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ew consensus statements exist to guide the timely diagnosis and management of urine leaks in children sustaining blunt renal
trauma (BRT). The aims of this study were to characterize kidney injuries among children who sustain BRT, evaluate risk factors
for urine leaks, and describe the negative impact of urinoma on patient outcomes and resource consumption.
METHODS: A
 retrospective review was performed of 347 patients, younger than 19 years, who presented with BRT to a single American Col-
lege of Surgeons–verified Level I Pediatric Trauma Center between 2005 and 2020. Frequency of and risk factors for urine leak
after BRTwere evaluated, and impact on patient outcomes and resource utilization were analyzed.
RESULTS: I
n total, 44 (12.7%) patients developed urine leaks, which exclusively presented among injury Grade 3 (n = 5; 11.4%), Grade 4
(n = 27; 61.4%), and Grade 5 (n = 12; 27.3%). A minority of urine leaks (n = 20; 45.5%) were discovered on presenting CT scan
but all within 3 days. Kidney-specific operative procedures (nephrectomy, cystoscopy with J/ureteral stent, percutaneous
nephrostomy) were more common among urine leak patients (n = 17; 38.6%) compared with patients without urine leaks
(n = 3; 1.0%; p = 0.001). Patients with urine leak had more frequent febrile episodes during hospital stay (n = 24; 54.5%;
p = 0.001) and showed increased overall 90-day readmission rates (n = 14; 33.3%; p < 0.001). Independent risk factors that asso-
ciated with urine leak were higher grade (odds ratio [OR], 7.9; 95% confidence interval [CI], 2.6–24.3; p < 0.001), upper-lateral
quadrant injuries (OR, 2.9; 95% CI, 1.2–7.1; p = 0.02), and isolated BRT (OR, 2.6; 95% CI, 1.0–6.5; p = 0.04).
CONCLUSION: I
n a large cohort of children sustaining BRT, urine leaks result in considerable morbidity, including more febrile episodes, greater
90-day readmission rates, and increased operative or image-guided procedures. This study is the first to examine the relationship
between kidney quadrant injury and urine leaks. Higher grade (Grade 4–5) injury, upper lateral quadrant location, and isolatedBRT
were independently predictive of urine leaks. (J Trauma Acute Care Surg. 2022;93: 376–384. Copyright © 2022 Wolters Kluwer
Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: T
herapeutic/Care Management; Level III.

KEYWORDS: P
ediatric trauma; blunt abdominal trauma; blunt renal trauma; urine leak; urinoma.
R enal injury occurs in 1% to 5% of all trauma patients, of
whom 90% sustain blunt mechanisms.1,2 Children show an

increased frequency of renal trauma compared with adults, ow-
ing to developmental differences in anatomy, including larger
kidney to body ratio, less perirenal fat, thinner fascia and mus-
cle, and a more pliable thoracic cage.3,4 Among adults, urinary
leak is a frequent complication after renal trauma, having an in-
cidence of 30% to 50% following high-grade injuries, but is less
well characterized in the pediatric population.5 Although most
renal injures are managed nonoperatively in children, urinary ex-
travasation can cause delayed complications that result in additional
interventions, making timely diagnosis andmanagement important
to reduce morbidity.6–8 Consensus exists that most kidney injuries
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can be treated initially with conservative management, which is
well established for hemodynamically stable children having
American Association for the Surgery of Trauma (AAST) Grades
1 to 3 injuries. Moreover, initial observation of blunt, Grade 4 re-
nal lacerations has become standard of care as well.6,7

Subsequent management of stable patients sustaining
higher-grade injuries and urinary leak is less well established,
however, as many existing guidelines are based on low levels
of evidence.5 The European Association of Urology recom-
mends that follow-up imaging is performed in AAST Grades 4
and 5 injuries to assess for leak, which, if persistent, should be
treated with ureteral stent placement or percutaneous drainage.9

These recommendations generally align with the American Uro-
logical Association guidelines, although the American Urological
Association advises more aggressive intervention for injuries in-
volving the renal pelvis.1 However, no set of guidelines estab-
lishes the optimal timing of follow-up imaging or the severity
(in terms of persistence or symptoms) of urinary leak that requires
drainage or other intervention, and certainly not for children.
Moreover, no standardized clinical algorithms or radiological fea-
tures exist to warn trauma providers of impending urine leaks.

To explore the optimal management strategies for trauma-
induced urine leak in children, our attention was directed at
uncovering clinical characteristics that predict urine leaks (at the
level of the kidney) on admission or after failure of conservative
management. This study aimed to identify risk factors for urine
J Trauma Acute Care Surg
Volume 93, Number 3
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leaks in pediatric blunt renal trauma (BRT) patients that improve
surgical decision-making and to optimize resource-utilization and
patient outcomes.We hypothesized that urine leaks can be predicted
based upon certain features of patients at initial admission such as
kidney injury location, presence of hematuria, and higher grade.
TABLE 1. Demographics and Presenting Factors

Variable N No Urine Leak (n = 30

Sex 347

Male 38% (116)

Female 62% (187)

Race 347

White 84% (254)

Black 10% (29)

Asian 1% (4)

Other 4% (11)

Unknown 2% (5)

ISS 282 24 (14–34)

Injury context 319

Isolated BRT 13% (37)

Multisystem trauma 87% (239)

Vital status 347

Alive 95% (289)

Deceased 5% (14)

Age (y) 347 16 (13–18)

ED systolic BP EDA 343 122 (110–132)

Hypotension EDA 346

No 96% (292)

Yes 3% (10)

Tachycardia EDA 343

No 77% (230)

Yes 23% (69)

Fever EDA 333

No 62.6% (181)

Yes 37.4% (108)

Transfusions 347

No 66.7% (202)

Yes 33.3% (101)

Hematuria EDA 337

No 48.8% (143)

Yes 51.2% (150)

Delayed CT images
on arrival

239

No 69.2% (135)

Yes 30.8% (60)

Delayed CT images on arrival by grade 233

Grade 3

No 77.4% (84)

Yes 23.6% (26)

Grade 4

No 64.7% (44)

Yes 35.3% (24)

Grade 5

No 54.5% (6)

Yes 45.5% (11)

All ranges are IQR.
ED, emergency department; EDA, emergency department arrival; fever, temperature >37.9°C

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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METHODS

Our independent and free-standing Pediatric Level I
Trauma Center was verified through the American College of
Surgeons (ACS) in 2016.10 We queried our comprehensive
3) Urine Leak (n = 44) Combined (N = 347) p

0.8

36% (16) 38% (132)

64% (28) 62% (215)

0.6

77% (34) 83% (288)

14% (6) 10% (35)

2% (1) 1% (5)

7% (3) 4% (14)

0% (0) 1% (5)

17 (16–29) 22 (14–34) 0.3

<0.001

40% (17) 17% (54)

60% (26) 83% (265)

0.1

100% (44) 96% (333)

0% (0) 4% (14)

13 (9–16) 16 (12–18) 0.004

116 (110–130) 122 (110–132) 0.42

0.8

95% (42) 96% (334)

4% (2) 4% (12)

1.0

77% (34) 77% (264)

23% (10) 23% (79)

0.006

40.9% (18) 59.8% (199)

59.1% (26) 40.2% (134)

0.488

61.4% (27) 66.0% (229)

38.6% (17) 34.0% (118)

0.017

29.5% (13) 46.3% (156)

70.5% (44) 53.7% (181)

0.1

56.8% (25) 66.9% (160)

43.2% (19) 33.1% (79)

100% (6) 77.6% (90) 0.2

0% (0) 22.4% (26)

48.1% (13) 60% (57) 0.1

51.9% (27) 40% (38)

72.7% (8) 63.6% (14) 0.4

27.3% (3) 36.4% (8)

.
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TABLE 2. Outcomes and Injury Characteristics

N No Urine Leak (n = 303) Urine Leak (n = 44) Combined (N = 347) p

Grade 347 0.001

1 17.5% (53) 0% (0) 15.2% (53)

2 18.5% (56) 0% (0) 16.1% (56)

3 36.7% (111) 11.4% (5) 33.4% (116)

4 22.4% (68) 61.4% (27) 27.4% (95)

5 3.3% (10) 27.3% (12) 6.3% (22)

Ungraded 1.7% (5) 0% (0) 1.4% (5)

Injury quadrant 347

UM 63.4% (192) 45.5% (20) 61.1% (212) 0.02

UL 26.7% (81) 72.7% (32) 67.4% (234) 0.001

LM 30.0% (91) 75.0% (33) 35.7% (124) 0.001

LL 24.4% (74) 65.9% (29) 29.7% (103) 0.001

Injury combination of quadrants 347 0.001

None 37.6% (114) 0.0% (0) 32.9% (114)

LL 4.0% (12) 0.0% (0) 3.5% (12)

LM 7.3% (22) 2.3% (1) 6.6% (23)

LL, LM 4.6% (14) 9.1% (4) 5.2% (18)

UL 5.0% (15) 4.5% (2) 4.9% (17)

UL, LL 1.7% (5) 4.5% (2) 2.0% (7)

UL, LM 1.0% (3) 2.3% (1) 1.2% (4)

UL, LM, LL 2.3% (7) 22.7% (10) 4.9% (17)

UM 12.9% (39) 6.8% (3) 12.1% (42)

LL, UM 0.7% (2) 0.0% (0) 0.6% (2)

LM, UM 4.3% (13) 6.8% (3) 4.6% (16)

LL, LM, UM 2.0% (6) 2.3% (1) 2.0% (7)

UM, UL 6.6% (20) 9.1% (4) 6.9% (24)

UM, UL, LL 1.7% (5) 0.0% (0) 1.4% (5)

UM, UL, LM 1.0% (3) 2.3% (1) 1.2% (4)

UM, UL, LL, LM 7.6% (23) 27.3% (12) 10.1% (35)

Febrile episode during hospital stay* 333 0.001

No 88.2% (255) 45.5% (20) 82.6% (275)

Yes 11.8% (34) 54.5% (24) 17.4% (58)

LOS (hospital), d 324 4 (2–8) 5 (4–8) 4 (2–8) 0.01

ICU days 322 0 (0–0) 0.5 (0–3) 0.0 (0–3) 0.9

Antibiotic use (Grades 3–5) 213 0.122

No 92 (53.8%) 17 (40.5%) 109 (51.2%)

Yes 79 (46.2%) 25 (59.5%) 104 (48.8%)

Antibiotic duration (Grades 3–5) 104 4 (2–8) 4 (2–7.5) 4 (2–8) 0.403

Discharged home on antibiotics (Grades 3–5) 211 0.003

No 156 (92.3%) 32 (76.2%) 188 (89.1%)

Yes 13 (7.7%) 10 (23.8%) 23 (10.9%)

Antibiotic use (Grades 3–5 and isolated BRT) 43 0.003

No 24 (92.3%) 8 (47.1%) 32 (74.4%)

Yes 2 (7.7%) 9 (52.9%) 11 (25.6%)

Antibiotic duration (Grade 3–5 and isolated BRT) 11 4.5 (1–8) 3 (3–4) 3 (2–6) 1.000

Discharged home on antibiotics (Grades 3–5 and isolated BRT) 43 0.019

No 26 (100%) 13 (76.5%) 39 (90.7%)

Yes 0 4 (23.5%) 4 (9.3%)

Foley catheter 285 0.001

No 88.0% (221) 64.7% (22) 85.3% (243)

Yes 12.0% (30) 35.3% (12) 14.7% (42)

Procedure 347 0.001

None 99.0% (300) 61.4% (27) 94.2% (327)

Continued next page
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TABLE 2. (Continued)

N No Urine Leak (n = 303) Urine Leak (n = 44) Combined (N = 347) p

Cystoscopy 0.3% (1) 9.1% (4) 1.4% (5)

Cystoscopy with stent 0.0% (0) 15.9% (7) 2.0% (7)

IR nephrostomy tube 0.3% (1) 2.3% (1) 0.6% (2)

Nephrectomy 0.3% (1) 11.4% (5) 1.7% (6)

90-d readmission 318 0.000

No 96.7% (267) 66.7% (28) 92.8% (295)

Yes 3.3% (9) 33.3% (14) 7.2% (23)

Follow-up with pediatric surgery 318 0.187

No 81.2% (224) 71.4% (30) 79.2% (252)

Yes 18.8% (52) 28.6% (12) 20.8% (66)

Follow-up with trauma 318 0.078

No 67.0% (185) 81.0% (34) 68.9% (219)

Yes 33.0% (91) 19.0% (8) 31.1% (99)

Follow-up with urology 318 0.000

No 95.7% (264) 64.3% (27)

Yes 4.3% (12) 35.7% (15)

Follow-up with nephrology 318 0.234

No 98.3% (271) 95.2% (40) 97.8% (311)

Yes 1.7% (5) 2.3% (2) 2.2% (8)

*Fever defined as >37.9°C; all ranges are IQR.
IR, interventional radiology.
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institutional trauma registry for all patients 18 years and
younger who presented with BRT from January 1, 2005, to
October 1, 2020. We excluded patients who had any penetrat-
ing injury, as these children often needed operative manage-
ment, whereas the principal focus of the current study was
on the conservative management of BRT. The Vanderbilt In-
stitutional Review Board approved this retrospective study
(VUIRB 162129).

To develop an algorithm that is predictive of renal in-
jury with urine leak, multiple variables were considered. Spe-
cifically, demographic (e.g., sex, age, race) and presenting
factors (e.g., Injury Severity Score [ISS], multisystem injuries
versus isolated BRT [I-BRT], systolic blood pressure, hypo-
tension, tachycardia, pulse, temperature, transfusions, hema-
turia, and CT scan with delayed kidney images) were re-
corded. Grade, renal quadrant of injury, febrile episodes during
hospital stay, hospital length of stay (LOS), intensive care unit
days, foley catheter use, operative procedures, 90-day readmis-
sions, and follow-up with different departments were also re-
corded. Antibiotic use was characterized for the entire cohort
of children having renal injury grades of 3 and higher. Also, a
subgroup analysis of antibiotic use among those patients having
isolated BRT only was performed.

One pediatric radiologist (M.H.S.), blinded to other clini-
cal data, reviewed all CT scans for each patient to grade renal in-
juries, to record whether on-table delayed images were obtained
with the same scan, and to document a urine leak, including time
from admission. To preserve blinding integrity, a second pediat-
ric radiologist (E.S.) evaluated independently all CT scans de-
tecting a urine leak to describe injury location in each quadrant
of the kidney, namely upper medial (UM) and upper lateral
(UL), lower medial (LM) and lower lateral (LL).
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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Categorical variables were analyzed using the Pearsonχ2,
one-way analysis of variance or Fisher's exact test where appro-
priate. Data were evaluated for normality using the Kolmogorov
Smirnov test, and depending on results, continuous variables
were analyzed using the t test or the Mann-Whitney U test. Mul-
tivariate analysis was also performed to determine independent
risk factors for urine leaks. The variables were selected based on
clinical relevance, validated by the current literature or based on
clinical suspicion. The logistic regression was evaluated by a re-
ceiver operating characteristic curve. Statistical significance was
set a priori, p < 0.05, and data were analyzed using IBM SPSS
version 26 (IBM SPSS Statistics, Version 26.0) and R studio.

RESULTS

Demographics and Presenting Factors
The total cohort consisted of 347 children who experi-

enced BRT, and 44 (12.4%) developed a urine leak group
(Table 1). For the entire cohort, the predominant sex was male,
comprising 64% (n = 28) and 62% (n = 187) of the urine leak
and nonurine leak group, respectively. Predominant race for
the entire cohort was White (n = 288; 83%), with no significant
differences detected between groups. Themedian age of the total
cohort was 16 years (interquartile range [IQR], 13–18 years), but
the urine leak group was younger, having a median age of
13 years (IQR, 9–16 years; p = 0.004).

Injury Severity Score was similar between the two groups,
with a median of 17 (IQR, 16–30.5) and 24 (IQR, 14–34) for the
urine leak and nonurine leak groups respectively. No significant
difference in heart rate was detected on arrival, with a median of
106 (IQR, 90–122) and 105 beats per minute (IQR, 90–122
beats per minute) in the urine leak and nonleak groups,
379
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respectively. Interestingly, urine leaks were more common in pa-
tients with isolated BRT (n = 17; 31.5%) compared with patients
with multisystem injuries (n = 27; 10.2%; p = 0.000). Fever (de-
fined as temperature over 37.9°C) at presentation was more
common in the urine leak group (n = 26; 59.1%) compared with
the nonurine leak group (n = 108; 37.4%; p = 0.006). A greater
frequency in hematuria on arrival to the ED was found in the
urine leak (n = 31; 70.5%) compared with the nonurine leak
group (n = 150; 51.2%; p = 0.02). For the whole cohort, 96%
(333) of patients were alive at time of review, with no significant
difference in vital status detected between groups.

Imaging Features
After trauma resuscitation and assessment in the ED, on-

table delayed CT images to detect urine leak were completed
in 80 (33.5%) patients having BRT, with 20 (45.5%) and 60
(30.8%; p = 0.062) obtained in the urine leak and nonleak
groups, respectively (Tables 1 & 2). Grade 4 injuries were most
likely to receive a delayed CT scan (n = 38; 40%), followed by
Grade 5 (n = 8; 36.4%), and then Grade 3 (n = 26; 22.4%;
p = 0.001), respectively. In a subset analysis of only urine leak
patients, a significant difference in the day of diagnosis was ob-
served for patients having an on-table delayed CT image at pre-
sentation. All (n = 20) patients who had on-table delayed images
Figure 1. Coronal (A) and sagittal (B) images of the left kidney in a 1
pole (arrows) is shown. The inferior laceration extends slightly into the
in a 5-year-old child after a fall shows a laceration involving the upper,
children developed a urine leak.

380

Copyright © 2022 Wolters Kluwer H
on arrival with presenting CT scan were diagnosed on injury
Day 1 compared with 50% (n = 12; p = 0.003) of patients who
did not have delayed images on arrival. Those patients who
did not have on-table delayed images with the presenting scans
were subsequently diagnosed on hospital days 2 (n = 2; 8.3%),
3 (n = 8; 33.3%), and 4 (n = 2; 8.3%; p = 0.003).

To determine the anatomic location within a kidney that
predicts greatest susceptibility to urine leak, each injured kidney
was divided radiographically (i.e., craniocaudal through mid-
kidney and medial-lateral through mid-hilum) into four
roughly equal quadrants: UM, UL, LM, and LL quadrants
(Figs. 1 and 2). Both mutually exclusive and nonexclusive
distributions of injuries in each quadrant were described. In
the urine leak group, the most commonly injured quadrant
was LM with 33 (75%) of patients suffering at least injury
in this location ( p < 0.001). Respectively, in descending order
of frequency, injuries located in UL were observed in 32
(73%) patients ( p < 0.001), LL in 29 (66%) patients, and fi-
nally UM in 24 (54%) patients (Fig. 2). As might be expected,
injury location based on the combinations (mutually exclu-
sive) of quadrants showed that the most commonly injured
areas were all four quadrants with 12 (27.3%) patients. Fol-
lowing suit was UL, LM, LL combination of quadrants with
10 (22.7%) of patients (Table 2).
2-year-old child after an accident. Laceration in the lower medial
lateral pole. Coronal (C) and sagittal (D) images of the left kidney
outer quadrant (arrows) extending to the collecting system. Both

© 2022 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.



J Trauma Acute Care Surg
Volume 93, Number 3 Ghani et al.

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 07/07/2023
Renal Trauma Injury Grade
In descending order of injury grade frequency, a majority

sustained Grade 3 injuries (n = 116; 33%), followed by Grade 4
(n = 95; 27%), Grade 2 (n = 56; 16%), Grade 1 (n = 53, 15%),
and Grade 5 (n = 22; 6%), respectively (Table 2). Urine leaks oc-
curred exclusively in patients with an injury grade of 3 and
above. Frequency of urine leaks differed significantly according
to grade, with increasing proportions observed with increasing
grade: Grade 3, 4.3% (5 of 116 cases), Grade 4, 28.4% (27 of
95 cases), and Grade 5, 54.5% (12 of 22 cases; p < 0.001).

Outcomes
Length of stay was statistically longer in the urine leak

group, revealing a median of 5 days (IQR 4–8 days) compared
with a median of 4 days (IQR 2–8 days) in the nonurine leak
Figure 2. Injury location percentage by kidney quadrants—most com

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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group (p = 0.01) (Table 2). The urine leak group also had more
febrile episodes (n = 25; 54.5%) compared with the nonurine
leak group (n = 34; 11.8%; p = 0.001) during their hospital stay.
Similarly, foley use (n = 12; 35% vs. n = 30; 12%; p < 0.001),
operative procedures (n = 17; 38.6% vs. n = 3; 0.1%;
p < 0.001), and readmission within 90 days from discharge
(n = 14; 33.3% vs. n = 9; 3.3%; p < 0.001) were more common
in the urine leak group than nonurine leak group, respectively. In
the urine leak group, the most common operative procedure was
cystoscopy with ureteral stenting (n = 7; 15.9%), followed by ne-
phrectomy (n = 5; 11.4%), cystoscopy without stent (n = 4;
9.1%), and interventional radiology placement of nephrostomy
tube (n = 1; 2.8%). The urine leak group had increased follow
up with urology (n = 15; 35.7%) compared with the nonurine
leak group (n = 12; 4.3%), whereas no group differences in
monly injured quadrant was UL, followed by UM, LM, LL.

381

ealth, Inc. All rights reserved.



TABLE 3. Multivariate Analysis

OR Lower* Upper* Sig.

High grade (4-5) 7.91 2.59 24.25 0.000

Isolated BRT 2.56 1.03 6.46 0.042

Hematuria 2.21 0.98 5.03 0.057

Fever on arrival 1.87 0.81 4.3 0.144

UL 2.88 1.17 7.10 0.022

UM 0.66 0.28 1.55 0.340

LL 0.56 020 1.57 0.267

LM 2.41 0.88 6.59 0.086

Bold items significantly associated with urine leaks (p < 0.05).
*95% CIs for OR.
OR, odds ratio.
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follow up with pediatric surgery (i.e., trauma) or nephrology
were observed.

When considering all patients with Grade s 3 to 5 BRT, no
significant difference was detected in any antibiotic use during
the index hospital stay (n = 25; 59.5% vs. n = 79; 46.2%) nor
in the duration of antibiotic use (4 [IQR, 2–8] vs. 4 [IQR, 3–
7.5]) between urine leak and nonurine leak groups, respectively.
Figure 3. ROCCurve for logistic regression. The AUCwas 0.824 (95%
AUC, area under the curve.
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However, patients with urine leaks were more likely to be
discharged home on antibiotics (n = 10; 23.8%) compared with
patients without urine leaks (n = 13; 7.7%; p = 0.003). When
considering children having only isolated BRT of Grade 3 or
higher, the urine leak group was prescribed an antibiotic signif-
icantly more often than those without leak (n = 9, 52.9% vs.
n = 2, 7.7%; p = 0.003). No child having isolated BRTwithout
a urine leak was discharged home on oral antibiotic, whereas 4
(23.5%) having a leak were (p = 0.009).

Independent Variables
Multivariate analysis was performed to ascertain the inde-

pendent effects of BRT types (i.e., multisystem or isolated), injury
in different kidney quadrants, hematuria, and fever on arrival, and
grade (intermediate Grade 3 vs. high 4–5) on the odds of urine leak
(Table 3). The logistic regression modelwas statistically significant
(χ2 [4] 50.466; p < 0.001; Hosmer–Lemeshow test, χ2 = 8.167,
p = 0.318). The model explained 33.3% (Nagelkerke's R2) of
the variance in urine leaks and correctly classified 81.4% of
cases. The area under the receiver operating characteristic curve
(c-index) was 0.82 (95% confidence interval [CI], 0.76–0.90;
Fig. 3). Of the seven predictive variables, high-grade injury
(Grades 4 and 5), isolated BRT, and injury in UL location were
CI, 0.76–0.89; p = 0.000). ROC, receiver operating characteristic;

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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associated independently with urine leaks. High-grade injury was
associated with a 7.92-fold higher odds (95% CI, 2.59–24.25;
p < 0.001), upper lateral quadrant injury was associated with a
2.88-fold higher odds (95% CI, 1.17–7.10; p = 0.022), and iso-
lated BRTwas associated with a 2.56-fold higher odds (95% CI,
1.0.3–6.36; p = 0.042) for development of urine leak (Table 3).

DISCUSSION

From this large experience with BRT in children, urine
leaks emerged as an infrequent consequence but prompted sig-
nificantly greater resource consumption. To streamline detection
and management, this study identified several risk factors that
predict urine leaks among children sustaining BRT and estab-
lished an expected association between urine leaks and greater
resource utilization. Inconsistent data exist on the incidence of
urine leak after BRT in children, which from this study appeared
less common than reported among adults and its impact on out-
comes.5 On univariate analysis in this study, younger age, hema-
turia, injury grade, fever at initial ED presentation, and injury lo-
cation associated with increased frequency of urine leak. Multi-
variate analysis, however, revealed that high-grade injuries, UL
location, and isolated BRTwere independently associated with
urine leaks, with, not surprisingly, high-grade injuries (4 and
5) being the most prominent risk factor.

Children are known to be uniquely susceptible to renal in-
juries, as they have relatively larger kidneys and decreased torso
protection.3,4 This vulnerability may serve to increase the risk of
higher AAST grade injuries, which were found to be associated
with urine leak in this present and prior studies.5 High injury
grade has also been associated with a failure of conservative
management in children for multiple reasons.11,12 Urine leaks
account for the majority of the subsequent procedural interven-
tions, and Grade 4 injuries are particularly at-risk.13 From our
study we too observed that greater hospital resources were con-
sumed in the context of a urine leak complicating BRT.

With regard to other identified risk factors, isolated BRT
is rarer and often presumed a more minor injury,14,15 leading po-
tentially to less timely evaluation. Nonetheless, case reports of
severe isolated kidney injuries have been reported,16 as well as
retrospective studies suggesting isolated renal injuries are more
common in younger children.17 In this context, the finding that
isolated BRT is independently associated with urine leaks in
children indicates that this population may benefit from greater
clinical suspicion, earlier diagnostic evaluation, and closer moni-
toring. Specifically, although it did not meet statistical signifi-
cance, our study showed that children developing urine leaks
had a lower ISS (n = 17) relative to those who did not (n = 24),
which likely reflects isolated BRT having more frequent urine
leaks yet lower ISS.We suspect that isolated kidney injuries result
from greater focal energy transfer (e.g., sports injury) than multi-
system scenarios in which the energy transfer is more diffuse
(e.g., motor vehicle crash), thereby explaining this detected differ-
ence in susceptibility to urine leak. Speculating further to explain
the association of higher fever on ED arrival in patients who de-
velop urine leak, it is possible that isolated renal injury had amore
delayed presentation after injury, prompting the febrile response.

The location of renal injury has been previously shown to
affect failure of conservative management for pediatric BRT,
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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with anteromedial injuries and medial contrast extravasation
predicting increased interventions.8,18 This location susceptibil-
ity was hypothesized to be due to nearer proximity with the peri-
toneum in this area, allowing greater expansion of any urinomas.
Our unexpected finding that the upper lateral region was inde-
pendently associated with urine leak is novel and may be unique
to children, requiring further exploration. It is possible that the
upper lateral region affords reduced protection given that the
thoracic cage is more pliable and weaker in childhood.

The optimal usage and timing of delayed excretory phase
CT scans in pediatric renal trauma remains an area of debate,
given the desire to limit radiation exposure to children.Many cli-
nicians use hematuria to determine the necessity of imaging, as
previously discussed, but standardization is lacking regarding
the amount of hematuria that meets the cutoff for imaging.19

Some have questioned the necessity of obtaining CT imaging
in pediatric renal trauma, with one study demonstrating that out-
comes were not different between patients who had on-table de-
layed excretory CT and those who did not.20 However, other
studies have shown that obtaining the delayed phase CT scans
at initial imaging for any detected renal laceration may in fact re-
duce the number of follow up CT scans required.21 This present
study definitively argues for obtaining an on-table delayed ex-
cretory CT scan in the context of any renal laceration scored
Grade 3 or higher, which captured all urine leaks in our larger se-
ries. Furthermore, we found that having CT imaging on arrival
was closely associated with day one detection of urine leaks
and more streamlined management. Our data demonstrated that
children with BRT and urine leaks have more febrile episodes,
more frequent urologic procedures, greater consumption of anti-
biotics, significantly longer LOS, and significantly higher rates
of 90-day readmissions. Poor compliance with obtaining initial
excretory images in high-grade renal injury has been linked to
delayed diagnosis and persistent leakage in a population already
at risk for readmission and subsequent urologic intervention.5,13

Though relatively rare, a symptomatic urinary leak benefits from
earlier diagnosis and more timely management.

In the present analysis, urine leaks occurred exclusively in
Grade 3 and above injuries, and our findings show the effective-
ness of on-arrival delayed CT scan to diagnose such patients.
Therefore, we recommend that management algorithms con-
sider adding on-arrival delayed CT scan in patients who have
BRTwith an injury grade of 3 and above. This practice change
is being implemented at our institution as a result.

Seventeen patients had urine leaks and did not receive anti-
biotics, neither during hospital stay nor upon hospital discharge.
Importantly, none of these patients was readmitted for fever or ab-
dominal pain.Moreover, the patient from the urine leak group that
was readmitted for fever had received antibiotics both during hos-
pital stay and discharge. Although a more thorough analysis is re-
quired to understand the role of antibiotics, in this era of antibiotic
stewardship providers must remain cautious not to prescribe anti-
biotics routinely. Therefore, the authors recommend against rou-
tine prescription of antibiotics in the absence of a documented
positive urine culture or retroperitoneal abscess.

Hematuria has historically been used to decide whether to
obtain imaging in blunt abdominal trauma, with either gross or
microscopic hematuria generally being indications for imag-
ing.7,19 This variable aligns with the findings in the current
383
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study, which showed that the presence of any hematuria is asso-
ciated with urine leak. However, hematuria on admission did not
hold up as an independent risk factor for urine leak.

The authors acknowledge several limitations to the study
that temper rigorous conclusions, including those inherent to ret-
rospective reviews, such as missing data, small sample of urine
leaks despite a large cohort, and incomplete accounting for po-
tential confounders. Further, our findings are limited to a single
institution and are only applicable to BRT and therefore cannot
be applied to penetrating injuries. Our initial hypothesis was that
LM injuries would be a major risk factor for urine leak due to its
proximity to the urine calyces and ureteropelvic junction; how-
ever, our multivariate analysis did not show an independent as-
sociation. Unexpectedly, the UL quadrant emerged as the loca-
tion after injury most susceptible to urine leak. Although we
speculate that this susceptibility could be due to reduced protection
of this region in children, further exploration of this association is
required. The LM and UL were the most frequently injured quad-
rants in the urine leak group, and therefore one explanation for the
association between UL injuries and urine leaks could be that kid-
ney lacerations in a diagonal pattern from UL to LM encompass
the greatest volume of parenchyma and therefore highest risk for
urine leaks. Our cohort includes older adolescents whose physiol-
ogy maybe closer to adults, and whose injury mechanism maybe
unique. Therefore, any conclusion on effects of BMI and age on
risk of urine leak must be confirmed with additional studies that
have amore thorough analysis. Although this study showed that an-
tibioticswere overprescribed in patients developing urine leaks, fur-
ther data are needed to confirm this finding. Similarly, routine de-
layed CT scans for Grade 3 and above were appropriate in our co-
hort, however, further studies are warranted to determine the utility
of routine delayed CT scan for BRT regarding detection of urine
leaks. Moreover, the administration of the delay excretion phase
was completed at different times throughout our cohort. This incon-
sistency has fueled quality improvement initiatives in collaboration
with our radiology colleagues to create a standardized approach to
evaluate urine leaks in children sustaining BRTwithin our system.

In conclusion, urine leaks after BRT lead to considerable
morbidity in the pediatric population, including increased fevers,
90-day readmission rates, and need for operative or interventional
management. This study is the first to examine the relationship
between kidney quadrants and urine leaks, andwe found that high
grade,4,5 isolated BRT, and upper lateral quadrant injuries were
independent predictors of urine leaks. BRT protocols should
consider decision trees based on the presence of urine leaks.
Prompt discovery of these conditions and adequate care will
streamline resource utilization and optimize patient outcomes.
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