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Abstract 

Background:  Posterior nutcracker syndrome is defined by the compression of the left renal vein between the 
abdominal aorta and a lumbar vertebral body. It can be clinically manifest with intermittent hematuria,  gonadal or 
spermatic reflux resulting in varicocele. Ultrasound is the first-line imaging which require  more accurate study  with 
contrast-enhanced computed tomography. Management can be conservative in younger patients with mild hema-
turia due to the high spontaneous remission rate and invasive with open surgical and endovascular interventions. We 
describe a very rare case with compression of the left renal vein due to an osteophyte of the spine.

Case presentation:  A 62-year-old Caucasic male came to our radiology department for chronic hepatitis B virus 
(HBV)-related liver disease follow-up and mild scrotal pain. The ultrasound examination revealed a compression of the 
left retro-aortic renal vein in the aorto-vertebral space caused by an osteophyte. Duplex Doppler ultrasound revealed 
flow congestion in the left renal vein and renal failure; power Doppler ultrasound showed left varicocele.

Conclusions:  Doppler ultrasound is the first-line imaging and allows the detection of all the typical signs of posterior 
nutcracker: left renal vein stenosis, flow congestion and renal failure. Nutcracker syndrome should be suspected in 
older patients with left varicocele associated with hematuria. Failure to diagnose and treat these patients  could have 
serious consequences for their health.
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Introduction
Nutcracker syndrome (NCS) belongs to a group of very 
rare vascular disorders known as vascular compression 
syndromes, the most well known of which are May-
Thurner [1], Dunbar [2] and thoracic outlet syndrome 
[3]. NCS is caused by compression of the left renal vein 
(LRV) and can be congenital or acquired. There are two 
types: anterior (ANCS) and posterior nutcracker syn-
drome (PNCS); in the first, compression of the LRV 
occurs because of a congenital or acquired reduction of 

the aorto-mesenteric space inside which the LRV passes, 
in particular when the distance between the superior 
mesenteric artery and the abdominal aorta is < 8 mm and 
the aorto-mesenteric angle compression < 22°; it can be 
combined with Wilkie’s syndrome, in which the duode-
num is compressed simultaneously (Fig. 1a, b) [4]. PNCS, 
also known as “pseudo-nutcracker syndrome,” is defined 
by the compression of the LRV between the abdominal 
aorta and a lumbar vertebral body [5, 6]. PNCS can be 
caused by an underlying anatomical variant (retro-aortic 
LRV or renal collar) or aorta and vertebral pathology 
(abdominal aneurysms or lumbar osteophytosis) [7–9]. 
PNCS can clinically manifest with intermittent hema-
turia, gonadal or spermatic reflux and pelvic varices or 
only be seen on imaging without clinical manifestation 
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in the so-called “nutcracker phenomenon” [10, 11]. The 
retro-aortic LRV is responsible for this syndrome in 9% 
of patients with left-sided varicocele [7]. The “renal col-
lar,” also known as the “circum-aortic venous ring,” is 
another anatomic variant characterized by the presence 
of two LRVs passing anteriorly and posteriorly to the 
aorta, respectively [7]. In the “renal collar” condition, the 
concomitant compression of the anterior LRV (between 
the abdominal aorta and superior mesenteric artery) and 
the posterior LRV (between the abdominal aorta and 
spine) results in “combined nutcracker syndrome" [12]. 
Doppler ultrasound is the first-line imaging  which allows 
detection of left renal vein stenosis, possible renal failure 
and varicocele secondary to venous congestion in the 
LRV, which require more accurate study with contrast-
enhanced computed tomography (CE-CT) [10,  12, 13]. 
A  CE-CT scan provides accurate detection of vascular 
structures and their relationship to adjacent organs and 
allows excluding other causes of compression [11]. Man-
agement of NCS can be both conservative and invasive, 
depending on the grade of hematuria and pain [14, 15].  
PNCS treatment can be conservative in younger patients 
with mild hematuria because of the high spontaneous 
remission rate  [14]. Invasive treatments such as open 
surgical and endovascular interventions are proposed in 
case of recurrent gross hematuria, severe flank pain or 
ineffective conservative treatment [12, 15]. Surgical treat-
ment of PNCS consists of  anterior reimplantation of the 

retroaortic LRV into the inferior vena cava [14]. Endovas-
cular LRV stenting may be considered in case of associ-
ated pelvic congestion [12, 16]. We describe a very rare 
case with compression of the left renal vein due to an 
osteophyte of the spine.

Case presentation
A 62-year-old Caucasic male came to our radiology 
department for chronic hepatitis B virus (HBV-)related 
liver disease follow-up. He weighed 54 kg and had a body 
mass index of 21.35. He also complained  mild scrotal 
pain without any others symptoms.

The patient underwent ultrasound and multidetec-
tor computed tomography (MDCT) of the abdomen. 
The ultrasound examination was performed with an 
Aplio XG (Toshiba) device with 7.5-MHz linear and 
3.5-MHz convex probes. Ultrasound scans included 
B-mode ultrasound (B-mode US), color Doppler ultra-
sound (color Doppler US), power Doppler ultrasound 
(power Doppler US) and duplex Doppler ultrasound 
(duplex Doppler US) techniques. Color Doppler US 
showed compression of the retro-aortic LRV in the 
aorto-vertebral space (Fig.  2a). Duplex Doppler US 
showed a  reduction of the peak speed velocity (PSV) 
of the pre-stenotic tract and an increase of the PSV in 
the post-stenotic tract, flow ratio (FR) (PSV post-sten-
otic/PSV pre-stenotic) > 2.5, resistive index (RI) of the 
left renal artery above the norm (0.76) (Fig.  2b) and 

Fig. 1  a Diagram showing the anatomical relationships between the left renal vein and the vertebral column in posterior nutcracker syndrome. b 
Diagram showing the anatomical relationships between the left renal vein and the aorto-mesenteric space in anterior nutcracker syndrome
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regular flow and RI in the right renal artery (used as a 
control). Power Doppler US of the pampiniform plexus 
revealed left varicocele (Sarteschi’s IV degree) (Fig. 2c); 
the results are summarized in  Table  1. The patient 

underwent an MDCT angiography examination with a 
multi-detector CT (Optima 64 slice, GE Healthcare). 
The CT scan showed a retro-aortic LRV compressed 
between the abdominal aorta and an osteophyte of the 

Fig. 2  a B-mode US: longitudinal sub-xyphoid scan of the abdominal aorta at the level of the arising superior mesenteric artery (arrowhead), 
showing the retro-aortic left renal vein (long arrow) compressed between the abdominal aorta (*) and an osteophyte (short arrow) of the third 
lumbar vertebral body. b Duplex Doppler US of the left renal artery showing a higher resistive index value (0.76). c Power Doppler US of the 
pampiniform plexus showing left varicocele (grade IV on Sarteschi’s scale)

Table 1  Summary of the results

PSV peak speed velocity.; LRV left renal vein; RRV right renal vein

PSV Pre-stenotic PSV Post-stenotic PSV Flow ratio Minimum distances 
between the abdominal aorta 
and vertebral soma

Resistive 
index (RI)

LRV 22.3 cm/s 56.4 cm/s 2.52

RRV 28.8 cm/s

Aorto-vertebral space 5.6 mm

Left kidney 0.76

Right kidney 0.62

Fig. 3  Multidetector CT angiography. a Axial reconstruction and b sagittal reconstruction show the retro-aortic left renal vein (white arrow), which 
is compressed between the abdominal aorta (*) and osteophyte (black arrow) of the third lumbar vertebral body
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third lumbar vertebral body (Fig.  3a, b). The distance 
between the abdominal aorta and the spine measured 
by ultrasound and MDCT was 5.6 mm (Fig. 4a, b). The 
ultrasound was performed by an operator with 20 years 
of experience.

Discussion
NCS can be recognized by correlating imaging findings 
to the clinical presentation. The difficulty of diagnosis lies 
in the aspecifity of symptoms that can be also caused by 
other diseases. More challenging is the diagnosis of the 
nutcracker phenomenon  due to  the lack of symptoms. 
In fact, this latter is often an occasional detection during 
routine imaging studies. Retro-aortic LRV compression 
(PNCS) is more  rare  than ANCS. PNCS can be related 
to the compression of the retro-aortic LRV between the 
abdominal aorta and lumbar vertebral osteophytosis. In 
our opinion, PNCS must be suspected in older patients 
with left varicocele associated with hematuria, and imag-
ing examinations are crucial to formulate the diagnosis.

Therefore, on the basis of the ultrasound findings, we 
were able to obtain a complete diagnostic estimate of 
the disease; in addition, determination of the flow ratio 
gave us an estimate of the degree of stenosis, which was 
important for the subsequent therapeutic planning. An 
FR > 2.5 cm/s corresponds to a > 50% stenosis [17]; this 
latter  is considered hemodynamically significant if >70%. 
The narrowed aorto-vertebral space (5.6 mm) did not 
provide, in our case, sufficient guarantees of the proce-
dure’s success and long-term endovascular stenting [18], 
while surgery, which is much more invasive than the 
interventional technique, was rejected by the patient. 
Considering FR  and  RI values   (respectively just  over 

2.5 and  0.76), we decided to maintain a conservative 
therapeutic approach by   monitoring  renal functional 
parameters (creatininemia, glomerular filtrate) and  the 
flow of the LRV with color and duplex Doppler US with 
a 6-month interval.

The presence of vertebral osteophytosis requires long-
term follow-up of the LRV in order to detect increase of 
stenosis and complications (i.e. thrombosis).

MDCT confirmed the ultrasound findings and ruled 
out other causes of LRV stenosis, but, unlike ultrasound, 
it could not provide information on the flow and degree 
of stenosis, which, in our case, was valuable for therapeu-
tic planning. Especially for ANCS, the use of MDCT is 
of greater importance when it is necessary to establish 
whether compression of the LRV is associated with com-
pression of the duodenum.

Unlike ANCS, there is still no aorto-vertebral distance 
cut-off for PNCS, and establishing the limit value below 
which the syndrome occurs would be extremely useful 
for diagnosis.

Conclusion
Ultrasound is a very sensitive method, does not present 
any risks and, in expert hands, allows detecting all the 
typical signs of PNCS: stenosis of the LRV, congestion 
of the flow, secondary varicocele and eventual renal fail-
ure. In the absence of treatment, stenosis can predispose 
patients to venous thrombosis with consequent irreversi-
ble kidney damage. Failure to diagnose and treat this con-
dition could therefore have serious health consequences 
for patients.

Fig. 4  Aorto-vertebral space. a Measurement of the aorto-vertebral distance (A) with multi-detector computed tomography. Retro-aortic left renal 
vein (white arrow). Abdominal aorta (*). Osteophyte (black arrow) of the third lumbar vertebral body. b Measurement of the aorto-vertebral distance 
(A) with B-mode ultrasound. Left renal vein (short arrow). Aorto-vertebral space (long arrow). AA = abdominal aorta; MSA = mesenteric superior 
artery; CA = celiac artery
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