
de BEIR VIl methodologie was de geschatte absolute risico toename voor het ontstaan van
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een maligniteit op het veertigste levensjaar 0.26%. Hoewel dit niet indrukwekkend lijkt, is
het een toename in het relatieve risico van 15%, omdat het absolute risico op het ontstaan
van een tumor op het veertigste levensjaar in Nederland 1.67% is. Grofweg betekent dit
dat 1:500 patiénten een tumor ontwikkelt ten gevolge van de CT scan, waarbij 1:1000 zal
overlijden ten gevolge van deze tumor.

Omdat steeds meer patiénten verwezen worden naar een tertiair centrum — waar de
diagnostiek vaak nog eens over gedaan wordt — hebben wij in hoofdstuk 4 de additionele
stralingsdosis en de bijbehorende risico’s berekend. Hierbij hebben we ook onderzocht in
hoeverre nieuwe bevindingen op deze scans het beleid gewijzigd hebben.

Bij 27% van de verwezen patiénten werd de CT scan herhaald. Er was geen verschil tussen
patiénten die wel of geen herhaalde CT scan ondergingen betreffende ernst van het let-
sel, sort behandeling en uitkomst. De indicaties voor het herhalen van de CT scan waren
vrijwel niet terug te halen. In 92% van de gevallen was er geen verandering in diagnose
of behandeling.

De gemiddelde ED van de CT scans in de verwijzende centra was 11.21 mSv (range 3.0
to 26.0 mSy, SD= 7.56). Dit was vergelijkbaar met de gemiddelde ED van de scans in het
UMCG: 11.50 mSv (range 1.1 to 20.5, SD= 7.10) (p= 0.38). De gemiddelde ED van de
herhaalde scans in het UMCG correleren met een gemiddelde risico toename voor het
ontwikkelen van een tumor op het veertigste levensjaar van 0.28% (range 0.04%-0.61%).
Omdat radiatie-geassocieerde tumoren ten gevolge van een scan op de kinderleeftijd
waarschijnlijk ontstaan voor het veertigste levensjaar betekent deze absolute toename van
0.28% een relatieve toename 16.8% van het risico op het ontwikkelen van een maligniteit
voor het veertigste levensjaar.

Het ontwikkelen van een score om de ernst van het buikletsel aan te geven, waarbij gebruik
gemaakt wordt van direct beschikbare gegevens, zou kunnen leiden tot een afname in het
aantal onnodige diagnostische procedures zoals een CT scan. De Blunt Abdominal Trauma
in Children score (BATIC) is een dergelijke score. De validatie van de BATIC is beschreven
in hoofdstuk 5. In een cohort van 216 patiénten waren 18 patiénten met buikletsel (8%,).
De mediane BATIC scores van patiénten met en zonder buikletsel waren 9.2 (6.6 -15.4) en
2.2(0.0-10.6) resp. (p < 0.001). Indien we een afkappunt van 6 hanteerden, had de BATIC
een sensitiviteit van 100% en een specificiteit van 87%. Negatief en positief voorspellende
waarde was 100% en 41%. De AUC was 0.98.

De BATIC kan dus een belangrijk hulpmiddel zijn in het beoordelen van de aan- of afwezig-
heid van buikletsel bij kinderen. Het lijkt een goed instrument om te bepalen welke pati-
enten wel en welke patiénten geen CT van het abdomen of andere behandeling moeten
ondergaan.



Nederlandse samenvatting

Een andere mogelijke marker voor de aanwezigheid van intra-abdominaal (lever) letsel is
Liver Fatty Acid Binding Protein (L-FABP). In hoofdstuk 6 beschrijven we de kinetiek van
plasma L-FABP als marker voor buikletsel. We hebben L-FABP in plasma gemeten met 3 uur
interval bij volwassen patiénten die opgenomen waren op de Shock Room met (verdenking
op) ernstig traumatisch letsel.

56 patiénten (46 mannen, 10 vrouwen, mediane leeftijd 46 jaar, mediane ISS 17) wer-
den geincludeerd. De mediane L-FABP spiegels waren sterk toegenomen bij opname, en
normaliseerden binnen 9 uur. De halfwaardetijd was net drie uur. Initiéle L-FABP spiegels
correleren met ISS, abdominale AIS, EMTRAS, shock index, IC duur en mortaliteit. De vijf
patiénten met bewezen buikletsel hadden significant hogere L-FABP spiegels bij opname,
en na drie en zes uur na het ongeval in vergelijking met patiénten zonder buikletsel. Op
grond van deze resultaten lijkt L-FABP een goede marker voor de aanwezigheid voor buik-
letsel. Dit moet in een groter cohort onderzocht worden.

In het tweede deel van dit proefschrift beschrijven wij enkele specifieke letsels van
lever, milt en pancreas. In hoofdstuk 7 onderzoeken we de uitkomsten van kinderen
met leverletsel in ons centrum. We beschrijven 80 patiénten: 52 jongens, 28 meisjes
met een gemiddelde leeftijd van 12 jaar (range 2-18). Een fietsongeval was het meest
voorkomende ongeval mechanisme (25%). Dertig patiénten hadden geisoleerd lever let-
sel. Hemodynamisch stabiele patiénten ondergingen niet-operatieve behandeling (NOT).
25 patiénten (31%) ondergingen een laparotomie, waarbij het leverletsel in 20 gevallen
(80%) de indicatie vormde voor de laparotomie. Er was een duidelijke verschuiving naar
NOT in de tijd: 24/37 (63%) ondergingen NOT voor 2000, versus 38/45 (84%) na 2000
(p=0.04) NOT was succesvol in 96% van de gevallen. Complicaties waren zeldzaam. Late
bloedingen traden in ons cohort niet op. Twee patiénten ontwikkelden een geinfecteerd
biloom, waarvoor laparotomie noodzakelijk werd. De gemiddelde opnameduur op de IC
was 4.2 dagen (range 0-25) voor 2000 versus 2.6 dagen (range 0-17) na 2000. De totale
duur van de ziekenhuisopname daalde niet: 14 dagen (range 1-39) voor 2000 versus 14
dagen (range 1-60) dagen na 2000. De mortaliteit bedroeg 8%. Alle sterfgevallen traden
op in de operatief behandelde groep.

Op vergelijkbare wijze hebben we zoals beschreven in hoofdstuk 8 kinderen met miltletsel
geanalyseerd. Miltletsel bij kinderen gaat gepaard met een significante sterfte, waarbij dit
meestal het gevolg bleek van het begeleidende (neurologische) letsel en niet van zozeer het
miltletsel. Ook bij hemodynamisch stabiele kinderen met miltletsel wordt steeds meer de
voorkeur gegeven aan niet-operatieve behandeling. In kinderen met geisoleerd miltletsel is
NOT gebruikt in 91% van de gevallen. Complicaties zijn zeldzaam na NOT. Indien chirurgie
toch nodig bleek, werden in de laatste periode steeds meer milt sparende technieken
gebruikt. Opnameduur op de IC en in het ziekenhuis zijn, ondanks de verschuiving van
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operatieve naar niet-operatieve behandeling, niet afgenomen. We observeren kinderen
met miltletsel blijkbaar dus nog steeds langer dan noodzakelijk in het ziekenhuis.

Pancreasletsel bij kinderen wordt beschreven in hoofdstuk 9. Het is een relatief zeldzaam
letsel en het stellen van de diagnose kan moeilijk zijn, zelfs bij de ernstiger letsels zoals een
transsectie van de ductus waarvoor operatieve behandeling geindiceerd kan zijn.

Het stellen van de diagnose is moeilijk omdat er de eerste uren na het ongeval vaak weinig
klachten zijn en bloedonderzoeken geen afwijkingen laten zien. Ook aanvullende diag-
nostiek is vaak niet specifiek in die periode. De behandeling van de milde letsels zonder
beschadiging van de ductus pancreaticus (graad 1-2) is niet-operatief. Ook voor de ern-
stiger letsels, waarbij de ductus is betrokken, lijkt er een verschuiving naar niet-operatieve
behandeling, maar er is nog weinig bewijs dat niet-operatieve behandeling beter is dan
operatieve behandeling of omgekeerd. Wij beschrijven in hoofdstuk 9 3 kinderen met
graad 2 en 3 letsel, om de valkuilen en moeilijkheden van pancreasletsel aan te geven.
Men moet altijd bedacht zijn op pancreasletsel, en bij de geringste verdenking verdient het
aanbeveling om het kind zes uur later terug te zien inclusief laboratoriumonderzoek. Het
consulteren van of verwijzen naar een kindertraumatologisch centrum wordt geadviseerd.
Hoofdstuk 10 is geschreven als een discussiestuk voor de Nederlandse artsen die mogelijk
te maken krijgen met kinderen met intra-abdominaal letsel. In dat hoofdstuk benadruk-
ken we nogmaals de intra-/interobserver variatie van de gradering op basis van CT scan,
hetgeen het nut van de APSA gradering in twijfel trekt. Daarna beargumenteren we dat,
omdat CT scan het beleid zelden wijzigt terwijl er wel een significant stralingsrisico is, CT
scan bij de hemodynamisch stabiele patiént indien mogelijk vermeden moet worden.

In hoofdstuk 11 bediscussiéren we de bevindingen en conclusies uit dit proefschrift. We
hebben aangetoond dat de inter- en intraobserver variatie voor het graderen van leverlet-
sel met behulp van CT scan significant is. Dit impliceert dat CT scan niet geschikt is om
algoritmen zoals de APSA richtlijnen op te baseren. Vervolgens hebben we aangetoond
dat de diagnostische opbrengst van CT scan gering is, maar het stralingsrisico aanzienlijk.
In het hemodynamische kind moet CT scan dan ook zoveel mogelijk vermeden worden.
Scoringssystemen zoals de BATIC score kunnen helpen bij de beslissing al dan niet een CT
scan te verrichten. Dit geldt ook voor biomarkers zoals Fatty Acid Binding Proteins.

In ons ziekenhuis worden nieuwe richtlijnen opgesteld aangaande de work-up voor kinde-
ren met (verdenking op) stomp buikletsel. Men is zich steeds meer bewust van de gevaren
van CT scan, en er wordt steeds meer afgezien van het verrichten van een CT scan in het
hemodynamisch stabiele kind, zelfs in de aanwezigheid van vrij vocht op de echo. Het niet
verrichten van een CT scan zou er toe kunnen leiden dat we kinderen sneller of iets langer
ter observatie opnemen om ons ervan te vergewissen dat er geen ernstig letsel is. De effec-
ten van dit veranderende beleid zullen dan ook nauwkeurig gemonitord moeten worden.
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In het algemeen is niet-operatieve behandeling van kinderen met buikletsel veilig. Er moet
altijd gedacht worden aan letsel van de alvleesklier, ook al is er in de acute fase geen
directe aanwijzing daarvoor. Herhaald onderzoek inclusief laboratoriumonderzoek zou in
elk kind met mogelijk pancreasletsel verricht moeten worden. De totale ziekenhuisduur
en IC duur van kinderen met letsel van de solide organen in de buik kan in ons ziekenhuis
teruggebracht worden.

Om de vraag die de basis vormde voor dit proefschrift te beantwoorden: er was geen
bewijs voor de routine week bedrust voor kinderen met milt- of leverletsel. Nieuwe proto-
collen voor opvang, behandeling en follow-up, inclusief richtlijnen voor het overplaatsen
van patiénten, moeten opgesteld en gevalideerd worden door zowel tweede als derdelijns
centra. Dergelijke richtlijnen zullen tijdwinst opleveren, onnodige onderzoeken voorkomen
en schadelijke straling vermijden. Daardoor zullen morbiditeit en mortaliteit verminderen,
niet alleen op korte termijn maar ook op de lange termijn. Op dit te bewerkstelligen zijn
prospectieve trials noodzakelijk. Dergelijke trials impliceren een nauwere samenwerking
tussen kindertrauma centra en nationale, breed gedragen, protocollen, maar ook een
wetswijziging die onderzoek bij kinderen mogelijk maakt. Alle gewonde kinderen zullen
voordeel hebben van een dergelijke samenwerking.
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Dankwoord

DANKWOORD

Promoveren is bepaald geen grap, zelfs niet op 1 april. Gelukkig promoveer je nooit alleen.
Dus wil ik hierbij iedereen die mij heeft geholpen van harte bedanken.
De volgende mensen wil ik daarbij nog specifiek noemen:

Prof. dr. HJ ten Duis, beste Henk Jan, ik denk ongeveer je laatste promovendus te zijn en
dat vind ik een grote eer. Zowel mijn opleiding als mijn proefschrift heb ik onder je vleugels

mogen doen waarvoor mijn grote dank.

Prof. dr. AJ Duits, beste Ashley, je humor, veelzijdigheid en oplossingsgerichtheid maken
dat ik gemotiveerd blijf. Bovenal vind ik je een zeer aimabel persoon. Dank voor alles.

Dr. JBF Hulscher, beste Jan, je bijdrage aan mijn proefschrift is van onschatbare waarde.
Zonder jou geen boekje. Dank voor je eindeloze inzet, je oeverloze geduld, je eeuwige
enthousiasme en je vriendschap. Onze samenwerking is gelukkig niet voorbij. Ik kijk altijd
uit naar je komst voor de kinderchirurgie, als kundig collega maar ook als ‘buddy’. Ik wens
je toe dat je heldere en scherpe blik én je doeltreffendheid zich ook onder water zullen
ontwikkelen.

Prof. dr. PRG Brink, Prof. dr. EJ van der Jagt en in het bijzonder Prof. dr. S van As wil
ik hartelijk danken voor het beoordelen van mijn proefschrift en voor hun komst naar het
hoge noorden.

Tjeerd Boelstra, wat meer kan een promovendus zich wensen dan een trouwe, nuchtere
Fries van 2 meter lang met verstand van zaken naast zich. Onze vriendschap gaat veel
verder dan ons vakbroederschap. The gang in the gang+ rules!

Brechtje Nellensteijn, mijn lieve jongste zusje, ik ben er trots op dat jij mijn paranimf bent.
Met je enthousiasme en relaxedheid heb ik je er graag bij. Dank voor al je hulp en mee-
denken, je mag een perzik.

Alle medeauteurs wil ik hierbij hartelijk danken. In het bijzonder Willem Jan de Jong waar-
van ik zeker weet dat hij meerdere stokjes van me zal overnemen in de toekomst.

De afdeling traumachirurgie met in het bijzonder Klaus Wendt wil ik danken voor hun
ondersteuning in het hele traject.



Dankwoord

De leden van het studenten traumateam wil ik bedanken voor de inzet en het vergaren
van de essentiéle data.

Mijn opleiders van de Isala klinieken, het UMCG en het Martini Ziekenhuis dank ik graag
voor hun bijdrage aan mijn professionele vorming.

Prof. dr. Th Wiggers, beste Theo, dank je voor mijn begeleiding van assistent tot chirurg
in het buitenland.

Al mijn mede assistenten en in het bijzonder Charles, Ruby, Jaap, Arvid, Lukas, Tonnis en
Henk Jan wil ik bedanken voor mijn memorabele opleidingstijd.

Studiematen Roos, Bar, Sanne, Steven, Niels en Eddie. Dank voor mooie momenten in mijn
studietijd.

Collega chirurgen van het Sint Elisabeth Hospitaal: Patrick, Jeannouel, Rodney, Michel en
Paul. Dank jullie wel voor de samenwerking. We zijn er nog niet, maar we komen er wel.
Despues di awe ainda tin mafan.

Karinan van Dam van lIsselt wil ik hartelijk danken voor haar hulp bij het drukklaar maken
van het boekje.

Eric, Maurits, Woldemar en toch ook Remco. Zonder jullie was mijn proefschrift veel eerder
klaar geweest, dank daarvoor. De jacht is mooier dan de vangst.

Mijn ouders. Ik dank jullie hartelijk voor al jullie steun en doorzettingsvermogen. Vier keer
uitloten is 66k geen grap. Jullie hebben nooit opgegeven. Ik heb bereikt wat ik altijd wilde
bereiken mede door jullie inzet. Ik wil jullie, maar ook Daphne, Jorm, Myrthe en Brechtje
danken voor alle mooie jeugdherinneringen.

Ten slotte en boven alles, lieve Ellen, dank voor al je hulp. Jij bent er altijd voor mij. Dank
ook voor al het plezier dat we samen hebben en voor onze vier prachtkinderen Kiet, Joosje,
August en Pleun. Laat de suikerpot altijd gevuld blijven!

151



152

Curriculum Vitae

CURRICULUM VITAE

De auteur van dit proefschrift werd geboren in Amsterdam op 4 maart 1975. Hij groeide
op in Heino om vervolgens zijn middelbare school af te ronden in 1993 aan het Florens
Radewijns College in Raalte. Na vier maal te zijn uitgeloot voor de studie geneeskunde
werd hij uiteindelijk, met behulp van een bezwaarregeling, in 1996 geplaatst aan de
Rijksuniversiteit Groningen.

Na zijn co-schappen in het Deventer ziekenhuis heeft hij in 2002 zijn wetenschappelijke
stage in het Pretoria Academic Hospital verricht.

Vervolgens is hij anderhalf jaar Senior House Officer geweest in het Verenigd Koninkrijk
waarvan hij de meeste tijd in Edinburgh en op de Shetlandeilanden heeft doorgebracht.

Terug in Nederland werd hij in 2004 in het Sophia ziekenhuis in Zwolle aangenomen als
arts-assistent-niet-in-opleiding. Vanaf januari 2005 kon hij ook daar zijn eerste twee jaar
van de opleiding heelkunde doorlopen. Daarna werd zijn opleiding in het Universitair
Medisch Centrum Groningen voortgezet alwaar vrijwel direct de basis werd gelegd voor
dit proefschrift. In deze academische periode heeft hij ook drie maanden zijn opleiding
genoten in het Sint Elisabeth Hospitaal op Curacao. Van 2009 tot 2011 werkte hij in
het Martiniziekenhuis in Groningen, waar hij differentieerde tot traumachirurg en zijn
opleiding afrondde.

Na zijn opleiding is hij met zijn vrouw en vier kinderen naar Curacao verhuisd. Hij is daar
nu werkzaam in het Sint Elisabeth Hospitaal als algemeen- en traumachirurg en heeft als
extra aandachtsgebied de kinderchirurgie.



