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Abstract

Entrapment of the left renal vein between superior mesenteric artery 
(SMA) and aorta can be asymptomatic or present as microscopic he-
maturia and orthostatic proteinuria. It can be associated with other ab-
dominal vascular compression syndromes and duodenal obstruction. 
We present a 62-year-old Caucasian male patient with nutcracker 
phenomenon and SMA syndrome secondary to rectal cancer associ-
ated cachexia. Computed tomographic angiography is a non-invasive 
diagnostic modality which depicts it in great details. Its early clinical 
suspicion and radiologic assessment help in patient management to 
avert possible complications such as blood loss in already debilitating 
patients such as ours.
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Introduction

The replacement of normal inverted J-shaped origin of supe-
rior mesenteric artery (SMA) with acutely angulated branch 
off of the aorta can reduce the aortomesenteric distance, 
which, in turn, can compress left renal vein and the third part 
of duodenum between these two vessels, namely aorta and the 
SMA. This anatomical variant is known as nutcracker phe-
nomenon when it is asymptomatic. In symptomatic cases, it 
can be termed as nutcracker syndrome or left renal vein en-
trapment. Sometimes, the nutcracker phenomenon, nutcracker 
syndrome and left renal vein entrapment are all used inter-
changeably [1].

Case Report

We present an interesting case of nutcracker phenomenon with 
an acquired SMA syndrome in a 62-year-old man, who devel-
oped significant weight loss (cachexia) due to rectal carcino-
ma. He underwent a contrast-enhanced CT scan as a follow-up 
to his rectal carcinoma. The scan revealed sloping origin of the 
SMA from the aorta. Aortomesenteric angle was measured to 
be 19° (Fig. 1) and aortomesenteric distance of 5.8 mm was 
calculated (Fig. 2), which confirmed the nutcracker phenome-
non. There was dilatation of the lateral part and compression of 
the medial part of the left renal vein between the aorta and the 
superior mesenteric vein. The left gonadal vein was also dis-
tended, compared to its right counterpart. Moreover, the third 
part of the duodenum was compressed (Fig. 3a), causing proxi-
mal duodenal and gastric dilatation (Fig. 3b). The patient had 
non-specific symptoms which were treated conservatively and 
a follow-up was arranged. His previous CT in 2012 showed 
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Figure 1. Angle between aorta and superior mesenteric artery meas-
ured to 19°. 
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normal aortomesenteric arterial relationship.

Discussion

Nutcracker syndrome is a set of symptoms commonly caused by 
entrapment or compression of left renal vein due to nutcracker 
anatomy, although right-sided renal vein compression can also 
occur but is a rare condition. The syndrome can be divided 
into three types on the basis of anatomy: anterior, posterior and 
mixed [2]. Anterior nutcracker syndrome is characterized by 
compression of left renal vein between the abdominal aorta and 
the SMA due to acute aortomesenteric angulation and decreased 
aorto-SMA distance. On the other hand, posterior nutcracker 
syndrome results from retroaortic compression of left renal vein 
between the abdominal aorta and the vertebral column with a 
relative incidence of 17%. Mixed type accounts for 3% and 
has double tributaries, both anterior and posterior. The normal 
aortomesenteric angle is 25-90° and the normal aortomesen-
teric distance is 10 - 28 mm. An abnormal angle is less than 25° 
and an abnormal distance is 2 - 8 mm [3]. Nutcracker phenom-
enon can be a normal variant in the absence of clinical signs 
and symptoms. Rapid increase in body height and rapid weight 
loss are well reported causes of acquired nutcracker syndrome. 
The left renal vein duplication, ectopic ventral right renal ar-
tery, overarching testicular artery, abdominal aortic aneurysms, 
pancreatic and retroperitoneal tumors, para-aortic lymphad-
enopathy, left renal ptosis, lordosis, low body mass index [4] 
and strangulating fibrolymphatic tissue have all positive correla-
tion with the development of nutcracker syndrome. The exact 
incidence is unknown. Women are more commonly affected in 
their third and fourth decades of life [5]. The nutcracker syn-
drome entails a constellation of variable symptoms, depending 

on the site, degree and extent of the renal vein compression. 
Clinically the syndrome can be divided into typical and atypi-
cal subtypes on the basis of presentation. The typical clinical 
presentation consists of microscopic or macroscopic unilateral 
hematuria and orthostatic proteinuria with or without loin pain; 
whereas, atypical presentation includes abdominal pain, fatigue, 
orthostatic intolerance, varicocele in males [6] and dysmenor-
rhoea in females. The English literature has demonstrated the 
concomitance of nutcracker syndrome with SMA syndrome. 

Figure 3. (a) Compressed third part of the duodenum. (b) Dilatation of 
the stomach, second part of the duodenum and partly visible renal and 
gonadal veins in a coronal reconstruction of the CT scan. 

Figure 2. Aorto-SMA distance 5.8 mm. 
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The radiological incidence of SMA syndrome in general, ranges 
between 0.2% and 0.78% [7]. It is three times more prevalent 
among females mainly in their fourth decade of life. Likewise 
nutcracker syndrome, SMA syndrome can be congenital or ac-
quired. Amongst acquired causes, rapid significant weight loss 
is the most considerable risk factor in adults for the development 
of SMA syndrome. In addition, rapid increase in height without 
simultaneous weight gain, neurological disorders and anomalies 
of spine are important factors contributing to the pathology in 
older children and adolescents. Clinical understanding of the 
signs and symptoms of these two syndromes makes ground for 
the diagnosis. Urine analysis for hematuria and orthostatic pro-
teinuria in the presence of clinical features is a good indicator 
[8]. Color Doppler ultrasound scanning can be the first baseline 
test in patients with clinical suspicion of nutcracker syndrome 
[9]. It has shown sensitivity of 78% and specificity of 100%. Ul-
trasound scanning coupled with Doppler can measure the length 
and diameter of the left renal vein, the pressure gradient between 
left renal vein and inferior vena cava, mean SMA-aorta angle 
and distance, and the flow velocity and acceleration in both su-
pine and standing positions. However, there are certain limita-
tions of its use in children because of smallest left renal vein 
sampling area and the largest Doppler angle. Cross-sectional 
imaging plays a vital role in the depiction of anatomical details. 
Computed tomography angiography (CTA) is superior to all 
modalities in confirming the diagnosis by delineating the aber-
rant anatomy; measuring the aorto-SMA angle and the distance; 
and the amounts of intra-abdominal and retroperitoneal fat. In 
addition, CT scan can manifest associated findings including 
gonadal vein dilatation, varicosities and duodenal dilatation. 
CTA and magnetic resonance angiography (MRA) are very 
useful in demonstrating the anatomy, providing precise details 
of the LRV compression, and dilatation points and of perirenal 
or gonadal varices. CTA has reported sensitivity of 91.7% and 
specificity of 88.9% [10]. Although MRA is superior to CTA and 
venography in being less invasive, retrograde venography is the 
gold standard to confirm the diagnosis of nutcracker syndrome 
[11]. It gives all information about the anatomy and the pressure 
gradient across the compression point. In addition, cystoscopy 
may help indirectly to make diagnosis of NCS by confirming 
unilateral hematuria. Conventional imaging like plain X-ray ab-
domen can show the presence of gas in the stomach and duo-
denum with paucity of distal bowel gases in case of duodenal 
obstruction thus, supporting the diagnosis of SMA syndrome. 
Likewise, Barium studies can be helpful in demonstrating the 
signs of duodenal obstruction. A positive Haye’s maneuver or 
jejunum contrast flow study is the preferred baseline diagnostic 
test in most of the SMA syndrome cases. In symptomatic cases, 
intravascular stenting is the preferred management technique. 
Extravascular stenting is an alternate method. In severe cases, 
laparoscopic re-implantation or open surgery for correction of 
the angle may be carried out [12]. Nephrectomy and renal trans-
plant is reserved for extreme cases. Correction of associated 
conditions is also contemplated in selected cases.

Learning points

The nutcracker phenomenon can be asymptomatic with benign 

clinical course; however, the nutcracker syndrome can be se-
verely symptomatic and can cause significant morbidity.

Duodenal obstruction is a hallmark of Wilkie’s syndrome 
which is a well-reported association of the nutcracker phenom-
enon.

Color Doppler and CECT are sensitive diagnostic modali-
ties in such cases.
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