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Abstract 

Background: Renal trauma occurs in up to 5% of all trauma cases and accounts for 24% of abdominal solid organ 
injuries. Renal trauma management has evolved over the past decades, and current management is transitioning 
toward more conservative approaches for the majority of hemodynamically stable patients. The objective of this study 
was to analyze the mechanism of injury, management, and outcome in renal trauma.

Methods: Patients diagnosed with renal trauma in Makassar, Indonesia, from January 2014 to December 2018 were 
identified retrospectively by the ICD-10 code. Data were collected from medical records. Imaging was classified by 
radiologists. Variables analyzed included age, sex, mechanism of injury, degree of renal trauma, related organ injury, 
management, and outcome.

Results: Out of the 68 patients identified, the average age was 23.9 ± 0.6 years, and most were male (83.8%). Blunt 
trauma accounted for 89.7% of all cases. The most common renal injuries were grade IV (42.6%), and 14% of the cases 
had no hematuria. Most patients were treated with non-operative management (NOM). Nephrectomy was performed 
in 16.2% of cases, and 5.9% of cases underwent renorrhaphy. It was found that 58.8% of cases had isolated renal 
trauma, and the overall mortality rate (2.9%) was due to related injuries.

Conclusions: The majority of blunt and penetrating renal trauma cases that are hemodynamically stable have a 
good outcome when treated with NOM. The presence of injury in other important organs both intra- and extra-
abdominally aggravates the patient’s condition and affects the prognosis.
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1  Background
Anatomically, the kidneys are well protected by the 
strong lumbar muscles, vertebra, ribs, and abdominal 
viscera on the anterior side. However, the kidneys are the 
genitourinary organs that are most often traumatized [1, 
2]. Kidneys with pathological conditions such as hydro-
nephrosis or malignancy are more susceptible to rupture 
due to minor trauma [2]. The incidence of renal trauma 
is around 245,000 cases each year worldwide [3, 4]. Renal 

trauma occurs in up to 5% of all trauma cases, accounts 
for 24% of abdominal solid organ injury, and was the 
third most commonly injured organ due to abdominal 
trauma after the spleen and liver [3, 5–10].

Blunt trauma to the abdomen, flank, or back is the 
most common mechanism of injury [1]. Blunt trauma 
is reported to be the cause of the majority of cases 
(80–95% of all renal trauma) and mostly occurs due to 
traffic accidents [6, 11]. However, in the military com-
munity and large cities, the prevalence of penetrant 
renal trauma can reach 20% or more [8]. Many blunt 
renal traumas are in the low-grade classification, and 
80–85% of these cases can be treated with non-oper-
ative management (NOM) [11]. Renal trauma is often 
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associated with injury to other major organs [5] and 
occurs in 3% of patients who are hospitalized due to 
trauma [10].

The most common grading for renal trauma is that of 
the American Association for the Surgery of Trauma 
(AAST), as shown in Table  1. This classification is a 
predictor for morbidity in blunt and penetrating renal 
injury and for mortality in blunt injury. The AAST 
grading (grade I to grade V) has a statistically signifi-
cant correlation with the need for operative manage-
ment (from 0 to 93%) and the risk for nephrectomy 
(0–86%) [12]. The treatment for renal trauma consists 
of one or more of the following: conservative manage-
ment, minimally invasive intervention (e.g., angioem-
bolization), placement of an ureteral stent, or open 
surgical intervention [13].

The purpose of this study was to analyze the demo-
graphics and characteristics of renal trauma in our 
institution.

2  Methods
We looked at the characteristics and descriptions of 
renal trauma cases in Makassar, Indonesia, for the 
5 years from January 2014 to December 2018. We con-
ducted a descriptive study with retrospective analysis 
by describing data on patients who have experienced 
renal trauma with ICD-10 code S-37.0 based on medi-
cal records at four teaching hospitals at our institu-
tion in Makassar, Indonesia. The data review included 
demographics, mechanisms of injury, clinical charac-
teristics, laboratory, and radiology result at the time 
of admission. Cases that had insufficient of informa-
tion or did not have multi-slice computed tomogra-
phy (MSCT) when diagnosed were excluded from 
the study. Descriptive statistics were analyzed for the 
population characteristics and outcomes using SPSS 

21 for Windows (IBM Corp. Released 2012. IBM SPSS 
Statistics for Windows, version 21.0. Armonk, NY: IBM 
Corp.).

3  Results
In this hospital-based observational retrospective study, 
68 cases of trauma involving renal injury were obtained, 
and the patient characteristics are presented in Table 2. 
We found that 83.8% (57 of 68) of the patients were male, 
and only 11 were female (16.2%). The age at admission 
was 23.9 ± 0.6  years (range = 5–61  years), and adoles-
cents with an age range of 11–20 years were the largest 
age group. Blunt renal trauma was the most common 
type (89.7%), with traffic accidents responsible for the 
majority of mechanisms of injury. Although it seems to 
fluctuate, there was a tendency for a pattern of increased 
incidence of renal trauma from year to year with a peak 
in 2018 reaching 21 cases, which is almost twice that of 
previous years. The majority of cases (58.8%) in this study 
involved the left kidney.

Hematuria (both microscopic and gross) was found 
in 86% of all renal trauma. Assessment of the severity 
of renal trauma refers to recommendations from AAST. 
Most cases (42.6%) had grade IV renal trauma, and 
77.9% of them were treated with NOM. High-grade renal 
trauma is often accompanied by injury to other related 
intra-abdominal organs (Fig. 1). In this study, most cases 
(58.8%) had isolated renal trauma, and the remaining 
41.2% were multiple-trauma patients who had injuries to 
other major organs (Table 3). Interventions for nephrec-
tomy and renorrhaphy were performed in 11 and 4 of the 
high-grade renal trauma cases, respectively. The mortal-
ity rate was 2.9% (Fig. 2).

4  Discussion
The majority of patients in our study (83.8%) were male, 
and a similar situation can be found in other renal 
trauma studies [5, 6, 8, 14–16]. The age at admission was 

Table 1 Grading of renal trauma according to the American Association for the Surgery of Trauma (AAST) [14–16]

Grade Type of injury Description of injury

I Contusion Microscopic or gross hematuria, urologic studies normal

Hematoma Subcapsular, non-expanding without parenchymal laceration

II Hematoma Non-expanding perirenal hematoma confirmed to renal retroperitoneum

Laceration <1.0 cm parenchymal depth of renal cortex without urinary extravasation

III Laceration >1.0 cm parenchymal depth of renal cortex without collecting system rupture or 
urinary extravasation

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

Vascular Main renal artery or vein injury with contained hemorrhage

V Laceration Completely shattered kidney

Vascular Avulsion of renal hilum which devascularizes the kidney
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23.9 ± 0.6  years (range = 5–61  years), and adolescents 
(age range 11–20  years) were the largest age group (30 
cases). In a study by Patel et  al., the highest incidence 
of renal trauma was seen in the 11 to 20-year-old group 
(average age of 22.76 years), and almost 80% of patients 
were 10–39 years old [10].

The high incidence in males could be associated with 
habitual patterns and their role as the backbone of 
families with a more dominant level of activity rather 
than females. The majority of men in Indonesia use 

Table 2 Characteristics of renal trauma

Number of cases %

Years

2014 13 19.1

2015 10 14.7

2016 11 16.2

2017 13 19.1

2018 21 30.9

Age group (years)

1–10 5 7.4

11–20 30 44.1

21–30 19 27.9

31–40 4 5.9

41–50 6 8.8

51–60 3 4.4

61–70 1 1.5

Gender

Male 57 83.8

Female 11 16.2

Renal side

Right 28 41.2

Left 40 58.8

Mechanism of injury

Traffic accidents 49 72.1

Fall 10 14.7

Fight 7 10.3

Iatrogenic 1 1.5

Trauma type

Blunt 61 89.7

Penetrant 7 10.3

Hematuria

Gross 31 62

Microscopic 12 24

Without hematuria 7 14

Hemodynamics

Stable 61 89.7

Shock 7 10.3

AAST grade

I 17 25

II 10 14.7

III 6 8.8

IV 29 42.6

V 6 8.8

Management

NOM 53 77.9

OM 15 22.1

Outcome

Good 66 97.1

Poor 2 2.9

Isolated 
Renal 

Trauma
58.8%

Renal Trauma 
with associated 

organs injury
41.2%

Fig. 1 Characteristics of organ injury in renal trauma

Table 3 Injuries of  other associated organs related 
to renal trauma

Organs Number 
of cases

Intra-abdominal

Liver 7

Spleen 9

Stomach 1

Large intestine 1

Extra-abdominal

Lungs 4

Ribs 5

Femur bone 2

Pelvic bone 5

Head trauma 6

Fig. 2 Type of operative management in renal trauma
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motorbikes as their main transportation, have hobbies in 
physical sports, and do more outdoor work with a higher 
risk of workplace accidents. The large number of pediat-
ric renal trauma cases in our review is a matter of its own 
and requires a holistic approach from various stakehold-
ers. Teenagers and young adults tend to be more aggres-
sive with emotions, which are still unstable, and they 
often do not pay attention to safety factors, especially in 
driving. This indirectly affects the high rate of traffic acci-
dents as the main cause of renal trauma in our study. This 
is consistent with several reviews conducted in various 
countries showing similar results [6, 10, 15–17].

Collisions of high-speed motor vehicles can cause 
severe renal trauma because of the rapid deceleration, 
so in addition to parenchymal lacerations, they can also 
cause vascular injury. Injuries in the flank area must be 
considered to have a renal trauma until proven otherwise. 
Direct transmission of kinetic energy and rapid decelera-
tion put the kidneys at a high risk of injury [1].

Contrary to our study, where blunt trauma was the 
most common cause (89.7%) of renal trauma, in a study 
by Guareschi et  al. [14] in Brazil, the most frequent 
mechanism was penetrating trauma, which amounted 
to 84.8%. However, Voelzke and Leddy found that 84% of 
renal traumas in adults and 89% of pediatric renal trauma 
were a result of blunt trauma, and more than 50% of trau-
mas were due to motor vehicle accidents [15].

High-grade renal trauma is often associated with injury 
to other organs. Most of the cases (58.8%) in this study 
had isolated renal trauma, and the remaining 41.2% 
had multiple traumas with other organ-related injuries. 
According to a study conducted by Khan et  al., multi-
organ involvement occurs in 80% of patients with pen-
etrating trauma and in 75% of patients with blunt trauma 
[6]. As intra-abdominal organs, the liver and spleen are 
often injured in cases of renal trauma. In addition to 
their anatomical locations, which are directly adjacent to 
the kidneys, these two organs are also relatively fixed in 
the abdominal cavity, so they are susceptible to injury if 
exposed to direct transmission of kinetic energy or rapid 
deceleration forces from trauma.

Intra-abdominal hollow organs are often injured if the 
underlying mechanism is penetrant trauma. In a study by 
Mangaiyarkarasi et  al. [5], the spleen was often injured 
along with renal trauma. These findings are in line with 
our study, which showed the spleen is the most common 
organ injured due to renal trauma (9 cases), followed by 
the liver (5 cases). The presence of multiple traumas and 
the involvement of intra and extra-abdominal organ inju-
ries affect the patient’s hemodynamic condition. There 
were 2 patients with grade IV renal trauma and 5 patients 
diagnosed with grade V, who entered a state of hypov-
olemic shock.

Hematuria and hypotension are two important clini-
cal signs associated with an increased risk of significant 
renal trauma. The urinalysis provides fast information in 
patients suspected of having renal parenchymal lacera-
tions; however, it must be adjusted to the clinical context 
of the patient [6]. The presence of microscopic hematuria 
(> 5 red blood cells per high power field (RBC/HPF)) or 
gross hematuria is an indicator of suspected urinary tract 
trauma, including renal trauma. However, the severity of 
hematuria and grade of renal trauma are not consistently 
correlated [5, 7]. We found 31 (62%) cases with gross 
hematuria, 12 (24%) cases of microscopic hematuria, and 
7 (14%) cases without hematuria. This is not in line with 
the research by Maarouf et  al., who found that all renal 
trauma patients had hematuria with gross hematuria in 
94.2%, whereas micro-hematuria was found in 5.8% of 
cases [16].

We found that the most cases of renal trauma were 
grade IV (29 cases; 42.6%), followed by 17 cases (25%) of 
grade I, 10 cases (14.7%) of grade II, and 6 cases (8.8%) 
each of grades III and V. The simultaneous presence of 
other organ injuries, especially in cases of multiple trau-
mas, often affects the management of renal trauma. 
Rajendra et al. state that around 80–90% of renal trauma 
cases have other major organ injuries that require surgi-
cal exploration [7].

In a meta-analysis study by Voelzke and Leddy, the 
majority of blunt and penetrating renal traumas were 
managed by NOM (94.8%) [15]. In our study, emergency 
surgery was done in 15 cases (22.1%) of high-grade renal 
trauma. Six cases had hemodynamics that were unsta-
ble at the time of admission, and resuscitation had been 
carried out to maintain systolic blood pressure above 
90  mmHg before the intervention was performed. Ren-
orrhaphy was performed on 4 cases of grade IV renal 
trauma. The nephrectomy rate in our study was high 
(16.2%), including 7 cases of grade IV and 4 cases of 
grade V renal trauma, respectively. The majority of renal 
trauma cases can be treated non-operatively, but grade 
IV and V renal trauma more often requires exploration.

Mangaiyarkarasi stated that significant renal trauma 
requiring intervention was found in 5.4% of all cases [5]. 
In a study involving 206 cases of renal trauma, the NOM 
could only be adopted in 181 (87.8%) cases. Nephrec-
tomy was most commonly performed (68%), while renor-
rhaphy and angioembolization were performed in 32% of 
cases. Of the 17 nephrectomies, 6 (35.3%) were grade IV, 
and 11 (64.7%) were grade V [15].

There is general consensus about the management 
with NOM in low-grade renal trauma; however, there are 
still debates and disagreements about the management 
of high-grade renal trauma. There are a large number of 
case reports and evaluations about the success of NOM 
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in blunt and penetrant renal trauma in certain selective 
cases, and there has been a gradual shift in manage-
ment approach [6, 7]. Usually, exploration of high-grade 
renal trauma inevitably leads to nephrectomy, and many 
experts recommend NOM with very many reports of sat-
isfactory results. However, the decision must consider 
the associated organ morbidity and the right criteria for 
selecting patients [16]. Surgical intervention is performed 
on patients with hemodynamic instability (refractory to 
blood transfusions), persistent bleeding (hematuria or 
increased hematoma size), or those suspected of having a 
vascular injury [9].

There are some complications due to renal trauma, 
and urinoma formation is the most common, occur-
ring in 1–7% of all cases. Urinary extravasation resolves 
spontaneously in 76–87% of cases. Interventions may be 
needed if there is a continuous leak or urine collection. 
Retrograde insertion of stents or percutaneous nephros-
tomy usually helps the resolution process [7]. There were 
3 cases in our study where intra-vesical blood clot evacu-
ation via cystoscopy was performed, and in 1 case, a ure-
teral stent was inserted into a patient who underwent 
NOM with good renal function outcomes.

In our study, there were two death cases. One of these 
patients died before intervention due to severe head 
injury with Glasgow coma scale (GCS) 6, which was also 
aggravated by the presence of segment VI liver lacera-
tions. The other patient who died had peritonitis and sep-
sis due to penetrating trauma that passed through the left 
kidney, descendent colon, and stomach. It even tore the 
diaphragm and was coupled with uncontrolled comorbid 
diabetes mellitus. Even though the injury had been suc-
cessfully repaired (renorrhaphy), 6  h after, the patient 
came to the emergency department. Therefore, our study 
found no mortality due to the direct impact of isolated 
renal trauma. In a meta-analysis study by Mingoli et al., 
in blunt trauma and penetrating renal trauma, a higher 
mortality rate was found in cases handled by OM (17.1%, 
274/1598) when compared to NOM (8.3%, 887/10,642) 
[3].

Kidneys that experience blunt trauma can recover com-
pletely with NOM. Even in trauma conditions accom-
panied by urinary extravasation and the presence of 
non-viable tissue, 98% of cases can be managed conserv-
atively. Van der Wilden et al. reported that 74.8% of cases 
(154 patients) were offered NOM, which was success-
ful for 142 patients. The renal unit (i.e., the kidney) was 
preserved in 135 of 142 NOM patients (95.1%). 43.5% of 
NOM patients (67 of 154) returned for follow-up, and 
5.97% of NOM patients (4 of 67) were reported to have 
persistent hematuria at follow-up, while 1 NOM patient 
still had poor function of the renal due to hydronephro-
sis. The rest did not found show long-term sequelae [18].

Two cases in our study in the high-grade renal trauma 
group were found to suffer from hydronephrosis due to 
obstruction from a previous ureteric stone. NOM was 
performed on both of these patients, and so far, we have 
found good renal function outcomes. The incidence 
of previous renal abnormalities in patients with renal 
trauma is 4.4–19%. The main anomalies that are often 
found include hydronephrosis, cysts, tumors, and malpo-
sition. [17].

5  Conclusion
The majority of blunt and penetrating renal trauma 
that are hemodynamically stable have a good outcome 
when treated with NOM. The presence of injury fol-
lowing other intra- and extra-abdominal important 
organs aggravates the patient’s condition and affects the 
prognosis.
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