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SUMMARY

Objectives: Nutcracker phenomenon is caused by the compression of left renal vein between the
superior mesenteric artery and the aorta. There are also variants namely the ‘posterior nutcracker
phenomenon’ where the posteriorly located retroaortic or circumaortic left renal vein is compressed
between the aorta and the vertebral body. The aim of this study is to define the vascular alterations
in veins other than the left renal vein secondary to anterior and posterior nutcracker phenomena and
emphasize their contribution to the diagnosis.

Method: A total of 258 patients were enrolled in the study. Computed tomography images of 57
patients with nutcracker phenomenon were retrospectively investigated for the presence of
secondary vascular alterations. In addition, images of 169 patients with a retroaortic and 32 patients
with a circumaortic left renal vein variation were searched for the presence of a posterior nutcracker
phenomenon and associated secondary vascular findings.

Results: Dilatation of left gonadal (n: 15, 26%), left lumbar or ascending lumbar (n: 9, 16%),
hemiazygos/accessory hemiazygos (n: 4, 7%), left suprarenal (n: 4, 7%), and inferior phrenic (n:2,
4%) veins were seen in anterior nutcracker phenomenon. Pelvic varices/varicoceles and
pseudothrombosis in the left renal vein were present in 7(12%) and 4 ( 7%) patients, respectively.
14% of 169 patients with a retroaortic left renal vein and 16% of 32 patients with circumaortic left
renal vein showed a posterior NC phenomenon and associated vascular alterations.

Conclusions: Awareness of the secondary vascular findings in nutcracker phenomenon may aid in
the diagnosis and guide management.
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INTRODUCTION

Nutcracker phenomenon is a vascular
entrapment syndrome where the left renal
vein (LRV) is compressed between the
superior mesenteric artery and the aorta .
It is also called as the ‘mesoaortic
compression of the LRV’ or ‘renal vein
entrapment syndrome’?3, In the presence
of symptoms, such as microscopic or
macroscopic  hematuria,  orthostatic
proteinuria or left flank pain, this
phenomenon is called a ‘syndrome’ 4,

In cases of retroaortic LRV variation,
where the LRV courses posterior to the
aorta, and circumaortic LRV variation
which is characterized by the presence of
two branches of LRV anterior and
posterior to the aorta, ‘posterior
nutcracker phenomenon’ may occur if
the posteriorly located LRV s
compressed between the aorta and the
vertebral body. Circumaortic LRV is a
relatively common anatomic variation
which is reported to be due to a lack of
regression of the dorsal one of the paired
embryonic renal veins 5. On the other
hand, retroaortic left renal vein is thought
to be caused by the persistence of dorsal
embryonic vein while the ventral branch
is regressed.
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Nutcracker phenomenon is usually seen
in the second and third decades of life and
is slightly more frequent in women. It is
becoming more commonly encountered
with the increased use of multidetector
computerized tomography (CT) and
computerized tomography angiography
(CTA). Diagnosis is often coincidental
on CT since most of the patients are
asymptomatic or because current
complaints are due to or confused with
other more common pathologies.
Although the radiologic diagnosis of
nutcracker phenomenon can be made via
ultrasonography, Doppler ultrasono-
graphy, magnetic resonance imaging,
and angiography, multidetector CT is
currently the method of choice, since it is
reliable, rapid and noninvasive®.
However, in the absence of clinical
information suspective of nutcracker
phenomenon, it may be overlooked on
routine CT examinations.

Radiologic diagnosis is based on the
presence of following findings on CT:
Compression of LRV between the
superior mesenteric artery and the aorta,
decreased  aortomesenteric  distance
(<10mm), decreased aortomesenteric
angle (<41°), increased ratio of proximal
to distal renal vein diameter ( >4.9),
beaking of the LRV at the stenotic
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segment, presence of retroperitoneal
varices [7]. The radiologist should also
know the anatomic variations of LRV
and secondary vascular findings
occurring in the vessels other than the
LRV in nutcracker phenomenon in order
to reach the correct diagnosis and guide
patient management.

The aim of this study is to investigate the
vascular  alterations  secondary to
nutcracker phenomenon, as well as the
association of posterior nutcracker
phenomenon with LRV variants.

MATERIAL AND METHODS
Institutional ~ ethical approval was
obtained (N0:2016-05/11, decided on 27
May 2016) and 258 patients were enrolled
in this study. Multidetector CT and CTA
images of 57 patients with nutcracker
phenomenon  were retrospectively
investigated from August 2013 through
May 2016 for the presence of diagnostic
vascular appearances and secondary
vascular changes. In addition, 201
patients with a retroaortic or circumaortic
left renal vein were searched for the
existence of a posterior NC phenomenon
and accompanying secondary vascular
pathologies.

The CT images were obtained using a
64x2 multidetector ~ computerized
tomography device (Aquilion CX,
Toshiba, Tokyo, Japan) after intravenous
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administration of a 1 mL/kg iodinated
contrast material. The patients who had
unenhanced CT examinations or CT
images with motion or metal artifacts
which  enable  optimum image
interpretation were excluded from the
study. Data were analyzed using the
version 22.0 of SPSS program. The level
of statistical significance was set at 0.05.

RESULTS

The ages of the patients ranged between
8 and 81 (mean age 34.94+20.7). Forty
eight percent of patients (n:123) were
male and 52% of patients (n:135) were
female. In patients with an anterior
nutcracker phenomenon, dilatation of
gonadal (n: 15, 26%), left lumbar or
ascending lumbar  (n:9, 16%),
hemiazygos/accessory hemiazygos (n: 4,
7%), left suprarenal (n: 4, 7%), and
inferior phrenic (n:2, 4%) veins were
depicted (Figs. 1, 2 and 3). Pelvic
varices/varicoceles were present in 7
(12%)  patients.  There was a
pseudothrombosis appearance in the left
renal vein in 4 (7%) patients (Fig. 4). The
incidence of having a secondary vascular
finding was significantly lower in
pediatric age group (p<0.05) and only
one of the 16 pediatric patients showed a
dilated left lumbar vein.
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Figure 1. a and b show a dilated left lumbar (red arrows) vein on axial and sagittal
reformatted images, respectively. c. A more lateral sagittal reformatted image reveals the
dilated ascending lumbar vein (blue arrows, RV:renal vein)

Figure 2.a. Compression of the LRV between superior mesenteric artery and the aorta
characterized by the decreased aortomesenteric distance (red line) is seen on the axial
image. b. Sagittal reformatted image shows dilated left gonadal vein (blue arrows) and left
inferior phrenic vein (red arrows).
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Figure 3.a. A markedly dilated left ovarian vein (red arrows), which is almost as large as
the LRV, is seen on the coronal reformatted image. b. Axial image of the same patient
shows dilated left lumbar vein with the blue arrow. c. Dilatation of ovarian ( red arrows),
lumbar (blue arrow) and accessory hemiazygos (white arrows) veins are seen on sagittal
reformatted image (RV: renal vein).
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Figure 4. A thrombus-like hypodensity is seen in the left renal vein on the axial image (a).
Coronal reformatted image shows that the pseudothrombus appearance is caused by the
unenhanced blood coming from the left ovarian vein (b). ¢ and d show a small but actually
dilated left suprarenal vein draining into the LRV on coronal and sagittal views,
respectively, which is normally hard to distinguish on CT.

Regarding the posterior nutcracker
phenomenon, 24 (14%) patients had a
posterior nutcracker phenomenon among
169 patients with a retroaortic left renal
vein and 5 (16%) of 32 patients with a
circumaortic left renal vein showed a
posterior  nutcracker  phenomenon.
Among patients with a posterior
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nutcracker phenomenon, dilatation of left
gonadal wvein (n:4, 14 %), lumbar
fascending lumbar vein (n: 4, 14%),
inferior phrenic vein (n:1, 3%), and
suprarenal vein (n:1, 3%) were noted as a
secondary vascular involvement (Figs. 5
and 6).
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Figure 5.a. Posterior nutcracker phenomenon caused by the compression of LRV between
the aorta and the vertebral body. b. Coronal reformatted image shows dilated left ovarian
vein (red arrows). Blue arrows in b and c show dilated left suprarenal vein on coronal and
sagittal planes, respectively. d. Coronal reformatted image of the same patient reveals
dilated hemiazygos vein (red arrow) draining into the LRV (RV: renal vein).

Figure 6. Both anterior and posterior nutcracker phenomena in a patient with circumaortic
LRV (a and b) and dilated left ovarian vein on maximum intensity projection (MIP) image

(©).

DISCUSSION

Nutcracker phenomenon is a well-known
abdominal vascular pathology and its
incidence is  reported to  be
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underestimated®®. However, its
secondary vascular findings and variants
are not emphasized in the literature,
which may ease the diagnosis by
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directing the attention of the radiologist
to the LRV. Any dilatation in the main
tributaries of the LRV, namely the left
gonadal, suprarenal, inferior phrenic,
ureteral, capsular, lumbar, ascending
lumbar, vertebral plexus and hemiazygos
veins (and sometimes the accessory
hemiazygos vein if it is in continuity with
the hemiazygos vein) should raise the
suspicion of a nutcracker phenomenon. It
is noteworthy to say that this
phenomenon may be suspected even
when interpreting the pulmonary CT
images if there is an abnormally enlarged
hemiazygos  vein  or  accessory
hemiazygos vein.

This study included a quite higher
number of patients with retroaortic LRV
compared to the number of patients with
a circumaortic LRV, although the latter is
a more common variation!®t, This may
be attributable to the possibility of
overlooked second LRV which is more
inferiorly located and tends to be smaller
in diameter. This per se may indicate that
posterior nutcracker phenomenon is more
common than it is thought to be.

An interesting result of this study is that
vascular alterations in veins other than
LRV are rare in the pediatric age group.
This may be explained by the plastic
capacity of the tissues in the young. The
LRV may be more elastic in pediatric
population compared to adults and
compensate the increased pressure by
some adaptation mechanisms. However,
this issue remains to be investigated.

In both anterior and posterior nutcracker
phenomena, the left gonadal veins seem
to be the most commonly affected veins
from the left renal vein hypertension,
followed by the left lumbar/ascending
lumbar veins. Sometimes the dilatation of
LRV is not obvious because the increased
pressure in the LRV is compensated by
the enlargement of the veins draining into
the LRV, as was seen in some of our
patients. In addition, since the LRV is a
relatively large vessel and veins are
highly variable in terms of diameter, an
increase in the diameter of LRV may be
imperceptible visually and nutcracker
phenomenon may not be noticed. Being
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aware of the dilated tributaries of LRV
may help diagnose the phenomenon.

It must be kept in mind that the
unenhanced blood coming from the left
gonadal veins may produce a thrombus-
like hipodense appearance in the LRV,
which was present in 7% of our patients
with nutcracker phenomenon, and it may
mimic a malignant thrombus in
oncologic patients.

Persistent orthostatic proteinuria, severe
hematuria, significant pain, which may
be due to the irritation of the left lumbar
nerve plexus, and renal functional
impairment may necessitate surgical or
endovascular intervention in nutcracker
syndrome'?. In cases of left testicular
pain in males or pelvic congestion
symptoms in females, a careful look at
the LRV is crucial to select patients who
may benefit from surgical intervention. It
is also important in the presurgical
evaluation of the transplant donors.

The main limitation of this study is its
retrospective design. Many cases may
have been unreported since it is not
uncommon that the radiologist is mainly
focused on other pathologies and
overlook the nutcracker phenomenon.
Thus, the results of this study do not
reflect the true incidence of the
phenomenon, which is beyond the main
goal of the study. The study cohort is
constituted of people who underwent CT
and CTA examination for any reason,
irrespective of the symptoms. Neither the
primary, nor the secondary vascular
findings on CT were correlated with the
clinical presentation of the patients. The
population is too small to make a credible
speculation about the differences
between anterior and posterior nutcracker
phenomena in terms of secondary
vascular involvement. A prospective
study carried out in larger populations
will absolutely be more reliable to define
the incidence, extend and preference of
secondary vascular involvement and their
relationship to clinical symptoms and
Severeness.

In  conclusion, secondary vascular
alterations are common in nutcracker
phenomenon in adults and may be the
first recognized findings on CT.

Cumhuriyet Medical Journal



Awareness and recognition of secondary

vascular

alterations in  nutcracker

phenomenon are important, since they
may be the source of the symptoms
themselves, as in the cases of pelvic
congestion syndrome, and may guide
therapeutic attempts.
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