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Objective: We aimed to evaluate the clinical profile and radiological findings of children with
nutcracker syndrome (NCS) and to assess the association between the parameters.
Methods: A retrospective analysis of the clinical, laboratory and radiological parameters of
children diagnosed with NCS between January, 2011 and October, 2017 was done.
Results: Of a total of 29 patients [19 girls, 65.5%] with NCS, having a mean (SD) age of 10.8
years, 72.4% had BMI <-2SD. Approximately half of the patients (51.7%) were
asymptomatic. Left flank pain was commonest (9/29; 31%) symptom, followed by
macroscopic hematuria (4/29; 13.8%). Isolated proteinuria was seen in 9 children. There
was no significant difference between the symptomatic and asymptomatic patients in terms
of Doppler ultrasonography findings. All patients were followed up conservatively, 5
received enalapril therapy for moderate proteinuria. Conclusion: NCS should be
considered in children, especially with low BMI, presenting with orthostatic proteinuria and

hematuria, with or without left flank pain after ruling out the common causes.
Keywords: Flank pain, Hematuria, Left renal vein, Proteinuria, Doppler ultrasound.

utcracker phenomenon refers to compression
of the left renal vein (LRV) most commonly
between aorta and superior mesenteric artery
[1], resultingindilatation of LRV andincreased
venous pressure. Nutcracker syndrome (NCS) or |eft renal
vein entrapment syndrome may be anterior NCS resulting
from compression of the renal vein between the aorta and
mesenteric artery, and posterior NCS resulting from
compression of the LRV between the aorta and corpus
vertebrae [1,2]. Patients with NCS often reman
asymptomatic and areusually diagnosed incidentally during
radiological examination. However, in some cases, it may
manifest as macroscopic hematuria, moderate to severe
proteinuria, severeflank painand varicocele[3]. Autonomic
disturbances and gonada vein syndrome (dysmenorrhesa,
dyspareuniaand varicocel€) haverarely been reported [4].

Thediagnosisof NCS, may be confirmed by rena vein
Doppler ultrasonography (DUS), computed tomography
angiography (CTA), magnetic resonance angiography
(MRA) or rend venography (RV). Though renal veinDUSis
an easy and non-invasive method with a sensitivity of 70-
90% and a specificity of 89-100% [5,6], there is no clear
consensus on the measurement va ues, thereby making the
assessment partially subjective.

Thisstudy was doneto describetheclinical, |aboratory
and radiologica findings of children diagnosed with NCS
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and to assess the relationship between the clinical features
andtheradiol ogical measurements.

METHODS

Thisretrospectivestudy included childrenfrom 0-18 yearsof
age, presenting to our child nephrology outpatient clinic
between January, 2011 and October, 2017, who were
diagnosed with NCS. Clinical symptoms and investigation
details were retrieved from records. Cases had been
diagnosed with NCS based on their symptoms, clinical
findings and left renal vein DUS findings. The study was
approved by theethical board of our hospital.

Findings of urinalysis wereinterpreted as per standard
recommendations|[7]. Radionuclide scintigraphy was done
to rule out scars in patients with proteinuria and recurrent
urinary tractinfection.

In children suspected to have NCS, the diagnosis had
been confirmed using pre-defined criteriaof DUS[3,8] viz.,
hilar/aortomesenteric diameter ratio of |eft rend vein>4; angle
between the superior mesenteric artery and the aorta <45°;
collateral  formation between rena hilum and
retroperitoneum; and, peak velocity ratios between aorto-
mesenteric and rena hilum portions>5. DUSwasdoneusing
ultrasonography device (Toshiba Aplio 500, Toshiba
Medical Systems) with high frequency linear and convex
probe. In asmall number of cases in which adequate data
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could not begenerated by DUS, CTA or MRA methodswere
used.

Satigtical analysis. IBM SPSS Statistics 24 program (IBM
Corp.) was used for gtatistical anadlysis. The relationships
between continuousvariableswereexamined by correla-tion
analysis. Comparison of independent groups was done
using Mann Whitney U test. The significance level was
taken as95% Cl and aP value<0.05.

RESULTS

A total of 29 patients[19 girls, 65.5%] with NCS, having a
mean (SD) age of 10.8(3.2) yearswereincluded. Themean
(SD) timeof follow-up was 39 months. Themean BMI was
15.8kg/m? (Tablel), with 72.4% havingaBM| <-2SD; nearly
half (51.7%) were asymptomatic. While the most common
symptom was left flank pain in 9 (31%) children, isolated
proteinuriawas the most frequent abnormality inurinein 9
(31%) children (Table I). There were no patients with
extrarenal symptoms. The mean (SD) 24-hour urine protein
excretion was 9.1 mg/m?h. None had nephrotic-range
proteinuria (>40 mg/m?/hr). Majority 27/29 (93.1%) had
anterior NCS

Theratio of left renal hilum diameter to aortomesenteric
diameter varied between 1.4-7.7 withameanvalueof 5.0. In
addition, the mean value of the velocity ratio of
aortomesenteric and hilar portionsof LRV was4.0. Themean
(SD) aortomesenteric angle (AMA) value was 29.8 (8.5)°.
Thehilum/aortomesentericregiondiameter ratio [5.2(2.0-7.5)
vs 4.5 (1.4-7.7); P=0.12], aortomesenteric region /hilum
velocity ratio[4.5(1.0-10.0) vs 3.4 (2.0-6.0); P=0.71], and the
aortomesenteric angle [30.5 (18.0-49.0) vs 30.0 (9.0-42.0)

Tablel Clinical and Laboratory Characteristicsof Children
With Nutcracker Syndrome

Characteristics Value
Girls, n (%) 19(65.5)
Age(y); mean (SD) 10.8(3.2)
BMI z-score, median (IQR) -1.0(-3.2,-1.4)
Symptomatic,2 n (%) 14 (48.3)
Left flank pain 9(31)
Macroscopic hematuria 4(13.8)
Urinaryfindings,? n (%)

Isolated proteinuria 9(3D
| solated mi croscopic hematuria 3(10.3)
| solated macroscopic hematuria 4(13.8)
Microscopic hematuriaand proteinuria 5(17.3)
Tenderness and microscopic hematuria 5(17.3)
Tendernessand proteinuria 2(6.9)

BMI: Body mass index. 20ne child had pelvic pain. "One child had
pelvic pain, microscopic hematuria and proteinuria.
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degree; P=0.56] were not significantly different between
symptomatic and asymptomatic children, respectively with
nutcracker syndrome.

All patients were followed conservatively and none of
the patients required surgica treatment. Five patients
received enalapril for proteinuria. Endapril wasalsousedin
two patientshaving type 1 diabetesbesidesNCS.

DISCUSSION

Nutcracker syndrome has been described as one of the less
known causesof hematuriaand proteinuriainindividualsof
all agesfrom late childhood to middle-aged adults. Though
rare, it is possible that many patients investigated for
hematuria or proteinuria, could have had underlying NCS,
whichwasmissed duetolack of awareness.

Asreportedin literature, our study also found that NCS
is found commonly in and around the pubertal age group
[3,5], withahigher frequency amongfemales[9]. Itisthought
that venous congestion in the pelvic region due to the
vasodilator effect of progesterone, increases pain, and
women are more symptomatic and thus more easily
diagnosed[8]. However, the symptom frequency wassimilar
in both gendersin our study. With rapid increase in length
and hence low BMI during puberty, the angle between the
superior mesenteric artery (SMA) and the aortaisnarrowed,
andthismay causeacompression of LRV and NCS[8]. Our
study showed ahigh proportion (72.4%) of children having
lowBMI.

Inour study, almost similar proportionsof childrenwere
present in the symptomatic and asymptomatic groups.
Consistent with previousreports[10], the abdominal or left
flank pain was not severe and did not need treatment. Our
study re-confirmsthat proteinuriainthesechildrenisusualy
mild. Therewasno evidenceof rena impairmentinany of our
patients over the follow-up period. NCS usually does not
lead to chronic kidney disease becauseit affects onekidney
and entrgpment symptomsimprovewith age.

As per recommendations, DUS was performed as the
firstimaging modality in our study. It isknown to havea69-
90% sengitivity and 89-100% specificity for thediagnosisof
NCSJ[5,11-13]. Tothebest of our knowledge, thereareasyet
no accepted radiologicd criteria for diagnosing NCS in
children. Measurements during childhood vary dueto age,
LRV sampling areais smaller and the AMA valueiswider
compared to adults[5,6,14]. Dueto the high sensitivity and
specificity of AMA measurements [14], there is no
requirement tomeet al diagnogtic criteriain pediatric patients
for thediagnosisof NCS. Inour study, though all patientsdid
not meet al the diagnostic criteria completely, but the
majority of them were diagnosed with NCSusing DUS. In
contrast to some previous studies, we found that the hilum/
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asymptomatic children with nutcracker syndrome.

WHAT THIS STUDY ADDS?

* No difference was found in Doppler ultrasound measurement parameters between symptomatic and

aortomesenteric  diameter and  aortomesenteric/hilum
velocity ratio was not higher in the symptomatic group.

[912].

With increasing age and weight of the children, up to
75% decreasein clinical symptomsisreported, and theneed
for surgery isextremely low [ 15]. None of the patientswith
NCSinour study required surgical treatment.

The main limitations of our study are that it is single-
center and retrospective. Sincethe study wasretrospective,
the association between exerciseand the patients’ symptoms
other than proteinuria could not be assessed.

To conclude, NCS should be considered in children,
especialy with low BMI, presenting with orthostatic
proteinuria and hematuria, with or without left flank pain.
After common causes of hematuria and proteinuria are
reasonably ruled out by clinica history, examination and
urindysis, it is prudent to radiologically evaluate for NCS
before subjecting the patient to invasive procedures
including renal biopsy. NCSisaréatively benign cause of
proteinuria and hematuria, which can be managed
conservatively with close follow up, depending on the
severity of symptoms.
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