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Abstract: Solid organ injury (SOI) is common in children who experience abdominal trauma, and
the management of such injuries has evolved significantly over the past several decades. In 2000,
the American Pediatric Surgical Association (APSA) published the first societal guidelines for the
management of blunt spleen and/or liver injury (BLSI), advocating for optimized resource utilization
while maintaining patient safety. Nonoperative management (NOM) has become the mainstay
of treatment for SOI, and since the publication of the APSA guidelines, numerous groups have
evaluated how invasive procedures, hospitalization, and activity restrictions may be safely minimized
in children with SOI. Here, we review the current evidence-based management guidelines in place
for the treatment of injuries to the spleen, liver, kidney, and pancreas in children, including initial
evaluation, inpatient management, and long-term care, as well as gaps that exist in the current
literature that may be targeted for further optimization of protocols for pediatric SOI
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1. Introduction

Trauma is the leading cause of death in children aged 1-14 years [1]. An estimated
10-15% of pediatric trauma patients experience abdominal injuries; the vast majority
are due to blunt trauma, with the most common mechanisms including falls and motor
vehicle accidents [2—-4]. Children are at higher risk of intra-abdominal injuries due to their
smaller size, less soft tissue to “pad” the transferred energy from a traumatic impact, and
incompletely ossified bones leading to less protection of the underlying viscera [3]. Solid
organ injury (SOI) refers to intra-abdominal organ injuries excluding hollow viscus organs
and is estimated to occur in approximately 8800 children annually [5]. The most commonly
injured solid organ in children is the liver, representing 44% of solid organ injuries, followed
by the spleen (32%), kidney (18%), and pancreas (6%) [6]. While the mortality rate associated
with isolated SOI is overall low, other factors, such as gastrointestinal injuries or the
involvement of large blood vessels, can significantly increase the risk of death. Historically,
SOI were diagnosed according to physical exam and clinical expertise, with exam findings
that may indicate intra-abdominal injury (IAI) including abdominal tenderness, distension,
guarding, abdominal wall ecchymosis or abrasions, tachycardia, and hypotension, though
the sensitivity and specificity of physical exam findings for predicting IAI are overall
poor [7,8].

Pediatric surgeons began considering nonoperative management (NOM) for select
injuries as early as the 1960s [9-11]. Since then, particularly with the rise of computed
tomography (CT) and the introduction of the American Association for the Surgery of
Trauma (AAST) organ injury scale (Table 1), NOM has become the mainstay of treatment for
hemodynamically stable pediatric patients with SOI [10]. In 2000, the American Pediatric
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Surgical Association (APSA) released guidelines for the management of blunt liver and/or
spleen injuries (BLSIs), advocating for the minimization of intensive care unit (ICU) admis-
sions and repeat imaging, decreased hospital length of stay (LOS), and reduced activity
restrictions [12]. Since this initial release, APSA has re-evaluated and released updated
guidelines for BLSI, overall following a similar pattern of recommending “less” in terms
of in-hospital interventions and restrictions (Figure 1) [13,14]. Other organizations have
released similar guidelines for SOI in an effort to create a more standardized approach to
how these injuries are managed [15-19]. The purpose of this article is to review the current
recommendations for the management of SOI in the pediatric population.

Updated APSA Blunt Liver/Spleen Injury Guidelines

/
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Figure 1. American Pediatric Surgical Association updated blunt liver/spleen guidelines. Updated
American Pediatric Surgical Association (APSA) guidelines for the management of blunt liver and
spleen injuries, designed as a “pocket card” with the easily recalled mnemonic “APSA” for Admission,
Procedures, Set free, and Aftercare [13]. ICU = intensive care unit; g6hour = every six hours;
CBC = complete blood count; NPO = nil per os; IVF = intravenous fluids; pRBC = packed red blood
cells; CT = computed tomography.

Table 1. Injury scoring scales for solid organs.

Grade Description of Injury
Spleen
1 Capsular tear, subcapsular hematoma <10% surface area, laceration < 1 cm
II Subcapsular hematoma 10-50% surface area or intraparenchymal < 5 cm, laceration 1-3 cm
m Subcapsular hematoma >50% surface area or ruptured, intraparenchymal hematoma > 5 cm,
parenchymal laceration > 3 cm
v Vascular injury or active bleeding confined to capsule, parenchymal laceration involving
segmental or hilar vessels with >25% devascularization
\% Vascular injury with active bleeding into peritoneum, hilar vascular injury with complete devascularization, shattered spleen
Liver
I Subcapsular hematoma <10% surface area, parenchymal laceration < 1 cm, capsular tear
I Subcapsular hematoma 10-50% surface area, intraparenchymal hematoma <10 cm diameter, laceration 1-3 cm depth and
<10 cm length
I Subcapsular hematoma >50% surface area or expanding, ruptured hematoma, intraparenchymal laceration or hematoma >
10 cm, laceration >3 cm depth, vascular injury, contained active parenchymal bleeding
v Parenchymal disruption involving 25-75% of hepatic lobe, active bleeding into peritoneum
Vv Parenchymal disruption involving >75% of hepatic lobe, juxtahepatic venous injury
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Table 1. Cont.

Grade Description of Injury
Kidney
I Subcapsular hematoma, parenchymal contusion
II Perirenal hematoma confined to Gerota fascia, parenchymal laceration <1 cm depth
A Renal parenchymal laceration >1 cm depth without collecting system involvement, vascular injury or active bleeding
contained within Gerota fascia
Parenchymal laceration extending into urinary collection system with extravasation, renal pelvis lacearation, complete
v ureteropelvic disruption, segmental renal vascular injury, active bleeding into retroperitoneum or peritoneum, infarction
due to vessel thrombosis
A% Main renal vascular laceartion or avulsion of hilum, devascularized kidney with active bleeding, shattered kidney
Pancreas
I Minor contusion or superficial laceration without duct injury
I Major contusion or laceration without duct injury or tissue loss
I Distal transection or parenchymal injury with duct injury
v Proximal transection or parenchymal injury involving ampulla
\% Massive disruption of pancreatic head

2. Initial Resuscitation

The initial assessment of pediatric trauma patients is protocolized by the American
College of Surgeons (ACS) Advanced Trauma Life Support (ATLS) course material and
follows the same principles as trauma management in adults, with the goal of the primary
survey of the patient being the identification of hemodynamic instability or life-threatening
conditions [20]. Consideration should be taken for the smaller body mass to body sur-
face area ratio in children compared to adults, which makes children more susceptible to
high-grade multisystem injuries and more highly sensitive to insensible fluid and heat
loss [21]. Another important distinction in the pediatric patient is the ability to phys-
iologically compensate following acute blood loss, with hypotension occurring in less
than half of patients with BLSI who require early transfusion [22]. Numerous studies
have sought to clearly define hemodynamic characteristics that may identify pediatric
trauma patients in need of more aggressive intervention. Pediatric trauma patients who
require early transfusion may be identified by an elevated pediatric age-adjusted shock
index (SIPA) rather than hypotension alone, and SIPA has been further validated as a
predictor of children with BLSI who will require transfusion, operative intervention, and
ICU admission [23-26]. Additionally, recent evidence suggests that excessive crystalloid
volume resuscitation is associated with poor outcomes, including prolonged ventilation
and hospital LOS, in pediatric trauma patients, and over half of patients who receive
multiple crystalloid boluses still ultimately require transfusion [27]. Crystalloid infusion
should therefore be limited to a 20 mL/kg bolus, with persistent hemodynamic instability
necessitating transfusion [5,13]. The transfusion of packed red blood cells is recommended
for hemoglobin levels of less than 7.0 g/dL or for patients with signs of ongoing or re-
cent bleeding (GRADE 1A recommendation, strong recommendation and high-quality
evidence) [13,28]. Thromboelastography (TEG)-directed resuscitation allows providers to
tailor blood product usage to specific deficiencies contributing to coagulopathy and has
been associated with improved outcomes in children with blunt SOI, specifically when
transfusing platelets and cryoprecipitate [29]. Early vasopressor use in SOI has been asso-
ciated with an 11-fold increased risk of mortality and should be avoided, opting instead
for adequate resuscitation and/or definitive management to address ongoing bleeding or
shock [30].

3. Imaging
3.1. FAST and Contrast-Enhanced Ultrasound

While focused assessment with sonography for trauma (FAST) has known utility in
the evaluation of adult patients with blunt abdominal trauma, its use in the evaluation of
children has been less reliable due to low sensitivity and frequently missed injuries requir-
ing intervention [15,31-34]. However, the Arizona-Texas-Oklahoma-Memphis-Arkansas
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Consortium (ATOMAC) demonstrated that a negative FAST is predictive of successful
NOM for patients with BLSI [35]. Another recent study found that a positive FAST was an
independent risk factor for IAl identified by CT, and Long et al. suggested that a positive
FAST may aid in the prediction of hemodynamically unstable patients requiring early
surgical intervention [34,36]. Contrast-enhanced ultrasound (CEUS) has been introduced
as an imaging modality with more sensitivity than FAST alone and without the same
radiation risks of CT, specifically with sensitivities and specificities of CEUS ranging from
85.7% to 100% and from 89 to 100%, respectively [37]. A meta-analysis of nine studies
determined that CEUS had a sensitivity of 98.1% for the identification of parenchymal
injuries in blunt abdominal trauma, though notably only three of the included studies
included pediatric patients, and CEUS additionally failed to consistently identify injuries to
smaller organs such as the adrenal gland that were easily identified on CT [38]. One small
retrospective study including 59 patients found that CEUS completely agreed with CT in
terms of identifying IAI [39]. Additional studies have similarly found that CEUS agrees
with cross-sectional imaging and may offer some utility in the future as an alternative to CT
to reduce oncologic risk in children, but additional studies are needed [40,41]. CT remains
the imaging modality of choice for pediatric patients with blunt abdominal trauma and is
recommended by radiological societies in both the United States and Europe [42,43].

3.2. Cross-Sectional Imaging

In general, hemodynamically unstable patients with abdominal trauma should forego
initial cross-sectional imaging and be managed operatively to quickly identify and ade-
quately control the source of instability. However, determining which hemodynamically
stable pediatric trauma patients require CT requires careful consideration to avoid unneces-
sary radiation exposure, and numerous decision-making tools have been proposed over
the years [44-51]. In a prospective study including 12,044 children from the Pediatric Emer-
gency Care Applied Research Network (PECARN) dataset, a prediction rule was created to
identify children with blunt torso trauma that are low risk for IAl based on the absence
of signs and /or symptoms of thoracoabdominal trauma on physical exam and a Glascow
Coma Scale (GCS) score greater than 13 [45]. Specific items included in the prediction rule
were evidence of abdominal wall trauma or presence of a seatbelt sign, GCS, degree of
abdominal tenderness, evidence of thoracic wall trauma, complaint of abdominal pain,
absent or decreased breath sounds, and vomiting [45]. The prediction rule had a sensitivity
of 92.5%, a specificity of 44.1%, and a negative predictive value (NPV) of 98.9% for any
IAI and a sensitivity of 99%, a specificity of 56%, and an NPV of 99.9% for IAI requiring
intervention (IAI-I), suggesting that those at very low risk for IAI based on physical exam
alone could reasonably avoid CT [45]. In another prospective study including 2188 patients
from 14 Level I pediatric trauma centers, Streck et al. created a five-item clinical prediction
rule incorporating complaint of abdominal pain; abdominal wall trauma, distension, or
tenderness; abnormal chest X-ray; AST > 200 U/L; and abnormal pancreatic enzymes, in
which patients without any of the above were considered very low risk for IAI [46]. The
same model was later validated in a PECARN study including 2435 patients, and both
studies found the prediction rule to be highly sensitive for both IAI and IAI-I, with sensi-
tivities of 98.4% and 100%, specificities of 38.1% and 34.7%, and NPVs of 99% and 100%,
respectively (level 3—4 evidence) [46,47]. A single-institution prospective study performed
in 2022 found that, after implementing a protocol based on the same five-item prediction
rule criteria, there was a reduction in the number of CTs performed for abdominal trauma
from 28% to 21% [49]. Similarly, Gaffley et al. evaluated the effects of implementing a
guideline that also incorporated hemoglobin levels and hematuria and noted a significant
reduction in CT usage, from 48.3% to 36.8%, with no missed injuries [48]. Hematuria is a
common presenting symptom associated with renal injury and may indicate the need for
additional imaging, though it may not necessarily predict the grade of renal injury [52].
According to the World Society of Emergency Surgery (WSES)-AAST guidelines for renal
injury, hemodynamically stable pediatric patients with mild symptoms, no hematuria, and
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no other indications for CT imaging may undergo ultrasound (US) for initial imaging as an
alternative to CT (GRADE 2A Recommendation, weak recommendation and high-quality
evidence), but those with high-energy trauma and/or a drop in hematocrit with any degree
of hematuria should undergo a contrast-enhanced CT including a delayed urographic
phase [18]. Overall, while there is no overarching consensus on which specific laboratory
values accurately predict which patients will have IAI, patients with a benign clinical
exam who have normal laboratory values can safely forego abdominal imaging, while
patients who present with clinical or laboratory abnormalities as described above will
require further investigation.

Elevated levels of pancreatic enzymes, including amylase and lipase, may be used as
an indication for abdominal imaging to evaluate for traumatic injury to the pancreas, as
mentioned in the prospective study by Streck et al. [46]. However, it should be noted that
neither amylase nor lipase levels may accurately predict the grade of pancreatic injury. A
multicenter review of nine pediatric trauma centers found that while maximal amylase was
predictive of pseudocyst formation, neither initial nor peak amylase/lipase were associated
with grade of injury, indicating that repeated testing for these levels may not be beneficial
in pediatric trauma patients [53]. For patients with suspected pancreatic parenchymal
or ductal lesions, MRI is the preferred imaging [16]. Interestingly, a retrospective study
comparing MRCP to CT in 21 children with blunt pancreatic injuries found that while
MRCP outperformed CT in terms of duct visualization, it did not demonstrate a significant
difference in terms of identifying duct disruption, which may instead require ERCP to
properly visualize [54]. Overall, cross-sectional imaging guidelines vary between institu-
tions depending on which variables are incorporated, and further standardization may be
beneficial, particularly as guidance for adult surgeons who manage pediatric patients and
tend to overuse CT [55].

4. Level of Care and Inpatient Management
4.1. ICU Admission

The original APSA recommendations suggested that hemodynamically stable patients
with grades I-III BLSI were safe for floor admission given their lower rates of transfu-
sions and operative interventions, whereas grade IV injuries necessitated ICU admission
given their higher rates of transfusion and operative intervention [12]. Shortly thereafter,
Mehall et al. published a prospective study evaluating a standardized algorithm for pe-
diatric patients with BLSI in which patient care decisions were based on hemodynamic
status rather than grade of injury, demonstrating that hemodynamically normal children
could be safely managed without ICU-level monitoring [56]. Subsequent studies have
demonstrated a significant reduction in hospital resource utilization when care decisions
are based on hemodynamic status rather than injury grade, without subsequent adverse
events [57,58]. In 2015, the ATOMAC guidelines provided a GRADE 1A recommendation
(strong recommendation and high-quality evidence) for patient management based on
hemodynamic status, and the APSA management guidelines have since been updated
accordingly [13,14,28]. ICU admission is now recommended only for patients with per-
sistently abnormal vital signs indicating hemodynamic instability despite adequate fluid
resuscitation, regardless of grade [13]. While recent studies have shown that high-grade SOI
remains an independent risk factor for ICU admission, many patients with high-grade SOI
also demonstrate hemodynamic instability that would result in ICU admission regardless
based on the updated guidelines [59,60].

The management of adolescent patients requires additional consideration given their
physiologic similarity to adult patients. One study using the Trauma Quality Improvement
Program’s (TQIP) annual datasets found that adolescents who are managed at an adult
trauma center (ATC) are more likely to be admitted to the ICU and require blood transfusion,
suggesting more aggressive management than those who presented to pediatric trauma
centers (PTCs) [61]. Notably, despite the patients who were managed at ATCs having both
higher injury severity scores (ISSs) and lower GCS, the odds of mortality were higher for
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adolescents managed at PTCs even when excluding patients with significant traumatic brain
injuries (TBIs) [61]. While this finding requires further investigation, a less conservative
approach, similar to the management of adult trauma patients, may be indicated in this
specific patient population.

4.2. Phlebotomy

The frequency of phlebotomy was not addressed in the originally published APSA
guidelines, though the updated APSA guidelines recommend a complete blood count (CBC)
every six hours until vital signs have normalized [12,13]. Golden et al. proposed a pathway
in which hemodynamically stable patients with BLSI would receive a single blood draw [62].
When 120 patients with BLSI were retrospectively analyzed to see how the proposed
pathway would perform, they found that the new pathway would decrease blood draws by
70%, ICU admission by 65%, and hospital LOS by 37% [62]. A subsequent prospective study
implementing a similar protocol found that most patients included were safely managed
with a single blood draw, though more severely injured patients and those with active
contrast extravasation on imaging were notably excluded from this analysis [63]. Patients in
both studies who did require transfusion also demonstrated hemodynamic instability that
would have otherwise removed them from the proposed pathway and therefore prevented
a potential missed diagnosis that may be detected when following serial hemoglobin
levels [62,63]. In a separate retrospective study, Acker et al. found that patients with BLSI
who require surgical intervention or transfusion for ongoing bleeding do so within the
first 24 h of presentation, suggesting that prolonged hemoglobin monitoring is likely to
provide little clinical benefit [64]. Similarly, a prospective ATOMAC study demonstrated
that while initial hemoglobin levels above 9.25 g/dL are associated with successful NOM,
subsequent decreases in hemoglobin fail to predict which patients may require transfusion
or surgical intervention [65]. Overall, hemoglobin levels correlate with hemodynamics in
children with SOI, and it is safe to limit blood draws in children to situations in which
evaluation is clinically indicated [66]. Noninvasive hemoglobin monitoring via continuous
pulse CO-oximeter correlates closely with laboratory hemoglobin measurements and may
offer another method for evaluating children with SOI at risk of delayed bleeding, though
its utility may be limited for patients with shock, severe injuries, or darker skin [67,68].

5. Nonoperative and Operative Management

The management of SOI has evolved significantly over the last 50 years, and current
recommendations are focused on NOM as the standard of care in hemodynamically stable
children [11,15,18,69]. The APSA benchmark guidelines initially released in 2000 refer
to the universal success amongst pediatric surgeons of NOM for splenic injury, which
was subsequently extended to the management of other blunt SOI [12,70]. Currently, the
vast majority of SOI are managed nonoperatively [71]. In a recent retrospective review
of 1066 pediatric patients with abdominal trauma from both blunt and penetrating mech-
anisms, 96.5% were managed without surgical intervention [72]. The adoption of NOM
initially failed to meet the expectations of published guidelines, particularly as the minority
of children with traumatic injuries are treated at children’s hospitals [73]. Stylianos et al.
released a retrospective review shortly after the publication of the original APSA guidelines
comparing the care of children with splenic injuries at trauma and non-trauma centers
and found that children were more likely to undergo operative intervention at non-trauma
centers, with independent risk factors including higher grade splenic injuries, multiple
injuries, or patients aged 15-19 years [73]. Previous studies have also shown that children
and adolescents with splenic injuries who are admitted to ATCs are more likely to undergo
surgical intervention than those admitted to PTCs, even when controlling for ISS and grade
of injury, though the management of liver and kidney injuries appears to remain consistent
between ATCs and PTCs [74-77].
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Overall, the failure rate of NOM is low, and the majority of cases are due to reasons
other than ongoing hemorrhage, such as injury to other organs [78]. For example, for splenic
injuries specifically, the rate of delayed bleeding is estimated to be less than 0.2% [79].
Patients at risk of failing NOM include those with multiple injuries, higher ISS, and isolated
pancreatic injuries, but patients who fail NOM usually do so within the first 24 h [80,81]. In
fact, in a recent prospective study by Arbra et al., all interventions for SOI occurred within
eight hours of presentation with a median time to intervention of two hours, and the rate
of delayed bleeding specifically in splenic injuries is estimated to be less than 0.2% [82].
Even injuries secondary to penetrating trauma, which account for the minority of SOIs in
children, can be managed nonoperatively in select cases, though high-grade injuries and
those resulting from gunshot wounds are more likely to fail NOM [83]. When patients
do undergo operative management, laparoscopy is only used in 7-16% of cases requiring
surgical intervention, though this has increased over time, particularly due to progression at
academic institutions [84,85]. Patients managed laparoscopically tend to be less injured and
have a shorter hospital LOS but spend more time in the OR [85]. Additionally, conversion
to laparotomy and overall mortality remain low for patients undergoing laparoscopy, at
18.6% and 0.4%, respectively [85].

5.1. Liver

Overall, pediatric liver injuries rarely require operative intervention, with around 3%
of isolated liver injuries requiring laparotomy [80,86]. However, patients who exhibit hemo-
dynamic instability and fail to respond to appropriate resuscitation will require operative
intervention, according to a GRADE 2A recommendation from the WSES Guidelines [15].
The immediate goal of laparotomy in the setting of a liver injury is hemorrhage control,
which, depending on the severity, can initially be accomplished via compression of the
liver itself, compression of the aorta against the spine, or occlusion of the portal triad via
the Pringle maneuver [87,88]. Parenchymal compression can be achieved with packing,
with packs placed between the liver and diaphragm /abdominal wall as well as inferior
to the liver [88]. In the setting of an unstable patient with concerns for hypothermia or
metabolic derangements necessitating damage control surgery, the initial operation may
conclude here, with the placement of a temporary abdominal closure and plans to return
to the operating room within 24-72 h, once the patient has been adequately stabilized.
If the patient has stabilized with packing, definitive management can be pursued. The
posterior portion of the right lobe of the liver is the most common site of injury due to
the presence of coronary ligaments that fix this portion of the liver in place, thereby ex-
acerbating acceleration—deceleration injuries [89]. Proper hepatic artery injuries should
be repaired, if possible, but selective ligation can be considered if repair is not feasible,
with the understanding that ligation is associated with hepatic necrosis, abscess formation,
and the development of biloma [15]. Portal vein injuries should be repaired primarily,
and ligation should be avoided due to the risk of hepatic necrosis and bowel edema [15].
Devitalized hepatic tissue may be resected, though an anatomic hepatic resection is rarely
indicated [15,87]. Extensive non-anatomic resections or anatomic resections can be more
safely performed by experienced surgeons or those with hepatobiliary training [15,88].
Finally, intraoperative cholangiography may be employed to ensure that biliary drainage
has not been compromised following any necessary suture ligation or resection [87].

5.2. Spleen

Operative management is also rarely necessary for splenic injuries in pediatric patients,
with laparotomies occurring in around 4% of patients with isolated spleen injuries [80,86].
In fact, one retrospective study from 2016 estimated that the average pediatric surgeon
would perform fewer than two splenectomies and fewer than one splenorrhaphy over
a 30-year surgical career [90]. In accordance with the WSES guidelines for blunt splenic
trauma, NOM is contraindicated for patients with other indications for a laparotomy
and/or hemodynamic instability (GRADE 2A recommendation, weak recommendation
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and high-quality evidence) [17]. The presence of a concomitant traumatic brain injury has
not been found to alter the outcomes of pediatric patients with splenic injuries and should
not affect the decision to pursue NOM, which notably differs from the recommendations
for adult patients [17,91]. Like liver trauma, operative splenic trauma is initially managed
with hemorrhage control and packing of the abdomen. Packing may be left in place in order
to pursue management with angiography, the use of which is further detailed below [5].
Otherwise, operative management options include splenectomy or splenorrhaphy. While
not currently recommended in adults, partial splenectomy or splenorrhaphy are viable
alternatives to splenectomy in the pediatric population and may offer preservation of some
splenic function [17,92].

NOM is particularly favored for pediatric patients with splenic trauma due to the risk
of overwhelming post-splenectomy infection (OPSI). While the rate of OPSI has declined
over the years, the risk of mortality remains as high as 50% [11,93]. To prevent OPSI, post-
splenectomy patients should undergo vaccination against encapsulated bacteria including
Streptococcus pneumoniae, Haemophilus influenzae (type b), and Neisseria meningitidis, as
well as annual vaccination against influenza [94]. Recommendations regarding the use of
prophylactic antibiotics vary significantly, particularly regarding the duration of treatment.
Prophylactic antibiotics are recommended in high-risk populations, including children
less than five years of age and all patients for the first 1-2 years following splenectomy,
across multiple guidelines [17,93,94]. Post-splenectomy patients may also be prescribed
an emergency supply of antibiotics to be taken in the setting of unexplained fever or other
constitutional symptoms concerning for systemic infection [17].

5.3. Kidney

Around 3% of isolated traumatic renal injuries in the pediatric population require
laparotomy [80]. While indications for operative intervention differ across various guide-
lines, there is agreement throughout the literature that hemodynamic instability, despite
appropriate resuscitation, is an absolute indication for intervention, particularly in the
setting of penetrating trauma, though there is a role for angioembolization in select clinical
scenarios [18,69,95]. Operative management is recommended in the setting of severe vascu-
lar injury, specifically avulsion of the renal pedicle without self-limiting bleeding, according
to the WSES-AAST Guidelines (GRADE 1C recommendation, strong recommendation and
low-quality evidence) [18]. While older studies have used the presence of devitalized renal
tissue as a relative indication for surgical intervention, current WSES-AAST recommen-
dations state that non-viable renal tissue is not an indication for operative intervention
unless other indications for laparotomy are present [18,69]. Ureteropelvic disruption is
more common in the pediatric population due to the presence of congenital anomalies
and also requires operative intervention [95]. Intra-operatively, the goal is once again
hemorrhage control, as well as renal salvage. If a retroperitoneal hematoma is identified
intra-operatively in the setting of penetrating trauma, or if the hematoma is pulsatile or
expanding in the setting of blunt trauma, exploration is indicated [96]. Vascular control is
obtained by dissecting out and controlling the renal hilum prior to opening the Gerota’s
fascia, after which renorrhaphy can be performed if the tissue appears viable [95,96]. In
the setting of devitalized tissue, partial or total nephrectomy is indicated depending on
the extent of the damage, ensuring a watertight closure of the collecting system via an
omental pedicle flap or renal fat bolster if a partial nephrectomy is performed [96]. Urine
leaks secondary to renal injury are overall uncommon [97]; only half require some sort
of intervention, which is most commonly stent placement, but the presence of a urine
leak is a risk factor for requiring surgical intervention and is associated with increased
morbidity [97,98]. Renal artery occlusion is another rare complication of renal trauma, and
while data are overall limited, there have been reports of successful management with
endovascular intervention [99,100].
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5.4. Pancreas

Pancreatic injuries are uncommon in pediatric abdominal trauma [6]. Given both
the rarity and complexity of pancreatic injuries, the WSES-AAST recommend that these
patients should be managed exclusively at trauma centers (GRADE 1C recommendation,
strong recommendation and low-quality evidence) [16,101]. Endoscopic retrograde cholan-
giopancreatography (ERCP) can be both diagnostic and therapeutic, even in the early period
following pancreatic trauma, but, overall, its utility in children remains controversial [16].
One retrospective review of 22 trauma centers (with ERCP available at 14/22 centers) found
that while ERCP was reported to alter management or subjectively improve outcomes in
half the patients, there were no significant differences in outcomes or time to recovery
when comparing patients managed nonoperatively who underwent ERCP versus those
who were just observed [102]. In a similar single-institution review of 31 patients, ERCP
was considered to be helpful in the direction of clinical decision-making in 60% of patients
who underwent the procedure, but, again, there was little difference when these patients
were compared to those who did not undergo ERCP [103]. Endoscopic treatment with
stenting across the disrupted pancreatic duct may be a feasible option in select patients
with high-grade injuries, but many patients ultimately still require surgical intervention for
persistent ductal leak or peripancreatic fluid collection [104,105]. Overall, these results sug-
gest that while ERCP may provide some therapeutic benefit in select patients, it functions
more aptly as a tool for directing the next steps in care.

In general, decision making regarding operative management for pancreatic trauma is
guided by the presence, location, and degree of duct involvement [6]. However, NOM of
pancreatic injuries is both more common and more successful in pediatric patients com-
pared to adults, even in higher grade (III-V) injuries, with reported success rates as high as
89% [16]. One study of 424 patients from the National Trauma Data Bank (NTDB) suggested
that pancreatic injuries managed nonoperatively had equivalent or improved outcomes
compared to those requiring upfront or delayed surgical intervention, though the NTDB
notably does not distinguish grade to identify patients with or without ductal injury [106].
This study may also be identifying patients who failed NOM as delayed operations, as
the NTDB does not provide any distinction explaining surgical timing, so these results
should be interpreted cautiously [107]. Patients who undergo NOM are more likely to form
peripancreatic fluid collections compared to patients managed operatively [106,108,109].
One multi-institutional review also found that patients undergoing NOM experienced
overall longer hospitalizations (17.5 vs. 12.6 days), time to goal oral feeds (15.1 vs. 7.8 days),
and time to complete resolution (38.6 vs. 22.6 days) compared to those who underwent
surgical intervention [108]. A separate institution found that only one of seven patients
with high-grade pancreatic injuries could be successfully managed nonoperatively, though
this institution notably does not offer ERCP as a diagnostic tool or adjunct to NOM [110].
Endocrine and exocrine function may be impaired following the NOM of traumatic pancre-
atic injury, but there is currently limited literature exploring this, and further studies are
required [111]. When operative intervention is indicated, laparoscopic surgery is a feasible
option in centers with an experienced team and may prevent a patient from requiring an
open operation [112].

Peripancreatic fluid collections are common following pancreatic injuries and can be
subdivided based on when they occur in relation to injury, with acute pancreatic fluid
collections (APFCs) forming within four weeks and pseudocysts forming thereafter [113].
Overall, they are a relatively benign complication that often resolve spontaneously [109].
Rosenfeld et al. performed a multi-institution retrospective review of 100 pancreatic
injuries in which 42% developed organized fluid collections and compared patients who
were observed to those who underwent a drainage procedure upon identification of the
collection [114]. Ultimately, there were no differences between the groups in terms of TPN
use, hospital LOS, time to a regular diet, or the need for definitive drainage, and 70% of
patients who were initially observed experienced spontaneous resolution, suggesting that
this is a safe and effective strategy for pseudocyst management [114]. In a subset analysis of
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patients with larger collections measuring over seven centimeters in diameter, while these
patients did have longer LOS and time to a regular diet than those with smaller collections,
there were neither differences regarding the need for definitive procedures nor a difference
in outcomes between patients with large collections who underwent observation versus
drainage [114]. In all, APFCs and pseudocysts are likely safe to observe unless a patient is
symptomatic, though larger collections will likely take longer to resolve and may benefit
from drainage to prevent progression to a symptomatic collection requiring surgery.

6. Role of Angiography/Angioembolization

While the initial APSA benchmark guidelines did not provide any specific recommen-
dations regarding the role of arterial embolization in BLSI, a systematic review performed by
the APSA Outcomes and Evidence Based Practice Committee in 2019 recommended the se-
lective use of angioembolization (AE) in the setting of ongoing bleeding with hemodynamic
compromise as an adjunct to NOM for spleen, liver, and kidney injuries based on Level
3—4 evidence with an overall Grade D recommendation [14]. The committee also specified
that prophylactic use of AE in the setting of a contrast blush is not indicated in the pediatric
population, and the APSA guidelines have since been updated accordingly [12-14].

The current management of SOl regarding the use of angiography (AG) varies between
adult and pediatric populations depending on the involved organ. For splenic injuries,
specifically, the management of adult patients includes AE for hemodynamically stable
patients with grade III lesions and/or the presence of contrast blush [17]. Similarly, in
hemodynamically stable patients with liver injuries, AG/AE is considered the first-line
intervention for adults presenting with a contrast blush, while children with similar injuries
may be monitored [15]. However, multiple studies have suggested that children with
similar injuries may be safely observed. In a retrospective study by Ingram et al., the few
pediatric patients with BLSI that presented with contrast blush were more likely to require
a higher level of care, transfusion, and surgical interventions, but these patients were
overall more severely injured, and 80% of the patients with a blush present were still able
to be managed nonoperatively [115]. Bansal et al. found no differences between pediatric
patients that presented with or without a contrast blush, and, interestingly, contrast blush
was present in only one of the six patients to undergo a splenectomy in their patient
cohort [116]. An ATOMAC study from 2017 found that 37% of patients with BLSI that
undergo AE still require surgical intervention [78]. The management of pediatric kidney
injuries aligns more closely with adult management, with AE being used more selectively
in both populations [18,19]. In all three organs, however, AE should be considered in
pediatric patients with ongoing or delayed bleeding and no other indication for surgery as
an adjunct to NOM rather than operative intervention [15,17-19,117].

Despite the current pediatric guideline recommendations, children managed by sur-
geons more familiar with adult trauma protocols may be at risk of additional unnecessary
procedures. One study found that the odds of undergoing AE for pediatric patients are
significantly higher when managed at an ATC rather than a PTC [118]. Isolated splenic
injuries, specifically, incur a 9-fold higher risk of undergoing AE when managed at an ATC,
without any improvement in splenic salvage rates [118]. More recent studies have found
that the difference in management between ATCs and PTCs disappears with multivariate
analysis, while other factors such, as age and ISS, more consistently predict the likelihood
of a pediatric patient undergoing AE at an ATC, which may suggest a shift in how adult
surgeons are now approaching pediatric patients [119,120]. One institution described their
experience of managing blunt splenic trauma after extending the adult AE protocol to
adolescent patients aged 15-17 years, in which AE was mandated for all patients with in-
juries grade III or higher, active contrast extravasation, or pseudoaneurysm formation [121].
Splenic preservation was achieved in 90% of cases and NOM was successful in 98% [121].
The WSES guidelines have subsequently recommended that adolescents over the age of 15
with splenic injuries should be managed in accordance with current adult protocols (Grade
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1C recommendation, strong recommendation and low-quality evidence), though this has
not been carried forward by other organizations [17].

7. Activity Restrictions and Hospital Discharge
7.1. Bedrest

While specific recommendations related to bedrest were not included in the original
APSA guidelines, a “grade plus one day” recommendation was provided regarding hospital
LOS, which some have previously also used as the expectation for bedrest [12]. In 2011,
St. Peter et al. performed a prospective study including 110 patients with BLSI with a mean
injury grade of 2.6 demonstrating the safety of an abbreviated bedrest protocol (ABRP),
in which grades I and II injuries were managed with one night of bedrest and grades
III and higher with two nights of bedrest [122]. These results were later validated in a
study from the same group, including 199 patients managed with the same ABRP, that
demonstrated similar results [123]. In a retrospective review of over 22,000 patients from
the Kids’ Inpatient Database, Dodgion et al. found that the same protocol would result in a
LOS reduction of 1.7 hospital days per patient if utilized [2]. In all, an ABRP appears to
be safe in children with BLSI and results in decreased hospital resource utilization. The
ATOMAC guidelines published in 2015 recommend an abbreviated period of bedrest of
one day or less (GRADE 1A recommendation, strong recommendation and high-quality
evidence), and the current APSA guidelines recommend bedrest until vital signs have
normalized [28].

Recommendations specific to renal injuries are not included in the ATOMAC or APSA
guidelines. A prospective study by Graziano et al. found that the mean time to ambulation
for patients with renal injuries was 1.5 days overall and 0.8 days when excluding patients
with multiple injuries that otherwise limited ambulation [124]. No patients developed
delayed bleeding requiring transfusion or intervention, suggesting that a limited bedrest
approach is likely also safe in renal injury. Additionally, the majority of patients with renal
trauma had persistent hematuria at follow-up appointments, suggesting that this finding is
of little clinical utility when determining if a patient is safe for activity [124].

7.2. Activity Restrictions

”

The originally published APSA guidelines recommended a “grade plus two weeks
approach to activity restrictions in BLSI, determined based on what was safely done in at
least 25% of the included patients [12]. A recent study that evaluated activity restriction
adherence and 60-day outcomes in BLSI found that of the 366 patients who completed
follow-up, 49 (13.6%) reported non-adherence [125]. There were no differences in terms
of presentation to the ED or hospital readmission between adherent and non-adherent
patients, even when performing a sub-analysis of high-grade injuries [125]. Accordingly,
the updated APSA guidelines are in agreement with the originally published guidelines
for activity restrictions, but note that lighter restrictions may be safe [13]. In fact, the most
recent WSES follow-up guidelines for splenic trauma suggest that restrictions of four weeks
are safe in pediatric patients regardless of injury grade, but further studies are still needed
to optimize activity restrictions [126].

7.3. Hospital Discharge

7

As mentioned above, the 2000 APSA guidelines recommended a “grade plus one day”
approach to hospital LOS for children with BLSI [12]. Over the years, it has become evident
that this approach likely overutilizes hospital resources, and a 2014 study demonstrated that
pediatric surgeons were already shortening LOS for BLSI despite the recommendations [2].
Since shifting to management based on hemodynamic status rather than injury grade, there
have been significant reductions in LOS without increases in adverse events [28,59,127].
One study evaluating patients with BLSI managed at both ATCs and PTCs found that
while hospital LOS has decreased at each of these centers over time, LOS remains higher
than what would be expected based on current APSA guidelines and further reinforcement
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of guidelines within the national trauma network, and particularly at ATCs, may be
necessary [77].

Recent studies have also suggested that there may be patients with low-grade SOI who
could be safely observed and discharged from the emergency department [128-130]. In a
recent prospective observational study, Plumblee et al. found that among the 148 patients
with grade I or II SOI and no other major injuries, no patients required acute interventions,
including transfusion, angioembolization, or operative intervention [129]. Another retro-
spective study of 1019 children from the ACS TQIP registry with low grade SOI and no
other major injuries found that only 1.7% of patients required an intervention, and the most
common intervention was notably angiography which, upon closer analysis, was unlikely
to be indicated in these low-grade injuries [128]. The current APSA guidelines recommend
hospital discharge based on clinical status rather than grade, and a patient is considered
appropriate for discharge once vital signs are normalized and they are tolerating a regular
diet with minimal abdominal pain [13].

8. Post-Discharge Care
8.1. Reimaging

Reimaging has not been routinely recommended for patients with SOI since the
original APSA guidelines were published in 2000 [12,13]. In a secondary analysis following
a multi-site prospective study of BLSI patients, Notrica et al. found that 6% underwent any
sort of reimaging, and of these patients only 11% resulted in hospitalization or intervention,
suggesting that a selective approach to reimaging SOl is likely safe [131]. Pseudoaneurysms
(PSAs) following splenic injury are a concern that may prompt reimaging, particularly
as reimaging and embolization of PSAs are common practice in adults [17]. One single-
institution study reported a rate of PSA in children with splenic injuries to be as high as
17% and therefore recommended CEUS as follow-up imaging, but, as prior studies have
reported much lower rates of PSA, these results may simply be due to the natural evolution
of the injury rather than identification of a lesion requiring intervention [132-135]. In a
systematic review, Martin et al. identified 45 cases of post-traumatic splenic PSA, and while
the vast majority of these patients were clinically stable, most still underwent splenectomy;,
splenorrhaphy, or embolization due to the fear of delayed complications [134]. However,
of the nine patients that were observed, there was only one instance of splenic rupture
and no deaths [134]. Similarly, PSA appears to be equally uncommon following liver
and kidney injuries and unlikely to require intervention [135]. Bile leak, or biloma, can
rarely occur secondary to liver injuries grade III or higher and present with right upper
quadrant pain, fever, and/or jaundice [88]. Appropriate imaging would include a right
upper quadrant US and hepatobiliary iminodiacetic acid (HIDA) scan [88]. Overall, the
most recent APSA guidelines recommend against routine imaging for low-grade BLSI
injuries, with consideration for imaging in high-grade injuries only when patients are
symptomatic [13]. For renal injuries, complications after discharge are overall rare, and
follow-up imaging should be limited to those with moderate to severe (grades III-V)
injuries [18]. For those that require follow-up imaging for both renal and pancreatic injuries,
US or CEUS is the imaging modality of choice, with MRI being an option if cross-sectional
imaging is indicated [16,18].

8.2. Additional Follow-Up

There are currently limited specific recommendations regarding when children with
SOI require specific follow-up, with most providers currently making these decisions based
on a constellation of injuries and institutional protocols. Pediatric trauma patients in general
are at risk of emotional and functional limitations following injury and hospitalization, and
behavioral health screening while in hospital for additional post-discharge support services
may be beneficial [136]. Current WSES guidelines specific to splenic injuries suggest that
the follow-up should be focused on the patient’s psychological response to their injuries,
with consideration for reimaging only when clinically indicated [126].
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For patients with renal injuries, ischemia from the injury itself or secondary vascular
lesions can result in renin-mediated post-traumatic hypertension in approximately 4.2% of
pediatric patients [19]. While the risk is low overall, current guidelines recommend routine
blood pressure checks following renal trauma as a low cost and noninvasive intervention
to prevent long-term adverse effects secondary to hypertension [19].

9. Discussion

The management of pediatric SOl is a topic of great interest, with numerous groups
dedicating time and resources to the creation of reliable management guidelines. From
the first introduction of NOM for splenic injuries to the most recently published APSA
management guidelines, strategies for approaching SOl in children have tended towards
minimizing unnecessary and invasive procedures. While the current literature discussing
the management of pediatric SOI is overall relatively comprehensive, there do remain
some gaps towards which future research may be directed. A recent systematic review
of various clinical practice guidelines related to pediatric SOI found a paucity of recom-
mendations specifically related to thromboprophylaxis, pain management, and nutritional
support [137]. Recommendations related to thromboprophylaxis are especially needed, as
SOl is a known risk factor for venous thromboembolism, yet thromboprophylaxis may be
avoided due to concerns for delayed bleeding or differences in management compared
to adult patients [138]. Furthermore, areas that have been more extensively studied, such
as the utility of hemoglobin monitoring in pediatric patients with SOI, will still benefit
from further research as technology evolves. For example, hemoglobin monitoring via
continuous pulse CO-oximeter has been proposed as a noninvasive method of observing
SOI and correlates with both isolated hemoglobin measurements and trends [67,68]. This
method may offer an option for earlier discharge, with an at-home continuous hemoglobin
monitor that sends reports directly to the provider or that can be remotely accessed, and is
an area for future studies as the care of SOI continues to evolve.

One additional area for potential improvement noted throughout this review is the
difference in management and outcomes of children treated at ATCs compared to PTCs,
including the use of imaging, ICU admissions, and interventions. Interestingly, one center
previously accredited as an ATC that treated children described their experience following
official PTC accreditation and noted a significant decrease in rates of surgical intervention
for splenic injuries [139]. While the rates of operation for SOI in pediatric patients have
decreased over the last decade generally, the rate at which surgical intervention decreased
at this single institution exceeded expectations compared to national data [2,139]. This
center’s experience may therefore be at least partially attributed to a transition to more
pediatric-oriented protocols, and future studies could further elucidate this relationship if
other centers undergo similar transitions from ATC to PTC accreditation.

The dissemination of pediatric guidelines to participating trauma centers also remains
essential to ensuring the appropriate care of children with SOI by providers who infre-
quently treat children. Further research is specifically needed regarding the management
of adolescent patients, as numerous studies demonstrate differences in the care of this
population [61,119,121]. While NOM has become more common in adults, discrepancies
in management still exist, particularly regarding ICU admissions and the use of AE, with
a potential mortality benefit for adolescents who are managed more aggressively [61].
Determining where adolescent patients fall in the physiologic spectrum is key to creating
more tailored guidelines regarding if adolescents with SOI should be approached from a
pediatric or adult perspective.

Finally, inconsistency in the management of pediatric trauma patients across institu-
tions still exists despite the numerous guidelines currently available. A study by Vogel
et al. found great variability in the initial management of blunt abdominal trauma between
14 pediatric trauma centers, specifically regarding the utilization of laboratory tests and
imaging [140]. These findings unveil a potential target for quality improvement in the
treatment of children with abdominal trauma who may benefit from more specific protocol-
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ization. As technology continues to advance and artificial intelligence plays a larger role
in how research questions are approached, this may offer new ways to identify critically
ill children. For example, Shahi et al. utilized deep learning-based models to predict the
need for massive transfusion, failure of NOM, and mortality in children with blunt SOI
using data available within the first four hours of admission with high sensitivity and accu-
racy [141]. Furthermore, the review by Yanchar et al. found that only one-third of current
recommendations were based on at least moderate-quality evidence [137]. This lack of
high-quality evidence poses significant challenges to creating and disseminating definitive
guidelines related to the management of pediatric trauma patients. High-quality data,
particularly from prospective studies and randomized controlled trials, when applicable,
are still needed to optimize the care of children with SOL

10. Conclusions

In conclusion, the management of solid organ injury in pediatric patients has evolved
significantly over the years. While there are numerous facets of patient management that
still lack a consensus, the overarching recommendations for pediatric patients with solid
organ injuries focus on minimizing interventions and hospital stays in hemodynamically
stable children.
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