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We describe the case of a 27-year-old woman with a his-
tory of sickle cell trait (SCT) who presented with several
months of hematuria and was found to have nutcracker
syndrome (NCS). While SCT is a common cause of hema-
turia resulting from renal papillary necrosis, our patient
had concomitant abdominal pain and anemia, prompting
further evaluation and the subsequent diagnosis of NCS.
Interestingly, the anoxia in the left renal vein from NCS
predisposes patients with SCT to sickling. Our case high-
lights key clinical features of both NCS and SCT and the
relationship between the two disease processes.
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INTRODUCTION

Nutcracker syndrome (NCS) is characterized by complex and
nonspecific symptoms secondary to the impingement of the
left renal vein (LRV) against the aorta by the superior mesen-
teric artery (SMA). There is a paucity of data regarding the
syndrome, and currently no validated diagnostic or therapeutic
guidelines exist to identify the syndrome, resulting in an
unknown prevalence and incidence.1 However, a higher rate
of symptomatic NCS has been proposed in patients with sickle
cell trait (SCT).2,3 Hematuria is a common complaint in pa-
tients with SCT, and many times does not result in further
investigation; however, hematuria is often the only presenting
sign of NCS and is thought to be more significant in patients
with SCT secondary to increased sickling from venous com-
pression.1,2 Here, we present a case of a young woman with
SCT who presented with symptomatic anemia and hematuria
and was subsequently diagnosed with NCS.

CASE PRESENTATION

A previously healthy 27-year-old African-American woman
with SCT presented to the emergency department with a 6-
month history of persistent, grossly bloody urine, diffuse
abdominal pain following urination which worsened with

movement, fatigue, and dyspnea on exertion. She noted a dark
urine stream at the initiation of urination, which did not clear.
She had also developed shortness of breath with daily activi-
ties. She had been seen multiple times at urgent care clinics
and repeatedly diagnosed and empirically treated for urinary
tract infections without improvement. She denied any cough,
chest pain, fever, joint pains, changes in weight, swelling,
recent illnesses, or history of easy bleeding/bruising.
Her family history was significant only for sickle cell dis-

ease in her father. She denied taking any prescribed or over-
the-counter medications. On physical examination, her pulse
was 115 beats/min with a blood pressure of 97/50 mmHg and
body mass index of 18.8 kg/m2. She had conjunctival pallor
but no abdominal or flank tenderness.
A basic metabolic profile did not reveal any abnormalities

in her renal function or electrolytes, but a urinalysis showed
>25 red blood cells/high-power field and 3+ protein. Her
blood counts were hemoglobin 5.3 g/dL, hematocrit 16%,
and mean corpuscular volume 68 fL. Iron studies were signif-
icant for ferritin 82 ng/mL, iron 25 mcg/dL, and transferrin
265 mg/dL. Her SCT was confirmed by hemoglobin electro-
phoresis, and no other hemoglobinopathy was identified.
Transfusion of one unit of packed red blood cells was admin-
istered, with improvement in her shortness of breath and
fatigue. A non-contrast CT scan and ultrasound of her abdo-
men showed no acute abnormalities, but a cystoscopy revealed
bloody efflux at the left ureteral orifice. Subsequently, a CT
scan of the abdomen with and without contrast showed
pinching of the left renal vein between the SMA and aorta
(Fig. 1). A follow-up renal sonogram with abdominal Doppler
showed a narrowing of the left renal vein at the level of the
SMA, with a peak velocity gradient greater than 10:1 (Fig. 2),
consistent with left renal vein stenosis and NCS.
She was referred to a vascular surgeon, who performed a

left venogram which revealed left renal vein compression,
further supporting the diagnosis of NCS. The patient initially
declined any surgical intervention; however, after her abdom-
inal pain persisted and she required further blood transfusions
for symptomatic anemia, she elected to have a left renal vein
bypass to decompress her renal vein. Following the procedure,
her hematuria and abdominal pain resolved.
Outpatient follow-up at 1 and 2 years showed sustained

resolution of hematuria and anemia. She reported no further
episodes of abdominal pain.
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DISCUSSION

Hematuria may be either grossly visible (macroscopic) or seen
only with examination of the urine (microscopic). Microscopic
hematuria is defined as three or more red blood cells per high-
power field, although there is no acceptable lower limit where
significant disease is excluded.4 Microscopic and gross hema-
turia not explained by an obvious cause occurs in up to 40% of
young adults and is typically transient without any long-term
significance.5,6 However, when hematuria is persistent, further
evaluation is warranted. A more detailed history focusing on
the temporal description of hematuria may aid in the localiza-
tion of the lesion. Initial hematuria, with bleeding at the onset of

urination, suggests a lesion in the urethra or prostate. Terminal
hematuria, with bleeding at the end of urination, is typically due
to a lesion in the bladder or prostate. Total hematuria, with
bleeding throughout urination, is concerning for a lesion in the
bladder, ureter, or kidneys.7 While the etiology of hematuria is
not identified in many cases; the most common causes of
hematuria are urinary tract infection, benign prostatic hyperpla-
sia, and urinary calculi.8 Less frequently, the cause is urologic
malignancy or renal disease.
SCT is a carrier state of sickle cell disease, as patients have

one normal beta globulin gene and one sickle variant gene,
producing hemoglobin AS. The prevalence in the United
States is 8–10% in the African-American population.9 Micro-
scopic and macroscopic hematuria is the most frequent com-
plication associated with SCT, with half of these cases thought
to be due to renal papillary necrosis resulting from micro-
infarctions in the renal medulla. SCT renal papillary necrosis
produces a painless hematuria which is not associated with
anemia.10 Despite its prevalence, clinicians should not assume
that hematuria in a SCT patient is due to renal papillary
necrosis. Clinicians should perform an appropriate evaluation
for the cause of the hematuria, especially if signs and symp-
toms of alternate etiologies are present. In our patient (who
had abdominal pain and anemia in addition to the hematuria),
further investigation revealed clinically significant NCS,
which was surgically corrected.
Nutcracker phenomenon was first described in 1937 as an

anatomical variation seen in cadavers, at which time the com-
pression of the LRVagainst the aorta by the SMAwas likened
to a nut within the jaws of a nutcracker.11 This type of anatom-
ical variation resulting in compression has been seen in other
clinical entities, including May–Thurner syndrome (compres-
sion of the left common iliac vein between the right common
iliac artery and underlying vertebral body), SMA syndrome

Figure 1 CT of the abdomen/pelvis with and without contrast
showing impingement of the left renal vein (LRV) between the
superior mesenteric artery (SMA) and aorta (Ao). Although

suggestive of nutcracker syndrome, further diagnostic studies were
needed.

Figure 2 Doppler ultrasound showing impingement of the left renal vein (LRV) between the superior mesenteric artery (SMA) and aorta (Ao).
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(compression of the third portion of the duodenum between the
SMA and aorta), and median arcuate ligament syndrome (com-
pression of the celiac artery by the median arcuate ligament).
The first documented case of clinically significant NCS was
described in 1950.12 The prevalence of the condition remains
unknown. Most cases are seen in patients in their second and
third decade of life, and a second peak in occurrence is seen in
the sixth decade of life in women.13 Women, especially those
with low bodymass index in which there is little retroperitoneal
adipose tissue causing reduction of the mesoaortic angle, are at
increased risk of NCS.14

The clinical features of NCS are variable, ranging from
asymptomatic hematuria to severe pelvic congestion with
significant pain. Hematuria, the most common presenting
symptom in NCS, results from rupturing of thin-walled peri-
and pararenal varicosities and collaterals that form from in-
creased pressure in the LRV.14 The hematuria can be macro-
scopic or microscopic depending on the severity of the renal
venous hypertension.1 Abdominal pain in NCS can be caused
by left ureteral colic from blood clots passing down the left
ureter, while mesoaortic compression of the LRV results in left
gonadal vein obstruction and reflux resulting in symptoms of
pelvic congestion (pelvic pain, dyspareunia, dysuria, and dys-
menorrhea in women and varicocele in men).1,15 Both hema-
turia and abdominal pain can be aggravated by physical activ-
ity.1 Orthostatic proteinuria is also commonly seen and is
thought to be secondary to elevated levels of norepinephrine
and angiotensin II.16

No validated diagnostic criteria exist to diagnose NCS.
CT scans are able to determine the LRV diameter, collat-
erals, and mesoaortic angle, but cannot measure velocity
changes. Venography is often considered the Bgold
standard^ for diagnosis, as it measures the reno-caval pres-
sure gradient; however, Doppler ultrasound can measure
the LRV/inferior vena cava gradient and is often preferred
due to its non-invasive nature.1,17

Conservative treatment is recommended for mild hematu-
ria, especially in patients younger than 18 years of age, where
75% have complete resolution without specific interventions,
while surgical decompression of the LRV is reserved for
patients with refractory symptoms.1,14 Angiotensin inhibitors
have been shown to decrease the proteinuria in patients with
NCS.18 Overall, most surgical interventions attempt to reduce
LRV hypertension, with poorer outcomes associated with
patients who had lower pressure gradients preoperatively.19

In our case, the diagnosis of NCS was further supported by
a concurrent diagnosis of SCT, as each clinical entity likely
exacerbated the other. Patients with SCT are four times as
likely to have left kidney renal medulla involvement resulting
in hematuria. This occurs since the longer left renal vein is
normally slightly compressed between the aorta and superior
mesenteric artery, causing increased blood pressure in the
vein, increasing relative anoxia in the renal medulla, and
promoting sickling.2 This phenomenon is worsened and per-
petuated by clinically significant NCS.

KEY POINTS

• Transient hematuria is often benign in young patients, but
persistent hematuria deserves an evaluation for underlying
pathology. The most common causes of hematuria are urinary
tract infection, benign prostatic hyperplasia, and urinary
calculi.
• Hematuria is a common complication of sickle cell trait
(SCT), with half the cases due to renal papillary necrosis.
Patients with SCTwho develop hematuria should be evaluated
for less common etiologies, such as nutcracker syndrome
(NCS), based on their presentation and physical exam.
• NCS is a cause of hematuria secondary to the impingement
of the left renal vein against the aorta by the superior mesen-
teric artery. In SCT patients, NCS can lead to anemia from red
blood cell sickling due to anoxia from the compressed left
renal vein
• No validated diagnostic criteria exist to diagnose NCS,
although venography is often considered the Bgold standard^
for diagnosis. Conservative treatment is recommended for
mild hematuria, while surgical decompression of the left renal
vein is reserved for patients with refractory symptoms.
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