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ABSTRACT Pelvic vein injuries can occur with pelvic bone fractures, gunshot wound injury, iatrogenic injuries and lead to life-threatening bleeding. 
CT is the main diagnostic tool in differentiating arterial from venous bleeding. Open surgical repair of venous injuries can be technically difficult. 
Endovascular treatment is an attractive alternative strategy. Embolization is the main method to stop arterial bleeding; balloon occlusion and stent 
graft implantation are also used. Arterial embolization cannot help in the situation of venous bleeding. The problem of endovascular treatment of 
pelvic vein injuries was not given enough attention. The purpose of this review is to summarize the available reports on the use of endovascular 
techniques in pelvic vein trauma and show the capabilities of the methods. 
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INTRODUCTION 

Injury to the pelvic veins can be fatal due to haemorrhage and shock. Traditionally, in case of injury of large 
veins, open interventions are performed. The problem of endovascular treatment for pelvic vein injuries has 
received insufficient attention. There are publications on individual clinical cases or small series of cases. The 
purpose of this review is to summarize the available reports on the use of endovascular treatment for pelvic 
vein injuries and to show the possibilities of the methods. 

Vein injuries for which endovascular treatment has been used:  
1. fractures of the pelvic bones in various types of motor vehicle trauma [1−6], falls from a height [7]; 
2. consequences of gunshot wounds [8−12]; 
3. iatrogenic injuries: a) during operations on the lumbosacral spine [13−24]; b) during other types of 

surgical interventions [25]. 
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Types of vein damage (influence the choice of a particular method of endovascular treatment to be used) 
include: dissection, perforation, rupture, a false aneurysm (FA) formation, arteriovenous fistula (AVF). The 
injury may be localized in the area of the inferior vena cava (IVC) lower the confluence of the iliac veins, iliac 
veins, a combination of damage to various veins (different anatomical zones or, for example, the extension of 
the rupture from the iliac vein to the IVC). There may be ruptures of large and medium diameter veins, of small 
veins, venous plexuses; ruptures of their various combinations are possible, as well as simultaneous injury to 
arteries and veins. The thickness and structure of the vein wall is different from that of the artery, and less force 
is required to rupture the vein. 

The main diagnostic methods are multidetector spiral computed tomography (CT) and venography. 
For various injuries of the pelvic vessels, different endovascular technologies are used [26–28]. M. H. 

Lauerman et al [26] based on USA National Trauma Data Bank showed that in the 21st century, endovascular 
stenting has been used in 11.3% of blunt iliac trauma associated with pelvic fractures, 6.3% of blunt trauma 
without pelvic fractures, and 1.8% of penetrating vascular injuries. However, the focus is on arterial injury. 

The main methods of endovascular treatment for pelvic vein injury include the implantation of a stent-graft 
(SG) and embolization. 

ENDOVASCULAR TREATMENT METHODS FOR VEIN INJURIES IN PATIENTS WITH PELVIC FRACTURES 
Bleeding in all types of pelvic fractures is the main cause of mortality that remains high, especially in 

patients with unstable fractures and unstable hemodynamics. To date, there are few reports on the treatment 
of injuries associated with low pressure, high flow venous systems in complex anatomical regions such as the 
pelvis [4]. 

There are three types of bleeding in pelvic fractures [28, 29]: arterial bleeding resulting from rupture of any 
of the arteries in the pelvis, venous bleeding resulting from rupture of the veins and venous plexuses, and 
bleeding directly from the site of a cancellous bone fracture. There may be a combination of these types of 
bleeding. 

According to T. Suzuki et al.  [28], pelvic bleeding is similar to "black box" bleeding in terms of which source 
is the predominant cause of the ongoing bleeding, it remains difficult to determine the proportional 
contribution of arterial bleeding, venous bleeding, and cancellous bone fracture bleeding to total pelvic bleeding 
that should be controlled first. There is no absolutely accurate way to identify both the main and all sources of 
bleeding and absolutely reliable method for accurately quantifying bleeding into the retroperitoneal space. 
Treatment for each of these bleeding sources should be different. 

In the treatment algorithms for pelvic fractures, the venous injury have not been paid due attention. 
Considering the structure of the walls of arteries and veins, the thickness of the walls, their characteristics, it 
should be expected that in fact, injury to the veins is not less common, but more often than ruptures of the 
arteries. Bleeding as a result of arterial injury accounts for up to 10–20% of all causes of hematoma formation. 
And when the arteries are ruptured as a result of a high-energy impact, it is logical to assume that such an 
impact also causes a rupture of the vein. When an artery ruptures, the incidence of vein rupture is likely to 
approach 100% [28]. According to J. Uyeda et al. [30], the isolated pelvic vein injuries account for about 20% of 
pelvic vascular injuries. 

G. J. Motsay et al. [31] cited data from 6 patients in whom iliac vein injury was the main cause of fatal bleeding 
in pelvic fractures, therefore, before arterial intervention, it is necessary to make sure that the vein does not 
rupture. Y. Kataoka et al. [1] found extravasation in 9 of 11 patients who underwent venography. D.A. 
Rothenberger et al. [32] reported on a group of 12 patients with pelvic fractures, of which 11 had damage to the 
veins and 5 to the arteries. In the "open book" type fractures with a pubis diastasis of 5 cm, damage to the iliac 
vein occurred in 60% of cases, while there was no damage to the arteries (experimental study by R. Baque et al. 
[33] on corpses). 

The main attention focuses on the bleeding from vessels with high blood flow rate (arteries), but bleeding 
from vessels with low blood flow rate can also be fatal. 

M. R. Grimm et al. [34] experimentally studied the relationship between the pressure and volume in the intact 
and damaged retroperitoneal space of the small pelvis, and the importance of external fixation. In the intact 
retroperitoneal space, after fluid infusion of 5 liters, the pressure rapidly increased to an average of 30 mm Hg. 
After a fracture, it was possible to infuse up to 20 liters of fluid at a pressure not exceeding 35 mm Hg. 

There is a growing consensus, based on clinical experience, that the majority of uncontrolled bleeding 
results from damage to the venous system that has not been controlled by either arterial embolization or pelvic 
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stabilization [29]. Damage to the veins, especially to large venous trunks, is no less dangerous than ruptures of 
the arteries. 

The main diagnostic tool for suspected pelvic vascular injury is multidetector spiral CT [35–42]. Active 
arterial bleeding at CT is characterized by extravasation of the contrast medium (contrast blush) appearing in 
the arterial phase. Active venous bleeding is characterized by extravasation of contrast agent during the venous 
phase as well as in the delayed phase. The use of multiphase images allows a more accurate characterization of 
the areas of "contrast blush" in terms of identifying the localization of vascular damage and active bleeding. 

Subsequent angiographic examination allows in most cases to accurately localize the source of arterial 
bleeding. A common treatment is embolization with various materials, as well as stenting. There are two 
options: a selective and non-selective embolization. Selective embolization is preferred. But this is not always 
possible because of 1) the anatomical features that prevent superselective catheterization of the vessel; 2) an 
extremely serious patient's condition, in which it is necessary to minimize the time of intervention; 3) absent 
extravasation due to spasm and local thrombosis, while it is necessary to focus on CT data on a possible source 
of bleeding. In such cases, non-selective embolization of the internal iliac arteries is performed. 

But arterial embolization does not always lead to stabilization of the condition, to an increase in blood 
pressure. A fatal outcome is possible even without damage to the arteries of large and medium diameter. 

All the attention of researchers, the vast majority of publications is devoted to arterial trauma and 
embolization, because there is a prevailing opinion that with venous bleeding and bleeding from a cancellous 
bone fracture, a self-tamponade is possible as a result of increased pressure in the bounded retroperitoneal 
space of the pelvis. Self-tamponade is possible with damage to veins of small and medium diameter. But it may 
not occur, especially with a rupture of large diameter veins (inferior vena cava and iliac veins), a blood clotting 
impairment. The ability to self-tamponade disappears when the pelvic fascia is ruptured, especially in injuries 
with significant posterior displacement, such as sacroiliac dislocations, sacral fractures, and fracture-
dislocations of the sacroiliac joint (sickle-shaped fractures). Open-book pelvic fractures cause the distraction 
to the pelvic bed, thereby allowing bleeding into the perineum and hips [34]. In such cases, the hemorrhage is 
actually an escape of blood into a free space, which can potentially contain the entire volume of the victim's 
blood without the occurrence of tamponade. 

There are only few studies on endovascular treatment methods for vein injuries. Basically, they are the 
descriptions of single case. 

Y. Kataoka et al. [1] presented their experience in the treatment of patients with venous injuries in blunt 
pelvic trauma. The authors believe that the relevance of the problem is due to the fact that severe pelvic vein 
injuries caused by blunt trauma can be a difficult problem in diagnosis and treatment, and some patients remain 
unstable even after arterial embolization. The authors studied a group of 72 patients with unstable pelvic 
fractures in shock. Embolization was the first choice for hemorrhage control in pelvic fractures in 61 patients. 
Thirty-six patients recovered from shock after embolization. Eighteen of the 25 who did not recover from the 
shock died. Of these 25, 11 underwent transfemoral balloon catheter venography, which revealed significant 
venous extravasation in 9: that of common iliac vein in 5, of internal iliac vein in 3, and external iliac vein in 1. 
The treatment for venous injuries included laparotomy to achieve hemostasis (n = 1; survivors = 0), 
retroperitoneal gauze tamponade (n = 3; survivors = 1), and endovascular stent placement (n = 3; survivors = 3). 
According to the authors, the iliac vein injury is the main cause of hemorrhagic shock in some patients with 
unstable pelvic fractures after blunt trauma. Therefore, venography is useful for detecting iliac vein injuries. 

V. Mosquera Rey et al. [2] presented a case of the iliac vein rupture in a victim of a motorcycle accident. A 
contrast-enhanced CT showed rupture of the left external iliac vein with active bleeding and retroperitoneal 
hematoma, complex fractures of the pelvis and left femur. A self-expanding SG of 13 × 100 mm was successfully 
deployed through the access to both femoral veins under duplex ultrasound guidance. Immediately after the SG 
placement, the patient's blood pressure returned to normal. SG patency was confirmed 12 months later. 

S. R. Zieber  et al.  [3] reported two cases of successful SG application: one in the case of rupture due to blunt 
trauma; the other one in spontaneous rupture of the iliac vein. 

P. Castelli et al. [4] described the treatment of a woman injured in a car overturn. Examination showed a 
fracture of the first lumbar vertebra, multiple fractures of the acetabulum and right femur, retroperitoneal 
hematoma surrounding the first lumbar vertebra. CT angiography revealed damage to the inferior vena cava at 
the level of the iliac-caval bifurcation, which was confirmed by cavography. The left common femoral vein was 
surgically exposed and 20 Fr introducer deployed SG (Excluder - W. L. Gore, Flagstaff, AZ, USA (31 × 14 × 150 
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mm). The contralateral part was installed through the right transfemoral access. The final venogram confirmed 
a complete exclusion of damage and the absence of bleeding. The duration of the procedure was 9 minutes. The 
patient died due to a head injury. 

K. Sofue et al. [5] showed that if SG is unavailable, uncoated stents can be used. In a woman injured in a 
traffic accident with blunt pelvic trauma, no extravasation was found at arteriography. Examination of the 
venous system showed the injury to the external iliac vein with extravasation and stenosis as a result of 
hematoma compression. A self-expanding stent 14 x 64 mm (Wallstent, Boston Scientific, USA) was implanted 
into the area of rupture and proximal stenosis, an additional stent was placed, overlapping the first one over 
the rupture site. The extravasation disappeared immediately. Control examinations within 3 years showed good 
patency of the stents.  

Two groups of authors [6, 7] cited cases of successful embolization (1 patient in each report) of 
arteriovenous fistulas formed during pelvic fractures. V. Perinjelil et al. [6] described a patient who suffered a 
severe pelvic injury as a result of a car accident. CT and subsequent angiography revealed a traumatic fistula, 
which was embolized. At an angiographic examination in a man who suffered from a fall, S. Cho et al. [7] 
revealed a fistula between the internal iliac artery and a vein, which was successfully treated by arterial 
embolization with n-butylcyanoacrylate. 

ENDOVASCULAR SURGERY FOR GUNSHOT WOUNDS OF THE PELVIS, ABDOMEN, RETROPERITONEAL SPACE 

The literature contains only single-case reports [8−12]; only V.A. Ivanov et al. [8] described the treatment 
of 4 patients, including 2 with injuries of the iliac vessels, in whom AVF occurred at the level of the iliac artery 
and vein as a result of a gunshot wound. The development of arteriovenous anastomosis, as well as the 
resulting heart failure, occurred over a fairly long time (up to 17 years [9]). SG implantation into the iliac 
artery made it possible to exclude fistulas from the blood flow in all cases. 

THE USE OF ENDOVASCULAR METHODS OF TREATMENT FOR IATROGENIC VEIN INJURIES 

A) Iatrogenic vein injuries during operations on the lumbosacral spine [13−24]. 
Incidence of iatrogenic vascular injuries during spinal surgery:  S. Papadoulas et al. [13], by using the 

MEDLINE database, reviewed all reports published in English from 1965 to 2002 and identified 98 cases of 
vascular complications with an incidence of 1–5 per 10,000 intervertebral disc interventions; a retrospective 
analysis at their institution for the period from 1990 to 2001 showed an incidence of iatrogenic vascular injury 
of 4 per 10,000. P. C. Bonasso et al. [14] reported iliocaval complications during spinal surgery in 3 cases of 102 
interventions (2.9%). Most publications report 1–2 clinical cases [15–21], and only three groups of investigators 
presented observation of up to 7 cases [22–24]. 

G.-W. Yan et al. [17] reported a clinical case of endovascular treatment of an arteriovenous fistula after 
lumbar discectomy. CT angiography revealed a fistula between the common iliac artery and the common iliac 
vein, the false aneurysm formation, and a dissection in a patient. The patient was implanted with 2 SGs (24 mm 
× 120 mm and 14 mm × 100 mm, ANKURA, LifeTech Scientific Corporation, China). Control CT angiography 
showed the anastomosis, aneurysm, dissection had disappeared. 

Also, the authors [17] systematized the available literature data on iatrogenic iliac arteriovenous fistulas 
after lumbar discectomy operations. In 31 reports (published from 2000-2018) on using the posterior surgical 
approach (the anterior surgical approach was excluded), which included 44 patients, the following levels of 
damage were described: L3-L4 2.3%, L4-L5 40.9%; L5-S1 9.1%; L4-L5 and L5-S1 13.6% (data on the rest of the 
patients were unavailable). In the majority of patients (86.4%), the diagnosis was made by CT angiography 
and/or digital subtraction angiography. In 63.6 % of patients, signs of heart failure developed after some time. 
The time interval between discectomy and fistula detection was less than 24 hours in 9.1%, from 24 hours to 1 
week in 6.8%, from 1 week to 1 month in 20.5%, from 1 month to 1 year in 34.1%, and more than 1 year in 29.5% 
of cases. As a result of surgery, injuries and fistulas of the common iliac arteries and veins (in 74% of cases), 
internal iliac arteries and veins (4.5%), fistulas with IVC (in 6.8%) may occur; in 6 patients, the authors did not 
report the fistula localization. In 36.4% of patients, FA also developed in addition to the fistula; in 1 patient an 
anastomosis, FA, and dissection occurred. The majority of patients (88.6%) were treated with endovascular 
methods: The SG placement in an artery or vein, embolization of the internal iliac artery to prevent blood flow 
from the contralateral artery, a combination of these approaches. 
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B. Liu et al. [22] presented their experience in the treatment of vascular complications and analyzed the 
literature data: a total of 77 patients. Among vascular injuries, the injuries of the common iliac artery and vein 
most often occurred (78.7%). In case of vessel ruptures, the traditional surgical repair method was most often 
chosen, and in the event of fistula and FA, the endovascular interventions were chosen. 

L. Canaud et al [23] performed a retrospective database analysis over 13 years of treatment of 7 patients with 
acute (3) or subacute (4) injuries of the common iliac artery (6) or abdominal aorta (1) after surgery on the 
lumbar spine. Arterial ruptures occurred in 3 cases, AVF in 2, FA also in 2. These injuries were successfully 
repaired using the placement of SGs: Passager (3), Viabahn (1), Wallgraft (1), Zénith (1) and Advanta V12 (1). 
Technical success has been achieved in all cases. There were neither deaths, nor complications. When followed-
up over a period of 0.3 to 13 years (average 8.7 years), all SGs were patent. 

H.S. Jung et al. [24] also described the treatment of 7 patients with lumbar discectomy from the posterior 
approach and resulting vascular complications. Operations were performed on 4 patients, and 3 patients with 
AVF and FA were diagnosed with a good SG effect. 

After discectomy, the occurrence of the iliac artery FA, and AVF with a massive run-off into the IVC is 
possible [15, 16]. After the implantation of VIABAHN SG (GORE, USA) [15], the clinical effect was obtained 
immediately on the operating table; further there was a regression of the right ventricular failure, a decrease in 
the liver size, and the disappearance of regurgitation on the tricuspid valve. Due to the difference in the 
diameters of the iliac arteries, it is possible to implant three SGs of different diameters and lengths to exclude 
FA and AVF from the bloodstream [16]. 

At present, SG is most often used in the occurrence of pathology, but a combination of SG implantation and 
embolization is possible.  In a case of AVF of the iliac artery and vein, J. P.Hart et al. [20] deployed 2 SGs in the 
artery and the embolization of the internal iliac artery was performed, which made it possible to eliminate the 
pathology. 

B). Iatrogenic injury to veins during other operations. 
In 1995, A. B. Zajko et al. [25] described a patient who underwent a series of operations for prostate cancer, 

where the common iliac artery was damaged by a trocar; primary arterioplasty was performed, but later a fistula 
with IVC occurred. The authors deployed an SG made of polytetrafluoroethylene (PTFE) synthetic material 
attached to the Palmaz balloon-expandable stent by means of surgical sutures. This was the first report of the 
use of SG in such situations. 

CONCLUSION 

Injury to the veins of the pelvis can occur in motor vehicle trauma, falling from a height, gunshot wounds, 
iatrogenic injuries. The source of pelvic bleeding can be an artery, vein, or cancellous bone, or a combination of 
these sources. Due to anatomical features, the walls of the veins and venous plexuses are thinner and more 
fragile than the walls of the arteries, their rupture occurs more often than the rupture of the arteries. It is 
impossible to accurately determine the proportional contribution of venous and arterial bleeding to total pelvic 
bleeding. In pelvic fractures, bleeding is the main cause of high mortality, especially in patients with unstable 
fractures and unstable hemodynamics. 

Accurate diagnosis of bleeding sources is of decisive importance for the tactics of subsequent treatment. 
Treatment should be differentiated with regard to the source of bleeding. CT angiography is an important 
diagnostic tool. 

Endovascular treatment of pelvic vein injury is paid insufficient attention is paid to, as the main attention 
is focused on arterial injury. However, arterial embolization does not have effect on venous bleeding. In case of 
venous injury, stent grafts are more often used, and embolization is used only when arteriovenous fistula occurs. 
These reports show a high efficacy of stent-graft implantation and embolization of the vessels. 
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