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Left Renal Vein Compression:
  Compensated
  Uncompensated

Relieve Compression

LRV Transposition

Long-term Results
Mean Follow up 37 mths 
Patients n=37

Stenosis 7
Thrombosis 1

Secondary Interventions
6 stents

1 stent migration Retrieval+Restenting
2 in-stent stenosis Restenting

2 open
1 saphenous vein patch
1 gonadal vein re-implantation

Nutcracker Phenomenon: Etiology

• Narrow  aorto - mesenteric angle 

• Low or lateral origin of SMA

• High course of LRV

• Stretching of LRV over the aorta
• Asthenic body habitus
• Ptosis of the left kidney 
• Lack of retroperitoneal fat
• Fibrous tissue aorto-mesenteric angle
• Wasted  paraspinal muscles
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LRV Transposition: GSV patch LRV Transposition: GSV cuff

•Tension free anastomosis
 
• Improve caliber of small 
LRV

•Excise fibro-fatty tissue 
from aorto-mesenteric 
space

Gonadal Vein Transposition Left Renal Vein Stenting

Endovascular Stenting for Treatment of Nutcracker Syndrome:
Report of 61 Cases With Long-Term Followup
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Purpose: We report the efficacy and safety of endovascular stenting for nut-
cracker syndrome at long-term followup.
Materials and Methods: We retrospectively evaluated the endovascular stenting
experience with 61 patients with a median age of 26 years. Symptoms were
hematuria, proteinuria or flank pain. Median followup was 66 months.
Results: Peak velocity in the aortomesenteric portion, and the anteroposterior
diameter ratio of the renal hilum and the aortomesenteric portion of the left renal
vein on Duplex ultrasound after stenting was significantly decreased compared to
that on Duplex ultrasound before stenting (p #0.05). However, peak velocity in
the hilar portion did not statistically differ (p $0.05). Symptoms resolved or
improved in 15, 24 and 20 of the 61 patients within 1 week, and 1 and 6 months,
respectively, after endovascular stenting. Symptoms remained unchanged in 2
patients and recurred in 1. A perioperative complication was noted in 1 patient,
that is a stent that was mistakenly moved and poorly deployed in a left renal vein
collateral required operative intervention. Postoperative complications included
stent migration into the right atrium, stent protrusion into the inferior vena cava
and stent migration into the hilar left renal vein in 1 case each.
Conclusions: Based on our long-term followup endovascular stenting is a safe,
effective procedure in select adults. We recommend endovascular stenting as
primary option for nutcracker syndrome.

Key Words: kidney, renal veins, hematuria, stents, China

NUTCRACKER syndrome, first reported
in 1972, is characterized by hematu-
ria and back pain caused by increased
pressure in the LRV as a result of
compression between the aorta and
the SMA. Treatment for NCS depends
on symptom severity.1 A number of
surgical procedures have been de-
scribed, including nephropexy, re-
nal/gonadal venous bypass, renal
decapsulation, extravascular stents,
renal autotransplantation, meso-
aortic transposition, LRV transposi-
tion and EVS. However, most com-
munications in the literature are of
case reports and long-term results

remain largely unreported, includ-
ing our preliminary experience.2–4

For the latter technique we evaluated
efficacy and safety during long-term
followup of 61 patients, which to our
knowledge is the largest, longest se-
ries reported to date.

MATERIALS AND METHODS
We retrospectively evaluated the EVS ex-
perience of 3 vascular surgeons between
October 1998 and October 2009 at our in-
stitution. Data collection included details
on clinical, laboratory and radiological
evaluation, the operative procedure and
morbidity. Information on long-term
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Results of endovascular treatment for patients with
nutcracker syndrome
Xiaobai Wang, MD, Yan Zhang, MD, Chengzhi Li, MD, and Hong Zhang, MD, Guangzhou, China

Objective: To retrospectively assess the therapeutic value of endovascular stenting for treatment of the nutcracker
syndrome (NCS) in long-term follow-up and to explore the selection of the size of stents in Chinese patients with NCS.
Methods: From January 2004 to August 2010, 30 patients (two women and 28 men) between 13 and 32 years old (mean,
18.2) who were diagnosed with NCS were admitted for endovascular treatment. Each patient received one self-expanding
metallic stent (14-mm diameter, 60-mm long) in the compressed portion of the left renal vein during the operation, and
three patients with severe left-sided varicoceles received left gonadal vein embolization. The postoperative follow-up was
12 to 80 months (median, 36.0 months).
Results: The diameters at the ostium of left renal vein measured by the ultrasonic examination before treatment were
11.8 ! 1.8 mm. Technical success of operation was achieved in all patients. No perioperative complications occurred. Two
cases of stent migration were found at 12 months: both stents prolapsed into the inferior vena cava, with uneventful
follow-up (49 and 56 months, respectively). At 1-month follow-up, patients improved, including two patients who had
persistent but less microscopic hematuria than before treatment. The clinical symptoms related to NCS almost
disappeared at 3 months after the treatment. All stents were patent at the duplex scan examination, without restenosis,
and no secondary recurrence of the symptoms occurred at the end of the follow-up.
Conclusions: Endovascular treatment is a safe, effective, and very minimally invasive technique that provides good
long-term patency rates for patients with NCS, and under the premise morphologic measurements, 14-mm-diameter,
60-mm-long self-expanding stents should be first considered for Chinese patients with NCS. (J Vasc Surg 2012;56:
142-8.)

Nutcracker syndrome (NCS) is caused by compression
of the left renal vein (LRV) between the aorta and the
superior mesenteric artery.1-3 This phenomenon results in
consecutively increased LRV pressure, which promotes the
development of varices of the renal pelvis and ureter with
associated hematuria. Other possible symptoms include
left-sided varicocele, left flank/abdominal pain, orthostatic
proteinuria, pelvic congestion, and chronic fatigue.4-7

Although NCS is relatively rare in the clinical work,
more and more doctors have focused on this kind of
disease. Mild and tolerable symptoms should be treated
conservatively. However, patients with symptoms such as
severe flank or abdominal pain, serious left-sided varicocele
affecting breeding, and recurrent gross hematuria, which
have seriously affected their daily life and work, may need
invasive treatment.8,9 Surgical techniques mainly include
reanastomosis of the LRV into the inferior vena cava and
kidney autografting, which both aim at lowering the in-
trarenal venous pressure by removing the renal vein outflow
obstruction.

For this purpose, interventional, as well as open, tech-
niques have been described. Although the use of stents
within the venous circulation bears potential risks, such as
in-stent stenosis and occlusion, experience gained in treat-
ing superior vena caval syndrome and Budd-Chiari syn-
drome,10 which have achieved satisfactory results, were the
basis of endovascular stent placement for patients with
NCS. However, so far, the experience of endovascular
treatment in NCS is seldom reported in case reports, and
research with long-term follow-up is reported still less. The
goal of this study is to report our experience and to analyze
the long-term results of endovascular stenting for patients
with NCS.

METHODS

Eligibility. From January 2004 to August 2010, 30
patients (two women and 28 men) between 13 and 32 years
old (mean, 18.2), who had been diagnosed with NCS in
our department and experienced endovascular treatment,
were selected for this study. Their leading symptoms were
microhematuria in 21 and gross hematuria in seven; 26
male patients had left-sided varicoceles and fertility was
affected in four of them who were of reproductive age; 15
patients had left flank/abdominal pain, which was intoler-
able in four of them when admitted. The key criteria for
confirmation of the NCS were bleeding from the left ure-
teral orifice, visible entrapment of the LRV between the
aorta and superior mesenteric artery on diagnostic imaging,
and an elevated pressure gradient between the prestenotic
renal vein and the inferior vena cava. The criteria of duplex
scan and computed tomography (CT) scan for NCS is
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Stent migration after endovascular stenting in
patients with nutcracker syndrome
Ziheng Wu, MD, PhD,a Xiangtao Zheng, MD, PhD,b Yangyan He, MD,a Xin Fang, MD,c

Donglin Li, MD, PhD,a Lu Tian, MD,a and Hongkun Zhang, MD, PhD,a Hangzhou and Wenzhou, China

Objective: In this study, we sought to investigate the incidence
of stent migration after endovascular stenting (EVS) in pa-
tients with nutcracker syndrome (NCS) and to discuss the
related factors.
Methods: We retrospectively evaluated the data of all patients
with NCS who were treated by EVS at our single center be-
tween January 2004 and October 2014. Data collection
included details on clinical findings, radiologic evaluation,
laboratory values, EVS procedure, stent size, and morbidity of
stent migration. Sex, size of stents, interval (between EVS and
stent migration), and preoperative parameters of the left renal
vein (LRV) on duplex ultrasound (anteroposterior diameter in
aortomesenteric portion and renal hilum of LRV, peak ve-
locity in aortomesenteric portion and renal hilum of LRV)
were analyzed.
Results: A total of 75 patients (49 men) with a median age of
27 years (range, 16-43 years) underwent EVS for NCS.
During a mean 55 months (range, 6-126 months) of follow-

up, stent migration occurred in five patients (6.7%), and all of
them were male. The stent migrated into the right ventricle in
one patient, right atrium in one patient, inferior vena cava in
two patients, and left side of the LRV in one patient. There
were no significant differences in preoperative anteroposterior
diameter and peak velocity of the aortomesenteric portion and
renal hilum of the LRV on duplex ultrasound between pa-
tients with and without stent migration. There were also no
significant differences in these parameters between patients
with deployment of 12-mm and 14-mm-diameter stents.
Conclusions: Stent migration after EVS in patients with NCS is
not as rare as we originally thought. Preoperative anatomic
parameters of the LRV need to be more accurately measured.
Stent choice for the individual patient and accurate stent
deployment are important to avoid stent migration. Closer
follow-up and early detection and treatment can reduce the
number of stent migrations into the heart. (J Vasc Surg:
Venous and Lym Dis 2016;4:193-9.)

Nutcracker syndrome (NCS), characterized by back
pain and hematuria caused by increased pressure in the
left renal vein (LRV) as a result of compression between
the aorta and the superior mesenteric artery, was first re-
ported in 1972.1 For the patients with severe symptoms
unresponsive to conservative therapy at 24 months of
follow-up, endovascular stenting (EVS) has been recom-
mended as an effective and safe treatment with minimal in-
vasion.2-5

Stent migration after EVS is a rare complication with
sporadic reports.5-8 However, this complication can

sometimes be potentially fatal (the stent migrates into the
atrium or ventricle), and open cardiac surgery has to be
done immediately to remove the stent.6

From January 2004 to October 2014, 75 cases of NCS
have been treated with EVS at our single center. To our
knowledge, this is the largest series reported to date. In
this study, we sought to investigate the incidence of stent
migration after EVS in patients with NCS and to discuss
the related factors.

METHODS

Patients. The study was approved by the Institutional
Review Board of our center, and all enrolled patients or
their legally designated representative provided written
consent to their participation. We retrospectively evaluated
the data of all patients with NCS who were treated with
EVS at our single center between January 2004 and
October 2014.

Data collection. Data collection included details on
clinical findings, radiologic evaluation, laboratory values,
EVS procedure, stent size, andmorbidity of stent migration.
The main preoperative LRV parameters were measured by
duplex ultrasound after 15 minutes of the patient’s standing
and while supine. Parameters included anteroposterior
diameter and peak velocity in the aortomesenteric portion
and the renal hilum of the LRV.

Procedures. EVS was performed in a digital subtrac-
tion angiography room. A 7F sheath was used in the right
common femoral vein of the patient under local anesthesia.
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Chen et al Wang et al Wu et al
No of Patients 61 30 75
Technical 
success

98% 100% 100%

Symptom relief 95% 93% ?
Follow up 66 mths 36 mths 55 mths
Stent migration 1 2 5

Stent Migration

•Recent flank/ back pain
•h/o pelivic congestion
•Multiple pregnancies
•B/L ovarian vein coiling
•LRV stenting
•Stent thrombosis
•Stent migration

24 yr F s/p  3 days LRV stenting

Stent Migration



3

Stent Compression

• Initial excellent relief
•Recurrent flank/ back pain
•PTA for stenosis
•Stent thrombosis
•Mechanical thrombectomy
•Xeralto
•Acute symptomatic PE

17 yr F 3 years s/p LRV stenting

Stent Removal + Reconstruction

Hybrid Reconstruction ?

Hybrid Reconstruction

Hybrid Reconstruction

Hybrid Endo – Open Stenting alone

• Provides the best decompression of LRV 
compression and chance of long-term patency 

• Transposition removes vein from area of maximum 
compression

• Patch allows use of large caliber stent (≥14mm)
• Stent prevents LRV compression
• No stent migration (shorter stents? No IVC protrusion)

• Early patency excellent / Long-term ?
• Longer term results of  dedicated venous stents 

(VICI, Venovo, Zilver Venous, ABRE)  awaited

Nutcracker Syndrome
Hybrid Reconstruction
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Patient-Reported Outcomes for Robot-Assisted
Laparoscopic Extravascular Renal Vein Stent Placements

for Nutcracker Syndrome

Jacques J. Farhi, MD, MBA, Hal D. Kominsky, MD,
Mohannad A. Awad, MBBS, MAS, and Jeffrey A. Cadeddu, MD

Abstract

Introduction: Nutcracker phenomenon is the compression of the left renal vein between the superior mesenteric
artery (SMA) and the abdominal aorta. Nutcracker syndrome refers to the presence of nutcracker phenomenon
with symptoms. Between 2016 and 2022, we performed 18 robot-assisted laparoscopic extravascular renal vein
stent (RALERVS) placements. We sought to assess patient-reported outcomes of RALERVS placement by a
single institution.
Methods: We performed a single-center retrospective review of 18 patients with a minimum of 3 months
follow-up. Symptoms were assessed utilizing a questionnaire conducted with a 5-point Likert scale at a mini-
mum of 3 months postoperatively. Five on the Likert scale was severe while 1 was none. Primary study out-
comes compared pre- and postoperative patient-reported symptom scores.
Results: Twelve out of 18 patients responded to the survey. The average length of time from date of operation
to completion of survey was 2.6 years. Average age of the cohort was 36 years with a mean BMI of 19.4 kg/m2.
There was only one man. Mean operative time was 137 minutes and mean estimated blood loss was 12 mL.
Mean preoperative SMA angle was 19! and mean postoperative SMA angle was 36!. Patients reported that
flank pain, abdominal pain, nausea, headaches, back pain, pelvic pain, and early satiety improved ( p < 0.05).
Ten of 12 respondents would recommend RALERVS for nutcracker syndrome.
Conclusion: RALERVS demonstrates an effective treatment for nutcracker syndrome. Patients reported im-
proved symptoms at 3 months postoperatively across multiple domains. Further studies need to be conducted to
assess long-term durability of the extravascular renal vein graft.

Keywords: nutcracker syndrome, extravascular stent, robotics, kidney

Introduction

Nutcracker phenomenon, first reported in 1950, is
the entrapment of the left renal vein between the supe-

rior mesenteric artery (SMA) and the abdominal aorta.1

Nutcracker syndrome refers to the presence of nutcracker
phenomenon with symptoms including hematuria, intermit-
tent left flank pain, early satiety, nausea, emesis, pelvic

congestion syndrome, and dyspareunia.2 CT, Doppler ultra-
sonography, and venogram are used to diagnose nutcracker
syndrome.

Although no clear consensus exists for diagnosis with
imaging, Doppler ultrasonography measuring a diameter five
times larger of the left renal vein near the hilum to that of the
left renal vein posterior to the SMA may indicate nutcracker
syndrome.3 Peak velocity blood flow ratio of 5:1 at the aorta–
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• Survey at 3 months
• 12/18 pts responded to survey
• 10/12 symptomatic improvement

37 57 Patients*

56 OS

49 LRV 
transposition

7 
GSV cuff

4 
GSV cuff & 

patch

10 
GSV patch

3 GSV patch 2 LGV 
transposition

1 ENDO

7 
Hybrid 

Reconstruction
100% PPatency

4
Open Stent 
Removal

Late Results

57 Patients 
Mortality 0
Nephrectomy
  (3/4 stent removal pts) 

7

Considering nephrectomy 2
LRV thrombosis
 (no intervention)

1

Symptom % Relief
Left flank /abdominal pain 45 (72%)
Hematuria 25 (96%)
Proteinuria 19 (100%)
Varicocele / pelvic pain 2/5 (40%)

Autotransplantation ?

• How pathological is the LRV compression?
• Why do patients with surgical LRV ligation not 

develop symptoms?
• LRV compression – incidental finding
• L Ovarian vein dilatation – incidental finding
• LRV compression – fixed or dynamic?

• Are the symptoms really from renal venous 
hypertension?

• Why should patients with widely patent LRVs get 
flank symptoms

Nutcracker Syndrome
Questions

•Abdominal and flank/ back pain
•Pelvic / perineal pain
•B/L groin and LE discomfort
•Multiple pregnancies
•Ovarian vein coil embolization 
•s/p hysterectomy for uterine prolapse
•Dizziness / presyncope

31 yr F with diagnosis of Nutcracker 
Syndrome 

Patient Selection
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Imaging
CT Scan - outside

DUS
Severe narrowing of LRV 
between the SMA and the aorta

Diameter ratio – 15.5
PSV ratio         - 6.4 CT Veno / Urogram

Imaging

L Lat Decubitus

Do We Have the Answer Now ?

NOT QUITE YET !


