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AAST 2017 PODIUM PAPER
Contemporary management of high-grade renal trauma: Results
from the American Association for the Surgery of Trauma

Genitourinary Trauma study
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he rarity of renal trauma limits its study and the strength of evidence-based guidelines. Althoughmanagement of renal injuries has
shifted toward a nonoperative approach, nephrectomy remains the most common intervention for high-grade renal trauma
(HGRT). We aimed to describe the contemporary management of HGRT in the United States and also evaluate clinical factors as-
sociated with nephrectomy after HGRT.
METHODS: F
rom 2014 to 2017, data on HGRT (American Association for the Surgery of Trauma grades III-V) were collected from 14 par-
ticipating Level-1 trauma centers. Data were gathered on demographics, injury characteristics, management, and short-term out-
comes. Management was classified into three groups—expectant, conservative/minimally invasive, and open operative.
Descriptive statistics were used to report management of renal trauma. Univariate and multivariate logistic mixed effect models
with clustering by facility were used to look at associations between proposed risk factors and nephrectomy.
RESULTS: A
 total of 431 adult HGRTwere recorded; 79%were male, and mechanism of injury was blunt in 71%. Injuries were graded as III,
IV, and V in 236 (55%), 142 (33%), and 53 (12%), respectively. Laparotomy was performed in 169 (39%) patients. Overall, 300
(70%) patients were managed expectantly and 47 (11%) underwent conservative/minimally invasive management. Eighty-four
(19%) underwent renal-related open operative management with 55 (67%) of them undergoing nephrectomy. Nephrectomy rates
were 15% and 62% for grades IV and V, respectively. Penetrating injuries had significantly higher American Association for the
Surgery of Trauma grades and higher rates of nephrectomy. In multivariable analysis, only renal injury grade and penetrating
mechanism of injury were significantly associated with undergoing nephrectomy.
CONCLUSION: E
xpectant and conservative management is currently utilized in 80% of HGRT; however, the rate of nephrectomy remains high.
Clinical factors, such as surrogates of hemodynamic instability and metabolic acidosis, are associated with nephrectomy for
HGRT; however, higher renal injury grade and penetrating trauma remain the strongest associations. (J Trauma Acute Care Surg.
2018;84: 418–425. Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: P
rognostic/epidemiologic study, level III; Therapeutic study, level IV.
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R enal injury is an important cause of morbidity after trauma,
and the kidney is the most common organ in the genitouri-

nary system to be injured during trauma.1 Renal injury occurs
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in about 1% to 5% of all traumatic injuries.1–4 Most renal inju-
ries are low-grade (American Association for the Surgery of
Trauma [AAST] grades I and II), expectantly managed with
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observation, and have minimal morbidity.5 Although more con-
troversial, management of high-grade renal trauma (HGRT)
[AAST grades III-V] has also transitioned to become predomi-
nantly nonoperative and for most hemodynamically stable patients
the American Urological Association Guidelines recommend ob-
servation.6 Despite recommendations for a mostly nonoperative
approach, a considerable proportion of patients with HGRT still
undergo operative management, usually with nephrectomy. Ne-
phrectomy is the most common surgical procedure performed in
the initial management of renal trauma and about 8% of all renal
injuries are managed in this way.3,7,8 According to the National
Trauma Data Bank (NTDB) nephrectomy is common for HGRT
−24% and 57% of grade IV and V injuries undergo nephrec-
tomy, respectively.8

The reasons for continued reliance on nephrectomy after
renal trauma are not well established; this may be in part related
to trauma characteristics (e.g., shock, ongoing bleeding, adja-
cent bowel injury), lack of familiarity with renorrhaphy, or expe-
diency. One of the reasons that research on HGRT is limited is
the rarity of this injury. Thus, studies often span decades of care
where therewas a transition from operative approaches to expec-
tant or observational management.9 More contemporary studies
of the NTDB also reflect a high rate of nephrectomy, even for
grade I and II renal injuries; however, there may be inaccura-
cies in the initial grading of the injuries leading to the inaccu-
rate conclusion that nephrectomy occurs even for low grade
renal injuries.8 Several studies have tried to establish risk factors
associated with nephrectomy;10–14 however, they are generally
limited by small sample size and retrospective single-center de-
sign. These studies also establish associations with nephrec-
tomy, which are based on radiologic findings rather than a
combination with important clinical parameters, such as shock,
concomitant injuries, and mechanism of trauma.11,12,15,16 The
above factors have limited the strength of evidence-based
guidelines. Thus, the optimal management of HGRT remains
controversial.

Timely and accurate identification of patients who would
benefit from intervention is paramount in management of renal
injuries. Thus, multi-institutional prospective studies are needed
to assess the contemporary management of renal trauma and
evaluate radiologic and clinical factors associated with nephrec-
tomy. This information is critical in developing and improving
renal trauma guidelines. The primary goals of the current study
are twofold: (1) to assess the current rates of intervention after
HGRTand (2) to evaluate the clinical factors associated with ne-
phrectomy in this patient population.

METHODS

Patients
This study was conducted as a collaborative effort of the

AAST and the Genito-Urinary Trauma Study Group (full study
sites and collaborators’ information is available at: http://www.
turnsresearch.org/page/aast-gu-trauma-study-group-author-list-
renal-trauma).

The study was designed as a prospective observational
study to gather data on all adult patients presenting with HGRT
admitted to the participating centers between February 1, 2014,
and February 1, 2017. Fourteen Level I trauma centers participated
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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in the study after obtaining institutional review board approval.
Patients were excluded if they were younger than 18 years,
had low-grade renal injuries (AAST grade I or II), underwent
an urgent open surgery in an outside hospital without clinical
and imaging data available, or were dead before arrival at the re-
ceiving hospital.

Data Collection
The AAST TraumaSource centralized database platform

was used for data collection. The following data were gathered:
patients’ demographics, admission and discharge/death dates,
mechanism of injury (blunt: road traffic accidents, falls, sport-
related, assault; penetrating: gunshot/shotgun wound, stab wound),
Injury Severity Score (ISS), admission vital signs (systolic blood
pressure [SBP], heart rate [HR], temperature, nadir SBP in first
4 hours after admission), Glasgow Coma Scale (GCS), number
and type of blood products received in the first 24 hours, admis-
sion laboratory values (hematocrit/hemoglobin, lactate, base
deficit), renal injury grade (III/IV/V), concomitant injuries and
corresponding AAST grades if applicable, renal-related inter-
ventions (angiography/angioembolization, nephrectomy, partial
nephrectomy, renorrhaphy, renal packing, ureteral stenting,
nephrostomy tube placement, perirenal drain placement), initial
and follow-up imaging studies, complications, and readmission.
Data were reviewed at multiple stages and quality checks were
performed regularly to assure accurate and complete data entry
by all sites.

Definitions
Injuries were graded based on the AAST Organ Injury

Scale for renal trauma.17 Grades III-V injuries were considered
as HGRT. Computed tomography scan findings were used to
grade the injuries when available; in patients undergoing imme-
diate surgery, surgical findings were used to grade renal injuries
in the absence of imaging studies. Management was defined as:

1. Expectant management: observation of the patient, including
bed rest, serial hemoglobin check, follow-up imaging—no
renal-related interventions (i.e., no endoscopic, minimally in-
vasive, or open interventions or surgeries).

2. Conservative/minimally invasive management: performing
renal angioembolization or renal vascular stent placement,
endoscopic (e.g., ureteral stenting) or percutaneous proce-
dures (e.g., nephrostomy tube or perirenal drain placement).

3. Open operative management: performing renal-related in-
terventions after laparotomy, including nephrectomy, partial
nephrectomy, renorrhaphy, and renal packing for bleeding
control. Laparoscopic and robot-assisted procedures, although
rarely used after acute trauma, were included under this cate-
gory if they led to one of the above-mentioned procedures.
A single patient could have received more than one inter-

vention during the management course and the most invasive
renal-related procedure defined the patient’s management
group. Interventions less than 4 hours from admission to the
study hospital were considered immediate interventions. An ad-
mission or nadir SPB less than 90 mm Hg (within 4 hours of
hospital arrival) was defined as shock. Heart rate greater than
100 beats/min at admission was defined as tachycardia. Receiv-
ing greater than 10 packed red blood cells (PRBC) was defined
419
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as massive transfusion. Concomitant injury was defined as pres-
ence of any of the following injuries: solid organ (liver, spleen,
pancreas), gastrointestinal, spinal cord, bladder, major vascular,
and pelvic fracture. Comorbidities were defined as having a
medical history of any of the following: diabetes, myocardial in-
farction, stroke, congestive heart failure, peripheral vascular dis-
ease, chronic obstructive pulmonary disease, end-stage renal
disease, and cirrhosis. Severe base deficit was defined as having
a base deficit lower than −6 mEq/L.

Statistical Analysis
Patients were summarized as count (%) for categorical

variables and mean, standard deviation (SD) for continuous
TABLE 1. Demographics and Management of HGRT (AAST III-V) Spl

Total, N = 431

Age: mean (SD), y 34.4 (16.5)

BMI (SD), kg/m2 27.1 (6.3)

Male sex, n (%) 341 (79%)

ISS, mean (SD) 26.2 (13.3)

HR on admission, mean (SD), beats/min 94.2 (24.1)

Tachycardia on admission, n (%) 167 (39%)

SBP on admission, mean (SD), mm Hg 123.1 (28.6)

Shock, n (%) 112 (26%)

Hemoglobin on admission, mg/dL 12.4 (2.4)

PRBC transfusion in the first 24 h, n (%) 198 (48%)

Platelets transfusion in the first 24 h, n (%) 82 (20%)

FFP transfusion in the first 24 h, n (%) 124 (30%)

Lactate, mean (SD), mmol/L 3.8 (3.2)

GCS score, mean (SD) 12.8 (4.1)

Concomitant injuries, n (%) ** 310 (72%)

Comorbidity, n (%) † 43 (10%)

AAST renal grade, n (%)

III 236 (55%)

IV 142 (33%)

V 53 (12%)

Renal injury side

Left 202 (47%)

Right 206 (48%)

Bilateral 23 (5%)

Management, n (%)

Expectant 300 (70%)

Conservative intervention 47 (11%)

Open operative 84 (19%)

Interventions, n (%)

Renal angioembolization 28 (6%)

Ureteral stenting 29 (7%)

Nephrectomy 55 (13%)

Other ‡ 68 (16%)

Length of hospital stay, mean (SD), d 10.5 (11.3)

Mortality 33 (8%)

* Comparisons made between blunt and penetrating trauma, bold numbers indicate statistical
** Defined as presence of any concomitant injury, including: solid organ, gastrointestinal, sp
† Defined as having a medical history of any of the followings: diabetes, myocardial infarction

disease, end-stage renal disease, or cirrhosis.
‡ Other interventions include: partial nephrectomy, renorrhaphy, renal packing, perirenal dra

intervention.
AAST, The American Association for the Surgery of Trauma; SD, standard deviation; BMI,
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variables. Categorical variables were compared by groups using
χ2 tests or Fisher’s exact tests when appropriate; continuous var-
iables were compared usingWilcoxon ranked sum test if the dis-
tribution was skewed, or using t-test if the distribution was
approximately normal. Statistical significance was assessed at
the 0.05 level, and all tests were two-tailed. Univariate logistic
mixed effect models with clustering by facility were used to an-
alyze associations between proposed risk factors and nephrec-
tomy. Clinical relevance, in combination with the results from
the univariate analyses, were used to choose appropriate vari-
ables for the multivariate logistic mixed effect model. The num-
ber of covariates in the adjusted model was limited by the
number of nephrectomy events in the data set.
it by Mechanism of Injury

Blunt, n = 308 Penetrating, n = 123 p*

36.7 (18.2) 28.7 (9.0) 0.002

27.2 (6.3) 27.0 (6.4) 0.74

230 (75%) 111 (90%) <0.001

27.3 (13.9) 23.5 (11.5) 0.02

94.5 (23.1) 93.6 (26.7) 0.64

122 (40%) 45 (38%) 0.60

123.6 (26.8) 122.1 (32.7) 0.74

80 (26%) 32 (26%) 0.93

12.5 (2.2) 11.9 (2.7) 0.02

116 (40%) 82 (68%) <0.001

50 (17%) 32 (28%) 0.02

69 (24%) 55 (47%) <0.001

3.6 (3.1) 4.2 (3.3) 0.17

12.7 (4.2) 13.1 (3.8) 0.37

203 (66%) 107 (87%) <0.001

35 (11%) 8 (7%) 0.14

0.01

179 (58%) 57 (46%)

100 (32%) 42 (34%)

29 (9%) 24 (20%)

0.12

152 (49%) 49 (40%)

138 (45%) 68 (56%)

18 (6%) 5 (4%)

243 (79%) 57 (46%) <0.001

37 (12%) 10 (8%) 0.24

28 (9%) 56 (46%) <0.001

24 (8%) 4 (3%) 0.13

22 (7%) 7 (6%) 0.59

22 (7%) 33 (27%) <0.001

21 (7%) 47 (38%) <0.001

10.2 (11.7) 11.3 (10.4) 0.03

23 (7%) 10 (8%) 0.80

ly significant at p < 0.05 level.
inal cord, major vascular, and pelvic fracture.
, stroke, congestive heart failure, peripheral vascular disease, chronic obstructive pulmonary

in placement, and percutaneous nephrostomy. Patients could have received more than one

body mass index.

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Multivariate Logistic Regression Model for Predicting
Nephrectomy After HGRT

OR (95% CI) p*

AAST renal grade

III and IV 1.00 (reference) —

V 34.09 (11.15–104.19) <0.001

Mechanism of injury

Blunt 1.00 (reference) —

Penetrating 4.87 (1.70–13.95) 0.003

Shock (yes/no) 1.56 (0.56–4.34) 0.40

Hemoglobin at admission, mg/dL 0.92 (0.73–1.17) 0.49

Concomitant injuries (yes/no) 3.24 (0.52–20.02) 0.21

Lactate, mmol/L 1.05 (0.88–1.24) 0.60

* Bold numbers indicate statistical significance at p < 0.05 level.

J Trauma Acute Care Surg
Volume 84, Number 3 Keihani et al.
RESULTS

A total of 431 adult HGRTswere recorded. Patients’ char-
acteristics, clinical/laboratory findings at the time of admission,
and management options are presented in Table 1. The mean age
was 34.4 years (SD, 16.5; range, 18–92 years). Overall, 341
(79%) patients were male. Mechanism of injury was blunt in
308 (71%), with motor vehicle collision the leading etiology
(61%) followed by falls and sport-related injuries (11% each).
Of the 123 penetrating injuries, 97 (79%) were gunshot wounds,
and 26 (21%) were stab wounds. The mean ISS was 26.2 (SD:
13.3) and about half of the patients had an ISS greater than 25
(i.e., very severe injury). The majority of the patients (72%) had
concomitant injuries (mostly liver [37%] and splenic [29%] inju-
ries). Overall, 112 (28%) patients had shock during their emer-
gency room admission (including 46 patients who presented in
shock). Laparotomy was performed in 169 (39%) patients; 132
laparotomies were immediate (<4 hours from admission).

Renal injuries were graded as III, IV, and V in 236 (55%),
142 (33%), and 53 (12%) of the patients, respectively. Overall,
300 (70%) patients were observed without any renal-related
intervention (expectant management). Forty-seven (11%) patients
underwent conservative or minimally invasive interventions
including: renal angioembolization (n = 28), percutaneous
nephrostomy or perirenal drain placement (n = 23), and ure-
teral stenting for urinary extravasation (n = 29); some patients
received more than one intervention. A total of 84 patients
(19%) underwent open renal-related surgeries: 55 (13%) pa-
tients underwent nephrectomy, 23 (5%) were treated with partial
nephrectomy or renorrhaphy, and 10 (2%) patients were man-
aged with renal packing for bleeding control with or without
TABLE 2. Univariate Logistic Regression Model for Predicting
Nephrectomy After HGRT

OR (95% CI) p*

Age, y 0.98 (0.96–1.00) 0.09

AAST renal grade

III and IV 1.00 (reference) —

V 29.11 (13.29–63.75) <0.001

Mechanism of injury

Blunt 1.00 (reference) —

Penetrating 4.82 (2.62–8.84) <0.001

ISS 1.05 (1.03–1.07) <0.001

Tachycardia (yes/no) 2.92 (1.60–5.32) <0.001

Shock (yes/no) 2.05 (1.12–3.76) 0.02

Hemoglobin at admission, mg/dL 0.88 (0.79–0.98) 0.02

Massive PRBC transfusion (yes/no) 18.75 (8.64–40.66) <0.001

PLT transfusion in the first 24 h, (yes/no) 7.45 (3.97–13.97) <0.001

Concomitant injuries (yes/no) 5.64 (1.98–16.03) <0.001

Base deficit

≥ − 6 mEq/L 1.00 (reference) —

<−6 mEq/L 3.12 (1.48–6.58) 0.003

Lactate, mmol/L 1.14 (1.03–1.25) 0.009

GCS 0.93 (0.81–1.07) 0.33

Comorbidity (yes/no) 0.88 (0.33–2.37) 0.80

* Bold numbers indicate statistical significance at p < 0.05 level.
PLT, platelet.

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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partial nephrectomy or renorrhaphy. The nephrectomy rate was
1 (0.4%) of 236, 21(15%) of 142, and 33 (62%) of 53 for grades
III, IV, and V, respectively. Thirty-eight (69%) nephrectomies
were performed within 4 hours, and 49 (89%) were performed
within 24 hours of patient admission at the receiving hospital.

Interventions, including nephrectomy, were more com-
mon for penetrating injuries compared with blunt trauma. Pa-
tients with penetrating injuries were younger, had higher rate
of concomitant injuries, and received more units of blood prod-
ucts in the first 24 hours after admission. Of the 55 nephrecto-
mies, 33 (60%) were performed for penetrating injuries. The
overall nephrectomy rate was 27% for penetrating injuries ver-
sus 7% for blunt (p < 0.001). Patients with penetrating injuries
had a higher number of grade IV and V renal injuries
(p = 0.01). Patients with penetrating trauma had longer hospital
stays (median, 9 days; IQR, 4–16) compared with those with
blunt trauma (median, 6 days; IQR, 3–13; p = 0.03). The rate
of mortality was not different between penetrating and blunt
trauma.

In univariate analyses, higher renal AAST grade, penetrat-
ing injury, higher ISS, and presence of concomitant injuries were
significantly associated with undergoing nephrectomy. Also,
clinical measures, such as tachycardia, shock, higher lactate
level, severe base deficit, and massive transfusion were associated
with higher odds of nephrectomy (Table 2). In multivariable
analysis, only renal injury grade (odds ratio [OR], 34.09; 95%
confidence interval [CI], 11.15–104.19) and penetrating type of
injury (OR, 4.87; 95% CI, 1.70–13.95) were significantly
associated with undergoing nephrectomy (Table 3).
DISCUSSION

Expectant/conservative management is currently the stan-
dard of care for low-grade renal trauma and is also recom-
mended for most high-grade injuries when patients are
hemodynamically stable.6 Our findings from this multicenter
study, involving 14 Level I trauma centers across the United
States, show that about 80% of high-grade renal injuries are
managed expectantly or with conservative/minimally invasive
approaches. However, nephrectomy is the most common inter-
vention after HGRTwith 15% of grade IV and 62% of grade V
421
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injuries undergoing nephrectomy. Renal injury grade and pene-
trating injury are the strongest predictors for nephrectomy.

Using the NTDB renal injury data from 2002 to 2007,
McClung et al.8 reported nephrectomy rates to be 4.5% for grade
III, 24% for grade IV, and 57% for grade V injuries. These rates
were slightly lower compared with the 1998 to 2003 reports
from the same database.14 Our nephrectomy rates were lower
for grades III (0.4%) and IV (15%), but slightly higher for grade V
(62%). The differences in our study compared with the NTDB
may reflect the changes in management of renal injuries during
recent years and movement toward less invasive management,
specifically for grade III and IV injuries.8 The New England
Trauma Consortium reported a nephrectomy rate of 21%
(43/206) for grades IVand V renal injuries.18 In comparison, this
rate in our study was higher (28%; 54/195 grades IV and V).
However, the main reason underlying this difference is the inclu-
sion of penetrating trauma in our series, in contrast to the afore-
mentioned study, which only included blunt injuries. When we
only considered blunt injuries, the nephrectomy rate was lower
(17%; 22/129) compared with that reported by the New England
Trauma Consortium.

In the past, penetrating injuries were believed to be at a
higher risk for bleeding. Some have recommended a lower
threshold for exploration and intervention after penetrating renal
trauma;19,20 however, more recently, selective observation and a
nonoperative approach has been shown to be feasible.21,22 Sim-
ilar to Davis et al.,10 in our study, penetrating trauma was an in-
dependent predictor for nephrectomy even after adjusting for
renal injury grade. We found the rate of nephrectomy after pen-
etrating traumawas 27% (33/123). Similarly, in the NTDB, pen-
etrating injuries had a much higher rate of nephrectomy
compared with blunt injuries (26% vs. 5%).8 One can hypothe-
size that acceleration/deceleration injuries arising from a blunt
mechanism of trauma would injure the kidney at hypothetical
“weak points” or natural lines of fracture, while a penetrating
wound can cause a more “random” injury pattern depending
on the object’s trajectory through the parenchyma. For this rea-
son, penetrating injuries may have different parenchymal and
vascular injury patterns compared with blunt injuries and require
different management strategies. However, this theory has not
been studied, and it remains unknown if higher nephrectomy
rates in penetrating injuries reflect a more severe injury pattern
to the kidney or merely a higher incidence of surgical explora-
tion after penetrating trauma, which itself increases the likeli-
hood of nephrectomy.

Decreasing renal exploration—when possible—might be
the most important step in reducing nephrectomy rates. Kidneys,
given their confined retroperitoneal location, have an innate
tamponade mechanism to control excessive bleeding and uri-
nary extravasation. When Gerota’s fascia is entered during renal
exploration, the hematoma is no longer contained, and this may
lead to more bleeding and the need for nephrectomy. In addition,
uncontained urinary leak may compromise adjacent injury re-
pair, such as bowel or pancreatic injury. Studies have shown that
by merely using an institutional goal for nonoperative manage-
ment when appropriate, nephrectomy rates decrease for grade
III and IV renal trauma.23–26 Similarly, others have shown that
nephrectomy rates can be decreased by avoiding Gerota’s fascia
exploration, even in the context of penetrating gunshot wounds.27
422
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Surprisingly, findings from the NTDB show that 30% of grade I
to III injuries, who had laparotomy in the first 24 hours after
trauma, underwent nephrectomy.8 Similarly, Shoobridge et al.28

reported that all patients who proceeded to renal exploration
underwent nephrectomy, although they used a higher threshold
for open surgery and had overall lower rates of intervention.
Our results also show that when an open operative intervention
was performed, it often led to nephrectomy (65%) with very few
cases of partial nephrectomy, renorrhaphy, or renal packing.
This is in line with the NTDB data showing scarce use of these
procedures.8 In addition, Winters et al.29 showed decreasing rates
of renorrhaphy and partial nephrectomy over time, from 1988 to
2010. Part of this shifting trend may be attributable to a decline
in overall kidney exploration rates, even for more severe inju-
ries, as well as more common use of angioembolization and
minimally invasive procedures. However, it appears that renal
exploration, when performed, will end in nephrectomy in the
majority of patients.2

Although it is arguable that some “severe” injuries in he-
modynamically unstable patients should better be treated with
immediate open surgery, experience from Europe suggests that
immediate angioembolization by trained and accessible radiolo-
gists can be feasible regardless of patients’ hemodynamic sta-
tus.30 Conservative management with renal angioembolization
can help to decrease surgical exploration and nephrectomy.31

Some studies have estimated that 10% to 40% of high-grade re-
nal injuries undergo angioembolization;32–34 however, in our
study, renal angioembolization was used in only 6% of HGRT.
Greater reliance on expedient and selective angioembolization
may be a route to decrease nephrectomy rates although there is
a high rate of repeat angioembolization and also occasional need
for secondary open surgeries.35–37

Recognizing the clinical and radiologic factors that are as-
sociated with nephrectomy is important in understanding and
identifying modifiable factors that may decrease nephrectomy
rates. Previous efforts have been generally limited to retrospec-
tive data from single centers and also were often based on data
spanning decades of care.10,13,28 In our univariate analyses, we
found that factors, such as shock and tachycardia, receiving
blood products, and surrogates of metabolic acidosis (e.g., lac-
tate and severe base deficit), were significantly associated with
risk of nephrectomy. The presence of concomitant injuries was
another significant factor that can be a surrogate for injury sever-
ity. However, this may also indicate higher rates of laparotomy
for nonrenal injuries that subsequently lead to renal exploration
and nephrectomy. Renal injury grade remains the most powerful
predictor of nephrectomy and along with a penetrating mecha-
nismwere the only factors that remained significant associations
when controlling for shock and its proxies.

This study has a number of strengths and limitations. This
is one of the few multi-institutional studies on renal trauma and
is based on contemporary management strategies for HGRT.We
used data collection tools prospectively designed for this study
and were able to gather data from multiple centers across the
United States over a 3-year period. Extensive clinical and imag-
ing data were gathered at the time of admission, which enabled
us to perform a detailed analysis using targeted data in compar-
ison with other studies using administrative data. One limitation
of our study is follow-up data and complications after the first
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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admission. We cannot comment on the number of patients who
needed additional interventions or developed long-term compli-
cations after their discharge. This is an inherent limitation of
most trauma studies as the patients seen in Level I trauma cen-
ters can be from different geographic areas, and many are trans-
ferred to these centers and will not seek follow up at the same
facility.18 Renal injury grades were provided by each center,
and although all used the AAST grading system, there may be
inconsistencies in grading of the injuries between centers and
also between different providers. As another inherent limitation
of multicenter observational studies, management was not stan-
dardized at different study sites, and there are likely significant
differences among these centers in management of HGRT and
other factors, such as predominance of blunt versus penetrating
injury mechanisms. However, this reflects the real-world overall
trends and rates of different management strategies across the
country. Prospective multi-institutional controlled trials are
needed to compare different management strategies and would
elevate the level of evidence underlying management recom-
mendations after renal trauma.

CONCLUSION

Expectant and conservative management is currently used
in about 80% of high-grade renal injuries; however, there is still
a high rate of nephrectomy. Clinical factors, such as surrogates
of hemodynamic instability and metabolic acidosis, are associ-
ated with nephrectomy for high-grade renal injury; however,
higher renal injury grade and penetrating trauma remain the
strongest predictors of nephrectomy.

AUTHORSHIP

J. B. M., R. N., J. M. H., A. P. P., and S. K. designed the study. A. P. P., Y. Z.,
S. K., and J. B.M. participated in data analysis and data interpretation. J. B.M.
and S. K. drafted the article. J. P., C.M.D., X. L., K.M., B. J.M., B. P. S., I. S.,
S. P. E., E. S. D., S. Z., P. B. T., B. A. E., B. N. B., G.M., B.M., R. A. S.,M.M.C.,
T. H., F. N. B., J. F. K., R. A., S. K., and J. B. M. participated in the data collec-
tion and revisions for this article. J. B. M. and J. M. H. provided critical revi-
sions for this article. All the authors read and approved the final submission.

ACKNOWLEDGMENT

The authors thank the staff and contributers from the Genito-Urinary
Trauma Study Group (http://www.turnsresearch.org/page/aast-gu-trauma-
study-group-author-list-renal-trauma) and all the participating centers for
sharing their data and supporting the study, as well as the American Associa-
tion for the Surgery of Trauma and theMulti-institutional Trials Committee for
providing continuous support for the project.

DISCLOSURE

This study was not directly supported by any industrial or federal funds.
The investigation was in part supported by the University of Utah Study
Design and Biostatistics Center, with funding in part from the National
Center for Research Resources and the National Center for Advancing
Translational Sciences, National Institutes of Health, through Grant
5UL1TR001067-05 (formerly 8UL1TR000105 and UL1RR025764).
The authors declare no conflict of interest.

REFERENCES
1. Terrier JE, Paparel P, Gadegbeku B, Ruffion A, Jenkins LC, N'Diaye A. Gen-

itourinary injuries after traffic accidents: analysis of a registry of 162,690
victims. J Trauma Acute Care Surg. 2017;82(6):1087–1093.

2. Wessells H, Suh D, Porter JR, Rivara F, MacKenzie EJ, Jurkovich GJ,
Nathens AB. Renal injury and operative management in the United States:
results of a population-based study. J Trauma. 2003;54(3):423–430.
© 2018 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2018 Wolters Kluwer H
3. Hotaling JM, Wang J, Sorensen MD, Rivara FP, Gore JL, Jurkovich J,
McClung CD,Wessells H, Voelzke BB. A national study of trauma level des-
ignation and renal trauma outcomes. J Urol. 2012;187(2):536–541.

4. Hardee MJ, Lowrance W, Stevens MH, Nirula R, Brant WO, Morris SE,
Myers JB. Process improvement in trauma: compliance with recommended
imaging evaluation in the diagnosis of high-grade renal injuries. J Trauma
Acute Care Surg. 2013;74(2):558–562.

5. Zinman LN, Vanni AJ. Surgical management of urologic trauma and iatro-
genic injuries. Surg Clin North Am. 2016;96(3):425–439.

6. Morey AF, Brandes S, Dugi DD 3rd, Armstrong JH, Breyer BN,
Broghammer JA, Erickson BA, Holzbeierlein J, Hudak SJ, Pruitt JH, et al.
Urotrauma: AUA guideline. J Urol. 2014;192(2):327–335.

7. Bjurlin MA, Fantus RJ, Fantus RJ, Villines D. Comparison of nonoperative
and surgical management of renal trauma: can we predict when nonoperative
management fails? J Trauma Acute Care Surg. 2017;82(2):356–361.

8. McClung CD, Hotaling JM, Wang J, Wessells H, Voelzke BB. Contempo-
rary trends in the immediate surgical management of renal trauma using a na-
tional database. J Trauma Acute Care Surg. 2013;75(4):602–606.

9. Santucci RA. 2015 William Hunter Harridge lecture: how did we go from
operating on nearly all injured kidneys to operating on almost none of them?
Am J Surg. 2016;211(3):501–505.

10. Davis KA, Reed RL 2nd, Santaniello J, Abodeely A, Esposito TJ, Poulakidas
SJ, Luchette FA. Predictors of the need for nephrectomy after renal trauma.
J Trauma. 2006;60(1):164–169. discussion 9–70.

11. Dugi DD 3rd, Morey AF, Gupta A, Nuss GR, Sheu GL, Pruitt JH. American
Association for the Surgery of Trauma grade 4 renal injury substratification
into grades 4a (low risk) and 4b (high risk). J Urol. 2010;183(2):592–597.

12. Hardee MJ, Lowrance W, Brant WO, Presson AP, Stevens MH, Myers JB.
High grade renal injuries: application of parkland hospital predictors of inter-
vention for renal hemorrhage. J Urol. 2013;189(5):1771–1776.

13. Prasad NH, Devraj R, Chandriah GR, Sagar SV, Reddy ChR, Murthy PV.
Predictors of nephrectomy in high grade blunt renal trauma patients treated
primarily with conservative intent. Indian J Urol. 2014;30(2):158–160.

14. Wright JL, Nathens AB, Rivara FP, Wessells H. Renal and extrarenal predic-
tors of nephrectomy from the National Trauma Data Bank. J Urol. 2006;
175(3):970–975.

15. Myers JB, Brant WO, Broghammer JA. High-grade renal injuries: radio-
graphic findings correlated with intervention for renal hemorrhage. Urol
Clin North Am. 2013;40(3):335–341.

16. Figler BD, Malaeb BS, Voelzke B, Smith T, Wessells H. External validation
of a substratification of the American Association for the Surgery of Trauma
renal injury scale for grade 4 injuries. JAmColl Surg. 2013;217(5):924–928.

17. Moore EE, Shackford SR, Pachter HL, McAninch JW, Browner BD,
Champion HR, Flint LM, Gennarelli TA, Malangoni MA, Ramenofsky
ML, et al. Organ injury scaling: spleen, liver, and kidney. J Trauma. 1989;
29(12):1664–1666.

18. van derWilden GM, Velmahos GC, Joseph DK, Jacobs L, DebuskMG, Ad-
ams CA, Gross R, Burkott B, Agarwal S, Maung AA, et al. Successful non-
operative management of the most severe blunt renal injuries: a multicenter
study of the research consortium of New England Centers for Trauma. JAMA
Surg. 2013;148(10):924–931.

19. Wessells H, Deirmenjian J, McAninch JW. Preservation of renal function af-
ter reconstruction for trauma: quantitative assessment with radionuclide scin-
tigraphy. J Urol. 1997;157(5):1583–1586.

20. 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):937–954.

21. Voelzke BB, McAninch JW. Renal gunshot wounds: clinical management
and outcome. J Trauma. 2009;66(3):593–600.

22. Navsaria PH, Nicol AJ, Edu S, Gandhi R, Ball CG. Selective nonoperative
management in 1106 patients with abdominal gunshot wounds: conclusions
on safety, efficacy, and the role of selective CT imaging in a prospective
single-center study. Ann Surg. 2015;261(4):760–764.

23. Hammer CC, Santucci RA. Effect of an institutional policy of nonoperative
treatment of grades I to IV renal injuries. J Urol. 2003;169(5):1751–1753.

24. Moudouni SM, Hadj SlimenM,Manunta A, Patard JJ, Guiraud PH, Guille F,
Bouchot O, Lobel B. Management of major blunt renal lacerations: is a non-
operative approach indicated? Eur Urol. 2001;40(4):409–414.
423

ealth, Inc. All rights reserved.

http://www.turnsresearch.org/page/aast-gu-trauma-study-group-author-list-renal-trauma
http://www.turnsresearch.org/page/aast-gu-trauma-study-group-author-list-renal-trauma


Keihani et al.
J Trauma Acute Care Surg

Volume 84, Number 3
25. Robert M, Drianno N, Muir G, Delbos O, Guiter J. Management of major
blunt renal lacerations: surgical or nonoperative approach? Eur Urol. 1996;
30(3):335–339.

26. Danuser H,Wille S, ZöscherG, StuderU. How to treat blunt kidney ruptures:
primary open surgery or conservative treatment with deferred surgery when
necessary? Eur Urol. 2001;39(1):9–14.

27. Rostas J, Simmons JD, FrotanMA, Brevard SB, Gonzalez RP. Intraoperative
management of renal gunshot injuries: is mandatory exploration of Gerota's
fascia necessary? Am J Surg. 2016;211(4):783–786.

28. Shoobridge JJ, Bultitude MF, Koukounaras J, Royce PL, Corcoran NM.
Predicting surgical exploration in renal trauma: assessment and modifi-
cation of an established nomogram. J Trauma Acute Care Surg. 2013;
75(5):819–823.

29. Winters B, Wessells H, Voelzke BB. Readmission after treatment of grade 3
and 4 renal injuries at a Level I trauma center: statewide assessment using the
Comprehensive Hospital Abstract Reporting System. J Trauma Acute Care
Surg. 2016;80(3):466–471.

30. Lanchon C, Fiard G, Arnoux V, Descotes JL, Rambeaud JJ, Terrier N,
Boillot B, Thuillier C, Poncet D, Long JA. High grade blunt renal trauma:
predictors of surgery and long-term outcomes of conservative management.
a prospective single center study. J Urol. 2016;195(1):106–111.

31. Muller A, Rouviere O. Renal artery embolization-indications, technical ap-
proaches and outcomes. Nat Rev Nephrol. 2015;11(5):288–301.

32. Charbit J, Manzanera J, Millet I, Roustan JP, Chardon P, Taourel P, Capdevila X.
What are the specific computed tomography scan criteria that can predict or
exclude the need for renal angioembolization after high-grade renal trauma
in a conservative management strategy? J Trauma. 2011;70(5):1219–1227.
discussion 27–8.

33. Morey AF. Re: what are the specific computed tomography scan criteria
that can predict or exclude the need for renal angioembolization after
high-grade renal trauma in a conservative management strategy? J Urol.
2012;187(2):554.

34. Gor RA, Styskel BA, Li T, Canter DJ, Simhan J. Unexpected high rates
of angiography and angioembolization for isolated low-grade renal
trauma: results from a large, statewide, trauma database. Urology. 2016;97:
92–97.

35. Hotaling JM, Sorensen MD, Smith TG 3rd, Rivara FP, Wessells H,
Voelzke BB. Analysis of diagnostic angiography and angioembolization
in the acute management of renal trauma using a national data set. J Urol.
2011;185(4):1316–1320.

36. Sugihara T, Yasunaga H, Horiguchi H, Nishimatsu H, Fukuhara H,
Enomoto Y, Kume H, Ohe K, Matsuda S, Homma Y. Management
trends, angioembolization performance and multiorgan injury indicators
of renal trauma from Japanese administrative claims database. Int J Urol.
2012;19(6):559–563.

37. Menaker J, Joseph B, SteinDM, Scalea TM. Angiointervention: high rates of
failure following blunt renal injuries. World J Surg. 2011;35(3):520–527.
DISCUSSION
DR.MICHAELCOBURN (Houston, Texas): Thank you,

Dr. Spain, Dr. Coimbra, members and guests. I congratulate the
authors on an excellent presentation and on a very well-written
manuscript. These datawere prospectively collected from 14 par-
ticipating Level 1 trauma centers.

You should know that this study is one of a growing
number coming out of the work of “TURNS”, the Trauma
and Urologic Reconstructive Network of Surgeons, which is
a very well-organized, multi-institutional group of subspecialty-
trained urologists whose work is focused on urologic trauma
and reconstructive surgery.

The study group has NIH support and is really doing
some great work and contributing importantly to the urologic
trauma literature.
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In this series, two-thirds of the patients underwent expec-
tant management while 20 percent or 82 patients underwent
open renal surgery. Of the latter group, two-thirds of these
underwent nephrectomy, while only 28 percent underwent partial
nephrectomy or renal reconstruction.

The majority of these nephrectomies were performed for
penetrating trauma. These patients were younger, had more
concomitant injuries, and more blood loss.

The observation that high grade of injury and penetrating
trauma predict a higher likelihood of nephrectomy makes sense
and is supported by NTDB and other data.

The data from the study are interesting. Are they impor-
tant? The kidney is a paired organ. What difference does it make
if one is removed?

Historically, when Dr. Jack McAninch began his career at
San Francisco General Hospital the nephrectomy rate for renal
trauma exploration dropped from over 50 percent to around
10 percent, presumably as the result of there being an interested,
skilled, reconstructive urologist participating in the operative
care of patients and focusing on renal salvage. It’s a source
of pride among trauma urologists to be able to repair all but
the most severe and non-reconstructible renal injuries.

But what is the impact on patient morbidity and mortality
of leaving the trauma patient with two versus one kidney? Is
there any long-term impact on renal function? Do more patients
who undergo nephrectomy develop renal failure, require dialysis
or transplantation in the future?

The data to answer these questions are somewhat limited.
But there are growing strong suggestions from the urologic
literature that there are increased rates of renal dysfunction
following nephrectomy, particularly in populations at risk -
that is, those with diabetes, hypertension, limited access to
medical care – our trauma population, in general.

Salvaging kidneys is important. And as long as it doesn’t
increase the morbidity and mortality of overall trauma outcome
or of the initial laparotomy it is an important priority.

Three questions for the authors:
1. Considering the high likelihood of nephrectomy in

patients undergoing renal exploration for trauma, would you
endorse a non-operative or expectant approach for all hemody-
namically stable high-grade renal injuries?

2. Does the participation of an engaged trauma urologist
impact the likelihood of nephrectomy versus renal repair?

And, 3. How would you structure this prospective man-
agement study to really sort out which trauma patients require
surgery and, also, where the expectant management approach
may actually be harmful?

Thank you, again, to the ProgramCommittee and congrat-
ulations to the authors on a superb presentation.

Dr. Kimberly A. Davis (New Haven, Connecticut): This
was a very nicely presented study. I have one very quick ques-
tion. You made a fairly rapid reference to a lack of use of
angioembolization. Is that because these patients were already
in the operating room undergoing laparotomy for other rea-
sons, i.e., their penetrating trauma and/or associated injuries?
Or are we truly not embolizing kidneys when we embolize livers
and spleens all the time? Can you comment? Thank you.

Dr. David J. Dries (Saint Paul, Minnesota): Thank you
for showing us a new standard for renal protection. I was struck
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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as you were tracing out the history of renal salvage from
blunt and penetrating trauma that as we have improved our
resuscitation of these patients we have also gotten better at
salvaging kidneys.

As improved resuscitation buys time for other options in
renal salvage, I ask you to share your thoughts with us regarding
additional opportunities for renal salvage. For example, will
angioembolization play a greater role as we are more effective
in stabilizing these patients? Thank you.

Dr. Thomas J. Schroeppel (Colorado Springs, Colorado):
You may have alluded to it and I missed it, but what was the indi-
cation for nephrectomy? If it’s an expanding hematoma it’s pretty
clear, but once you open Gerota’s fascia and get into bleeding the
kidney often comes out. Please comment. Thanks.

Dr. Charles E. Lucas (Detroit, Michigan): More than
20 years ago Dr. Michael McGonigal presented our data from
the Detroit Receiving Hospital and we concluded at the time
that, if the kidney is functioning and not bleeding, leave the
damned thing alone, regardless of the severity of injury. Need-
less to say, we were severely criticized, particularly from the
San Francisco General Hospital group.

One of the questions that we answered at the timewas that
when you do operate, you usually take out the injured kidney,
just like these authors described, and the renal function is worse
after nephrectomy.

Using sophisticatedmethodology, wemeasured renal blood
flow and renal blood flow distribution. This demonstrated re-
duced renal function and this contributed to a higher mortality
rate. I congratulate the authors on this paper.

Dr. Sorena Keihani (Salt Lake City, Utah): Thank you,
Dr. Coburn, and thank you to the audience for insightful com-
ments and questions.

So I would like to start with a comment from Dr. Coburn
regarding the value of saving the salvageable kidney.

This is very true that there is very little data available
on long-term impacts of removing the kidney after trauma,
so patients are at high risk of renal failure when they have
a preexisting condition, as mentioned.

Also, unlike the renal transplant donors, trauma does not
select for healthy patients who can always tolerate a lifetime
living with a single kidney.

So, also, when the kidney is salvageable and functional it
might actually help to have function of both kidneys to maximize
patient recovery during the acute treatment.
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So we recognize that nephrectomy is sometimes a lifesav-
ing maneuver, especially in the presence of hypertension. But
our data suggests that 60 percent of patients who underwent ne-
phrectomy were not in hypertension and did not need massive
transfusion.

So regarding Dr. Coburn’s question about would we rec-
ommend non-operative or expectant management for stable, high
grade trauma, absolutely. Our goal is to minimize nephrectomy
rates when the kidney is salvageable.

So as urologists we believe that preserving kidney function
is important and when damage control surgery can be used it’s
important to have imaging studies and more accurate evaluation
and grading of the – accurate grading of the kidney before
proceeding to nephrectomy or renal repair.

Regarding the question of engaging a urologist, decreased
nephrectomy rates versus renal repair, yes. However, here is a
limited number of trauma urologists with experience or interest
in management of high-grade renal injuries.

There are a few centers that enjoy such a collaboration be-
tween trauma surgeons and urologists sowe have to design stud-
ies that are applicable primarily to trauma surgeons rather than
the few involved urologists.

Regarding the question from the audience about
angioembolization, the rates significantly varied among differ-
ent centers. We didn’t have a standard protocol or a set protocol.

One thing that is worth mentioning is we need to clarify
when angiography is done for renal injuries. So initially
when we looked at our database we had a rate of 25 percent
angiography.

But then when we looked at the angioembolization on
that were specifically done for renal injuries, the rate came
down to 6 percent. So we don’t know why but that is what –
that is the condition with our database.

And then about the predictors, the second question was
about what do we need for successful management. We need
good predictors.

We need both clinical and radiology predictors because
many of these patients’ Grade V injuries, Grade IV injuries, do
not have initial imaging available. So we need good predictors,
both clinical and imaging, to be able to say which patients would
benefit from nephrectomy.

I think I answered the indications for nephrectomy with
this one. And thank you for the last comment. I would say, yes,
leave the damned thing alone.
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