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Background: Renal artery stenting is performed for renal artery injuries to preserve renal function and

prevent renovascular hypertension. However, its indications are controversial and its long-term progno-

sis remains unknown. Here, we evaluate the characteristics and long-term outcomes of renal artery

stenting for blunt renal artery injuries at our institution.

Methods: We retrospectively reviewed patients with blunt renal artery injuries who had been treated

with stenting over a 12-year period at our institution. Five patients (three men and two women) were

included.

Results: Trauma resulted from falls in three patients and motor vehicle accidents in two. All patients

had experienced multiple injuries (median injury severity score, 24 [range, 16-48]; median revised

trauma score, 5.9672 [4.0936-7.8408]; and median probability of survival, 0.689 [0.533-0.980]). All renal

artery injuries involved stenosis because of traumatic arterial dissection or intimal tear; no cases of total

occlusion were observed. No complications due to the intervention itself were observed. Although two

patients developed reversible acute renal failure, none required long-term hemodialysis. One patient

with renovascular hypertension was treated with antihypertensive agents for a month and subsequently

became normotensive without further medication. All patients underwent postoperative computed to-

mography, which revealed no stent occlusion or renal atrophy. Renal scintigraphy for three patients

demonstrated preserved differential renal function. All five patients survived.

Conclusions: Renal artery stenting for hemodynamically stable blunt renal artery injuries with stenosis

is suggested to be safe and helps in avoiding long-term hemodialysis and renovascular hypertension.

(J Nippon Med Sch 2019; 86: 172―178)
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pertension

Introduction

Blunt renal artery injury is rare, accounting for 0.05% of

blunt injuries1. These injuries can roughly be divided into

two types, bleeding and stenosis/occlusion. For bleeding

cases, emergent laparotomy or tans-catheter renal artery

embolization is required for hemostasis2. In contrast, con-
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servative therapy is chosen for a renal artery injury with

stenosis/occlusion in a state of shock because the treat-

ments of other injuries are given priority. For a hemody-

namically stable renal artery injury with stenosis/occlu-

sion, there are various choices of treatment. Conservative

therapy or surgical revascularization is generally chosen

as the treatment for these hemodynamically stable inju-

ries1,3―6. However, the incidence of complications with

conservative therapy, such as acute renal failure or reno-

vascular hypertension is as high as 19%-43%3,7. Further-

more, the success rate of surgical revascularization is

poor, 25%-50%3―7.

For these reasons, renal artery injuries have been

treated with renal artery stenting since the mid-1990s to

preserve renal function and prevent renovascular hyper-

tension8. However, its indications are controversial. The

long-term prognosis remains unknown, and its evalu-

ation as a treatment has not yet been determined9―11.

The aim of the present study was to evaluate the char-

acteristics and long-term outcomes of renal artery stent-

ing for blunt renal artery injuries at our institution.

Materials and Methods

This study involved a retrospective chart review at our

institution. We examined medical records dated between

January 2003 and December 2014. During this period,

6,360 trauma patients were admitted to the intensive care

unit. Among these, patients with blunt renal artery injury

were included. Patients who were under 15 years of age

or with cardiopulmonary arrest on arrival were excluded.

We diagnosed the main renal artery injuries of 12 pa-

tients with contrast computed tomography (CT). Four pa-

tients experienced bleeding from the main renal artery

and were treated with either surgery or renal artery em-

bolization. Eight of the patients showed stenosis/occlu-

sion without bleeding from the main renal artery. Of

these eight patients, two had only minor stenosis, less

than 25%, and were simply kept under observation, and

one patient died of massive hemorrhage within 6 h after

injury (Table 1). The remaining five were treated with re-

nal artery stenting and were included in this study (Fig.

1).

The data included age, sex, cause of injury, side and

form of the renal artery injury, degree of renal artery

stenosis, renal injury scale grade, associated injuries, in-

jury severity score (ISS), revised trauma score (RTS),

probability of survival (Ps), time between injury and

stenting, complications associated with stenting, initiation

of anticoagulation therapy, post-traumatic acute renal
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Fig.　1.　Flow chart for the patients treated with renal artery 

stenting

ICU = intensive care unit

All trauma patients admitted to the ICU
n=6360

Patients with blunt main renal artery injuries
n=12 

Bleeding from the main renal artery
n=4

Stenosis/occlusion of the main renal artery
n=8  

Treated with simple observation
n=3

Treated with renal artery stenting
n=5  

Cardiopulmonary arrest patients
Penetrating trauma patients
Patients without main renal artery injuries
Children (< 15 years old)

n=6348

failure, post-traumatic renovascular hypertension, post-

operative renal function, prognosis, and follow-up pe-

riod.

Renal artery injuries were detected with contrast CT

and performed when the patients had stabilized (i.e.,

they had recovered from shock and did not require con-

tinuous rapid infusion or transfusion). Using a multi-

detector row CT scanner, we obtained images for two

phases, the arterial dominant phase and the parenchymal

phase, and made sure there was no active bleeding in

either phase. A maximum intensity projection image of

the abdominal aorta was then created using the arterial

dominant phase and the appearance of the injury was

evaluated in detail. With no protocol specifying the indi-

cation for renal artery stenting, the role of stenting for

each patient was decided by discussion between the at-

tending surgeon and the radiologists.

The types of stent used were “Palmaz” (Cordis Corpo-

ration, Warren, NJ, USA) for two patients, “Palmaz gene-

sis” (Cordis Corporation, Warren, NJ, USA) for two pa-

tients, and “Express SD” (Boston Scientific Corporation,

Natick, MA, USA) for one patient. Renal artery stenting

for renovascular trauma is off-label use with these de-

vices.

When the general condition of the patient allowed the

initiation of anticoagulation therapy, we administered en-

teral antiplatelet agents, specifically aspirin, or a continu-

ous intravenous infusion of heparin, as early as possible

after stenting. Subsequently, patients were administered

antiplatelet agents at least for 3 months.

Renal parenchymal injuries were graded according to

the renal injury scale of the American Association for the

Surgery of Trauma12. We defined acute renal failure as re-

nal function disorder equivalent to “Failure” according to

the RFILE classification13, and post-traumatic renovascu-

lar hypertension as acute onset secondary hypertension

(systolic blood pressure �150 mmHg or diastolic blood

pressure �90 mmHg) where the cause was not considered

to be anything other than the renal artery injury14.

Patients who had been treated with stenting under-

went a follow-up contrast CT a few months later to

check for complications. Within a year after stenting,

their differential renal function was evaluated by renal

scintigraphy. At least annually during the follow-up pe-

riod, we checked renal artery blood flow and renal atro-

phy on ultrasonography or contrast CT, and measured

renal function using laboratory data. The median follow-

up period was 43 (3-110) months.

This study was conducted in accordance with the Dec-

laration of Helsinki and was approved by the Medicine’s

Ethics Committee at our institution in January 2018 (ap-

proval number 2017-38).

Results

The characteristics of the patients with renal artery inju-

ries treated with endovascular stenting are shown in Ta-

ble 2. A total of five patients were included (three men

and two women), of which two patients were aged less

than 20 years and the others were aged 28, 37, and 62

years.

The cause of injury was falling from height in three pa-

tients and traffic accidents in the remaining two. All pa-

tients had experienced multiple injuries (median ISS, 24

[range, 16-48]). The median RTS was 5.9672 (4.0936-

7.8408), and the median Ps was 0.689 (0.533-0.980). Renal

artery injuries occurred on the right side in one patient,

on the left side in three patients, and on both sides in

one patient. All the renal artery injuries treated with

stenting involved stenosis because of traumatic arterial

dissection or intimal tear, and no cases of total occlusion

were observed. The degree of stenosis was 99% in two

patients, 75% in one, and 50% in two. Three patients

(Cases 1-3) were in a state of shock on admission; before

stenting, they were hemodynamically stabilized with re-

suscitation using transfusion or surgery. Four patients

(Cases 1, 3, 4, and 5) underwent emergent thoracotomy

or laparotomy before stenting.

The outcomes of endovascular stenting for renovascu-

lar trauma are shown in Table 3. The time between in-
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Table　2　Characteristics of the patients with renal artery injuries treated with endovascular stenting

Case Age Sex
Cause of 

injury
Side

Degree of 
stenosis

Renal injury 
scale gradea Associated injuries ISS RTS Ps

1 37 M Fall Bilateral
 (right-sided 
stenting) b

50% R: unclearc

L: grade 4
Hemopneumothorax, spine 
injury, liver injury, mesen-
teric injury, pelvic fracture, 

femur fracture

48 5.6764 0.533

2 19 M Fall Left 99% R: grade 1
L: grade 2

Hemopneumothorax, spine 
injury, liver injury, spleen 

injury, bilateral renal 
injuries

32 4.0936 0.547

3 62 F Fall Right 75% Unclearb Rib fracture, spine injury, 
pancreas injury, mesenteric 

injury

22 5.9672 0.689

4 19 M Motor 
vehicle 

accident

Left 50% Grade 2 Pancreas injury, fracture of 
tibia and fibula

24 7.8408 0.98

5 28 F Motor 
vehicle 

accident

Left 99% Unclear＊＊ Pancreas injury, spine 
injury

16 7.8408 0.922

ISS=injury severity score; RTS=revised trauma score; Ps=survival probability
aRenal injury scale according to the renal injury scale of the American Association for the Surgery of Trauma.
bArterial embolization for left renal artery injury with active bleeding.
cIt is difficult to evaluate contusion and subcapsular hematoma in renal parenchyma for ischemic change.

Table　3　Outcomes of endovascular stenting for renal artery injuries

Case
Interval 

(h) a
Renal 
failure

Complicationsb Renovascular 
hypertension

Long-term 
hemodialysis

Renal scintigraphy: 
differential renal 

function
Survival

Follow-up 
(months)

1 3.5 Yes None No No Not performed Alive 3

2 8 Yes None Yes (temporally) No 44.5% Alive 110

3 7 No None No No 41.6% Alive 43

4 7 No None No No Not performed Alive 55

5 8 No None No No 25.2% Alive 20

aTime between injury and stenting.
bComplications associated with stenting.

jury and stenting varied from 3.5 h to 8 h. No complica-

tions due to the intervention itself, such as bleeding or

stent thrombosis, were observed. Two patients (Cases 1

and 2) developed reversible acute renal failure. In Case 1,

we performed arterial embolization for bleeding from the

left renal artery and performed stenting on the stenosed

right renal artery. Two days later, we performed a left

nephrectomy because of infection. This patient initially

became dependent on a single kidney and required

hemodialysis. However, hemodialysis was successfully

weaned off on day 52 after stenting. Case 2 had experi-

enced bilateral renal injuries and became anuric. He also

required hemodialysis, but this was weaned off on day 8.

Neither patient required long-term hemodialysis. Case 2

also developed renovascular hypertension (systolic blood

pressure >200 mmHg) on day 3, which did not respond

to analgesics or sedatives. We diagnosed this as post-

traumatic renovascular hypertension, because this acute-

onset hypertension was observed after trauma in a

young patient with high plasma renin activity (PRA) and

plasma aldosterone concentration (PAC) levels at rest

(PRA, >20 ng/mL/h; and PAC, 230 pg/mL). He was suc-

cessfully treated with antihypertensive agents (enalapril

maleate 5 mg/day) for a month and subsequently be-

came normotensive without requiring further medication.

PRA and PAC levels also normalized within a month

(PRA, 0.6 ng/mL/h; and PAC, 37 pg/mL).

Anticoagulation therapy was initiated for all five pa-

tients after stenting. We initiated the therapy for one pa-

tient (Case 4) on day 1 and for three patients (Case 1, 3,

and 5) on day 3. The timing was unknown for Case 2.

Postoperative CT was performed on all patients, dem-

onstrating no stent occlusion or renal atrophy. Renal scin-

tigraphy was performed for three patients between 1 and
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8 months after their injury. In all these cases, differential

renal function was preserved at a level of >25%. All five

patients survived.

Discussion

The results of our study suggest that stenting for renal

artery injury with stenosis could preserve renal function

and prevent renovascular hypertension even if significant

time was taken for stenting after injury. A good long-

term prognosis could be expected. Additionally, we were

able to avoid complications associated with the proce-

dure itself.

Indications for stenting in this study were hemody-

namically stable blunt renal artery injuries with stenosis

and no active bleeding from the renal parenchyma on

contrast CT. With penetrating trauma, some arterial inju-

ries with transection or avulsion have an appearance

similar to stenosis/occlusion on contrast CT15,16. We there-

fore consider stenting to be contraindicated for penetrat-

ing trauma. In hemodynamically unstable patients, diag-

nosis and treatment of the cause is the main concern. We

suggest that stenting is contraindicated for patients with

extravasation from the renal parenchyma or blood ves-

sels on contrast CT because the stenting can promote

bleeding. The presence of a hematoma in the para-renal

space, outside Gerota’s fascia, is also a contraindication

because bleeding can be expected imminently17. Con-

versely, we would not necessarily consider a small hema-

toma in the peri-renal space, inside Gerota’s fascia, to be

a contraindication for this treatment18. However, renal pa-

renchymal injuries with renal artery injuries are some-

times unclear on contrast CT because of malperfusion

caused by vessel injuries. This malperfusion can mask

parenchymal injuries. Consequently, promoting hemor-

rhage by recanalization with stenting should be a con-

cern even in cases without either injury or active bleed-

ing in the renal parenchyma on contrast CT19. In addi-

tion, general stenting should not be performed for con-

traindicated patients (e.g., those with severe blood vessel

meandering, allergy, or selected anticoagulation thera-

pies). Stenting for total renal artery occlusion had not

been attempted at our institution because of complica-

tions, such as perioperative bleeding19.

Differences in the degree of stenosis did not signifi-

cantly influence the outcomes of this study. In our opin-

ion, total occlusion influences the outcome to a greater

extent than stenosis. Irreversible changes in renal paren-

chyma occur when total occlusion of a renal artery con-

tinues for �1 h20―22. In a total renal artery occlusion, multi-

ple thrombi in the distal renal arteries are likely to pro-

gress rapidly within 3 h, as was observed by Kushimoto

et al.23 Stenting at >3 h after an injury for the total occlu-

sion could prevent renovascular hypertension but would

not preserve adequate differential renal function in most

cases10,19,23,24. Renal blood flow is mainly dependent on the

renal arteries, but there is also a collateral arterial supply

(e.g., from the renal capsular arteries or adrenal arter-

ies)25,26. In a case of total occlusion, collateral supply does

not keep sufficient renal blood flow; however, collateral

supply may work in a case of stenosis. Indeed, our cases

with severe 99% stenosis (Case 2 and 5) were able to pre-

serve adequate differential renal function although Case

2 required temporary hemodialysis. In contrast, Springer

et al. reported a case of stenosis for which stenting on

day 25 after injury successfully resolved renovascular hy-

pertension but did not preserve adequate differential re-

nal function27. This report shows that stenting as early as

possible is desirable to preserve differential renal func-

tion even in a case of stenosis.

Both bleeding and stent thrombosis are direct compli-

cations of renal artery stenting. Although bleeding may

be controlled by endovascular treatment, such as arterial

embolization, stenting should be performed under the

care of stand-by surgeons, particularly if the risk of ur-

gent nephrectomy is present. We did not experience

bleeding during the procedure of stenting, but every

stenting procedure was performed under the supervision

of stand-by surgeons. The risk of stent thrombosis or re-

stenosis is generally low because renal artery stents are

large in diameter and short in length28,29. If stent thrombo-

sis develops, endovascular treatments can be effective10.

Postoperative antiplatelet or anticoagulation therapies to

prevent stent thrombosis cannot be performed for pa-

tients who are in a poor general condition. However, we

consider that it is important for the prevention of throm-

bosis and re-stenosis to administer enteral antiplatelet

agents or a continuous intravenous infusion of heparin,

as early as possible after stenting28,29. In this study, pa-

tients were initiated for anticoagulation therapies imme-

diately after hemostasis. We believe this management

would prevent thrombotic complications.

Because renal artery injuries are often associated with

damage to the renal parenchyma, both renal blood flow

and differential renal function should be assessed during

the follow-up period30. In addition, the side where renal

function is affected should be comprehensively evaluated

for changes in kidney size, laboratory data, and clinical

symptoms, including renal scintigraphy. After stenting, it
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is desirable to evaluate differential renal function with re-

nal scintigraphy at least once. Regular ultrasonography is

useful for follow-up29. In our study, renal scintigraphy

was performed on three of five cases, and an adequate

differential renal function was preserved in these three

cases. Long-term follow-up after stenting revealed no re-

nal atrophy in all the five cases. An endovascular stent

with patency would be effective in preserving long-term

renal function.

The largest study to date on stenting for blunt renal ar-

tery injuries included eight cases from three institutions

in Texas, USA19. Intraoperative bleeding developed in

two of these cases, and another two patients developed

renovascular hypertension. The final renal function of the

affected side was preserved in four of the eight cases.

Stenting was performed in seven total occlusion cases in

their study. In contrast, we performed stenting only for

stenosis cases. This potentially accounts for any differ-

ences observed between the two studies with respect to

success and complication rates.

The present study has some limitations. It was a retro-

spective observational study including a small number of

patients. Because we did not follow a specific protocol

for indications and procedures for renal artery stenting,

there were no uniformity patient indications and the pro-

cedures that they underwent. Moreover, there was no

control group, so we cannot accurately determine the ef-

fectiveness and safety of renal artery stenting for blunt

renal artery injuries.

We reviewed five hemodynamically stable patients

with blunt renal artery injuries and stenosis, who were

treated with stenting at our institution. All the patients

survived and no complications due to the intervention it-

self were observed. Furthermore, all preserved renal

function without irreversible renovascular hypertension.

Renal artery stenting for hemodynamically stable blunt

renal artery injuries with stenosis is suggested to be safe

and helps in avoiding long-term hemodialysis and reno-

vascular hypertension. We therefore consider renal artery

stenting to be a favorable treatment option for blunt re-

nal artery injuries with stenosis.
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