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Introduction: Most high-grade renal injuries (American Association for Surgery of Trauma (AAST) grades
III–V) result from motor vehicle collisions associated with numerous concomitant injuries. Sportsrelated blunt renal injury tends to have a different mechanism, a solitary blow to the ﬂank. We
hypothesized that high-grade renal injury is often isolated in sports-related renal trauma.
Material and methods: We identiﬁed patients with AAST grades III–V blunt renal injuries from four level
1 trauma centres across the United States between 1/2005 and 1/2014. Patients were divided into
‘‘Sport’’ or ‘‘Non-sport’’ related groups. Outcomes included rates of hypotension (systolic blood pressure
<90 mm Hg), tachycardia (>110 bpm), concomitant abdominal injury, and procedural/surgical
intervention between sports and non-sports related injury.
Results: 320 patients met study criteria. 18% (59) were sports-related injuries with the most common
mechanisms being skiing, snowboarding and contact sports (25%, 25%, and 24%, respectively). Median
age was 24 years for sports and 30 years for non-sports related renal injuries (p = 0.049). Males were
more commonly involved in sports related injuries (85% vs. 72%, p = 0.011). Median injury severity score
was lower for sports related injuries (10 vs. 27, p < 0.001). There was no difference in renal abbreviated
injury scale scores. Sports related trauma was more likely to be isolated without other signiﬁcant injury
(69% vs. 39% (p < 0.001)). Haemodynamic instability was present in 40% and 51% of sports and nonsports renal injuries (p = 0.30). Sports injuries had lower transfusion (7% vs. 47%, p < 0.001) and lower
mortality rates (0% vs. 6%, p = 0.004). There was no difference in renal-speciﬁc procedural interventions
between the two groups (17% sports vs. 18% non-sports, p = 0.95).
Conclusions: High-grade sports-related blunt renal trauma is more likely to occur in isolation without
other abdominal or thoracic injuries and clinicians must have a high suspicion of renal injury with
signiﬁcant blows to the ﬂank during sports activities.
ß 2015 Elsevier Ltd. All rights reserved.
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Introduction
Renal injuries are the most common traumatic genitourinary
injury with approximately 245,000 cases worldwide each year [1].

* Corresponding author at: The Center for Reconstructive Urology and Men’s
Health, University of Utah Health Care, 30 N 1900 E, RM 3B208B, Salt Lake City, UT
84132, United States. Tel.: +1 801 587 1395; fax: +1 810 585 2891.
E-mail address: Darshan.Patel@utah.edu (D.P. Patel).
http://dx.doi.org/10.1016/j.injury.2015.02.008
0020–1383/ß 2015 Elsevier Ltd. All rights reserved.

Nearly 82–95% of renal injuries in the United States are caused by
blunt trauma. Motor vehicle collisions (MVC) and falls account for
most blunt renal injuries and often result in multiple traumatic
injuries including other intra-abdominal or thoracic injury [2].
Blows to the ﬂank sustained during sports related activities,
such as skiing, contact sports, or biking can result in isolated renal
injuries [3]. Most diagnostic and prognostic criteria for blunt renal
injury reﬂect large urban trauma databases with MVC and falls as
the predominant mechanisms of blunt renal injury. In these
trauma series, injury severity score (ISS), American Association for
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the Surgery of Trauma (AAST) renal injury grade, and presence of
haematuria or haemodynamic instability have been shown to be
predictive of intervention and nephrectomy rates [1,4–6]. There
are limited data regarding speciﬁc demographic factors, clinical
signs, rates of procedural or surgical interventions, and mortality
for less common mechanisms of blunt renal injury, such as sports
related activities. Although most sports related renal injuries are
low-grade (AAST grades I–II), isolated blows to the ﬂank sustained
during sports related activities can also produce high-grade renal
injury (AAST grades III–V) [7,8,3,9].
We hypothesize that high-grade renal injury associated with
sports related trauma is often isolated without the sequelae of
polytrauma associated with non-sports related injury. We
evaluated AAST grade III–V blunt renal injuries at four large
trauma centres in the United States to determine differences in
clinical characteristics and management for these two mechanistic
groups of blunt renal trauma.
Materials and methods
We retrospectively reviewed all renal trauma records between
January 2005 and January 2014 at four level 1 trauma centres across
the United States including the University of Utah Hospital (Salt Lake
City, UT), Intermountain Medical Centre (Murray, UT), Ben Taub
General Hospital (Houston, TX), and San Francisco General Hospital
(San Francisco, CA). Each institution received Institutional Review
Board approval prior to this study. The AAST grading system was
used to deﬁne injury grade (Table 1) [10,11]. We limited our analysis
to patients 17 years or older with grades III–V blunt renal injury. The
mechanism of injury was identiﬁed as sports related or non-sports
related. Sports related renal trauma was deﬁned as snow-sport
related injury (skiing, snowboarding, sledding), injury sustained
during contact sports (contact with another person or object while
playing football, soccer, rugby, etc.) and bicycle related injury
(mountain or road biking). Sports related injuries excluded any
accidents involving motorized vehicles including pedestrian versus
motor vehicle, bicyclist versus motor vehicle, all terrain vehicles,
motorcycles or dirt bikes, motorized scooters, snowmobiles, or
motorized boats or other motorized watercraft.
We collected data on patient age, sex, injury mechanism, ISS,
abbreviated injury scale (AIS), AAST renal injury grade,
Table 1
American Association for the surgery of trauma kidney injury scale.a
Gradeb

Type of injury

Description of injury

I

Contusion

Microscopic or gross haematuria,
urologic studies normal
Subcapsular, nonexpanding without
parenchymal laceration

Haematoma

II

Haematoma
Laceration

III

IV

Laceration

Laceration
Vascular

V

a
b

Laceration
Vascular

Nonexpanding perirenal hematma conﬁrmed
to renal retroperitoneum
<1.0 cm parenchymal depth of renal cortex
without urinary
extravagation

concomitant injuries, and systolic blood pressure and heart rate
measurements before arrival or in the emergency department.
Additionally, we gathered information on management and outcomes of blunt renal injury including rate of blood transfusion
within 24 h of arrival, endoscopic or surgical intervention,
nephrectomy, length of hospital stay, and mortality.
Our primary outcome measures were rates of hypotension and/
or tachycardia and haemodynamic instability. Hypotension was
deﬁned as systolic blood pressure <90 mm Hg, and tachycardia was
deﬁned as heart rate >110 beats/min at any time before arrival or in
the emergency department before resuscitation. We deﬁned
haemodynamic instability as the presence of either hypotension
and/or tachycardia. Secondary outcome measures included differences in ISS scores, rates of transfusion, rates of concomitant
abdominal injury, and rates of any intervention between sports and
non-sports related grades III–V blunt renal injury.
Demographic and clinical variables were summarized as count
(%) or median (inter-quartile range, IQR) by injury mechanism
(sports vs. non-sports related). Each variable was compared to
injury mechanism controlling for institution using Firth’s penalized-likelihood logistic regression [12,13]. Firth’s logistic regression was used to overcome sparse institutional and clinical
characteristics strata. Firth’s penalized logistic regression produces
consistent regression estimates when the maximum likelihood
parameters do not exist due to sample separation. All analyses
were conducted in Rß v.3.0.3 (http://cran.us.r-project.org/) using
two-sided tests with a 0.05 signiﬁcance level.
Results
We identiﬁed 320 high-grade (AAST grades III–V) blunt renal
injuries between January 2005 and January 2014, including 84
(26%) at the University of Utah, 85 (26%) at Intermountain Medical
Centre, 105 (39%) at Ben Taub Hospital, and 46 (17%) at San
Francisco General Hospital (SFGH). Two hundred and thirty seven
patients (74%) were men. Mean age was 33.9 (SD: 16.0) years and
mean ISS was 25.5 (SD: 14.7). The injury mechanism was sportsrelated in 59 (18%) injuries compared to 261 (82%) non-sports
related injuries.
The demographics of high-grade renal injuries grouped by
sports or non-sports related are shown in Table 2. Fifty (85%) and
187 (72%) patients were males in sports and non-sports related
renal injuries, respectively (p = 0.011). AAST grade III injuries were
Table 2
Demographics of sports vs. non-sports related renal injury.

Age
ISS
AIS kidney
LOS

<1.0 cm parenchymal depth of renal cortex
without collecting system rupture or urinary
extravagation
Parenchymal laceration extending through renal
cortex, medulla, and collecting system
Main renal artery or vein injury with contained
haemorrhage
Completely shattered kidney
Avulsion of renal hilum which devascularizes
kidney

http://www.aast.org/library/traumatools/injuryscoringscales.aspx#kidney.
Advanced one grade for bilateral injuries up to grade III.

No. of
Grade
Grade
Grade

Males
III
IV
V

Sports related
n = 59 (18%)

Non-sports related
n = 261 (82%)

Median (IQR)

Median (IQR)

24.0 (19.5, 33.5)
10.0 (8.0, 18.0)
3 (2.0, 3.5)
2.0 (1.0, 3.8)

30.0 (22.0, 46.0)
27.0 (17.0, 36.0)
3 (2.0, 4.0)
8.0 (3.0, 17.0)

Sports related
n = 59 (18%)

Non-sports related
n = 261 (82%)

Median (IQR)

Median (IQR)

n (%)

n (%)

50
32
22
5

187
146
84
31

(85%)
(54%)
(37%)
(8%)

(72%)
(56%)
(32%)
(12%)

pa

0.049
<0.001
0.87
<0.001
pa

0.011
0.36

Bold values indicates statistically signiﬁcant p value (ie p-value <0.05).
a
Firth’s logistic regression predicting sports vs. non-sports related injury
controlling for institution.
ISS, Injury severity score; AIS, abbreviated injury scale, AAST, American Association
for the Surgery of Trauma; LOS, length of stay.

D.P. Patel et al. / Injury, Int. J. Care Injured 46 (2015) 1245–1249
Table 3
Mechanisms of sports related and non-sports related renal injury.

Sports-related injury
Skiing
Snowboarding
Contact sporta
Bicycle related
Other
Non-sports related Injury
Motor
vehicle collision
Motorcycle or motorized recreational
vehicle collision
Motorized vehicle vs. pedestrian
Fall
Other
a

n

%

59
15
15
14
8
7
261
114

18
25
25
24
14
12
82
44

58

22

48
30
11

18
11
4

Contact with another person or object during organized sporting activity.

the most common high-grade injuries with 32 (55%) sports related
injuries and 146 (56%) of non-sports related injuries. The median
age for sports related injuries was 24.0 years compared to 30.0
years for non-sports related renal injuries (p = 0.049). There was a
signiﬁcant difference in ISS (10 vs. 27, p < 0.001) and hospital
length of stay (2.0 vs. 8.0 days, p < 0.001) for sport and non-sport
injuries, respectively. No signiﬁcant difference in AIS and AAST
grade were observed between sports and non-sported related
renal injury.
Mechanisms of sports related and non-sports related injuries
are described in Table 3. The most common mechanisms of sports
related injury was skiing, snowboarding, and contact sports,
implicated in 15 (25%), 15 (25%), and 14 (24%) of sports related
injuries, respectively. MVC was the most common mechanism of
non-sports related renal injury (114 cases, 44%).
Sports related injury presented more frequently as an isolated
kidney injury vs. non-sports related renal injury as shown in
Table 4 (69% vs. 39%, respectively, p < 0.001). Sports related renal
injury was less likely to be associated with concomitant pelvic
fracture or thoracic injury compared to non-sports related renal
trauma (p < 0.001 and p = 0.004, respectively).
There was no difference in signs of haemodynamic instability
including hypotension and/or tachycardia between the two
cohorts (Table 4). However, blood transfusion rates were less
frequent for sports versus non-sports related renal injury (7% vs.

Table 4
Clinical characteristics and interventions for sports vs. non-sports related renal
injury.

Hypotensionb
Tachycardiac
Haemodynamic instabilityd
Isolated renal injury
Abdominal hollow-organ injury
Pelvic fracture
Thoracic injury
Transfusione
Any renal interventionf
Nephrectomy
Death

Sportsrelated
n (%)

Non-sports
related
n (%)

pa

12
18
23
41
1
0
17
4
10
2
0

48
116
132
102
21
49
129
123
46
18
16

0.69
0.15
0.30
<0.001
0.17
<0.001
0.004
<0.001
0.95
0.24
0.004

(21)
(32)
(40)
(69)
(2)
(0)
(29)
(7)
(17)
(3)
(0)

(18)
(44)
(51)
(39)
(8)
(19)
(50)
(47)
(18)
(7)
(6)

a
Firth’s logistic regression predicting sports vs. non-sports related injury
controlling for institution.
b
Systolic blood pressure <90 mm Hg.
c
Heart rate >110 beats per min.
d
Haemodynamic instability (systolic blood press <90 mm Hg or heart rate
>110 beats per min.
e
Transfusion <24 h of arrival.
f
Any intervention = any endoscopic, procedural, or surgical intervention.
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47%, p < 0.001). The rates of any renal speciﬁc procedural/surgical
intervention were 17% for sports related renal injuries and 18% for
non-sports (p = 0.95). Of the 320 total cases of renal trauma, 261
(82%) were managed conservatively, 14 (4%) had a ureteral stent
placed, 10 (3%) underwent embolization, 10 (3%) underwent
partial nephrectomy or open repair, and 2 (0.6%) had a renal artery
stent placed. Among sports-related injuries (n = 59), 5 (8%) had
ureteral stent, 2 (3%) had open repair or partial nephrectomy, and 1
(1%) had a renal artery stent. No embolizations were performed for
sports related injuries. Nephrectomy was infrequent among all
injuries. Rates of nephrectomy were 3% vs. 7% for sports vs. nonsports related renal injuries (p = 0.24). Mortality for sports related
injuries was signiﬁcantly lower than non-sports related injuries
(0% vs. 6%, p = 0.004).
Discussion
In our multi-centred study of high-grade (AAST grades III–V)
blunt renal injury, sports related injury made up 18% of all overall
injuries. The most common high-grade sports related mechanisms
were skiing, snowboarding, and contact sports. Patients with
sports related renal injuries were more likely to be younger and
male compared to non-sports related injuries. Additionally, sports
related trauma was more likely to cause isolated renal injury and
have lower ISS compared to non-sports related trauma. Sports
related renal injuries also had shorter hospital length of stay, lower
transfusion rates, and lower mortality rates. Despite differences in
concomitant traumatic injuries between sports and non-sports
related renal injuries, no signiﬁcant difference was observed in
renal AIS score or rates of hypotension, tachycardia, any
intervention, or nephrectomy.
Several previous studies have reported signiﬁcant renal injury
with blunt sports related trauma. Most sports related renal injuries
involve a direct blow to the ﬂank rather than deceleration injury
associated with the more common mechanisms such as motor
vehicle accidents or falls [14]. Several cases of isolated grade IV
renal injury have been reported in football and softball related
trauma [7,15]. Biking is one of the more common sports activities
associated with blunt renal trauma and several studies have shown
that a signiﬁcant proportion of renal injuries sustained from biking
are high-grade [8,11,16]. We observed a high number of snowrelated sports injuries due to the participation of two trauma
centres in Utah, but the other common sports related injury
mechanisms of injuries were also seen in our urban centres (SFGH
and Ben Taub General Hospital).
Lloyd et al. reported a series of 106 recreational blunt renal
injuries in Vail, Colorado [3]. This is one of the largest sportsrelated renal injury cohorts to date. The emphasis of the study was
evaluation of the SFGH imaging criteria established by Miller and
McAninch for these types of injuries [4]. These imaging criteria
include gross haematuria or microscopic haematuria with
hypotension and will identify 99.5% of patients with AAST grade
2 or higher injuries. However, these criteria reﬂect urban trauma
mostly caused by deceleration related mechanisms such as MVCs
and free-falls. These criteria were not as sensitive for recreational
mechanisms of renal injury as reported by Lloyd et al. In fact, the
authors found that gross haematuria or haemodynamic instability
with microhaematuria was not present in 5 of 22 (23%) grade 3 and
2 of 12 (17%) grade 4 cases in this study. This suggests that
prognostic indicators and imaging criteria derived from deceleration related mechanisms of blunt renal injury might not be
appropriate for sports-related mechanisms of renal injury.
Limitations of this study were that greater than 50% of cases
were AAST Grade 1 and 2 renal injuries and sports related injuries
were not compared with non-sports related injuries. This restricts
the interpretation and generalizability of these results [3]. We
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were unable to evaluate the SFGH imaging criteria in our current
study because information about gross or microscopic haematuria
was not available in many of the cases.
We did not observe a difference in the rates of hypotension,
tachycardia or haemodynamic instability between sports related
and non-sport related renal trauma, despite the greater likelihood
of isolated kidney injury, lower ISS scores, lower transfusion rates,
lower mortality, and shorter hospital stays with sports related
renal trauma. This may be a function of the excellent overall
haemodynamic reserve and younger age of those sustaining sports
related injuries conferring increased resistance to hypotension,
tachycardia, or haemodynamic stability compared to non-sports
related injuries [17].
An important conclusion from our study is that sports related
activities could cause signiﬁcant renal injuries in the absence of
other concomitant abdominal, pelvic or thoracic injuries seen with
non-sports related mechanisms of blunt injury. Despite the lack of
signiﬁcant difference in the presence of haemodynamic instability
between the two mechanisms, it is important to emphasize that 23
(39%) cases of sports related high-grade renal trauma presented as
an isolated renal injury without associated hypotension and 19
(32%) presented as an isolated injury without associated tachycardia. Additionally, 14 (24%) of cases presented as an isolated
renal injury without associated hypotension or tachycardia. These
ﬁndings emphasize that a high clinical suspicion of renal injury is
needed when evaluating patients who have sustained a signiﬁcant
blow to the ﬂank during sports related activity given the frequency
of isolated renal injuries without concomitant haemodynamic
instability. Since sports related mechanisms of renal injury are
often less pronounced than non-sports related injury, a signiﬁcant
injury could easily be overlooked.
Identiﬁcation and accurate grading of traumatic renal injuries is
essential to safely managing patients conservatively, and many
complications may be ameliorated in individual cases. Studies
estimate a short-term complication rate of 9.3–12.6% in patients
with AAST grades III–V blunt renal injuries managed conservatively
[18–20]. There is limited data regarding the rates of long-term
complications for blunt renal injury managed conservatively.
However, identifying patients with high-grade renal injury may
offer an opportunity for appropriate counselling regarding risks and
signs of secondary bleeding, hypertension, and long-term renal
dysfunction [20]. Several studies have shown that as early as
6 months after injury, a signiﬁcant proportion of patients with
grades III–V injuries have some degree of renal dysfunction [21,22].
Although sports related injuries and blows to the ﬂank may
produce high-grade renal injury (AAST grades III–V), these injuries
are rare compared to those caused by non-sports related
mechanisms such as MVC or falls. Sports related injuries only
made up 18% of all high-grade renal injuries requiring hospital
admission in our study. It is likely that many high-grade sports
related renal injuries are not brought to medical attention, undergo
imaging, or require hospital admission but this is largely unknown.
Despite the possibility of high-grade sports related renal injuries
shown in our study, the risk of these injuries compared to all
traumatic injuries is very low. There were approximately 60,000–
80,000 trauma admissions at our four level 1 trauma centres
during the 8 years of this study; however, only 59 were high-grade
sports related renal injury. Additionally, the National Electronic
Injury Surveillance System estimates that the national annual
incidence of renal injury requiring hospital admission was <900
cases. Given the low overall risk of high-grade sports related renal
injuries, patients with solitary kidneys should be allowed to
participate in contact sports according to current recommendations [23].
There are several limitations to our study. This was a
retrospective analysis and several clinical factors were not available

including information on gross or microscopic haematuria. Additionally, sports related renal injuries made up a small percentage of
all blunt renal injuries in this study compared to non-sports related
injuries. We were therefore unable to further characterize clinical
characteristics and interventions by various sub-groups including
different mechanisms of sports related renal injury, AAST grade,
and isolated renal injuries.
Conclusions
Blows to the ﬂank sustained during sports related activities can
produce high-grade (AAST III–V) renal injury. Sports related renal
injuries are more likely to occur in isolation without other
abdominal, pelvic or thoracic injuries. Patients are more likely to be
younger and male compared to non-sports related renal injuries.
Even though there was no difference in signs of haemodynamic
instability (hypotension or tachycardia), renal AIS scores, any
intervention rates, and nephrectomy rates between these two
mechanistic groups of blunt renal injury, sports related renal
injuries have lower ISS scores, lower transfusion rates, lower
mortality, and shorter hospital stays, all indicative of an overall
lower injury severity. Clinicians should have a high suspicion of
renal injury with signiﬁcant blows to the ﬂank sustained during
sports activities.
Conﬂicts of interest
All relevant disclosures by all named authors have been made in
accordance with the ICMJE and are the folllowing: D.P.P. was
supported in part by a generous reconstructive urology educational
grant from American Medical Systems, Inc., Minnetonka, MN.
American Medical Systems, Inc. had no role in study concept, design,
data acquisition and analysis, or manuscript drafting and revision.
There are no other additional disclosures pertaining to the material
to our knowledge discussed in this manuscript by all authors.
Study funding
None.
References
[1] Wessells H, Suh D, Porter JR, Rivara F, MacKenzie EJ, Jurkovich GJ, et al. Renal
injury and operative management in the United States: results of a populationbased study. J Trauma 2003;54:423–30.
[2] Santucci RA, Wessells H, Bartsch G, Descotes J, Heyns CF, McAninch JW, et al.
Evaluation and management of renal injuries: consensus statement of the
renal trauma subcommittee. BJU Int 2004;93:937–54.
[3] Lloyd GL, Slack S, McWilliams KL, Black A, Nicholson TM. Renal trauma from
recreational accidents manifests different injury patterns than urban renal
trauma. J Urol 2012;188:163–8.
[4] Miller KS, McAninch JW. Radiographic assessment of renal trauma: our 15year experience. J Urol 1995;154:352–5.
[5] 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;50:195–200.
[6] Shariat SF, Roehrborn CG, Karakiewicz PI, Dhami G, Stage KH. Evidence-based
validation of the predictive value of the American Association for the surgery
of trauma kidney injury scale. J Trauma 2007;62:933–9.
[7] Fanning DM, Forde JC, Mohan P. A simple football injury leading to a grade 4
renal trauma. BMJ Case Rep 2012.
[8] Bjurlin MA, Zhao LC, Goble SM, Hollowell CM. Bicycle-related genitourinary
injuries. Urology 2011;78:1187–90.
[9] Brophy RH, Gamradt SC, Barnes RP, Powell JW, DelPizzo JJ, Rodeo SA, et al.
Kidney injuries in professional American football: implications for management of an athlete with 1 functioning kidney. Am J Sports Med 2008;36:85–90.
[10] Hardeman SW, Husmann DA, Chinn HK, Peters PC. Blunt urinary tract trauma:
identifying those patients who require radiological diagnostic studies. J Urol
1987;138:99–101.
[11] Harper K, Shah KH. Renal trauma after blunt abdominal injury. J Emerg Med
2013;45:400–4.
[12] Bias DF. Reduction of maximum likelihood estimates. Biometrika 1993;80:27–38.

D.P. Patel et al. / Injury, Int. J. Care Injured 46 (2015) 1245–1249
[13] Heinze G, Puhr R. Bias-reduced and separation-proof conditional logistic
regression with small or sparse data sets. Stat Med 2010;29:770–7.
[14] Moore EE, Shackford SR, Pachter HL, McAninch JW, Browner BD, Champion HR,
et al. Organ injury scaling: spleen, liver, and kidney. J Trauma 1989;29:1664–6.
[15] Holmes FC, Hunt JJ, Sevier TL. Renal injury in sport. Curr Sports Med Rep
2003;2:103–9.
[16] Tasian GE, Appa AA, Bagga HS, Blaschko S, McCulloch CE, McAninch JW, et al.
Bicycle-related genitourinary injuries in the USA from 2002–2010. Inj Prev
2014;20:350–3.
[17] Hart EC, Wallin BG, Barnes JN, Joyner MJ, Charkoudian N. Sympathetic nerve
activity and peripheral vasodilator capacity in young and older men. Am J
Physiol Heart Circ Physiol 2014;306:H904–9.
[18] McGuire J, Bultitude MF, Davis P, Koukounaras J, Royce PL, Corcoran NM.
Predictors of outcome for blunt high grade renal injury treated with conservative intent. J Urol 2011;185:187–91.

1249

[19] Santucci RA, Fisher MB. The literature increasingly supports expectant (conservative) management of renal trauma – a systematic review. J Trauma
2005;59:493–503.
[20] Broghammer JA, Fisher MB, Santucci RA. Conservative management of renal
trauma: a review. Urology 2007;70:623–9.
[21] Fiard G, Rambeaud JJ, Descotes JL, Boillot B, Terrier N, Thuillier C, et al.
Long-term renal function assessment with dimercapto-succinic acid scintigraphy after conservative treatment of major renal trauma. J Urol
2012;187:1306–9.
[22] Tasian GE, Aaronson DS, McAninch JW. Evaluation of renal function after major
renal injury: correlation with the American Association for the surgery of
trauma injury scale. J Urol 2010;183:196–200.
[23] Grinsell MM, Butz K, Gurka MJ, Gurka KK, Norwood V. Sport-related kidney
injury among high school athletes. Pediatrics 2012;130:e40–5.

