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Abstract
Background: Current guidelines recommend repeat computed tomography (CT) imaging in high-grade blunt renal
injury within 48–96 h, yet diagnostic value and clinical significance remain controversial. The aim of this work was to
determine the possible gain of CT re-imaging in uncomplicated patients with blunt renal trauma at 48 h after injury,
presenting one of the largest case series.
Methods: A retrospective database of patients admitted to our centre with isolated blunt renal trauma due to
sporting injuries was analysed for a period of 20 years (2000–2020). We included only patients who underwent repeat
imaging at 48 h after trauma irrespective of AAST renal injury grading (grade 1–5) and initial management. The primary outcome was intervention rates after CT imaging at 48 h in uncomplicated patients versus CT scan at the time
of clinical symptoms.
Results: A total of 280 patients (mean age: 37.8 years; 244 (87.1%) male) with repeat CT after 48 h were included. 150
(53.6%) patients were classified as low-grade (grade 1–3) and 130 (46.4%) as high-grade (grade 4–5) trauma. Immediate intervention at trauma was necessary in 59 (21.1%) patients with high-grade injuries: minimally invasive therapy in
48 (81.4%) and open surgery in 11 (18.6%) patients, respectively. In only 16 (5.7%) cases, intervention was performed
based on CT re-imaging at 48 h (low-grade vs. high-grade: 3.3% vs. 8.5%; p = 0.075). On the contrary, intervention
rate due to clinical symptoms was 12.5% (n = 35). Onset of clinical progress was on average (range) 5.3 (1–17) days
post trauma. High-grade trauma (odds ratio [OR]grade 4 vs. grade 3, 14.62; p < 0.001; ORgrade 5 vs. grade 3, 22.88, p = 0.004) and
intervention performed at the day of trauma (OR 3.22; p = 0.014) were powerful predictors of occurrence of clinical
progress.
Conclusion: Our data suggest that routine CT imaging 48 h post trauma can be safely omitted for patients with lowand high-grade blunt renal injury as long as they remain clinically stable. Patients with high-grade renal injury have
the highest risk for clinical progress; thus, close surveillance should be considered especially in this group.
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Background
The kidney is the most common organ within the genitourinary system to be injured during trauma and occurs
in 8–10% of patients with abdominal injuries [1]. Blunt
renal trauma is usually caused by sudden deceleration,
leading to contusion or laceration of the renal parenchyma. Increasing recreational activities in our alpine
region such as skiing and mountain biking lead to even
more frequent blunt trauma accidents. With nearly 50
million tourist nights spent per year and several referring hospitals in the region, the Medical University
Hospital of Innsbruck stands as a high-volume level 1
trauma centre in the central alpine region. We already
shared data of our experience with blunt renal trauma in
children with one of the largest cohorts known [2]. The
American Association for the surgery of trauma (AAST)
has implicated a radiological globally applied classification to define grades 1–5 of renal trauma [3]. In the
past few years, a switch from primary surgical interventions to a more conservative approach has been generally observed [4]. Whereas low-grade trauma has always
primarily been assigned to non-operative management,
high-grade kidney injuries were often directly forwarded
to immediate surgical intervention. In the past years,
non-operative management including minimally invasive
interventions such as stenting due to urinoma formation
or angiographic coiling to control bleeding has become
the established gold standard and treatment of choice for
all haemodynamically stable patients, regardless of their
primary injury grade [5–8].
Management and clinical utility of repeat routine imaging in high-grade (grade 4 and 5) renal trauma remains a
very controversial issue in current literature and data are
lacking. Up to now, case series in adults use CT to followup renal trauma, although already in 2009, ultrasonography (US) was confirmed to be an efficient alternative
modality to monitor blunt trauma in a paediatric cohort
[2, 9]. Whereas current EAU Guidelines on Paediatric
Urology recommend a close follow-up with ultrasound
48 to 72 h after the initial CT scan in stable patients irrespective of trauma severity [10, 11], the Guidelines of the
American Urological Association (AUA) and the European Association of Urology (EAU) recommend early
repeat imaging in high-grade injury within two to four
days after trauma to minimize the risk of missed complications [6, 12]. In patients with low-grade (grade 1 to 3)
renal trauma, repeat CT imaging can be omitted as long
as no symptoms occur according to current guidelines

[1]. However, these recommendations are based on a retrospective series from 2010 with 138 patients undergoing
conservative treatment and repeat routine imaging more
than 48 h after trauma [13]. A few studies already gave
first evidence that repeat CT imaging in uncomplicated
also high-grade injuries is not justified [13, 14]. Data of
larger cohorts to emphasize this retaining patient management is yet lacking.
In addition to the now well-established conservative
management without the occurrence of any unnecessary
surgical complications, potential danger of the radiation
exposure must also be considered when routinely performing CT scans without an absolute indication especially in young people. Risk of carcinogenic effects of CT
is assumed to be small for an individual patient [15], yet
one should also review the risk in terms of the trauma
patient population. Concerns about carcinogenic risks
have already encouraged attempts to reduce CT imaging
when not inevitably necessary [16, 17].
Our study presents the largest described case series of
isolated blunt renal trauma patients with routine followup CT imaging 48 h post trauma. The aim of the study
was to assess the diagnostic value and clinical utility with
regard to intervention rates of routine repeat control
CT imaging in uncomplicated patients with blunt renal
trauma 2 days post trauma in comparison to CT control
at the time of clinical symptoms (clinical progress).

Materials and methods
This is an observational study based on a retrospective
analysis of the level 1 trauma urological centre database.
Analysis of admitted uncomplicated patients with blunt
renal trauma between 2000 and 2020 was performed.
Consent of the local ethics commission of the Medical
University Innsbruck was obtained with the approval
number 1001/2021. Research work was performed in
accordance with the 1964 Helsinki declaration, its later
amendments and institutional ethical standards based on
good clinical practice [18].
Patient cohort

Polytrauma (i.e. high velocity car accidents, fall of great
height) patients are known to have injuries of other
organ systems as well. We therefore focussed on solely
recreational activities, mostly leading to isolated contusion and deceleration injuries of the kidney. All patients
who were admitted with diagnosis of isolated renal injury
due to leisure activities (winter and summer sports) were
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identified via the centre’s inpatient registry. A retrospective review of all patients’ medical records and imaging results was taken. Primary endpoint was the rate
of intervention after CT as repeat routine in asymptomatic patients or, if the patient developed any, at onset
of clinical symptoms. Inclusion criteria were presence
of isolated blunt renal trauma due to leisure activities,
age > 18 years and repeat imaging 48 h post trauma. Penetrating kidney trauma, polytraumatic injuries, missing
data, age < 18 years, renal trauma not mapped to AAST
grading and no repeat CT imaging after 48 h were seen
as exclusion criteria. A patient flow chart is presented in
Fig. 1.

Fig. 1 Patient flowchart

Page 3 of 8

Diagnostic categorization and AAST renal injury grading
scale

Descriptive patient evaluation at admission included
demographic data, inpatient stay, laboratory results
(haematocrit, haemoglobin, electrolytes, liver enzymes,
and baseline creatinine, urea), urinalysis, evaluation of
macrohaematuria, grading in primary CT imaging, as
well as intervention date and method. Renal trauma
was diagnosed using CT at admission. CT included
at least a portal venous and excretory phase and an
arterial phase. Injuries were classified according to
the 2018 revised version of the AAST [19], as seen in
Fig. 2. Injuries were categorized into low-grade (grade
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Fig. 2 Classification of renal trauma using the American Association for the Surgery of Trauma (AAST) renal injury scale. Arterial and portal venous
phase imaging is recommended for evaluation. Clinical or imaging findings suggesting collecting system injury should be followed by a delayed
excretory phase to detect urine extravasation. The imaging classification criteria are as follows: grade 1 (A): subcapsular haematoma or contusion,
without laceration; grade 2 (B–C): superficial laceration ≤ 1 cm depth not involving the collecting system with no evidence of urine extravasation
(B) or perirenal haematoma confined within the perirenal fascia (C); grade 3 (D): laceration > 1 cm not involving the collecting system, vascular
injury or active bleeding confined within the perirenal fascia; grade 4 (E): laceration involving the collecting system with urinary extravasation,
laceration of the renal pelvis, vascular injury to segmental renal artery or vein, segmental infarctions without associated active bleeding or active
bleeding extending beyond the perirenal fascia, grade 5 (F–G): shattered kidney (F), avulsion of renal hilum or laceration of the main renal
artery or vein or devascularized kidney (G) [19]

1–3) and high-grade renal trauma (grade 4 and 5). All
patients were observed during hospitalization, including bed rest, fluids, prophylactic antibiotics, analgetics and regular laboratory controls and monitoring.
We performed a CT scan after 48 h in all inpatients
based on our institutional practice. Additionally, a CT
was always indicated when acute clinical symptoms
(haematuria, fever, flank pain, haemodynamic instability) occurred to assess for acute complications and the
need for subsequent intervention. With reference to
the current standard of management of renal trauma,
a non-surgical observational therapy approach was
primarily chosen whenever possible. Acute intervention was performed in patients with haemodynamic
instability, grade 5 vascular injury and life-threatening
circumstances. Furthermore, within these subgroups
we correlated rate and extent of intervention comparing the decision on either the base of the 48 h repeat
CT versus onset of clinical symptoms. Minimally
invasive therapy included angiography with selective

angioembolization and ureteral JJ stent/drainage. Open
surgery included renal exploration with reconstruction
and/or nephrectomy.
Statistical analysis

Variables were summarized as counts (n) and percentages (%) for categorical variables and means and standard deviations (SD) for continuous variables. Baseline
and outcome characteristics were tabulated stratified by
injury severity, low-grade (grade 1–3) versus high-grade
(grade 4–5). Differences between groups were evaluated
using Fisher’s exact tests for categorical variables and
independent t-tests for quantitative variables. A multivariate logistic regression model was used to estimate
adjusted odds ratios (ORs) and 95% confidence intervals
(CIs) to identify predictive factors for clinical progress.
All statistical tests were two-sided at a significance level
of 0.05. SPSS, version 26.0 (IBM Corp., Armonk, NY,
USA), was used for statistical analysis.
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Results
Two-hundred and eighty patients were admitted at our
department due to isolated blunt renal trauma with
repeat CT imaging after 48 h from 2000 to 2020. The
mean (range) age was 38.1 (18–78) years. Of these,
87.1% (n = 244) were male. Renal trauma was classified as follow: 7 (2.5%) grade 1, 50 (17.9%) grade 2,
93 (33.2%) grade 3, 119 (42.5%) grade 4 and 11 (3.9%)
grade 5. Thus, 150 (53.6%) patients were classified as
low-grade trauma and 130 (46.4%) as high-grade injury.
Baseline characteristics

Mean (range) time of inpatient stay was 8.5 (3–30) days,
with a statistically significant longer stay for high-grade
trauma patients (mean 10.6 days) than in low-grade
trauma (mean 6.6 days, p < 0.001). On time of admission, mean baseline haemoglobin level on trauma day
was 12.1 g/dl, with a significant difference between the
low-grade (13.2 g/dl) and high-grade trauma (11.0 g/
dl, p < 0.001) group. Baseline creatinine levels at trauma
day were 0.98 mg/dl in low-grade and 1.05 mg/dl in
high-grade traumata (p = 0.021). Analysis showed no
differences concerning presence of macrohaematuria at
trauma between the two groups, thus being not predictive for high-grade renal injury. Moreover, gross haematuria at trauma was not an independent prognostic
factor for clinical progress in the further course (odds
ratio [OR] 2.32; p = 0.127). None of the patients needed
haemofiltration at any time and none of the patients
died. Clinical progress was—unsurprisingly—significantly more frequent in high-grade renal injuries, 2.0%
(n = 3) in low-grade and 24.6% (n = 32) in high-grade
injuries (p < 0.001). Of important note is that clinical
progress after trauma occurred after a mean (± SD)
period of 5.3 (± 4.1) days with no significant difference
between both groups (low-grade vs. high-grade: 6.7 vs.
5.2; p = 0.561).
Intervention rates

Overall intervention rate at any time was 36.1% (n = 101)
with a significant higher rate in high-grade compared
to low-grade injuries (72.3% vs. 4.7%; p < 0.001), respectively. Focusing on the day of trauma, 59 (21.1%) patients
with high-grade trauma needed immediate interventions.
Of these 81.4% (n = 48) could be managed via minimally
invasive surgery (ureteral stenting in 30 patients and
selective angioembolization in 18 patients), the remaining 18.6% (n = 11) underwent open surgery, of which nine
(81.8%) grade 5 injuries required immediate nephrectomy. Overall nephrectomy rate was 3.9% (n = 11),
including also 2 patients at the time of clinical progress.
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All patients with nephrectomy were classified as grade 5
vascular renal trauma.
In only 5.7% (n = 16) cases, intervention was performed
based on repeat CT imaging 48 h after trauma. Among
these, five were (3.3%) low-grade and 11 (8.5%) highgrade injuries (p = 0.075). Most patients (73.7%) were
treated with minimally invasive procedures including
ureteral JJ stent due to expanding urinoma (n = 8) and
selective angioembolization (n = 3) due to pseudo-aneurysm. In four patients, we decided to perform open renal
reconstruction to due expanding urinoma based on renal
pelvis rupture. Patient history confirmed existing ureteropelvic junction (UPJ) obstruction in all 4 patients.
On the contrary, intervention rate due to clinical
symptoms or laboratory alterations was higher with
12.5% (n = 35) and onset of clinical symptoms, such as
fever, macrohaematuria, haemodynamic instability or
flank pain was on average 5.3 days post injury. In detail,
whereas all low-grade trauma patients (n = 3) received
minimally invasive therapy, 12 (37.5%) of 32 high-grade
trauma patients were referred to open surgery. Although
the rate of open surgery in high-grade trauma was similar between CT control 48 h post trauma (36.4%) and at
clinical progress (37.5%), nephrectomy rate was higher at
clinical progress (16.6% vs. 0%), Table 1.
In a multivariate logistic regression model, grade 4
trauma (ORgrade 4 vs. grade 3, 14.62; 95% confidence interval
[CI]: 4.16–51.38; p < 0.001), grade 5 renal trauma (ORgrade
5 vs. grade 3, 22.88; 95% CI: 2.73–191.54; p = 0.004) and
intervention at trauma day (OR, 3.22; 95% CI: 1.27–8.15;
p = 0.014) were found to be independent predictive factors for clinical progress, Table 2.

Discussion
To our best knowledge, we present the largest cohort
with routine CT imaging 48 h after blunt renal trauma
in uncomplicated patients. Collision and deceleration trauma mechanisms often result in isolated laceration and contusion of the kidney, with 47% (N = 150) of
trauma resulting in high-grade renal traumata in our
cohort. Of these, 45.4% required immediate intervention, 81.4% of which were minimal-invasive interventions and 18.6% of which required open surgery at the
day of trauma. In the past decades, there has been a paradigm shift concerning the management of high-grade
renal trauma from immediate open surgical exploration
to minimally invasive management. However, no prospective randomized controlled trial or systemic review
compared effectiveness of conservative and surgical
management in high-grade renal trauma; thus, level of
evidence is low [20]. Nevertheless, there are only a few
absolute indications for immediate surgical intervention,
the majority can be successfully managed non-operatively
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Table 1 Descriptive patient characteristics of the study population
Characteristics

Total
(N = 280)

Grade 1–3 injury
(N = 150)

Grade 4–5 injury
(N = 130)

7 (2.5%)

7

–

Injury grade, n (%)
1

p Value*
–

2

50 (17.9%)

50

–

3

93 (33.2%)

93

–

4

119 (42.5%)

–

119

5

11 (3.9%)

–

11

Age [years], mean (SD)

38.1 (18.0)

38.1 (16.9)

38.2 (19.3)

0.945

Male sex, n (%)

244 (87.1%)

129 (86.0%)

115 (88.5%)

0.594

Inpatient stay [days], mean (SD)

8.5 (5.1)

6.6 (3.9)

10.6 (5.4)

< 0.001

Intervention (overall), n (%)

101 (36.1%)

7 (4.7%)

94 (72.3%)

< 0.001

Intervention (trauma day), n (%)

59 (21.1%)

0 (0.0%)

59 (45.4%)

Severity of intervention (trauma day)
Minimal-invasive

48 (81.4%)

–

48 (81.4%)

Open

11 (18.6%)

–

11 (18.6%)

35 (12.5%)

3 (2.0%)

32 (24.6%)

Clinical progress

< 0.001
–

Severity of intervention (clinical progress)

< 0.001
0.536

Minimal-invasive

23 (65.7%)

3 (100.0%)

20 (62.5%)

Open

12 (34.3%)

0 (0.0%)

12 (37.5%)

Time of clinical progress after trauma [days], mean (SD)

5.3 (4.1)

6.7 (3.5)

5.2 (4.2)

0.561

Intervention (CT control 48 h), n (%)

16 (5.7%)

5 (3.3%)

11 (8.5%)

0.075

11 (73.3%)

4 (100.0%)

7 (63.6%)

Severity of intervention (CT 48 h)
Minimal-invasive
Open

0.516
4 (26.7%)

0 (0.0%)

4 (36.4%)

Creatinine [mg/dl] at trauma day, mean (SD)

1.01 (0.22)

0.98 (0.21)

1.05 (0.24)

Hb [mg/dl] at trauma day, mean (SD)

121.4 (23.3)

131.6 (17.6)

109.6 (23.6)

< 0.001

Macrohaematuria at trauma, n (%)

148 (52.9%)

75 (50.0%)

73 (56.2%)

0.338

*

0.021

p Values from Fisher’s exact test for categorical variables, and independent t-tests for quantitative variables

Table 2 Multivariate logistic regression analysis to predict clinical progress
Baseline factors

Odds ratio (OR)

95% confidence interval (95% CI)

p Value*

Age (per one-year increase)

1.001

0.980–1.022

0.934

Sex (male vs. female)

0.851

0.246–2.951

0.800

Gross haematuria (yes vs. no)

0.510

Severity of trauma

0.214–1.212

0.127

–

0.001

Grade 4 (vs. Grade 3)

14.624

4.162–51.384

Grade 5 (vs. Grade 3)

22.878

2.733–191.536

0.004

1.271–8.149

0.014

Intervention at trauma day (yes vs. no)

3.219

< 0.001

Multivariate model adjusted for age, sex, haematuria at baseline, severity of trauma and intervention at trauma day. CI, confidence interval; OR, odds ratio

[21]. In our cohort, the rate of immediate intervention
at trauma day was 21.1% affecting only high-grade renal
injuries. The primary AAST classification additionally
has been shown to be predictive for the need of surgical
intervention [22, 23] and there is mounting evidence that
standardized routine re-imaging in the absence of clinical symptoms or changed laboratory findings has little

impact on decision-making regarding intervention or
clinical outcome [24] even in high-grade injuries [25].
Concerning follow-up, the SIU guidelines recommend
repeat CT 36–72 h after a grade 4 injury with damage
to the collecting system (Grade C, SIU), [26]. The AUA
guidelines also recommend follow-up imaging for highgrade injuries at 48 h (Grade C, AUA) [5] and the EAU
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guidelines on day two to four after trauma in high-grade
injuries [1]. The rationale for repeat imaging until today is
early identification and treatment of complications. Literature has already proposed a solely selective approach
to reimaging for even high-grade blunt renal trauma only
in patients with clinical symptoms [14]. It was also shown
that intensive reimaging of grade 3 and 4 renal injuries
did not alter clinical decision making [25].
In our cohort, overall intervention rate based on
repeated CT imaging in asymptomatic patients was very
low with 5.7% and independent of the severity of renal
trauma (low-grade 3.3% vs. high-grade 8.5%). In most
patients (73.3%), minimally invasive management was
sufficient. Moreover, 80% of patients were treated due to
expanding urinoma. One can of course argue here that
based on the asymptomatic status a conservative therapeutic strategy would also have been possible, decreasing
the intervention rate at 48 h to 1.1% (n = 3 with angioembolization due to pseudo-aneurysm). In line with
our results, a French multicentric study including 927
patients presented that systemic repeated imaging following renal trauma changed the therapeutic management in only 5.1% of asymptomatic patients [27]. We
therefore conclude that routine imaging also for highgrade renal injuries in the absence of any clinical symptoms or clinical findings is likely unnecessary.
Onset of clinical symptoms was on average seen on day
five to six post trauma. Concluding, this would mean that
after routine CT after 48 h or even, as recommended by
the EAU [1, 6], AUA [5] and SIU [26], after the latest four
days, the patient would need another obligate CT with
accompanying radiation dosage when acute symptoms
occur. Two studies with a cohort size of up to 218 patients
reported on selection of repeat CT imaging guided not
by trauma grading but rather based on the presence of
urine extravasation in addition to clinical and laboratory
criteria [28] and have shown that selective reimaging of
renal injuries based on clinical and laboratory criteria
would have detected all complications [24]. In our study,
intervention after imaging due to onset of clinical symptoms was observed in 12.5% of patients and had a higher
rate of open surgery (37.5%) and nephrectomy (16.6%),
leading to the conclusion that patients who really had a
clinical need for a CT were the ones who received it. Two
studies also strengthen our argument by already showing that routine reimaging after 48 h without a clinical
indication was narrowly beneficial and contributed to
change the treatment in less than 1%, proposing to omit
repeat imaging in the absence of symptoms [13, 14]. Loftus et al. stated that individuals with grade IV trauma
who received routine CT follow-up imaging were more
likely to undergo an operation in the absence of symptoms and received more radiation during their hospital
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stay. Additionally, in line with our data, reimaging was
not associated with an increase in urological complications [29]. By selective choice in the use of CT, one would
not only contribute to a health system cost reduction,
but also to a reduction in radiation exposure when considering long-term risks associated with CT in trauma
imaging in young patients [30, 31]. There is a proposal
for haemodynamically stable but symptomatic patients
to use ultrasound (US) for first evaluation and to proceed
to a CT only when US remains inadequate [24], based
on the fact that significant urinomas can be sufficiently
detected by US as already shown in a children cohort [9].
Here it is of notice that US achieves better diagnostics in
children due to their physical constitution, yet it may be
used as method of choice also in follow-up evaluation in
adult patients with renal injuries.
Several limitations must be mentioned. The major
limitation of our study includes the retrospective, single-centre study design, which limits statistical power.
In addition, no control group (blunt renal trauma without repeat CT imaging at 48 h) was included, so we
have no head-to-head comparison. Our findings, however, imply that routine CT re-imaging at 48 h can be
safely omitted not only in uncomplicated low-grade,
but also in high-grade renal trauma patients.
In conclusion, our cohort demonstrates that highgrade renal trauma and presence of intervention on
the day of trauma are independent factors in predicting
clinical progression. Importantly, macrohaematuria at
baseline did not correlate with the grade of injury and
was not an important predictive factor of further clinical progression. It is yet important to note that patients
with high-grade blunt injury remain at a high risk for
clinical progress; thus, close surveillance including lab
tests and sonography is recommended in this subgroup.
We therefore propose that clinical symptoms (fever,
flank pain, haemodynamic instability) and laboratory
results, such as decreasing haemoglobin or elevating
creatinine should guide the decision to perform repeat
CT imaging. Based on our data, we conclude that current recommended repeat CT imaging does not predict
clinically necessary interventions and can be omitted
in both low- and high-grade patients without clinical
symptoms indicative of worsening conditions.
Abbreviations
AAST: American Association of the Surgery of Trauma; AUA: American Urological Association; CT: Computer tomography; EAU: European Association of
Urology; US: Ultrasound.
Acknowledgements
The authors thank the medical service personnel, nurses and emergency
physicians who enable the medical care and treatment of our large number of
renal trauma patients.

Lindner et al. World Journal of Emergency Surgery

(2022) 17:38

Author contributions
AKL and RP conceived and designed research. JS, AKL, GT and RP performed
the patient record reviews. JF was responsible for statistical analysis. WH, CR,
GT, PR and RP analysed and interpreted the data. AKL and RP drafted the
manuscript. AL and FA contributed radiological CT imaging and AAST classification of renal injuries. WH, PR, RP and CR were responsible for supervision.
All authors made substantial contributions to the manuscript draft and critical
revised it. All authors approved the submitted and final versions.
Funding
The research did not receive any specific grant from funding agencies in
public, commercial or non-profit sectors.

Page 8 of 8

10.
11.
12.
13.

Availability of data and materials
The data that support the findings of this study are available from the
database of our institution, responsibility for the integrity of the data and the
accuracy of the data is taken by the corresponding author.

14.

Declarations

16.

Ethics approval and consent to participate
The institutional local ethics committee of the Medical University Innsbruck
approved this study with the registered study number 1001/2021. The
patients’ consent was not required because of the retrospective nature of the
study.

17.

Consent for publication
The manuscript has not been submitted to more than one journal for simultaneous consideration. All authors have read the final manuscript and consent
to submit has been received explicitly from all co-authors.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Urology, Medical University of Innsbruck, Anichstraße 35,
6020 Innsbruck, Austria. 2 Department of Radiology, Medical University
of Innsbruck, Innsbruck, Austria. 3 Department of Medical Statistics, Informatics
and Health Economics, Medical University of Innsbruck, Innsbruck, Austria.

15.

18.
19.
20.

21.
22.
23.

Received: 19 May 2022 Accepted: 4 July 2022
24.
25.
References
1. Lynch TH, Martínez-Piñeiro L, Plas E, Serafetinides E, Türkeri L, Santucci RA,
et al. EAU guidelines on urological trauma. Eur Urol. 2005;47(1):1–15.
2. Radmayr C, Oswald J, Müller E, Höltl L, Bartsch G. Blunt renal trauma
in children: 26 years clinical experience in an alpine region. Eur Urol.
2002;42(3):297–300.
3. Moore EE, Shackford SR, Pachter HL, McAninch JW, Browner BD, Champion HR, et al. Organ injury scaling: spleen, liver, and kidney. J Trauma.
1989;29(12):1664–6.
4. Shariat SF, Jenkins A, Roehrborn CG, Karam JA, Stage KH, Karakiewicz PI.
Features and outcomes of patients with grade IV renal injury. BJU Int 2008;
102(6):728–33; discussion 733.
5. Morey AF, Brandes S, Dugi DD, Armstrong JH, Breyer BN, Broghammer JA,
et al. Urotrauma: AUA guideline. J Urol. 2014;192(2):327–35.
6. Serafetinides E, Kitrey ND, Djakovic N, Kuehhas FE, Lumen N, Sharma DM,
et al. Review of the current management of upper urinary tract injuries by
the EAU Trauma Guidelines Panel. Eur Urol. 2015;67(5):930–6.
7. Bryk DJ, Zhao LC. Guideline of guidelines: a review of urological trauma
guidelines. BJU Int. 2016;117(2):226–34.
8. Sujenthiran A, Elshout PJ, Veskimae E, MacLennan S, Yuan Y, Serafetinidis E,
et al. Is nonoperative management the best first-line option for high-grade
renal trauma? A systematic review. Eur Urol Focus. 2019;5(2):290–300.
9. Eeg KR, Khoury AE, Halachmi S, Braga LHP, Farhat WA, Bägli DJ et al. Single
center experience with application of the ALARA concept to serial imaging

26.
27.
28.

29.
30.
31.

studies after blunt renal trauma in children–is ultrasound enough? J Urol
2009;181(4):1834–40; discussion 1840.
Riedmiller H, Androulakakis P, Beurton D, Kocvara R, Gerharz E. European
Association of Urology. EAU guidelines on paediatric urology. Eur Urol.
2001;40(5):589–99.
Radmayr C, Bogaert G, Burgu B, Dogan HS, Nijman JM, Quaedackers J et al.
EAU Guidelines on Paediatric Urology. Edn. Presented at the EAU Annual
Congress Amsterdam 2022. ISBN 978-94-92671-16–5.
Morey AF, Broghammer JA, Hollowell CMP, McKibben MJ, Souter L. Urotrauma guideline 2020: AUA guideline. J Urol. 2021;205(1):30–5.
Davis P, Bultitude MF, Koukounaras J, Royce PL, Corcoran NM. Assessing the
usefulness of delayed imaging in routine followup for renal trauma. J Urol.
2010;184(3):973–7.
Bukur M, Inaba K, Barmparas G, Paquet C, Best C, Lam L, et al. Routine
follow-up imaging of kidney injuries may not be justified. J Trauma.
2011;70(5):1229–33.
Brenner DJ, Hall EJ. Computed tomography–an increasing source of radiation exposure. N Engl J Med. 2007;357(22):2277–84.
Klein L, Liu C, Steidel J, Enzmann L, Knaup M, Sawall S et al. Patient-specific
radiation risk-based tube current modulation for diagnostic CT. Med Phys
2022.
Park JH, Salminen P, Tannaphai P, Lee KH. Low-dose abdominal CT for
evaluating suspected appendicitis in adolescents and young adults: review
of evidence. Korean J Radiol. 2022;23(5):517–28.
World Medical Association Declaration of Helsinki. Ethical principles for
medical research involving human subjects. JAMA. 2000;284(23):3043–5.
Coccolini F, Moore EE, Kluger Y, Biffl W, Leppaniemi A, Matsumura Y, et al.
Kidney and uro-trauma: WSES-AAST guidelines. World J Emerg Surg.
2019;14:54.
Sharma DM, Serafetinidis E, Sujenthiran A, Elshout PJ, Djakovic N, Gonsalves
M, Kuehhas FE, Lumen N, Kitrey ND, Summerton DJ; EAU Guidelines Panel
on Urological Trauma. Grey areas: challenges of developing guidelines in
adult urological trauma. Eur Urol Focus. 2016;2(1):109–110.
Moudouni SM, Hadj Slimen M, Manunta A, Patard JJ, Guiraud PH, Guille
F, et al. Management of major blunt renal lacerations: is a nonoperative
approach indicated? Eur Urol. 2001;40(4):409–14.
Shariat SF, Roehrborn CG, Karakiewicz PI, Dhami G, Stage KH. Evidencebased validation of the predictive value of the American Association for the
Surgery of Trauma kidney injury scale. J Trauma. 2007;62(4):933–9.
Santucci RA, McAninch JW, Safir M, Mario LA, Service S, Segal MR. Validation
of the American Association for the Surgery of Trauma organ injury severity
scale for the kidney. J Trauma. 2001;50(2):195–200.
Breen KJ, Sweeney P, Nicholson PJ, Kiely EA, O’Brien MF. Adult blunt renal
trauma: routine follow-up imaging is excessive. Urology. 2014;84(1):62–7.
Shirazi M, Sefidbakht S, Jahanabadi Z, Asadolahpour A, Afrasiabi MA. Is early
reimaging CT scan necessary in patients with grades III and IV renal trauma
under conservative treatment? J Trauma. 2010;68(1):9–12.
Santucci RA, Wessells H, Bartsch G, Descotes J, Heyns CF, McAninch JW, Nash
P, Schmidlin F. Evaluation and management of renal injuries: consensus
statement of the renal trauma subcommittee. BJU Int. 2004;93(7):937–54.
Betari R, Fiard G, Ruggiero M, Dominique I, Freton L, Olivier J et al. PD63-04
Role of repeat imaging in renal trauma management: results of a French
Multicentric Study (Traumafuf ). J Urol. 2017; 197(4S).
Bayne DB, Tresh A, Baradaran N, Murphy G, Osterberg EC, Ogawa S,
et al. Does routine repeat imaging change management in high-grade
renal trauma? Results from three level 1 trauma centers. World J Urol.
2019;37(7):1455–9.
Loftus CJ, Hagedorn JC, Johnsen NV. Does routine repeat imaging for blunt
high-grade renal trauma lead to unnecessary interventions? J Trauma Acute
Care Surg. 2021;90(1):143–7.
Brenner DJ, Hall EJ. Cancer risks from CT scans: now we have data, what
next? Radiology. 2012;265(2):330–1.
Shoobridge JJ, Bultitude MF, Koukounaras J, Martin KE, Royce PL, Corcoran
NM. A 9-year experience of renal injury at an Australian level 1 trauma
centre. BJU Int. 2013;112(Suppl 2):53–60.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

