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abstract

introduction: Debate continues about the optimal management strategy for patients with 

renal injury. Aim of this study was to compare the diagnostics and treatment applied in a 

Level-1 trauma center and to compare it to the recommendations of the European Association 

of Urology guidelines concerning blunt renal injury.

methods: The management of all patients with blunt renal injury, admitted to the Level-1 

trauma center of the Academic Medical Center, between January 2005 and December 2009 

was reviewed retrospectively.

results: Median age and ISS of the 186 included patients were 40 and 17 years respectively. 

All but one hemodynamically stable patients with microscopic hematuria received nonopera-

tive management. Sixty percent of the hemodynamically stable patients with gross hematuria 

underwent CT scanning. Patients with Grade 1-4 renal injury were treated conservatively. 

Additionally, two patients with Grade 3-4 renal injury received angiography and embolization 

(AE). One patient with grade 5 injury underwent renal exploration and two AE. Seven of the 

8 hemodynamically unstable patients underwent emergency laparotomy and in 2 patients, 

hemodynamically unstable because of renal injury, AE was performed as an adjunct to surgical 

intervention.

conclusions: In the present study, violation of the guidelines increased with injury severity. 

AE can provide both a useful adjunct to nonoperative management and alternative to surgical 

intervention in specialised centers with appropriate equipment and expertise, even in patients 

with high grade renal injury. We advocate an update of the guidelines with a more prominent 

role of AE.
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introDuction

Renal injury occurs in approximately 1 – 5% of all trauma patients.1,2 Blunt trauma, mainly caused 

by traffic accidents, falls and sports, accounts for 90 – 95% of the renal injuries.3 The majority of 

blunt renal injuries are low-grade injuries, not requiring any intervention.3,4

Evidence based (trauma) guidelines help physicians to select the best treatment for patients. 

Furthermore, the use of guidelines is considered to be an important method to standardize 

and optimize medical care.5 In 2004, Santucci et al. published a consensus document on 

renal injury.6 One year later, Lynch et al. published the European Association of Urology (EAU) 

guidelines on urological trauma (update 2009).7.8 These guidelines are a summary of available 

literature on the diagnostic strategies and treatment of genitourinary trauma. In daily practice, 

however, guidelines are often not followed. Earlier research showed that only half of the urolo-

gists in the United Kingdom utilize the guidelines in the management of renal trauma and that 

there was variable adherence to the recommendations.5

The aim of the present study was to compare the diagnostics and treatment of patients with 

blunt renal injury applied in a Level-1 trauma center to the recommendations of the EAU guide-

lines. Furthermore, the outcome (success or failure) of the treatment was reported.

methoDs

Data collection

All consecutive patients with blunt renal injury who were admitted to the Level-1 trauma center 

of the Academic Medical Center (AMC), the Netherlands, between January 2005 and December 

2009 were retrospectively reviewed. Patients under the age of 16 years, patients with penetrat-

ing injuries and patients who were initially treated at other hospitals were excluded from this 

analysis. Patients primarily evaluated elsewhere (without intervention) and referred to the AMC 

for treatment were however, included. Details of all these patients were prospectively recorded 

in the trauma registry by the trauma surgeons. The hospital information system was checked 

for potentially missed patients.

Data collection of demographic information including age, gender, trauma mechanism and 

Injury Severity Score (ISS) were extracted from the trauma registry. Associated injuries were 

extracted from the electronic medical record. The hemodynamic status, presence and grade 

of renal injury, diagnostic strategies, initial treatment, morbidity, mortality, intensive care unit 

(ICU) and overall length of stay in the hospital were collected.

Renal lacerations were graded according to the Organ Injury Scale as described by the Ameri-

can Association for the Surgery of Trauma (AAST).9 Failure of nonoperative management (NOM) 

was defined as clinical signs of a rebleeding requiring operative or radiological (re-) interven-
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tion. Renal salvage assessed if renal flow was present during contrast-enhanced Computed 

Tomography (CT) scanning.

Diagnostic and treatment amc

There was no dedicated protocol for renal injury in the AMC during the study period. All 

patients were managed according to the Advanced Trauma Life Support (ATLS®) principles. 

Hemodynamically unstable patients not responding to fluid resuscitation (non-responders) 

were treated primarily with an emergency laparotomy. In hemodynamically stable patients, 

the CT scan played a crucial role in initial triage; suspicion of intra-abdominal injuries in these 

patients was an indication for contrast enhanced CT scanning in the trauma resuscitation 

room.10 NOM was performed in all haemodymamically stable patients or patients responding 

to initial fluid administration (transient responders). NOM involves admission to a unit with 

monitoring of vital signs, strict bed rest, frequent monitoring of red blood cell count, and serial 

abdominal exams. Selective arterial embolization was routinely performed by an experienced 

interventional radiologist if signs of active bleeding (contrast extravasation), a pseudoaneu-

rysm or an arteriovenous fistula were detected on CT scan. This illustrates that, in our hospital, 

the results of CT scanning were of overriding importance in the management decisions and the 

decision to proceed to angiography. The trauma-surgeon and radiologist determined further 

diagnostic and treatment strategies for each individual patient, if necessary in consultation 

with an urologist.

A urine sample of all patients was collected during the secondary survey (entire examination 

(including imaging) of the patient from top to toe) on the shock room or early after admission. 

In the week following admission, renal injury was scored for the trauma registry and calcula-

tion of the ISS. Patients with microscopic hematuria admitted after a blunt trauma mechanism 

were classified as sustaining Grade 1 renal injury although some studies state that there is no 

absolute relationship between the presence, absence or degree of hematuria and the severity 

of renal injury.11,12

Diagnostic and treatment protocol eau guidelines7

Renal trauma may be expected based on the reported mechanism of injury and physical exami-

nation. The first step in the evaluation of trauma patients is to determine hemodynamic stabil-

ity. Hemodynamically unstable patients should immediately undergo emergency laparotomy 

according to the EAU guidelines (Figure 1). A one-shot IntraVenous Pyelogram (IVP) during 

operation can be useful in these patients to determine if renal exploration is necessary. Hemo-

dynamically stable patients are divided into two groups: patients with microscopic hematuria 

and patients with gross hematuria. The presence of gross hematuria is an absolute indication 

for renal imaging. Renal imaging should also be performed in patients with microscopic hema-

turia with major associated injuries or rapid deceleration injury. Contrast enhanced CT is the 
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radiological gold standard method for evaluating renal injuries in stable patients. The grade 

and extent of renal injury can be determined, as well as the presence of vascular injuries.

The EAU Guidelines distinguish operative and nonoperative management of blunt renal injury. 

Absolute indications for emergency laparotomy include hemodynamic instability or the pres-

ence of associated injuries requiring laparotomy. Absolute indications for renal exploration 

are: a pulsatile or expanding retroperitoneal haematoma identified at exploratory laparotomy 

and/ or a grade 5 renal injury identified with the CT scan in a patient with gross hematuria. 

Persistent bleeding and suspected renal pelvis or an ureteral injury is a relative indications for 

renal exploration.

NOM consists of close observation, bed rest, frequent monitoring of haemoglobin concentra-

tion and the administration of antibiotics. NOM is adopted in renal injury grade 1, 2 and often 

grade 3. Essential in this management strategy is quick evaluation and intervention in case of 

deteriorating condition of the patient. There still is controversy about the optimal treatment 

for grade 4 renal injury. This group of patients often requires laparotomy because of associated 

injuries, but the EAU Guidelines recommend to start with NOM. It is of great importance to 

exclude coexisting injuries before initiating NOM.13 Diagnostic angiography and simultaneous 

selective renal embolization is briefly mentioned in the guidelines as an alternative for lapa-

rotomy in selected patients.

3.4. Indications for renal exploration
Absolute indications for surgery include life-

threatening haemodynamic instability due to renal
haemorrhage [17] and an expanding/pulsatile perirenal
haematoma identified at exploratory laparotomy
(which is usually a sign of Grade 5 vascular injury).
Relative indications include persistent bleeding, sus-
pected renal pelvis or ureteral injury. The management
of RIs with urinary extravasation and devitalized frag-
ments has been controversial, as some studies show
increased rate of complications when they are managed
nonoperatively [18].

A transperitoneal operative approach [17] with tem-
porary vascular occlusion before opening of Gerota’s
fascia is recommended [19]. Renorrhaphy is the most
common reconstructive technique, while partial
nephrectomy may be required for polar injuries. Water-
tight closure of the collecting systemeither directly or by
the oversewing of parenchyma is imperative. An omen-
tal pedicle flap may be used for coverage [20]. Drainage
of the ipsilateral retroperitoneum is recommended.

In renovascular injuries, nephrectomy is the treat-
ment of choice unless there is a solitary kidney or
the patient has sustained bilateral injuries [21].

Arteriography with selective renal embolization for
haemorrhage control is a reasonable alternative to
laparotomy in selected patients [22].

3.5. Non-operative management
In stable patients, supportive care with bed-rest,

hydration and antibiotics is the preferred initial
approach and is associated with a lower rate of
nephrectomy, without any increase in the immediate
or long-termmorbidity and a low (5%) failure rate [23].

All Grades 1 and 2 RIs can be managed non-opera-
tively. Recent studies support expectant treatment of
Grade 3 injuries [24]. The majority of patients with
Grades 4 and 5 RIs present with major associated
injuries, with a resultant higher rate of renal explora-
tion [25].

Stable patients with penetrating wounds should
undergo complete staging to define the full extent of
the injury (Fig. 3). Renal gunshot injuries must be
explored if they involve the hilum, are accompanied by
signs of continued bleeding, or if ureteral/renal pelvis
injury is suspected [26]. Low-velocity gunshot and stab
wounds of minor degree may be managed conserva-
tively [27]. If the site of penetration by stab wound is

T.H. Lynch et al. / European Urology 47 (2005) 1–15 3

Fig. 1. Evaluation of blunt renal trauma in adults. *Suspected renal trauma results from reported mechanism of injury and physical examination. ** Renal

imaging: CT scans are the gold standard for evaluating blunt and penetrating renal injuries in stable patients. In settings where the method is not available, the

urologist should rely on other imaging modalities (IVP, angiography, radiographic scintigraphy, MRI). *** Renal exploration: Although renal salvage is a

primary goal for the urologist, decisions concerning the viability of the organ and the type of reconstruction are made during the operation.

IVP: Intravenous Pyelogram

figure 1. Flowchart of management of patients with suspected blunt renal trauma according to EAU 
guidelines
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results

Demographic data

A total of 253 patients were eligible during the study period. Sixty-seven patients were excluded 

because of their age (n=38) or penetrating trauma mechanism (n=29). Of the included 186 

patients the majority were male (70%) with a median age of 40 years (range 16 – 93 years). 

Median ISS was 17 (range 1 – 75) and median renal injury grade was 2 (1 – 4). Eight patients 

died, all of injuries other than the kidney injury. The demographic data and characteristics are 

depicted in Table 1.

table 1. Demographics and characteristics of patients with blunt renal injury

n (%)

n 186

Age * 40 (16-93)

Male 132 (70)

ISS* 17 (1-75)

High Energy Trauma 157 (84)

Haemodynamics  

Stable 178 (96) 

Unstable  8 (4) 

Length of stay * 11 (0-310)

ICU stay * 2 (0-38)

Mortality rate  9 (5)

*: median (range) 
ISS: Injury Severity Score 
ICU: Intensive Care Unit

table 2. Diagnostic strategies and treatment of haemodynamically stable patients with microscopic 
haematuria (n=148)

n (%)

CT scan 33 (22)

Grade 1-2 142 (96)

  Observation 142  

Grade 3-4 6 (4) 

  Observation 5

  AE 1

Outcome of treatment

  Failure of NOM 0

AE: angiography and embolization 
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hemodynamically stable patients with microscopic hematuria

The results will be discussed in view of the flowchart depicted in the EAU guidelines (Figure 1).7 

Of the hemodynamically stable patients 148 (83%) had microscopic hematuria. The majority 

of the patients with microscopic hematuria had grade 1 – 2 renal injury (Table 2). Thirty-three 

(22%) of the 148 patients with microscopic hematuria underwent a CT scan of the abdomen 

from which 32 because of rapid deceleration injury or major associated injuries. Almost all 

patients were treated with observation (Table 2). One patient with a grade 4 injury and a bleed-

ing (blush of contrast extravasation) from the renal artery successfully underwent AE. No failure 

of the initial treatment was observed.

hemodynamically stable patients with gross hematuria

Sixty percent of the hemodynamically stable patients with gross hematuria underwent a CT 

scan of the abdomen. The treatment of these patients is shown in Table 3. One patient (3%) 

with a grade 1 renal injury underwent laparotomy because of associated injuries. Two patients 

(22%) with grade 3 – 4 renal injury and a blush of contrast extravasation on contrast enhanced 

CT scanning successfully underwent AE in addition to NOM. In one of the latter patients NOM 

failed and surgical intervention was necessary. One of the 3 patients with renal injury grade 5 

initially underwent renal exploration with a nephrectomy.

table 3. Diagnostic strategies and treatment of haemodynamically stable patients with gross haematuria  
(n= 30)

n (%)

CT scan 18 (60)

Grade 1-2 18 (60)

  Observation 17  

  Associated injuries requiring laparotomy 1  

Grade 3-4 9 (30) 

  Observation 7  

  AE 2  

Grade 5  3 (10) 

  Observation 0  

  AE 2  

  Renal exploration (nephrectomy) 1  

Outcome of treatment

  Failure of NOM 1

AE: angiography and embolization 
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hemodynamically unstable patients

7 of the 8 (87.5%) hemodynamically unstable patients underwent an emergency laparotomy. 

In half of the hemodynamically unstable patients, the renal injury was the (possible) cause of 

instability. Two of the former patients, positive for bleeding sites, were embolized: one as single 

treatment and one to correct the hemodynamic status before going to the operating room for 

associated injury (pelvic). In the other two patients the kidney could be salvaged with packing 

and stitching. No nephrectomy was performed. No IVP was performed during laparotomy. The 

imaging techniques and treatment strategies are depicted in Table 4.

Discussion

In the present study the management of patients with blunt renal injury admitted to a Level-1 

trauma center was compared to the recommendations of the EAU guidelines, published in 

2005. In addition, the outcome (success or failure) of the treatment was reported. Considerable 

differences and some similar strategies between the management in the AMC and the recom-

mendations of the EAU guidelines were observed.

The diagnostics and treatment of patients with microscopic hematuria was consistent with the 

EAU guidelines. In 1 out of 148 (0.7%) patients a deviation of the guidelines was observed. 

Despite hemodynamic stability, this patient, with a grade 4 renal injury, was embolized. The 

reason was the presence of a contrast extravasation.

In patients with gross hematuria the following aspects were not in accordance with the guide-

lines. A high number of patients (40%) did not receive imaging for the evaluation of renal injury 

table 4. Diagnostic strategies and treatment of haemodynamically unstable patients (n=8)

n (%)

Imaging

IVP 0 

CT scan 6 (75) 

Treatment HD unstable patients

Emergency Laparotomy 7 (87.5)  

Treatment of patients with renal injury as cause of instability 

Renal injury as cause of haemodynamic instability 4 

- Emergency Laparotomy 3 (75) 

- AE in addition 2 (50) 

Only AE 1 (25)  

Conservative treatment  0 

Outcome of treatment

Failure 0  

IVP: Intravenous Pyelogram
AE: angiography and embolization 
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despite the presence of a CT scanner on the shock room. An explanation could be that the CT 

scanner was installed in 2007 on the shock room and that not all patients admitted before that 

time, were scanned. Another explanation could be that in our trauma center CT scanning is 

partially being replaced by AE, which can serve both as diagnostic modality and intervention. 

Twenty-two percent of the patients with grade 3 – 4 renal injury, qualifying for NOM according 

to the guidelines, received AE as an adjunct to NOM. Again, because of the presence of a con-

trast extravasation. Of the 3 patients with renal injury grade 5 two patients (66%) successfully 

underwent AE instead of renal exploration, the recommended treatment in the EAU guidelines. 

Renal salvage was achieved.

Fifty percent of the hemodynamically unstable patients, with renal injury being the reason 

of instability, positive for bleeding sites on contrast enhanced CT scanning, and responding 

to fluid therapy, were treated successfully with AE. In the guidelines, surgical intervention is 

advised for this patient group. Instead of an IVP during laparotomy, the majority (75%) of the 

hemodynamically unstable patients underwent CT scanning pre-operatively in the trauma 

resuscitation room. The presence of a moveable CT scanner in the trauma resuscitation room 

of our trauma center allows rapid imaging during initial trauma screening in patients who 

respond to fluid therapy.10 Contrast enhanced CT scanning provides, just like IVP, information 

for decision-making in the critical time of urgent laparotomy. In the AMC IVP imaging has 

been entirely replaced by CT scanning. CT scanning is faster, associated intraperitoneal and 

retroperitoneal injuries can be assessed and the presence and location of active arterial arterial 

haemorrhage, a pseudoaneurysm or an arteriovenous fistula in the kidney can be detected.15 

However, intra-operative IVP remains critical to decision making, especially when CT scanning 

was not possible pre-operatively and in penetrating trauma. Therefore, this diagnostic modality 

should not be lost.

The findings of the current study are consistent with those of Sharma et al. who found that only 

a part of the physicians in the UK utilize the guidelines in the management of renal trauma, and 

that adherence to the guidelines is variable.5 Compared with the guidelines, AE is an important 

step in our treatment plan of patients with blunt renal injury. AE is a minimally invasive, renal 

sparing intervention with high success rates, even in patients with high grade renal injury.14 

Since 2002 angiography, with or without embolization, is an accepted method in our trauma 

center for the evaluation and treatment of patients with renal, splenic or hepatic vascular 

injuries. In this study AE failed in only one patient. For these reasons, in our opinion AE is a 

good alternative for renal exploration in specialised centers with appropriate equipment and 

expertise. Since AE is only briefly mentioned in the EAU guidelines but not integrated in the 

flowchart, we advocate an update of the guidelines with a more prominent role of AE.

This study has several limitations. First of all, the retrospective design. Moreover, because a 

protocol for the management of renal injury was lacking, the choice of therapy was based on 

the clinical judgment of the attending trauma-surgeon and (interventional) radiologist. The 

decisions on which the therapy choices were made could not always be retrieved from the 
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trauma registry or electronical medical record. Another limitation of this study is the relative 

small number of patients with high grade renal injury just as patients undergoing AE. In addi-

tion, the volume of renal loss from embolization was not assessed. Although it is believed that 

embolization has a higher renal parenchymal salvage rate compared to operative management, 

this conclusion cannot be drawn from the present study. Lastly, urological trauma rarely occurs 

in isolation.16 The results may be confounded by the presence of other injuries and therefore 

possibly more difficult to interpret.

conclusion

In the present study, violation of the guidelines increased with injury severity. Angiography and 

embolization can provide both a useful adjunct to nonoperative management and alternative 

to surgical intervention in specialised centers with appropriate equipment and expertise, even 

in patients with high grade renal injury. We advocate an update of the guidelines with a more 

prominent role of angiography and embolization.
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