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Abstract

The objective of this paper is to report early and mid-term outcomes of the surgical treatment
Nutcracker Syndrome (NCS) in a single-center prospective study. Between January 2019 and
September 2023, five patients with symptomatic NCS were treated at our center using left renal
vein caudal transposition on the inferior vena cava, conducted through a midline incision of
approximately 12 cm and a transperitoneal technique. Patient characteristics, presentation,
length of hospital stay, and complications were analyzed. All diagnoses were established after
clinical evaluation, ultrasound scanning, and radiological investigations, which confirmed left
renal vein compression between the aorta and the Superior Mesenteric Artery (SMA). The
average operating time was 159 minutes, with an average blood loss of 205 mL. There was no
need for blood transfusions. Intensive care stay was not required and there were no early
complications. The mean length of stay was 3.5 days. At a mean follow-up of 18.8 months, one
patient reported persistent hematuria, and therefore underwent a secondary procedure, which
incorporated patch venoplasty using the great saphenous vein.

In our experience, left renal vein transposition appears to be a safe and effective procedure for

the surgical management of severe NCS.
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Introduction

Nutcracker Syndrome (NCS), also known as left renal vein entrapment syndrome, is a rare
vascular disorder characterized by the compression of the Left Renal Vein (LRV) between the
abdominal aorta and the Superior Mesenteric Artery (SMA).! This compression results in
impaired blood flow from the left kidney to the Inferior Vena Cava (IVC), often leading to a
constellation of symptoms and potential complications.

Due to the nutcracker effect, in which the LRV experiences extrinsic compression as it traverses
this anatomically constrained region, there is increased pressure within the LRV which can
result in hematuria, flank pain, proteinuria, and left gonadal vein congestion, among other
clinical manifestations.? Furthermore, the syndrome's presentation can vary widely among
affected individuals, making diagnosis and management a complex challenge for clinicians.
Over the years, advances in imaging modalities such as Computed Tomography Angiography
(CTA) and Magnetic Resonance Imaging (MRI) have facilitated the accurate diagnosis of
NCS.>* Nevertheless, many aspects of NCS, including its etiology, natural history, and optimal
treatment approaches, remain subjects of ongoing research and debate.

Due to the syndrome's rarity, there remains a need for more comprehensive studies, especially
in clinical settings, to provide insights into the management and outcomes of affected patients.
This article seeks to address this need by presenting a case series of patients who underwent
left renal vein transposition at our institution. Through a detailed analysis of these cases, we
aim to shed light on the characteristics of NCS patients who required surgical intervention and

report the outcomes of such procedures. By focusing on our institution's experience with this
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complex vascular disorder, we intend to contribute valuable clinical data that can inform the

management of NCS.

Materials and Methods

The study was conducted in accordance with the Declaration of Helsinki. All subjects involved
in the study gave written informed consent for the procedure.

All patients who presented to the Fondazione Policlinico Campus Bio-Medico (Rome, Italy)
between January 2018 and September 2023 with NCS and who subsequently underwent LRV
transposition were retrospectively reviewed. All diagnoses were established after clinical
evaluation, ultrasound scanning, and CTA (Figure 1), which confirmed LRV compression
between the aorta and the SMA. Patient characteristics, presentation, length of hospital stay,
and complications were analyzed.

During the study period, five patients (4 males and 1 female), with an average age of 24 years
(range 16-46 years), were diagnosed with severe NCS and were identified as candidates for
surgical treatment. All patients presented with hematuria, with two of them also reporting left
flank pain. Notably, none of the patients exhibited varicocele. One patient had previously
undergone abdominal surgery (Roux-en-Y jejunostomy) for superior duodenal compression
secondary to mesenteric artery syndrome. All patients had performed a CT scan before surgery
which demonstrated an aortic-SMA angle of less than 35°.5 Due to the presence of symptoms
and typical radiographic characteristics, further invasive tests were deemed unnecessary to

diagnose NCS. After the initial diagnosis, all patients were treated conservatively with ACE
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inhibitors and aspirin for at least 6 months but did not experience symptom resolution.

Consequently, transposition of the LRV was performed.

Operation technique

All the operations were performed by the same experienced vascular surgeon. Our preferred
approach has been caudal transposition of the LRV on the IVC, conducted through a midline
incision of approximately 12 cm and a transperitoneal technique (Figure 2). Following
preparation of the inferior vena cava and of the LRV and artery, the gonadal and adrenal veins
could be ligated and sectioned to favor LRV mobilization. Systemic heparinization was
initiated, and a side-biting clamp was applied to the IVC around the origin of the LRV, which
was also clamped along with the left renal artery. The LRV was sectioned at its confluence with
the IVC, and the resulting defect was oversewn with a continuous nonabsorbable monofilament
suture. Subsequently, the side clamp was repositioned three to four centimeters caudally along
the IVC, where a venotomy was executed, and the end-to-side anastomosis between the LRV
and the IVC was performed with a running non-absorbable five-O monofilament suture (Figure
3). After clamp removal, a Doppler ultrasound scan was performed to verify the patency of the
transposed LRV and the presence of phasic blood flow within the vessel. In one case presenting
with a circumferential fibrosis and vein stricture, we added a secondary procedure with vein
patch venoplasty using the great saphenous vein to widen the confluence of the transposed LRV

and the IVC (Figure 4).

Outcome measures and follow-up protocol
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The primary outcome measures were technical success, 30-day major adverse events, and
reintervention during follow-up. The secondary outcomes were operating time, average blood
loss, need for blood transfusions, ICU stay, and mean duration of hospitalization.

Postoperative follow-up appointments were scheduled at the outpatient clinic at 1, 3, 6, and 12
months after surgery, followed by annual visits thereafter. Ultrasounds were conducted during

each visit, with a CT scan scheduled at the 3-month mark for comprehensive evaluation.

Results

There were no early (<30 days) complications nor reinterventions reported. The average
operating time was 159 minutes (range 138-180 minutes) with an average blood loss of 205
mL (range 100-400 mL). There was no need for blood transfusions.

None of the patients required postoperative Intensive Care Unit (ICU) admission and the mean
length of hospitalization was 3.5 days (range 3-5 days). At average follow-up of 18.8 months
(range 3-83) one patient reported persistent hematuria 3 months postoperatively and therefore
underwent a secondary transposition procedure which incorporated patch venoplasty using the
great saphenous vein. This ultimately leads to symptom resolution. In the remaining patients,
symptoms resolved after the index operation. Postoperative CTA performed by all the patients

confirmed patent LRV without signs of new compression.

Discussion
The management of NCS remains a challenging clinical scenario, and the selection of an

appropriate therapeutic approach necessitates careful consideration of the patient's clinical
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presentation and the severity of the syndrome. Several treatment options are available,
including conservative management, endovascular interventions, and surgical correction.
Conservative management is usually proposed in mild cases or when the symptoms are
manageable by pain control and close monitoring,®’ especially in the pediatric population.®
Patients are often advised to maintain adequate hydration and avoid activities that exacerbate
symptoms. Pharmacological interventions, including Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs), angiotensin converting enzyme inhibitors® and anticoagulants, have been used to
alleviate symptoms such as pain and hematuria. These treatments aim to reduce inflammation,
orthostatic proteinuria and minimize clot formation within the renal vein.

Endovascular interventions, such as renal vein stenting and angioplasty, have gained
prominence in recent years.!? These techniques aim to relieve the compression of the LRV and
improve blood flow. However, their long-term efficacy and safety profile require further

411 A recent review by Fuentes-Perez et al. instead analyzes the rate of

investigation.
complications and recurrences in endovascular and laparoscopic extravascular stent placement.
After endovascular stenting, symptoms resolved in 76% of cases, while extravascular stenting
resulted in symptom resolution in 83% of cases. Out of 185 patients, 9 necessitated
reintervention following endovascular stenting, while none required reintervention after
extravascular stenting.!?

Surgical correction such as nephropexy, venous bypass, renal vein transposition or renal
autotransplantation, may be considered in severe and refractory cases.!>!> These procedures

are typically reserved for patients with severe symptoms or complications. A recent minimally

invasive surgical treatment consists of laparoscopic extravascular stenting.
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In our retrospective study, we focused on a cohort of four patients diagnosed with severe NCS
who were candidates for surgical treatment. Our findings shed light on both the outcomes of
the surgical intervention and the long-term follow-up of these patients.

Hematuria and left flank pain are frequently encountered symptoms in NCS, stemming from
the compression of the left renal vein between the aorta and the SMA. Interestingly, none of
the patients in our cohort exhibited varicocele, which is another commonly reported symptom
of NCS.

Surgical intervention is often considered in patients with severe NCS who fail to respond to
conservative management. In our study, all patients underwent left renal vein transposition, a
well-established surgical technique for NCS, after failure of a well-conducted conservative
approach. The procedure was performed with meticulous care by an experienced surgeon, and
the outcomes were generally favorable. Notably, none of the patients required postoperative
ICU admission, indicating the safety and feasibility of the surgical approach in our setting.
The relatively short average hospital stay of 3.5 days in our study further supports the notion
that left renal vein transposition can be performed with minimal postoperative morbidity,
allowing for a swift recovery and hospital discharge.

Our study also provides valuable insights into the long-term outcomes of surgical intervention
for NCS. The average follow-up period of 18 months allowed us to monitor patients for
potential early and mid-term postoperative complications and symptom recurrence. One patient
reported persistent hematuria three months after the initial surgery, needing a secondary

procedure with the application of a great saphenous vein patch.
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Our case of early recurrence needing a reintervention deserves some technical remarks. First,
patients reporting symptoms for several years, which is often the case for this under-diagnosed
condition, may develop intense fibrosis around the distal portion of the LRV as it crosses the
anterior aspect of the aorta. This was the case for our short-term failure in the 23-years female
patient complaining of haematuria and left flank pain for over five years, with a trend toward
progression in the last two. At the first intervention, we faced intense fibrosis surrounding the
vein and a stricture due to scar tissue. This was not evident both at echography and at contrast-
enhanced CT scan as both exams evidenced a tight compression of the vein but could not make
a clear distinction between a functional stricture, leaving an intact vessel wall when
decompressed, and an anatomical stricture due to scar tissue making the distal part of the LRV
unusable for caudal transposition. Once freed by careful sharp dissection from the surrounding
fibrosis, the distal 8 to 10 millimeters of the vein presented an intrinsic tight stricture, and we
decided to discard this segment to obtain a large vein wall suitable for caudal re-implantation
on the IVC. Despite adequate mobilization of the entire LRV by cutting the left ovarian and the
supra renal veins, the suture was eventually somewhat in tension, leading to early recurrence
of symptoms.

The reintervention was carried out three months after, and we faced an even more intense
fibrosis and stricture at the level of the anastomosis. To treat this, we could either completely
replace the diseased segment of the LRV or attempt to patch it to correct the stricture.

For the first solution, the greater saphenous vein, previously measured at echo, was 3.2
millimeters large and had been judged insufficient for replacement, even if it could have been

fit for a collar or a short spiral graft. An alternative solution could be an internal jugular free
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vein graft, with the inconvenient of an additional scar in the neck of this young lady. We,
therefore, decided to use the greater saphenous vein to make a roof patch on the suture
encompassing the distal LRV and the anterior aspect of the IVC to correct the stricture.

This experience outlines the need to be aware of the fibrosis of the distal LRV as a possible
cause of recurrence in patients with long-standing disease and to be ready to face and treat this
situation with a more demanding and time-consuming technical solution. Also, the patient
should be previously informed about the possibility of a longer operation and an additional scar
in the upper thigh or in the neck for vein harvesting, as in such a delicate situation, a synthetic
patch would not be advisable.

In Erben ef al.’s 2015 article on 36 cases of NCS treated surgically at the Mayo Clinic between
1994 and 2014, 11 cases of reintervention were reported (30.5%).'® This underscores the
importance of continued postoperative follow-up and the need for potential re-intervention in
select cases to achieve symptom resolution.

While our study offers insights into the surgical management of severe NCS, it is important to
acknowledge its limitations, including the small sample size and the absence of a control group.
Moreover, the long-term effectiveness of left renal vein transposition in preventing symptom
recurrence warrants further investigation in larger cohorts and through comparative studies

with other surgical or endovascular approaches.

Conclusions
In conclusion, our study highlights the safety and efficacy of left renal vein transposition in the

surgical management of severe NCS. While the initial outcomes were generally favorable,
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persistent symptoms in one patient underscore the need for continued postoperative
monitoring. As the understanding of NCS and its management evolves, further research is

essential to refine surgical techniques and optimize long-term outcomes for affected patients.
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Figure 1. Preoperative computed tomographic angiography showing A) the small aorto-
mesenteric angle (17°) between Superior Mesenteric Artery (SMA) and abdominal aorta B)
that compress the left renal vein (white arrow) with a consequent pre-stenotic dilatation (black

arrow).
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Figure 2. Intraoperative photograph of a dilated Left Renal Vein (LRV) with the impression

of the Superior Mesenteric Artery (SMA) due to prolonged compression.
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Figure 3. Intraoperative photograph showing the completed renal transposition.
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Figure 4. Intraoperative photograph of the completed procedure comprising saphenous vein

patch venoplasty.
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