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INTRODUCTION
The nutcracker syndrome (NCS) is a clinically manifest variant of nutcracker phenomenon (NCP), renal vein entrapment 
syndrome, or mesoaortic compression of the left renal vein. It results most commonly from the compression of the left renal 
vein between the abdominal aorta (AA) and the superior mesenteric artery (SMA), although other variants may exist (1,2). 
The disorder is easily missed by routine diagnostic methods. The exact incidence of the symptomatic NCS is not known (3). 
This clinical manifestation is a rare vascular abnormality. The term was first used by Grant (4) in the anatomical description 
‘the left renal vein as it lies between the aorta and the SMA resembles a nut between the jaws of a nutcracker’ and later used 
to describe a pathological condition by De Schepper (5). NCS is caused by the compression of the left renal vein between the 
aorta and the SMA, where it courses in the fork formed at the bifurcation of these arteries (6). The syndrome has two forms. 
Anterior NCS is the compression of the left renal vein (LRV) between the aorta and the SMA, whereas posterior NCS is the 
compression between the vertebral column and the aorta (7).

The diagnosis of NCS is not well defined because of the broad clinical spectrum. These symptoms are associated with 
abdominal pain (classically left flank or pelvic pain), testicular pain in men or left lower quadrant pain in women, nausea, 
and vomiting (8-10). Additionally, it is associated with unilateral hematuria, gonadal vein syndrome, and varicocele (11,12). 
Various degrees of proteinuria are present (13). This condition should not be confused with the SMA syndrome, which is 

SUMMARY
The nutcracker syndrome (NCS) depends on mesoaortic compression of the left renal vein. It has different clinical entities. 
This study aimed to examine different clinical aspects of NCS.
This was a retrospective and descriptively designed study. The patients with abdominal pain, flank pain, or scrotal pain 
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second patient also had left lower quadrant pain with microscopic hematuria and a mild increase in the total bilirubin level 
(1.84 mg/dL). The third patient presented left testicular pain and hypertension (160/100 mm Hg). Consequently, left side 
varicocele was found on physical examination and Doppler ultrasound. The fourth patient had leukocytosis (11,900), a 
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the compression of the third portion of the duodenum by the 
SMA and the AA (1). This study focused on different clinical and 
laboratory entities of NCS. This retrospective review might reflect 
the experience in the diagnosis of NCS for a young male population 
with abdominal pain, flank pain, or scrotal pain during their 
admission to hospital.

MATERIALS AND METHODS
This was a retrospective and descriptively designed study. 
The patients with abdominal pain, flank pain, or scrotal pain 
admitted to Urology and General Surgery outpatient clinic 
were reviewed between January 2014 and May 2016. All data 
were examined descriptively. Urologic and general surgical 
examinations were performed individually by a urologist 
and a general surgeon. The abdominal ultrasonography and 
computed tomography (CT) findings, blood pressure, white 
blood cell count, bilirubin tests, and urine tests were recorded. 
Informed consent of each subject and approval of the local 
ethics committee were obtained. 

Demographic data

Patients with inconsistent diagnosis data or missing outcomes 
were excluded. Five patients were diagnosed with NCS by scanning 
134 patients (Table 1). Their mean age was 24 years (20–33 years). 

The first patient had left lower quadrant pain. The second patient 
also had left lower quadrant pain with microscopic hematuria and 
a mild increase in the total bilirubin level (1.84 mg/dL). The third 
patient presented left testicular pain and hypertension (160/100 
mm Hg). Consequently, left side varicocele was found on physical 
examination and Doppler ultrasound. The fourth patient had 
leukocytosis (11,900), a mild increase in total bilirubin level (1.73 
mg/dL), and left and right lower quadrant pain. Despite no positive 
laboratory findings detected, the fifth patient presented with 
abdominal pain, bloating, constipation, anorexia, and weight loss.

The mean systolic and diastolic pressures of the patients with NCS 
were 129 ± 18.84 mm Hg and 84 ± 10,.83 mm Hg, respectively.

RESULTS 
In the first patient, CT images showed the LRV compression 
between the aorta and SMA close to its origin, which resulted in 
proximal dilatation. No positive urinalysis was detected (Figure 1). 
In the second patient, CT detected a posterior NCS. It also revealed 
left renal calculi without any calyceal dilatation (Figure 2). In the 
third patient, Doppler ultrasound revealed grade III varicocele. 
Moreover, a posterior NCS was detected with oral and intravenous 
contrast-enhanced CT (Figure 3). In the fourth patient, total 
abdominal ultrasound was normal, but a posterior NCS was 
detected. The abdomen CT images showed the compression of the 

 Table 1: Demographic features.

Patient 
no

Age 
(year)

Varicocele Microscopic 
hematuria

Total 
bilirubin 

level 

Leukocytosis Systolic and 
diastolic 

pressures 
(mm Hg)

Pain Nausea Other

1 20 - - 120\80 Left lower 
quadrant

2 22 - + 1.84 mg\dL 9500 110\70 Left lower 
quadrant

+ Left renal calculi

3 21 + (Left side) + 160\100 Left testicular

4 33 1.73 mg\dL 11,900 125\85 Left and right 
lower quadrant

5 24 8900 130\85 Abdominal 
pain 

Bloating
Constipation
Anorexia Weight 
loss
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Fıgure 1: Axial contrast enhanced CT showing left renal vein 
entrapped between aorta and superior mesenteric artery.

Fıgure 2: Axial CT view showing left renal vein compressed  
between the aorta and vertebral body

Fıgure 3: Axial contrast-enhanced CT examination indicates that 
the left renal vein is severely compressed by the abdominal aorta.

Fıgure 4: On axial CT view left retroaortic renal vein calibration  
markedly reduced by secondary to aorta compression

Fıgure 5: On the axial contrast-enhanced CT scan, the left renal 
vein is compressed significantly by the superior mesenteric 
artery

retroaortic LRV, which crossed between the aorta and the vertebral 
column (Figure 4). In the fifth patient, CT detected compression of 
LRV between the aorta and the SMA. The diagnosis of NCS was 
established based on these findings (Figure 5) (Table 2). 

DISCUSSION
NCS frequently occurs in school children or young and healthy 
adults. It is extremely rare, but in reality it may be more common 
with easier diagnosis (14). The most common clinical manifestation 

of NCS is intermittent macroscopic hematuria (15). The symptoms 
of NCS are presumed to be the high pressure of the LRV, such as 
unilateral hematuria, gonadal vein syndrome, and varicocele. It 
is presumed that pain and hematuria are connected with the high 
pressure of the LRV and the ureteropelvic varix (16). The high pressure 
of the LRV congests intrarenal vessels to rupture the weak veins of 
the calyceal fornix and the collecting system. In rare cases, anemia, 
proteinuria, and varicose veins occur (17). The anterior nutcracker 
syndrome results from compression as the LRV passes between the 
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SMA and the aorta and is, in general, followed by the subsequent 
development of venous varicosities of the renal pelvis, ureter, 
and the gonadal vein. This phenomenon is manifested as pain 
in the left flank and/or abdomen, unilateral hematuria, and, 
occasionally, a varicocele in males and abnormal menstruation in 
females (18,19). Two patients in the present study had anterior 
NCS; one of them experienced left lower quadrant pain, and the 
other one abdominal pain. The term “posterior NCP” refers to the 
left renal venous hypertension secondary to the compression of 
the retroaortic LRV, which crosses between the aorta and the 
vertebral column (20). 

The main presenting symptom is hematuria with or without 
left flank pain. Three patients in the present study had posterior 
nutcracker syndrome, and two of them had left flank pain. Further, 
among these three patients, only two had microscopic hematuria 
and one had left renal calculi.

This disorder is easily overlooked if routine diagnostic procedures 
are used alone, and consequently, its incidence is likely to be 
underestimated. Compression of the LRV was first described in 
1950 (21). In 1972, De Schepper described compression of the LRV 
between the aorta and the SMA as NCS (5). Unilateral hematuria 
is due to abnormal communication between the submucosal 
venous plexus and the calyceal system presumably induced by 
renal venous hypertension (11). The gonadal vein syndrome 
is characterized by abdominal and flank pain exacerbated by 
sitting, standing, or walking (22). Zerhouni et al. reported NCP in 
three patients investigated for varicocele (12). Only one patient 

in the present study had a varicocele. The pathophysiology of 
the nutcracker syndrome is not well known. It was proposed 
that posterior renal ptosis with stretching of the LRV might be a 
causal factor (14). Recent studies identified abnormal branching 
of the SMA from the aorta as its cause (18, 19). NCS cannot be 
diagnosed using routine diagnostic methods. Therefore, it is 
easily misdiagnosed or undiagnosed. The terms NCP and NCS 
are sometimes used interchangeably in the literature. Shin and 
Lee accentuated that the nutcracker anatomy was not always 
accompanied by clinical symptoms and some of the anatomic 
findings suggestive of nutcracker might stand for a normal variant 
or be accounted for by other conditions (23). Imaging, such as 
ultrasonography (US), Doppler US, CT, or magnetic resonance 
imaging, is required to diagnose NCS. Acute narrowing of the 
LRV at the level of SMA (beak sign), lateral (hilar) dilatation, 
and the presence of collateral pathways detected on CT imaging 
can be help in the diagnosis of NCS. However, the diagnostic 
procedure (considering the reference standard for establishing 
the diagnosis of NCS) is invasive selective left renal phlebography 
with the measurement of the pressure gradient between the 
LRV and IVC (24, 25). The present study indicated that CT is 
helpful in terms of diagnosis. Furthermore, SMA syndrome is 
a rare cause of abdominal pain, nausea, and vomiting, which 
may be undiagnosed in patients presenting to the emergency 
department. SMA syndrome is arteriomesenteric obstruction 
of the duodenum, which is characterized by compression of the 
third portion of the duodenum by SMA (as it passes over this 
portion of the duodenum). NCS is characterized by impeded 

 Table 2: Computed tomography findings of patients with nutcracker syndrome.

Patient 
no

CT findings Diagnosis

1 Compression of  LRV between the aorta and SMA Anterior nutcracker syndrome

2 Compression of LRV (retroaortic) between the aorta and 
the vertebral body

Posterior nutcracker syndrome and left renal calculi

3 Severe compression of LRV (retroaortic) by the abdominal 
aorta

Posterior nutcracker syndrome

4 Compression of LRV (retroaortic) secondary to aortic 
compression

Posterior nutcracker syndrome 

5 Significant compression of LRV by the SMA Anterior nutcracker syndrome
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outflow from LRV into the inferior vena cava due to extrinsic 
LRV compression. In addition to an appropriate clinical history, 
CT findings indicating decreased aortomesenteric angle and a 
shortened aortomesenteric distance may suggest the diagnosis of 
both the SMA syndrome and the accompanying NCS (26).

CONCLUSIONS
The most important step is clinical suspicion for diagnosis because 
NCS may present with different symptoms. Although noninvasive 
imaging techniques may prove highly valuable in the diagnostic 
management of patients with hematuria or flank pain due to NCS, 
the findings are not always specific to this disease. Hence, it is 
recommended to coordinate with all other related clinics and give 
priority to CT findings and radiological and laboratory entities for 
correct diagnosis.
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