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ABSTRACT
This study aims to evaluate the clinical use and outcomes of transcatheter embolization in the setting of pediatric blunt renal trauma
cases using an index case and review of the literature. Although the treatment method selection depends on the grade of the trauma
and the hemodynamıc status of the patient, conservative methods are considered initially in the setting of pediatric blunt renal
trauma. Transcatheter embolization, which is a relatively conservative treatment option, is commonly utilized in adult blunt renal
trauma patient population; however, experience in the pediatric population is scarce. A seven-year-old male patient was admitted
due to grade IV renal injury secondary to blunt abdominal trauma. He was conservatively followed until -on the post-trauma day
15- he developed gross hematuria and an unstable hemodynamic status. A renal angiogram was performed, which revealed rightsided renal inferior segmental artery pseudoaneurysm and arterio-venous fistula. Subsequently, a transcatheter embolization was
performed. There were no complications and no permanent renal injury. Review of the literature revealed that the success rate
of transcatheter embolization is 89.47% in the setting of pediatric blunt abdominal trauma-related renal injury regardless of the
renal trauma grade. Four patients underwent nephrectomy due to a failed transcatheter embolization procedure. There are not
any patients who suffered from embolization-related complications. These results suggest that transcatheter embolization can be
safely performed in children with renal injuries due to blunt abdominal trauma with high success and low complication rates and
preservation of renal function.
Keywords: Abdominal injuries; aneurysm; child; conservative treatment; kidney.

INTRODUCTION
Kidneys are injured in 10–20% of pediatric blunt abdominal
trauma cases.[1] These renal injury cases do not usually require surgical interventions and the aim of the therapeutic
approach is the preservation of renal function and being as
minimally invasive as possible.[2] However, the selection of
best treatment option depends on the hemodynamic status
of the patient and grade of the renal injury.
The scale reported by the American Association for the
Surgery of Trauma (AAST) is utilized for grading renal injuries.[3] Although higher AAST grades are more likely to

necessitate surgical treatments, even in the setting of highgrade renal injuries, conservative and/or minimally invasive
treatment methods are considered first.[4,5] Transcatheter
angioembolization (TAE), which is one of the minimally
invasive treatment methods, is performed in case of renal
parenchymal lacerations, pseudoaneurysms and arteriovenous fistulas. In this study, we present a case of a renal injury that arises from a pediatric blunt abdominal trauma that
later developed pseudoaneurysm and arteriovenous fistula,
which were treated by TAE. In addition, we report our literature review results regarding the experience with TAE in
the setting of pediatric blunt abdominal trauma-related renal
injuries.
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CASE REPORT
A seven-year-old male patient presented to the emergency
department 50 minutes after falling off a building. He was
hemodynamically stable, conscious and complaining about
right-sided flank pain. His past medical and surgical history
was unremarkable. He did not have gross hematuria. Physical
examination revealed ecchymosis of the right flank region.
Complete blood count revealed a hemoglobin level of 14.4 g/
dl. Ultrasonography showed an inferolateral parenchymal laceration in the right kidney accompanied by a 5-cm hematoma.
This injury was accepted as AAST grade IV renal trauma. The
patient was admitted and conservatively followed for one
week. He did not have gross hematuria, hemoglobin decline
or any hemodynamic problems during this admission period.
One week after his discharge from the hospital, he presented to the emergency department with the complaint of
macroscopic hematuria. Physical examination revealed rightsided costovertebral tenderness. His hemoglobin level was
measured as 8.5 g/dl. Since he had a previously known right
renal parenchymal laceration and hematoma, a renal Doppler ultrasound and a computerized tomography scan were
performed. These investigations showed that the hematoma
enlarged to 9 cm and there was a 15x12 mm right renal inferior segmental artery pseudoaneurysm associated with
an arteriovenous fistula. Renal angiogram performed after
transfusion of two units of packed red blood cells confirmed
the pseudoaneurysm and arteriovenous fistula (Fig. 1a). During this procedure, the right renal inferior segmental artery
was selectively catheterized via a 2.4 F microcatheter (Progreat®, Terumo Medical Corporation, Somerset, New Jersey)
and this artery was embolized by 14 various sized detachable coils (Azur®, Terumo Medical Corporation, Somerset,

(a)

New Jersey). The control renal angiogram did not reveal the
filling of the pseudoaneurysm and blood flow through the
arteriovenous fistula (Fig. 1b). The patient was followed as
an inpatient for five days after the intervention, and he was
discharged since there were no hemodynamic problems and
no hemoglobin decline during this period. Furthermore, no
pseudoaneurysm or arteriovenous fistula was detected in the
control of renal Doppler ultrasonography. Follow-up evaluation at the sixth month of follow-up included a dimercaptosuccinic acid (DMSA) nuclear renal scan, which showed an
area of diminished perfusion, a finding consistent with the
embolization of right renal inferior segmental artery. However, the whole right kidney was very well perfused otherwise. The split function of the right kidney was calculated as
35%. Similar findings were detected in the 1-year follow-up
visit. The patient is currently on an annual follow-up schedule.
Patient’s consent was obtained for this study.

DISCUSSION
Trauma is the leading cause of death in children older than
one year.[6] In children, kidneys are relatively larger, and they
are more mobile. They are located at a lower level in the
retroperitoneum; therefore, they are protected less by the
ribs when compared with adults. In addition, there is less
perinephric fat compared with adult kidneys. As a result, the
risk of renal injury is higher in the pediatric population in the
setting of blunt abdominal trauma.[7]
Management of pediatric blunt renal trauma depends on the
hemodynamic status of the patient and the grade of renal
injury. Most renal injuries can be followed conservatively. Surgical treatment is needed in approximately 5–10% of these

(b)

Figure 1. (a) Renal angiogram demonstrating the pseudoaneurysm at the right renal inferior segmental artery (red
arrow) and arteriovenous fistula (blue arrow). (b) Post-embolization control renal angiogram image.
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cases, and this rate is declining day by day due
to increasing the availability of minimally invasive treatment procedures.[8] Surgical treatment
is usually preferred in hemodynamically unstable
patients or patients with renal vascular pedicle injury, ureteropelvic junction injury or in the setting
of failed conservative treatment. Nephrectomy
is performed in 60–65% of grade IV or V renal
injuries treated surgically.[9] On the other hand,
in children with blunt renal trauma, the success
rates of conservative treatment are higher when
compared with adults.[10] Even in case of grade V
renal traumas, an ~80% conservative treatment
success ratio was reported.[11–13]

TAE: Transcatheter angioembolization; M: Male; F: Female; R: Right; L: Left.

										
Wilms tumor

+

2 Nephrectomy

Nephrectomy for
–
1
Wilms tumor

reported
reported

Fall down
L

reported
reported

4
M
1
2016

			
reported

Sweed et al.[47]

reported

reported

reported

Not
1 Endoprosthesis
Not
renal trauma

Not
Not

accident

Not
Not
Not
7
2016
Cabrera et al.[46]

						

Not

–
+
Not
reported
renal trauma

Traffic
14
M
			

					

R

Grade V

Grade III
Violence
L
15
M
			

reported

–
Not

+

+

+

–		
–
Not
Grade III
Traffic

accident

L
			

M

15

						

renal trauma

reported

+

+
–
+
reported

Not
Grade IV

renal trauma

Traffic accident
R
16
M
4
2015

							

Lin et al.[20]

Not
–
Not

reported		reported
reported

Not
Not

reported
reported

Not
Not

reported
reported

Not
Not
7
2014

			
reported

Vo NJ et al.[28]

Complications/
additional
procedures to TAE
Time between
Renal
trauma and
salvage
diagnosis (day)		
Author
Year
Number
Gender
Age
Side
Cause of injury
Indication
		
of patient			
(R/L)			
								

Table 1.

Studies reported regarding utilization of transcatheter angioembolization in the setting of renal injury due to pediatric blunt abdominal trauma (continuation)

Blood
before
TAE

Kartal et al. Transcatheter embolization in pediatric blunt renal trauma

The utilization of imaging studies is critical for diagnosis and grading of renal injury.[14] In children with
blunt abdominal trauma, imaging studies should
be performed in the case of hematuria, abdominal
skin ecchymosis, abdominal pain, distention and
significant hemoglobin drop. Ultrasonography is
the preferred initial imaging modality despite its
low efficacy in grading renal injury and its operator-dependence.[15] However, spiral computerized
tomography, including non-contrast phase, arterial contrast phase and late phases is more widely
used in pediatric cases since it can visualize the renal parenchyma, vascular structures and collecting
systems and it can simultaneously view the other
abdominal organs.[16] Consequently, computerized
tomography has been recommended as the gold
standard imaging modality for children presenting
with blunt renal trauma.[17] On the other hand, ultrasonography is suggested for periodic follow-up
imaging as per ‘as low as reasonably achievable’
(ALARA) principle in order to reduce radiationrelated risks since children are more sensitive to
radiation when compared with adults.[17,18] Computerized tomography is preferred during followup only when ultrasonographic imaging reveals any
suspicious findings.
It has been reported that vascular injuries in the
setting of blunt renal traumas can be treated effectively by TAE.[2,19–26] This procedure can be performed in children whose hemodynamic status is
either stable or nearly stable and who have active bleeding due to renal parenchymal bleeding,
contrast extravasation or perirenal hematoma
detected in computerized tomography scan. In
addition, it can be utilized in patients with late
bleeding following conservative treatment, arterial pseudoaneurysm or arteriovenous fistula.
The response of a child to acute bleeding differs
from an adult’s response; mental state variations,
Ulus Travma Acil Cerrahi Derg, May 2020, Vol. 26, No. 3
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hypotension, signs of decreased peripheral perfusion and
respiratory changes all occur at a later post-trauma phase
compared to adults.[27] Thus, tachycardia without accompanying hypotension can be the first sign of internal hemorrhage.
This is significant because pre-TAE blood transfusion rates
inversely correlate with the efficacy of TAE.[28,29]

dentally diagnosed by Wilms tumor. Bleeding was controlled
by TAE in both cases; however, these patients both underwent nephrectomy afterward under elective circumstances.
Two patients reported in the literature required repeat of
TAE procedure due to failure at the first attempt; second
attempts were successful in both cases (Table 1).[38]

Although renal artery pseudoaneurysm is mostly iatrogenic,
it can rarely be due to blunt abdominal trauma.[30] It may
cause abdominal tenderness, ecchymosis and/or mass with
pulsation at the flank, hematuria, nausea and shock. Rarely, a
renal artery pseudoaneurysm may spontaneously get thrombosed and remain asymptomatic for years before it is diagnosed.[31] Usually, the time interval between the blunt abdominal trauma leading to renal artery pseudoaneurysm and the
bleeding caused by it (i.e., secondary renal hemorrhage) is in
the range of 2–36 days.[32] Our literature review showed that,
in children, the time interval between the trauma and diagnosis of renal artery pseudoaneurysm varies from one day to
one year (Table 1). Regardless of the time of diagnosis, it can
be either conservatively followed or treated by either TAE or
open surgery, depending on the clinical status of the patient
and the location of the pseudoaneurysm.[33]

Experience gained in the adult patient population shedding
light on the TAE applications in pediatric patients and assisted
in achieving low complication rates. In addition –for maximum
preservation of renal function- selective and even super-selective TAE applications have emerged.[23] As a result, our literature review revealed that –in total- 38 pediatric patients
underwent TAE due to blunt renal trauma, and the overall
success rate was ~89.5%. Of note, this review also exposed
that TAE not only helped in the preservation of the function of
the ipsilateral kidney, but it also did not have any impact on the
long-term functional status of the contralateral kidney.[40–47]

Rarely, an acquired arteriovenous fistula may occur between
the renal arterial and venous systems.[34] These fistulas are
usually formed at the right kidney. Although the most common cause is penetrating trauma, these fistulas may also occur as a result of blunt abdominal trauma.[35] However, these
patients are usually underdiagnosed during the initial assessment. They may present with renovascular hypertension and/
or congestive heart failure years after the trauma. Kuy et
al.[35] and van der Zee et al.[36] reported that renal arteriovenous fistulas, which were previously repaired by open surgery,
could be treated by TAE in children with the benefit of preserving renal function.
The complication profile of TAE is similar between children
and adults; however, complication rates are lower in the former group.[2] Formation of hematoma in the arterial access
site, arterial injury due to catheter or guidewire, contrast
nephropathy, renal ischemia (i.e., target organ ischemia) and
embolization of the non-targeted organ are the potential
complications of TAE in children.[37] Renal artery dissection is
detected in 7.5% of the adult patient population as a complication of TAE; this complication has never been encountered
in children.
Complications and/or failure of TAE can occasionally necessitate additional interventions. Our literature review revealed
that four patients underwent nephrectomy due to failure.
One patient who experienced urinary extravasation needed
double J stent and urinoma drainage catheter insertion. In another patient, endoprosthesis placement was performed for
renal revascularization. Two patients who were evaluated due
to blunt renal trauma following falling off a height were inciUlus Travma Acil Cerrahi Derg, May 2020, Vol. 26, No. 3

Conclusion
The risk of exposure to blunt abdominal trauma-related
renal injury is significantly higher in children than adults. In
hemodynamically stable patients, conservative or non-surgical treatment methods are preferred since they eliminate
the potential risks of emergent surgery, preserve the functionality of the target organ and provide favorable long-term
results. In our index case, we treated both the renal pseudoaneurysm and arteriovenous fistula, which caused posttrauma renal bleeding successfully by TAE. This patient did
not experience any complications or renal function decline
during follow-up. As such, our literature review showed that
–although the experience in children is not extensive- TAE
can be safely and successfully performed in the pediatric blunt
renal trauma population. No long-term complications of TAE
were reported except for the cases which required nephrectomy following a failed TAE. Of note, ‘TAE failure’ itself is not
the reason for nephrectomy in these cases.
Informed Consent: Written informed consent was obtained from the parents of the patient for the publication of
the case report and the accompanying images.
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Pediatrik künt renal travmalarda transkateter embolizasyon:
Olgu sunumu ve literatür derlemesi
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Bu yazıda, pediatrik olgularda künt abdominal travma sonucu gelişen renal yaralanmaların tedavisinde transkateter embolizasyon kullanımı ve sonuçları, bir olgu ve literatür eşliğinde değerlendirildi. Abdominal künt travma sonrası çocuklarda renal yaralanma gerçekleşmesi durumunda tedavi tercihi renal travmanın derecesine ve hastanın hemodinamisine bağlı olmakla birlikte, tedavide mümkün olduğunca non-operatif yöntemlerin kullanılması
önerilmektedir. Transkateter embolizasyon kullanımı erişkinlerde renal yaralanmalarda pratikte yaygın olarak kullanılırken, çocuklarda kullanımı ile
ilgili deneyim azdır. Yedi yaşında erkek hastada künt abdominal travma ve buna bağlı olarak gelişen grade IV renal yaralanma nedeniyle takibe alındı.
Konservatif yöntemlerle takip edilen hastada travma sonrası 15. günde hematüri ve hemodinamide bozulma gerçekleşti. Renal anjiyografide; sağ
inferior segmental arterde psödoanevrizma ve arteriyovenöz fistül saptandı. Hastaya transkateter embolizasyon başarılı şekilde uygulandı, herhangi
bir komplikasyon olmadığı gibi renal hasarda görülmedi. Literatür değerlendirmesinde pediatrik künt abdominal travma sonrası renal yaralanama
nedeniyle yapılan transkateter embolizasyonun renal yaralanma derecesine bakılmaksızın başarı oranı %89.47’dir. Transkateter embolizasyon başarısızlığı nedeniyle dört hastada nefrektomi yapılmış, hiçbir hastada uzun dönemde komplikasyon gözlenmemiştir. Bu sonuçlar eşliğinde çocuklarda,
künt abdominal travma sonrası renal yaralanmaların transkateter embolizasyon ile tedavisinde; düşük komplikasyon ile yüksek başarı bildirilmekte
ve uzun dönemde renal fonksiyonun korunmasında da güvenilir bir yöntem olduğu anlaşılmaktadır.
Anahtar sözcükler: Abdominal travma; anevrizma künt; böbrek; çocuk; konservatif tedavi.
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