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Abstract

The nutcracker syndrome is the compression of the left renal vein (LRV) between the superior mesenteric artery and the abdominal aorta. LRV thrombosis associated
with nutcracker syndrome is extremely rare with only a few cases reported. However, the predisposing factors of LRV thrombosis complicating nutcracker syndrome
remain unclear. We report the case of a young woman diagnosed of thalassemia minor and hypothyroidism who received oral contraceptives during 12 months. She
presented with acute onset of left side flank pain and a computed tomography (CT) revealed LRV thrombosis caused by local compression by anterior nutcracker
syndrome. The patient received bemiparin 5,000 U/day subcutaneously for one week, later converted to oral acenocoumarol. Six months afterwards doppler ultrasound
(DU) revealed resolution of her LRV thrombosis. A CT at 9 months confirmed the complete resolution of the thrombus, persistent LRV compression by nutcracker
syndrome, left gonadal vein dilatation and pelvic varices. On thrombophilia testing, at 15 months, she was also found to have heterozygous factor V Leiden mutation.
After 23 months of anticoagulation, a new CT with three-dimensional reconstruction showed the complete LRV recanalization and a decrease of the left gonadal
vein dilation. This case demonstrates that LRV thrombosis should be evaluated for risk factors including thrombophilia conditions. CT and DU were effective in
documenting LRV thrombosis, their evolution and the underlying lesions non-invasively and long-term anticoagulation was an efficient and safe treatment. We also

reviewed the reported cases of LRV thrombosis complicating nutcracker syndrome and discussed the clinical facts and the management.

Introduction

The nutcracker syndrome is an uncommon clinical entity caused
by extrinsic compression of the LRV with two anatomical variants:
anterior with the LRV compression between the superior mesenteric
artery and the abdominal aorta or posterior between the aorta and the
vertebral column [1,2]. This condition can cause an asymptomatic
dilatation of the distal portion of the LRV or produce macro or micro
hematuria, gonadal vein dilatation, gonadal varices, varicocele, ovarian
vein syndrome, pelvic congestion syndrome, orthostatic proteinuria
and back pain [1-3]. Confirmation diagnosis is by DU, magnetic
resonance imaging (MRI) and/or CT [1-3]. Treatment can vary,
depending on patient characteristics and the severity of the symptoms,
while conservative treatment, open surgery, and endovascular or
extravascular surgery may be employed [4].

Thrombosis of LRV may be idiopathic or influenced by coexisting
hypercoagulable risk factors [5-8]. Some studies consider venous
compression by anatomic variations in the pancreas mimicking
nutcracker syndrome to be the cause of thrombosis of LRV and
other veins, perhaps because of retrograde stasis [9,10]. However,
the LRV thrombosis is a very rare complication in the isolated
nutcracker syndrome with only 4 cases reported [11-14]. In addition,
the predisposing factors of LRV thrombosis complicating nutcracker
syndrome remain unclear. We report a new case in a 24-year-old
female with anterior nutcracker syndrome which debuted with LRV
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thrombosis and was treated with chronic anticoagulation resulting in
complete recanalization of the LRV thrombosis. To our knowledge
this is the first case of LRV thrombosis complicating nutcracker
syndrome with several associated risk factors (genetic and acquired)
for hypercoagulability such as thalassemia minor, Factor V Leiden
heterozygosity and oral contraceptive treatment, successfully treated
with long-term anticoagulation. We also performed a review of the
literature.

Case report

A 24-year-old Caucasian woman presented with complaint of
sudden onset of left side flank pain and vomiting for 5 days. There was
no history of voiding difficulty or burning micturition. No past history
of renal calculus disease or any surgical intervention was noted. At the
age of 12 years she was diagnosed of thalassemia minor (microcytosis
and hypochromia) and hypothyroidism and received treatment
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with levothyroxine 112 micrograms/day. On physical examination,
tenderness was noted over left flank, but did not reveal any masses
or vascular murmurs and rest of the abdominal examination was
normal. She had an arterial blood pressure of 100/60 mmHg, a regular
heart rate of 72 beats/min and a respiratory rate of 16 breaths/min.
Her chest was clear to auscultation on both sides and she had normal
heart sounds. Both legs presented tight non foveal edema down to
her knees. The Hoftman sign was negative and her calves were pain
free. The peripheral arterial pulses were symmetrical. The weight was
50 Kg and body mass index (BMI) was 19.3 Kg/m? The results of the
blood count revealed: hemoglobin 12 g/dl, mean corpuscular volume
(MCV) 73.7 fl, mean corpuscular hemoglobin (MCH) 21.3 pg, mean
corpuscular hemoglobin concentration (MCHC) 28.9 g/dl, hematocrit
41.5%, and red blood cells (RBC) 5.63x10%/pul. Urinalysis was normal.
Coagulation profile and platelet counts were also normal. Her renal
function was normal with an estimated glomerular filtration rate
(eGFR) of 124 ml/min/1.73 m* according to chronic kidney disease
epidemiology collaboration (CKD-EPI) formula for Cystatin C and
proteinuria was negative. A CT of the abdomen showed compression
of the LRV caused by the superior mesenteric artery and the abdominal
aorta, leading to dilation of the proximal segment, with an intraluminal
thrombus and with thickening of the walls (Figure 1A and 1B) and
dilation of the collateral peri-renal and peri-ureteral venous system.
Right kidney and bladder were normal. Family history revealed that her
father, mother and two brothers also had hypothyroidism. Her father
and paternal grandmother also had thalassemia minor. Her maternal
grandfather presented a stroke at the age of 40 years. At the age of 23
years the patient received oral contraceptive treatment (Drosure®) that
was maintained during 12 months. At admission oral contraceptive
was discontinued. She received intravenous fluids for hydration and
immediate anticoagulant therapy was started, using bemiparin 5,000
U/day, subcutaneously, of for 7 days. Patient was switched over to
oral acenocoumarol therapy afterwards, which was then continued for
15 months. In follow-up at 6 months, DU showed that the thrombus

found in the previous test had disappeared, good phasic flows in the
LRV with no clinical findings suggestive of post-thrombotic syndrome.
A control CT at 9 months confirmed the complete resolution of the
thrombus, left gonadal vein dilatation (diameter 9 mm) and ipsilateral
pelvic varices. The angle between aorta and superior mesenteric artery
was approximately 17° (Figure 1C). After 15 treatment months, oral
anticoagulation was stopped for 2 weeks (was changed to bemiparin)
to ascertain the thrombophilia profile, which showed Factor V Leiden
heterozygote mutation (G1691A). Her mother and 2 brothers also
showed to be carriers of Factor V Leiden heterozygote mutation.
Anticoagulation with acenocoumarol was restarted and continued
lifelong. Renal function remained normal (eGFR 123 ml/min/1.73
m?) and proteinuria negative throughout the follow-up period.
After 23 anticoagulation months, a new CT of the abdomen with
three dimensional reconstruction showed compression of the LRV
caused by the superior mesenteric artery and the abdominal aorta,
leading to dilation of the proximal segment, without evidence of
thrombus, a decrease of the venous varicosities of the renal pelvis,
ureter, and dilation of the left gonadal vein (diameter 7 mm) (Figure
1D and 1E).

Discussion

Anterior nutcracker syndrome is usually caused by the trapping
of the LRV between the superior mesenteric artery and the abdominal
aorta. Posterior nutcracker syndrome is caused by the compression of
the retroaortic LRV between the abdominal aorta and the vertebral
column [1,2]. The true prevalence of nutcracker syndrome is unknown,
although it is known that it occurs predominantly in healthy, thin
individuals between 20 and 40 years of age and preferentially in women
[1-3]. However, it might be underdiagnosed. Clinically, macro and
micro hematuria is the most common finding, followed by proteinuria,
pain on the left flank side, dyspareunia, dysmenorrhea, dysuria,
varicoceles, and pelvic varices.

Figure 1. A and B) Axial and coronal CT imaging showing the left renal vein compressed between the superior mesenteric artery and the abdominal aorta (Ao) prior to entry in the inferior
vena cava (VC) and a filling defect within the proximal portion of the left renal vein caused by the thrombus (arrow). There was also dilation of the left peri-renal and peri-ureteral venous
system. C) Sagital CT imaging showing an angle of 17° between the superior mesenteric artery and the abdominal aorta (Ao). D) Coronal CT imaging showing dilation of the collateral
peri-renal venous system, dilation of the left gonadal vein (arrow) and ipsilateral pelvic varices. E) Coronal CT imaging with three-dimensional reconstruction showing the left renal vein
(arrow) compressed between the superior mesenteric artery and the abdominal aorta (Ao) with complete disappearance of the thrombosis after 23 months of anticoagulation. There was no

apparent impeded outflow from the left renal vein into the inferior vena cava (VC)
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Renal vein thrombosis is a rare condition. According to Virchow’
triad, endothelial injury, hypercoagulability and stasis are the principal
pathological factors responsible [6-8]. Generally, thrombotic events
involve at least two factors, although one may be sufficient. It is
more common in nephrotic syndrome, in severely hypotensive
neonates, traumas, surgery, infections, neoplasias, vasculitis, venous
compressions, contraceptives and myeloproliferative diseases [6].
There is also thrombophilia of genetic origin. Thalassemia syndromes
are a heterogeneous group of hemoglobin disorders due to decreased
or absent production of normal globin chains that can be broadly
characterized as a- or P-thalassemias, depending on the defective
globin chain [15]. The a-thalassemias are the most common genetic
diseases worldwide and are characterized by a reduction or complete
absence of a-globin gene expression. Thalassemia minor is a disorder
with a high prevalence in Spain characterized by a hypercoagulable
state. There is evidence for increased risk of thrombosis in patients with
B-thalassemia intermedia and major [15,16]. This hypercoagulable state
primarily results from abnormalities in pathologic RBC and platelets,
coagulation factor defects (protein C) and endothelial inflammation,
ultimately leading to thrombosis or other types of vascular disease
[15,16]. Factor V Leiden mutation (G1691A) have been well established
risk factor [17,18] and it is the most prevalent genetic mechanism
for inherited hypercoagulable states among the general Caucasian
population, with approximately 5% of the population harboring the
mutation [17]. The mutation is caused by a single change from guanine
to adenine in the nucleotide 1691 at the exon 10 at the factor V gene of
the coagulation cascade. It is associated with a 7-fold increased risk of
venous thrombosis in heterozygote individuals and a 50-fold to 100-
fold increased risk of venous thrombosis in homozygote individuals
[18,19]. The clinical expression of Factor V Leiden is influenced by
coexisting risk factors. Thus, it interacts with external risk factors
such as pregnancy, oral contraceptives, surgery, and travel [20]. Oral
contraceptives containing an estrogen and a progestogen increase the
risk of venous thromboembolism via increased levels of thrombin and
fibrin, as well as the levels of almost all coagulation factors [21]. Plasma
from patients taking oral contraceptives containing an estrogen and a
progestogen is also resistant to the anticoagulation effect of activated
protein C, an independent risk factor for venous thromboembolism
[21]. Oral contraceptives containing an estrogen and a progestogen
also increase the levels of factor VII activating protease, which activates
factor VII, thus initiating the extrinsic pathway of the coagulation
cascade [21].

LRV thrombosis associated with isolate nutcracker syndrome is a
very rare entity, and only 4 cases were found reviewing the literature [11-
14]. We report a new case in a young female with anterior nutcracker
syndrome which debuted with LRV thrombosis. Our patient had a low
BMI with two associated genetic prothrombotic risk factors such as

thalassemia minor and Factor V Leiden heterozygote mutation and the
co-inheritance of both disorders could exacerbate the hypercoagulable
state. Since our patient was asymptomatic until received oral
contraceptive treatment during 12 months, the concomitant use of
oral contraceptives could be considered a trigger factor for venous
thrombosis. Thus, it is known that the risk of venous thromboembolism
may increase by 30- to 60-fold in heterozygous Factor V Leiden
carriers taking oral contraceptives [21]. Finally, dehydration produced
by vomiting could increase the blood stasis caused by the nutcracker
syndrome and could therefore have contributed to the pathogenesis of
the thrombosis in this patient.

Four of the 5 reported cases of nutcracker syndrome and thrombosis
of LRV (including the present) (Table 1) were young females, 3 with
BMI values relatively low. In 4 of the 5 reported cases there was one
or several procoagulant risk factors (in one no mentioned): in our case
there was two associated genetic prothrombotic risk factors, in one
case there was a congenital coagulation mutation (low antithrombin III
levels), in one case there was a nephrotic syndrome, in other case there
was endometrial cancer, and in other 2 cases there was the antecedent
of previous oral contraceptive treatment. In all patient, blood stasis
caused by the nutcracker syndrome (in 4 of the 5 cases anterior) may
therefore have contributed to the pathogenesis of the LRV thrombosis.
The analysis of the 5 reported cases show that the nutcracker syndrome
could be a risk factor of LRV thrombosis, but especially if coexist with
another thrombogenic factor. CT of the abdomen was the procedure
of choice in the diagnosis of the LRV thrombosis and nutcracker
syndrome in all cases. It helps to reveal the thrombus extension and
is able to evaluate the aorto-mesenteric angle; possible compression
and dilation of the LRV; filling defects; endoluminal blood clots; and
signs of chronic thrombosis, such as thickening of the vessel walls and
calcifications. With regard to the LRV thrombosis management, in all
patient oral anticoagulation was the main treatment which resulted
in LRV thrombus resolution and/or renal vein recanalization in 4
cases (including our case). In one case the evolution was not reported
(Table 1). Recently, has been reported a case of nutcracker syndrome
and spermatic vein thrombosis associated to the presence of a factor V
Leiden heterozygous mutation successful resolved with anticoagulation
[22]. On the other hand, treatment of the anterior nutcracker syndrome
is controversial and different treatment options have been proposed
for this syndrome, including follow-up, conservative treatment, and
surgical therapy [4,23-25].

Conclusion

In conclusion, we believe our case to be the first case reporting an
association between LRV thrombosis caused by anterior nutcracker
syndrome compression with several associated hypercoagulable
state risk factors (genetic and acquired) such as: thalassemia minor,
Factor V Leiden heterozygosity and oral contraceptive treatment.

Table 1. Summary of the reported cases of nutcracker syndrome complicated by LRV thrombosis

Author Sex Age Thrombogenic factor Location |Treatment Outcome
. Membranous glomerulonephritis with . Anticoagulation with heparin followed by Resolution of the thrombus
Cakir, et al. [11] M 36 nephrotic syndrome Posterior warfarin 25 days+ immunosupressors Proteinuria decreased to 1 g/24 h
Mallat, et al. [12] F 24 Not reported Anterior Antlcoggulat.lon with heparin followed by Resolution of the thrombus at 3
warfarin during 6 months weeks
Oral contraceptives Stop oral contraceptives
Mahmood, et al. [13] |F 27 . P Anterior | Anticoagulation with heparin followed by No report about evolution
Low antithrombin III levels . .
warfarin during 6 months
Nakashima, et al. [14] F 43 Cancer Anterior | Anticoagulation Resolution
Oral contraceptives Stop oral contraceptives .
Current report F 24 Thalassemia minor Anterior | Anticoagulation with bemiparin followed by Resolution of the thrombus

Heterozygous Factor V Leiden
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This case and other studies clearly demonstrate that LRV thrombosis
must be evaluated for thrombophilia conditions. Thus, we would
like to alert to our colleagues the necessity of checking for more than
one pathogenic cause in LRV thrombosis. Treatment of renal vein
thrombosis is anticoagulation, while thrombolysis and thrombectomy
is only reserved for selected cases. In our opinion, the most appropriate
treatment approach is long-term oral anticoagulation in those patients
with thrombophilia, with a strong recommendation to avoid additional
thrombosis risk factors such as smoking, hormonal contraceptives,
immobilization or unusual physical activity. In case of pregnancy
appropriate follow-up also should be recommended. However, more
individuals treated with anticoagulation will need to support this fact.
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