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Pediatric blunt renal trauma practice management guidelines:
Collaboration between the Eastern Association for the Surgery of
Trauma and the Pediatric Trauma Society
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Injury to the kidney from either blunt or penetrating trauma is the most common urinary tract injury. Children are at higher risk of
renal injury from blunt trauma than adults, but no pediatric renal trauma guidelines have been established. The authors reviewed the
literature to guide clinicians in the appropriate methods of management of pediatric renal trauma.
METHODS:
Grading of Recommendations Assessment, Development and Evaluation methodology was used to aid with the development of
these evidence-based practice management guidelines. A systematic review of the literature including citations published between
1990 and 2016 was performed. Fifty-one articles were used to inform the statements presented in the guidelines. When possible, a
meta-analysis with forest plots was created, and the evidence was graded.
RESULTS:
When comparing nonoperative management versus operative management in hemodynamically stable pediatric patient with blunt
renal trauma, evidence suggests that there is a reduced rate of renal loss and blood transfusion in patients managed nonoperatively.
We found that in pediatric patients with high-grade American Association for the Surgery of Trauma grade III-V (AAST III-V)
renal injuries and ongoing bleeding or delayed bleeding, angioembolization has a decreased rate of renal loss compared with surgical intervention. We found the rate of posttraumatic renal hypertension to be 4.2%.
CONCLUSION:
Based on the completed meta-analyses and Grading of Recommendations Assessment, Development and Evaluation profile, we
are making the following recommendations: (1) In pediatric patients with blunt renal trauma of all grades, we strongly recommend
nonoperative management versus operative management in hemodynamically stable patients. (2) In hemodynamically stable pediatric patients with high-grade (AAST grade III-V) renal injuries, we strongly recommend angioembolization versus surgical intervention for ongoing or delayed bleeding. (3) In pediatric patients with renal trauma, we strongly recommend routine blood
pressure checks to diagnose hypertension. This review of the literature reveals limitations and the need for additional research
on diagnosis and management of pediatric renal trauma. (J Trauma Acute Care Surg. 2019;86: 916–925. Copyright © 2019
Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: Guidelines study, level III.
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BACKGROUND:

A

ccidental trauma is the leading cause of death among children and adolescents.1 Injury to the kidney from blunt
trauma is the most common urinary tract injury. In children,
blunt trauma is responsible for 90% of renal injuries, and the
kidney is injured in approximately 10% of all pediatric blunt
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abdominal trauma.2 Children are at higher risk of renal injury
from blunt trauma than adults due to several anatomic factors including decreased perirenal fat, weaker abdominal musculature,
and a less ossified thoracic cage—all of which offer less protection to the kidney.3
Several surgical/urologic societies, including the American
Urologic Association and the European Association of Urology,
and the Eastern Association for the Surgery of Trauma (EAST),
have guidelines for adult renal trauma; however, there are currently no renal trauma guidelines focused on pediatric patients.4–7
As a result, the Pediatric Trauma Society and EAST Guidelines
committees collaborated to develop guidelines for this topic using
the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) framework recently adopted by EAST.8
The GRADE methodology is being used worldwide to aid
with the development of evidence-based practice management
guidelines. The GRADE framework serves as a systematic and
transparent guide that leads to a summary of the existing evidence and eventually allows this evidence to be translated into
recommendations. For each study, evidence is rated concerning
a specific clinical outcome that deems to be important to clinical
care. The strength of the final recommendations is based on
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evidence quality, taking into consideration the balance between
clinical outcomes and patient preferences and values.
Areas of focus in the pediatric blunt renal trauma guidelines include management of pediatric renal trauma (operative vs.
nonoperative), type of surgical intervention (angioembolization vs.
open surgery), and follow-up (blood pressure checks vs. no blood
pressure checks).

OBJECTIVES
The objectives of these guidelines are to evaluate the management of pediatric blunt renal trauma (operative vs. nonoperative), type of surgical intervention (angioembolization vs. open
surgery), and follow-up (blood pressure checks vs. no blood
pressure checks). The Population (P), Intervention (I), Comparator (C), and Outcome (O) questions are defined below:
1. PICO Question 1: In hemodynamically stable pediatric patients with blunt renal trauma of all grades (P), should operative management (I) versus nonoperative management
(C) be performed to decrease the incidence of renal loss,
blood transfusion, urinoma formation, additional procedures, and additional imaging (O)?
2. PICO Question 2: In hemodynamically stable pediatric patients with high-grade American Association for the Surgery
of Trauma grade III-V (AAST III-V) renal injuries from
blunt trauma and ongoing or delayed bleeding (P), should
angioembolization (I) versus surgical intervention (C) be
performed to decrease incidence of renal loss, blood transfusion, and complications(O)?
3. PICO Question 3: In pediatric patients with blunt renal
trauma (P), should blood pressure checks (I) versus no blood
pressure checks (C) be performed on follow up to diagnose
hypertension (O)?

IDENTIFICATION OF REFERENCES
A search of the world's peer-reviewed literature was conducted with the assistance of a professional medical research librarian using PubMed (www.pubmed.gov), Scopus (www.
elsevier.com/solutions/scopus), and Web of Science (www.
webofknowledge.com) with citations published between 1990
and 2016. In addition to the electronic search, we reviewed the
bibliographies of recent review articles and published articles
and included pertinent citations. Articles were limited to those
in English language and involving human subjects. The search
terms used included: renal, kidney, trauma, injury, pediatric, penetrating, stab, firearm, gunshot, blunt, and human. We excluded
letters to the editor, case reports, book chapters and review articles. A total of 123 articles were identified, and these articles were
reviewed by two committee members (J.C.H., J.M.D.). The final
reference list of 77 citations was then distributed to the remainder
of the guidelines group to review. Of these, 51 articles were felt to
be appropriate to include in these guidelines (Fig. 1).

OUTCOME MEASURE TYPES
Following GRADE methodology, we chose the outcomes
by having all committee members rate the proposed outcomes in
importance from 1 to 9 with scores 7 to 9 representing critical

outcomes. For PICO question 1, the following outcomes were
considered by the committee members: renal loss (partial or total
nephrectomy), blood transfusion, urinoma formation, additional
procedures, additional imaging, length of stay. Of these outcomes, the committee deemed the following to be “critical” outcomes for PICO question 1: renal loss, blood transfusion, and
additional imaging. Urinoma formation and additional procedures were categorized as “important” outcomes and due to
the lack of data length of stay was not included as an outcome.
For PICO 2, the following outcomes were rated: renal loss,
blood transfusion, infection, length of stay, and urine leak. The
committee determined the following outcomes to be critical
for PICO 2: renal loss, and blood transfusion. Complications
such as infection and urine leak were rated as “important.”
Due to the lack of data length of stay was not included as an outcome. The diagnosis of hypertension was the only outcome
rated for PICO 3 and was deemed to be “critical.”

DATA EXTRACTION AND METHODOLOGY
After the identification of 51 articles pertinent to our pediatric blunt renal trauma guidelines, each article was assigned to
two committee members for extraction of data for each PICO
question. All of the studies were retrospective reviews, and none
of the articles were randomized controlled trials. All of the studies included pediatric patients.

PICO 1
Forty-six articles included data relevant to PICO 1.9–54 Intrinsic limitations of the data existed because of nonstandardized
study design, incomplete reporting of complications, and possible misclassification of renal injury grade. Additionally, some
studies only focused on AAST grade IV-V injuries. A total of
46 studies included information on renal loss, eight of these studies
did not have a comparison group or reported zero events in each
group and were therefore excluded from the meta-analysis and
are recorded as “not estimable” in the forest plot. Thirteen studies reported on blood transfusions, and 33 studies had data on
additional procedures/imaging. Concerning the meta-analysis,
thirty-eight studies had the necessary information to make Forest plots for the outcome of renal loss, and eight studies included
the necessary information to make Forest plots for the outcome
of blood transfusion, comparing operative versus nonoperative
management.

PICO 2
A total of six articles included data relevant to PICO
2.14,30,35,55–57 The same limitations seen with PICO 1 existed.
Three articles contained sufficient information to construct Forest plots on the outcome of renal loss, two studies for the outcome of blood transfusion, and two studies on infection/urine
leak, comparing angioembolization versus surgical intervention.
All six studies reported on renal loss, three studies reported on
blood transfusions and five studies had data on complications,
defined as infection and urine leak.

PICO 3
Sixteen articles were available to address PICO
3.17,19,21,26,29–31,33,34,40,42,43,46,53,54,58 The major limitation of the
data for PICO 3 is the short follow-up and/or loss to follow-up
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Figure 1. Prisma diagram for systematic review.

in many of the studies. No study reported on the incidence of hypertension in the pediatric patients who did not get any blood
pressures on follow-up. Therefore, there was no comparison
group to generate Forest plots and was not included in the
meta-analysis.

RESULTS FOR PICO QUESTION 1
In pediatric patients with blunt renal trauma of all grades
(P), should operative management (I) versus nonoperative management (C) be performed to decrease the incidence of renal loss,
blood transfusion, urinoma formation, additional procedures, and
additional imaging (O) in hemodynamically stable patients?

Qualitative Synthesis
The management of renal trauma has shifted in favor of
nonoperative over the past 30 years.59 Nonoperative management gained popularity owing to considerably higher renal salvage
rates than operative management.60 The trend toward nonoperative
management has been reported for blunt renal injuries in children
as well.61,62 Although randomized trials do not exist and would
likely not be feasible in the trauma setting, nonoperative management for low grade (AAST I-III) renal injuries is well accepted, whereas less evidence is available for the management
of high-grade (AAST IV-V) renal injuries.63 Nevertheless, high918

grade injuries are being managed nonoperatively with increasing
frequency.9,15,25,30 The only absolute indication for operative
management is failure to respond to resuscitation which manifests in persistent hemodynamic instability.63
Forty-six studies published after 1990 were relevant to this
PICO question. Combining all the studies, a total of 5,561 children
sustained blunt renal trauma of which 579 (10%) underwent operative intervention, and 4,982 (89.6%) were managed nonoperatively.
Thirty-eight of the studies included comparison data on renal
loss that was adequate to create a Forest plot (Fig. 2). Studies
that had no renal loss in neither the operative nor the nonoperative group were not included in the meta-analysis (“not estimable” in Fig. 2). In the operative group, almost half (44.9%) of
the children had renal loss compared with 1.5% in the nonoperative group. Eight of the studies included comparison data on
blood transfusion that was adequate to create a Forest plot
(Fig. 3). In the operative group, 90% required blood transfusion
compared with 23.1% in the nonoperative group. Twenty-eight
studies included information on urinoma formation, and 2.4%
developed a urinoma in the operative group versus 1.2% in the
nonoperative group. Thirty-two studies had information about
additional procedures that were needed for 2.8% of patients in
the operative group and 5.7% in the nonoperative group. Fifteen
studies reported on additional imaging which was performed in
0.3% of the operative group and 3.5% in the nonoperative
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 2. Forest plot for PICO 1, comparing the outcome of renal loss for nonoperative and operative management of
hemodynamically stable pediatric patients with blunt renal trauma of all grades.

group. Only four studies included information on length of hospital stay. Due to the lack of data, we did not include length of
hospital stay in our final PICO question.

Quantitative Synthesis (Meta-Analysis)
Thirty-eight studies were included in the meta-analysis for
the outcome of renal loss, comparing the nonoperative to the

operative group. Nonoperative management was significantly associated with reduced renal loss rates with an odds ratio (OR) of
0.05 (95% confidence interval [CI], 0.03–0.06). Of note, the I2
statistic was 70%, falling into the “moderate to high” heterogeneity category, indicating that the effect size varies substantively
across studies. Nonoperative management had significantly less
blood transfusion requirements with an OR of 10.15 (95% CI,
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Figure 3. Forest plot for PICO 1, comparing the outcome of blood transfusion for operative and nonoperative management of
hemodynamically stable pediatric patients with blunt renal trauma of all grades.

3.33–30.98). The I2 was 0%, falling into the “low” heterogeneity
category, indicating that the studies are comparable.
Due to the small numbers reported, as well as the heterogeneity and variability in the reporting of urinoma formation and additional procedures/imaging among all the studies, a meta-analysis
was not appropriate for these outcomes.

Grading the Evidence
All of the data related to this PICO question were retrospective and observational in nature. With the use of the GRADE
framework for evaluating the outcome of renal loss we rated the
evidence as moderate due to the magnitude of effect. For the
outcomes of blood transfusion the quality of the data for this
PICO question suffered from imprecision (Table 1). Imprecision
was assigned for blood transfusion due to the very low numbers
of events. The overall quality of evidence was determined to be
very low.

Recommendation
Although the overall quality of the data for this PICO
question was considered to be very low, the guidelines panel
considered the fact that most patients would place very high
value on nonoperative management with a much decreased rate
of renal loss compared with operative intervention. The panel
discussion centered around the benefits from nonoperative management as a national standard of care. There is no literature that
describes patient preferences, but one can assume that patients
would rather avoid a major surgery and potential renal loss compared with nonoperative management even if this requires minor
interventions such as ureteral stent placements or urinoma drainage. We did not find any evidence that nonoperative management leads to longer hospital stay, but the data are scarce. The
panel went through a blinded voting process for this PICO question. The responses were tallied and eventually discussed among
the entire group. The final vote was unanimous. For the final
recommendation, the guidelines panel considered the following:
quality of evidence, balance between desirable and undesirable
outcomes, patients' values and preferences. Within the GRADE
framework, a strong recommendation implies that most individuals would want the recommended course of action and only a
small proportion would not.
920

“In pediatric patients with blunt renal trauma of all grades,
we strongly recommend nonoperative management versus
operative management in hemodynamically stable patients.”

RESULTS FOR PICO QUESTION 2
In hemodynamically stable pediatric patients with highgrade (AAST III-V) renal injuries from blunt trauma and ongoing or delayed bleeding (P), should angioembolization (I) versus
surgical intervention (C) be performed to decrease incidence of
renal loss, blood transfusion, and complications.(O)?

Qualitative Synthesis
Contemporary treatment options for blunt renal trauma include observation, renal angioembolization, open repair or nephrectomy. Angioembolization has the potential advantage of
less morbidity, lower rate of complications, faster convalescence
and renal loss than open surgery and has become widely used for
patients with ongoing bleeding from renal trauma. It must be
noted that angioembolization does have its own risks, including
radiation exposure, contrast nephropathy, hemorrhage, pain, arterial dissection, and ectopic coil placement.64–68 Therefore, its use
should be reserved for patient with ongoing bleeding from renal
trauma, and its overuse in hemodynamically stable patients, especially with low grade injuries, should be discouraged.67 Radiographic predictors of the need for subsequent intervention
have been reported in the literature and include hematoma rim
distance greater than 3.5 cm, intravascular contrast extravasation, and medial renal laceration site.69 These radiographic characteristics have been reported for patients of any age and have
not specifically been studied in the pediatric population.
Six studies published after 1990 were relevant to this
PICO question. Combining all of the studies, a total of 62 children presented with high-grade (AAST III-V) blunt renal trauma
of which 18 (29%) underwent angioembolization and nine
(14.5%) underwent open surgical intervention. Three of the
studies included comparison data on renal loss that was adequate
to create a Forest plot (Fig. 4). In the angioembolization group,
no child had renal loss (0%) compared with 66.7% in the operative group. Two of the studies included comparison data on
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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Critical
48/208 (23.1%) OR, 10.15 (3.33–30.98) 522 more
Very Low
per 1,000
18/20 (90%)
None
Serious
Not serious
Blood transfusion
8
Observational studies Not serious

Not serious

14 fewer
per 1,000
289/643 (44.9%) 69/4729 (1.5%) OR, 0.05 (0.03–0.06)
None
Not serious

Not serious Not serious

blood transfusion that was adequate to create a Forest plot
(Fig. 5). In the angioembolization group, 83.3% required blood
transfusion, compared with 87.5% in the operative group. In the
angioembolization group, 0% developed a urine leak/infectious
complications, compared with 33.3% in the operative group.
Three studies evaluated angioembolization only, a total of 55
children were included in these studies and two (3.6%) had renal
loss, two (3.6%) needed a blood transfusion and one (1.8%)
child had a complication (infection/urine leak).

Quantitative Synthesis (Meta-Analysis)
Three studies were included in the meta-analysis for the
outcome of renal loss, comparing the angioembolization to the
operative group. Angioembolization was significantly associated with reduced renal loss rates with an OR of 0.08 (95% CI
0.01, 0.82). The I2 was 0%, falling into the “low” heterogeneity
category, indicating that the effect size was comparable across
studies. Two studies were included in the meta-analysis for the
outcome of blood transfusion, comparing the angioembolization
to the operative group. There was no difference between the two
groups (OR, 0.96; 95% CI, 0.08–11.91). Due to the small numbers reported, as well as the heterogeneity and variability in the
reporting of complications (infection/urine leak) among all the
studies, a meta-analysis was not appropriate for these outcomes.

Grading the Evidence
All of the data related to this PICO question were retrospective
and observational in nature. With the use of the GRADE framework
for evaluating the outcomes, including renal loss and blood
transfusion, the quality of the data for this PICO question was
affected by imprecision due to the very low numbers of events
(Table 2). Due to these factors, the overall quality of evidence
was determined to be very low.

Recommendation

Renal loss
38
Observational studies Not serious

Effect
Relative (95% CI)
No. patients
Operative
Nonoperative
Risk of bias Inconsistency Indirectness Imprecision Other considerations
Study design
No. studies

Certainty Assessment

TABLE 1. Evidence Table for PICO Question 1

Summary of Findings

Absolute
(95% CI)

Low

Critical

Certainty Importance

Hagedorn et al.

Even though the overall data quality for this PICO question
was considered to be very low, the guidelines panel considered the
fact that most patients would place very high value on minimally invasive management with angioembolization which has a much decreased rate of renal loss compared with operative intervention.
The panel went through a blinded voting process for this PICO question. The responses were tallied and eventually discussed among the
entire group. The final vote was unanimous. For the final recommendation, the guidelines panel considered the following: quality of
evidence, balance between desirable and undesirable outcomes,
patients' values and preferences and cost and resource use.
Within the GRADE framework, a strong recommendation implies that most individuals would want the recommended course
of action and only a small proportion would not.
In hemodynamically stable pediatric patients with high-grade
(AAST grade III-V) renal injuries from blunt trauma, we
strongly recommend angioembolization versus surgical
intervention for ongoing or delayed bleeding.”

RESULTS FOR PICO QUESTION 3
In pediatric patients blunt renal trauma (P), should blood
pressure checks (I) versus no blood pressure checks (C) be performed on follow up to diagnose hypertension (O)?
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Figure 4. Forest plot for PICO 2, comparing the outcome of renal loss for angioembolization and surgery in hemodynamically stable
pediatric patients with high-grade (AAST III-V) renal injuries and ongoing or delayed bleeding.

Qualitative Synthesis
Renal ischemia can lead to renin-mediated posttraumatic
hypertension. Renal ischemia can be vascular in etiology, for example,
arterial thrombosis, arteriovenous malformation/pseudoaneurysm,
or due to external compression by hematoma or fibrosis (known
as Page kidney). Immediately after the injury, hypertension could
be due to pain and may resolve with adequate treatment and observation. In the literature, trauma-induced hypertension after a highgrade injury (AAST grade III-V) has been reported to be around
5%.46,60 If posttraumatic renal hypertension is diagnosed, imaging
should be considered to assess for arteriovenous malformation/
pseudoaneurysm and if present treated with angioembolization.
If a poorly functioning kidney is associated with posttraumatic
hypertension, nephrectomy may be the best option.34,60 If no
such abnormalities can be identified on imaging, posttraumatic
renal hypertension should be controlled with angiotensinconverting enzyme inhibitors.
Sixteen studies published after 1990 were relevant to this
PICO question. Combining all the studies, a total of 909 children
sustained blunt renal trauma, and 496 (52.3%) had blood pressure checks on follow up over months to years. Of note, the follow up for the studies varied widely from 2 weeks postdischarge
up to 17 years. The majority (95.8%) of the patients who had received blood pressure checks on follow up were normotensive,
whereas 4.2% were diagnosed with hypertension on follow up.

Quantitative Synthesis (Meta-Analysis)
Due to the heterogeneity and variability in the reporting
among all the studies a meta-analysis was not appropriate for
this PICO question.

Grading the Evidence
All of the data related to this PICO question were retrospective and observational in nature. With the use of the GRADE

framework for evaluating the quality of the data, this PICO question was suffering from risk of bias. Risk of bias was assigned
due to the incomplete and inadequate short follow-up as well
as failure to include a control group. Due to these factors, the
overall quality of evidence was determined to be low.

Recommendation
Even though the overall quality of the data for this PICO
question was considered to be low the guidelines panel considered the fact that most patients would place high value on treating
hypertension to prevent long-term adverse health effects. Additionally, blood pressure checks are noninvasive and low cost.
There is no data on the interval, nor length of follow up time that
blood pressure monitoring should be conducted. The panel went
through a blinded voting process for this PICO question. The responses were tallied and eventually discussed among the entire
group. The final vote was unanimous. For the final recommendation, the guidelines panel considered the following: quality of
evidence, balance between desirable and undesirable outcomes,
patients' values and preferences and cost and resource use.
Within the GRADE framework, a strong recommendation implies that most individuals would want the recommended course
of action and only a small proportion would not.
“In pediatric patients with blunt renal trauma, we strongly
recommend routine blood pressure checks on follow up to
diagnose hypertension.”

Using These Guidelines in Clinical Practice
These guidelines represent the thorough and comprehensive review of the literature regarding management and follow
up of pediatric patients with renal injuries from blunt trauma.
They are meant to guide the decision making process and do
not replace clinic judgment. The literature available for review

Figure 5. Forest plot for PICO 2, comparing the outcome of blood transfusion for angioembolization and surgery in hemodynamically
stable pediatric patients with high-grade (AAST III-V) renal injuries and ongoing or delayed bleeding.
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Critical
7/8 (87.5%)
5/6 (83.3%)

OR, 0.96
5 fewer
Very low
(0.08–11.91)
per 1,000

Critical
OR, 0.05
529 fewer Very low
(0.01–0.082)
per 1,000
6/9 (66.7%)
0/9 (0.0%)

strongly supports nonoperative management for low grade and
even high-grade renal injuries in patients with normal hemodynamics and the use of angioembolization in children with
high-grade (AAST III-V) renal injuries with ongoing or delayed
bleeding. Of note, renal injuries involving the ureteric pelvic
junction, which are a AAST grade V injury and identified on
the excretory/delayed phase CT images with medial contrast extravasation warrant urgent surgical intervention. In hemodynamically stable patients, a ureteric pelvic junction injury should be
assessed with a retrograde ureterorenography and possible stent
placement versus open repair.5 For hemodynamically unstable patients a percutaneous nephrostomy tube can divert the urine until
definite repair can be accomplished. An additional indication for
surgical intervention for renal trauma in children is of course lifethreatening hemorrhage.37 Concerning blood pressure checks, we
know, even with limited data, that posttraumatic hypertension occurs in children with all grades of renal injury.17,26,30,31,33,46,58
Furthermore, hypertension may be diagnosed during the index
hospitalization or during follow-up months to years after the
injury.31,46,58 Children with a history of renal trauma should
have their blood pressure measured as part of the follow-up
visit with the treating physicians. Thereafter, the child should
have their blood pressure checked every year with their primary care provider as recommended by the American Academy of Pediatrics.70

Serious
Blood transfusion
2
Observational studies Not serious Not serious Not serious

None

Serious

None

CONCLUSION

Renal loss
3
Observational studies Not serious Not serious Not serious

Study design

Risk of bias Inconsistency Indirectness Imprecision Other considerations

No. patients
Effect
Certainty Importance
Renal angioembolization Surgical intervention Relative
Absolute
(95% CI)
(95% CI)

Hagedorn et al.

No. studies

Certainty Assessment

TABLE 2. Evidence Table for PICO Question 2

Summary of Findings
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In summary, we strongly support three important and
evidence-based recommendations regarding pediatric renal trauma
using the GRADE methodology. First, we strongly recommend
nonoperative management for children with renal trauma. Second, we strongly recommend angioembolization for hemodynamically stable children with high-grade (AAST III-V) renal trauma
and ongoing or delayed bleeding. Lastly, we strongly recommend
routine blood pressure checks on follow-up to diagnose posttraumatic renal hypertension in children.
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