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Background: The aim was to evaluate the impact of a standardized nonoperative management protocol by com-
paring patients with isolated blunt renal injury before and after implementation.
Methods:We retrospectively reviewed the trauma registry at our Level 1 pediatric trauma center. We compared
consecutive patients (≤18 years) managed nonoperatively for blunt renal injury Pre (1/2010–9/2014) and Post
(10/2014–3/2020) implementation of a clinical guideline. Outcomes included length of stay, intensive care
unit admission, urinary catheter use, and imaging studies.
Results:We included 48 patients with isolated blunt renal injuries (29 Pre, 19 Post). There were no differences in
age, sex, injury grade, or mechanism (P > .05). Postprotocol had decreased length of stay (P = .040), intensive
care unit admissions (P = .015), urinary catheter use (P = .031), and ionizing radiation imaging (P < .001).
Conclusion: These data suggest improved outcomes and resource utilization following implementation of a non-
operative management protocol of pediatric isolated blunt renal injuries.

© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Blunt force trauma is responsible for 90% of renal injuries in children,
and the kidney is injured in approximately 10% of all pediatric blunt ab-
dominal trauma [1]. Compared to adults, children are at higher risk of
renal injury from blunt mechanisms due to several anatomic factors
that contribute to less protection for the kidney (eg, relatively increased
renal size and mobility; decreased perirenal fat; weaker abdominal
musculature; and a more compliant, less ossified thoracic cage) [2,3].
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Isolated renal injuries in children are uncommon, as renal injuries con-
comitantwithmultiorgan injuries represent themajority of patient pre-
sentations [4].

Nonoperative expectant management is the standard of care in he-
modynamically stable adultswith blunt renal injury [5]. Based primarily
on data from the adult trauma literature [5] and retrospective series in
pediatric patients [6,7], the management of pediatric renal injuries has
also largely shifted toward nonoperative management in hemodynam-
ically stable patients [3]. In 2017, Cunningham et al published an
expedited recovery protocol for management of pediatric blunt solid
organ injury using a series of 106 patients with solid organ injuries, in-
cluding spleen, liver, and kidney [8]. In 2019, the Pediatric Trauma Soci-
ety and EAST guidelines committees published guidelines strongly
recommending nonoperative over operative management in hemody-
namically stable patients with blunt renal trauma [9]. Despite these rec-
ommendations, there are few published algorithms that provide
specific guidance on the details of nonoperativemanagement of isolated
renal trauma in pediatric patients.

Our American College of Surgeons (ACS)–verified Level 1 pediatric
trauma center implemented a standardized consensus pathway for
the nonoperative management of hemodynamically stable patients
with isolated blunt renal injury in September 2014. The development
of this clinical guideline was based on previously published experience
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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demonstrating preserved renal function in children after nonoperative
management [10,11], a contemporary literature review, and an internal
retrospective review of consecutive patients in the 5 years prior to im-
plementation that identified variances in care and the need to adopt
current best practices (unpublished data). The purpose of this study
was to evaluate the effect of this standardized nonoperative manage-
ment protocol by comparing data from consecutive patients presenting
with isolated blunt renal injury after protocol implementation to histor-
ical controls.We hypothesized that a standardized approach to the non-
operative management of isolated blunt renal injuries would be
associated with improvements in patient care and decreased resource
utilization.

METHODS

After obtaining institutional review board approval, we evaluated
the trauma registry (a prospective patient registry) at our Level 1 pedi-
atric trauma center. Patients with renal trauma were treated according
to a consensus nonoperative blunt renal trauma protocol instituted in
September 2014 (Fig 1). Consecutive patients 18 years of age and youn-
ger who presented with a diagnosis of kidney injury from January 2010
to March 2020 were identified from the trauma registry, and a retro-
spective review of all patients' medical records and radiologic imaging
was conducted.

Our hospital is an ACS-verified Level 1 pediatric trauma center and
tertiary referral center. Our immediate service area includes the states
of Missouri and Illinois, specifically the 12 counties surrounding the St.
Louis area which represent a population of 609,425 people <18 years
of age. During the study period, a mean of 1,621 new patients were en-
tered into the trauma registry annually.
Fig 1. Protocol for nonoperative management of patients with isolated blunt renal injuries. (A)
grade of injury. AAST, American Association for the Surgery of Trauma; CBC, complete blood cou
x-ray; NPO, nil per os (ie, nothing to eat or drink allowed); PO, per os (diet allowed); PRN, as n
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Inclusion/Exclusion Criteria. Patients were considered for inclusion if
they had evidence of renal trauma. Inclusion criterion was the presence
of isolated blunt renal injury, which was defined as patients with docu-
mented renal injuries from a known blunt mechanism and with no
other injuries that required hospital admission or were likely to
lengthen hospital stay for management. Exclusion criteria were as fol-
lows: multisystem injuries, including nonrenal trauma that would oth-
erwise require extended hospital admission; hemodynamic instability;
hemoglobin decrease of >1 g/dL on 2 consecutive lab draws at least 6
hours apart; penetrating mechanism; and suspected nonaccidental
trauma or unknown mechanism of injury.

Data Collection. Patients were identified using the trauma registry, and
additional data were collected from the electronic medical record. Data
collected included sex, age, height, weight, length of hospital stay (LOS),
mechanismof injury, computed tomography (CT), grade of renal injury,
other injuries, urinary catheter placement and duration, incidence of
catheter-associated urinary tract infections (CAUTI) [defined according
to the Centers for Disease Control (CDC) guidelines] [14], Urology ser-
vice consultation, number of complete blood count (CBC) laboratory
tests performed, intensive care unit (ICU) admissions, length of ICU
stay, failure of nonoperative management, readmissions within 30
days for related complaints, and the type and number of imaging stud-
ies obtained at follow-up (if any). Failure of nonoperative management
was defined in patients initially treated according to the nonoperative
protocol that were subsequently censored due to decreasing hemoglo-
bin and patients that ultimately required nephrectomy, renorrhaphy,
or invasive procedure for management specific to the kidney (ie, embo-
lization). Follow-up imaging types were subdivided into those that ex-
pose the patient to ionizing radiation (ie, CT, voiding cystourethrogram
Nonoperative management protocol. (B) Activity restriction guidelines based on AAST CT
nt; CT, computed tomography; BMP, basic metabolic panel;UA, urinalysis; AXR, abdominal
eeded; DMSA, nuclear medicine scan using dimercaptosuccinic acid; BP, blood pressure.

Image of Fig 1
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(VCUG)), nuclear imaging studies (ie, single-photon emission comput-
erized tomography (SPECT), dimercaptosuccinic acid (DMSA), and
mercaptuacetyltriglycine (MAG3) scans), and imaging that does not in-
volve exposure to ionizing radiation (ie, ultrasound).

The American Association for the Surgery of Trauma (AAST) kidney
trauma grading systemwas used to grade all renal injuries based on im-
aging obtained at the time of presentation [12]. The AAST kidney trauma
grading system was originally introduced in 1989 [13], but for consis-
tency, all imaging was re-reviewed at the time of data collection and
grading was based on the published 2018 revision [12]. There were no
changes in grade of renal injury with this update.
Statistical Analysis. Patients were subsequently divided into two
groups: Pre and Post. The Pre group consisted of patientswhopresented
prior to protocol implementation (1/2010 to 9/2014), whereas the Post
group consisted of patients that presented after protocol implementa-
tion (10/2014 to 3/2020). Patient characteristics and management var-
iables were compared between the Pre and Post patient groups. For
each variable, Pre and Post groupswere compared using unpaired com-
parisons (Fisher exact test for categorical variables, Mann–Whitney U
test for continuous variables). The Kruskal–Wallis test was used to
Fig 2. Flowchart illustrating the inclusion
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compare multiple groups (distribution of renal injury by grade and
LOS by injury grade). Data are reported using median and interquartile
range, unless otherwise noted. Deviation from the protocol
(nonadherence) was identified using outlier detection. Outliers were
identified using the robust regression with outlier detection (ROUT)
method [15]. Outliers were identified but not removed from further
analysis. For our analysis, the threshold for outlier detection (Q) was
preset to a stringent value = 0.1% (making it more difficult to identify
outliers and thus more likely that the identified points represent true
deviations in care). Alpha and beta were preset to .05 and .20, respec-
tively. Statistical tests were performed using Prism 8 (GraphPad, San
Diego, CA).
RESULTS

Patient Selection. Overall, between January 2010 andMarch 2020, 127
patients with renal trauma were identified from the trauma registry
(Fig 2). Seventy-nine patients were excluded from the study, and 48
(38%) patients were ultimately included for further analysis. There
were 29 patients in the Pre group and 19 patients in the Post group.
/exclusion of patients for this study.

Image of Fig 2


Table 1
Patient demographic characteristics

All included Pre Post P value

Number of patients 48 29 18 –
Male patients (%) 62.5% 69.0% 52.6% .362
Age (y)⁎ 12.80 (6.4) 12.45 (7.7) 13.75 (6.2) .161
Height (cm)⁎ 159.75 (34.4) 157.00 (45.1) 162.00 (17.2) .168
Weight (kg)⁎ 50.55 (31.5) 49.00 (33.5) 53.98 (31.1) .494

⁎ Data are reported in median (interquartile range).

Table 2
Injuries other than renal injury by organ system

All included Pre Post

Abrasion/laceration 12 6 6
Fracture 4 2 2
Liver injury (Grades 1–2) 4 1 3
Spleen injury (Grades 1–2) 6 3 3
Adrenal hemorrhage 1 0 1
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Demographics and Injury Characteristics. There were no significant
differences between the demographic characteristics of the 2 groups
[sex, age at the time of injury, height, and weight (Table 1)]. A summary
of other (nonrenal) injuries in the 2 groups is shown in Table 2. Overall,
associated injuries includedmultiple superficial skin abrasions and lacer-
ations, humerus fractures (n=2), isolated rib fractures (n=2), Grade 1–
2 splenic lacerations, Grade 1–2 liver lacerations, and a right adrenal hem-
orrhage (Table 2). No injury was deemed significant enough, based on
standard management practices, to warrant deviation from protocol by
lengthening hospital stay or changing the frequency of laboratory tests.

The common mechanisms of injury in the 2 groups are shown in
Fig 3, A. Falls were more common in the Pre group, whereas motor
Fig 3. (A) Frequency distribution of mechanisms of injury. (B) Frequency distribution of
grade of renal injury for each group. Numerals at the top of bars indicate the individual
frequencies for each bar. ATV, all-terrain vehicle; MVC, motor vehicle crash, ped struck,
pedestrian struck.
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vehicle collision (MVC) was a more common mechanism for renal in-
jury in the Post group (Fig 3, A). Four patients hadmechanisms of injury
that were not easily classified [ie, struck by a pole (n=2), pulled coun-
tertop onto self, and sledding]. The majority of injuries were Grade 3
and 4 renal injuries in both groups (Fig 3, B). There was no difference
in the distribution of renal injury by grade between the Pre and Post
protocol groups (P = .313).

Length of Stay and ICU Admissions. Implementation of a standardized
nonoperative management protocol was associated with a decrease in
the mean length of hospital admission and fewer ICU admissions
(Table 3). Length of stay decreased by a mean of 0.76 days after protocol
implementation. Median LOS for all patients was 2.27 days; 2.45 (2.0)
days in the Pre group, and 2.07 (1.9) days in the Post group (P = .040).
There was no difference in LOS by injury grade between the Pre and Post
groups (P=.113). Using the ROUTmethod for LOS, no outlierswere iden-
tified. Therefore,wewereunable to detect any large variations in carewith
respect to length of stay. Overall, 16.7% of patients were admitted to the
pediatric ICU during the entire 10-year study period. In the Pre group,
27.6% of patients were admitted to the ICU, whereas no patients (0.0%)
were admitted to the ICU postimplementation (P= .015). Patients admit-
ted to the pediatric ICU stayed amean of 0.82 days prior to protocol imple-
mentation, which decreased to zero days postimplementation (P= .015).

Laboratory Testing. Significantly fewer CBCs were performed during
admission after implementation of the standardized protocol. For all in-
cluded patients, the median number of CBCs performed during admis-
sion was 3.0 (3.0). In the Pre group, there were 4.0 (2.0) CBCs drawn
per patient, which decreased to 2.0 (3.0) in the Post group (P = .041).
For the number of CBCs performed, a single outlier was detected in
each of the Pre and Post groups. In the Pre group, a single patient with
a Grade 4 renal injury had 13 CBCs drawn during their index hospitali-
zation. In the Post group, a single patientwith a Grade 2 renal injury had
7 CBCs drawn during their index hospitalization. These outliers repre-
sent variations in care and likely imply deviations from or
nonadherence with the standardized protocol.

Urinary Catheters and Urology Specialty Consultation. The frequency
of urinary catheter placement also decreased after implementation of
the standardized protocol. Overall, 35.4% of patients had a urinary cath-
eter placed on presentation due to their renal injury. In the Pre group,
48.3% of patients had a urinary catheter placed, whereas 15.8% of pa-
tients underwent catheter placement postimplementation (P = .031).
Interestingly, although fewer patients in the Post group had a catheter
placed, the median duration that urinary catheters remained in place
was similar between the 2 groups [Pre: 32.7 (28.4), Post: 40.0 (21.8)
hours; P=.843]. The incidence of CAUTIwas 0% in both groups. Urology
specialty consultationwas obtained at time of presentationwith similar
frequency for both study groups (Pre: 48.3%, Post: 42.1%; P = .771).
Table 3
Comparative outcome measures in Pre and Post groups

All included Pre Post P value

Length of stay (d)† 2.27 (1.5) 2.45 (2.0) 2.07 (1.9) 0.040⁎

ICU admissions (%) 16.7% 27.6% 0.0% 0.015⁎

ICU LOS (d)† – 0.71 (0.5) 0.0 (0) 0.015⁎

CBCs (n)† 3.00 (3.0) 4.00 (2.0) 2.00 (3.0) 0.041⁎

Urinary catheter (%) 35.4% 48.3% 15.8% 0.031⁎

CAUTI incidence (%) 0% 0% 0% –
Urology consultation (%) – 48.3% 42.1% 0.771
Failure of nonop management (n) 1 1 0 –
30-d readmissions (n) 3 3 0 0.267
Follow-up imaging (%) – 72.4% 57.9% 0.027⁎

Ionizing radiation – 37.9% 10.5% < 0.001⁎

⁎ Indicates statistical significance.
† Data reported in median (interquartile range).

Image of Fig 3
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Patient Outcomes. There was a single (2%) documented failure of non-
operative management for a delayed complication in the entire cohort.
This patient (in the Pre group) required embolization of a traumatic
pseudoaneurysm, which presented with persistent hematuria compli-
cating a Grade 4 injury. Overall, there were 3 (6.25%) readmissions
within 30 days for complaints related to the renal injury. All
readmissions occurred in the Pre group. Although readmissions de-
creased in the Post group, the difference did not reach statistical signif-
icance because of the rare occurrence of the outcome [Pre: 10.3% (n =
3), Post: 0% (n = 0); P = .267]. No patient in the study developed
hypertension.

Follow-Up Imaging. The use of any follow-up imaging, and particularly
the use of ionizing radiation, decreased after implementation of the
standardized protocol. The number of patients that underwent any
follow-up imaging decreased after protocol implementation (Pre:
72.4%, Post: 57.9%; P = .027). In addition, the use of ionizing radiation
for follow-up imaging decreased after protocol implementation (Pre:
37.9%, Post: 10.5%; P < .001).

DISCUSSION

Numerous published reports support nonoperative management of
hemodynamically stable pediatric patients with renal injuries. In 2004,
Buckley and McAninch demonstrated a >99% renal salvage rate in
their series of 374 patients [16]. They suggested that nonoperativeman-
agement of injury Grades 1–3 required a period of observation until res-
olution of hematuria, at least 24 hours of bedrest for Grade 2 and 3
injuries, and a postinjury CT/functional scan at 3 months. For more se-
vere injuries (≥ Grade 4), successful nonoperative management re-
quired close observation, serial hematocrits, at least 48 hours of
bedrest, and repeat imaging at 48 hours or earlier if clinically prompted
to reassess the injury status [16].

To standardize care, similar to thewell-documented approaches uti-
lized for isolated liver and spleen injuries in children [18], our Level 1
pediatric trauma center implemented a standardized clinical pathway
for nonoperative management of hemodynamically stable patients
with isolated blunt renal injury in September 2014 (Fig 1). The develop-
ment of this protocol was based on previously published experience
demonstrating preserved renal function in children after nonoperative
management [10,11], literature review (as of 2014), and an internal ret-
rospective review of consecutive patients in the 5 years prior to imple-
mentation that identified variances in care and current best practices
(unpublished data). This algorithm represented the consensus of the
primary stakeholders in renal trauma management at our institution
(pediatric general surgeons, emergency physicians, urologists, and a
dedicated trauma nurse practitioner). It was reviewed and approved
by our institutional trauma committee. It was generated to guide man-
agement of pediatric patients with isolated renal trauma from the time
of admission through discharge from the hospital and initial follow-up.
As a major academic medical center, there are a range of practitioners
(eg, attending surgeons, nurse practitioners, fellows, and residents)
that regularly participate in the care of trauma patients. Our protocol
provides guidelines for the standardized management of included pa-
tients, leading to decreased length of stay, fewer ICU admissions, and
fewer invasive laboratory tests/procedures. Similarly, in their series of
106 patients with solid organ injuries (liver, spleen, and kidney), Cun-
ningham et al demonstrated decreases in hospital stay, ICU stay, and
total phlebotomy after implementation of a standardized protocol [8].

There were no failures of nonoperative management and no
readmissions after protocol implementation in this series. As noted,
our institution treated patientswith isolated renal injurywith expectant
nonoperativemanagement prior to implementation of the standardized
protocol. One patient in the Pre group eventually required embolization
of a traumatic pseudoaneurysm, constituting a single failure of nonoper-
ative treatment at our institution over the full study period. After
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protocol implementation, no patients were censored or “fell off the
pathway” due to decreasing hemoglobin levels or due to the need for
conversion to operative/invasive intervention, underscoring the safety
and efficacy of our standardized protocol in this series. After discharge,
no patients failed due to development of ischemic renal tissue or devel-
oped resultant hypertension. Annual blood pressure checks for 3 years
are requested in a follow-up letter sent to pediatricians. This is consis-
tent with previous studies of blunt solid organ injury in which the inci-
dence of posttraumatic renal failure and hypertension (Page kidney)
was exceedingly low [7,11].

Even with the limited number of patients in this cohort, striking im-
provements in care and resource utilization were achieved and likely
could be replicated with implementation of a standardized care proto-
col for trauma patients. Several studies have included cost analyses
with respect to length of stay in children's hospitals [8,19]. Although
no direct cost analysis was performed in the current study, based on
previously published data, the mean decrease in length of stay of 0.76
days represents an estimated cost savings of $1,900–$2,500 per patient
[8,19]. Further substantial cost savings are implied by the decreased/
eliminated ICU stays, decreased number of laboratory tests performed,
decreased urinary catheter placement, decreased exposure to ionizing
radiation for follow-up imaging, and decreased readmission rates in pa-
tients managed according to our protocol.

As nonoperative management of blunt renal trauma has become
more common, published series have shifted toward shorter periods
of observation and bedrest and away from mandatory follow-up imag-
ing during index hospitalization, particularly for those studies requiring
ionizing radiation.Malcolmet al showed that routine follow-up imaging
is unnecessary in adult patients with blunt renal injuries of Grades 1–3
and that Grade 4 renovascular injuries can be followed clinically with-
out routine early follow-up imaging [17]. Previous large patient series
have demonstrated predictable and durable posthealing renal function
based on injury grade at presentation [10,11]. These series used DMSA
imaging, which can be supplanted with imaging that does not involve
exposure to ionizing radiation to screen for asymptomatic healing com-
plications as we have done in this study. In follow-up, DMSA scans have
been largely replaced by ultrasound for high-grade injuries (4 and 5) to
assess for urinoma or perfusion deficits. This is compared to a baseline
ultrasound obtained for each patient during the index admission. As a
caveat, follow-up imaging via MAG3 renal scan orMRI is recommended
for patients inwhom there is any indication of compromised renal func-
tion or hypertension.

The results of this study must be interpreted with respect to its lim-
itations. Isolated renal injuries are uncommon in blunt pediatric trauma.
Therefore, only 48 patients were identified over a 10-year period de-
spite this study being set at a busy Level 1 pediatric trauma center. Al-
though small sample sizes may limit our ability to detect differences
between groups, the decreases in length of stay, ICU admissions, and in-
vasive procedures are likely robust outcomes that reflect changes in
practice and improvements in care with a standardized protocol.
There were no differences in urologic consultation despite this being a
primarily surgeon-dependent variable. In general, consults were
requested for patients with injuries to the urinary collecting system.
Although there was a decrease in Foley catheter placement
postimplementation, there were no firm indications for catheter place-
ment at baseline. Most patients who received Foley catheters had them
placed at an outside hospital prior to transfer/arrival at our institution.
As such, the more important end point here is time to catheter removal
which was similar between groups. In addition, although the imple-
mented protocol provides guidelines for the practitioner caring for
each trauma patient, variances from the guideline or adherence to the
protocol was not strict because of allowances made for individual clini-
cal judgement. Adherence postimplementation was monitored by the
authors of this study. Although adherence to the protocol was not ad-
dressed directly, the outliers identified in the CBC counts (1 in each of
the groups) indicate reasonable adherence to the every-8-hour CBC
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recommendation. Of note, there was no transition period after approval
and implementation of theprotocol. However, all of the stakeholders in-
volved in the creation of the clinical guideline were the providers re-
sponsible for management of these trauma patients.

In conclusion, the goals of managing renal injuries in children are the
same as in adults, namely, rapid detection of injury and renal preserva-
tion. Although the management of pediatric renal injuries has largely
shifted towardnonoperativemanagement of hemodynamically stable pa-
tients, there are fewpublished protocols that provide specific guidance on
the details of nonoperative management of isolated renal trauma in this
population. This study addresses that gap by providing a specific set of
guidelines for the care of hemodynamically stable pediatric patients
with isolated renal injuriesmanaged at our institution. This series demon-
strates that implementation of a standardized nonoperativemanagement
protocol was associated with significant improvements in care and de-
creased resource utilization in patients with isolated blunt renal injuries.
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