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A B S T R A C T

Non-operative treatment of high-grade renal trauma in hemodynamically stable children is gain-
ing increasing acceptance nowadays. However, the management of isolated grade IV injuries,
particularly those with complete renal fracture and separation of the poles with intact blood sup-
ply, is still controversial. Although such injuries have a decreased likelihood of spontaneous reso-
lution, not all require open operative repair. They can be treated with a minimally invasive com-
bination of internal and external drainage. Herein, we report a case of a 7-year-old girl who pre-
sented with a nonvascular grade IV blunt renal trauma with a complete renal transection, suc-
cessfully treated with ureteral stent placement and ultrasound-guided percutaneous drainage of
the perinephric urinoma. We also present a brief literature review on this rare lesion in children.

1. Introduction
Although rare (1–5% of all trauma patients), renal trauma is the most common urological injury and encompasses a wide range of

injuries from parenchymal and vascular to collecting system lacerations [1]. Renal trauma is more likely to occur in children than in
adults due to several anatomical features such as less perirenal fat, thinner abdominal muscles, lack of ossification of the rib cage,
larger kidney size, and fetal kidney lobulations [2,3]. The predominant mechanism for renal injury in the pediatric population is blunt
trauma (85–90% of cases), while the remaining result from penetrating injuries [4]. Blunt renal trauma usually results from sudden
deceleration of the child's body during sports accidents, falls, or contact with blunt objects [5]. The American Association for the
Surgery of Trauma (AAST) injury scale, most recently updated in 2018, classifies renal trauma into five grades of increasing severity
[6]. While successful conservative management of low-grade (grade I–III) renal injuries is well established, consensus regarding the
management of high-grade blunt renal trauma (HGBRT) has not been achieved [7]. HGBRT (grades IV–V) was traditionally treated
surgically. However, the management of HGBRT has become increasingly conservative, with the objective of renal preservation [4].
Nowadays, surgical treatment is needed in approximately 5–10% of all renal injuries, and this rate is steadily declining due to the in-
creased availability of minimally invasive treatment procedures and their usefulness in treating frequent complications of HGBRT,
such as acute renal hemorrhage, persistent urinary extravasation, and/or symptomatic urinoma.

Abbreviations: AAST, American Association for the Surgery of Trauma; CT, Computed tomography; HBRT, High-grade blunt renal trauma; MRI, Magnetic resonance
imaging; NOM, Non-operative management; RAE, Renal artery embolization; USG, Ultrasonography.
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Herein, we report a rare nonvascular grade IV blunt renal trauma with complete transection in a 7-year-old girl successfully man-
aged with minimally invasive procedures.

2. Case report
A 7-year-old girl presented to our emergency department 3 h after falling on the curb with complaints of left-sided flank abdomi-

nal pain since the time of injury and with a history of passing red-colored urine. On physical examination, she was hemodynamically
stable (blood pressure, 100/60 mmHg) and tachypneic (respiratory rate, 25 times/minute). A urethral catheter was inserted. No gross
hematuria was observed. Microscopic hematuria was seen on urinalysis. Laboratory tests revealed normal hemoglobin (12.4 g/dl)
and blood urea (24 mg/dl). Total and differential leukocyte counts and serum electrolytes were normal. The child was graded by
emergency abdominal computer tomography (CT) with intravenous contrast medium at presentation. CT scan revealed complete
right renal transection with the distraction of upper and lower poles (Fig. 1A). CT also documented contrast extravasation on the tran-
section site with a substantial perinephric urinoma (Fig. 1B). There was no evidence of ureteropelvic junction injury. It was classified
as a grade IV injury according to the AAST grading system [6].

The patient was initially managed conservatively by closely monitoring vital signs, abdominal girth, serial hemoglobin measure-
ments, and broad-spectrum antibiotic cover. Over the next day, the girl developed abdominal distension and increased left flank ab-
dominal tenderness. Due to the expanded left perinephric collection seen on ultrasonography (USG) (Fig. 2A), a 4.5 French ureteral
double-J stent was passed retrogradely into the left renal pelvis under general anesthesia. The upper and lower pole moiety remained
perfused via a branch vessel of the left renal artery, shown by the color Doppler USG (Fig. 2A). Symptoms gradually decreased in the
following days, with USG finding that the left perinephric collection was not increasing in size. Microscopic hematuria improved and
did not recur over the subsequent period. The child's general condition allowed the resumption of oral feeding and withdrawal of total
parenteral nutrition. However, due to the worsening left flank, abdominal pain, and fevers on the eleventh day after the trauma, USG
and CT urography were performed and showed enlargement of the perirenal urinoma, as well as a coiled stent, which migrated into
urinoma (Fig. 2B). The ureteral stent was replaced with a new one, which was placed adequately (Fig. 2C). Ultrasound-guided percu-
taneous drainage of the perinephric urinoma with pigtail catheter insertion was immediately performed, and approximately 900 ml of
amber-colored fluid was drained. In the next 12 days, the drainage rate gradually decreased, and the pigtail ceased to drain and was
removed after 14 days. The girl was discharged on day 28 and readmitted three weeks later when the ureteral stent was removed. Fol-
low-up magnetic resonance imaging (MRI) urography (Fig. 3A) and color Doppler USG (Fig. 3B) showed a slightly less perfused left
kidney but functional without contrast extravasation. No signs of hypertension or hydronephrosis were noted on follow-up examina-
tions.

3. Discussion
This case highlights successful, minimally invasive management of nonvascular grade IV blunt renal trauma with complete tran-

section in a pediatric patient. It also summarizes the evidence regarding the clinical effectiveness of minimally invasive management
rather than open surgery in pediatric higher grades nonvascular renal injuries not responding to non-operative management (NOM).

A growing body of evidence shows that a primary non-operative approach to the management of HGBRT can be effective in sal-
vaging renal units, resulting in a reduced nephrectomy rate [4,8]. Hemodynamic status is the most important parameter for deciding
on surgical intervention in children with renal trauma. In case of hemodynamic instability or concurrent penetrating intra-abdominal
injury, emergency surgical interventions may be required [9]. In all other cases, a conservative approach should be the first preferred
method of treatment in every grade of renal trauma that can occur in children [10]. In a systematic review that analyzed 95 pediatric
patients with grade IV renal trauma, Umbreit et al. found that a non-operative approach was possible in 72% of cases [7].

Fig. 1. A–B: A: Initial coronal CT in portal venous phase revealed a complete transaction of the left kidney with the distraction of the poles (red arrow); B: Delayed
phase at initial CT was done to assess the injury of the collecting system of the left kidney and showed extravasation of contrast with the presence of perinephric uri-
noma (red arrow). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. A–C: (A): Follow-up was done by color Doppler ultrasonography, revealing a perinephric collection/urinoma (white arrow) with preserved vascularization of
both poles of the left kidney (red arrow); (B): CT urography was also done, and migration of the stent was observed; (C): Percutaneous drainage catheter was inserted
to evacuate enlarged urinoma. The stent was reinserted. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of
this article.)

Fig. 3. A–B: (A): MRI urography was done with a post-contrast MR image showing mild hypoperfusion of the lower pole of the left kidney (red arrow); (B): A subse-
quent color Doppler ultrasonography confirmed the MRI urography findings. (For interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)

Similarly, on a sample of 10 injured children with grade IV renal trauma, Rogers et al. reported a success rate of NOM of 80% [11].
More recently, LeeVan et al. pooled data from 27 studies and found that 204 of 234 (87%) children with grade IV renal injuries were
initially managed conservatively with a 90% success rate without the need for subsequent surgical intervention [12]. A definition of
conservative management varies in the literature, with minimally invasive procedures being variably defined as conservative or oper-
ative/interventional management [12]. However, the prevailing opinion is that minimally invasive procedures such as percutaneous
drainage, ureteral stent placement, and therapeutic renal artery embolization (RAE) belong to conservative management, as well as
observation itself [12].

There is currently no consensus on the optimal timing of minimally invasive interventions, particularly in isolated grade IV renal
injuries. According to limited data from the literature, extremely rare cases of grade IV renal injuries with complete fracture and sepa-
ration of the poles but with intact blood supply, as in our case, should be treated with early minimally invasive interventions due to
the low probability of spontaneous resolution of this subgroup of renal traumas [13]. We confirm the effectiveness of this approach in
our case.
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Due to documented residual morphological changes in almost all children with high-grade renal injury with no late functional
loss, a prolonged follow-up is warranted to assess the risk of progression of these abnormalities [14].

In conclusion, isolated grade IV renal injuries with complete fracture and separation of the poles but with intact blood supply can
be successfully treated with early minimally invasive procedures. A prolonged follow-up is warranted due to the timely detection of
possible progression of residual morphological changes in the affected kidneys.
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