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Multidetector CT of Vascular 
Compression Syndromes in the 
Abdomen and Pelvis1

Certain abdominopelvic vascular structures may be compressed by 
adjacent anatomic structures or may cause compression of adjacent 
hollow viscera. Such compressions may be asymptomatic; when 
symptomatic, however, they can lead to a variety of uncommon 
syndromes in the abdomen and pelvis, including median arcuate 
ligament syndrome, May-Thurner syndrome, nutcracker syn-
drome, superior mesenteric artery syndrome, ureteropelvic junction 
obstruction, ovarian vein syndrome, and other forms of ureteral 
compression. These syndromes, the pathogenesis of some of which 
remains controversial, can result in nonspecific symptoms of epi-
gastric or flank pain, weight loss, nausea and vomiting, hematuria, 
or urinary tract infection. Direct venography or duplex ultrasonog-
raphy can provide hemodynamic information in cases of vascular 
compression. However, multidetector computed tomography is 
particularly useful in that it allows a comprehensive single-study 
evaluation of the anatomy and resultant morphologic changes. 
Anatomic findings that can predispose to these syndromes may be 
encountered in patients who are undergoing imaging for unrelated 
reasons. However, the diagnosis of these syndromes should not be 
made on the basis of imaging findings alone. Severely symptomatic 
patients require treatment, which is generally surgical, although 
endovascular techniques are increasingly being used to treat venous 
compressions.
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Introduction
Vascular structures in the abdomen and pelvis may be compressed 
by adjacent anatomic structures, or they may cause compression of 
adjacent hollow viscera. Thus, compression of the proximal celiac 
artery, transverse duodenum, left common iliac vein (CIV), left renal 
vein (LRV), ureteropelvic junction (UPJ), and ureter can occur due 
to their close anatomic relationship to adjacent ligaments as well as 
bony and vascular structures. When symptomatic, such compressions 
can result in a variety of uncommon syndromes in the abdomen and 
pelvis, including median arcuate ligament syndrome (MALS), May-
Thurner syndrome, nutcracker syndrome, superior mesenteric artery 
(SMA) syndrome, UPJ obstruction, ovarian vein syndrome (OVS), 
and other forms of ureteral compression (Table). In this article, we re-
fer to this heterogeneous group of disorders as “vascular compression 
syndromes,” since they all involve either the compression of vascular 
structures or the compression of hollow viscera by vascular structures.

Controversy surrounds the pathogenesis of some of these syn-
dromes. Anatomic or morphologic findings that predispose to such 
compression may occasionally be encountered in asymptomatic 
patients who undergo imaging for unrelated causes. Thus, caution 
should be exercised to avoid overdiagnosis of these syndromes. It is 
important that the diagnosis of these syndromes not be based on im-
aging findings alone.

After completing this journal-based SA-
CME activity, participants will be able to:
■■ Describe the compression of hollow 

visceral structures and blood vessels 
caused by surrounding abdominopelvic 
structures.

■■ List the clinical signs and symptoms of 
the various abdominal and pelvic com-
pression syndromes.

■■ Discuss the key imaging features of 
these syndromes at different modalities.

See www.rsna.org/education/search/RG
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premenopausal women, needs to be considered. 
Ultrasonography (US) is largely operator, patient, 
and region dependent, although duplex US 
can provide information on the hemodynamic 
significance of vascular compressions. Most 
non–cross-sectional imaging techniques have 
limitations in the evaluation of these syndromes, 
but direct venography remains valuable in the 
diagnosis of syndromes that involve venous com-
pression. In this article, we aim to familiarize 
radiologists with the multidetector CT appear-
ance of these syndromes and the added benefit 
of MPR in diagnosis.

When conservative management is not indi-
cated or fails, surgery is the mainstay for treat-
ment. Open surgical techniques are now being 
replaced by less invasive laparoscopic tech-
niques. Outcomes following surgery may vary, 
and the decision to treat should be made only in 
those patients who are experiencing disabling or 
severe symptoms.

In this article, we review vascular compression 
syndromes in the abdomen and pelvis in terms of 
relevant anatomy, pathogenesis, clinical presenta-
tions, imaging findings (with emphasis on find-
ings at multidetector CT), and treatment options.

Median Arcuate Ligament Syndrome
MALS, also known as celiac artery compres-
sion syndrome or Dunbar syndrome, was first 
described in 1963 by Harjola (1). It is rare and is 
considered to be present when narrowing of the 
proximal celiac trunk by the median arcuate liga-
ment results in clinical symptoms of epigastric 
pain and weight loss.

Anatomy and Pathogenesis
The median arcuate ligament is an archlike 
fibrous band connecting the right and left dia-
phragmatic crura at the level of the aortic hiatus, 
crossing the aorta anteriorly just superior to the 
celiac artery at the level of the first lumbar verte-
bral body (Fig 1) (2).

Compression of the proximal celiac artery by 
the median arcuate ligament may result if the 
celiac artery has a more cephalad origin or if the 
ligament is abnormally low (3). Compression 
typically increases during expiration as the aorta 
and celiac artery move superiorly.

Because of the large increase in the number  
of abdominal CT examinations in the past de-
cade, coupled with the ability to obtain sagittal 
reconstructed images at CT, proximal celiac 
compression is occasionally seen incidentally in 
patients who are undergoing CT for unrelated 
reasons (4). Very few studies have investigated the 
incidence of celiac artery narrowing in asymp
tomatic adult patients. An evaluation of CT  

Symptoms resulting from such compressions 
can be vague, nonspecific, and obscure, resulting 
in delayed, incorrect, or missed diagnoses. Al-
though many of these syndromes were described 
decades ago, they remain poorly understood. If 
unrecognized and untreated, they can be associ-
ated with significant morbidity. These syndromes 
may be encountered by physicians in a variety of 
disciplines and can present a diagnostic dilemma. 
For all of these reasons, it is important that these 
syndromes be recognized.

Multidetector computed tomography (CT) is 
the imaging modality of choice for many of these 
syndromes owing to its high contrast and high 
spatial and temporal resolution, capacity for ob-
taining isotropic data sets that allow multiplanar 
two-dimensional and three-dimensional (3D) 
postprocessing, remarkable accuracy, widespread 
accessibility, speed, and relative noninvasiveness. 
CT is best performed on multidetector CT scan-
ners with 16 or more detector rows. Multiplanar 
reformation (MPR) can be performed, not just 
in sagittal and coronal planes, but in any defined 
anatomic plane, thereby providing a novel per-
spective that is customized to the unique anat-
omy of the patient. By incorporating MPR and 
3D volume rendering (VR), multidetector CT is 
truly 3D. Maximum intensity projection (MIP) 
techniques greatly enhance the depiction of vas-
cular structures at CT angiography. However, 
radiation exposure to younger patients, especially 

Figure 1.  Drawing illustrates the anatomy 
of the median arcuate ligament (arrowheads), 
which connects the right and left crura of the 
diaphragm (arrows) at the level of the aortic hia-
tus, just superior to the origin of the celiac axis.
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angiographic findings obtained at full inspiration 
in 155 healthy asymptomatic kidney donors be-
tween 18 and 65 years of age showed narrowing 
of the celiac artery origin by more than 50% in 
eight individuals (5.2%). No significant collateral 
vessels were seen in any of the donors (5). To our 
knowledge, there are no published studies of the 
prevalence of MALS in the general population. 
In any case, such a study would be especially dif-
ficult to perform given the controversy that sur-
rounds the definition of MALS. In 97 patients 
without any symptoms of mesenteric ischemia 
who were undergoing upper abdominal magnetic 
resonance (MR) angiography, narrowing of the 
proximal celiac artery by over 60% was present in 
16 patients (16.5%) at end expiration and in 12 
patients (12.4%) at full inspiration, findings that 
confirmed that compression of the celiac artery is 
more common during expiration (6).

Thus, isolated celiac compression during ex-
piration may not be clinically significant. Severe 
compression occurs in only a small percentage 
of patients and may cause symptoms (4). The 
pathophysiology of MALS is poorly character-
ized, and a causal relationship between the 
celiac narrowing and symptoms has not been 
completely established. Some vascular surgeons 
believe that two of the three mesenteric arter-
ies must be occluded or severely stenotic to 
produce symptoms of chronic mesenteric isch-
emia (7), although this view has been refuted 

by others (8). In MALS, the SMA and inferior 
mesenteric artery are usually widely patent. Ad-
ditionally, in cases of severe compression, hemo-
dynamic compensation can result from the de-
velopment of collateral vessels between the SMA 
and celiac branches. Therefore, it is probable 
that symptoms of mesenteric ischemia in MALS 
result from a “steal syndrome,” with blood flow 
diverted from the SMA to the celiac branches. 
Finally, surgical correction of the compression 
does not always relieve symptoms.

Clinical Presentation
Most patients with celiac compression have no 
symptoms (4,6,9). When present, symptoms are 
more commonly seen in younger women and typi-
cally consist of epigastric pain (which may or may 
not be postprandial) and weight loss. An abdomi-
nal bruit may sometimes be detected at physical 
examination. Diagnosis is challenging and is based 
on the presence of symptoms, typical imaging 
findings, and exclusion of other causes.

Radiologic Findings
Typical findings can be seen at conventional mes-
enteric, CT, or MR angiography. Focal narrowing 
of the proximal celiac artery is seen, a finding 
that can be more pronounced in end expiration 
(Fig 2). The narrowed segment has a character-
istic hooked appearance (Figs 2, 3). This appear-
ance, along with the absence of atherosclerotic 

Figure 2.  MALS in a 28-year-old man with chronic upper abdominal pain, postprandial nau-
sea, loss of appetite, and a weight loss of 20 pounds over a 2-year period. (a) Midline sagittal 
reformatted MIP image from an abdominal CT angiographic study in deep inspiration shows a 
mild indentation on the superior aspect of the proximal celiac artery (arrow). (b) Midline sagittal 
reformatted MIP image in deep expiration shows a marked increase in the proximal celiac stenosis 
(arrow). The median arcuate ligament “tents” the superior aspect of the proximal celiac artery, 
resulting in the characteristic hooked appearance. In addition, mild poststenotic celiac dilatation is 
seen. A prominent pancreaticoduodenal collateral vessel (not shown) was also present.
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Figure 3.   MALS in a 67-year-old man with chronic abdominal pain. (a) Midline sagittal reformatted MIP 
image from an abdominal CT angiographic study in inspiration shows severe (>90%) nonatherosclerotic nar-
rowing of the proximal celiac artery (arrows) with a characteristic hooked appearance. (b) Coronal oblique MIP 
image shows a tortuous and hypertrophied pancreaticoduodenal collateral vessel (arrows) and a 3-cm true aneu-
rysm in the pancreaticoduodenal arcade (arrowheads).

Figure 4.  Incidentally detected proximal celiac stenosis 
in a 50-year-old man with advanced liver disease who was 
being evaluated for hepatocellular carcinoma. (a) Midline 
sagittal reformatted MIP image from an abdominal CT 
angiographic study shows an indentation on and moderate 
narrowing of the proximal celiac artery (arrow) caused by 
the median arcuate ligament. (b) Three-dimensional VR 
image shows a large, tortuous collateral vessel between the 
gastroduodenal branch of the celiac trunk and the splenic 
artery (white arrows). A large celiac artery–SMA pancreati-
coduodenal collateral vessel is also present (black arrows). 
(c) Axial CT image at the level of the celiac artery origin 
shows a patent proximal celiac artery. The proximal nar-
rowing is very difficult to appreciate on axial images (as 
seen in this case) and can easily be missed if sagittal refor-
matted images are not reviewed.
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changes in the adjacent aorta and proximal celiac 
segment, helps distinguish MALS from athero-
sclerotic narrowing. Poststenotic dilatation may 
be present in severe stenosis, and, in some cases, 
hemodynamic compensation can be seen in the 
form of collateral vessels between branches of the 
celiac axis and the SMA, usually via the pancre-
aticoduodenal arcade. These collateral vessels can 
be tortuous and prominent, and hemodynamic 
effects can induce the formation of aneurysms in 
the pancreaticoduodenal arcade (Fig 3) (9).

Catheter angiography was used in the past 
for the diagnosis of MALS but has been super-
seded by multidetector CT, which provides an 
excellent 3D overview of the vascular anatomy 
in these patients. At CT or MR angiography, the 
characteristic finding of proximal celiac narrow-
ing may not be appreciated on axial images. This 
narrowing is best visualized on sagittal MIP 
reconstructed images (Fig 4). Abdominal CT is 
typically performed in inspiration, and proximal 
celiac narrowing caused by the median arcu-
ate ligament is reported to be more common 
and pronounced in expiration. Therefore, we 
perform CT angiography for suspected MALS 
in both deep inspiration and deep expiration, 
thereby allowing a comprehensive evaluation of 
the dynamic changes in celiac artery diameter 
with respiration. Two CT angiographic acquisi-
tions through the proximal abdominal aorta 
are obtained rapidly and back-to-back during 
a single injection of contrast material, with a 
short pause to allow the change in breathing. 
To obtain two CT angiographic acquisitions in 
a short time, we perform the examination on 
multidetector CT scanners with 64 or more de-
tector rows at a pitch ranging from 1.0 to 1.5, 
with the injection of 125 mL of a high concen-
tration of contrast agent (iohexol [Omnipaque 
350; GE Healthcare, Princeton, NJ]) at a rate 
of 4 mL/sec. Sagittal and coronal images are 
reconstructed in both phases. Duplex US is oc-
casionally performed for suspected MALS. Flow 
velocities are evaluated during both inspiration 
and expiration. The diagnosis of MALS may be 
suggested if a marked increase in flow veloc-
ity occurs in the celiac artery in end expiration 
(10). It is important to note that the radiologic 
finding of celiac compression alone is not suf-
ficient to make the diagnosis of MALS, unless 
hemodynamic alterations and clinical symptoms 
are also present (Fig 5).

Treatment
There is no consensus on the management of 
suspected MALS, and surgical treatment remains 
controversial. Successful surgical intervention for 
MALS depends on accurate diagnosis and ap-

propriate patient selection. Younger patients with 
symptoms of postprandial pain and weight loss 
of more than 20 pounds are more likely to ben-
efit from surgery (11). The treatment of MALS 

Figure 5.  Incidentally detected proximal celiac artery 
narrowing in a 76-year-old woman who was undergo-
ing CT for surveillance of an abdominal aortic aneu-
rysm. Midline sagittal reformatted MIP image from 
an abdominal CT angiographic study in inspiration 
shows significant stenosis of the proximal celiac artery 
(arrow) with poststenotic dilatation. Given the absence 
of any atherosclerotic changes in the proximal celiac 
artery, this stenosis can be attributed to compression 
by the median arcuate ligament. However, because the 
patient did not have any clinical signs or symptoms of 
MALS, this finding represents only physiologic com-
pression of the artery, not the syndrome.

Figure 6.  Surgical release of the fibers of the median 
arcuate ligament in a 28-year-old man with MALS. 
Photograph obtained during laparoscopic surgery shows 
the released fibers of the median arcuate ligament in the 
vicinity of the celiac artery and its branches.
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remains mainly surgical, involving transection of 
the median arcuate ligament, often in conjunc-
tion with some form of surgical celiac reconstruc-
tion, bypass surgery, or endovascular stent place-
ment (Fig 6) (12–14). Laparoscopic approaches 
(either transabdominal or retroperitoneal) have 
recently replaced open surgical procedures 
(12–14). Endovascular therapy alone does not 
have a role as a primary intervention for MALS 
(12–14). Endovascular coil embolization is the 
preferred treatment for pancreacticoduodenal an-
eurysms (9). Because outcomes following surgery 
remain variable, some surgeons question whether 
MALS represents a true clinical entity (15).

SMA Syndrome
Originally described by Rokitansky in 1861, 
SMA syndrome (also known as cast syndrome 
and arteriomesenteric duodenal compression 
syndrome) consists of obstruction of the third 
portion of the duodenum due to compression 
between the SMA and the aorta (Fig 7) (16). 
Wilkie (17) described this condition in 1927 as a 
chronic duodenal ileus, and his name is occasion-
ally used eponymously. SMA syndrome is a rare 
cause of proximal duodenal obstruction.

Anatomy and Pathogenesis
The SMA arises at the L1-2 level and courses 
anteriorly and inferiorly, forming an angle with 

the aorta known as the AMA. The third portion 
of the duodenum crosses between the aorta and 
the proximal SMA at approximately the L3 level. 
Normally, the third portion of the duodenum is 
surrounded by retroperitoneal fat, which provides 
a “cushion” for the duodenum between the ante-
rior SMA and posterior aorta and helps maintain 
a wide AMA and AMD. Thus, it would seem in-
tuitive that it is not the total body fat, but rather 
the intraabdominal fat—specifically, the retro-
peritoneal fat in the mesenteric root—that would 
be the key factor in maintaining a wide AMA and 
AMD. Various studies have reported the normal 
range of the AMA and AMD to be 28°–65° and 
10–34 mm, respectively (Fig 8) (18–21).

SMA syndrome occurs in the following 
scenarios:
  1. Conditions associated with rapid and severe 
weight loss, resulting in a loss of retroperitoneal 
fat, with resulting decreases in AMA and AMD 
and duodenal compression. These conditions in-
clude wasting conditions such as acquired immu-
nodeficiency syndrome, malabsorption, cancer, 
and other conditions associated with cachexia; 
catabolic conditions such as burns and major 
surgery; eating disorders (eg, anorexia nervosa); 
drug abuse; and conditions following weight loss–
related surgeries (eg, bariatric surgery) (22,23).
  2. Patients who have undergone corrective 
surgery for scoliosis, in whom lengthening of the 
spine is postulated to increase tension on the mes-
entery and thus decrease AMA and AMD (24,25). 
  3. Conditions involving applied external ab-
dominal pressure such as from a body or hip 
spica cast (26).
  4. Anatomic variants such as an insertional vari-
ation of the ligament of Treitz or low origin of the 
SMA, which may result in a more cranial disposi-
tion of the duodenum into the acute vascular angle 
between the aorta and proximal SMA (23,27).

Because SMA syndrome occurs relatively 
infrequently, its exact prevalence in the general 
population is extremely difficult to measure, al-
though it has been estimated to be 0.1%–0.3% 
on the basis of gastrointestinal barium studies 
(18). However, in patients with scoliosis who un-
dergo corrective spinal surgery, a prevalence of 
up to 2.4% has been reported (28).

Clinical Presentation
Females are more commonly affected by SMA 
syndrome, with two-thirds of patients being 
between 10 and 39 years of age (23). Symp-
toms include postprandial epigastric pain and 
fullness, nausea, vomiting, weight loss, and an-
orexia. The pain may classically be relieved by 
lying in the prone or left lateral decubitus posi-
tion (18,22,23). The vomiting and weight loss 

Figure 7.  Drawing illustrates SMA syndrome, with 
compression of the mid-transverse duodenum between 
the proximal SMA and the aorta, resulting in proximal 
duodenal and gastric dilatation.
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result in a self-perpetuating cycle with further 
loss of retroperitoneal fat. Patients may also 
complain of severe reflux, and endoscopy may 
demonstrate severe esophagitis and gastritis 
associated with stasis and chronic obstruction 
(22). All other causes of duodenal obstruction, 
whether intrinsic (benign or malignant strictures 
and tumors) or extrinsic (eg, tumors, aneurysm, 
pancreatitis), must be excluded with imaging 
or upper endoscopy before a diagnosis of SMA 
syndrome is made.

Radiologic Findings
Traditional imaging methods for diagnosis in-
clude an upper gastrointestinal barium study and 
conventional mesenteric angiography (18,20), 
which only allow evaluation of the gastrointesti-
nal tract and vascular anatomy, respectively. Bar-
ium studies show a dilated stomach and proximal 
duodenum, a vertical extrinsic impression on the 
third portion of the duodenum resulting from its 
compression, antiperistaltic waves proximal to the 
obstruction, delayed gastroduodenal emptying, 
and relief of obstruction with postural change 
(Fig 9) (20,29). In severe cases, barium may 
fail to pass through the obstructed duodenum. 
Mesenteric angiography shows acute angulation 
of the SMA and a reduced AMD. The AMA and 
AMD in patients with SMA syndrome have been 

reported to be 6°–22° and 2–8 mm, respectively 
(19,22,29–32). In a recent multidetector CT 
study of four cases of SMA syndrome, the mean 
AMA and AMD were 13.5° and 4.4 mm, respec-
tively (18).

CT performed after the injection of iodinated 
contrast material allows simultaneous evaluation of 
the mesoaortic vascular anatomy, transverse duodenal 
compression, and proximal dilatation, and is thus 
the diagnostic test of choice for SMA syndrome 
(Figs 9, 10) (18,19). CT is best performed in 
the late angiographic phase to allow simultaneous 
optimal depiction of the vascular anatomy and the 
bowel wall. Use of positive oral contrast agent may 
be avoided in patients with severe obstruction. Sag-
ittal MPR images are needed to evaluate the AMA. 
CT has the added advantage of showing the exact 
anatomic position of the duodenum in the vascular 
angle and excluding other causes of obstruction. 
However, SMA syndrome should not be diagnosed 
solely on the basis of CT findings of a reduced 
AMA and AMD in the absence of any signs or 
symptoms of duodenal obstruction (Fig 11).

Treatment
For acute and initial presentations, treatment 
is usually conservative, consisting of fluid and 
electrolyte resuscitation, nasojejunal feeding to 
bypass the obstruction, small liquid meals, and 

Figure 8.  Midline sagittal reformatted MIP images from two different abdominal CT studies 
demonstrate the normal AMA (>30°) (a) and AMD (>10 mm) (b).
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mobilization of the patient into the prone or left 
lateral decubitus position. Nutritional support 
with peroral or parenteral hyperalimentation may 
also be included and is aimed at restoration of 
retroperitoneal fat and weight gain, which can 
relieve some symptoms (18,22,23,30).

Surgical treatment is indicated if conservative 
management fails and usually involves bypass-
ing the obstructed segment. Surgical options 
include duodenojejunostomy, gastrojejunostomy, 
or lysis of the ligament of Treitz with derotation 
of the bowel (Strong procedure) (18,22,23,30). 
Although the data available in the literature do 
not provide enough statistical evidence to identify 
any surgical procedure as superior, laparoscopic 
duodenojejunostomy currently seems to be the 
favored procedure (33).

May-Thurner Syndrome
May-Thurner syndrome, also known as iliac vein 
compression syndrome and Cockett syndrome 
(34,35), consists of obstruction of the left CIV 

caused by the crossing right common iliac artery 
(CIA) (Fig 12). The resultant chronic venous 
stagnation results in chronic left lower extremity 
swelling with or without thrombosis of the left 
iliac and femoral veins. May-Thurner syndrome 
is named after the Austrian surgeon and patholo-
gist who, in 1957, described the formation of an 
endovascular “spur” in the proximal left CIV in 
cadaver dissections (36).

Pathogenesis
Two factors are thought to contribute to the 
partial venous obstruction in May-Thurner syn-
drome: (a) extrinsic factors causing physical com-
pression of the left CIV between the right CIA and 
the underlying vertebral body, and (b) intrinsic 
factors resulting from formation of internal webs 
or bands (spurs) secondary to local intimal hy-
pertrophy due to the chronic pulsatile force of the 
overlying right CIA (34,36).

The true prevalence of May-Thurner syn-
drome is unknown. The incidence of venous 

Figure 9.  SMA syndrome in a 23-year-old woman with an inability to gain weight due to a chronic fear of 
eating and a 1-year history of increasing abdominal pain. (a) Axial CT image shows severe compression of 
the mid-transverse duodenum (arrowhead) in the narrowed space between the SMA (arrow) and the aorta. 
Note the absence of retroperitoneal fat. (b) Coronal reformatted image shows a massively dilated stomach and 
proximal duodenum. The SMA is seen crossing anterior to the point of transition at the mid-transverse duode-
num (arrow). (c) Image from an upper gastrointestinal barium study shows a characteristic extrinsic impres-
sion on the mid-transverse duodenum (arrowheads) caused by the overlying SMA.
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Figure 10.  SMA syndrome in a 37-year-old 
woman with intentional weight loss, early satiety, 
and a 1-year history of epigastric pain. (a) Coronal 
reformatted image from an abdominal CT study 
shows a markedly dilated stomach. (b) Axial CT 
image shows compression of the mid-transverse 
duodenum (black arrow) in the markedly narrowed 
space between the aorta and the SMA (white ar-
row). (c) Midline sagittal reformatted MIP image 
reveals steep angulation of the SMA (arrowheads) 
and a short AMD of 4 mm.

thrombosis is one to two out of every 1000 
persons per year (37). A higher prevalence of 
thrombosis in the left leg (~60% of cases) than 
in the right leg (~40%) has been reported (37). 
May and Thurner (36) found a spurlike projec-
tion in the proximal left CIV in 22% of 430 
cadavers. In later studies, the prevalence of ve-
nous spurs has been reported to be 49%–62% 
in patients with left iliofemoral thrombosis (38). 
Therefore, May-Thurner syndrome should 
be relatively common, and there should be a 
high degree of suspicion, particularly in young 
women who present with acute iliofemoral 
thrombosis of the left leg. Because typical risk 
factors for deep venous thrombosis include sur-
gery, injury, pregnancy, and oral contraceptive 
use, May-Thurner syndrome is commonly over-
looked in the differential diagnosis, particularly 
if patients have other risk factors.

Clinical Presentation
May-Thurner syndrome generally affects young 
and middle-aged people and is more common 
in women (34,39). Iliocaval compression may be 
asymptomatic (36); the typical symptom (when 
present) is left lower extremity swelling, which 
may manifest acutely due to left-sided iliofemoral 

vein thrombosis or may be chronic due to ve-
nous congestion without underlying thrombosis. 
Other chronic symptoms include varicosities and 
chronic venous stasis ulcers. Serious complica-
tions such as pulmonary embolism or phlegmasia 
cerulea dolens can result. Phlegmasia cerulea do-
lens represents a rare and grave sequel of exten-
sive iliofemoral vein thrombosis that is character-
ized by acute limb ischemia, which can progress 
to gangrene.

Radiologic Findings
Traditionally, ascending iliac contrast venography 
has been performed for diagnosis; this procedure 
demonstrates the venous compression and allows 
hemodynamic evaluation by measuring pres-
sure gradients (34). An additional and important 
diagnostic finding is the presence of tortuous 
venous collateral vessels crossing the pelvis to 
join the contralateral veins. However, venography 
is invasive and time consuming and can result in 
postprocedural phlebitis. Furthermore, it cannot 
be performed in patients with extensive iliofemo-
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ral vein thrombosis. Duplex US is limited in the 
identification of abnormalities of the iliac veins 
because these veins lie deep in the pelvis and are 
commonly obscured by bowel gas. More recently, 
the use of multidetector CT or MR venography 
has been advocated for diagnosis (40–42). How-
ever, MR venography is expensive, time consum-
ing, and difficult to perform in acutely ill patients. 
Multidetector CT performed in the pelvic venous 

phase after the injection of iodinated contrast 
material reliably shows the iliac vein compression, 
which is best seen in the transverse plane (40). 
CT can also show the extent of iliofemoral vein 
thrombosis (if present) and help exclude other 
causes of venous compression such as pelvic 
masses (Fig 13).

Treatment
Treatment is aimed at relieving the mechanical 
obstruction and should ideally be performed 
before the onset of deep venous thrombosis 
and venous insufficiency syndrome. Catheter-
directed thrombolysis has been shown to have 
a much higher venous patency rate at 6 months 
compared with systemic anticoagulation alone, 
which is no longer used due to its low patency 
rate (43). A thrombosis recurrence rate of 73% 
has been reported in cases in which the mechan-
ical obstruction is not addressed (38). Catheter-
directed thrombolysis followed by endovascular 
stent placement has a high success rate (95%) 
and is now the preferred management technique 
(Fig 14) (39,44). Excellent 1-year patency rates 
of 90%–100% (mean, 96%) following success-
ful stent placement have been reported (39). 
Oral anticoagulants are used following stent 
placement to prevent the recurrence of throm-
bosis (39). Surgical approaches such as vascu-
lar transposition, venous bypass surgery, and 
excision of intraluminal bands with venoplasty 
have also been advocated and successfully used 
(39,45,46).

Nutcracker Syndrome
The term nutcracker phenomenon refers to the 
anatomic compression of the LRV that can oc-
cur between the SMA and the aorta (“anterior 
nutcracker”) or, if the LRV has a retroaortic 
or circumaortic course, between the aorta and 
an underlying vertebral body (“posterior nut-
cracker”). In 1937, Grant (47) described the 
position of the LRV between the aorta and SMA 
as being akin to that of a nut between the jaws 
of a nutcracker. However, the nutcracker phe-
nomenon is not always associated with clinical 
symptoms. Nutcracker syndrome is rare and 
refers to the symptom complex that develops 
due to increased venous pressure in the LRV 
secondary to obstruction of its venous outflow 
into the inferior vena cava (IVC). This results in 
the development of intra- and extrarenal hyper-
tensive valveless venous collateral vessels—most 
often on the left side—or gonadal vein reflux. 
Although the first clinical report of this syn-
drome was made by El-Sadr and Mina in 1950 
(48), the term nutcracker syndrome was first used 
by de Schepper in 1972 (49,50).

Figure 11.  Short AMD in a 38-year-old 
woman who was undergoing CT for abdominal 
pain following exploratory laparoscopy for en-
dometriosis. Midline sagittal reformatted image 
shows a short AMD (arrowheads) and steep 
SMA angulation. The patient demonstrated no 
evidence of duodenal obstruction at CT and no 
clinical signs or symptoms of SMA syndrome.

Figure 12.  Drawing illustrates May-Thurner syn-
drome, showing compression of the left CIV between 
the right CIA and the anterior surface of the underly-
ing vertebral body, resulting in left pelvic and lower 
extremity venous congestion.
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Pathogenesis
Steep angulation of the SMA relative to the 
aorta resulting in a short AMD can predis-
pose to nutcracker syndrome (Fig 15) (50,51). 
Thus, anterior nutcracker syndrome may occur 
simultaneously with SMA syndrome. An as-
sociation with a thin or asthenic body habitus 
has long been noted. Conceivably, all condi-
tions that result in rapid weight loss and loss of 
retroperitoneal fat can predispose to nutcracker 
syndrome. It stands to reason that an AMA and 
AMD that can result in SMA syndrome would 
be enough to cause LRV compression as well. A 
significantly decreased AMD of 3 mm has been 
reported in patients with nutcracker syndrome, 
compared with a range of 10–14 mm in the 
control group (52). Similarly, an AMA of less 
than 16° has been reported in patients with nut-
cracker syndrome (53). Positional factors and 
other anatomic variants such as an abnormally 
high course of the LRV have also been postu-
lated to cause LRV compression (51). Compres-
sion of the LRV from tumors or masses in the 
retroperitoneum should not be considered as 
representing true nutcracker syndrome. Because 
of the large increase in the number of abdominal 
CT examinations in the past decade, asympto
matic narrowing of the LRV between the aorta 
and SMA with or without retrograde venous 
congestion is occasionally seen as an incidental 
finding in patients undergoing CT for unrelated 
reasons.

Clinical Presentation
Because of the variability of symptoms and the 
absence of consensus regarding diagnostic crite-
ria, the exact prevalence of nutcracker syndrome 
is unknown. The majority of affected patients are 
young or middle aged, and nutcracker syndrome 
is slightly more common in females.

No consensus exists as to what symptoms 
are severe enough to warrant the designation 
of a clinical syndrome, and the diagnosis is of-
ten overlooked and delayed. Symptoms result 
from increased pressure in the LRV, vary widely 
from mild to severe, and may be exacerbated by 
physical activity. Manifestations include mild mi-
crohematuria to severe gross hematuria (which 
can result in anemia), mild to severe orthostatic 
proteinuria, and left flank pain secondary to the 
passage of ureteral blood clots. Massive gonadal 
vein reflux may result in left-sided varicoceles in 
males and left-sided vulvar and pelvic varices in 
females. Symptoms of pelvic venous congestion 
(chronic pelvic pain, dyspareunia, dysuria, and 
dysmenorrhea) may occur in females (49,54–56). 
The most common symptom is hematuria result-
ing from the rupture of fragile varices into the 
collecting system. Conversely, nutcracker syn-
drome remains a very rare cause of hematuria.

Radiologic Findings
Multidetector CT or MR imaging performed in 
the venous phase after the injection of iodinated 
contrast material allows simultaneous depiction 

Figure 13.  May-Thurner syndrome in a 45-year-old man who presented with acute left lower extrem-
ity pain, swelling, and skin discoloration following a long-distance flight. (a) Axial CT image of the pel-
vis shows severe compression of the left CIV (black arrow) between the right CIA (white arrow) and the 
underlying vertebral body. (b) Coronal reformatted image shows the overriding right CIA (black arrow-
head) with acute extensive thrombosis and dilatation of the external iliac vein (white arrowheads).
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of the mesoaortic anatomy and focal midline 
compression of the LRV and its hemodynamic 
consequences (prestenotic dilatation; hilar, peri-
ureteric, and pelvic varices; dilated gonadal veins) 
(Fig 16). Sagittal MPR images allow evaluation 
of the AMA and AMD, and coronal MPR images 
best depict the varices and dilated gonadal veins. 
In the multidetector CT era, IVU is no longer 
performed for suspected nutcracker syndrome. 
Excretory or retrograde urography may show 
indentations and scalloping of the renal pelvis or 
ureter by enlarged retroperitoneal varices.

Duplex US can provide hemodynamic infor-
mation in these patients. A significantly higher 

Figure 14.  Endovascular treatment for May-
Thurner syndrome in a 40-year-old woman. 
(a) Ascending venogram obtained prior to 
tissue plasminogen activator (TPA) infusion 
shows an extensive thrombus in the left com-
mon and external iliac veins that extends into 
the proximal femoral vein. (b) Repeat ascend-
ing venogram obtained 24 hours after TPA 
infusion shows significant clot dissolution 
throughout the occluded segments. (c) Digital 
spot radiograph shows a stent that was placed 
in the left CIV following thrombolysis.

ratio of peak systolic velocity at the point of renal 
vein compression to peak systolic velocity in the 
hilar renal vein has been reported in patients with 
nutcracker syndrome compared with asympto
matic control subjects (56,57). A peak systolic 
velocity ratio of over 4.7 has been reported to 
have a sensitivity of 100% and a specificity of 
90% for the diagnosis (58). Transvaginal US can 
show the extent of pelvic varices in patients with 
symptoms of pelvic congestion.

The definitive diagnostic test for nutcracker 
syndrome remains retrograde venography, which 
allows both determination of the renocaval 
pressure gradient and contrast mapping of the 
dilated gonadal vein and the perihilar, periure-
teral, and pelvic collateral network. The LRV-to-
IVC pressure gradient is less than 1 mm Hg in 
healthy subjects (59). A gradient of over 3 mm 
Hg has been reported to be hemodynamically 
significant in patients with LRV compression, al-
though a wide range of gradient values has been 
published (50,60). Notably, nutcracker syn-
drome remains a clinical diagnosis and should 
be made only when characteristic symptoms are 
present. Observations of LRV compression at 
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multidetector CT or MR imaging in the absence 
of varices and symptoms merely represent the 
nutcracker phenomenon, not nutcracker syn-
drome (Fig 17).

Treatment
Expectant treatment is preferred in younger or 
thin patients, or in those with mild symptoms. 
In patients younger than 18 years of age, symp-
toms generally resolve within 2 years as retro-
peritoneal fat increases and the AMD widens. 
Intervention is indicated in severely symptom-
atic patients. The primary goal is to alleviate 
LRV outflow obstruction and hypertension. Nu-
merous surgical approaches such as LRV trans-
position to the more inferior IVC, external ve-
nous stent placement, LRV bypass surgery, renal 
autotransplantation to the iliac fossa, and left 
nephrectomy have been used (50,55,60). Go-
nadocaval bypass surgery with ligation or embo-
lization of varices may be beneficial in patients 
with symptomatic pelvic varices. Endovascular 
LRV stent placement (Fig 18) has only recently 

been advocated, so that no long-term studies are 
yet available to help assess outcomes. However, 
stent migration, intimal fibromuscular hyperpla-
sia, in-stent stenosis, and venous thrombosis are 
potential complications (50,60).

UPJ Obstruction by Crossing Vessels
UPJ obstruction implies a congenital partial ob-
struction (either functional or anatomic) at the 
junction of the renal pelvis and proximal ureter. 
This condition has an unclear natural history 
and, if left untreated, will result in symptoms, re-
nal damage, or both.

Pathogenesis
UPJ obstruction is seen in approximately one out 
of every 20,000 live births (61). The prevalence 
of UPJ obstruction is less well defined in adults 
than in children. Furthermore, controversy exists 
regarding the cause of UPJ obstruction. Several 
causes have been postulated, including crossing 
vessels, an aperistaltic ureteral segment, an in-
trinsic luminal narrowing (in the form of stenosis 

Figure 15.  Relationship between the 
LRV and the duodenum in the angle be-
tween the aorta and the SMA. (a) Draw-
ing illustrates a normal AMA and AMD, 
which are promoted by the presence of 
retroperitoneal fat in the angle. (b) Draw-
ing illustrates compression of both the 
LRV and the duodenum when the AMD 
is decreased, with an associated decrease 
in the AMA.

Figure 16.  Nutcracker syndrome in a 22-year-old woman with progressive left lower quadrant pain and flank 
pain, as well as microscopic hematuria. (a) Axial CT image shows severe compression of the LRV (arrowhead) be-
tween the SMA (arrow) and the aorta. (b) Midline sagittal reformatted image shows steep angulation of the SMA 
(arrow) with compression of the LRV (arrowhead) in the narrowed aortomesenteric space. (c) Coronal reformat-
ted image shows tortuous and dilated retroperitoneal varices (arrowheads) along the course of the left ureter.  
(d) Intravenous urographic (IVU) image shows multiple indentations on the left ureter (arrows) caused by retro-
peritoneal collateral vessels. (e) Axial CT image of the pelvis shows left-sided periuterine varices (arrow).
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or valves), excessive local collagen deposition, 
periureteral fibrosis (which may be secondary to 
recurrent urinary tract infection), and an inser-
tional abnormality (which may be primary or de-
velop over time as the renal pelvis distends) (62). 
In some cases, a specific cause for UPJ obstruc-
tion may not be detected. Additionally, causes 
may coexist and thus may be comitigating factors 
in the obstruction.

Of these causes, crossing vessels have received 
special attention, and their association with hy-
dronephrosis has been known for over 100 years 
(63). A crossing vessel can be a renal artery or 
renal vein (or both) that crosses the ureteric 
transition point—most commonly, an anteriorly 
crossing artery. The lower pole segmental artery 
and vein in particular have been implicated in 
UPJ obstruction (Fig 19) (64). These vessels 
may be a branch of the main renal artery or 
vein or may arise separately (accessory branch) 
from the aorta, iliac artery, or IVC (Figs 20, 21). 
Crossing vessels have been implicated in 11%–
79% of cases of UPJ obstruction (62,65–67). 
This wide reported range is likely due to the 
fact that any vessel that is present in the vicinity 
of the UPJ tends to be implicated as a cause of 
UPJ obstruction. However, only a vessel cross-
ing immediately adjacent to the UPJ (within 1–2 
cm) should be designated as a crossing vessel. 
One study found that in 43% of patients with 
UPJ obstruction due to a crossing vessel, no 
intrinsic abnormality was noted in the ureter at 
histologic analysis, thus implicating mechanical 
compression from crossing vessels as a direct 
pathogenetic mechanism of UPJ obstruction in 
selected cases (68). Conversely, crossing vessels 
have been reported in the setting of a normal 
UPJ in 19% of cases (67), and a high prevalence 
(71%) of crossing vessels has been reported 
in cadaveric studies (69). Furthermore, UPJ 
obstruction also occurs in the absence of cross-

ing vessels (62). Thus, the causal relationship 
between crossing vessels and UPJ obstruction 
remains controversial, with ongoing debate as to 
whether these are causative, aggravating, or inci-
dental factors.

Clinical Presentation
UPJ obstruction may be detected in utero as well 
as in children or adults. Obstruction ranges from 
mild to severe and is generally slowly progres-
sive. Early on, the obstruction may not be severe 
enough to cause symptoms or significant loss of 
renal function. Patients may present with flank 
pain, hematuria, renal stones, urinary tract infec-
tions, or pyelonephritis. Pain may be intermittent 
and may be related to the intake of large volumes 
of fluid or of fluids with a diuretic effect.

Radiologic Findings
Irrespective of the controversy regarding the 
role of crossing vessels in UPJ obstruction, their 
preoperative detection may be important to 
the urologist, since these vessels can be injured 
during therapeutic endopyelotomy and their 
presence may dictate the surgical approach 
that is used. Significant hemorrhage, pseudoa-
neurysms, or arteriovenous fistulas can result 
if these vessels are injured during surgery (70). 
Because renal arteries are end arteries, they 
must be preserved during surgery to prevent any 
loss of renal parenchyma, which can be signifi-
cant if superimposed on preexisting decreased 
renal function.

Various imaging modalities have been used 
for the detection of crossing vessels. Catheter 
angiography is invasive and is limited for depict-
ing the venous anatomy and the relationship of 
crossing vessels to the UPJ. IVU or retrograde 
urography may show an extrinsic impression at 
the UPJ. In the modern era of cross-sectional 
imaging, neither of these modalities is used for 

Figure 17.  Incidentally detected LRV compression in 
a 53-year-old woman with chronic abdominal pain and 
weight loss. Urinalysis showed no evidence of gross or 
microscopic hematuria. Axial CT image shows marked 
narrowing of the LRV (arrow) as it courses between the 
superior mesenteric vessels and the abdominal aorta. The 
left gonadal and lumbar veins were of normal caliber, 
with symmetric perfusion of the kidneys. There was no 
evidence of left-sided renal hilar, retroperitoneal, or pelvic 
collateral vessels. These findings represent the nutcracker 
phenomenon, not nutcracker syndrome, given the absence 
of clinical signs and symptoms or hemodynamic effects 
resulting from the LRV compression.
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the detection of crossing vessels. Duplex US 
performed after contrast material injection is 
more accurate in the depiction of crossing ves-
sels than is routine duplex US (66), which does 
not have a high specificity and remains very 
operator dependent (71). US appears to be ac-
curate only when an endoscopic (endoureteral) 
approach is used or contrast material is injected 
(66), with high accuracy reported for the latter 
(72,73). In a small series of pediatric patients, 
MR angiography was shown to be accurate 
for the detection of crossing vessels (74), but 
it remains limited by its high cost and lengthy 
examination time. Multidetector CT with user-
defined MPR and 3D VR provides excellent 
depiction of crossing vessels, with a reported 

positive predictive value of 100% (Figs 20, 21) 
(75,76). Multidetector CT should be performed 
in the late arterial phase to allow identification 
of both arteries and veins.

Dilatation of the renal pelvis is a predomi-
nant feature of UPJ obstruction, with a variable 
amount of dilatation of the caliceal system. The 
distended renal pelvis in UPJ obstruction is 
largely extrarenal with a characteristic inverted 
“teardrop” morphology and generally “drapes” 
over a lower pole segmental vessel with the proxi-
mal ureter hooking over the vessel (Figs 19, 20). 
With use of multidetector CT, the relationship of 
the vessels to the ureteric transition zone and the 
severity and morphology of the hydronephrosis 
are easily depicted in a single examination.

Figure 18.  Nutcracker syndrome in a 17-year-old girl with a 2-year history of abdominal pain, 
gross hematuria, and proteinuria resulting in a hemoglobin level of 8.0 mg/dL. Results of cys-
toscopy confirmed the source of bleeding to be the left ureter. CT and duplex US helped con-
firm severe compression of the LRV between the SMA and aorta. Duplex US showed a marked 
increase in peak systolic velocity distal to the narrowing. (a) Direct left renal venogram shows a 
hemodynamically significant pressure gradient of 6 mm across the LRV (10 mm Hg in the LRV 
and 4 mm Hg in the IVC). (b, c) Spot radiographs depict placement of a stent across the stenotic 
segment of the LRV. (d) Postprocedural venogram shows restoration of a normal pressure gradi-
ent across the LRV (8 mm Hg in the LRV and 9 mm Hg in the IVC). Immediately following stent 
placement, the patient’s abdominal pain and hematuria resolved completely. Postprocedural du-
plex US showed normalization of the velocities across the LRV.
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dismembered pyeloplasty (transperitoneal or 
retroperitoneal), which have a lower morbid-
ity and cost (77). Endopyelotomy may be per-
formed in the absence of crossing vessels. Given 
the hemorrhagic complications and the higher 
failure and recurrence rates of endopyelotomy 
if crossing vessels are present (70), laparoscopic 
dismembered pyeloplasty is currently considered 
to be the treatment of choice (77).

Figure 19.  Drawing illustrates UPJ 
obstruction by a crossing lower pole 
segmental renal artery. Note how the 
ballooned extrarenal pelvis is draped 
over the crossing artery.

Figure 20.  UPJ obstruction in a 34-year-
old man with right flank pain and hematuria.  
(a) Coronal reformatted image from a CT 
urographic study shows an early branching 
right lower pole segmental artery (arrow) 
crossing the ureteropelvic transition. (b) Sag-
ittal reformatted image shows a markedly 
dilated renal pelvis and renal parenchymal 
atrophy. The crossing vessel is also seen 
(arrow). (c) Three-dimensional VR image 
shows greater dilatation of the renal pelvis 
(arrowhead) compared with the intrarenal 
calices, a characteristic finding in UPJ obstruc-
tion. Note also the hooked appearance of the 
proximal ureter as it crosses over the artery.

Treatment
Therapeutic intervention is largely based on 
symptoms, degree of hydronephrosis, and de-
terioration of renal function. Surgical manage-
ment of UPJ obstruction is aimed at providing 
symptomatic relief and preserving any remaining 
renal function. Management choices include an-
tegrade or retrograde endopyelotomy and open 
or laparoscopic pyeloplasty (77). Traditionally, 
open pyeloplasty has been the favored surgical 
treatment for UPJ obstruction; now, however, it 
is being replaced by minimally invasive proce-
dures such as endopyelotomy and laparoscopic 
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Vascular Compression of the Ureter

Pathogenesis and Clinical Presentation
Compression of the ureter may rarely occur if 
the ureter takes a retrovascular (retroiliac or ret-
rocaval) course (78,79). Compression can also 
occur at the point of intersection of the ureter 
with retroperitoneal vascular structures. The im-
plicated vessel is generally a dilated or aberrant 
ovarian vein (resulting in OVS); very rarely, the 
testicular vein is implicated (80–82). Since first 
being described by Clarke in 1964, OVS has been 
described in several subsequent published re-
ports (83,84). The ovarian vein crosses the ureter 
obliquely in the retroperitoneum at the L3 level 
and normally does not cause ureteral compres-
sion. The term ovarian vein syndrome refers to ob-
structive uropathy, which is right sided in about 
95% of cases and is thought to be due to ureteral 
compression at the pelvic brim by a dilated, aber-
rant, or thrombosed ovarian vein. OVS is uncom-
mon in nulliparous women and generally occurs 
during or after pregnancy. Whether the syndrome 
represents a true pathophysiologic entity remains 
controversial (80). Although observed infre-
quently, the instances of “extrinsic vascular in-
dentation” of the ureter that we have most often 
encountered in our practice occur at the point 
where the distal ureter crosses over the iliac ves-
sels at the pelvic brim. We have further noted this 
finding to be more common on the right side. In 
the cases we encountered, this ureteral indenta-
tion was causing only a mild or low-grade proxi-

mal hydroureter and hydronephrosis (Fig 22), the 
clinical significance of which remains uncertain.

Obstruction from ureteral compression can be 
mild with minimal or no symptoms, or it can be 
severe, resulting in flank pain, hematuria, or py-
elonephritis (78,80).

Radiologic Findings
Prior to the advent of CT urography, the diagnosis 
of OVS was made with either IVU or retrograde 
urography. Cases of OVS show indirect findings 
of an oblique extrinsic impression on the ureter, 
with proximal hydroureter and a normal pelvic 
ureter (Fig 23) (80,85). In cases of a retrocaval 
ureter, there is medial deviation of the obstructed 
segment, resulting in a characteristic reverse J 
configuration with proximal hydroureter and hy-
dronephrosis (78). CT urography performed in 
the nephropyelographic phase with a split-bolus 
contrast-enhanced technique is now the imaging 
method of choice, since it allows concurrent evalu-
ation of the cause of compression, the implicated 
vessel, and the proximal dilatation. Findings are 
best depicted on coronal MPR images. Three-
dimensional VR can yield IVU-like images. Other 
causes of ureteral compression (both intrinsic and 
extrinsic) are easily excluded with CT urography.

Treatment
Treatment is not needed for low-grade obstruc-
tion or in asymptomatic cases. Surgical inter-
vention to relieve the obstruction is indicated 
in symptomatic cases or if moderate or severe 

Figure 21.  UPJ obstruction in a 55-year-old man with a 2-year history of worsening postpran-
dial abdominal pain. The patient had normal findings at urinalysis and no flank pain. (a) Coronal 
reformatted image from an abdominal CT study shows severe right-sided hydronephrosis with 
cortical thinning and a decompressed proximal ureter (arrow). (b) Axial CT image shows an ac-
cessory right renal vein (arrowheads) draining into the IVC and crossing the UPJ. The accessory 
vein was believed to be the cause of the UPJ obstruction in this case.



112  January-February 2014	 radiographics.rsna.org

Figure 23.  Proximal ureteral compression in a 57-year-old woman with left-sided ab-
dominal pain, a sensation of flank fullness, and hematuria. Coronal reformatted (a) and 
3D VR (b) images from a CT urographic study show mild proximal left hydroureter (ar-
rowhead in b) and hydronephrosis, findings that are the result of extrinsic compression by 
a crossing left ovarian vein (arrow in a).

Figure 22.  Distal ureteral compression in a 39-year-old woman with hematuria. Three-
dimensional VR (a) and sagittal reformatted (b) images from a CT urographic study show 
a mild extrinsic indentation (arrowhead) on the distal right ureter resulting from its crossing 
over the right CIA (arrow in b), causing mild proximal hydroureter and hydronephrosis.
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hydronephrosis is present. Laparoscopic uretero-
ureterostomy, which involves transection and 
relocation of the ureter anterior to the IVC with 
subsequent reanastomosis, is the preferred surgi-
cal procedure for retrocaval ureters (86). Trans-
catheter ovarian vein embolization and surgical 
ligation (which is now performed laparoscopi-
cally) have been used to treat OVS (80).

Conclusion
Vascular structures in the abdomen and pelvis 
can compress or be compressed by adjacent 
anatomic structures. Such compression may be 
asymptomatic or may result in clinical syndromes 
that manifest with nonspecific and obscure symp-
toms, causing delayed or erroneous diagnoses. 
Multidetector CT, with isotropic data sets allow-
ing reconstruction in the plane of these anatomic 
structures, provides a novel imaging perspective 
on these syndromes. Controversy remains as to 
the true anatomic mechanisms that cause such 
compressions, their relationship with symptoms, 
and the treatment of these syndromes.
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Page 93
Thus, compression of the proximal celiac artery, transverse duodenum, left common iliac vein (CIV), left 
renal vein (LRV), ureteropelvic junction (UPJ), and ureter can occur due to their close anatomic relation-
ship to adjacent ligaments as well as bony and vascular structures.

Page 93
Anatomic or morphologic findings that predispose to such compression may occasionally be encountered 
in asymptomatic patients who undergo imaging for unrelated causes. Thus, caution should be exercised 
to avoid overdiagnosis of these syndromes. It is important that the diagnosis of these syndromes not be 
based on imaging findings alone.

Page 96
Thus, isolated celiac compression during expiration may not be clinically significant. Severe compres-
sion occurs in only a small percentage of patients and may cause symptoms.

Page 104
Thus, anterior nutcracker syndrome may occur simultaneously with SMA syndrome. An association 
with a thin or asthenic body habitus has long been noted. Conceivably, all conditions that result in 
rapid weight loss and loss of retroperitoneal fat can predispose to nutcracker syndrome. It stands to 
reason that an AMA and AMD that can result in SMA syndrome would be enough to cause LRV com-
pression as well.

Page 108
A crossing vessel can be a renal artery or renal vein (or both) that crosses the ureteric transition 
point—most commonly, an anteriorly crossing artery. The lower pole segmental artery and vein in par-
ticular have been implicated in UPJ obstruction.
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Page 105, paragraph 2, lines 2–10: The sentences should read as follows: “A significantly higher ratio of peak ve-
locity [not peak systolic velocity] at the point of renal vein compression to peak velocity [not peak systolic velocity] 
in the hilar renal vein has been reported in patients with nutcracker syndrome compared with asymptomatic control 
subjects (56,57). A peak velocity [not peak systolic velocity] ratio of over 4.7 has been reported to have a sensitivity 
of 100% and a specificity of 90% for the diagnosis (58).”

Page 109, Figure 18 legend, lines 4–5: The sentence should read as follows: “Duplex US showed a marked in-
crease in peak velocity [not peak systolic velocity] distal to the narrowing.”
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Polypoid Lesions of the Gallbladder: Disease Spectrum with Pathologic Correlation 
Vincent M. Mellnick, Christine O. Menias, Kumar Sandrasegaran, Amy K. Hara, Ania Z. Kielar, Elizabeth 
M. Brunt, Maria B. Majella Doyle, Nirvikar Dahiya, Khaled M. Elsayes
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Page 393, Figure 6c and 6d: The arrowheads on these images were incorrectly placed. The images are reprinted 
here with correctly placed arrows.
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