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ABSTRACT

Nutcracker syndrome (NCS) describes the symptomatic compression of the
left renal vein between the aorta and superior mesenteric artery. It causes
a series of clinical symptoms including hematuria, proteinuria, flank pain,
postprandial abdominal discomfort, and pelvic symptoms in women such
as dysmenorrhea or dispareunia. Long-standing venous compression can
encourage collateral drainage pathways through gonadal and pelvic veins,
which may explain reported symptoms, and the syndrome may overlap
with the pelvic congestion syndrome. Although it may be associated with
substantial morbidity, the diagnosis can be challenging and variable,
frequently involving a combination of Doppler ultrasound and cross-
sectional imaging. For most centers, it appears that surgery remains the
first-line treatment; however, endovascular alternatives are rapidly evolving
in the field with favorable outcomes. This article reviews current concepts
on NCS with a particular focus on diagnosis and contemporary surgical and
endovascular treatment methods and their outcomes.
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Nutcracker syndrome (NCS) describes symptomatic
compression of the left renal vein (LRV) between the aorta
and superior mesenteric artery (SMA).* The SMA typically
arises from the aorta at a right angle, proceeding ventrally
before curving caudad, usually preventing LRV entrapment.
When the SMA arises at a more acute angle or the LRV
follows a high course, compression may result. NCS refers
to symptoms caused by venous hypertension in the left
kidney due to mesoaortic compression of the LRV. The
term “nutcracker phenomenon” indicates anatomical LRV
compression without clinical symptoms. Asymptomatic
compression is often seen on imaging, but NCS patients
may present with hematuria, orthostatic proteinuria, flank
or pelvic pain, dyspareunia, dysmenorrhea, and fatigue.?

There are 2 main anatomical configurations of NCS. The most
common, anterior NCS, refers to compression of the LRV
between the abdominal aorta and SMA. In some cases, the
third portion of the duodenum also lies between the aorta
and the SMA, in front of the LRV. Therefore, anterior NCS
may rarely occur with superior mesenteric artery syndrome
(compression of the duodenum by the SMA, ie, Wilkie's
syndrome).® The less common variant is posterior NCS, in
which the LRV is compressed between the aorta and the
vertebral body. NCS can also occur from other causes, such
as malignancy, lymphadenopathy, severe lordosis, intestinal
malrotation, pregnancy, and rapid weight loss.t°

The normal aortomesenteric angle ranges from 38° to 65°.

The exact prevalence of NCS is unknown, due to the
absence of definitive diagnostic criteria and the variability
in symptomatic presentation, and therefore probably
underdiagnosed. Common symptoms include hematuria
(micro or macroscopic), proteinuria, left flank pain,
postprandial abdominal discomfort, and pelvic symptoms
in women such as dysmenorrhea or dyspareunia. In a study
of 112 patients, hematuria occurred in 79%, left flank pain
in 38%, varicocele in 36%, proteinuria in 31%, and anemia
in 13%.2 In men, it may appear as a left-sided varicocele
unresponsive to conventional treatment. Elevated pressure
in the stenosed LRV is thought to cause venous reflux and
hypertension, leading to varices between the renal pelvis and
ureter, manifesting as micro- or macrohematuria.*®
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The anatomical feature was first described by Grantin 1937: “the
left renal vein, as it lies between aorta and superior mesenteric
artery, resembles a nut between the jaws of a nutcracker.”?
In 1950, El Sadr and Mina described LRV compression by the
aorta and SMA.* Though “nutcracker” appeared in 1971, De
Schepper coined “nutcracker syndrome” in 1972.°

NCS prevalence is unclear due to variable symptoms and lack
of diagnostic consensus. However, unexplained hematuria is
common, and NCS is diagnosed by Doppler ultrasonography
(DUS) in 40% of such cases.® It can affect all ages but peaks
in the second and third decades, aligning with vertebral
growth.” Though once thought more prevalent in females,
recent studies show equal gender distribution.®

According to Shin et al, to diagnose NCS, the angle between
the SMA and the aorta needs to be less than 45° when
measured in the sagittal plane specifically, an angle less
than 35° is sufficient for a definitive diagnosis.” In most of
the symptomatic NCS patients, this angle is reduced to less
than 22°, causing collapse of the LRV.

From a pathophysiological point of view, sustained elevation
of pressure in the LRV causes venous hypertension with
retrograde transmission toward perirenal and pelvic venous
plexuses. This can lead to orthostatic proteinuria due to
glomerular hyperfiltration secondary to venous congestion,
hematuria due to rupture of submucosal calyceal venules,
and flank pain due to renal capsule distension.!

Orthostatic proteinuria is another feature, believed to result
from increased LRV pressure, subclinical immune injury, and
altered renal hemodynamics on standing. These changes may
trigger excessive angiotensin Il and norepinephrine release.*
However, orthostatic proteinuria is relatively common in the
pediatric population, affecting 2% to 5% of children and
young adults, usually with a benign course.*> Whereas some
patients experience persistent symptoms, others, especially
children, may remain asymptomatic.

The LRV communicates with the left gonadal vein and lumbar
plexus, which often dilate to compensate for venous outflow.
In severe cases, ovarian vein dilatation and reflux may lead
to PCS,*® characterized by noncyclic chronic pelvic pain or
heaviness due to gonadal vein reflux and dilation.t’



NCS should be distinguished from other causes of hematuria
(eg, lithiasis, nephritis), abdominal pain (Wilkie's syndrome,
SMA syndrome, endometriosis), idiopathic varicocele, or

The diagnostic approach for suspected NCS depends on
clinical severity, comorbidities, and the need to exclude
other conditions. Diagnosis is challenging due to symptom
variability and lack of definitive criteria. Imaging—including

DUS is the preferred initial imaging for NCS, with sensitivity of
69% t0 90% and specificity of 89% to 100%.*8It assesses LRV
collapse, blood flow velocity, and the aortomesenteric angle.
Multiplanar imaging is essential, with patients hydrated
and ideally fasted for 6 to 8 hours. Positional changes
(supine, prone, upright) affect results.!® Ratios are often

isolated pelvic congestion. It may also coexist with other
compression syndromes such as median arcuate ligament
syndrome (MALS) and May-Thurner syndrome (MTS).

DUS, computed tomography angiography (CTA), magnetic
resonance imaging (MRI), venography, and intravascular
ultrasound (IVUS)—is essential, but clinical correlation is
crucial for management.

DUS must exclude mass lesions and assess the SMA angle. The
LRV diameter is measured at both proximal and distal sites of
compression, with peak velocities recorded. Diagnostic DUS
findings include a velocity >100 cm/s at the compressed
site, >70% luminal narrowing, and a Vmax/vmean ratio >4.5
between the narrowed and hilar segments.?°

elevated in the upright position due to gravity worsening
LRV compression.

CTA provides high-resolution images of renal vasculature and
adjacent structures without being invasive,? though it lacks flow
data. Sensitivity and specificity are 92% and 89%, respectively.??
CTA identifies LRV compression by comparing the diameter at the
renal hilum and narrowed segment, and by evaluating the SMA-
aorta angle. Normally 45°to 90°, an angle <35° suggests NCS.2 On
axial images, the "beak” sign—an abrupt narrowing of the LRV—
has a sensitivity of 92% and specificity of 89% (Figure 1).2 Since
absolute diameters vary, the hilar-to-compressed diameter ratio is
more reliable, with sensitivity of 67% and specificity of 100%.%324

Axial CTA image shows compressed left renal vein
between aorta and SMA and characteristic “beak” sign with
abrupt narrowing of the LRV at the SMA level (white arrow).

CTA, computed tomography angiography; LRV, left renal vein; SMA, superior
mesenteric artery.

MRI avoids ionizing radiation and is thus preferable in children
and pregnant individuals. It evaluates vein diameter ratios
and the “beak sign” similarly to CTA. MRl offers superior soft-

tissue contrast and comparable sensitivity and specificity.?
Specialized sequences allow non-contrast-enhanced imaging.
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The treatment of NCS remains controversial due to inconsistent
diagnostic criteria and the lack of consensus on the optimal
treatment modality. Management is symptom driven. By
consensus, the asymptomatic nutcracker phenomenon does
not require treatment.2229

Conservative treatment is often effective, especially in
children. Most pediatric cases resolve spontaneously, likely
due to increased intra-abdominal and retroperitoneal fat
growth and fibrous tissue accumulation near the origin of
the SMA, which relieves compression on the LRV. Collateral
venous development also lowers LRV pressure.’® These
mechanisms explain the complete symptom resolution in
up to 75% of younger patients over 24 months.?!
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If imaging remains inconclusive, venography with pressure
gradient measurement or IVUS is considered. Though
invasive, they remain the diagnostic gold standard.?® Direct
measurement of the LRV to vena cava pressure gradient is
considered the definitive diagnostic test for NCS, although
it is usually unnecessary. A renocaval gradient >3 mm Hg
confirms NCS. In healthy individuals, the gradient is usually
0to 1 mmHg?

Venography is best reserved for preoperative planning. It
demonstrates LRV narrowing, collaterals, and venous reflux
(Figure 2). Pressure readings further aid diagnosis.?” However,
some normal individuals may exhibit >3 mm Hg gradients,
and patients with collaterals may show normal pressures.

IVUS assesses LRV diameter and can be done during
venography.?® An ultrasonic catheter is introduced through
femoral access and slowly withdrawn from the LRV through
the SMA and into the inferior vena cava (IVC). IVUS is essential
for sizing and confirming proper stent placement.®

Venography demonstrates maximal compression
and poor opacification of the aortomesenteric level of LRV
(black arrows) with preferential collateral flow via the
splenic venous plexus and gonadal veins (white arrows).
LRV, left renal vein.

Guidelines from the European Society for Vascular Surgery
recommend 6 months of conservative therapy for adults
with mild symptoms, and 24 months for children aged 18
or younger.?30

Angiotensin-converting enzyme inhibitors, especially
alacepril, are widely used in pediatric patients to manage
orthostatic proteinuria and hypertension. Aspirin may be
added to improve renal perfusion.3?

Elastic compression stockings can reduce pelvic or flank pain.
Underweight or low-normal body mass index patients may
benefit from weight gain, which resolves symptoms in up
to 30% of such cases.?*
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Surgical treatment

Surgery is indicated to prevent chronic glomerulopathy,
impaired renal function, permanent gonadal vein dilation,
and renal vein thrombosis. Due to higher morbidity, open
surgery is reserved for patients with persistent symptoms like
hematuria, proteinuria, severe pain, autonomic dysfunction,

renal failure, or varicocele. Common procedures include renal
vein transposition, gonadal vein transposition, renocaval
bypass, venous bypass, renal autotransplantation, and
endovascular stenting.?*

Open surgical treatment

Transposition of the LRV: Renal vein transposition is the
standard of care for patients with non-remitting symptoms
and is the most common invasive intervention for anterior
NCS, with excellent immediate and long-term symptom
control. This procedure was first described in 1982 and
quickly became the standard surgical approach to NCS and
between 80% and 100% of patients reported relief of flank
pain and hematuria following renal vein transposition.>3*
Hartung et al reviewed 42 cases presenting with NCS
managed surgically; 83.3% of patients reported successful
resolution of symptoms, demonstrating the important role
of open surgery in the management of this condition.®
LRV transposition entails excision of the vessels at the IVC
junction with reimplantation distal to the SMA. It is carried
out through a midline transperitoneal approach. For patients
who have an LRV with a permanent distortion caused by long-
term compression or those in whom the LRV is excessively
tensioned after transposition, the great saphenous vein can
be used as a patch or extension graft, respectively. Although
renal vein transposition or bypass is a relatively low-risk
procedure, reported complications include paralytic ileus,
small bowel adhesion, retroperitoneal hematoma formation,
and LRV restenosis.?%2*

Renocaval bypass: A considerable number of patients
undergo restenosis and occlusion of the transposed vein
and require reintervention. The renocaval bypass technique
employs the great saphenous vein to construct a bypass and
does not require transposition of the LRV. The saphenous vein
is anastomosed proximally to the IVC, below the LRV, and
distally to the LRV. Both anastomoses are performed with
partial clamping so that they have little effect on venous
hemodynamics. The advantages of this operation are the
short period of renal ischemia and few anastomoses and
no need to ligate the lumbar veins, the gonadal vein, or the
LRV if they are not refluxing, since they do not affect the
anastomoses. However, owing to the risk of shortening,
restenosis, or collapsing of the saphenous vein graft because
of the aorta, the renocaval bypass with prosthetic graft is
the preferred technique in adult patients with significant
collaterals and unfavorable anatomy. For this purpose, ringed
reinforced polytetrafluoroethylene (PTFE) grafts are used to
connect the LRV to the IVC with a C-Shape (Figure 3). Deser et
al report successful use of a PTFE prosthetic graft for renocaval
bypass in a patient with posterior NCS.3¢ Furthermore, Morata

et al reported over 40 procedures and more than 6 years
of follow-up with PTFE graft renocaval bypass.?®° Severe
thrombotic or stenotic complications occurred in only 11%
of these patients. They also highlighted that it is essential
to cover the bypass graft with an omental flap (epipoplasty)
to prevent duodenal fistula risk. The advantages of this
operation are the short period of renal ischemia and few
anastomoses, with high rates of symptomatic resolution,
especially for complaints of hematuria and flank pain, and
it is considered the gold standard treatment for NCS.29343%

Renal autotransplantation: This is also relatively common,
though more invasive, as it involves relocating the kidney to
the iliac fossa. The technique was first reported by Hardy et al
following ureteral injury.?” Itis considered a complete procedure
because it effectively normalizes LRV pressure levels and
corrects any possible posterior renal ptosis, offers excellent
results, and is associated with low morbidity. Shokier et al
reported cessation of hematuria in patients with CT-diagnosed
NCS in all patients who underwent autotransplantation, with
individuals remaining asymptomatic at 1-year follow-up.3®

Figure 3. Renocaval bypass using ringed reinforced
prosthetic polytetrafluoroethylene (PTFE) graft with
transperitoneal approach.



Despite being invasive, renal autotransplantation may be
more efficacious at normalizing LRV pressures. However, as
amore invasive procedure compared with LRV transposition,
renal autotransplantation does carry additional risks including
increased renal ischemia time, a more extensive surgical
dissection, and a total of 3 anastomoses (artery, vein, and
ureter) with consequent possible complications at any of
these sites.

Transposition of the left ovarian vein: In well-selected
patients, left ovarian vein transposition (LOVT) for NCS
reliably relieves left renal venous hypertension by redirecting
left renal venous outflow through the LOVT into the common

Nutcracker syndrome

iliac vein or IVC, reducing pelvic venous congestion and its
attendant symptoms. It avoids a large open abdominal
procedure, the use of prosthetic materials, and stents. The
morbidity of the procedure is limited, patients recover quickly,
and they experience sustained relief of symptoms.3® The
retroperitoneal approach for LRV decompression requires
minimal manipulation of the ovarian vein, provides access
to treatment of the symptomatic pelvic varicose veins, and
avoids the subsequent risks of intra-abdominal problems
(Figure 4). It provides an alternative for failed renal vein
transposition or renal vein stents.*® Cosmetically, the incision
is smaller and less apparent, which is of importance to the
many young women affected by NCS.

Figure 4. (A)The oblique incision for retroperitoneal approach to the ovarian vein for transposition. (B) Left ovarian vein to
common iliac vein anastomosis. The proximity of the veins permits the construction of a well configured anastomosis. (C)
Follow-up duplex ultrasonography shows sufficient left ovarian vein flow at 1 year.

Laparoscopic surgery: Minimally invasive approaches with
laparoscopic or robot assisted—laparoscopic techniques
reduced recovery times and are increasingly becoming
standard practice.** Nevertheless, reintervention rates
have been reported to be up to 68%, mostly for restenosis
of the LRV.*? The literature on laparoscopic surgery in NCS
is largely limited to case reports or small series. However,
the outcomes of laparoscopic procedures reported in the
literature are comparable with those of open procedures;
these include laparoscopic spleno-renal venous bypass and
laparoscopic LRV-IVC transposition, with the latter avoiding
complications to the spleen from ischemia and tears, as it
bypasses the portal venous circulation where pressure is
higher than central venous pressure, hence maintaining LRV
hypertension. Hartung et al reported successful outcomes at
12-month follow-up following laparoscopic transposition of
the LRV into the IVC for a 40-year-old lady where disabling
pain in the left lumbar region and hematuria resolved,
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and on duplex ultrasound the reconstruction remained
patent.*® Experience with robotically assisted laparoscopic
LRV transposition has also been limited to case reports.
Wang et al report a case with no postoperative complications
and hematuria resolved in 1 month.** Thaveau et al report
the use of robotically assisted LRV transposition followed
by left ovarian vein embolization with DUS performed at
6-month follow-up revealing a competent LRV.** Further
studies are required to assess the long-term outcomes and
cost-effectiveness of this procedure with robotically assisted
LRV transposition.
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Endovascular treatments

Endovascular stenting: This approach is gaining popularity
due to its minimally invasive nature, despite the lack of stents
specifically designed for the renal vein. Currently available
venous stents with high radial force and flexibility have
proven effective. A retrospective analysis reported 96.7%
symptom improvement in 59 of 61 patients at 6 months,
with no significant restenosis at 66 months.*® Wang et al
found pressure gradient reduction and symptom regression in
29 of 30 patients within 6 months.*” In a comparative study,
all 15 patients treated with stents became asymptomatic,
though one required surgery for stent migration.*® Qver
150 successful endovascular cases have been documented;
however, long-term data remain limited, especially in younger
patients.*

The most used stents are self-expanding and should be
60 to 80 mm in length, placed near the LRV's first division.
Oversizing by 20% is advised to prevent migration.
Complications include incorrect placement, migration (7.3%
rate), partial or complete displacement into the IVC or renal
hilum, and rare cases of embolization, thrombosis, restenosis,
or fracture.*’-*° Migration is linked to cardiac motion, early
activity, mismatched sizing, or poor positioning.3°48 A study
with 75 patients and 55-month follow-up showed a 6.7%
migration rate, without clear correlations to stent size or
placement.*® In a review of 18 cases, 2-year patency was
85.2%, but stenting after LRV transposition showed limited
benefit, with 3 of 5 patients still symptomatic.5%°?

Hybrid treatment: To mitigate stent migration at
the aortomesenteric level, hybrid treatment combines
conventional endovenous stenting with transfixing
polypropylene stitches (Figure 5).>2 This laparoscopic or open
surgical fixation method stabilizes the stent and reduces
migration risk. Hybrid procedures are emerging as promising,
especially for young patients with high-risk anatomy.

Embolization of the LGV: Patients with or without
hematuria may experience gonadal vein insufficiency,
resulting in varicocele in men and pelvic congestion in women.
The ovarian vein connects to the gonadal, uterine, gluteal,
and vulvoperineal venous plexuses, which may contribute
to pelvic symptoms. Embolization of the LGV is the gold
standard for treating pelvic congestion due to ovarian or
pelvic vein insufficiency. Treating LRV compression may not
sufficiently address gonadal reflux. Embolic agents include
foam, glue, plugs, liquid sclerosants, and coils. The decision
to treat should be based on the presence of renal or pelvic
symptoms, reflux severity, and varicose anatomy. Clinical
expertise should guide embolization in conjunction with
anatomical and functional assessments.>3>*

Figure 5. Peroperative view of hybrid treatment shows
transfixing polypropylene stitch through the renal vein wall
and the stent meshes after endovascular venous stenting.

Conclusions

Patients with NCS may experience a wide spectrum of
symptoms. Early recognition and treatment of those with
significant pain and hematuria are essential. Clinical judgment
and a high index of suspicion are critical, particularly in
patients without prior imaging. Multiple surgical options exist,
and only solid theoretical and technical expertise ensures
proper selection. LRV transposition and autotransplantation
remain the mainstay treatment. However, laparoscopic
techniques are gaining ground due to lower postoperative
morbidity. Further research is needed to refine diagnostic
protocols, assess long-term outcomes of treatments, and
create consensus guidelines.
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