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ABSTRACT

Objective: Nutcracker syndrome (NCS) is a rare condition caused by the compression of the left renal vein 
between the abdominal aorta and superior mesenteric artery. The purpose of the study was to evaluate 
our management of NCS.
Methods: Patients were retrospectively reviewed and sex, age, main symptoms at application, physical 
examination, radiological findings, laboratory examinations, and treatment were recorded.
Results: 23 patients (16 girls, 7 boys; age range, 5 to 16) diagnosed with NCS. Microhematuria was 
detected with 14 (60.8%) patients before diagnosis. And four of 9 (39.1%) were determined after 
diagnosis. Microhematuria was not detected in 5 (21.7%) of the patients. All patients (100%) had 
orthostatic proteinuria. 17 (73.9%) patients had mild, 3 (13.0%) patients had moderate and 3 (13.0%) had 
severe proteinuria. The mean diameter of the left renal vein (LRV) at the aortomesenteric (AM) portions 
and the hilar were 1.69mm±0.70 and 8.01mm±2.27. The mean angle between the superior mesenteric 
artery and LRV was 25.26º±7.98.
Conclusion: In the case of especially colic flank pain, hematuria, and proteinuria NCS should keep in mind 
in the differential diagnosis. Surgical management may supply more enough clinic improvement when the 
patient has a response to medical therapy.
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ÖZ

Amaç: Nutcracker sendromu (NCS), abdominal aorto ve superiar mezenterik arter arasındaki sol renal 
venin sıkışmasından kaynaklanan nadir bir durumdur. Çalışmanın amacı, NCS tanısı konulan hastalara 
genel yaklaşımımızı değerlendirmektir.
Yöntem: Hastalar retrospektif olarak incelendi ve cinsiyet, yaş, uygulamadaki ana semptomlar, fizik mua-
yene, radyolojik bulgular, laboratuvar muayeneleri ve tedavi kaydedildi.
Bulgular: 23 hasta (16 kız, 7 erkek; yaş aralığı, 5-16) NKS tanısı aldı. Tanıdan önce 14 hastada (%60,8) 
mikrohematüri saptandı. Teşhisten 9 taneden dördünde (%39,1) tanı aldıktan sonra belirlendi. Hastaların 
5’inde (%21,7) mikrohematüri saptanmadı. Tüm hastalarda (%100) ortostatik proteinüri vardı. 17 (%73,9) 
hastada hafif, 3 (%13,0) hastada orta, 3 (%13,0) hastada ciddi proteinüri vardı. Aortmezenterik (AM) ve 
hilerde sol renal venin (LRV) ortalama çapı 1.69mm±0,70 ve 8,01mm±2,27 idi. Üst mezenterik arter ve LRV 
arasındaki ortalama açı 25,26±7,98 idi.
Sonuç: Özellikle kolik yan ağrısı, hematüri ve proteinüri olması durumunda NCS ayırıcı tanıda akılda tutul-
malıdır. Cerrahi tedavi, hasta tıbbi tedaviye yanıt verdiğinde daha fazla klinik iyileşme sağlayabilir.
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INTRODUCTION

Nutcracker syndrome (NCS) is a rare condition caused 
by the compression of the left renal vein (LRV) between 
the abdominal aorta and superior mesenteric artery 
(SMA). Nutcracker Phenomenon (NP) is an asymptomatic 
finding of LRV squeeze, however, NCS is a complex of 
clinical signs and symptoms differently from NP (1). The 
syndrome was first defined anatomically by Grant in 1937 
as: “the left renal vein, as it lies between the aorta and 
superior mesenteric artery, resembles a nut between the 
jaws of a nutcracker” (2). In the etiology of the disease, 
rapid growth in the puberty period is accused of maturation 
of vertebral body and angle between SMA and aorta 
narrows (2). NCS typically presents with left flank pain, 
hematuria, orthostatic proteinuria, orthostatic intolerance, 
and gonadal varices (varicocele or ovarian vein syndrome) 
(1,3,4). Diagnosis is made by ultrasonography, color Doppler 
ultrasonography, computed tomography angiography, or 
magnetic resonance angiography (5-9). The treatment ranges 
from a conservative approach to open surgery according to 
the patients’ clinic and severity of the disease.

We performed a retrospective review of patients 
diagnosed with NCS in our institution and aimed to 
evaluate the clinical characteristics and management of 
23 patients with this condition.

MATERIAL and METHOD

We retrospectively reviewed 23 cases of NCS (16 girls, 
7 boys; age range, 5 to 16) from 2013 to 2018 at our 
Pediatric Nephrology and Pediatric Surgery Department in 
Karadeniz Technical University, Faculty of Medicine. The 
clinical characteristics of the patients, main symptoms at 
application, physical examination, radiological findings 
(renal Doppler ultrasonography, magnetic resonance 
angiography, computed tomography angiography), 
laboratory examinations, and clinical management were 
analyzed retrospectively. 

The diagnosis was based on the clinical (colic flank 
pain), laboratory findings (microhematuria, proteinuria 
-spot and 24-hour protein excretion- and orthostatic 
proteinuria), and the findings of renal Doppler 
ultrasonography, magnetic resonance (MR), and computed 

tomography (CT) angiographies. All patients have done 
renal Doppler ultrasonography before and after exercise 
and measured the diameter of the LRV at the 
aortomesenteric (AM) portions and the hilar region and 
the mean angle between the superior mesenteric artery 
and the LRV. Some patients need also MRI or CT 
angiographies. Patients with an angle between the 
superior mesenteric artery and the left renal vein less 
than 35°-40° were diagnosed with NCS.

Microhematuria was defined as while urine color was 
normal, the presence of 5/HPF erythrocyte in urine 
microscopy, and blood reaction positivity in dipstick test. 
Proteinuria in spot urine was defined as protein/creatinine 
ratio (mg/mg) is 0.2-1: mild, 1-3,5: moderate, >3,5 heavy 
proteinuria.  Daily urinary protein excretion in 24-h urine 
(mg/m2/h) was defined as 4-10 mild, 10-40   moderate, and 
> 40 as severe. Proteinuric patients are evaluated for the 
presence of orthostatic proteinuria.  The patients woke up 
2 hours or more at night and discharged their bladder. 
Urine analysis and spot urine protein and creatinine ratio 
were examined as soon as they got out of bed in the 
morning. Proteinuria is negative in the dipstick test and 
the spot urine protein/creatinine ratio in mg/mg <0.2 was 
defined as orthostatic proteinuria.

All patients’ urine analysis, renal function tests, 
electrolytes, complete blood count, and blood pressures 
were normal. The patients who have other urological 
disorders were excluded from the study. 

Statistical Analysis
Analyses were performed using the Statistical Package 

for the Social Sciences 18.0 (SPSS). The characteristics of 
the patients were determined using descriptive statistics. 
Parameters compatible with normal distribution were 
defined as mean ± standard deviations. 

RESULTS

We retrospectively investigated 23 children who were 
diagnosed as having NCS from 2013 to 2018 of which 16 
(65.6%) were female and 7 (34.4%) were male. The mean 
age of our patients was 12.04±2.96 years (range 5 to 16). 
All patients complained of colic left flank pain to the 
hospital. They all resorted to the emergency and needed 
a painkiller again and again.
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14 (60.8%) patients had microhematuria before 
diagnosis. Four of 9 (39.1%) patients without 
microhematuria were determined microhematuria after 
diagnosis. Microhematuria was not detected in 5 (21.7%) 
of the patients.

All patients (100%) had orthostatic proteinuria. 17 
(73.9%) patients had mild, 3 (13.0%) patients had moderate 
and 3 (13.0%) had severe proteinuria.

We successfully obtained renal Doppler ultrasonography 
before and after exercise and MRI angiographies from LRV 
at the AM and hilar portion in 22 patients. Only one 
patient underwent CT angiography after renal Doppler 
ultrasonography. All patients in our study were diagnosed 
with anterior NCS. The mean diameter of the LRV at the 
AM portions and the hilar were 1.69mm±0.70 and 
8.01mm±2.27. The mean angle between the superior 
mesenteric artery and the LRV was 25.26º±7.98; all 

patients’ values were under 40° (Table 1). Radiological 
images of one of the patients who underwent surgery were 
shown in figures. The length between the abdominal aorta 
and superior mesenteric artery was 44 mm (Figure 1a) and 
the length between the abdominal aorta and superior 
mesenteric artery was 17 mm (Figure 1b) before exercise. 
The aorta mesenteric angle was 28 degrees (Figure 2a) 
before exercise; 22 degrees (Figure 2b) after exercise.

A total of our twenty (82%) patients responded to 
medical treatment. Medical treatment includes painkillers, 
exercise restriction, and posture correction.

Surgical Procedures
A total of three patients had refractory colic pain and 

proteinuria. There was no clinical or laboratory 
improvement despite exercise limitation and painkillers 
applied to other patients. Surgical treatment was applied 
to these three patients whose quality of life deteriorated 
and did not respond to medical treatment. The aim of the 
surgery should be to remove the pressure on the renal 
vein, protective vessel graft placement or venous 
transposition surgery was preferred.

Our 3 patients (18%) who underwent surgery have 
serious recurrent colic flank pain and resistant proteinuria 
(especially 2 of them in 24-hour protein excretion). Left 
renal vein transposition has been done on two patients. 
We preferred the abdominal laparotomy approach for 
these patients. We have found and changed the position 
of the LRV relative to the SMA and aorta. The left renal 
vein, which was trapped between the aorta and SMA, was 
released by carefully sharp and blunt dissections and fixed 
more inferiorly. We did not need excision and anastomosis 
to the LRV. We checked the current in the LRV and ended 
the process. 

A protective vessel graft was placed around the left 
renal vein of one of the patients and her CT angiography 
images were shown in Figure 1a,b,c, and Figure 2a,b. At 
the hilus level, the left renal vein diameter was measured 
as 70 mm at rest and 83 mm after exercise. The length 
between the abdominal aorta and superior mesenteric 
artery was 44 mm at rest and 17 mm after exercise. The 
aorta mesenteric angle was 28 degrees at rest and 22 
degrees after exercise. The angle was too narrow and 
there was no clinical improvement with medical 
treatment. 

Table 1. Baseline clinical characteristics and left renal vein fin-
dings of the study.

Variables

Age (years)

Gender, n (%)

Clinical findings, n (%)                   

Microscopic hematuria, n (%) 
Before diagnosis
After diagnosis
Undetected

Ortostatic proteinuria n (%)

Proteinuria
Mild
Moderate
Severe

LRV findings
Diameter at the AM portion (mm)
Diameter at the hilar portion (mm)

Angle between SMA and LRV

Treatment, n(%)
Conservative
Surgery

Study population
(n=23)

12.04±2.96 (5-16)

 female, 16 (65.6%)
 male, 7 (34.4%)

Colic flank pain, 23 (100%)

14 (60.8%)
4 (17.3%)
5 (21.7%)

23 (100%)

17 (73.9%)
3 (13.0%)
3 (13.0%)

1.69 mm±0.70 
8.01 mm±2.27

25.26º±7.98

20 (86.9%)
3 (13.0%)

Parameters compatible with normal distrubution were defined 
as mean±standard deviations. LRV=Left renal vein, 
AM=Aortomesenteric, SMA=Superior mesenteric artery. 



12

İzmir Dr. Behçet Uz Çocuk Hast. Dergisi 2021;11(1):9-14

Figure 1a. Renal ven computed tomography angiography images 
before exercise, The length between abdominal aorta and supe-
rior mesenteric artery (44mm) marked with a red arrow.

Figure 1b. Renal ven computed tomography angiography images 
after exercise, The length between abdominal aorta and superi-
or mesenteric artery (17mm) marked with a red arrow.

Figure 2a. Renal ven computed tomography angiography images 
before exercise, the aorta mesenteric angle was 28 degrees marked 
with a red arrow.

Renal ven computed tomography angiography images after 
exercise, the aorta mesenteric angle (22 degrees) marked 
with a red arrow.
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The patients, who did not repeat the complaints 
during the follow-up, was discharged following the urine 
microscopy. On the control examination, it was learned 
that the pain attacks and the microscopic hematurias did 
not recur. 

DISCUSSION

Nutcracker syndrome (NCS) is a rare 
anatomicopathological condition defined as the 
compression of LRV between the abdominal aorta and 
the superior mesenteric artery (5,10). Also, NCS is defining 
as anterior and posterior versions. Most variants of 
developmental LRV are the circumaortic and the retrocaval 
LRV. When the LRV is entrapping between the aorta and 
SMA called anterior NCS; whereas occurs between the 
vertebral column and the aorta called posterior NCS (1). 
All patients in our study were anterior NCS. Physiologically, 
the angle between the superior mesenteric artery and 
the left renal vein is mostly between 35°-40°. Nutcracker 
syndrome should be diagnosed when this angle decreases. 
All patients’ angles were narrow. Diagnosis is made by 
ultrasonography, color flow Doppler ultrasonography, 
computed tomography angiography, or magnetic 
resonance angiography (5-8). We first performed Doppler 
ultrasonography on our all patients and then were 
diagnosed with MRI and CT angiographies.

NCS is mostly seen in young and middle-aged ladies 
and usually presents ranging from asymptomatic to 
variable clinical symptoms like recurrent renal colic pain, 
micro or macroscopic hematuria, orthostatic proteinuria, 
and proteinuria attacks similar to our patients (2,6). Her 
colic pains occurred after exercise. The pathology of 
hematuria is secondary to the rupture of septum 
separating veins because of increased left renal vein 
pressure and venous hypertension (6,11-13). Our only 5 
patients had no hematuria for any time. We showed 
orthostatic proteinuria in all our patients. 17 of our 
patients had mild, 3 had moderate and three others had 
severe proteinuria.

The management of NCS is based on the evaluation of 
the pathologic anatomy and physiology; and the treatment 
varies from a conservative approach to nephrectomy 
(progressive hematuria, proteinuria, and pain affecting 
daily life) depending on the patient’s clinic and the 

severity of the disease (14). Medical treatment(exercise 
restriction, painkillers, and posture correction), surgical, 
intravascular, or extravascular stent implantation, or 
intrapelvic chemical cautery are used in the treatment. In 
cases with NCS, major surgery is frequently performed in 
the form of renal retransposition, renal vein direct or graft 
reimplantation, medial nephropexy, left renal vein bypass, 
superior mesenteric artery (SMA) transposition, renal-to-
inferior vena cava shunt, and nephrectomy (7,11).

Barnes et al. (15) first described extravascular stent in 
1988. It is also an open surgery and some  
the complication may occur like in-stent stenosis, fracture, 
migration, or erosions. In the literature, some series 
preferred surgery as the first choice; however, conservative-
medical treatment must be preferred at the first choice in 
childhood, as in our series (16). Surgical treatment should 
be preferred in resistant cases because there is a risk of 
thrombosis and hypertension for these patients (17). 
Surgical treatment was performed in our three patients 
who did not respond to the painkillers, exercise restriction, 
and posture correction. Patients had resistant proteinuria 
and the aorta mesenteric angles were too narrow 
especially after exercises. Specifically, the narrowed 
aortomesenteric angle was so important and it was a 
guide for surgery for us. The application of protective graft 
around the left renal vein has been done successfully in 
our one patient and clinical success was achieved. Left 
renal vein transposition was done on our other two 
patients. We think that surgery should not be avoided in 
patients with recurrent flank pain and laboratory findings 
who do not respond to medical therapy. 

CONCLUSION

We recommend that in case of especially colic flank 
pain, proteinuria and hematuria NCS should keep in mind 
in the differential diagnosis. We finally suggest that 
surgical management may supply more enough clinic 
improvement when the patient has a response of medical 
therapy to prevent the risk of LRV thrombosis and 
hypertension. 

Ethics Committee Approval: Karadeniz Teknik Uni-
versity Faculty of Medicine Scientific Research Ethics 
Committee approval was obtained (2019/359).
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