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Background: Traumatic kidney injuries are the most common urinary tract injuries. Pediatric patients are more susceptible to renal
injury from blunt trauma than adults because of anatomic factors. The aim of this publication was to provide a reference for traumatic
kidney injury in the pediatric group based on the study in our center.

Methods: A retrospective study was conducted from January 2014 to December 2019 to review medical records of children admitted
with renal trauma. Relevant findings including demographics, mechanisms and grades of injury, clinical parameters, interventions, and
outcomes were recorded.

Results: Thirty-three pediatric patients were investigated. Males experienced traumatic kidney injury more often than the females with
aratio of 10:1. Most cases occurred during the adolescent (12—18) years (81.82%). Left-side kidney injury (63.64%) was more frequent than
right side (36.36%). Most cases (96.97%) were caused by blunt trauma, mainly traffic accidents (81.82%). Most patients (90.91%) had
stable hemodynamics. Grade IV kidney injury was the most frequently found injury (39.39%). The cause of renal function disturbance was
based on the blood urea nitrogen/creatinine (BUN/Cr) ratio with 21.87% of patients suffering from intra-renal causes and 12.5% from pre-
renal causes. No significant association between different grades and BUN/creatinine ratio was found. Isolated renal injuries were found in
54.54% of patients. Most patients were treated conservatively (87.88%), and survival was 96.97%.

Conclusion: Non-operative management is safe and yields good outcomes in kidney trauma patients with stable hemodynamics.
Renal trauma severity is not associated with the BUN/Cr ratio.
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Background
Trauma injuries are a prominent cause of death among children and adolescents.'* Traumatic kidney injuries are the most
common urinary tract injuries.’ Pediatric patients are more susceptible to renal injuries from blunt trauma than adults because
of several pediatric anatomic factors, including less perirenal fat, weaker abdominal musculature, more immature pliable
thoracic cage, and lower position of the kidney in the abdomen than in adult counterparts, which leads to less protection to the
kidney.>”” Furthermore, the kidneys are supported in their position in the body cavity by the vascular pedicle and the ureter
(especially ureteropelvic junction) and are surrounded by capsule, Gerota’s fascia, and perirenal fat.®

In accordance with the National Trauma Data Bank, the review study from Grimsby et al® concerning 2213 pediatric
kidney injuries showed that the most renal trauma in children was found to be low grade (79%) and blunt (>90%). The
average age at the time of injury was 13.7 years with 94% of the patients in the age range of 5 to 18 years old. About
79% of injuries were low-grade injuries (grade I, II, or III). Penetrating injury was accounted for less than 10% of all
patients. Nephrectomy was performed in 122 (5.5%) cases.®

The kidney injuries are graded according to the severity assessment, which was classified by the American
Association for the Surgery of Trauma (AAST) Organ Injury Scale.” The contemporary guidelines of pediatric kidney
trauma management are based on these limited references.® Additional studies to support the establishment of evidence-
based recommendations are imperative. The aim of this publication was to provide a reference for traumatic kidney
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injury in the pediatric group based on the study in our center, including the incidence, patient’s characteristics, etiology,
mechanism of injury, clinical features, associated injuries, management, and outcomes.

Methods

A retrospective study was conducted in our tertiary referral center hospitals of East Indonesia (Wahidin
Sudirohusodo and Universitas Hasanuddin Hospitals) to identify and review data from medical records of the
children admitted with renal trauma from January 2014 to December 2019. Relevant findings, including demogra-
phy, mechanism of injury, clinical parameters, kidney injury grade, laboratory parameters, interventions, and out-
comes, were recorded. The hospital care included observation with close monitoring of vital signs and relevant
medications, such as analgesics and intravenous antibiotics. After discharge from the hospital, the children were
followed in our outpatient clinics.

The severity of renal injury was graded according to American Association for the Surgery of Trauma (AAST)
classification by assessment from computed tomography (CT) and operative findings. For clinical purposes, grades I-111
were classified as low grade, and grades IV and V were classified as high grade.”"!

Gross hematuria was determined by documentation of the visible color of the urine, while microscopic hematuria was
defined as four or more red blood cells per high-power field (RBCs/HPF) based on the clinical laboratory report.'?
Hemodynamic stability was assessed using several parameters, including blood pressure, heart and peripheral pulse rates,
capillary refill time, and urine output.'?

Blunt trauma can be defined as an injury to the body caused by forceful impact/injury, or physical attack with a dull
object or surface.'"'* On the other hand, penetrating trauma is an injury in which an object or surface pierces the body,
causing an open wound.'>"!’

The complete blood counts were determined using a Sysmex XP-300™ (Sysmex; Kobe, Japan) according to the
manufacturer’s instructions. Renal function was measured using the Cobas® 8000 modular analyzer series (Roche
Diagnostics, Indianapolis, IN, USA) according to the manufacturer’s instructions.

The typical range for hemoglobin is 11.0 to 14.5 g/dl.'®

The cut-off value of normal blood urea nitrogen in pediatric
patients was determined as <18 mg/dl."® The cause of renal function impairment was determined from the blood urea
nitrogen/creatinine ratio (BUN/Cr) ratio and divided into several categories: (1) prerenal (>20:1), (2) normal/postrenal
(12-20:1), and (3) intrarenal (<12:1). The hypothesis in this study stated that the severity of renal trauma may affect the
BUN/Cr ratio.

Kidney injury was managed by either non-operative management (NOM), nephrorrhaphy, or nephrectomy. The data
were provided with the assistance of IBM Statistical Package for the Social Sciences version 25 (IBM Corp., Armonk,
NY, USA) and Microsoft Excel applications 2013 (Microsoft, USA). An analysis of the association between kidney

injury grade and BUN/Cr ratio was conducted using the Mann—Whitney U-test.

Results

A total of 33 pediatric patients with traumatic kidney injury from January 2014 to December 2019 were admitted
(Table 1) (Figure 1). The most frequent cases were found in 2018 with 11 cases (33.33%). Males underwent traumatic
kidney injury more often than the females with a ratio of 10:1. Most cases were found during the adolescence years (12—
18 years) with 27 cases (81.82%). The mean age was 14 years old, while the oldest and youngest ages were 18 and 5
years, respectively. Left-side kidney injury (63.64%) was more frequent than the right side (36.36%). Most cases
(96.97%) were caused by blunt trauma. Traffic accidents were the main cause of traumatic kidney injuries with 27
cases (81.82%). Most patients experienced flank pain (90.91%) and gross hematuria (72.73%). Most of the patients were
admitted to the emergency room with stable hemodynamics (90.91%). Grade IV kidney injury was the most frequently
found injury (39.39%). Isolated renal injuries were found in 18 patients (54.54%).

According to the laboratory findings (Table 2), most patients (68.75%) were admitted with normal BUN levels
(<18 mg/dl). The mean value of BUN was 15.9 mg/dl, and the highest and the lowest BUN levels were 43.5 mg/dl and
7.5 mg/dl, respectively. Most patients (62.5%) still maintained the normal limit of plasma creatinine levels (<1.06 mg/dl).
The cause of renal function disturbance was determined from BUN/Cr ratio with 21.87% of patients suffering from intra-
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Table | General Characteristics of Traumatic Kidney Injury

Characteristics N % Mean Median Max Min
Gender

Male 30 90.91
Female 3 9.09
Age Group

Newborn (0-1 month) 0 0.00 14 14 18
Infant (I month-1 year) 0 0.00
Toddler (I year-3 years) 0 0.00
Preschool (3—6 years) 2 6.06
School age (612 years) 4 12.12
Adolescent (12-18 years) | 27 81.82
Side

Left 21 63.64
Right 12 36.36
Bilateral 0 0.00
Mechanism of Injury

Penetrating | 3.03
Blunt 32 96.97
Etiology

Traffic accident 27 81.82
Fall 5 15.15
Stab wound | 3.03
Clinical Presentation

Flank pain 30 90.91
Gross hematuria 24 72.73
Microhematuria 8 24.24
Hemodynamics

Stable 30 90.91
Unstable 3 9.09
Injury Grade (AAST)

| 8 24.24
I 4 12.12
n 5 15.15
v 13 39.39
\ 3 9.09
Isolated Renal Injury

Without associated injury | 18 54.54
With associated injury 15 45.45

Abbreviation: AAST, American Association for the Surgery of Trauma.

renal causes and 12.5% of patients suffering from pre-renal causes. No significant association between the different
grades and BUN/Cr ratio (p=0.77) was found (Table 3). Most patients (63.6%) were admitted with anemia (hemoglobin
level < 11 g/dl), and those patients received blood transfusions when the hemoglobin (Hb) level was <9 g/dl.
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Figure | The description of case number per year.

Most patients (42.42%) were treated in the hospital for a duration of 8 to 14 days (Table 4). The mean length of stay
(LOS) was 12 days, the longest and the shortest LOSs were 43 and one day, respectively. Traumatic brain and spleen
injuries were frequently found as the associated injury with percentages of 15.15% and 12.12%, respectively. Most
traumatic kidney injury patients were treated conservatively (87.88%). Most patients were survived (96.97%), and only 1
patient (3.03%) died.

Table 2 The Laboratory Value of Traumatic Kidney Injury

Laboratory Findings N % Mean Median Max Min

BUN Level (mg/dl)

<I8 22 68.75 15.9 14.00 43.50 7.50
>8 10 31.25

Creatinine level (mg/dl)

<1.06 20 62.5 0.99 0.92 2.25 0.16
>1.06 12 375

BUNJ/Cr ratio

>20:1 (Prerenal) 4 12.5
12-20:1 (Normal/Postrenal) | 21 65.63
<12 (Intrarenal) 7 21.87

Hb level on admission (gr/dl)

212 9 27.27 10.05 9.40 14.40 5.70
I-11.9 3 9.09

8-10.9 15 45.45

<8 6 18.18

Abbreviations: BUN, blood urea nitrogen; CR, creatinine.
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Table 3 Association Between the Severity of Kidney Trauma and Underlying Cause of Kidney Disease
According to BUN/Cr Ratio

BUNJ/Creatinine Ratio Total p-value
Pre-Renal Normal/Post-Renal Intra-Renal
(>20:1) (12-20:1) (<l2:1)
Low Grade (I, I, 1lI) I 3 16 0.77
High Grade (1V, V) 2 10 4 16
Total 4 21 7 32
Abbreviations: BUN, blood urea nitrogen; CR, creatinine.
Table 4 Length of Stay, Associated Trauma Injury, Treatment, and Outcome
Characteristics n % Mean Median Max Min
Length of Stay (LOS) (Days)
<3 2 6.06 12.12 10 43 I
4-7 8 2424
8-14 14 4242
15-30 8 2424
>30 I 3.03
Associated trauma injury
Traumatic Brain Injury 5 15.15
Spleen injury 4 12.12
Liver injury 2 6.06
Pelvic fracture 2 6.06
Femur fracture | 3.03
Peritonitis | 3.03
Abdominal blunt trauma | | 3.03
Clavicle fracture | 3.03
Forearm bone fracture | 3.03
Electrical burn injury | 3.03
Treatment
NOM 29 87.88
Nephrorrhaphy | 3.03
Nephrectomy 3 9.09
Outcome
Survive 32 96.97
Death | 3.03
Discussion
Genitourinary tract injury is a frequent phenomenon that occurs in children and adolescents. The kidneys are the most

frequent site of damage in genitourinary tract injuries and represent 10-20% of blunt abdominal trauma cases.®*’

According to the study by Grimsby et al, the average age at time of injury was 13.7 years old with almost patients (94%)
between the ages of 5 and 18.% The result of this study agrees fairly well with our results for which it was shown that
most cases were found at adolescent age with a mean age of 14 years old. The range of age was between 5 and 18 years
old. The incidence of kidney trauma is most common in adolescence because the patients in this age group begin to

undertake more activity and mobility, especially in terms of traffic and sports. Kidney trauma is rare in children under
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five years of age due to their limited mobility. Our study showed that males experience traumatic kidney injury more
frequently than females. This result corresponded to results from a study by Ishida et al.?' This higher incidence in males
was apparent because males are more frequently involved in motorcycle accidents than are females.?

When viewed from the lateral aspect, it was found that the left kidney was more susceptible to traumatic injury than
the right side (63.64% versus 36.36%). This condition is not fully understood, but it might be due to the protective effect
of the liver toward the right kidney. In addition, the right kidney is positioned just below the diaphragm, posterior to the
liver, and relatively closer to the midline than the left kidney. The left kidney is also slightly larger than the right
kidney.?!

Most cases of kidney damage (96.97%) were found to be caused by blunt trauma. Traffic accidents were the main
cause of traumatic kidney injury with 27 cases (81.82%). Grimsby et al,® also found that more than 90% of kidney
trauma patients in their study were caused by blunt trauma. According to Alonso et al,** blunt renal trauma accounts for
up to 80% to 90% of all cases with motor vehicle accidents being the most common cause. The other causes are direct
impact to the flank or abdomen during an assault, a fight, sports activity, or fall from a height.

The diagnosis of traumatic kidney injury is made with high suspicion concerning the injury. Careful assessment of the
mechanism of injury and clinical presentation must be conducted precisely. Prompt diagnosis is key as the injury may be
life threatening.?*

The most prominent clinical features of kidney trauma patients are flank pain and gross hematuria.>*2"** Our study
also found similar results. While hematuria is present in 95% of patients with renal trauma, its absence did not rule out
the kidney injury.* There was no clear association between the presence and the type of hematuria with the degree of
kidney injury because 36-40% of renal injuries and more than 24% of renal artery occlusion did not show hematuria.®*®
However, macrohematuria seems to be more associated with major renal injuries. The general recommendation is to
perform imaging investigations in blunt trauma patient with urinalysis findings >50 RBCs/HPF.*

The severity of traumatic kidney injury was classified using the well-known AAST Organ Injury Scale. This scale
classifies traumatic kidney injury into five grades ranging from I to 5 regarding the severity of trauma complexity (Table 5).>'
However, for clinical purposes, the degree of renal trauma is divided into low grade (I, II, and IIT) and high grade (IVand V).*’

Table 5 Revised AAST Injury Staging Classification

Grade | Injury Definition

1 Parenchyma Subcapsular hematoma and/or contusion

Collecting System No Injury

1| Parenchyma Laceration < | cm in depth and into cortex, small hematoma contained within

Gerota’s fascia

Collecting System No Injury

m Parenchyma Laceration > | cm in depth and into cortex, small hematoma contained within

Gerota’s fascia

Collecting System No Injury

v Parenchyma Laceration through the parenchyma into the urinary collecting system

Vascular segmental vein or artery injury

Collecting System Laceration, one or more into the collecting system with urinary extravasation

Renal pelvis laceration and/or complete ureteral pelvic disruption

v Vascular Main renal artery or vein laceration or avulsion main renal artery or vein

thrombosis

Abbreviation: AAST, American Association for the Surgery of Trauma.
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According to a study by Redmond et al based on their 10 years of experience, the distribution of AAST grade kidney
injury in pediatric patients was 49% Grade IV, 37.8% Grade 111, and 13.2% Grade V.” This result was similar to our study
in which it was also shown that the most frequent injury was grade IV (39.39%) followed by grade I (24.24%), grade I1I
(15.15%), grade 11 (12.12%), and grade V (9.09%). On the other hand, the different results were apparent for distribution
of traumatic kidney injury in all age groups including adult and pediatric patients. According to the meta-analysis study
by Petrone et al, the most frequent injury was grade I (32%), followed by grade IV (25%), grade III (22%), grade II
(16%), and grade V (5%).>* This difference occurs because children are more vulnerable to renal injuries because of the
relatively increased renal size (beyond the rib cage) and the kidney mobility.® The demographic differences in different
areas may also be a factor. In a 5-year retrospective review at single institution in Makassar, Syarif et al found that the
most cases of renal trauma were grade IV (42.6%) followed by grade I (25%), grade II (14.7%), grade III (8.8%), and
grade V (8.8%).%8

Ten patients (31.25%) had increased BUN levels (>18 mg/dl). Plasma Cr levels were increased (>1.06 mg/dl) in 12
patients (37.5%). BUN and Cr levels may be related to acute trauma-induced kidney injury (AKI).***° Trauma patients
are at risk of AKI induced by renal hypoperfusion (secondary to hemorrhagic shock), rhabdomyolysis, and direct renal
injury.”

The cause of renal function disturbance was determined from BUN/Cr ratio with 21.87% of patients suffering from
intra-renal causes and 12.5% of patients suffering from pre-renal causes. Most patients (65.63%) had BUN/Cr ratios of
12-20:1, which indicates normal or post-renal function impairment.®' Statistically, however, no significant association
between the different grades and BUN/Cr ratio (p=0.77) was found. This result shows that although kidney trauma can
cause damage to the intra-renal parenchyma, acute kidney function disorder can occur due to either pre-, intra-, or post-
renal causes. No previous study that analyzes the association between the different grades and BUN/Cr ratio has been
published.

In our study, most patients had anemia (hemoglobin level < 11 gr/dl). Anemia can occur from trauma-related acute
blood loss and/or other chronic causes. Our patients were administered blood transfusion when the hemoglobin (Hb)
level was <9 gr/dl. According to Chegondi et al, a hemoglobin threshold of <8 g/dl is recommended for transfusion if
patients are symptomatic. However, patients with acute blood loss underwent blood transfusions at a hemoglobin
threshold value of 7.83 + 1.32 g/dl.»?

The hemoglobin threshold for transfusion varies according to clinical conditions. Limited data from clinical trials
comparing the outcomes of transfusion protocols in pediatric patients are available. The decision to perform a blood
transfusion in our study was made with consideration of clinical conditions, anemia-related symptoms, hemodynamic
instability, and trauma severity. Most patients were admitted to the emergency room with stable hemodynamics
(90.91%). The results from our study agreed with those from a study by Syarif et al who found 89.7% of their patients
came to the emergency department with stable hemodynamics.?® However, strict monitoring is generally needed for renal
trauma in children because hypotension is a late manifestation of hypovolemia in children; blood pressure is not
considered as a reliable parameter for early management in pediatric population.® Isolated renal injuries were found in
54.54% of our patients. This finding was also consistent with the result of a retrospective study conducted by Syarif et al
who found that the isolated renal injury percentage in their study was 58.8%.%®

Most patients (42.42%) had been treated in the hospital for 8 to 14 days, and the mean of length of stay (LOS) was 12
days. The longest and the shortest LOS periods were 43 and 1 day, respectively. A study by Grimsby et al consisting of
LOS evaluation of pediatric kidney trauma found that the LOS mean was 8.63 days.® This difference was not far from
our result, and the variation in LOS might have been caused by another associated injury. However, this finding indicates
that treatment of renal trauma in children may require treatment duration of more than one week.

Blunt renal injuries in children are seldom isolated, and multiorgan injury (liver, spleen, closed head, orthopedic
fractures) is the general rule.® Several associated organ injuries that are commonly found in traumatic kidney injury are
spleen and liver.”> This condition can occur due to the organs’ proximity to the kidney. The other injuries found in our
study were traumatic brain injury, bone fracture, associated abdominal trauma injury, and burn injury.

Most pediatric kidney trauma patients in our study were treated conservatively (87.88%). This result was similar to
the meta-analysis study by Hagedorn et al (with a total of 5561 children) in which it was found that only 10% of blunt
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renal trauma patients underwent surgical intervention, and 89.6% were managed nonoperatively. Another study by
Grimsby et al also reported treating 94% of their pediatric kidney trauma patients conservatively.® Current evidence
suggests that conservative management in all hemodynamically stable traumatic pediatric blunt renal injuries is
appropriate.*% 10 This paradigm shift is probably derived from several considerations: (1) the accumulated evidence
about the safety and outcome of the nonoperative approach in renal trauma and (2) the improvement in imaging
modalities, such as computed tomography (CT) scanning, and in minimally invasive procedures. These procedures
include angioembolization in cases of active bleeding and endourological stenting in managing urine extravasation.'® In
hemodynamically stable children, further investigation should be conducted. Absolute indications for operative (or
interventional radiology management) management include unresponsiveness to aggressive resuscitation (>3 concen-
trated transfusions) due to renal hemorrhage, hemodynamic instability, grade 5 vascular injury, and/or an expanding or
pulsatile perirenal hematoma found during laparotomy performed for associated injuries. Relative indications are large
lacerations of the renal pelvis, avulsion of the ureteropelvic junction, coexisting bowel or pancreatic injuries, persistent
urinary leakage, post-injury urinoma, perinephric abscess, extensive (>20%) nonviable tissue, and incomplete staging.’

Non-operative management (NOM) consists of bed rest with vital signs and laboratory test monitoring, observation
with supportive care, re-imaging when any deterioration occurs, the use of minimally invasive procedures (angioembo-
lization or ureteral stenting) if indicated, and restriction of physical activity for six weeks.>®!%** Currently, advance
evidence that supports NOM for hemodynamically stable patients with penetrating renal trauma is available. Moolman
et al successfully treated 65.3% of the 75 penetrating kidney trauma patients non-operatively with excellent outcomes
and no conversion to surgical exploration.>

Operative management is performed for patients with indications. The most common approach is transperitoneal.
Renal salvage by renorrhaphy or partial nephrectomy requires maximal exposure of the kidney, control of bleeding by
sutures, debridement of nonviable tissue, closure of parenchymal injuries, and watertight closure of the collecting system.
The omental flap of perirenal fat can be utilized to cover the large defects.'”

In agreement with the meta-analysis conducted by Hagedorn et al addressing pediatric blunt renal trauma practice
management guidelines, almost half (44.9%) of the children in the operative group had renal loss (nephrectomy) when
compared with 1.5% in the non-operative group. About 2.4% of the patients in the operative group developed a urinoma
versus 1.2% in the non-operative group.3

Most patients in our study survived (96.97%), and only one patient (3.03%) died due to severe brain injury.
According to the literature, the mortality rate is 6%, but this value may be related to the presence of other concurrent
organ injuries and not caused by renal trauma alone.

Our data were obtained from patient medical records at a referral center rather than a major trauma hospital. Therefore, the
number of cases was limited, and the cases were often more severe than those in the general population. Furthermore,
radioisotope renography (renogram) was not available in our center, making it difficult to assess follow-up renal function.
Further investigation is required to observe late complications, including the formation of urinary tract stones, hypertension,
chronic upper urinary tract infection, hydronephrosis, pseudo-aneurysms, and arteriovenous fistulae. In the future, we plan to
conduct further studies at a multi-trauma center with renal function follow-up tests and long-term follow-up to observe any late
complications.

Conclusion

Traumatic kidney injuries are more frequent in male adolescents due to more involvement in injury-risk activity.
Hematuria is not an accurate parameter for assessing the severity of a kidney injury. Vital sign monitoring should be
performed continuously because hypotension is a late manifestation of hypovolemia in children. The severity of
a traumatic kidney injury was found not to be associated with the BUN/Cr ratio. Non-operative management may be
performed safely with good outcomes in kidney trauma patients who have stable hemodynamics. Mortality is rare and

may be related to concomitant injuries in other organ systems.
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BUN/Cr, blood urea nitrogen/creatinine; AAST, American Association for the Surgery of Trauma; CT, computed
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LOS, length of stay; AKI, acute kidney injury; g, gram; mg, milligram; dl, deciliter.
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