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Single-center initial experience with minimally invasive extravascular
stent placement for nutcracker syndrome in adolescent patients
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Abstract

Nutcracker Syndrome (NCS) is characterized by impeded blood
flow from the Left Renal Vein (LRV) into the inferior vena cava due
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to an abnormally narrow angle between the abdominal aorta and
superior mesenteric artery. This syndrome is usually associated with
hematuria, abdominal pain and orthostatic proteinuria. We
described three patients diagnosed with NCS (mean age 16.3 years).
The aortomesenteric angle, LRV diameter ratio and peak velocity
ratio were assessed through doppler ultrasonography and CT
angiography. A kidney model was printed out for surgical planning.
An extravascular stent was designed based on the LRV’s structure
using computer software and printed in three dimensions with a pre-
cision setting of 20pm. Patients underwent laparoscopic placement
of the extravascular stent. The mean duration of surgery was 180
minutes. There were no intraoperative complications. CT examina-
tions revealed that pre- and postoperative AMA ranged from
18.7°+4.3° to 55.0°+4.4, respectively. No side effects were
observed in the follow-up period (range 12-24 months). At present,
treatment guidelines for NCS are unclear, and the different thera-
peutic principles need to be applied in a patient-specific manner.
Our results confirm previous reports in literature concerning the
efficacy and safety of ES in pediatric patients.

Introduction

Nutcracker phenomenon is an anatomic anomaly characterized
by an extrinsic compression of the Left Renal Vein (LRV), resulting
in alteration of the blood flow to the inferior vena cava. The LRV is
most commonly entrapped between the Superior Mesenteric Artery
(SMA) and the Abdominal Aorta (AA) (this is referred to as nut-
cracker phenomenon). Nutcracker Syndrome (NCS) is the associa-
tion of this condition with signs and symptoms caused by impaired
venous flow, the most common being hematuria, proteinuria and
abdominal pain.! NCS is one of the abdominal vascular compres-
sion syndromes along with the SMA syndrome (in which there is a
duodenal compression between the SMA and AA). Among treat-
ment options, extravascular stenting is a mini-invasive, safe and
efficacious technique.

We hereby report our experience with extravascular stenting for
NCS in three pediatric patients.

Materials and Methods

Patients’ characteristics are summarized in Table 1.

Patient 1

A 16-year-old boy presented a 2.5-year history of chronic
abdominal pain, localized in the epi-mesogastrium with left flank
irradiation, associated with weight loss. The patient had experienced
a significant height growth (50 centimeters in one year). His Body
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Mass Index (BMI) was 16 kg/m2. Blood tests and renal scan were
normal. Doppler ultrasound was used to calculate the LRV hilar-to-
aortomesenteric Diameter Ratio (DR) and the LRV hilar-to-aortome-
senteric Peak Velocity Ratio (PVR), which were 8 and 8.6 respec-
tively (Figure 1). The CT angiography showed an aorto-mesenteric
angle (AMA) of 23°, a DR of 4 and LRV flux acceleration at the
compression site.

Patient 2

A 17-year-old boy was referred to our center for a 2-year his-
tory of chronic left flank pain, associated with weight loss (5 kilo-
grams in 18 months) and macrohematuria. He also presented an
important height growth (30 centimeters) in one year. His BMI was
19.3 kg/m2. Blood tests and renal scan were normal. The sono-
graphic parameters were DR=12.5 and PVR=9, while CT angiog-
raphy demonstrated an AMA of 22° and mild duodenal compres-
sion by the SMA.

Patient 3

A 16-year-old girl presented a 1-year history of chronic left flank
pain, associated with macrohematuria, proteinuria, a 6-kilogram
weight loss in one year and a 2-year history of amenorrhea. Her BMI
was 16.4 kg/m2. Blood tests and renal scan showed no pathologic
alterations. The ultrasound parameters were DR 11.3 and PVR 9,
while CT-angiography showed an AMA of 14.4° with a width
between the SMA and AA of 4 millimeters.

Table 1. Patients’ key characteristics.

Patient Age  Sex BMI Symptoms/signs

) (kg/m?2)
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All patients were offered nutritional and psychological support
for at least 1-2 years. Due to little response to conservative treat-
ment, we decided to place an extravascular stent through a mini-
invasive approach. We obtained the ethical committee’s approval for
all patients. Using a 64-detector CT scanner (GE LightSpeed VCT,
Boston, MA, USA), we obtained images with a slice thickness of 1.0
mm for all patients. The CT image output in the DICOM format was
exported to Mimics (Version 19.0, Materialise NV, Belgium). 3D-
DOCTOR software (Version 4.0, Able Software Co., Lexington,
MA, USA) was adopted for kidney modeling. These programs are
used for image segmentation, converting CT 2D images into opti-
mized 3D anatomic models. The data were transferred to a Fused
Deposition Modeling (FDM) 3D printer (TD-III, 3D Printing
Research Center of the Fourth Military Medical University, China)
in the standard tessellation language format (Figure 2).

3D models were used to create customized titanium stents, tai-
lored to each patient’s vessel anatomy (Figure 3).

Results

We chose a transperitoneal laparoscopic approach to place the
extravascular stents. The patient was positioned in right lateral decu-
bitus with left flank elevation. A urinary catheter was placed preop-
eratively. A 12-millimeter balloon camera port was inserted through
the umbilicus, along with four operative 5-millimeter bladeless tro-
cars: two in the left flank (along the emiclavear and median axillary

Onset AMA LRV LRV
before ©) DR PVR
surgery before

) surgery

LRV

PVR

after
surgery

1 16 M 16 Abdominal pain, weight loss 25y 23 8 8.6 1.6
2 17 M 19.3 Abdominal pain, weight loss, macrohematuria 2y 22 12.5 9 2.7
3 16 F 16.4 Abdominal pain, weight loss, macrohematuria, proteinuria ly 14.4 11.3 9 1.8

y, years; M, male; F, female; AMA, aorto-mesenteric angle; LRV DR, left renal vein diameter ratio (hilar-to-aortomesenteric); LRV PVR, left renal vein peak velocity ratio

(hilar-to-aortomesenteric).
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Figure 1. Doppler ultrasound images of patient 1 showing the LRV stenosis due to compression by the SMA and peak velocities.
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lines) and two along the supra-umbilical linea alba (in the epigastri- medial mobilization of the transverse and left colon. To gain expo-
um and mesogastrium), as shown in Figure 4. sure of the aortomesenteric angle, we carried on an accurate dissec-
A 30° 10-millimeter camera was used. Access to the retroperi- tion of the LRV from the hilar region to its caval insertion, ligating

toneum was obtained through incision of the left paracolic gutter and the periarterial lymphatic vessels. The titanium stent was inserted

Figure 2. a) CT images (LRV and inferior vena cava in blue, SMA and AA in red); b) 3D model after image conversion; c-d) printed model
of the patient’s vessels obtained from 3D reconstruction of the CT images.

Figure 3. a) individualized extravascular stent project using the 3D software; b) stent model and final titanium device; c) expected result
after stent positioning.
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through the umbilical port and placed at the site of venous compres-
sion. The device was closed around the vessel and fixed to the
fibrous periaortic tissue using silk sutures. Restoration of venous
flow and absence of vessel kinking were verified. Finally, a laminar
drain was placed near the stent. The mean duration of surgery was
180 + 10 minutes. The hospital stay ranged from 4 to 7 days. All
patients were discharged without complications.
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The postoperative follow-up ranges from 12 to 24 months.
Clinical evaluations are scheduled once a month during the first six
months, then upon a trimestral basis. So far, all patients are free of
symptoms and have gained their previous weight within six months
from surgery. Renal doppler ultrasound is performed every three
months during the first year after surgery; homogenous LRV caliber
and blood flow have been observed in all patients (Figure 5).
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Figure 5. Patient 1: post-operative doppler ultrasound showing an unimpeded blood flow at the stent level.
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Specifically, the stent did not impede normal blood flow and PVR
reduction was demonstrated one month after surgery (Table 1). This
reduction has been confirmed at the following ultrasounds per-
formed three and six months after surgery.

All patients underwent a post-operative CT scan three months
after surgery (Figure 6) that demonstrated AMA increased to
55.0°+4.4 (preoperative value 18.7°+4.3°). No stent migration was
observed.

Discussion

The incidence of the nutcracker phenomenon in the general
population is unknown, as many cases remain asymptomatic.
Considering NCS, a bimodal peak incidence is described, with
most cases diagnosed in adolescence/young adulthood and in the
third/fourth decade of life. The incidence appears higher in females
and in individuals with low BMI.2 Correlation between low weight
and nutcracker phenomenon/NCS can be explained by a reduction
in retroperitoneal adipose tissue, which decreases the AMA and
can facilitate renal ptosis and LRV kinking. NCS manifestations
are a consequence of obstructed LRV blood flow. The most report-
ed signs and symptoms are hematuria, abdominal pain and ortho-
static proteinuria.! Venous congestion can also manifest as left
varicocele in men or pelvic congestion syndrome in women.3
When suspecting NCS, the most important diagnostic tools are
doppler ultrasound and CT angiography. Sonographic signs sug-
gestive for NCS include flow velocity at the stenosis site >100
cm/s and LRV DR (hilar-to-aortomesenteric diameter ratio) >3 in
supine position or >5 after 15 minutes in orthostatic position.4 The
most important CT findings are stenosis of the LRV between the
SMA and AA (“beak sign”), AMA angle below 32° (normal values
range between 38° and 65°) and a LRV DR > 4.9.2 Retrograde
venography directly measures the pressure gradient between the
LRV and inferior vena cava; a gradient > 3 mmHg is considered
diagnostic for NCS.2 de Los Reyes et al.> proposed a diagnostic

Figure 6. Patient 1: pre and post-operative CT scan (a. sagittal and
b. transverse sections) showing correct ES position and resolution
of LRV stenosis.
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algorithm that can be adopted when encountering patients with
symptoms suggestive of NCS to guide further management. In
patients <18 years of age, conservative treatment is generally rec-
ommended as the first-line option as growth of adipose tissue may
alleviate venous compression, while surgery should be considered
if symptoms persist after two years of follow-up.6 Open surgery
interventions include LRV, SMA or left gonadal vein transposition;
reno-caval bypass; left kidney autotransplantation; nephropexy
and nephrectomy. Nowadays, these techniques are rarely used due
to the associated high morbidity compared to mini-invasive ones.
In recent years, endovascular surgery has gained popularity due to
its efficacy and safety. However, it is not void of complications,
most frequently stent migration in the venous system (7.3% of
cases as reported in literature)3 or venous occlusion. Furthermore,
the lack of long term follow-up does not permit evaluating its safe-
ty in young patients, in which the LRV lumen may increase with
growth. Therefore, in recent years, mini-invasive extravascular
stent placement has been proposed as a safe and effective tech-
nique, associated with low morbidity and complication rates.6
Extravascular stents can also be considered as a second line treat-
ment in case of endovascular stent migration.”

In our center, conservative treatment is the first option for NCS.
Nutritional support is needed to increase the retroperitoneal adipose
tissue and the AMA, while psychological consultations are funda-
mental in helping patients to cope with chronic pain. Surgical treat-
ment is a second-line option when conservative therapy fails. After
reviewing the literature, we chose to place an extravascular stent, tai-
lored for each patient thanks to anatomic reconstruction and 3D
printing software. These tools effectively guide the choice of the sur-
gical approach (open vs. mini-invasive, transperitoneal vs. retroperi-
toneal) and allow the creation of a patient-specific stent, whose
length, width and convexity can be adapted to the AMA and the ves-
sels’ length and caliber. The optimization of the stent’s dimensions
and size renders its insertion and positioning easier and reduces the
risk of dislocation or vessel damage. We chose titanium due to its
biocompatibility, compressive strength, lightweight and optimal
quality/cost ratio.8

Our series, along with other reports in literature,$. confirms that
extravascular stent is an effective and safe treatment option also in
the pediatric population. The transperitoneal mini-invasive approach
is safe and feasible in expert hands and no patient necessitated open
conversion. Based on current literature, there are no studies provid-
ing long-term follow-up in pediatric patients. In our series, we chose
a stent size that could adapt to the vessel’s diameter increase, basing
ourselves on the 3D-models. More studies are needed in order to
evaluate how the stent may adapt to patients’ growth.
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