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Abstract
Background

Non-operative management is established for low-grade (I-l) blunt renal injuries but it is getting increasingly popular even in high grade
BRI thanks to angioembolization of active bleedings. To date a systematic review to assess the role of Angioembolization (RAE) in Blunt
Renal Injuries (BRI) is not yet present in the literature.

Methods

a literature search was performed, 169 unilateral BRI were included; 124 high grade BRI (92 grade IV and 32 grade V renal injuries,
respectively). Most common indication was hemodynamically stable patients with BRI grades Il to IV and active contrast extravasation.

Results

Overall, the clinical success rate of RAE was 90% (range 73% - 100%). The rate of re-do embolization was 4.5% gaining a 100% success
rate with a second attempt. Some authors reported successful RAE even in patients with grade V BRI, without major abdominal organ
injuries and no pelvic fractures. RAE was performed also as adjunctive therapy prior to surgery. Most used agent was micro coils.
Nephrectomy rate was 5.8%, mortality rate was 3.2%.

Conclusions

A multidisciplinary approach between interventional radiology and urology should be pursued to make every effort to perform
endovascular therapy unless there are multiple visceral injuries or renal pedicle avulsion or expanding retroperitoneal hematoma
necessitating surgery.

Background

Renal angioembolization (RAE) is an effective, minimally invasive treatment that was first developed in the 1970s (1). Renal injuries occur
in approximately 10% of all abdominal trauma (2) and the kidney is the third most commonly injured solid organ. Every year, up to
245.000 renal injuries occur worldwide; blunt trauma is responsible for 80-90% of them (2) (3). Over the last few decades, non-operative
management (NOM), including observation, transfusion, bed rest and/or renal angiogram with embolization (RAE), has become
increasingly popular, especially for low-grade (I-ll) blunt renal injuries (BRI). The published evidence is unclear about the role of NOM for
higher grades (IV and V) (4) (5) (6). Over the last few decades, the management of patients with multiple injuries has improved thanks to
specialized trauma units. In this context, NOM has become the treatment of choice for most renal injuries (7). Hemodynamic stability is
one of the most important criteria to decide between operative and non-operative strategies in renal injuries (8). As a whole, primary
conservative management is associated with a lower rate of nephrectomies, without increasing the immediate or the long-term morbidity.
The improved staging of injury severity, thanks to advancing radiographic techniques, has enhanced the use of NOM (9). Furthermore,
selective treatment with interventional radiology procedures has eventually reduced the need for surgical interventions in patients with
both blunt and penetrating renal injuries (9) (10). Angioembolization has a central role in the management of hemodynamically stable
patients with BRI (11) (12). Currently there are no validated criteria to identify patients who would benefit from embolization and its use
remains controversial. This review is aimed to analyse the indications, techniques, efficacy, outcomes and complications rates of
angioembolization in renal trauma.

Methods

PRISMA guidelines (13) were followed and a literature search was performed using MEDLINE, EMBASE, SCOPUS, Web of Science. Articles
either published or e-published on angioembolization for BRI between January 2008 and September 2020 were searched. The Mesh terms
used for search were: “renal” (“kidney”); “trauma” (“injury”); “embolization”; “angiography”; (“Renal Angio Embolization” or “RAE”). An
additional manual search of EMBASE as well as bibliographies of each included study was done to identify studies not covered by the
initial search.

Study selection
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The results of the literature search were screened preliminarily by one reviewer (GR), then a secondary screening was performed by two
other reviewers (GL, AS). The full texts and references of potentially appropriate literature were searched for further screening as
recommended in the Preferred Reporting ltems for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.

Inclusion criteria

Retrospective studies evaluating adult patients who underwent RAE were included and the following data were required: 1) basic
demographics of patients, medical history; 2) indications for RAE; 3) RAE techniques and/or embolic materials used; and, 4) the number
of either severe life-threatening complications or complications which eventually needed further re-intervention or surgical management of
the same kidney.

Exclusion criteria

The exclusion criteria were as follows: 1) reviews or editor letters and single case report; 2) non-English language publications; 3) studies
only involving open injury, penetrating trauma, paediatric patients or iatrogenic injury; and, 4) studies with insufficient or unconfirmed
information.

Data extraction

Data including the first author, publication year, number of patients, age, gender, indications and materials for embolization were extracted
from the selected papers. The outcomes, number of successfully treated patients, severe and life-threatening complications (i.e., re-
bleeding, re-do RAE procedures, and contrast medium-induced renal failure) and the need for further surgical treatment were included. A
meta-analytic approach was not possible due to the heterogeneity of the data and the lack of prospective studies.

Final study selection

Using these search criteria, an initial selection of 302 articles was considered. After title screening, we excluded case series, review articles
and narrowed these downs to 81 studies. After a comprehensive review process of all retrieved titles and abstracts, 30 studies were
preliminarily identified for full text evaluation. Of the 30 selected, 13 studies had been finally reviewed (Figure 1). A further sub-analysis of
high-grade trauma cases was performed.

Indications for RAE: The indications were available in all studies. According to the American Association for the Surgery of Trauma

(AAST) renal injury scale, the most common indication is blunt kidney trauma (Il to IV grade) in hemodynamically stable patients. These
patients usually present gross haematuria as the primary symptom of the renal injury. In the event that haematuria becomes persistent the
patient could benefit from RAE (14) (15) (16).

CT criteria, such as perirenal hematoma rim distance (PRD), discontinuity of Gerota’s fascia, or intravascular contrast extravasation (ICE)
are used to select patients for RAE (12) (17) (18). Failure of conservative management due to unresponsive to fluid resuscitation
hypotension represent further indication. Non operative management was described in hemodynamically unstable patients with grade V
renal injuries, both at the parenchymal and renovascular level (19) (6). It should be noted that those patients had no evidence of other
intra-abdominal injuries requiring surgical exploration. All patients underwent RAE within 24 - 48 hours in urgency or emergency settings.
Angioembolization of renal artery pseudoaneurysm and/or arteriovenous fistulas were not included in the selected studies.

Pre-procedure diagnostic work-up: Computed tomography scan and angiography are considered complementary to define the precise site
of bleeding and the actual possibility to perform angioembolization. All patients were primarily screened with a CT scan to identify the
bleeding site.

Technique of RAE

Route: Most RAE procedures were performed through femoral approach, using 4 - 6 F sized arterial sheaths (20). Radial or brachial
approach was rare but necessary in case of iliac artery occlusion or unusual anatomic conditions (21).

Selective catheterization: Selective embolization was performed on angiographic findings, after comparing the CT and the arteriogram
findings. Comparison between CT and arteriogram allows the choice between super selective embolization or embolization of the
proximal branches of the renal artery (19) (17).
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Embolizing agents: Usually selection depends on preference of the interventional radiologists. Numerous general indications among
different embolizing agents have been described (22); indeed, both temporary and permanent agents were used in the selected studies.
The most used materials were micro coils and overall success rate was between 90% and 100%, regardless of the material choice. (Table
2).

Technical success - The complete resolution of active extravasation was obtained between 90% and 100% of the cases. To achieve
technical success, 4 patients required a more proximal vessel embolization to stop the angiographic extravasation (12) (14).

Results

Clinical success was achieved when further treatment was not required after embolization. Accordingly, the rate of clinical success ranges
from 75—-100% after the first attempt rising up to 100% after a second attempt (see Table 1). All 169 patients underwent unilateral RAE
and seven required a re-do procedure. Re-embolization was effective in 7/7 patients, gaining 100% success rate. Two patients underwent
surgical exploration for other purposes after successful RAE and overall 11 patients required surgical intervention after the first RAE. Nine
patients underwent surgical exploration after RAE failure: nephrectomy in 6/9 (66.7%) and partial nephrectomy in 3/9 (33.3%). Five of 169
patients deceased (2.9%); of those, 1 died after surgery; 2 of post-traumatic brain injuries; 1 of post-pneumonia respiratory insufficiency
and 1 of acute circulation failure despite a successful RAE. No one died of kidney injury related causes.

Table 1
Summary of clinical outcomes
Year Reference Number AAST AAST AAST AAST 1st 2nd Nephrectomies  Perioperative
of embolization embolization after RAE mortality
patients |l ] v \' success rate  successrate  attempt
2009  Brewer 9 0 0 0 9 100% not RAE 12%
performed successful
2010 Fu 14 0 2 11 1 85% 100% RAE 0%
successful
2010  Menaker 22 2 2 17 1 73% not 27% (6) 0%
performed
2010 Stewart 2 0 0 0 2 100% not RAE 0%
performed successful
2011  Charbit 10 0 1 4 5 90% not 10% (1) 0%
performed
2012  Van Der 6 0 1 2 3 100% not 16% (1)* 0%
Vlies performed
2013 Vande 25 0 0 20 5 92% 100% RAE 0%
Wilden successful
2014  Saour 10 0 1 4 5 90% not 10% (1) 0%
performed
2014 Rao 16 0 12 3 1 93% not 7% (1) 6%
performed
2015 Vozianov 20 2 11 7 0 90% 100% RAE 0%
successful
2018  Yanagi 17 0 0 17 0 100% not RAE 17%
performed successful
2019  Pretorius 7 0 3 4 0 85% 100% RAE 0%
successful
2020 Chen 9 4 0 3 0 100% not RAE 12%
performed successful

Focus on high-grade injury

124 patients with high grade renal injuries were included; 92 with grade IV (73%); and 32 with grade V (27%). Overall clinical success was
reached in 115 patients (92%), whereas 9 (8%) underwent surgical exploration (1 partial nephrectomy and 6 nephrectomies were
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performed). Moreover, Stewart (6) reported 10 grade V hemodynamically unstable patients treated with RAE with technical and clinical
success. Similarly, Van der Vlies (23) reported 1 hemodynamically unstable patient successfully treated with RAE and two patients who,
before undergoing emergency laparotomy, underwent RAE in addition. Hemodynamically unstable patients who successfully underwent
RAE were very selected patients without major abdominal injuries nor pelvic fracture. No patient deceased within the hemodynamically
unstable cohort after RAE attempt.

Charbit (17) and Fu (18) reported two retroperitoneal abscesses successfully drained and only 1 patient presented a perinephric urinoma.
No patient required dialytic treatment after discharge. Post-embolization syndrome, comprising fever, leucocytosis, and pain, was a
common and temporary complication often related to the trauma itself, especially in high grade injuries. Consequently, it was not
considered as a complication among the study outcomes. Pneumoniae, deep vein thrombosis and complications related to the prolonged
bed rest could not be included due to the design of the studies. Indeed, studies design makes it impossible to differentiate from NOM with
RAE vs NOM without RAE vs operative management vs failure of NOM in the follow up.

The risk of bias was minimized by the different revision of papers made by 3 authors (GR, GL, AS).

Recommendations and clinical practice are based on observational or retrospective studies, as well as clinical principles and expert
opinions. Urgency setting makes it difficult to blind participants or study personnel to an intervention group. A non-blinded prospective
study could be technically possible but to date there are none on this subject.

Most of the choices were based on the clinical judgment of the trauma-surgeon and radiologist (interventionist) present without a shared
protocol. These decisions could not always be retrieved from the trauma registry or electronic medical record.

Several limitations are present in this review; first of all, the lack of prospective randomized clinical trials and secondly the low number of
available studies about this topic and their heterogeneity. Moreover, retrieved data did not allow us to perform a comprehensive
comparative evaluation of RAE vs. observation vs. surgery. Even in highly experienced trauma centres the number of angioembolization
performed on renal trauma in a year is very low (max 10 procedures in a year). Long-term multi-institutional collaborative research with
larger cohorts are needed to confirm outcomes and to produce solid indications for the urgency/emergency setting of RAE.

Discussion

Despite the absence of strict recommendations, non-operative management seems to be the best choice in most patients with BRI (24).
Our review underlines how RAE is becoming a first-line therapy to stop active bleeding in stable kidney trauma. Early RAE seems to be
effective on hemodynamically stable patients without concomitant organ injuries, visceral injuries or pelvic fractures, from grade Il up to
grade IV renal trauma. Angioembolization seems to be effective where a truly conservative therapy could fail (Ill and IV grades); providing
a minimally invasive treatment instead of surgery. A second chance, after first attempt failure, can be worthwhile if clinical parameters
remain stable. Indeed, the second attempt seems to raise the success rate avoiding unnecessary nephrectomies in few selected patients.

Our findings are consistent with latest guidelines since hemodynamic stability is the main criterion for non-operative management of
kidney trauma. An important difference between guidelines regard hemodynamically stable with high-grade trauma. The SIU guidelines
recommend exploratory laparotomy, the EAU guidelines recommend renal exploration only if the injury is vascular, and the AUA guidelines
recommend initial conservative management (25) (26) (27). Angioembolization has a key role in the non-operative management but
currently there are no validated criteria to identify patients who require RAE (28). Anyway, a not recent consensus statement recommends
operative management for life-threatening haemorrhage, renal pedicle avulsion and for an expanding retroperitoneal hematoma that is
not contained (29).

Surely some of the lower grade injuries included in the review could probably have been managed in a truly conservative way without RAE.
This surely may increase the overall clinical success rate. As a whole, grade I-1I BRI are the most frequent types of blunt trauma and can
benefit from a truly conservative approach without angiography. These patients should not be treated routinely with RAE, owing to the risk
of inducing unnecessary renal infarctions and overtreatment (30).

Although RAE was reported successful in a very small cohort of hemodynamically unstable high-grade renal injuries the data is still not
robust enough to support this treatment as a choice. Grade IV and V injuries are uncommon and therefore most of these studies lack an
appropriate sample size to create statistical significance and produce valid recommendations. Indeed, RAE may prevent nephrectomy of
grade V injuries; however, many of these cases should need to repeat embolization (22) and moreover angioembolization failure in
patients with grade IV and V BRI is not rare (31).
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Furthermore, embolization may be considered as an adjunctive therapy prior to surgery, if easily accessible and not time consuming.
The risk of bias was minimized by the different revision of papers made by 3 authors (GR, GL, AS).

Some limitations are present as recommendations and clinical practice are based on observational or retrospective studies, as well as
clinical principles and expert opinions. Urgency setting makes it difficult to blind participants or study personnel to an intervention group.
A non-blinded prospective study could be technically possible but to date there are none on this subject. Most of the choices were based
on the clinical judgment of the trauma-surgeon and radiologist (interventionist) present without a shared protocol. These decisions could
not always be retrieved from the trauma registry or electronic medical record. The lack of prospective randomized clinical trials and
secondly the low number of available studies about this topic and their heterogeneity are a limit of this study. Moreover, retrieved data did
not allow us to perform a comprehensive comparative evaluation of RAE vs. observation vs. surgery. Even in highly experienced trauma
centres the number of angioembolization performed on renal trauma in a year is very low (max 10 procedures in a year). Long-term multi-
institutional collaborative research with larger cohorts are needed to confirm outcomes and to produce solid indications for the
urgency/emergency setting of RAE.

Conclusion

A multidisciplinary approach between interventional radiology and urology should be pursued to make the best effort to perform
endovascular therapy. Angioembolization seems to be effective unless there are multiple visceral injuries necessitating surgery and/or
hemodynamic instability. Very accurate preprocedural planning and careful post procedural monitoring should be performed to optimize
clinical outcomes; a second try of RAE can be worthwhile. Multi-institutional collaborative research can improve the quality of evidence to
produce more solid indications on angioembolization in the management of urological trauma.

Key Points

» Angioembolization seems to be effective where a truly conservative therapy could fail (lll and IV grades);
¢ A second attempt can be worthwhile;
¢ High-grade trauma with hemodynamic instability: data is not robust enough to support angioembolization as a choics;

e More solid indications on renal trauma angioembolization are required.
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Year  Reference = Number AAST  AAST 18t ond Nephrectomies  Perioperative
of embolization embolization ~ after RAE mortality
patients i v successrate  successrate attempt

2009  Brewer 9 0 0 100 % not RAE 12%

performed successful

2010 Fu 14 0 2 11 1 85% 100% RAE 0%

successful

20170  Menaker 22 2 2 17 1 73% not 27% (6) 0%

performed

2010  Stewart 2 0 0 0 2 100% not RAE 0%

performed successful

2011  Charbit 10 0 1 4 5 90% not 10% (1) 0%

performed

2012  Van Der 6 0 1 2 3 100% not 16% (1)* 0%

Vlies performed
2013 Vande 25 0 0 20 5 92% 100% RAE 0%
Wilden successful

2014  Saour 10 0 1 4 5 90% not 10% (1) 0%

performed

2014 Rao 16 0 12 3 1 93% not 7% (1) 6%

performed

2015 Vozianov 20 2 11 7 0 90% 100% RAE 0%

successful

2018 Yanagi 17 0 0 17 0 100% not RAE 17%

performed successful

2019  Pretorius 7 0 3 4 0 85% 100% RAE 0%

successful

2020 Chen 9 4 0 3 0 100% not RAE 12%

performed successful

Legend table 1: All the included studies were retrospective. No patient who had previously attempted a second RAE underwent surgical
exploration and nephrectomy. Only 3 partial nephrectomy were performed all by Menaker. No renorrhaphy was performed in any patient.
Perioperative mortality refers to overall mortality not only related to renal trauma but also to other abdominal/ skeletal injuries.

*1 hemodynamically unstable patient underwent RAE planned before undergoing surgery to stabilize the bleeding.

Table 2: Embolizing materials

Year  Author Number of Gelfoam Pva Microcoils NBCA  Microcoils + Success
patients Gelfoam %
2009 Brewer et all 9 4/944% 0 (5/9) 66% 0 0 100%
2010 Stewart et all 10 0 0 (10/10) 0 0 100%
100%
2011 Charbit et all 10 (4)40% 0 (6/10) 60% 0 0 90%
2015 Vozianov et 20 (6) 30% (14) 0 0 0 90%
all 70%
2018  Yanagi et all 17 (8)47% 0 (2) 11% 1) (6) 35% 100%
5%

Legend: Embolizing materials were selected according to radiologists preference
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