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Who will be the bastions of pediatric trauma care?
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SUMMARY

The 2024 American College of Surgeons Point
Counterpoint conference held in Baltimore, Maryland
included a panel on pediatric trauma. The panelists
included pediatric surgeons, a pediatric trauma nurse
practitioner, a trauma pharmacist and a trauma surgeon.
The discussion focused on unique clinical considerations
for pediatric abdominal trauma, pharmacologic best
practices and optimizing care models to incorporate
pediatric and trauma surgeons. Points raised during
panel discussion will be highlighted and expanded on in
the following article, which is by no means meant to be a
comprehensive review of pediatric trauma management
but rather a discussion of important topics within the
field.

CLINICAL CONSIDERATIONS FOR PEDIATRIC
ABDOMINAL TRAUMA

The panelists brought up key considerations for
the initial assessment of pediatric trauma patients
that differ from the management of adult trauma
patients. This included the limited utility of the
Focused Assessment for the Sonography of Trauma
(FAST) exam, the importance of laboratory markers
in dictating further workup and limiting use of
computed tomography (CT) imaging, and differ-
ences in approach to the management of solid
organ injury.

The FAST exam is a cornerstone in the evalua-
tion of the hypotensive adult blunt trauma patient
and is crucial to determining whether to proceed
to the operating room if a source of intraperito-
neal bleeding or cardiac tamponade is identified.
The FAST exam was popularized as a surgeon-
performed diagnostic tool for the assessment of
trauma patients in the early 1990s." It continues to
be widely used in adult trauma centers and taught
during the Advanced Trauma Life Support course
sponsored by the American College of Surgeons.
After validating its use in adult patients, Rozycki
et al evaluated its utility in pediatric patients <15
years of age in 1998.2 Out of 192 individuals, the
sensitivity and specificity of the FAST exam were
found to be 80% and 100%, respectively. Neither
of the two individuals who had a false negative
required operative intervention. More recent data,
however, suggest that the utility of the FAST exam
in pediatric trauma is limited.’> A randomized clin-
ical trial by Holmes ef al found that the use of FAST
in hemodynamically stable blunt trauma patients
<18 years old as compared with standard of care
without FAST did not reduce the rate of CT use nor
positively influence any other outcomes of interest
such as missed intra-abdominal injuries, hospital
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charges or length of stay* A systematic review
published in 2021 found that the FAST exam rarely
altered the management of the hemodynamically
stable pediatric trauma patient.® A study by Calder
et al that included both hemodynamically stable
and unstable pediatric trauma patients found highly
variable use of FAST for blunt pediatric trauma
(<16 years old) across 14 US level I trauma centers,
which ranged between 0.8% and 94%.° Their
main conclusion was that the FAST exam had low
sensitivity for detecting intrabdominal injury (IAI)
overall and for IAI requiring intervention. This
study is listed as part of the guidelines published
by the Pediatric Trauma Society, which recommends
that the FAST be used with caution as a method
for detecting abdominal injury.” Overall, members
of the panel echoed these studies by stating they
did not routinely use FAST in their care of pediatric
trauma patients.

Whereas high-definition axial imaging has
become ubiquitous in the evaluation of adult blunt
abdominal trauma (BAT), laboratory testing has
traditionally been the gatekeeper to proceeding
with abdominopelvic CT in pediatric trauma
patients. The data to support this practice, however,
are highly conflicting, leading to a heterogeneous
practice pattern across centers that treat pediatric
trauma patients. A study of 14 different pediatric
level T trauma centers found large variability in
laboratory tests that were ordered across centers
and weak correlation between laboratory results
and CT use.® The American College of Surgeons
Trauma Quality Improvement Program Best Prac-
tices Guidelines in Imaging recommends screening
laboratory tests prior to withholding abdominal CT
imaging in children.” Another study published in
the American Journal of Emergency Medicine eval-
uated the role of laboratory markers in predicting
injury among children <18 years who sustained
BAT." Among 327 patients, they found signifi-
cantly higher mean transaminase and lipase values
for those with solid organ injury, but most were
still within normal range. They recommended that
laboratory tests alone should not be used to screen
pediatric patients with BAT. A prudent approach to
avoiding CT imaging in injured children involves a
combination of negative clinical, radiographic and
laboratory findings, as each in isolation may not
reliably rule out TAI. One study out of Memphis
found that combining negative transaminase results
with a negative FAST increased negative predictive
value for IAI from 83% to 96% when compared
with using each modality alone.!! A multicenter
study involving 14 level I pediatric trauma centers
used prospective data to develop a prediction rule
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that used a combination of history, physical exam findings, chest
X-ray and liver and pancreatic enzyme levels. Its negative predic-
tive value for identifying IAI requiring intervention was 100%,
which was confirmed in a validation study published a year
later.'? 13 The Pediatric Emergency Care Research Network has
developed clinical guidelines based on these study findings that
combine clinical and laboratory features to identify individuals
at high risk for BAT to reduce unnecessary imaging.'*

Another topic covered by the panel was key differences in
the management of solid organ injury between pediatric and
adult patients. In some cases, these differences emanate from
anatomic changes that occur within the body as it ages. The
pediatric spleen, for instance, has a much thicker capsule and
firmer parenchyma than the adult spleen. When compounded
with the larger risk of postsplenectomy sepsis in children less
than 5 years of age, most traumatologists will have a much
higher threshold to perform a splenectomy on a pediatric patient
with the same splenic grade of injury as an adult.'® In fact, pedi-
atric centers have led the charge in non-operative management
of splenic injuries, demonstrating high splenic salvage rates for
injuries that were previously deemed operative. This is likely due
to a greater reliance on hemodynamic status as the indication for
splenectomy rather than the extent of injury seen on CT. One
study from Delaware showed a reduction in the rate of pediatric
splenectomy from 11% to 2.7% (p=0.012) after the addition
of a verified pediatric trauma center.”” Reports of non-operative
management of splenic injury in children can be found as early as
the 1970s' . Given the greater resilience of the pediatric spleen
to injury, the decision to proceed with splenic angioembolization
(SAE) over observation is also made cautiously, as there is risk
to any procedure and most pediatric splenic injuries will heal
without intervention. The relative novelty of angioembolization
of solid organ injury as compared with surgical intervention has
led to less certainty regarding the management of both adult and
pediatric trauma when it comes to the use of interventional tech-
niques. A study of adult versus pediatric trauma centers using
the National Trauma Data Bank found that pediatric trauma
centers performed fewer SAE procedures on pediatric patients
with similar splenic salvage rates to adult centers.? A recent eval-
uation of 10 level I pediatric trauma centers found that angio-
embolization of splenic or liver injuries was performed rarely
and usually in a delayed fashion, but nonetheless associated
with 100% splenic salvage rates.?! The 2023 American Pediatric
Surgical Association guidelines contrast starkly with adult guide-
lines and state that angioembolization of liver or spleen injuries
should only be performed for patients with evidence of ongoing
bleeding and recommend against prophylactic angioemboli-
zation.?? Further research is needed to evaluate and justify the
discordance in management of solid organ injury between adults
and children.?

PEDIATRIC PHARMACOLOGY

There is great variation in pediatric drug pharmacokinetics across
subpopulations, unlike adults who have a relatively predictable
weight-based drug distribution. Body surface area, proportion
of body water to fat, hepatic and renal clearance and pharmaco-
logic receptor functions undergo significant changes as an infant
grows into a toddler and then an adolescent.?*

The study of pediatric pharmacology was limited by the
Food and Drug Administration until the 1970s due to ethical
concerns, resulting in a more basic understanding of drug dosing
considerations for pediatric patients when compared with
adults.?* For example, while tranexamic acid has a plethora of

literature characterizing the optimal adult patient population to
benefit from the medication, there is far less literature in pedi-
atric patients, and the optimal dose is unknown.?

One study evaluating prescription errors in nine pediatric
intensive care units, which is a relatively controlled setting
when compared with the trauma bay, found the error rate to
be 11%.%° The treatment of pediatric patients at adult trauma
centers can lead to these medication errors due to inexperience
with pediatric trauma dose adjustments, drug preparation and
administration. Adult teams are often inexperienced with the
dose adjustments required outside of the standard weight-based
approach. A study looking at the use of the Broselow tape in
estimating pediatric weight at a rural level I trauma center
found that in close to half of patients, the weight was under-
estimated.?” This led to underdosing of many medications and
blood transfusions. The growing obesity epidemic may make
the use of Broselow tape more and more unreliable. Drug
preparation at the bedside of any trauma patient can also lead
to medication errors, but especially in pediatric patients where
often doses must be prepared by removing drugs from existing
adult concentrations and volumes.

With these considerations in mind, the panelists emphasized
the importance of multidisciplinary teams and pediatric special-
ists at trauma centers that treat a young population to avoid
medication errors. The addition of a pediatric pharmacist to a
multidisciplinary group of experts can improve care not only
through their expertise but also through the development of
guidelines and team education. A study conducted at a level 1
trauma center that developed a multidisciplinary team consisting
of a pediatric hospitalist, a pediatric care coordinator, pediatric
nurse, pharmacist, and the trauma service was able to reduce
medication errors by 40%.% Incorporating specialized roles with
pediatric expertise within a trauma service will improve pedi-
atric trauma care.

OPTIMIZING CARE MODELS

Although we can all agree that the ideal team to care for a pedi-
atric trauma patient would include both adult and pediatric
trauma surgeons, there are too few of each in the USA to staff
all hospitals where these patients are treated. The question then
becomes, given limitations in resources, how do we ensure that
pediatric trauma patients receive timely and effective care? One
of the first steps is the existence of a regional trauma system that
can transport injured children to facilities that have the appro-
priate resources to care for them. Some of these facilities may
not be verified pediatric trauma centers but must be equipped
to provide care to pediatric patients. A recent publication from
the Government Accountability Office states that 43% of chil-
dren in the USA live over 30 miles from a high-level pediatric
trauma center that can treat all severity of injuries.”’ A separate
study found that 17 million children do not live within 60 min of
a pediatric trauma center.>® These deficiencies in access to any
pediatric trauma care make it essential that staff at non-pediatric
facilities, including verified adult trauma centers, are appropri-
ately trained in resuscitation and stabilization of critically injured
children. This process can include the development of local pedi-
atric trauma policies and periodic training of nursing and physi-
cian staff. Given the rarity of pediatric trauma treated at these
centers, high-fidelity simulation may be a valuable training tool.
There must then be a clear process in place for transfer of these
critically ill patients to pediatric trauma centers, where they will
receive appropriate pediatric intensive care and age-specific
rehabilitation and ancillary services.
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CONCLUSIONS

The answer to the question posed in the title of this article, “Who
will be the bastions of pediatric trauma care’ is now clear: it
must be the entire medical community. It is essential that health-
care staff be appropriately trained and provided with the right
resources along the entire continuum of care of the pediatric
trauma patient. Emergency medical staff must transport patients
to the right facilities at the right time and these facilities must be
knowledgeable on the latest guidelines for pediatric trauma care,
including an appreciation of the key differences in the treatment
of pediatric versus adult patients. As the scientific community
continues to grow our understanding of these differences, we
must work together as a medical community of emergency
medical staff, nurses, physicians and pharmacists to reduce the
burden of pediatric trauma morbidity and mortality.
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