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Introduction
There has been a radical change in the management of 
intra-abdominal solid organ injury in children over the last 
fifty years, from an operative approach to a non-operative 
management (NOM) strategy.1,2 This transition has been 
supported by ongoing improvements in imaging, as well as 
by advances in interventional radiology and critical care.1-3  
The application of NOM to low-grade renal trauma in 
children is now routine, and increasingly NOM is applied 
to high-grade injuries.4,5 However there is still a lack of 
consensus in children regarding renal salvage in higher 
grades of renal injury.4-12 Increasingly, contemporary reports 
suggest that NOM of high-grade renal injury in children 
is both feasible and desirable.4-12 In light of the above 

discussion, this audit reviewed a single unit’s experience 
with paediatric renal trauma over an eight-year period. It 
sought to review our management of renal trauma, in the 
paediatric and adolescent age group, to ascertain the success 
of NOM in high-grade injury in our setting.

Methods
Grey’s Hospital is a tertiary hospital located in 
Pietermaritzburg, the capital of KwaZulu-Natal (KZN) 
province, South Africa. The Pietermaritzburg Metropolitan 
Trauma Service (PMTS) maintains a prospectively entered 
surgical registry known as the Hybrid Electronic Medical 
Registry (HEMR). 

Background: This paper reviews our experience with management of renal injuries in children and adolescents with a 
focus on the outcome of non-operative management (NOM).
Methods: Retrospective review of the clinical characteristics, injury grade (I-III, low grade and IV and V high grade), 
management and outcomes of children ≤ 18 years old with renal trauma presenting to a major trauma centre in South 
Africa between December 2012 and October 2020. 
Results: Sixty-one children with a renal injury were identified with a median age of 13 (range 0–18) years. Forty-five 
were boys; blunt and penetrating mechanisms of trauma were sustained by 55 (90%) and six (10%) children, respectively. 
The median American Association for the Surgery of Trauma (AAST) grade of renal injury was 3 (range 1–5): this 
included eight (13%) with grade I, six (10%) with grade II, 17 (28%) with grade III, 20 (46%) with grade IV and 
10 (16%) with grade V injuries. Forty children (66%) were successfully managed non-operatively and 21 required a 
laparotomy; of these six (28%) required nephrectomy. The overall renal salvage rate was 55/61 (90%). Children who 
required laparotomy were significantly more likely to have sustained a penetrating mechanism of injury (24% vs 2%) 
and have greater length of hospital stay (median 9 vs 3 days) compared to children managed non-operatively (p < 0.05). 
Children who underwent a nephrectomy had a significantly greater length of hospital stay (median 9 vs 4 days, p = 0.03); 
however, their demographics, outcomes and complications were otherwise not different. Twenty-four (39%) children 
developed complications. Two children (3%) died; one managed non-operatively and one with a laparotomy. 
Conclusion: Paediatric renal trauma can be successfully managed non-operatively in over two-thirds of cases in this 
middle-income country. High grade of renal injury does not absolutely predict need for surgery or nephrectomy and can 
be managed non-operatively. 
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The approach to the management of renal trauma by the 
PMTS in adults has been previously reported.13 The approach 
to renal trauma in children is similar. 
Children with blunt abdominal trauma are resuscitated and 
monitored. Those who do not stabilise haemodynamically 
are expedited to the operating room. Stable children are 
assessed with an abdominal computed tomography (CT) 
scan and any renal injury is identified and graded according 
to the American Association for the Surgery of Trauma 
(AAST) renal injury scale I–V (low grade is I–III and high 
grade is IV–V). Provided the child remains stable, he or 
she is treated non-operatively. The grade of the injury is 
not routinely an indication for operation. Children with 
penetrating abdominal trauma are managed according to 
a selective approach. Those who have peritonitis or are 
haemodynamically unstable go promptly to the operating 
room. Children who do not meet our indications for 
laparotomy are admitted for observation and are selectively 
imaged. At laparotomy, peri-renal haematomas are explored 
on a selective basis, depending on whether the haematoma 
is expanding or actively bleeding. If a peri-renal haematoma 
is opened, attempts may be made to repair and salvage the 
kidney if the patient is stable. If the injury is high grade and if 
the patient’s physiology is compromised, then nephrectomy 
is the default procedure. Paediatric renal trauma is managed 
by the adult trauma surgeons of the PMTS. Complex injuries 
are managed in conjunction with the urology department. 

All children under 18 years of age who were admitted to 
our centre following trauma between December 2012 and 
October 2020 were identified from the HEMR. Those who 
sustained renal trauma were retrieved. Patient demographics, 
duration of time from injury to admission, mechanism 
of injury, admission vital signs, clinical laboratory data, 
injury severity score (ISS), Glasgow coma scale (GCS), 
management strategy (laparotomy vs NOM), complications, 
hospital length of stay and survival were analysed. Operative 
management was defined as immediate laparotomy. 

Statistical analysis
All relevant data were extracted and initially summarised 
onto an Excel spreadsheet for review. Normality of data was 
assessed via the Shapiro–Wilk test. All statistical analysis 
was performed using R (version 4.0.2; R Foundation for 
Statistical Computing, Vienna, Austria). All normally 
distributed continuous variables were described using 
means with standard deviation (SD). Continuous variables 
with non-normal distribution were reported using a median 

with range. Independent samples t-test was used to compare 
normally distributed continuous variables and Mann–
Whitney U test for non-normally distributed continuous 
variables. Chi-squared test was used to compare categorical 
variables with the Fisher’s exact test used when one group 
had < 5 events. Statistical significance is achieved when  
p < 0.05. 

Results
Between December 2012 and October 2020, 406 children 
were admitted with abdominal trauma, of which 61 (15%) 
sustained a renal injury with a median age of 13 (range 
0–18) years old. Forty-five (74%) were boys. A mean of 7.5 
(± 4.14) traumatic renal injuries occurred per year. Blunt 
and penetrating mechanisms of trauma were sustained by 
55 (90%) and six (10%) children, respectively. Figure 1 
summarises the mechanisms of injury. Figure 2 shows a 
trend for older children to be more frequently involved in 
motor vehicle accidents (MVA) or to sustain stab wounds 
and gunshot wounds when compared to younger children 
who were more frequently involved in pedestrian-vehicle 
accidents (PVA) and falls. 

AAST grade of kidney injury
AAST grading was determined via CT scan in fifty (82%) 
children, and intraoperatively in the remainder. The median 
AAST grade of renal injury was III (range 1–5) – this 
included eight (13%) with grade I, six (10%) with grade 

Figure 1: Mechanism of injury to children with renal trauma 
n = 61
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Figure 2: Mechanism of injury in children with renal trauma according to age (n = 61)
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II, 17 (28%) with grade III, 20 (46%) with grade IV and 
10 (16%) with grade V injuries. Children with a low-grade 
renal injury compared to those with a high-grade renal injury 
had no statistically significant difference in age, sex, time 
to admission, mechanism, shock index (SI), revised trauma 
score (RTS), ISS, management, outcome or complications 
(Table I). There was no statistical difference between high-
grade and low-grade renal injuries in terms of the need for 
surgery or nephrectomy. Eleven (18%) children sustained 
an isolated renal injury. Over a third of children with renal 
trauma sustained concurrent injuries of the thorax, head/
neck, liver or spleen (Table II). 

Management
Forty children (66%) were successfully managed non-
operatively and 21 required a laparotomy. Of those under-
going laparotomy, six (28%) required a nephrectomy. The 
overall renal salvage rate was 90% (55/61). Seven children 
required a repeat laparotomy. Children who required 
laparotomy were significantly more likely to have sustained 
a penetrating mechanism of injury (24% vs 2%) and have 
greater length of hospital stay, a median 9 vs 3 days, 
compared to children managed non-operatively (p < 0.05, 
Table III). Children who underwent a nephrectomy had a 
significantly greater length of hospital stay compared to 
those who did not, median 9 vs 4 days (p = 0.03). However, 
their demographics, outcomes and complications were 
otherwise not significantly different. There was a trend for 
children who underwent a laparotomy and nephrectomy 
to have a higher grade of renal injury than those who had 
no nephrectomy (median 4 [3–5] vs 3 [1–5], p = 0.105). 
Of the 11 children with an isolated renal injury, two 
required laparotomy (p = 0.31) and none underwent a 
nephrectomy. Thirty (49%) children required intensive 
care unit (ICU) admission. Ten (16.4%) required positive 
pressure ventilation. Median length of hospital stay was 5 
(range 0–69) days, with 20 (33%) children being transferred 
to another centre for ongoing management. Twenty-four 
(39%) children developed complications which included 
respiratory (n = 8), renal (4), cardiac (3), abdominal (3) and 
neurological (3) systems. Three (5%) children developed 
a urinoma and eight (13%) a surgical site infection. Two 
(3%) children died; one managed non-operatively and one 

Table I: Comparison of low- vs high-grade renal injury in relation to clinical characteristics, management and outcome of children with renal 
trauma

 Low-grade High-grade p-value

Number of patients, n 31 30

Age, median (range) 14 (0–18) 11 (2–18) 0.7

Gender (%)

   Male 20 (65) 25 (83) 0.09

   Female 11 (35) 5 (17)

Injury to admission, hours, mean (SD) 9.8 (5.33) 10 (6.75) 0.87

Mechanism (%)

   Blunt 27 (87) 28 (93) 0.67

   Penetrating 4 (13) 2 (3)

SI, median (range) 0.94 (0.57–1.76) 0.97 (0.55–2.13) 0.57

RTS, median (range) 7.84 (5.70–7.84) 7.84 (4.00–7.84) 0.5

ISS, median (range) 17 (0–25) 14.5 (0–43) 0.47

WBCT (%) 25 (81) 25 (83) 0.78

Laparotomy (%) 12 (39) 9 (30) 0.47

Nephrectomy (%) 2 (6) 4 (13) 0.42

Repeat laparotomy (%) 5 (16) 2 (7) 0.42

Any complication (%) 13 (3.6) 11 (37) 0.67

ICU admission (%) 16 (52) 14 (47) 0.7

   Ventilation (%) 7 (23) 3 (10) 0.18

LOS, median (range) 5.5 (0–43) 4.5 (0–69) 0.87

Transferred (%) 13 (42) 7 (23) 0.12

Deceased (%) 1 (3) 1 (3) 0.98

p < 0.05, statistically significant

Low-grade, renal AAST I–III; high-grade, renal AAST IV–V; SI – shock index, RTS – revised trauma score, ISS – injury severity score, WBCT – whole-body computed 
tomography scan, ICU – intensive care unit, LOS – length of stay

Table II: Concurrent injuries sustained by 61 children with blunt 
and penetrating renal injury 

Body region Blunt
n % Penetrating

n % Total
n %

Number of patients 55 90 6 10 61 100

Thoracic 24 44 4 67 28 46

Head/neck 25 45 0 0 25 41

Liver 16 29 3 50 19 31

Spleen 17 31 1 17 18 30

Extremity 16 29 1 17 17 28

Pelvis 9 16 0 0 9 15

Maxillofacial 8 15 0 0 8 13

Pancreatic 7 13 0 0 7 11

Adrenal glands 4 7 0 0 4 7
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operatively. The patient managed non-operatively had a 
severe traumatic brain injury. The patient who underwent 
a laparotomy after sustaining blunt abdominal trauma died 
from multi-organ failure secondary to ischaemic bowel. 
Neither patient underwent a nephrectomy. There was no 
statistically significant difference in management and 
outcome between children with high-grade and low-grade 
renal injuries. No statistically significant differences in 
demographics, management, outcomes or complications 
were observed between children who died and survived. 
Angiographic embolisation was not used in any of these 
children. 

Discussion 
There is increasing evidence to support NOM of all grades 
of renal injury in children and adolescents.4-12 A recent meta-
analysis generated a cohort of 5 561 children with renal 
trauma, of which 579 (10%) required surgery.4 Our rate of 
laparotomy is much higher, in the order of one third of all 
children. This may be explained by the relatively high rate 
(10%) of penetrating mechanism in our local cohort.4 The 
management of blunt and penetrating renal trauma is not 
analogous. The stable patient with blunt abdominal trauma 
can undergo an abdominal CT scan to grade the injury and 
guide NOM.12 In penetrating trauma, unstable children and 
those with clinical features of peritonitis undergo mandatory 
laparotomy and the renal injury may only be discovered at 
operation. 

In our series, 10% (6/61) of children required a 
nephrectomy. This compares favourably with renal salvage 
rates in the range of 80–90% reported from recent studies.4,7-12 

Comparison between the operative and non-operative group 
shows a higher frequency of penetrating mechanisms of 

injury and less frequent use of CT scan imaging in the 
operative group (Table III). It is the overall clinical scenario 
rather than the grade of injury which determines the need 
for operation. In the recent meta-analysis in the operative 
cohort, just under half (44.9%) required nephrectomy.4 In 
our operative cohort, only 28% required a nephrectomy. 
This may reflect our conservative approach in not exploring 
peri-renal haematomas acutely unless they are expanding or 
in cases of gross haemodynamic instability.

Grade of renal injury in itself is not associated with 
an increase in mortality or with increased likelihood of 
surgery or increased need for nephrectomy. This supports 
the growing consensus that relatively high-grade renal 
injuries can be managed non-operatively in children and 
adolescents. Grade of injury does not absolutely predict 
need for surgery or need for nephrectomy. As such, grade of 
injury is no longer central to managing these children. Other 
factors apart from grade of injury will determine the need for 
surgery in the acute setting. 

Study limitations
This is a retrospective audit of a prospectively maintained 
data set and as such shares many of the limitations associated 
with such systems. However, this system is well validated 
and has extensive quality control mechanisms built into it. 
Limited sample size limits some statistical analysis.

Conclusion
Renal trauma in children and adolescents can be successfully 
managed non-operatively in over two-thirds of cases. Grade 
of injury does not absolutely predict the need for surgery or 
the need for nephrectomy, and high-grade injuries can be 
successfully managed non-operatively. 

Table III: Comparison of patients undergoing laparotomy vs selective non-operative management in relation to clinical characteristics, 
management and outcome of children with renal trauma 

 Laparotomy NOM p-value

Number of patients, n (%) 21 (34) 40 (66)

Age, median (range) 14 (2–18) 12 (0–18) 0.3

Gender (%)

   Male 18 (86) 27 (68) 0.22

   Female 3 (14) 13 (32)

Injury to admission, hours, mean (SD) 10.6 (6.53) 9.54 (5.80) 0.52

Mechanism (%)

   Blunt 16 (76) 39 (98) 0.02*

   Penetrating 5 (24) 1 (2)

SI, median (range) 1.02 (0.82–1.85) 0.94 (0.55–2.14) 0.09

RTS, median (range 7.84 (5.97–7.84) 7.84 (4–7.84) 0.43

ISS, median (range) 16 (9–25) 16 (9–43) 0.95

Kidney AAST (%) 3 (1–5) 4 (1–5) 0.98

WBCT (%) 14 (67) 36 (90) 0.02*

Any complication (%) 11 (52) 13 (33) 0.13

ICU admission (%) 13 (62) 17 (43) 0.15

   Ventilation (%) 3 (14) 7 (18) 1

LOS, median (range) 9 (3–69) 3 (0–43) < 0.001*

Deceased (%) 1 (4.8) 1 (2.5) 1

*p < 0.05, statistically significant

NOM – non-operative management, SI – shock index, RTS – revised trauma score, ISS – injury severity score, WBCT – whole-body computed tomography scan, LOS – 
length of stay
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