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ney traumas (BKT) are mild and can be managed conservatively. We aimed to analyze our own experiences
of selective renal artery embolization (RAE) in BKT patients and compare obtained results with other reports.
Material and methods We analyzed the medical and technical outcomes of RAE in 20 patients with grades

[I-IV blunt kidney traumas. Indications for RAE were blunt kidney trauma combined with a gross hematuria that
could not be stopped conservatively. For evaluating the functioning of kidneys we used radioisotope renography.
Results According to the American Association for the Surgery of Trauma classification, grade Il blunt kidney
injury was registered at 2 (10.0%) pts, grade Ill —at 11 (55.0%) pts and grade IV —at 7 (35.0%) pts. In all pa-
tients, the bleeding was stopped with the embolization procedure. 18 (90.0%) patients were treated in a single
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INTRODUCTION

Renal trauma occurs in approximately 1-5% of
all injuries [1]. The kidney is considered to be the
most commonly damaged organ of the urinary sys-
tem with the male to female ratio being 3:1 [2, 3, 4].
Blunt kidney trauma (BKT) occurs more often than
penetrating trauma, being 9 times more common.
Both kidneys are at equal disposition for injury [5].
Generally, renal injuries are mild and can be man-
aged conservatively; although blunt kidney trauma
can be life threatening and requires urgent open
surgery [6]. Kidney damage usually manifests as an
urgent accident for both the urologist and the pa-
tient, which requires an immediate decision about
the treatment option.

Recent advances in the imaging and more precise
staging of trauma, as well as in the available treat-
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interventional session and 2 (10.0%) needed further intervention. Different complications were registered

as 5 (25%) pts: two or more complications were often combined in each individual case. The function in dam-
aged kidneys was preserved at the 3™ month after RAE sessions.

Conclusions RAE is an effective, minimally invasive treatment for blunt kidney injury that ensures the cessa-
tion of gross hematuria and kidney function preserving.

ment options, have decreased the need for surgical
intervention and increased the percentage of kidney
preservation.

During the few last decades, numerous papers have
been published that analyze the indications and ad-
vantages of minimally invasive treatment in patients
with BKT. However, there is a lack of data results
about such techniques. Therefore, we aimed to an-
alyze our own experiences of selective renal artery
embolization in BKT patients and compare the ob-
tained results with other investigations on the topic.

MATERIAL AND METHODS

We retrospectively analyzed the medical and techni-
cal outcomes of selective renal artery embolization
(RAE) in 20 patients with grades II-IV blunt kid-
ney traumas. RAE sessions were performed from
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December 2005 until May 2014. For trauma staging,
we used the American Association for the Surgery
of Trauma (AAST) classification [7].
Inclusion criteria were the following:
— presence of BKT grades II-IV according to AAST
classification;
— hemodynamic stability;
— gross hematuria that was not able to be stopped
conservatively.
RAE sessions consisted of the following steps.
At first, a catheter was inserted transfemorally into the
renal artery close to the ruptured branch (Figure 1).
Then an angiography was performed with a 5-F co-
bra catheter transfemorally (Figure 2).
After localization of the origin of bleeding, we moved
the catheter with a steerable 0.035-inch guide wire
(Cook; Cordis) more distally to the bleeding vessel.
After that, a 3-F superselective coaxial catheter (Teru-
mo) was introduced coaxially into the proximity of the
vessel’s rupture and an embolization was performed
(Figure 3).
Embolization and the preparing of the active solution
were performed according to generally approved prin-
ciples. For embolization, we used polyvinyl alcohol
(PVA) particles sized 250-350 um (Contour; Boston
Scientific) in 14 patients and “Gelaspon” granules
in 6 patients. The particles were prepared by mixing
them with contrast material, usually by adding 5 mL
of contrast to the 2- to 5-mL prefilled saline.
Then the air was carefully removed and the sy-
ringe was gently inverted several times. Then, using
a three-way stopcock attached to a smaller 1- to 5-mL
syringe, the solution was further mixed. The small-
er syringe was used to inject small aliquots of the
particles under careful fluoroscopic guidance keep-
ing in mind that constant agitation and remixing
of the agent is very important to prevent particle ag-
gregation. A higher-contrast material concentration
usually results in precipitation of the particles with
a higher tendency to conglomerate and form clus-
ters. That is why the solution tends to become more
stable with time, and premixing several minutes
in advance was important [8].
The endpoints that have to be achieved were techni-
cal and medical successes of the procedure. Success
and complications were evaluated according to origi-
nal assignment proposed by Dinkel et al., 2002 [9].
Technical success of the embolization session was
defined as the complete and irreversible occlusion
of renovascular bleedings with arterial occlusion
as registered with arterial angiography at the end
of the RAE (Figure 4.)
Medical success was defined by the cessation of gross
hematuria up to the 3" day after RAE as well as the
absence of:

— recurrent hematuria and need for erythrocyte ad-
ministration;

- recurrent decrease of hemoglobin by more than
1.5 g/dL (15 g/L);

— necessity for angiographic reembolization or sub-
sequent open surgery.

Complications of RAE also were divided into techni-

cal and medical, short term (during first 30 days) and

long-term (after 30 day from RAE session).

artery closely to ruptured branch.

Figure 2. The angiogram evaluated source of bleeding (arrow).
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Figure 3. Embolization of ruptured vessel.

Figure 4. Final image of arterial angiography at the end of the
RAE with pointing of devascularized area.

To evaluate renal function we used radioisotope re-
nography with 131-Iodine labelled sodium ortho-io-
dohippurate (Hippuran) that was performed 3, 6 and
12 months after RAE session in all patients and could
be considered as an adequate method of kidney func-
tion monitoring [10]. The following parameters were
measured from renogram curves:

1. The time interval from injection to the peak of the
tracing (T,,,,);

2. The time interval from injection to the point where
the curve decays to 50% of the maximum (T ,);
The normal range of (T,;,,) was considered from
2.5 to 5.5 min, and the normal range of (T ,) — from
8.2 t0 9.9 min [11].The renograms were considered
normal if they were within these limits and abnor-

mal if outside.

Differences in the distribution of continuous vari-
ables were described in terms of the mean + stan-
dard deviation (M +SD) and assessed for statistical
significance using Student’s t test. Results were con-
sidered significant if the two-tailed p-value was less
than 0.05.

RESULTS

According to the AAST classification, grade II blunt
kidney injury was registered at 2 (10.0%) pts, grade
III - at 11 (565.0%) pts and grade IV — at 7 (35.0%) pts.
Together with flank pain and local swelling, a gross
hematuria following trauma was the leading symp-
tom in all patients. None of the patients underwent
open surgery before and after RAE.

The sessions of embolization lasted 54.6 +3.8 min-

utes, and the mean term of hospitalization was

9.8 +1.2 days.

In all patients, the bleeding was stopped with the

embolization procedure that was registered by arte-

rial angiography at the end of the RAE session.

Eighteen (90.0%) patients were treated in a sin-

gle interventional session with clear urine within

1-3 days after the procedure. The other 2 (10.0%)

needed a further intervention — reembolization,

stipulated by repeated gross hematuria in a short-
term post-session period on the second and third
day after RAE.

Among our patients, the following technical compli-

cations of RAE were registered:

— accidental embolization of unruptured arterial
branches of vascularised territories as a conse-
quence;

— puncture-site bleeding.

Medical complications were classified as short-term

(i.e., registered up to the 30th day after the RAE)

or delayed (i.e., registered after 30" day from RAE

performing).

Short-term complications included:

— postembolization syndrome (i.e., back pain and fe-
ver not registered before);

— decrease in renal function (defined as serum cre-
atinine levels >130 mol/L);

— arterial hypertension;

— repeated persistent gross hematuria.
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Table 1. Medical and technical complications of RAE
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Long-term complications included:

— arterial hypertension;

— decrease in renal function;

— renal abscess.

Observed medical and technical complications
of RAE in our patients complications are system-
atized in the Table 1.

As presented in Table 1, 15 events of RAE complica-
tions were registered. Pointed events were registered
in 5 (25%) patients: two or more complications were
often combined in each individual case. For example,
in a 35-year-old male with Grade IV blunt kidney
trauma, an accidental, undesirable embolization of
unruptured arteria was performed during the RAE
session, followed by postembolization syndrome and
decrease in renal function and arterial hypertension.
In another 37-year-old female with Grade III blunt
kidney trauma, one day after complete emboliza-
tion, postembolization syndrome manifested; 3 days
after the RAE session, persistent gross hematuria
occurred, that caused reembolization accompanied
with repeated puncture-site bleeding and was fol-
lowed by long-term decrease in renal function.

In general, our results demonstrate perspectives
of minimally invasive treatment in patients with kid-
ney injury, complicated by intensive gross hematu-
ria. Complications that have been registered did not
seriously influence postoperative management and
were corrected conservatively.

Table 2 presents means of TMAX and T, , that were
calculated after radioisotope renography performed
in damaged kidneys at 3", 6% and 12! months after
RAE sessions.

As it was shown in Table 2, function in damaged
kidneys was preserved at the 3 month after RAE
sessions. However, means of T and T, in dam-
aged kidneys were considered as abnormal because
they differed from normal limits. After 6% and 12t

Table 2. Means of T, and T

. MAX 1/2
after radioisotope renography

in damaged kidneys calculated

M +SD
Variables
3" month 6™ month 12" month
T,y MIN 1132+1.67  7.5140,53 6.12+0.47  <0.05
T, Min 2433+3.04 16314238 12254143  <0.05
months, reducing means of T, and T, were regis-

tered with a tendency towards normalizing.
DISCUSSION

The presented study aimed to analyze the efficacy
and safety of selective renal artery embolization
in patients with blunt kidney injuries based on own
and other researchers experiences.

The data of numerous studies with similar aims were
published during the last period.

Breyer et al. in 2008 reported about their experi-
ence of RAE performed in 26 patients with acute re-
nal hemorrhage as a consequence of kidney injury
(10 of them - after blunt injury). The authors noted
that embolization proved effective for grade 4 blunt
renal trauma for which conservative therapy failed
[12]. Accordingly to researchers, RAE indications in-
clude cases of kidney injury with: persistent gross he-
maturia, inefficacy of conservative treatment aimed
at blood pressure stabilization; increasing perirenal
hematoma, renal parenchyma ruptures, renal arte-
rio-venous fistulas or pseudoaneurism formation.
In the authors’ experiences, minimally invasive
treatment failed in all grade 5 acute renal injuries
(100%) caused by external trauma.

The RAE could be used successfully even in the cases
of anatomically abnormal kidney injury. Molina Es-
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cudero R. et al. in 2012 reported about effective use
of selective embolization by means of arteriography
of a branch of the right renal artery and placement
of a double J stent due to urinary extravasation
in the lower left horseshoe kidney pole [13].

In 2009 Reay al. also performed embolization in
blunt kidney trauma of adult polycystic kidney [14].

It is important to select patients for RAE. Lin et al.
in 2013 suggested that contrast extravasation, chang-
ing of perirenal hematoma rim distance and the ex-
tent of hematoma could be considered as simple and
sensitive indicators of patients with kidney trauma
for minimally invasive treatment [15]. Radiograph-
ic findings correlate with necessity of intervention
for renal hemorrhage [16].

However, presently there is no consensus to predict
or exclude an indication of kidney angioembolization
with a computed tomography (CT) scan. Charbit
et al. in 2011 concluded that none of the CT criteria
had a strong negative predictive value for the out-
comes of renal embolization. They presented their
experience of the successful use of nephron sparing
selective arterial cessation associated with a perire-
nal hematoma rim distance <25 mm as an indication
to exclude embolization [17].

Except for hemorrhage cessation, one more positive fea-
ture of RAE is able to preserve damaged kidney func-
tion. As Chatziioannou et al. in 2004 considered, super
selective embolization resulted in permanent cessation
of bleeding as well as preventing serious parenchymal
infarction and allowed serum creatinine levels in pa-
tients to return to the pre-bleeding values [18].
Morita et al. in 2013 suggested that the function
of the injured kidney could be preserved in the ma-
jority of patients with grade IV blunt renal trauma
that indicated the efficacy of embolization in such
cases [19].

Heyns & Stellmacher in 2005 concluded that the re-
duction of kidney function occurs even after successful
selective renal artery embolization in 50% of cases [20].
Huber et al. in 2011 reported about the high percent-
age of re-embolization in patients with posttraumat-
ic renal hemorrhage as well as the necessity of ne-
phrectomy when embolisation failed. Embolization
was performed in 19 out of 21 patients with post-
traumatic kidney bleeding and hemoglobin decrease
of more than 2 gm/dl. The primary clinical success
was observed in 12 (63%) patients, including 2 cases
with grade V parenchymal injury. In the cases when
primary treatment failed, transarterial embolization
was repeated in 86% (6 of 7 patients). It resulted
in clinical success in 4 out of 6 patients (67%) with
equal efficiency (p = 1). Three patients (16%) who
could not be sufficiently treated with transarterial
embolization underwent nephrectomy [21].

According to Yanagi et al., 2013, in patients with
type III renal injury classified by the Japanese As-
sociation for the Surgery of Trauma staging system,
transcatheter arterial embolization could be an effec-
tive method of choice. Sixteen patients were treated
successfully with transcatheter arterial embolization
in the 2 hospitals, and 15 of them were classified as
type III renal injury. Thus, the authors believe that
nephrectomy should be avoided in such patients be-
cause of the benefits offered by embolization [22, 23].
Hemodynamically stable patients with a grade IV
or V BRI could be safely managed without opera-
tion as van der Wilden GM et al. concluded in 2013.
The authors compared treatment outcomes in 206
patients; 52 (25.2%) of them were operated on im-
mediately, and 154 (74.8%) were managed conser-
vatively (with the assistance of angiographic embo-
lization for 25 patients). By multivariate analysis,
the authors identified two independent predictors
of non-operative treatment failure: age over 55 years
and a road traffic crash as the mechanism of injury.
When both risk factors were present, non-operative
treatment failure occurred for 27.3% of the patients;
when both were absent there were no conservative
management failures.

The renal salvage rate was 76.2% for the entire pop-
ulation and 90.3% among patients selected for non-
operative management [24].

Rao et al. in 2014 concluded that superselective
transcatheter renal artery embolization is a highly
effective, minimally invasive therapy for the treat-
ment of non-iatrogenic BKT III-V Grade hemor-
rhages. In the presented series, there was only one
patient who died of cerebral trauma 3 days after the
minimally invasive treatment, although his macro-
scopic hematuria had disappeared at that time [25].
In Table 3 our results are where obtained results are
compared with others’ data.

As presented in Table 3, RAE performed in patients
with BKT Grades II-V ensures high renal salvage
rates ranging from 90.3 to 100%. According our data,

Table 3. Studies of RAE efficacy and success rates

AAST Reembolization Renal salvage

Study N grades rate (%) r(?%t:)a
Breyer et al. [12] 10 I\ - 100
Dinkel et al. [9] 9 11-v - 100
‘éigl‘_j‘[ezrr]v“de” 25 V-V - 90.3
Rao et al. [25] 16 1-v - 100
Our 20 -1V 10.0 100

N — number of patients
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the reembolization rate was 10%, but it does not in-
fluence the technical success.

Thus, our presented results and the researches
of numerous authors demonstrate the proved ef-
ficacy of selective renal artery embolization in he-
modynamically stable BKT patients. We considered
that indications to perform RAE are the presence
of blunt kidney trauma grades II-IV, combined with
a gross hematuria that cannot be stopped conserva-
tively.

The absolute advantage of minimally invasive treat-
ment could be considered the preserving of damaged
kidney function.

The unanswered question at the present time is the
efficacy of RAE in Grade V kidney injuries. We agree
with Breyer et al., 2008 that the majority of these
patients should be treated operatively because of the
trauma’s high severity and emergency [12].
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