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ABSTRACT

The Nutcracker Syndrome (NCS) constitutes an underdiagnosed condition defined as an external compres-
sion of the left renal vein, with a consequent blood outflow impairment. The majority of cases involve left
renal vein entrapment between the abdominal aorta and the superior mesenteric artery. The exact epide-
miology is unknown, due to the lack of consensus with regard to the diagnostic criteria, and the frequently
asymptomatic course of the disease. NCS may occur at any age, with a peak presentation in the second and
third decade of life, as well as with a slight prevalence in female patients. The most frequent presentations
include micro and macroscopic haematuria, orthostatic proteinuria, orthostatic hypotension, flank pain. In
addition, patients may develop pelvic congestion syndrome comprising dyspareunia, dysmenorrhea, abdom-
inal pain, pelvic, gluteal, vulvar varicose veins and varicocele in men. The clinical suspicion of NCS, based on
signs and symptoms, requires imaging confirmation involving such modalities as Doppler ultrasonography,
computed tomography and magnetic resonance angiography, intravascular ultrasound and phlebography.
Treatment options of NCS range from the conservative follow-up to nephrectomy, therefore, an appropriate
approach should be based on clinical manifestations and the severity of symptoms. Patients presenting with
mild to moderate haematuria and with other acceptable symptoms should be treated conservatively. In cas-
es of severe symptoms, or when conservative management fails, invasive treatment should be considered.
The recommended open surgical procedures include left renal vein distal transposition and renal autotrans-
plantation. Additionally, the endovascular stenting approach seems encouraging, although due to uncertain
mid and long term consequences this treatment option should be reserved for patients unsuitable for open
surgery, or after a failed open surgical approach. Further long term follow-up is required to develop objec-
tive treatment guidelines.
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Introduction

The Nutcracker Phenomenon (NCP), defined as
the external compression of the left renal vein
(LRV) and a consequent blood outflow impair-
ment, was first described by Grant in 1937. The
term “Nutcracker Syndrome” (NCS) is reserved for
the symptomatic patients suffering from NCP [2]

The majority of cases involve left renal vein
(LRV) entrapment between the abdominal aorta
and the superior mesenteric artery (SMA) - ante-
rior NCP. Posterior NCP describes the compres-
sion of LRV between the aorta and the vertebral
column [3]. This rare anomaly may occur when
LRV passes behind the aorta. Moreover, NCP also
includes other rare aetiologies of LRV compres-
sion, such as tumours, lordosis, or LRV stretch-
ing over the aorta [4]. The exact epidemiology is
unknown due to lack of consensus with regard to
the diagnostic criteria and the frequently asymp-
tomatic course of the disease. NCS may occur at
any age, with a peak presentation in the second
and third decade of life, as well as a slight preva-
lence in women [5]. There are reports suggesting
that an asthenic body type with a decreased vol-
ume of retroperitoneal fat tissue, particularly in
tall patients, may contribute to the development
of NCS [6-8], which stems from the narrowing of
the angle created by the aorta and SMA.

Clinical presentation

Numerous NCS cases remain asymptomatic. The
most frequent presentations include microscopic
haematuria (8.6—21.7%), as well as macroscopic
haematuria (39.1-69.5%), proteinuria (4.3-26.1%),
orthostatic hypotension, and flank pain (43.4-
65.2%). Furthermore, patients may develop pel-
vic congestion syndrome (PCS) comprising dys-
pareunia, dysmenorrhea, abdominal pain, pelvic,
gluteal, vulvar varicose veins and varicocele in
men (8.7-21.7%) [4-6, 9]. The abovementioned
conditions result from venous reflux, and elevat-
ed venous pressure [10], which may contribute to
the creation and recurrence of lower extremity
varices. The underlying mechanism of the hae-
maturia is the distension of small veins of the
renal fornix which rupture into the collecting caly-
ces [11]. Consequently, impaired renal haemody-
namics may lead to an increase in norepineph-
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rine and angiotensin Il levels, which presumably
are the cause of proteinuria [12]

Diagnosis

In order to confirm the suspected NCS on the
basis of clinical signs and symptoms, the pres-
ence of haematuria should be determined [13].
Positive laboratory result requires imaging con-
firmation with Doppler ultrasonography (DUS)
(sensitivity: 69—-90%, specificity: 89-100%) [14],
computed tomography (CT), as well as magnet-
ic resonance (MR) angiography, intravascular
ultrasound (IVUS) (specificity of 90%) [14] and
phlebography [6, 7, 15]. DUS constitutes the first
line examination, the diagnostic value of which
may be further enhanced by the calculating of
the peak velocity (PV) ratio between the com-
pressed segment of LRV at the hilar portion, the
measurement of the angle between SMA and the
aorta, as well as LRV diameter at the hilar por-
tion [16]. Results of PV ratio exceeding 5 may
suggest NCS [15]. Additionally, it is essential
to perform the DUS examination in an upright
position, since the SMA angle closes, haemo-
dynamic results indicative of NCS [16]. In fact,
the upright position and functional haemody-
namic imaging represent the advantages of the
ultrasound examination as compared to other
imaging modalities. Both MR and CT may reveal
LRV compression and the distention and vari-
cosity of pelvic veins. In terms of the CT diag-
nostic criteria of NCS, they include ,beak sign”
(sensitivity: 91.7%, specificity: 88.9%), beak
angle <32 degrees (sensitivity: 83.3%, specific-
ity: 88.9%), LRV diameter ratio > 4.9 (sensitiv-
ity: 66.7%, specificity: 100%) (Figure 1), and an
angle between SMA and the aorta <39 degrees
(sensitivity: 100%, specificity: 55.6%) (Figure 2)
[14, 15, 17]. It is worth noting that a definitive
advantage of MR is the lack of radiation expo-
sure, which is beneficial in younger patients.
Furthermore, phlebography and venous pres-
sure gradient measurement between the distal
LRV and the inferior vena cava remain the gold
standard. Pressure gradient over 3 mm Hg is
significant for NCS [4, 5, 15, 17]. Nevertheless,
both techniques are rendered invasive, although
phlebography might allow for a simultaneous
endovascular intervention addressing LRV com-



Figure 1. CT signs of NCS in a patient admitted to our department. The ,beak sign” (black arrow). LRV diameter ratio exceeding > 4.9
(5,75 in this patient)

Figure 3. A patient admitted to our department (from Figures
Figure 2. CT signs of NCS in a patient admitted to our depart- 1 and 2). Intraoperative phlebography presenting gonadal vein
ment. The angle between SMA and the aorta < 39 degrees distention (white arrow)
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pression (Figure 3). Therefore, IVUS is becoming
a valuable supplementary tool of the diagnostic
process [17].

Management

Treatment options of NCS range from conserva-
tive follow-up to nephrectomy, thus, the appro-
priate approach should be based on clinical man-
ifestations, as well as the severity of the symp-
toms. Patients presenting with mild to moderate
haematuria and with other acceptable symptoms
should be treated conservatively. Such manage-
ment includes: observation, ACE inhibitors in
case of orthostatic proteinuria (especially alace-
pril), and acetylsalicylic acid in order to enhance
renal perfusion [6, 14, 18]. Furthermore, a fol-
low-up period of at least 2 years duration is also
recommended in patients under 18 years of age.
According to Kurklinsky et al., in 75% of this popu-
lation, a resolution of symptoms will be observed
[19], which can be attributed to a physical growth
leading to an increase of the retroperitoneal fat
and fibrous tissue, with a consequent correction
of the anatomical relationships of SMA and the
aorta [5, 15].

In cases of severe symptoms, or when the
conservative management fails, invasive treat-
ment should be considered. The recommended
open surgical procedures comprise LRV distal
transposition and renal autotransplantation [4, 6,
8, 10, 13, 20, 21]. The aim of the transposition is
the reimplantation of the LRV into the inferior vena
cava (IVC) distally to the origin of SMA. In order to
allow a tension free anastomosis, an additional
patch or a cuff from the venous autograft might
be utilised. Moreover, LRV transposition is per-
formed by laparotomy, and requires extensive ret-
roperitoneal dissecting, thus, it might be associ-
ated with standard open surgical complications.
Renal autotransplantation is even more challeng-
ing, and entails renal excision with a simultane-
ous reimplantation in the iliac fossa. Alterna-
tive surgical techniques include venous bypass
between either the renal or the gonadal vein and
IVC [8, 21]The treatment may also involve renal
anterior nephropexy and pelvic varicosities exci-
sion or ablation in order to address LRV stretch-
ing over aorta and pelvic congestion, respectively,
resulting from the venous reflux [22]. When oth-
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er treatment options fail and severe haematuria
reoccurs, nephrectomy might constitute the only
solution [13, 23]. Interestingly, reported outcomes
of laparoscopic interventions are comparable
with open surgical procedures [24].

An endovascular stenting (EVS) approach
seems encouraging, although due to uncertain
mid and long term consequences, this treatment
option should be reserved for patients unsuitable
for open surgery, or after a failed open surgical
approach [25]. Chen et al. reported improvement
of clinical features in 95% of patients within a 5
year follow-up period in the group of 61 patients
following EVS, with only 4 cases of stent migra-
tion [26]. The procedure allows for both diagnos-
tic phlebography and pressure gradient measure-
ment, as well as for the simultaneous treatment.
EVS can be performed with either balloon-ex-
pandable or self-expandable stents (Figure 4) [26,
27]. Nevertheless, this technique has certain limi-
tations. The possible complications include stent
dislodgement and migration into the IVC, or even

Figure 4. A patient admitted to our department (from Figures
1 and 2). Intraoperative phlebography presenting a successful
stenting of LRV



into the right atrium with the necessity of a sur-
gical removal [26, 28]. The stent might also dis-
place distally into the renal hilum resulting in an
occlusion. In terms of prevention of such com-
plications, authors emphasise the importance
of the adequate stent sizing [26]. Other possible
complications involve stent thrombosis, frac-
ture, or restenosis [26, 28, 29]. However, Jayaraj
et al. described a hybrid approach to the treat-
ment of NCS. According to their strategy, LRV
distal transposition is followed by endovascu-
lar stent implantation and insertion of external
stitches to prevent stent migration [30]. Although
EVS remains less invasive, patients require anti-
coagulation and the administration of antiplatelet
medication in the postoperative period [6].

Conclusion

NCS seems to be an underdiagnosed cause of
haematuria, proteinuria and PCS. The diagnos-
tic modalities include DUS, CT, MR and invasive
techniques, such as phlebography and IVUS.
The decision regarding the course of treat-
ment should be based on the severity of the
clinical presentation, with the aim of resolving
the symptoms. The management is based on
open vascular procedures — the transposition
of LRV and renal autotransplantation, although
minimally invasive strategies, e.g. laparoscopy
and EVS, present promising results. Nonethe-
less, further long term follow-up is required to
develop objective treatment guidelines.
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