ELMER
PRESS

Case Report ] Med Cases. 2017;8(1 1):340-346

The Challenge of Blunt Abdominal Trauma in Children:
Report of a Case and Review of Management

Ana Maria Minaya-Bravo® , Hector Aguado-Lopez?

Abstract

Blunt abdominal trauma is the most frequent cause of abdominal in-
juries in children. The term solid organ injury (SOI) is referred to
liver, spleen and kidney. Splenic injuries are the most common. The
management of SOI has been motive of discussion for years and has
undergone a radical shift in the last decades. Currently, non-operative
management is the gold standard of care when circumstances are fa-
vorable. In 1977, non-operative management was supported by sur-
geons in Toronto. Later, the American Pediatric Surgical Association
(APSA) pointed that management should be based on imaging find-
ings and CT grading of the American Association for the Surgery of
Trauma. However, this caused long stays and unnecessary follow-up
imaging. Soon, APSA guidelines were questioned and raised contro-
versy. Finally, hemodynamic status was defined as the main key for
taking decisions and ATOMAC guidelines gained support. However,
facing a blunt trauma in children is always a challenge. Hemodynam-
ic stability is not easy to define and heart rate and blood pulse are
poor markers for stability. This complicates the management of blunt
trauma in children. As consequence, it is important that these children
are treated in pediatric centers. We report a case of a 15-year-old male
who suffered from a blunt abdominal trauma with splenic and renal
injuries treated by adult surgeons when playing football. We review
the current recommendations for blunt abdominal trauma in children
and the differences with adult management.

Keywords: Pediatric trauma; Splenic injury; Renal injury; Abdomi-
nal trauma; Blunt trauma

Introduction

Intraabdominal injuries occur as a result of blunt abdominal
trauma (BAT) or penetrating trauma, being BAT the most com-
mon cause (85%) and penetrating trauma accounting for only a
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minority (15%). Abdominal trauma is the third cause of death
in children over 1 year of age [1, 2]. Intraabdominal injuries
are present in 5-10% of all BATs [2, 3]. Approximately 50-
75% of BATs are caused by motor vehicle collisions. Other
causes are sport injuries, falls and child abuse. Sport injuries
usually cause isolated organ injury [1, 2].

There are two main mechanisms: direct blow to abdo-
men and high-energy mechanisms that produce multi-system
trauma. The latter is associated with higher mortality [3, 4].
Solid organ injury (SOI) is referred to liver, spleen or renal.
The most frequent organs injured are spleen, liver and kidney;
being spleen the most frequent cause of intraabdominal bleed-
ing. Although blunt renal injuries are much less common than
splenic or liver lesions, children are more susceptible to renal
injuries than adults because of anatomical aspects [5].

The American Association for the Surgery of Trauma
(AAST) grading is the most used for classification of splenic,
liver and renal injuries (Fig. 1) [6, 7]. The management of SOI
has evolved since 1970 when a group of pediatric surgeons
in Toronto advocated for non-operative management (NOM)
of splenic injuries. This new tendency has been accompanied
by the advance of diagnostic imaging techniques that has al-
lowed to achieve a more precise evaluation of the lesion and
to avoid delay in treatment. However, management of blunt
trauma in children has been motive of debate in the past years.
Currently, hemodynamic status is considered the most relevant
factor when taking decisions [8, 9].

NOM of solid organ injuries, mainly liver and spleen,
reaches a successful rate over 90% and for blunt renal inju-
ries around 84-89% [10, 11]. We report a case of a 15-year-old
male that suffered from blunt trauma when playing football
with both kidney and splenic injuries. We discuss and review
the challenge of management of blunt trauma in pediatric pa-
tients, as well as, the current guidelines.

Case Report

A 15-year-old male with no relevant medical history was ad-
mitted to the emergency department due to abdominal pain of
acute onset after BAT.

The patient reported to be playing football and suffer a
direct blow on his upper left side of abdomen.

On admission, the patient was alert and responsive, the
blood pressure was 80/50 mm Hg and pulse was 110 beats per
minute. Upon physical examination, he did not present any ex-
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Liver injury scalle (1994 revision)

Grade® Typeo! Description of inpry scale (1994 revision)
Injury Grade* Injury type Description of injury
! femsloma  Subospeuter; <10% surace aree 1 Hematoma Subcapsular, <10% surface area
Laceration  Capsular tear, <icm
parenciymal depth Laceration Capsular tear, <1cm
parenchymal depth
L] Hematoma  Subcapsular, 10% to 50% surface area n Hematoma Subcapsular, 10%-50% surface area
iniraparenchymal <10 om In diemeter intraparenchymal, <5 cm in diameter
Laceration  Capsular tear 1-3 parenchymal depth, <10 om in length
Laceration Capsular tear, 1-3cm parenchymal depth that does not
involve a trabecular vessel
n Hematoma  Subcapsular, >50% surface anea of ruptured subcapsular or parenchymal hematoma;
irsperenchrymel hemetoms > 10 6m of epending [ Hematoma Subcapsular, >50% surface area or expanding; ruptured
Lacenation >3 cm parencinymal depth or parecy
hematoma > S ¢m or expanding
L Laceration  Parenchymal disruption invoiving 25% 10 75% hepasic lobe or Laceration >3 cm parenchymal depth or invoiving trabecular vessels
1-3 Coulnaud's segments
v L L Involving seg or hilar vessels producing
\ Laceration  Parenchymal disruption invaiving >75% of hepatic lobe or >3
Couinaud’s segments within a single lobe major devascularization (>25% of spleen)
Vascular VONous injuries: ie, wena \' Laceration Completely shattered spleen
cava‘central major hepatic veins Vascular Hilar vascular injury with devascularizes spleen
Vi Vascular  Hepatic avdsion

*Advance one grade for multiple injuries up to grade Il

“AGVANCE 0ne grade for MUlpie njures up 1o grade il

Grade®

Type of
Injury

Description of injury

I

v

Contusion

Microscopic or gross hematuria, urologic studies normal

, NOr without parenchymal laceration

Hematoma

Laceration

Laceration

Nonexpanding perirenal hematma confirmed to renal
retroperitoneum

<1.0 cm parenchymal depth of renal cortex without urinary
extravagation

<1.0 cm parenchymal depth of renal cortex without collecting system rupture or urinary
extravagation

Vascular

Laceration

y through renal cortex,
medulla, and collecting system

Main renal artery or vein injury with contained hemarrhage

Completely shattered kidney

Vascular

Avuision of renal hilum which devascularizes kidney

“Advance one grade for bilateral injuries up to grade Il

Figure 1. AAST grading of liver, spleen and renal injuries.

ternal lesion and was found to have diffuse abdominal pain
with tenderness on the left hypochondriac region and left flank.

The laboratory test results revealed hemoglobin 14.3 mg/
dL and white blood cell count 13,000/mm?3. Focused assess-
ment with sonography in trauma (FAST) was positive for free
fluid in abdomen. After initial resuscitation with crystalloid
fluids, blood pressure increased to 100/80 mm Hg and com-
puterized tomography (CT) was performed.

CT demonstrated intraabdominal fluid with a grade III
splenic injury with hemoperitoneum and, in addition, a grade
III renal injury (Fig. 2). The patient underwent urgent surgery
due to tendency to hypotension and tachycardia. A middle lap-
arotomy was chosen as surgical approach and a splenic lacera-
tion of more than 3 c¢cm near splenic vessels was found, with
hemoperitoneum of 2 L and retroperitoneal hematoma due to
renal injury.

We decided to perform a conservative surgery of spleen,
and applied human-derived thrombin product. None surgical
action was done on the retroperitoneal hematoma. The patient
was transfused two packed red blood cells during surgery and
admitted to intensive care unit (ICU) where he stayed for 2
days. He remained stable without active bleeding signs. We
advised bedrest for these 2 days. Then, he was transferred to
ward.
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On the seventh postoperative day, a CT follow-up showed
healing of splenic and renal injuries with no free fluid. He-
moglobin remained stable and he was discharged (Fig. 3). We
advised him walking but restriction of any kind of sport for
1 month. Two months after trauma a US was carried out and
demonstrated complete resolution of the injuries (Fig. 4).

The patient did present neither hypertension nor hematuria
during the process. Nowadays, he is doing well.

Discussion

Management of SOIs has been object of discussion for dec-
ades, and has undergone a radical shift in the last years. Cur-
rently, NOM is the standard care [12-14]. In 1971, in Toronto,
Douglas et al reported a series of 32 cases of splenic injuries,
of which 26 were successfully treated with conservative man-
agement and only six required surgery [8]. Later, in 1977,
Aronson et al published a short series of children with splenic
trauma treated without surgery [9]. As a result, controversy
about management of splenic trauma arose: non-operative ver-
sus operative management.

In 2000, APSA supported NOM and established consen-
sus about liver and splenic blunt trauma, and this included that
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Figure 2. CT showed grade Il splenic injury with splenic laceration more than 3 cm and hematoma more than 50%: irregular
hypodense area with indistinct margins, which is not enhanced after contrast medium administration. Kidney presented irregular
non-enhancing renal parenchyma defect more than 1 cm in depth. Collecting system was not affected. That was considered

grade lll renal injury. Free intraabdominal blood was evidenced.

all IV grade injuries required ICU admission, independently of
hemodynamic status. Moreover, hospitalization time depended
on injury grade, so they recommended a hospital stay of “grade
of injury plus one” in days (in other words, grade III, hospi-
tal stay of 4 days). Return to normal activity was also based
on grade injury: “two weeks plus grade of lesion” (for exam-
ple, grade II, 4 weeks of activity restriction). APSA guidelines
were based on image findings and grading according to APSA.
This was also extended to renal injuries [6, 7, 15].

However, the controversy continued, and APSA guide-
lines were questioned. The fact that APSA decisions depend-
ed, mainly, on images created an excessive hospitalization and
consequently, high costs, long periods of bedrest and unneces-

Figure 3. CT on the seventh postoperative day demonstrated healing of
splenic laceration with hyperdense and isodense areas in spleen, and
healing of renal laceration. No free intraperitoneal blood was shown.

342 Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™

sary imaging follow-up.

In 2008, McVay et al cast doubt on the need of ICU ad-
mission based only on CT findings, and pointed that deci-
sion taking must be guided by hemodynamic status [16]. As
a result of this new perspective of management, a consortium
of American College of Surgeons performed a systematic re-
view of the literature to reach conclusions of management. In
consequence, in 2012, experts on pediatric trauma developed
Arizona-Texas-Oklahoma-Memphis-Arkansas ~ Consortium
(ATOMAC) guidelines. ATOMAC guidelines provided new
algorithms and were adopted in many pediatric centers (Fig.
5). They emphasized the role of hemodynamic status as main
factor for decision taking [17]. In 2015, Notrica et al reported
a review of more than 300 papers and concluded that only pa-
tients with signs of recent or ongoing bleeding require ICU ad-
mission. Again, physiological parameters are crucial. Moreo-
ver, grade 5 injuries may benefit from ICU admission [13, 17].

It has been reported that shock index adjusted for children
(SIPA) and hematocrit over 30% predict what children that can
be safely treated on ward and, in consequence, reduce costs.
Similarly, the absence of these criteria allows selecting chil-
dren that will require ICU admission [12].

As a result, NOM has been established as the gold stand-
ard treatment for solid organ injury. Experience and accurate
diagnosis are crucial to implement conservative treatment [13,
14, 17, 18].

Double contrast CT is a useful tool to identify arterial ex-
travasation of contrast and hemoperitoneum. However, it can
only be performed safely on stable patients. Unstable patients
should undergo FAST. In case of positive FAST and hemody-
namic stability, a CT should be taken, since FAST does not
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Figure 4. US showed complete resolution: on the left spleen and on the right kidney.

replace CT [1, 19, 20].

The concern of radiation and cancer in children has made
other alternatives to emerge: for instance, contrast enhanced
ultrasound (CEUS) that uses perflutren gas (Optison) as con-
trast [21]. CEUS has proven to have a sensitivity of 96% and
specificity of 99% in children and adults for identifying trauma
injuries [22]. Moreover, combination of SIPA and mechanism
of lesion could select patients that will require CT and avoid
unnecessary CTs [23].

The initial management of blunt SOI is based on critical
principles of resuscitation: airway, breathing and circulation.
Resuscitation must be based on crystalloid fluids and transfu-
sion when required. The use of crystalloid fluids must be lim-
ited, as in adult management. Transfusion over 40 mL/kg is
associated with high mortality. Transfusion threshold is 7.0 g/
dL for children under NOM. There is lack of evidence about
transfusions improve the success of NOM [17]. Management of
patients that show signs of ongoing bleeding differs from those

ATOMAC Suspected Liver or Spleen Injury ——
Blunt Pediatric Liver/Spleen Injury f ooy
Guideline v11.0 et paiens ves LR or NS
Admit to non-ICU l Y
Vitals q2h x 4 then q4h sustained response
T&S if close to Hb 7.0 Does surgeon suspect to LR or NS?
Bed-rest overnight <“—NO—— ongoing or very recent ' I
Hb at 6 hrs o YES NO
Hb at 12, 24 hrs post injury bleedlng. ‘—’ v
are optional unless clinically
indicated by vitals or exam CT scan
l Admit PICU, NPO 10-20 mL/kg PRBCs
> Hb q6h Consider oth (head
1 " onsider other causes Iinjury,
symptomatic or Hb <7.0? W Bed-rest until Hb stable tension pneumathorax, tampanode,
L l Consider embolization [3] “'g:"m’;:mm
YES Transfusion Protocol
10mL/kg PRBC
NO NPO, Bed-rest }
additional night NO | Is patient symptomatic
HB q6h | or have Hb < 7.0? Recurrent
hypotension
Y'ES NO— o chF:ola sustained
o x)? ——NO— response to PRBCs?(2]
HB Stable x2? | 10-30mL/kg PRBC
Floor status NPO, Bed-rest
18 hrs Hb q6h ¢
Regular diet | YES consider embolization NO
Ambulate 3 —_—
Already given: | YES
YES——> >40mL/kg PRBCs
l M y ‘ or
RE::Z-S in NO .H: <Z"|(|J) :r tvn:)all ’_] >4 unitf PRBCs
Home if: signs still unstable? YES
Hb stable, vitals normal, l A4
tolerating diet, & minimal PE— Re-bleed Failure of
abdominal pain h__YES— Hb stable for 24 hours? }—NO E-D'eeq OF >  NOM <«
« ok ; = Continued bleed ;
se caution if abdominal wall injury Algorithm
(handlebar injury or seatbelt sign) [— I
Provide discharge instructions v L7 v
8 (cc) ATOMAC NOM at
This work is licensed under the Creative Commons Attribution- Angiography & Surge :
NonCommercial 4.0 International and may be adapted or Erbolization gery surgeon’s
reproduced for non-comerical use. This version used by discretion
oermission of ATOMAC.

Figure 5. ATOMAC algorithm.
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without bleeding signs and is based on hemodynamic state.
Once the patient responds to resuscitation and stability has been
achieved, CT with intravenous contrast must be performed.

In those children that do not respond to fluid therapy the
need of transfusion must be evaluated individually; this situa-
tion always supposes a challenge for the surgeon. The decision
will depend on several factors: injuries, type of center, radiol-
ogy department and experience. Under these circumstances,
the clinician will have to determine the best option: surgery,
angiography and even NOM [18]. However, it is difficult to
define stability in children. Half of the patients who are un-
stable are not bleeding; on contrary, many children who are
bleeding are not unstable. Furthermore, neither blood pressure
nor heart rate is good markers of hemorrhagic shock [14, 24].
Stable hemoglobin has been defined as not dropping more than
0.5 g/dL in 24 h [17]. Some pediatric shock indexes have been
reported to evaluate shock. Also, it must be taken into account
that head trauma is a common cause of hypotension [17, 25].

In the last decade, operative management of SOI has
plummeted. Currently, it is estimated that in pediatric hospitals
the rate of laparotomies due to failure of NOM of SOl is 3.2%.
The most common cause of failure of NOM is hemorrhage and
persistent hypovolemic shock [26]. Embolization is an option
for SOI, especially when contrast extravasation is demonstrat-
ed [17]. The Committee on Trauma of the American College of
Surgeons supports the use of embolization in pediatric trauma
centers and many authors have already reported successful re-
sults in highly qualified centers [27, 28].

Current bedrest recommendations differ from those from
APSA guidelines. For stable patients, 1 day or even less of
bedrest is enough once there is documentation of stable hemo-
globin. It has been demonstrated that rebleeding is exceptional,
with an incidence of 0.3%. Furthermore, there is no evidence
about benefit of bedrest and rebleeding. So, many patients with
SOI could be discharged before 24 hours, as long as family are
instructed on signs and symptoms of bleeding [13, 17]. Moreo-
ver, follow-up imaging after discharge is not usually recom-
mended, as it occasionally shows no clinical important findings
that may conduct to more unnecessary reimaging [17, 13, 29].

Renal blunt injuries are rare lesions that account for 1%
of blunt trauma. NOM of liver and spleen injuries has been
applied to blunt renal trauma. Even injury of collecting system
with urine extravasation can be treated with non-aggressive
techniques, for example percutaneous nephrostomy or stents
[10, 30].

There is consensus of NOM for low grade renal injuries;
however, high grade injuries are surrounded by controversy;
although, there is a clear tendency to NOM [11, 30].

Graziano et al on his paper demonstrated that decision tak-
ing for renal blunt injuries was also based on hemodynamic
status and bedrest was not required [5]. Recently, LeeVan et
al reported a systematic retrospective review of 32 papers, in
which they found minimal evidence to support ICU admis-
sion for high grade renal lesions, similarly to papers for SOI.
In the same way, the evidence of need for urinary catheter,
prophylactic antibiotics and bedrest is insufficient to be rec-
ommended. US seems to be a proper method for evaluation
of evolution. Again, hemodynamic factor plays the most im-
portant role when deciding surgery, regardless type of lesion.
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Similarly, discharge should be based on hemodynamic status
with no routine imaging techniques recommended. Occasion-
ally, blood pressure monitoring could be planned. About com-
plications, in case of urinoma, percutaneous drainage is a good
option [31].

We highlight that our center (level 2) lacks of Pediatric
Department, so our patient was treated by adult general sur-
geons. We faced a patient with tendency to hemodynamic in-
stability after resuscitation and hemoperitoneum on CT with a
III grade splenic injury and III grade renal injury. On admis-
sion, he presented a hemoglobin level of 14.3 g/dL. Instability
and hemoperitoneum, mainly, made us to decide surgery as
best option. The absence of radiologist on clock excluded the
possibility of embolization. We are aware that the management
of this patient may have been different in a pediatric center.
Carrie et al estimated that adult surgeons are almost 15 times
more likely to go surgery in stable patient when compared to
pediatric surgeons, however, mortality does not differ in both
cases [28].

The tendency to hypotension and hemoperitoneum put
us in a challenging situation and eventually, decided to go to
surgery, not for renal lesion but splenic injury. However, once
in operating room, we found hemoperitoneum and grade III
splenic injury, on that moment we decided to be more conserv-
ative and avoided splenectomy, we only performed hemosta-
sis with human-derived thrombin product. Moreover, he was
transfused two units of packed red blood. The easiest decision
had been to remove the spleen; however, we wanted to avoid
consequences as post splenectomy infection. We overestimat-
ed blood pressure as marker of instability, probably because
we are not used to deal with children. In addition, we probably
rushed, unnecessarily, for transfusion. According to Partrick
et al, hypotension in injured children is not often associated
with bleeding insult, especially in children under 5 years old,
and head trauma is a frequent cause of hypotension [24]. The
patient underwent follow-up imaging and a CT was performed
before discharge that showed an organized hematoma and
healing. Two months later, a US was performed.

According to current guidelines follow-up imaging is
unnecessary [17]. However, we were too much cautious and
performed two imaging techniques for follow-up, probable be-
cause we are not used to deal with children and overestimated
the situation.

It has been proved that non-pediatric hospitals have a high-
er rate of operative treatment than pediatric units, and splenec-
tomy rate is considered a marker of care quality [10, 32]. We
conclude that when possible injured children must be managed
in pediatric centers. If not possible, then adult surgeons must
have in mind that physiological parameters in children differ
from adults and management is always a challenge. To define
stability in children is difficult and no rush decisions must be
taken. NOM is always the standard care when circumstances
are favorable.

Conclusion

Management of SOI has been in a continuous review and
controversy in the last decades. Currently, NOM is the stand-
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ard care for stable injuries and it is hemodynamic status fac-
tor that will conduct decision taking. However, children are a

in children: a report of six consecutive cases. Pediatrics.
1977;60(4):482-485.

challenge: to define hemodynamic stability is not easy and al- 10. Nance ML, Lutz N, Carr MC, Glendemab JN, Myers RL.

though, several indicators have been proposed until now, there Blunt renal injuries in children can be managed non-op-

is not a single marker that indicates instability. Hypotension eratively: outcome in a consecutive series of patients. J

and heart rate are not reliable markers to define stability. Other Trauma. 2004;57:474€8.

factor added to this challenge, is the concern of radiation and 11. Margenthaler JA, Weber TR, Keller MS. Blunt renal trau-
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