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Conclusions Computerized tomography can help to grade 
renal injury and assess additional organ injuries quickly. 
Most children with high-grade renal injury can be managed 
conservatively. However, conservative management of renal 
traumas relies on a multidisciplinary approach. Addition-
ally, surgical intervention is generally required in the face of 
hemodynamic instability or other concurrent organ injuries.
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management · High grade

Introduction

Most renal injuries occur due to blunt trauma [1]. Renal 
traumas constitute 10 % of blunt abdominal traumas and 
1 % of penetrating traumas [2, 3]. Children are affected 
more severely by such traumas than adults for anatomical 
reasons. Moreover, it is important to remember that there 
may be additional renal pathologies. Multidetector com-
puted tomography (MDCT), ultrasonography (USG), and 
intravenous pyelography (IVP) are used to diagnose renal 
trauma [4]. The usefulness of non-operative treatment of 
patients with high-grade (grades IV and V) renal injuries is 
still under debate. Surgical intervention is required in some 
cases [5, 6]. The purpose of this study was to evaluate treat-
ment methods for grade IV and grade V renal trauma in 
children in our clinic due to blunt and penetrating traumas 
and to share our findings.

Materials and method

The records of 31 patients with high-grade (IV, V) renal 
trauma due to blunt and penetrating traumas who were 
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Introduction The management of severe renal trauma is 
disputable. Herein, we present diagnosis and treatment of 
patients with high-grade renal injury (grades IV and V).
Materials and methods The records of 31 patients with 
severe renal trauma who were treated between 2009 and 
2014 were analyzed retrospectively. All patients’ CT results 
were evaluated by two radiologists and assigned grades of 
IV or V in accordance with the American Association for 
the Surgery of Trauma Organ Injury Severity Scale. All 
hemodynamically stable renal trauma patients were treated 
conservatively. Patients with renal traumas of grade IV and 
V were evaluated statistically via the SPSS 15.0 software 
program. Chi-square and Mann–Whitney U tests were used 
to evaluate the categorical data.
Results Thirteen (42 %) of 31 patients had grade IV, and 
18 (58 %) had grade V renal traumas. Twenty-seven (87 %) 
of the patients had suffered blunt trauma, and four (13 %) 
had sustained penetrating injuries. Additional organ inju-
ries were seen in 16 patients (52 %), and 15 (48 %) had 
no concurrent injuries. Twenty-five patients (89 %) were 
monitored conservatively, three (10 %) underwent sur-
gery, and three patients with grade V renal trauma and 
additional organ injuries died. There was no statistically 
significant difference between the grade IV and grade V 
groups, except in hemoglobin values and the affected kid-
ney (P = 0.07 and P = 0.02, respectively).
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treated in our clinic between 2009 and 2014 were evaluated 
retrospectively. The CT examinations of the patients were 
analyzed and interpreted by two radiologists separately, 
and the results were evaluated in accordance with the grad-
ing of the American Association for the Surgery of Trauma 
Organ Injury Severity Scale (Table 1). The medical records 
of pediatric patients diagnosed with grades IV and V renal 
trauma were analyzed [7]. Patients’ information in rela-
tion to age, gender, trauma mechanism, additional injuries, 
treatment types, hemodynamic data, and the duration of 
hospital stay was recorded. All patients were followed up 
hourly in the intensive care unit and monitored (including 
pulse, respiratory rate, blood pressure, urine volume with 
a urinary catheter, hematuria follow-up, and urine concen-
tration). All hemodynamically stable renal trauma patients 
were treated conservatively. Patients who were discharged 
from the hospital were advised to restrict their activity or 
take bed rest. Patients who required additional surgical 
intervention and whose hemoglobin (Hb) values continued 
to decrease despite having a blood transfusion underwent 
laparotomy. Patients with a urinoma underwent replace-
ment of their urinary catheter with a percutaneous catheter 
or endoscopic stent. Patients who were discharged from the 
hospital were prescribed antibiotics and were encouraged 
to take bed rest for 15 days and to limit their physical activ-
ity for 6 weeks. All pediatric patients with renal traumas 
of grade IV and V were evaluated statistically via the soft-
ware program SPSS 15.0. Chi-square and Mann–Whitney 
U tests were used to evaluate the categorical data.

Results

Twenty-one of the patients (68 %) were male, and ten 
(32 %) were female. The median age was 9 years (range 
1–18 years). Of the 31 patients, 13 (42 %) were grade IV 
(Fig. 1), and 18 (58 %) were grade V (Fig. 2). Twenty-
seven (87 %) of the injuries were due to blunt trauma, and 
four (13 %) were due to penetrating injuries. The most 
common causes of injury were falling off of an object 
(48 %) and extravehicular traffic accident (33 %) (Table 2). 
Nineteen of the patients had right-sided renal injuries 
(61 %), and 12 had left-sided renal injuries (39 %). Ultra-
sonographic assessments of 28 patients (90 %) detected 
renal laceration, whereas the USG findings of three patients 
(10 %) were normal. The MDCT findings revealed that 16 
patients (52 %) had additional organ injuries, whereas 15 
patients (48 %) did not. The organs that were most com-
monly injured were the lungs (29 %), liver (13 %), and 
spleen (6 %). Eighteen of the patients (58 %) needed a 
transfusion in the early or late period, and 13 had no such 
need (42 %). Twenty-five patients (81 %) were treated con-
servatively, and three patients underwent surgery. Two of 

them had been hemodynamically unstable, so nephrectomy 
and splenectomy were performed. The third patient was 
taken to surgery due to a colon perforation; primary colonic 
repair and nephrorrhaphy were performed. The other three 
patients died. 

Five patients had postoperative complications (16 %). 
Three patients (17 %) with grade V trauma and one with 
grade IV trauma developed a urinoma, and one patient 
(5 %) experienced hypertension. Twenty-eight of the 
patients (90 %) survived, but three patients (10 %) died 
in the emergency room prior to surgery due to the grade 
V renal injury and additional organ traumas. These patients 
had each sustained blunt trauma to the kidney, liver, spleen, 
vertebrae, and thorax; kidney and liver; or kidney, liver, and 
thorax. Patients’ detailed clinical information is shown in 

Fig. 1  Grade IV right renal injury

Fig. 2  Grade V right renal injury
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Table 2. There was no statistically significant difference 
between the patients with grade IV and those with grade V 
renal trauma, except in Hb values and the affected kidney 
(P = 0.07 and P = 0.02, respectively).

Discussion

Renal injuries constitute more than 60 % of genitourinary 
system traumas [8, 9]. Children suffer from renal traumas 
more often than adults do because their kidneys are more 
mobile, are relatively larger, and have less perinephric adi-
pose tissue than those of adults [10]. Approximately 90 % 
of renal traumas are caused by blunt traumas and 10 % by 
penetrating traumas [1]. Rogers et al. determined that of 
the 20 patients in their study, 85 % had suffered blunt trau-
mas (Table 2) and 15 % had penetrating traumas [11], and 
Buckley et al. found that 89 % of the patients in their study 
had blunt traumas [12]. In our study, the rate of blunt trau-
mas was 87 %, and that of penetrating trauma was 13 %. 
Blunt traumas are mainly caused by falls and extravehicu-
lar traffic accidents, and various diagnostic methods are 
used to assess renal damage in these patients. USG is an 
important diagnostic modality for early evaluation of renal 
traumas. In particular, an instant evaluation can be per-
formed in the emergency room with a USG. Although USG 
does not provide a functional evaluation and may mislead 
concerning pedicle injuries, it can detect effusions, such as 
urinoma and hematoma, during patient follow-up [10–13]. 
In our study, USG was meaningful in our patients, but not 
in terms of functional evaluation. Although IVP has been 
preferred for evaluating renal injuries, it may fail to diag-
nose some types of renal trauma [14]. Using MDCT with 
intravenous injection of contrast medium, the abdomen can 
be evaluated quickly in blunt and penetrating traumas [13, 
15]. Various incidences of additional organ injuries in renal 
trauma patients have been reported. Keller et al. examined 

17 pediatric patients with renal trauma and determined 
that liver and spleen injuries accompanied 52 % of renal 
trauma cases [16]. In our study, the most frequently injured 
organs were the lungs (19 %), liver (13 %), and spleen 
(6 %). Rogers et al. reported that the incidence of major 
additional organ pathology in grade IV renal trauma was 
30 %, whereas for grade V traumas, it was 80 % [11]. In 
our study, the incidence of such pathology was 64 % for 
grade IV and 67 % for grade V renal trauma patients. There 
was no statistically significant difference between the two 
grades in terms of the presence of additional organ inju-
ries. We hypothesize that the higher rate of additional organ 
injuries in the grade IV group compared with reports in the 
literature may reflect differences in the type and severity of 
trauma.

There are two main goals in the management of pedi-
atric renal trauma. The first is to protect the kidney, and 
the second is to decrease the morbidity and mortality of 
patients. Therefore, it is especially important to select the 
appropriate approach (conservative or surgical) in this 
patient group. Hemodynamic instability and additional 
organ injuries requiring surgery are indications for imme-
diate surgical treatment [17]. In a study by Sahin et al., 
half of the patients who had high-grade renal trauma with 
multiple organ injuries required nephrectomy (46 %) 
[19]. Russell et al. had an 80 % conservative success rate 
[2]. The average conservative treatment rate was 72 % in 
a study that evaluated grade IV renal traumas [1]. Hender-
son reported a conservative treatment rate of 73 % in 15 
patients with grade V renal trauma [20]. In our study, con-
servative treatment was given to all grade IV and 80 % of 
grade V patients. Three patients required immediate sur-
gical interventions: two who had suffered blunt trauma 
and were hemodynamically unstable, and one who had a 
penetrating trauma and colonic perforation. We believe 
that as long as there is no concurrent organ injury and no 
evidence of hemodynamic instability such as tachycardia 

Table 1  American Association for the Surgery of Trauma Organ Injury Severity Scale (AAST) as applied to renal injuries

Grade injury description Grade injury description

Grade I Contusion Microscopic or gross hematuria, urological studies normal

Hematoma Subcapsular, nonexpanding without parenchymal laceration

Grade II Hematoma Nonexpanding perirenal hematoma confined to renal retroperitoneum

Laceration Laceration <1 cm parenchymal depth of renal cortex without urinary extravasation

Grade III Laceration Laceration >1 cm depth of renal cortex, without collecting system rupture or 
urinary extravasation

Grade IV Laceration Laceration Parenchymal laceration extending through the renal cortex, medulla 
and collecting system

Vascular Main renal artery or vein injury with contained hemorrhage

Grade V Laceration Completely shattered kidney

Vascular Avulsion of renal hilum which devascularises kidney
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or hypotension that persists following transfusions and/
or fluid therapy, it is possible to treat grade IV–V traumas 
conservatively. This approach preserves the kidney and 
decreases the incidence of surgical morbidity.

The conservative management of renal trauma relies on 
a multidisciplinary approach, including angioembolization, 
the use of endovascular stents, urologic procedures, repeat 
imaging, and critical care management. The main indica-
tions for angiography are embolization for active hemor-
rhage, pseudoaneurysm, and vascular fistulae [21]. Higher-
grade renal injuries are associated with an increased risk of 
failure for the first attempt and a need for repeat interven-
tion [22]. Angioembolization is a minimally invasive tech-
nique that is successful in selected cases [23], but was not 
performed in the current study. We inserted endovascular 
stents for one patient in this study, but atrophy was detected 
during follow-up. Fortunately, some studies that have uti-
lized endovascular stents to treat trauma-induced renal 
artery thrombosis and intimal damage have had promising 
results [24]. Most urinomas after renal injury are asympto-
matic, and they spontaneously resolve in 83 % of patients 
[1]. However, in some cases, urinomas require treatment 
with a retrograde stent or percutaneous nephrostomy [25, 
26]. In our study, 21 patients had extravasation; of these, 17 
cases were resolved following conservative treatment with 
a urinary catheter. Four patients developed an increasing 
urinoma detected by serial ultrasound 1–2 weeks following 
the initial trauma. One patient was treated with cystoscopic 
insertion of a double-J stent for 6 weeks. The remaining 
three patients required insertion of a percutaneous drainage 
tube. Cases of persistent extravasation and urinomas are 
usually managed successfully using endourological tech-
niques. There are inconsistencies in the literature regard-
ing the need for blood transfusions in patients with renal 

Table 2  Clinical characteristics of the patients

Grade IV Grade V Total P value

n = 13 (%) n = 18 (%) n = 31 (%)

Median Age (years) 10.4 9.7 9 –

Sex

 Male 10 (77) 11 (61) 21 (68)

 Female 3 (23) 7 (39) 10 (32)

Affected side

 Right 5 (38) 14 (77) 19 (61) 0.02

 Left 8 (62) 4 (33) 12 (39)

Shape of trauma

 Blunt 11 (84) 16 (88) 27 (87) –

 Penetrating 2 (16) 2 (12) 4 (13)

Hemodynamia

 Hb 11.4 ± 1.7 10.1 ± 2.1 0.07

 Blood pressure 108 ± 16.5 110 ± 10.8 0.64

Transfusion

 No 7 (54) 6 (33) 13 (42)

 Yes 6 (46) 12 (67) 18 (58) 0.25

USG (meaningful)

 Yes 12 (92) 16 (88) 28 (90)

 No 1 (8) 2 (12) 3 (10)

BT(Additional organ injury)

 No 5 (38) 6 (33) 11 (35) 0.42

 Yes

 Liver 2 (15) 2 (11) 4 (13) 0.26

 Spleen 1 (8) 1 (5) 2 (6)

 Adrenal – 1 (5) 1 (3)

 Gis (perforation) – 1 (5) 1 (3)

 Limb 1 (8) 2 (11) 3 (10)

 Multiple 4 (30) 5 (27) 9 (29)

Additional procedures

 Stent placement 1 – 1 0.25

 Nephrostomy – 3 3

Surgical procedures

 Conservative 13 (100) 15 (83) 27 (87) 0.31

 Urgent 
nephrectomy

– 2 (11) 2 (6)

 Kidney repair – 1 (5) 1 (3)

 Splenectomy – 1 (8) 1 (3)

 Colon repair – 1 (5) 1 (3)

İntensive care 3.8 (2–20 day) 5.2 (3–60 day) 0.26

Hospital stay 8.4 day 13 day 0.42

Complications

 No 11 (84) 12 (72) 26 (84) 0.66

 Urinoma 
(Requiring 
surgical proce-
dures)

1 (8) 3 (17) 4 (13)

 Late Hypertension 1 – 1 (3)

 Atrophic kidney – 1 (5) 1 (3)

Table 2  continued

Grade IV Grade V Total P value

n = 13 (%) n = 18 (%) n = 31 (%)

Outcomes

 Cure 13 (100) 15 (83) 28 (90)

 Died – 3 (17) 3 (10)

Mechanism of trauma

 Falls from 
height

4 (30) 11 (84) 15 (48)

 Motor vehicle 
accident

  Inside 3 (23) 3 (16) 6 (33)

  Outside 2 (15) 0 2 (6)

 Stab 2 (15) 2 (11) 4 (13)

 Abdominal trauma 2 (15) 2 (11) 4 (13)
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trauma. In Margenthaler’s study, there was a 40 % blood 
transfusion rate in grade IV and 50 % in grade V renal 
trauma patients [17]. By contrast, in Salem’s study, there 
was no need for a blood transfusion in grade IV patients, 
whereas 50 % of grade V patients had a transfusion [18]. 
In our study, 46 % of grade IV patients required a blood 
transfusion, and 67 % of grade V patients did. Although the 
two figures were not significantly different, transfusions 
were required more often in grade V traumas, which was 
compatible with other published results. In our study, any 
patient whose Hb values decreased to <10 mg/dl during 
diagnostics or follow-up was administered a transfusion. 
Hypertension (HT) is the one of the most common com-
plications in renal trauma patients. In our study, HT was 
observed in one patient and was treated with nephrectomy. 
In the literature, the mortality rates vary between 8 and 
29 % [25–28]. In our study, the mortality rate was 17 %, 
which falls within the published range. Nance and col-
leagues found a mean ICU stay of 2.6 days [29], whereas 
the mean ICU stay in our study was 4–5 days. We currently 
classify all of these patients as “general observation status” 
unless they are clearly unstable or have an associated injury 
requiring ICU admission.

Various opinions exist in the literature concerning the 
optimal duration of hospitalization for pediatric renal 
patients. Rogers et al. reported that patients’ mean hospital 
stay was 11 days for grade IV renal traumas and 16 days for 
grade V renal traumas [11]. In another study, the patients’ 
mean hospital stay was reported to be 9.5 days for grade III 
and IV patients [27]. In our study, the mean hospital stay 
was 8.4 days for grade IV and 13 days for grade V patients. 
In addition, we recommend post-discharge bed rest and/or 
restricted activity for our patients. However, it is unclear, 
from an anatomical standpoint, how this practice contrib-
utes to treatment of these injuries.

Conclusion

USG is a noninvasive imaging modality used for both imme-
diate and follow-up evaluation of renal traumas. Thanks to 
MDCT, it is possible to quickly stage renal traumas and to 
detect concurrent organ injuries. Most children with high-
grade renal injury can be managed conservatively. How-
ever, conservative management of this patient group relies 
on a multidisciplinary approach. Surgical strategies should 
be planned based on concurrent injuries and overall patient 
stability. It is important to actively watch for urinomas and 
extravasation in renal trauma follow-up. A progressive uri-
noma can be treated early by means of bladder catheteriza-
tion and percutaneous or internal drainage.
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