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Abstract

Vascular emergencies of the retroperitoneum 
can arise from traumatic or nontraumatic arte-
rial or venous injuries. Advances in interven-
tional radiology technique have permitted less 
invasive alternative treatments to surgery for 
the management of aortic and inferior vena 
cava acute injuries. In this chapter, the MDCT 
findings of large-vessel vascular emergencies 
within the retroperitoneum are discussed, with 
correlative interventional findings and 
treatment.
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9.1	 �Introduction

Vascular emergencies of the retroperitoneum can 
arise from either traumatic or nontraumatic arte-
rial or venous injuries. In patients with high-
energy blunt polytrauma, vascular injuries are the 
second most common cause of death [1–3], so 
their identification is crucial for patient survival 
[4]. Vascular emergencies can occur spontane-
ously, particularly ruptured abdominal aortic 
aneurysm (AAA). The ruptured abdominal aortic 
aneurysm is one of the most serious emergencies, 
with a high morbidity and mortality rate.

The management of retroperitoneal vascular 
emergencies is challenging and requires a multi-
disciplinary approach. Advances in interven-
tional radiology techniques allow a less invasive 
treatment as an alternative to surgery for the man-
agement of aortic, inferior vena cava, other retro-
peritoneal central vascular acute injuries, and 
other related conditions.

A. M. Ierardi • G. Carrafiello • F. Pesapane 
Diagnostic and Interventional Radiology Department, 
University of Milan, San Paolo Hospital, Milan, Italy 

F. Iacobellis 
Department of Diagnostic Imaging, “Pineta Grande” 
Hospital, Castel Volturno, Caserta, Italy

Department of Radiology, University of Campania 
“L. Vanvitelli”, Naples, Italy  

R. Nicola 
Department of Radiology, University of 
Massachusetts, Memorial Medical Center,  
Worcester, MA, USA 

M. Scaglione (*) 
Department of Diagnostic Imaging, “Pineta Grande” 
Hospital, Castel Volturno, Caserta, Italy 

Department of Radiology, City Hospitals Sunderland, 
NHS Foundation Trust, Sunderland, UK

9

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-70778-5_9&domain=pdf
https://doi.org/10.1007/978-3-319-70778-5_9


152

In this chapter, the MDCT findings of large-
vessel emergencies of the retroperitoneum are 
discussed, with correlative interventional radiol-
ogy findings and treatment.

9.2	 �Multidetector CT (MDCT) 
Diagnosis

MDCT with intravenous contrast is the primary 
imaging modality for the assessment of suspected 
vascular injuries and other related acute condi-
tions, to assess whether medical, interventional, 
or surgical management is necessary [4].

9.2.1	 �MDCT Protocol

The MDCT protocol includes two acquisitions. 
The arterial phase is acquired after the injection 
of 100–120 mL of iodinated intravenous (iv) con-
trast medium (cm) injected at 4–5 mL/s. In our 
practice, this is followed by 40  mL of saline 
chaser at the same flow rate. Automated bolus 
tracking is used, with a region of interest placed 
in the aortic arch at an attenuation threshold of 
100 HU. To evaluate the aorto-iliac axis and the 
central venous vessels in their entire length, the 
venous phase is acquired at a 60–70 s delay from 
the end of the injection.

The examination is supervised by a consultant 
radiologist, who reviews the images before the 
patient leaves the CT scanner.

Three-dimensional multiplanar reformation 
(MPR) and maximum intensity projection (MIP) 
images are also obtained to display the anatomy, 
including anatomic variants.

9.3	 �Traumatic Vascular 
Emergencies

9.3.1	 �Trauma Mechanisms

Arterial injuries are caused by either blunt or 
penetrating trauma.

Blunt traumatic aortic injuries arise from sud-
den stretching mechanism of the vessels on a 

fixed axis [4]. Blunt traumatic abdominal aortic 
injury is an uncommon occurrence and is typi-
cally associated with other abdominal injuries [5, 
6]. The severity of injury varies from a simple 
subtle intimal flap to a complete transection [7] 
and may arise from direct trauma to the abdomi-
nal aorta (e.g., a seat belt injury) or from indirect 
forces transmitted to the aorta through contigu-
ous organs [6, 7]. Also, visceral branches may be 
involved, including the renal, mesenteric, and 
iliac arteries [8], the latter of which are associ-
ated with pelvic fractures [6] (Fig. 9.1).

Penetrating trauma involving the great vessels 
of the retroperitoneum is caused by a stab wound 
to the back, flank, or more commonly due to a 
gunshot wound [9]. The mechanism of injury, the 
velocity of the object, and the trajectory can all 
be used to predict the severity of injury [9]. 
MDCT is useful for assessing the course of the 
penetrating injury. It also offers valuable infor-
mation on the location and extent of the injured 
vessel, as well as on associated parenchymal and 
other injuries [10]. Large arterial vascular inju-
ries due to penetrating trauma are associated with 
pseudoaneurysms and/or active contrast extrava-
sation [6, 11] (Fig. 9.1). According to Azizzadeh 
et al. [12], traumatic aortic injuries are classified 
into four degrees of severity: grade I (intimal 
tear), grade II (intramural hematoma), grade III 
(pseudoaneurysm), and grade IV (rupture).

9.3.2	 �Management

The management of retroperitoneal vascular 
trauma, especially in the emergency setting, is 
challenging and requires a multidisciplinary 
approach [13].

Within the past decade, endovascular tech-
niques performed by interventional radiologists 
have become an alternative to surgery at many 
level-1 trauma centers [14].

Regardless of the etiology of the retroperito-
neal bleeding (RB), all patients should initially 
be managed in an intensive care unit, with careful 
monitoring, fluid resuscitation, blood transfusion, 
and normalization of coagulation factors [15]. 
There are no specific guidelines to suggest when 
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an endovascular versus surgical intervention is 
recommended, to our knowledge. However, if the 
patient is hemodynamically stable without evi-
dence of obvious hemorrhage, nonsurgical man-
agement or careful observation should be 
considered [7].

Currently there is a growing trend in the use of 
interventional radiology (IR) techniques as an 
alternative to open surgery in the management of 
retroperitoneal hemorrhage in trauma patients. 
The advancement in endovascular techniques 
over the last few decades has enabled hemostasis 
to be achieved safely and rapidly, by using 

several methods including embolization, balloon 
occlusion, and stent-grafting [15, 16].

Intra-arterial transcatheter embolization 
(TAE) is being used with increasing frequency in 
patients whose angiograms show active bleeding 
sites [17]. Coils are probably the safest agents 
(Fig.  9.1), but Isokangas and Perala [17] have 
commented that proximal coiling of the bleeding 
artery is not sufficient with retroperitoneal hem-
orrhage, where there is a rich network of collat-
eral arteries, and new arterial pathways may 
develop after obliteration of the lumbar arteries. 
It is critical to place embolic agents both 

a b c
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Fig. 9.1  Active arterial bleeding in the obturator region 
related to pelvic trauma treated with endovascular embo-
lization, in an 81-year-old man. (a) Axial nonenhanced 
CT image showing acetabular fracture (arrows); (b) axial 
IV contrast-enhanced CT image in the arterial phase 
showing a hematoma adjacent to the acetabular fracture, 
with active bleeding (arrows); (c) axial IV contrast-
enhanced CT image in the venous phase showing an 
increase of the hemorrhage due to obturator artery injury 
(arrows); (d) selective angiogram of the right internal iliac 
artery showing active extravasation of contrast from the 
distal branches of right obturator artery (arrow); (e) super-

selective embolization of the bleeding vessel with multi-
ple steel coils (3-mm diamond-shaped), followed by 
gelfoam suspension embolization (arrow); (f) postproce-
dural selective angiogram of the right internal iliac artery, 
showing complete exclusion of bleeding (arrow). Fig. 1 is 
reprinted with permission from Carrafiello G, Mangini M, 
Ierardi AM, Recaldini C, Cotta E, Piacentino F, Fugazzola 
C.  Vascular Emergencies of the Retroperitoneum. Book 
chapter in: M. Scaglione et al., Emergency Radiology of 
the Abdomen, Medical Radiology. Diagnostic Imaging 
Editor: Springer-Verlag Berlin Heidelberg 2012; 
pp. 189–205
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proximally and distally relative to the bleeding 
site, to prevent re-occurrence of hemorrhage. The 
indications for embolization are based on the 
hemodynamic stability of the patient and the 
extent of hemorrhage [7].

These advancements have become a useful 
adjunct in the treatment of persistent or recurrent 
bleeding and have also been used as a primary 
therapeutic approach in selected patients [18].

9.3.3	 �Arterial Injuries

9.3.3.1	 �Intimal Tear
Intimal disruption is one of the most common 
types of blunt aortic injuries detected in patients 
with blunt trauma [6]. It is due to an injury of the 
intima, while the media and adventitia remain 
intact, so a focal detachment of the internal aor-
tic layer occurs [4]. The intimal flap, dissected 
by the blood flow, may lead to thrombosis [6] 
due to the exposure of thrombotic subintimal 
factors, or can progress into a complete vessel 
dissection [4].

On MDCT, an intimal tear is identified as a 
linear endoluminal defect connected with the 
inner layer of the aortic wall [4, 7]. If the intimal 
flap measures less than 10  mm, conservative 
management is usually performed, and short-
term follow-up imaging is indicated [4, 5]. If the 
flap evolves into a dissection, endovascular inter-
vention is recommended.

9.3.3.2	 �IR Management
Appropriate management of traumatic aortic 
dissection isolated to the abdomen is not well 
defined to our knowledge [15]. The failure of a 
nonoperative approach to this condition sug-
gests that disease progression may be inevitable 
[15]. Some authors suggest that all traumatic 
abdominal aortic injuries should be treated 
either by endovascular stenting, if feasible, or 
by conventional prosthetic graft replacement in 
selected patients [19]. In comparison with spon-
taneous abdominal aortic dissection, which will 
be described later in the chapter, the surgical 
mortality is higher in trauma because of associ-
ated retroperitoneal venous injury and sepsis 

[20, 21]. Emergency surgery is recommended 
when medically uncontrolled hemodynamic 
shock, lower limb acute ischemia, proven isch-
emic medullar paraplegia, or tortuous iliac 
arteries are present [19].

Excluding these conditions, IR techniques 
provide a less invasive alternative [16]. Several 
studies [22–26] provide encouraging results with 
regard to IR treatment of acute traumatic dissec-
tion of the retroperitoneal aorta, especially in the 
inferior inframesenteric segment. Nevertheless, 
the potential complexity of the entry-re-entry 
scenario, and the risk of aortic wall injury, may 
require immediate laparotomy [27].

Deployment of an endoluminal stent-graft in 
a dissected abdominal aorta is challenging and 
has a high morbidity. Most of the problems occur 
from the anatomical variability, where the dis-
section flap can propagate distally [28]. As a 
result, the true and false lumens may appear in 
complex configurations, and the branch vessel 
origins may be distributed in unpredictable pat-
terns, occasionally in association with life-
threatening ischemia of the viscera and 
extremities. It is imperative to locate the primary 
entry tear, as aortic rupture is most frequent 
cause of death in patients with abdominal aortic 
dissection [29, 30].

In 1995, Peterson et  al. [8] and Nishimura 
et  al. [24] successfully treated an aortic dissec-
tion by percutaneous balloon fenestration fol-
lowed by stent placement. In both patients, lower 
limb ischemia was relieved, and a 2-year follow-
up did not reveal any abnormality. Later, Berthet 
et al. [19] published their results of small series 
of patients with traumatic abdominal aortic dis-
section who were treated using endovascular 
techniques by percutaneous stent placement. No 
deaths were related to the aortic dissection or its 
treatment, and no patient underwent endovascu-
lar fenestration. The authors proposed that iso-
lated fenestration only treats the ischemic 
consequences of the dissection without treating 
the cause; however, this is useful when the dis-
section extends above the renal arteries.

The placement of an aortic stent within the 
dissection is an alternative to fenestration, and 
experimental studies [31, 32] have demonstrated 
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that stenting is more efficient if stents are inserted 
at the site of the intimal tear and cover the entire 
dissected lumen.

IR treatment could be the first therapeutic 
option for the following reasons:

–– endovascular approach may be performed 
immediately after closure of a laparotomy for 
septic injuries [19]

–– a less invasive technique avoids aortic cross-
clamping and retroperitoneal dissection [19]

–– the limited length of dissection is a character-
istic feature of aortic injuries, making it easier 
to cover the whole dissection by stenting [23]

–– the use of short stent-grafts and deployment 
far from the T8 to L2 vertebrae further mini-
mize the risk of paraplegia, as compared with 
the risk of surgical aortic replacement and 
graft interposition [29, 30]

Endoluminal stent placement is a faster 
method than conventional surgery because it 
avoids the need for circulatory arrest and cross-
clamping of the aorta, and the associated isch-
emia and reperfusion injury [28].

9.3.3.3	 �Intramural Hematoma
Intramural hematoma of the abdominal aorta 
may be due to blunt trauma, and arises from a 

minimal intimal tear causing bleeding in the 
media tunic of the vessel wall [4, 34]. The sensi-
tivity of MDCT for the depiction of intramural 
hematoma is high, as it appears as hyperdense 
mural vessel thickening (Fig. 9.2). On such scans 
a manual adjustment of the window settings is 
recommended. Intramural hematoma is needed 
to treat because it can progress to frank aortic dis-
section [4, 33, 34].

9.3.3.4	 �IR Management
Intramural hematoma (IMH) of the aorta is a 
variant of dissection with no entry or false lumen 
flow and typically occurs in hypertensive patients 
with severe atherosclerotic disease [35]. 
Traumatic IMH of the aorta is a relatively rare, 
but potentially life-threatening disease. Blunt 
trauma patients with upper or lower back pain 
should be considered as possibly having IMH of 
the descending aorta (IMH—type B) in the emer-
gency department until it is diagnosed or excluded 
with imaging [36]. Fewer than 10% will resolve 
spontaneously [37], whereas 16–47% will prog-
ress to frank dissection [29]. Mortality may be 
reduced by early diagnosis and adequate treat-
ment [7].

Indications for endovascular treatment of trau-
matic IMH depend on symptomatic presentation, 
diameter increase, pseudoaneurysm formation, 

a b c

Fig. 9.2  Intramural hematoma following blunt trauma, in 
a 57-year-old man. Nonenhanced CT images in axial (a) 
and in coronal planes (b) show hyperdense mural thicken-
ing due to the recent bleeding, extending from the aortic 
arch to the abdominal aorta; (c) axial IV contrast-enhanced 
CT image shows that the hematoma does not enhance 
after contrast administration, and no intimal flap is seen. 

Figure 2 is reprinted with permission from Carrafiello G, 
Mangini M, Ierardi AM, Recaldini C, Cotta E, Piacentino 
F, Fugazzola C.  Vascular Emergencies of the 
Retroperitoneum. Book chapter in: M.  Scaglione et  al., 
Emergency Radiology of the Abdomen, Medical 
Radiology. Diagnostic Imaging Editor: Springer-Verlag 
Berlin Heidelberg 2012; pp. 189–205
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or progression into acute aortic dissection during 
follow-up imaging. MDCT can depict the 
entrance tear, and endovascular aortic repair aims 
to close the entrance tear, with complete stent-
graft coverage of the IMH having the best thera-
peutic outcome [33, 36].

Most studies describing IMH have looked at 
small patient populations due to its relative rarity 
[38, 39]. Thus, the optimal therapy for this condi-
tion is still largely unknown to our knowledge 
[38, 40]. Trauma patients with IMH present with 
subacute or acute pain, which can progress to 
aortic dissection and can eventually rupture. 
Dilatation of 60 mm and above should undergo 
surgical treatment [41]. Uncomplicated IMH is 
treated conservatively with blood pressure regu-
lation and serial MDCT scans [42, 43]. 
Uncomplicated stable patients with retroperito-
neal IMH can be treated using endovascular tech-
niques [44, 45]. In a study [46] which compared 
early medical therapy with medical plus IR treat-
ment in IMH complicated by intimal tear, at a 
mean follow-up of 17.6 months, 10 of 11 medi-
cally treated patients demonstrated regression, 
and 5 of these patients (45%) had complete reso-
lution of their IMH. All those treated with endo-
vascular management had resolution. Song et al. 
compared medical therapy with endovascular 
therapy in 56 patients with IMH with a thickness 
more than 10 mm, or with sustained chest or back 
pain despite maximal medical therapy. The tech-
nical success was 100%, with no progression or 
mortality [47].

9.3.3.5	 �Pseudoaneurysms
A pseudoaneurysm is false aneurysm due to the 
disruption of the arterial wall layer, in which the 
blood flow is only contained by the connective 
tissue surrounding the vessel [34].

On MDCT, a pseudoaneurysm is an outpouch-
ing of the arterial wall, which is well defined, 
with endoluminal enhancement synchronous 
with those of the other arterial vessels. They may 
occur at the aorta or may involve other splanch-
nic arterial vessels due to blunt or penetrating 
trauma. They can also occur as a sequela of prior 
injury [48]. The majority of blunt trauma pseu-
doaneurysms occur in the thoracic aorta. 

Post-traumatic aortic pseudoaneurysm in the 
abdomen is very uncommon. Post-traumatic 
abdominal aortic pseudoaneurysm occurs due to 
penetrating injury of the upper abdomen, such as 
from a gunshot or knife wound [11]. Multiphasic 
CT is helpful for correct identification, and to 
distinguish them from active bleeding, as a pseu-
doaneurysm does not change its shape and 
decreases in attenuation value on delayed scans, 
and is isodense to the arterial structures [4, 49]. 
Pseudoaneurysms need to be treated because sev-
eral complications can occur, including rupture, 
fistula, mass effect upon the surrounding struc-
tures, infection, or thromboembolic events. The 
most severe and most common complication is 
rupture due to increase of the endoluminal pres-
sure [31, 51].

9.3.3.6	 �IR Management
Traumatic aortic pseudoaneurysm is a potentially 
lethal condition [52–54]. Advances in endovas-
cular techniques have provided options to treat 
traumatic pseudoaneurysms of the abdominal 
aorta and have led to a marked decrease in the 
morbidity and mortality rates [52]. A complete 
work-up to determine the location of the pseu-
doaneurysm and to evaluate surrounding struc-
tures and relevant vascular anatomy is essential 
for treatment, which should be tailored to the site, 
rupture risk, and clinical setting of the pseudoan-
eurysm, as well as to patient comorbidities [55]. 
IR management serves to exclude a pseudoaneu-
rysm from the circulation and has the advantage 
of accessibility to most locations of the arterial 
system, without the potential morbidity of open 
surgical repair. Baltacioglu et  al. [56] reported 
100% technical success in the treatment of 17 ret-
roperitoneal pseudoaneurysms with covered 
stents.

Selecting the optimal method depends on the 
size of the pseudoaneurysm neck and the expend-
ability of the donor artery [57]. There are several 
visceral arteries which have a well-established 
collateral supply, including the gastroduodenal, 
hepatic, and splenic arteries, and other upper gas-
trointestinal arteries [55]. When embolizing 
arteries with numerous collateral vessels, one 
must embolize both proximal and distal to the 
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pseudoaneurysm, to completely exclude it from 
the circulation, by preventing backflow from the 
collateral circulation [57]. A pseudoaneurysm 
arising from an inexpendable donor artery must 
be excluded from the circulation, while preserv-
ing the donor artery [55]. The width of the pseu-
doaneurysm neck relative to the diameter of the 
donor artery is the determining factor in the 
method used. A vital donor artery may be embo-
lized in certain emergent situations (e.g., rupture 
with active bleeding) [55]. If the neck is narrow, 
the pseudoaneurysm may be embolized with 
catheter-directed delivery of coils (the preferred 
embolization material) into the sac itself [55].

In IR, coils fall into two main categories: non-
detachable and detachable [55]. The nondetach-
able coils reassume their shape immediately after 
deployment from the catheter. These coils are 
available in a wide array of diameters and lengths. 
They are made of either stainless steel or, more 
recently, of platinum, which allows them to be 
softer and have a more complex (helical) shape. 
Consequently, such coils conform to the shape of 
and fill the pseudoaneurysm sac, so fewer coils 
are needed for the embolization [55]. However, 
because platinum coils are softer, initial place-
ment of stainless steel coils may be required to 
act as a scaffolding. Detachable coils are held to 
the pusher guide wire by either a mechanical or 
an electrochemically dissolvable connection, 
which is released to deploy the coil [55]. This 
facilitates more accurate deployment and the 
possibility of readjusting the position of the coil 
before its final deployment [55]. A disadvantage 
of using coils as an embolization material is the 
potential for recanalization of the embolized sac, 
if the coils are not tightly packed [55]. However, 
this drawback has been largely overcome with 
the use of soft helical coils, which may be tightly 
packed in the pseudoaneurysm sac [58]. Agents 
such as thrombin or N-butyl 2-cyanoacrylate 
(glue) may also be used, either alone or in addi-
tion to coils [57, 59]. Moreover, if the neck is 
wide, the pseudoaneurysm can still be embolized 
with catheter-directed delivery of embolization 
materials, but remodeling is required to prevent 
outflow of these materials into and distal emboli-
zation of the donor artery, and to ensure adequate 

embolization of the pseudoaneurysm sac [55]. 
This remodeling may be performed with the use 
of a stent cage, or by trapping the coils by means 
of temporary balloon occlusion of the donor 
artery between coil deployments [60]. If distal 
arterial embolization is a concern, detachable 
balloons may be used as the embolic agent [61]. 
Another option, if the pseudoaneurysm neck is 
wide, is stent-graft placement across the neck to 
exclude the pseudoaneurysm [60], although this 
procedure requires a higher profile and a stiffer 
delivery system than does catheter-directed coil 
embolization. As a result, the arterial anatomy 
and the caliber of the arteries leading to and at the 
pseudoaneurysm site should be favorable (i.e., 
reduced arterial tortuosity and large-diameter 
arteries). An additional reason for placing stent-
grafts only in larger arteries is that in small arter-
ies they pose a higher risk of thrombosis [55]. 
Visceral pseudoaneurysms, which are usually 
smaller and located off small and tortuous donor 
arteries, pose a particular challenge for stent-
graft placement.

Endovascular techniques have a lower com-
plication rate for the treatment of visceral 
pseudoaneurysms than surgical management 
[59, 61]. The main complication of IR tech-
niques is intraprocedural rupture of the pseu-
doaneurysm [62]. Rare cases of recanalization 
of the embolized vessel and reconstitution of 
arterial flow to the pseudoaneurysm have also 
been reported [62].

9.3.3.7	 �Artero-venous Fistula
Penetrating trauma may cause abnormal com-
munications between arteries and veins. In the 
retroperitoneum, aorto-caval fistulas may be 
detected following trauma or interventional pro-
cedures [63].

At MDCT, these may be seen only if an arte-
rial phase is performed; they appear as early 
venous opacification in the arterial phase. 
Furthermore, obliteration of the fat planes 
between the aorta and the vena cava may be 
detected and, less commonly, visualization of the 
abnormal communication may be identified [64]. 
Small fistulas may be asymptomatic but may 
enlarge over time, increasing the venous return 

9  Vascular Emergencies of the Retroperitoneum: Recent Advances in MDCT and Interventional Radiology



158

and causing severe hemodynamic alterations 
with congestive heart failure [64–66].

9.3.3.8	 �IR Management
Penetrating injury remains the most common 
cause of abdominal and pelvic arterio-venous fis-
tulae [67]. Although ACF due to penetrating 
wounds frequently have a severe acute presenta-
tion, iatrogenic fistulae produce less acute symp-
toms than traumatic and spontaneous aortic or 
iliac fistulae [7].

Surgical treatment includes repair of the fis-
tula, usually with direct suture and reconstruction 
of the aortoiliac aneurysm with a dacron graft 
[68]. Venous bleeding from the sac of the aneu-
rysm can be excessive, and careful and expedi-
tious control of the bleeding using digital 
compression, sponge sticks, or balloon catheters 
is imperative. Blood salvage and rapid return of 
the autologous blood in these patients can be life-
saving [7]. As in other complications of AAA, 
open surgical repair is associated with high mor-
bidity and mortality, which will be affected by 
the acute presentation and the preoperative rec-
ognition of the ACF. There are considerable dif-
ficulties with the open repair of central abdominal 
fistulae, which are related to the arterialization of 
venous structures and perivascular inflammation, 
resulting in an increased risk of substantial blood 
loss and pulmonary embolization [69].

The significance of this condition in the mod-
ern era, where endovascular aortic reconstruction 
(EVAR) is often performed, is when an ACF is an 
unexpected finding during open repair of rup-
tured abdominal aortic aneurysms (rAAA), this is 
a situation where exsanguinating hemorrhage 
may occur [69].

Endovascular stent-grafting offers an attrac-
tive therapeutic alternative to the open repair of 
ACF because it does not involve a laparotomy, 
there is less blood loss, it does not require general 
anesthesia, and therefore postoperative compli-
cation rates and costs are reduced [69]. 
Boudghene et al. [70] reported successful treat-
ment of ACF with percutaneous stent-grafts in an 
experimental study in which the ACF was created 
percutaneously in eight sheep. According to the 
literature review reported by Antoniou et al. [71] 

the technical success rate is 96%; however, the 
mean follow-up was only 9  months, with only 
one study reporting a follow-up of 24  months. 
The most common procedure-related complica-
tion was a type II endoleak, which was found in 
22% of the patients examined, but no standard-
ized imaging modality was used at follow-up. 
This event was either self-limiting or required 
minimal percutaneous intervention to correct 
[71]. Lau et al. [72] summarized that endovascu-
lar repair reduces blood loss and may reduce the 
significant morbidity and mortality rates often 
associated with open surgery. In cases of rAAA 
with associated ACF, the technique may offer its 
greatest benefits. From the reported literature, it 
seems that endovascular repair has a higher suc-
cess rate with regard to morbidity and mortality, 
but there is no consistency in patient selection or 
analysis as to whether these patients were oper-
ated on in an emergency setting or electively. In 
2009, a new hybrid technique was performed to 
treat a patient presenting with hemodynamic 
instability in the context of an acute ACF compli-
cating a large AAA which was unsuitable for 
standard endovascular repair. Siepe et al. treated 
this fistula by placing a large covered aortic stent 
into the inferior vena cava (IVC) [73]. This was 
successful in reducing central pressures, stabiliz-
ing arterial blood pressure, and allowing inotro-
pic support to be weaned. With the patient thus 
stabilized, standard open surgery on the AAA 
was performed, without the risk of massive blood 
loss from the large defect that was noted in the 
IVC covered by the stent-graft, once the aneu-
rysm sac was opened [73].

9.3.3.9	 �Bleeding
Active retroperitoneal bleeding (RB) may be 
seen after blunt or penetrating trauma; it repre-
sents an urgent condition that needs to be 
promptly treated. In blunt trauma, severe injuries 
to the abdominal aorta are uncommon due to the 
protected position of the abdominal aorta; the 
anatomic location of abdominal aortic injury is 
usually infrarenal. The most frequent sites of 
injury are at the level of the inferior mesenteric 
artery (33%), near the renal arteries (24%), and 
between the inferior mesenteric artery and the 
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bifurcation (19%) [74]. In the arterial phase on 
CT, a focal disruption with active bleeding of the 
arterial wall can be detected, with hematoma in 
the retroperitoneal space. The extraluminal con-
trast medium extravasation increases, and 
changes its morphology in the portal venous and 
late acquisitions. Only occasionally, a transection 
or disruption of the aorta with exsanguinating 
hemorrhage may be seen, as these injuries 
quickly lead to death [6, 11].

9.3.3.10	 �IR Management
Traumatic RB is a life-threatening condition that 
requires prompt and accurate diagnosis and 
treatment [75]. The high morbidity (40–50%) 
and mortality (5–30%) rates are due to the inabil-
ity to surgical control of such hemorrhage [7], 
which can be of arterial, venous, or osseous ori-
gin (the latter usually due to a pelvic fracture). 
Arterial injuries are the most common and the 
most severe [7].

Surgical exploration and controlling the bleed-
ing vessels are particularly arduous for the retro-
peritoneum region [17]. Thus, once a bleeding 
artery is kept under control, collateral supply to 

the same territory may lead to new hemorrhage 
[75]. That is why most surgeons avoid explora-
tion of the retroperitoneum in patients with RB 
[76]. Furthermore, surgery often carries the risk 
of lethal hemorrhage, by dissection of the retro-
peritoneal space and loss of passive tamponade 
of a hematoma [77].

When compared with surgical management, 
IR procedures are not only safe, fast, and less 
invasive, but also provide prompt treatment 
through trans-arterial embolization (TAE) of the 
bleeding vessel [78] (Fig. 9.3). Currently, thera-
peutic TAE is becoming increasingly used in the 
management of traumatic RB, either as definite 
method or as a surgical adjunct [79]. The effi-
cacy of TAE in the management of RP due to 
arterial hemorrhage in trauma patients has been 
demonstrated by Papakostidis et  al. [80], who 
reported a success rate, expressed in terms of 
hemorrhage control, and reduction in transfusion 
requirements, ranging from 85% to 100%. 
Recently, Velmahos et al. reviewed the medical 
records of 102 consecutive trauma patients who 
underwent TAE to stop RB, with angiographic 
and clinical bleeding control in 93 (91%). The 

a b

c d

Fig. 9.3  Nonenhanced 
axial CT image shows 
retroperitoneal 
hematoma, in a 
45-year-old man (a); 
arterial phase 
demonstrates active 
bleeding from a lumbar 
arterial vessel (b, 
arrow); selective lumbar 
arteriogram confirms 
blush (c, arrow); 
postprocedural 
angiography shows the 
embolization of the 
lumbar artery (d, arrow)
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rate of successful hemostasis by TAE was identi-
cal in blunt and penetrating trauma patients. 
There was no major morbidity after TAE.  No 
factors predicted patients with a high likelihood 
to have a positive angiogram. Patients who had 
AE before or after a period of attempted hemo-
dynamic stabilization in the intensive care unit 
were no different with respect to hemodynamic 
parameters immediately before TAE or effec-
tiveness of TAE for bleeding control [18]. 
Selective catheterization and TAE of the bleed-
ing arterial branch should be carried out as 
quickly as possible, to avoid dangerous delays 
and complications related to multiple blood 
transfusions, prolonged hemodynamic compro-
mise, and extensive blood loss [18, 77]. 
Therefore, timing is of particular importance for 
TAE, but there is no consensus to our knowledge 
regarding the best time for embolization [18, 
75]. Early TAE may be used in selected patients 
as a front-line therapeutic intervention that offers 
expeditious hemostasis and prevents delays in 
definitive bleeding control [16]. Active RB due 
to an injury of small distal vessels can be treated 
by embolization using particles including poly-
vinylalcohol (150–300 μm), embospheres (300–
500  μm), or gelfoam in small segments. 
Microcoils have to be customized to the vessel 
diameter [7].

There are a few heterogeneous case series or 
reports on stent-grafts in the management of 
RB. Watarida et al. [81] reported the successful 
use of a fenestrated stent-graft to manage a 
RB. Traumatic aortic rupture with retroperitoneal 
hematoma can also be treated with a combined 
operative and endovascular approach [82]. In 
conclusion, percutaneous control of RB is a valu-
able therapeutic option in trauma patient, espe-
cially with TAE, which is a rapid, effective, and 
minimally invasive technique.

9.4	 �Venous Injuries

Blunt injuries to the central retroperitoneal veins 
are very unusual and are usually associated with 
other abdominal injuries. Only a few cases have 
been reported in the literature of blunt inferior 

vena cava injuries, to our knowledge [83]. The 
mortality rate is high, ranging from 34% to 70% 
[84]. The CT findings depend on the location of 
the injury. Blunt IVC injuries can be difficult to 
diagnose, since the contrast material extravasa-
tion as direct evidence of vascular injury may be 
absent, and other extensive parenchymal injury 
may be associated. Retrohepatic IVC injury is 
usually associated with extensive liver lacera-
tions into the porta hepatis and retrohepatic IVC 
region, or an irregular contour of the retrohepatic 
IVC [85, 86]. Injuries may vary from thrombosis 
to venous pseudoaneurysm formation, to active 
bleeding.

9.4.1	 �Thrombosis

Only a few cases of post-traumatic IVC throm-
bosis have been reported in the literature, to our 
knowledge [87]. There are several mechanisms 
that may be responsible, including endothelial 
injury of the caval wall with exposure of pro-
thrombotic factors and secondary thrombus for-
mation, caval stasis due to compression by a 
pericaval/retroperitoneal hematoma, hepatic 
vein thrombosis extending into the IVC, or a 
hypercoagulable state after major trauma [87]. 
The major risk of this condition is pulmonary 
embolism. Multiphasic MDCT examination rep-
resents the technique of choice for diagnostic 
purpose.

9.4.2	 �Traumatic Pseudoaneurysm

Similarly to arterial injuries, but much less com-
monly, veins may develop pseudoaneurysms 
after blunt or penetrating trauma due to an incom-
plete wall injury. Symptoms may include abdom-
inal pain, IVC syndrome, tachycardia, upper 
gastrointestinal bleeding secondary to venobili-
ary fistulas, hemorrhagic shock secondary to rup-
ture, and pulmonary embolus or other 
thromboembolic phenomenon secondary to IVC 
thrombosis [86]. These injuries need to be treated 
promptly, as they have high risk of a rupture with 
severe hemorrhage [88].
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9.4.3	 �Bleeding

In IVC injury, active bleeding represents the most 
severe complication needing prompt treatment. 
At MDCT, this is evident as active extravasation 
of intravenous contrast media, vessel contour 
abnormality, and associated retroperitoneal 
hematoma [84].

9.5	 �Nontraumatic Vascular 
Emergencies

9.5.1	 �Arterial

Nontraumatic acute aortic syndromes are a spec-
trum of life-threatening aortic pathologies with 
significant implications for diagnosis, therapy, and 
management. There is a common etiology, leading 
to a breakdown of the aortic intima and media.

The subtypes of aortic syndromes are acute 
aortic dissection, penetrating atherosclerotic 
ulcer, and aortic aneurysm, with potential associ-
ated complications.

9.5.2	 �Management

Management of nontraumatic retroperitoneal vas-
cular emergency is both difficult and challenging 
and requires a multidisciplinary approach. The 
control of RB can be accomplished by either sur-
gical or endovascular approaches and, in specific 
circumstances (e.g., spontaneous bleeding), by 
conservative management. The results of surgical 
exploration and primary repair in hemodynami-
cally unstable patients are well known [7]. This 
strategy is associated with a high mortality rate, 
ranging from 30% to 80%, regardless of the loca-
tion [7]. The high mortality rate is linked to the 
opening of the retroperitoneum space, which 
leads to suppression of the tamponade effect, dis-
ruption of the hematoma, and destabilization of 
patient [16]. Embolization is becoming more 
common as an alternative to open surgery in the 
treatment of RB following iatrogenic injuries, 
procedures including percutaneous lumbar sym-
pathectomy, renal biopsy, and percutaneous 

nephrostomy, or following iatrogenic iliofemoral 
vessel injuries [7]. Open surgery is indicated if the 
patient remains unstable despite adequate fluid 
and blood product resuscitation, or if IR is either 
not successful or is unavailable [7].

9.5.2.1	 �Acute Aortic Dissection
Acute aortic dissection is the most common acute 
aortic emergency condition. It arises from a sepa-
ration of the layers of the aortic wall. Due to an 
intimal tear, the blood flow enters the media; this 
results in two lumina, a true and a false lumen. 
Then, pressure may increase in the false lumen, 
impairing the blood flow in the true lumen and its 
branches [6, 34, 89] (Fig. 9.4).

MDCT findings of acute aortic dissection are 
eccentric aortic wall calcification on nonenhanced 
MDCT, a double aortic lumen, and direct visual-
ization of the media-intima entrance as an intimo-
medial flap defect on arterial-phase images. In the 
early angiographic phase, the true lumen appears 
smaller and more intensely opacified than the 
false lumen due to higher pressure and faster mix-
ing with blood [6, 89] (Fig.  9.4). The venous 
phase may help in differentiating between the true 
lumen and partially thrombosed false lumen. 
Rarely, a re-entry tear may be identifiable as a 
small defect in the dissected intimal layer [6, 89].

IR Management
The optimal treatment strategy for patients with 
aortic dissection confined to the abdominal aorta 
remains controversial to our knowledge [90]. 
Despite remarkably improved operative tech-
niques, surgical repair of the abdominal aorta is 
still associated with high morbidity and mortality 
[91]. Contemporary operative mortality rates of 
elective surgery range between 0% and 27%, but 
may exceed 50% in complicated dissection under 
emergency conditions [91, 92].

Currently, there is consensus that patients with 
otherwise uncomplicated abdominal aortic dis-
section should primarily be treated medically 
with tight blood pressure control, while reserving 
operative treatment for evolving complications 
[93]. Thus, the indications for operative treatment 
(open or endovascular repair of the abdominal 
aorta) of acute aortic dissection are basically the 
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same as for IMH [34, 37], and included active 
rupture, lower extremity ischemia, unremitting 
pain, associated aortic aneurysm, and prevention 
of future aneurysm formation.

In 1999, endovascular stent-graft closure of 
the proximal entry tear was introduced as a new 

treatment option for patients with type B acute 
aortic dissection [29, 30]. Aortic remodeling is 
accomplished by sealing the proximal entry tear, 
at the same time avoiding the risks associated 
with open surgery [94]. This rationale was origi-
nally based on the clinical observation that 
patients with spontaneous thrombosis of the false 
lumen have a better long-term prognosis than 
those patients without thrombosis [90].

As dissection may extend to the iliac arteries, 
aorto-bi-femoral grafting is the procedure of 
choice [95]. Currently, endovascular treatment of 
isolated dissection has been associated with a 
high rate of technical and clinical success, with 
reduced morbidity and mortality rates at experi-
enced institutions [19, 30]. A recent meta-
analysis reported 30-day or in-hospital mortality 
for type B acute aortic dissection of 0–27% 
(median, 7%) for medical treatment, 13–17% 
(median, 16%) for open surgical procedures, and 
0–18% (median, 6%) for endovascular aortic 
repair (EVAR) [39]. One study published in 2013 
[96] compared 853 patients with medical man-
agement for type B dissection to 276 receiving 
EVAR in a propensity-matched analysis. 
Although EVAR patients presented with more 
complications (pulse deficit, malperfusion syn-
drome, shock, stroke, spinal cord ischemia, vis-
ceral ischemia, or renal failure), in-hospital 
mortality was not different, and 5-year cumula-
tive probability of mortality was lower for EVAR 
than for medical management (15.5% vs. 29.0%, 
respectively). In 2005, Eggebrecht et  al. [93] 
published a meta-analysis encompassing 609 
type B dissection patients, demonstrating that 
endovascular stent-graft treatment of acute aortic 
dissection is feasible and can be performed with 
technical success rates of 95%. Furthermore, the 
acute and mid-term survival of about 90% at 
2 years following stent-graft placement compares 
favorably with medically and surgically treated 
type B acute dissection patients.

Neurologic complications and paraplegia 
remain the most potential complications of stent-
graft placement, as for surgical repair of type B 
dissection. Eggebrecht et  al. showed that the 
overall risk of neurologic complications with 
stent-grafting ranged between 2.9% and 3.4% 

a
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Fig. 9.4  Extensive dissection of the abdominal aorta in a 
64-year-old man with abdominal pain. (a) IV contrast-
enhanced axial CT image in the arterial phase shows the 
intimal flap of the abdominal aorta at the level of the supe-
rior mesenteric artery, with intraluminal thrombosis at the 
origin; (b) coronal and (c) sagittal MPR reformations per-
mit better appreciation of the extension of the dissection. 
Figure 4 is reprinted with permission from Carrafiello G, 
Mangini M, Ierardi AM, Recaldini C, Cotta E, Piacentino 
F, Fugazzola C.  Vascular Emergencies of the 
Retroperitoneum. Book chapter in: M.  Scaglione et  al., 
Emergency Radiology of the Abdomen, Medical 
Radiology. Diagnostic Imaging Editor: Springer-Verlag 
Berlin Heidelberg 2012; pp. 189–205
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[93]. The 1% risk of paraplegia appears to be 
very low, considering that contemporary studies 
have suggested the risk of paraplegia after surgi-
cal repair of the descending thoracic aorta to be 
between 7% and 36% [91].

Patients undergoing stent-graft placement for 
acute dissections were found to be at higher risk 
of death and major complications than those with 
chronic aortic dissection, regardless of their age 
[93]. However, it should be recognized that in 
patients with acute aortic dissection implantation 
of stent-grafts is often prompted by complica-
tions of the dissection, making this patients more 
prone for higher complications and lower sur-
vival when compared with stable patients with 
chronic disease undergoing elective stent-graft 
placement [93].

Recent data suggest a strong influence of the 
interventional radiologists’ experience on the 
results of stent-graft placement [93]. Institutes 
that reported an overall endovascular experience 
of more than 20 patients treated with stent-grafts 
had higher success rates and fewer complications 
than less experienced centers [93].

Eggebrecht’s meta-analysis highlights some 
technical limitations of endovascular stent-graft 
placement in abdominal aortic dissection [93]. 
Stent-grafting fails to abolish the false lumen in 
about a quarter of patients, suggesting that it 

perhaps may not be a definitive treatment for 
type B dissection. Even in the presence of a false 
lumen’s thrombosis, the aorta may enlarge dur-
ing follow-up. Thus, there is a continued risk of 
aortic rupture (about 2% during follow-up) after 
stent-graft placement, and the need for adjunc-
tive stent-graft placement or conversion to open 
surgery in about 12% of patients over time [93]. 
Nevertheless, the incidence of aortic rupture and 
the need of repeat endovascular or surgical inter-
ventions may also be related to progression of 
the disease itself, and may not necessarily reflect 
treatment failure. This is supported by the fact 
that 11–20% and 10–44% of the patients with 
abdominal aortic dissection need repeat surgery 
when treated medically or surgically, respec-
tively [91].

9.5.2.2	 �Penetrating Atherosclerotic 
Ulcer

Penetrating atherosclerotic ulcer (PAU) is an 
ulceration in an atherosclerotic plaque penetrat-
ing the elastic lamina leading to hematoma for-
mation within the media tunic of the aortic wall 
[7, 33, 89] (Fig. 9.5). Nonenhanced MDCT 
shows high-density hematoma surrounding the 
ulceration. At enhanced MDCT, a PAU is seen as 
a focal contrast filled outpouching of the aortic 
wall in the setting of an atheroma [34] (Fig. 9.5).

a b

Fig. 9.5  Penetrating atherosclerotic ulcer of the abdomi-
nal aorta in a 76-year-old man. IV contrast-enhanced CT 
scans in the arterial phase in axial (a) and coronal planes 
(b) show endoluminal outpouching along the aortic bor-
ders, and focal thickening of the aortic wall due to intra-
mural hematoma. Figure 5 is reprinted with permission 

from Carrafiello G, Mangini M, Ierardi AM, Recaldini C, 
Cotta E, Piacentino F, Fugazzola C. Vascular Emergencies 
of the Retroperitoneum. Book chapter in: M.  Scaglione 
et  al., Emergency Radiology of the Abdomen, Medical 
Radiology. Diagnostic Imaging Editor: Springer-Verlag 
Berlin Heidelberg 2012; pp. 189–205
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IR Management
Penetrating atherosclerotic ulcers (PAUs) are 
most often found in patients with severe athero-
sclerosis, usually elderly patients with several 
comorbidities [33].

The indications and the techniques of PAUs 
treatment are still controversial to our knowledge. 
There is currently no clear cut-off for a PAU diam-
eter (depth) or neck diameter which warrants treat-
ment (in one publication a depth of >20 mm or a 
neck >10 mm was associated with higher compli-
cation rates) [97]. Although some authors believe 
immediate treatment is not always required [98], 
as most PAUs have a benign clinical courses, early 
intervention has been recommended when PAU is 
complicated by aneurysm expansion, regardless of 
size, rupture, embolic symptoms, or uncontrolled 
pain [99]. Open surgical repair with graft interpo-
sition has been used traditionally [66], but patients 
with PAU are generally not ideal candidates for 
open surgery because of patient age and poor gen-
eral status [99].

Aortic stent-grafts have changed the manage-
ment strategy for PAU. This less invasive proce-
dure is suitable for these high-risk patients, and 
can be useful in cases of rupture [100]. PAUs are 
ideal for endovascular repair, since there is usu-
ally a focal abnormality [100]. If IMH is present, 
the hematoma may be relatively limited, possibly 
due to concomitant atherosclerotic lesions caus-
ing medial fibrosis of the surrounding aorta and 
preventing expansion [99]. Stent-grafting of the 
PAU seals the diseased segment of the aorta, 
which reduces the wall stress and may decrease 
the chance of a PAU evolving into a dissection, 
IMH, or aneurysm [99]. Therefore, endovascular 
stent-grafting has been developed, and several 
reports about this technique applied to the treat-
ment of PAU have been published [100, 101]. 
Open surgical repair of the descending aorta 
requires clamping of the aorta, a large thoracot-
omy incision, possible cardiopulmonary bypass, 
and prolonged mechanical ventilation. Because 
endovascular surgery generally requires only a 
femoral or iliac arterial cut down for exposure, 
short operative times, and no clamping of the 
aorta, this less invasive procedure has the poten-
tial to substantially reduce the morbidity and 

mortality of definitive surgical correction of 
PAUs [98]. Between 2003 and 2005, 21 patients 
with aortic PAUs were treated with Gore TAG 
endoluminal stent-grafts as part of a single-center 
investigational device exemption protocol 
reported by Brinster et al. [98]. Despite the high 
number of comorbidities and advanced age in 
this patient population, there was no operative 
mortality. Postoperative morbidities included one 
re-operation for an occluded limb of an iliac–
femoral bypass graft, but no perioperative myo-
cardial infarctions, strokes, or paraplegias 
occurred. The use of just one device in 20 (95%) 
of 21 patients indicates that the focal nature of 
PAUs is optimal for treatment by endoluminal 
grafts. Additionally, because there has been a 
correlation between the length of the descending 
thoracic aorta covered by stent-grafts and para-
plegia rate, the single application of a single graft 
may have reduced the risk of postoperative neu-
rologic dysfunction. Freedom from end-point 
treatment failure was 100% [98].

These mid-term results of low morbidity and 
mortality compare favorably with previously 
published studies which have examined the use 
of stent-grafts in the treatment of PAU [100, 102], 
and indicate the success of EVAR for aorta 
PAU.  The combined success rate approaches 
100%, with very low morbidity and mortality 
compared to the traditional open techniques. 
PAUs may be uniquely suited for treatment with 
endovascular grafts in this patient population, by 
allowing a minimally invasive means to treat a 
focal anatomic disease.

9.5.2.3	 �Aortic Aneurysm Rupture
Abdominal aortic aneurysm occurs in 2–9% of 
the population >65  years. About 80% occur 
between the renal arteries and the bifurcation [7]; 
iliac aortic aneurysm is seen in 2–10% of patients 
with abdominal aortic aneurysm [7, 33, 89]. Most 
abdominal aortic aneurysms are true aneurysms, 
with aortic dilation caused by weakening of all 
the three layers. A true aneurysm involves all 
three layers (intima, media, and adventitia) of the 
arterial wall. Ninety percent of all aortic aneu-
rysms are caused by atherosclerotic damage to 
the aortic wall. Other etiologies include mycotic 
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and inflammatory [7, 34, 89]. In the abdominal 
aorta, aneurysms are defined by a diameter 
>30 mm, regardless of the age of the patient [34]. 
Rupture risk increases with the diameter, with 
upward of 30–33% risk of rupture for aneurysms 
larger than 70 mm [34].

Findings at MDCT of impending rupture 
include:

–– size increase more than >10 mm/year
–– focal new wall discontinuity of the intimal 

calcifications
–– eccentric shape of the aortic lumen
–– penetrating ulcer with intramural hematoma
–– periaortic stranding [89] (Fig. 9.6)

The rupture may present as a contained rup-
ture or free rupture. Differentiation between these 
two conditions is crucial in selecting proper treat-
ment. Most commonly the rupture involves the 
posterolateral aorta with hemorrhage into the ret-
roperitoneum; if the anterior or anterolateral wall 
is involved, an intraperitoneal rupture may occur 
[103]. A retroperitoneal hematoma adjacent to 
the aortic aneurysm is the most common CT find-
ing of abdominal aortic aneurysm rupture [104]. 
Another important finding that may be seen in 
contained rupture is the “draped aorta” sign, 
where the aorta is draped over and inseparable 
from adjacent vertebrae [7, 104]. The “crescent 
sign,” a peripheral crescent of increased 

a
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Fig. 9.6  Rupture of an abdominal aorta aneurysm in an 
80-year-old woman with abdominal pain and hypoten-
sion. (a) Note on the nonenhanced axial CT image the 
“crescent sign” due to acute hematoma in the left aneu-
rysm wall; (b) IV contrast-enhanced CT image in coronal 
plane showing active extravasation from the ruptured 
aneurysm, and associated retroperitoneal hemorrhage; (c) 
IV contrast-enhanced CT image in the coronal plane 
showing also the left perirenal hematoma; IV contrast-
enhanced CT image in the axial plane (d), coronal plane 

(e), and 3D-volume rendering (f), showing the complete 
exclusion of the aneurysm after endoprosthesis position-
ing. Figure 6 is reprinted with permission from Carrafiello 
G, Mangini M, Ierardi AM, Recaldini C, Cotta E, 
Piacentino F, Fugazzola C. Vascular Emergencies of the 
Retroperitoneum. Book chapter in: M.  Scaglione et  al., 
Emergency Radiology of the Abdomen, Medical 
Radiology. Diagnostic Imaging Editor: Springer-Verlag 
Berlin Heidelberg 2012; pp. 189–205
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attenuation within the thrombus of an aortic 
aneurysm, is a CT sign of acute or impending 
rupture, but it is not highly sensitive or specific as 
an isolated CT finding [7, 104] (Fig. 9.6). Signs 
of uncontained rupture are seen with active bleed-
ing in the retroperitoneal or peritoneal spaces 
seen on arterial-phase images, which increases 
on the following phases.

IR Management
There is no universal agreement to our knowl-
edge about the role of EVAR for the treatment of 
aortic aneurysm rupture [34], but it is established 
that open repair has been associated with signifi-
cant morbidity and mortality, prolonged recov-
ery, and some late complications [105, 106]. 
Because of these limitations, many patients and 
their physicians choose EVAR, which has 
become an effective alternative, and currently 
there are several studies which compared endo-
vascular repair with surgical open repair [107–
114]. Approximately 50% of all patients with 
rAAA are suitable for EVAR [34, 54, 115], which 
is less invasive and has lower overall treatment 
costs [116, 117], reduced morbidity and mortal-
ity, and has short- and long-time survival advan-
tages over open surgery [105, 118]. The 30-day 
mortality after elective surgical repair in major 
randomized trials ranges from 2.7% to 5.8%, and 
is influenced by the volume of procedures per-
formed at the institution and the expertise of the 
surgeon [116]. Logistics plays a central role in 
the management of traumatic patient with rAAA: 
EVAR may not be possible if CT angiography 
cannot be done immediately after the triage in 
emergency department and if an operating room 
is not available [119]. A large randomized trial of 
EVAR and open surgery for rAAA [119] under-
lined the importance of CT to confirm the suit-
ability of endovascular repair of rAAA, without 
delaying treatment. Nevertheless, it is essential to 
have an early multidisciplinary approach [120], 
including a vascular surgeon, an interventional 
radiologist, emergency department physicians, 
anesthesiologists, operating room staff, and 
radiologic technologists [7]. Endovascular rAAA 
repair needs other validation in multicenter 

prospective studies, but is an evolving technique 
which offers the potential for improved outcomes 
in patients who otherwise have a high morbidity 
and mortality [15].

9.5.2.4	 �Aorto-enteric and Aorto-caval 
Fistulas

Aorto-enteric and aorto-duodenal fistulae are rare 
but frequently fatal complications which may fol-
low open abdominal aneurism repair [121] or 
aneurysm infection. The perivascular inflamma-
tion may spread and involve the adjacent tissue 
leading to the formation of a fistula tract. Most of 
aorto-enteric fistulas involve the duodenum, most 
commonly its third and fourth portions. CT fea-
tures of aorto-enteric fistulas include an abdomi-
nal aortic aneurysm, often with signs of rupture, 
and endoluminal and periaortic extraluminal gas, 
and contrast-enhanced CT may show contrast 
material extravasation from the aorta into the 
involved portion of the bowel [104, 121].

It has been reported that the overall prevalence 
of aorto-caval fistula is quite low, about 2–6%; 
such fistulas are caused by chronic perivascular 
inflammation, leading to erosion of the wall of 
the IVC.  Aorto-caval fistula causes hemody-
namic alteration with pulmonary congestion 
[122].

IR Management
Aorto-enteric fistulae (AEF) are rare but often 
fatal late complications of open repair with graft 
implantation or aneurysm infection [123]. The 
optimum management of AEF is currently not 
well defined to our knowledge, with a wide range 
of possible treatments. Several studies showed 
that replacement of the aneurysm with a pros-
thetic graft is preferable compared to other sur-
gical treatment [124–126]. However, the 
mortality rates of in situ grafting remain 30–40% 
in the past decades. Axillobifemoral bypass is 
reserved for patients with extensive local sepsis, 
but this approach is associated with high mortal-
ity rates [127]. The advent of endovascular tech-
niques has revolutionized the management of 
AEFs, especially for patients unsuitable for open 
surgery [128, 129]. Percutaneous aortic 
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endografts are now widely used, and new endo-
vascular approaches and other materials have 
been investigated [127]. A very recent system-
atic review by Kakkos et al. [130] showed that in 
a pooled analysis of 823 patients, EVAR was 
associated with a significantly reduced in-hospi-
tal mortality (7.1%) compared with open surgery 
(33.9%). Nevertheless, this difference mostly 
disappeared during the first 18–24 months after 
the procedure (2-year patient survival: 51% and 
40%, respectively), concomitant with a high sep-
sis rate (2-year rates 42% vs. 19% for open sur-
gery). A drawback of IR treatment is the 
increased risk of infection. Therefore, prophy-
lactic broad-spectrum antibiotics should be insti-
tuted as soon as the diagnosis is suspected [127]. 
Moreover, patients who have undergone AAA 
repair may need periodic imaging to monitor 
treatment efficacy [128]. Endovascular closure 
of AEFs has proven to be less durable than other 
open surgery techniques, with a higher recur-
rence rate (100% at 2  years), which was also 
observed for in situ repair with homograft and 
impregnated prosthetic grafts (32% and 29%, 
respectively, at 2  years), both associated also 
with a poor overall survival rate (40% and 23%, 
respectively, at 2 years) [130]. As long-term use 
of multiple antibiotics cannot guarantee an 
uneventful outcome in patients undergoing 
endovascular repair [131], the correct manage-
ment appears to consist of an urgent individual-
ized interdisciplinary approach, potentially 
combining EVAR for bridging and open surgery 
(which has better results when performed in 
patients not actively bleeding) as the definitive 
treatment [34, 132]. The exact timing and also 
type of such a definite repair may be difficult to 
choose, but based on the results of the Kakkos’ 
review [130], in situ repair with vein grafts or 
prosthetic grafts covered with omentum may be 
the best option, and can be performed within the 
first few weeks.

Primary aorto-caval fistulas (ACF) are a rare 
complication of AAA and involve fewer than 1% 
of all AAAs [69]. Penetrating traumatic injury is 
the most common cause of IVC fistulas. Their IR 
management has already been discussed.

9.5.2.5	 �Acute Thrombosis (Acute 
Leriche Syndrome)

Acute thrombosis of the aorta is a rare and severe 
disease, which is mostly seen in patients with 
severe atherosclerosis of the distal abdominal 
aorta and the iliac arteries. At MDCT, it is seen as 
an opacification defect in the arterial phase due to 
extensive endoluminal thrombosis (Fig. 9.7). It is 
important to evaluate the location of aortic steno-
sis, the extension of the occlusion, the involve-
ment of visceral arteries, and the extent of 
collateralization [7].

IR Management
Acute thrombosis of the aorta is rare [133], and 
although it may cause major thromboembolic 
complications, there is no standardized treatment 
to our knowledge [134].

Thrombolysis and anticoagulation have been 
used with variable success, but they carry the risk 
of distal embolism caused by partial lysis and 
dislodgment of the thrombus [135]. Simple 
thrombectomy according to Fogarty has declined 
in importance because of the high recurrence rate 
[136]. Surgical removal is now recommended as 
the treatment of choice by some authors [135, 
137]. However, the poor general condition of 
patients, especially those with associated cancer, 
may be less suited for standard surgery, and IR 
treatment will prove to be a preferred mode of 
management. Recently, several manuscripts have 
described the efficiency of stent-graft exclusion 
of the thrombus [138–142].

The advantages of IR techniques are not only 
to exclude the thrombus but also to cover the 
underlying atherosclerotic aortic wall to prevent 
recurrence [135]. Another benefit of IR is the pos-
sibility of combining the procedure with a periph-
eral embolectomy through the same surgical 
access. Shames et al. [138] performed endovascu-
lar stent-graft thrombus exclusion in eight patients 
at different locations with promising results. They 
observed no apparent embolic events during the 
stent implantation, and there was no evidence of 
recurrent emboli within a 12-month follow-up 
period, demonstrating the safety and efficacy and 
the safety of the procedure.
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Fig. 9.7  Complete aorto-bi-iliac thrombosis in a 63-year-
old man. (a) IV contrast-enhanced CT image in the coro-
nal plane in the arterial phase shows complete aorto-bi-iliac 
thrombosis; (b) pretreatment intraoperative digital sub-
traction angiography (DSA) showing the complete occlu-
sion of the distal abdominal aorta and of the iliac branches; 
(c) post-treatment DSA shows the recanalization of the 
treated vessels after stent-graft deployment; IV contrast-
enhanced CT images in the arterial phase in the sagittal 

(d) and coronal (e) planes and with a 3D-volume render-
ing (f), showing the successful procedure. Figure 7 is 
reprinted with permission from Carrafiello G, Mangini M, 
Ierardi AM, Recaldini C, Cotta E, Piacentino F, Fugazzola 
C.  Vascular Emergencies of the Retroperitoneum. Book 
chapter in: M. Scaglione et al., Emergency Radiology of 
the Abdomen, Medical Radiology. Diagnostic Imaging 
Editor: Springer-Verlag Berlin Heidelberg 2012; 
pp. 189–205
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The disadvantages are the inability to perform 
a pathological examination (necessary to differ-
entiate bland thrombus for aortic tumor), and the 
possible distal embolism and migration of the 
device caused by lodged thrombus between the 
stent-graft and the aortic wall [143]. Filter sys-
tems (e.g., temporary caval filters) are not appro-
priate for the aorta. Therefore, it is recommended 
that visceral and peripheral angiography should 
be routinely used at the end of the procedure, to 
identify potential embolic events caused by the 
intervention, so they can be treated simultane-
ously [140].

Because stent-graft placement for the acute 
aortic thrombosis has been rarely reported to our 
knowledge, there are no guidelines for the post-
operative management regarding anticoagula-
tion. Anticoagulation therapy should therefore be 
guided on an individual patient basis [143].

Concerning thrombosis of the superior mesen-
teric artery (SMA), the main nonsurgical treat-
ments are endovascular stent placement, 
catheter-directed vasodilation, or thrombolytic 
therapy [144]. Limited studies, however, are 

available in the literature to our knowledge, and 
these procedures continue to be controversial 
[144]. Undoubtedly, as the average life expec-
tancy increases and subsequently the number of 
elderly in our hospitals continues to grow, the 
need for endovascular thrombolytic therapy, 
angioplasty, and stent placement in either acute 
or chronic mesenteric ischemia will increase, 
especially when surgical therapy in some elderly 
is neither indicated nor safe [7, 144].

9.5.2.6	 �Spontaneous Bleeding
Spontaneous RB is a relatively uncommon but 
potentially lethal entity with a nonspecific pre-
sentation that can frequently lead to misdiagnosis 
and delayed treatment [145, 146]. If the patient is 
hemodynamically stable, the mainstay of man-
agement is a conservative approach, with with-
drawal of anticoagulation therapy, correction of 
coagulopathy, volume resuscitation, and support-
ive measures [7, 146]. In some patients, IR proce-
dures are necessary (Fig. 9.8). Surgery is rarely 
indicated and is reserved for patients with failed 
angiographic procedures, concurrent surgical 

a b

c d

Fig. 9.8  Spontaneous 
active bleeding in a 
retroperitoneal 
hematoma in a 
56-year-old man. IV 
contrast-enhanced CT 
images in the axial (a) 
and coronal (b) planes in 
the arterial phase show a 
right retroperitoneal 
hematoma, with active 
arterial bleeding; (c) 
selective angiogram of 
the feeding lumbar 
artery confirms a 
vascular “blush”; (d) 
angiogram performed at 
the end of the 
embolization with 
microcoils and sponge 
revealing complete 
embolization
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conditions, or with significant compressive 
symptoms on nervous system structures from 
hematoma formation [146, 147].

There is a growing trend in the use of IR tech-
niques as an alternative to open surgery in the 
management of RB, whatever the etiology [148]. 
The main options are selective intra-arterial 
embolization or stent-grafts to stop the bleeding. 
Intra-arterial embolization is being used with 
increasing frequency in patients where the angio-
gram shows active bleeding sites [17]. In a series 
reported by Isokangas et  al., four patients were 
operated on prior to embolization, but surgery 
failed to control the bleeding. Embolization using 
a combination of agents, including coils, gelatin, 
and/or polyvinyl alcohol, has been used. Coils 
are probably the safest, but Isokangas et al. com-
mented that proximal coiling of the bleeding 
artery may not be sufficient in the retroperito-
neum, where there is a rich network of collateral 
arteries, and new arterial pathways may develop 
after obliteration of the lumbar arteries [6, 149], 
so the embolic agents should be placed both 
proximal and distal to the bleeding site to prevent 
re-bleeding.

Panetta et al. [150] stated that hemodynamic 
instability despite 4 or more units of blood trans-
fusion within 24 h, or 6 or more units of blood 
transfusion within 48 h, is an indication for urgent 
investigation and IR treatment. Embolization 
should be performed whenever arterial extravasa-
tion is seen. Sharafuddin et al. [151] showed that 
selective arterial embolization was successful in 
a series of five patients, although re-bleeding 
occurred in one patient. Subsequent small case 
series have shown similar results [152].

9.6	 �Venous

9.6.1	 �Inferior Vena Cava Thrombosis

IVC thrombosis is a rare but severe disease which is 
associated with a high rate of mortality [153] 
(Fig. 9.9). IVC thrombosis may arise from an iso-
lated thrombus, or may be due to propagation from 
the iliac veins. Isolated IVC thrombosis is 

commonly associated with outflow obstruction of 
the IVC, such as in Budd-Chiari syndrome, IVC 
anomalies from tumoral invasion, or from external 
compression by a mass or hematoma. IVC thrombo-
sis can initially be asymptomatic and may be 
revealed after sudden pulmonary embolism [7, 153].

9.6.1.1	 �IR Management
IVC thrombosis is a rare but severe disease which 
is associated with a high rate of mortality. The 
management of IVCT has no universal agree-
ment and continues to be the target of continued 
research [153]. Although anticoagulation therapy 
remains fundamental in treating IVCT, its inher-
ent limitations have led to the use of minimally 
invasive, endovascular treatment options, includ-
ing transcatheter thrombolysis, mechanical 
thrombectomy, or a combination of these 
techniques.

The primary goals of treatment for IVCT 
include prevention of pulmonary embolism, res-
toration of unobstructed venous return, preven-
tion of recurrent deep venous thrombosis (DVT), 
and preservation of venous valve function [154].

To achieve these goals, the guidelines from 
the Society for Vascular Surgery and the 
American Venous Forum advocate early throm-
bus removal strategies for acute DVT [155], but 
these recommendations are mostly applicable for 
the treatment of primary IVCT.

The strategy of early deep venous thrombus 
removal is suggested if the selected patients meet 
the following criteria [155]:

–– first episode of acute iliofemoral DVT
–– fewer than 14 days of symptoms
–– low risk of bleeding
–– good functional capacity and acceptable life 

expectancy

The evidence for treatment of primary IVCT 
with IR procedures is predominantly extrapo-
lated from lower extremity DVT treatment data 
[153]. Unless contraindicated by a significantly 
increased risk of RB, urgent endovascular treat-
ment is recommended for those patients with 
severe acute DVT associated with 
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limb-threatening compromise, or worsening 
IVCT despite anticoagulation therapy [156].

Alkhouli et al. [157] reported a total of 2674 
patients with IVCT; among them 718 patients 
were treated with catheter-directed therapy, and 
the others were managed with anticoagulation 
alone. This study, along with the reports from the 
Catheter-Directed Venous Thrombolysis 
(CaVenT) trial [158], suggests the main benefit 
from IR treatment for IVCT patients is the 
reduced risk of developing post-thrombotic 
syndrome.

Limitations of the catheter-directed therapy 
include lengthy thrombolytic infusions in an 
intensive monitored setting with the inherent 
risks related to hemorrhage [153]. Among the 

473 patients included in the national multicenter 
registry [156], bleeding complications were 
reported in 54 (11%), neurologic complications 
in 2 (0.4%), and death in 2 (0.4%) for the treat-
ment of DVT.

Moreover, a current limitation is patient access 
to care, as not all healthcare facilities may have 
the availability to the endovascular intervention-
alists skilled in these advanced techniques to pro-
vide optimum management for IVCT [7, 153].

In conclusion, although there is a scarcity of 
data in the literature regarding the management 
of IVCT, and although there is no consensus 
regarding the most successful approach, accumu-
lated evidence advocates endovascular strategies 
as a safe option for the treatment of IVCT [153].

a b

c d

Fig. 9.9  Acute left iliac 
vein and IVC 
thrombosis in a 
67-year-old woman. IV 
contrast-enhanced CT 
image in the coronal 
plane (a) and in a 
coronal MIP (b), 
showing thrombosis of 
the left iliac vein and 
IVC; (c) transjugular 
vein access DSA 
confirms the thrombosis; 
(d) postprocedural DSA 
after caval filter 
placement. Figure 9 is 
reprinted with 
permission from 
Carrafiello G, Mangini 
M, Ierardi AM, 
Recaldini C, Cotta E, 
Piacentino F, Fugazzola 
C. Vascular Emergencies 
of the Retroperitoneum. 
Book chapter in: 
M. Scaglione et al., 
Emergency Radiology of 
the Abdomen, Medical 
Radiology. Diagnostic 
Imaging Editor: 
Springer-Verlag Berlin 
Heidelberg 2012; 
pp. 189–205
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�Conclusion

Vascular emergencies of the retroperitoneum 
can be traumatic or nontraumatic, arterial, or 
venous in origin. Their management is chal-
lenging and requires multidisciplinary 
approach. MDCT with intravenous contrast is 
the primary imaging modality for the diagno-
sis of retroperitoneal vascular injuries, and to 
assess whether medical, interventional, or sur-
gical management—or a combination of 
these—is necessary. Currently, there is a 
growing trend in the use of interventional radi-
ology techniques as an alternative to open sur-
gery. Advances in interventional radiology 
technique permit less invasive treatments for 
the management of retroperitoneal vascular 
emergencies, using several methods including 
embolization, balloon occlusion, and stent-
grafting. Open surgery is still indicated if the 
patient remains hemodynamically unstable, or 
if IR techniques are either not successful or 
unavailable.
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