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Diagnosis of Nutcracker Syndrome of the Left Renal Vein:
Value of the Corticomedullary Phase of Helical CT
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INTRODUCTION

Compression of the left renal vein (LRV)between the aorta
and the superior mesenteric artery results in LRV hypertension.
This LRV hypertension, also called the nutcracker syndrome,
is possibly associated with three clinical manifestations: unilateral
hematuria, gonadal vein syndrome, and varicoceles'. In the
absence of any other detectable pathology, left sided hema-
turia will raise suspicion of nutcracker syndrome. However,
asymptomatic mesoaortic compression of the LRV is prob-
ably common, as is suggested by the 51%-72% prevalence
of distended LRVs noted by CT or sonography®-*. Both ret-
rograde left renal venography and measurement of the pres-
sure gradient between the LRV and the inferior vena cava
(IVC)are the procedures of choice to establish the diagnosis
of this syndrome in patients with unexplained hematuria on
the left side ¥+, Recently, color Doppler imaging is useful
in the diagnosis of nutcracker syndrome when the demonstra-
tion of color flow in collateral veins was included in the di-
agnostic criteria®. Sonography can easily depict increasing
volume and velocity of blood flow in gonadal and retroperi-
toneal collateral veins.

Helical CT has many advantages over conventional axial
CT: faster scanning, acquisition of scan exclusively during
peak levels of contrast enhancement, and reconstruction of
scans at overlapping intervals. The kidneys can be visualized
during the three distinct phases of renal enhancement: the
earlier corticomedullary phase, when there is peak corticome-
dullary differentiation; the later nephrographic phase, when
the nephrogram is homogeneous; the excretory phase” . Early
scanning during the corticomedullary phase will maximize
depiction of vascular anatomy and optimize imaging of the
adjacent organs; later scanning during the nephrographic phase
will optimally characterize the enhancement pattern of the le-
sion in question and increase the detection of smaller lesions® .
However, there have been no reports investigating the use-
fulness of helical CT for the detection of nutcracker syndrome.
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In this study, the role of helical CT was evaluated in the di-
agnosis of this syndrome.

PATIENTS AND METHODS

Patients Population

Between November 1997 and March 1999, 38 patients were
referred for evaluation of gross hematuria of unknown ori-
gin from the urologic clinics of our four related hospitals. They
included 12 men and 26 women, who were 18 to 32 years old
(mean, 24 years)and had had gross intermittent hematuria for
1 month to 2 years (mean, 11 months). All patients underwent
helical CT of the kidneys, retrograde left renal venography,
and measurements of renocaval pressure gradients. In all cases,
nonrenal causes of hematuria, such as urolithiasis, infection,
or neoplasm, were excluded by medical and urological ex-
aminations. Cystoscopic examinations confirmed left-sided
hematuria in 26 patients and indeterminate-site hematuria in
12. Urinalysis in 18 of the 38 patients showed red blood cells
that appeared morphologically similar to those in peripheral
blood vessels. Urine cytology indicated class I in all patients.
Imaging studies before helical CT and angiographic exami-
nations included excretory urography (n = 38), conventional
CT with and without intravenous administration of contrast
agent(n = 20), color Doppler imaging (n = 14), and scrotal
sonography (n = 10). Excretory urography revealed left ure-
teral notching in three patients with left-sided hematuria. CT
of kidneys revealed distended LRVs in16 patients, 4 of whom
had enlarged left gonadal veins. No other abnormality was
found in the kidneys. Color Doppler imaging showed color
flow of collateral veins in 9 of the 14 patients tested. Of the
12 male patients, 8 with left-sided hematuria had testicular
varicoceles shown on scrotal sonography.
CT Imaging Techniques

Helical CT scan of the kidneys was performed both before
and after IV injection of contrast agent. Helical scans were
acquired using a helical CT with a Lemage SX scanner
(Yokogawa Medical System, Tokyo, Japan). The upper and
lower margins of the kidneys were determined from prelimi-
nary axial images. Before IV administration of contrast agent,
helical-mode images of the kidneys were obtained, with a
collimation of 5 mm and a pitch (ratio of table speed to
collimation) of 1. Scan parameters were 200-250 mA at 120
kVp. Helical scans were reconstructed using 180-degree lin-
ear interpolation with spacing equal to the collimation. Im-
ages were acquired during a single 30-to 40-sec breath hold
by the patient. Subsequently, a total dose of 100 mL (1.4 - 2.0
mL/kg)nonionic contrast media, iopamidol (Iopamiron 300,
Schering, Berlin, Germany)was administrated at a rate of 3

mL/sec using an automated mechanical injector (Autoenhance
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A 50, Nemotokyourindo, Tokyo, Japan}‘ For the corticome-
dullary phase, the scan delay was 40 sec from the injection
of contrast agent to the initiation of scanning. The
nephrographic phase image was obtained with comparable scan
parameters and a delay of 120 sec from the bolus injection
of contrast agent.
Angiography and Renocaval Pressure Measurements

Retrograde left renal venography was performed using digital
subtraction angiography with an Angiostar system (Siemens,
Iselin, NJ). A double-curved 5 French catheter was used for
retrograde left renal venography and measurement of pres-
sure. Mean pressure of the LRV and pullback pressure from
the LRV to the IVC was measured in mmHg with the patient
in a supine positioned and the transducer position at the right
atrial level. The pressure gradients were classified as normal
gradient, less than 1 mmHg; borderline hypertension, 1 to less
than 3 mmHg; and hypertension, 3 mmHg and higher®. The
mean pressure in the vessels was automatically traced with
an amplitude of which 1 mm was equivalent to 0.1 mmHg.
Left renal venogram was obtained after the catheter was re-
introduced into the LRV. For the venogram, a 20-ml dose of
contrast agent was injected at the rate of 10 ml/sec. The findings
of retrograde left renal venograms were categorized into venous
flow with or without collateral veins. Collateral veins on the
venograms were defined as tortuous veins in gonadal, ascend-
ing lumbar, adrenal, periureteral, capsular, or intrarenal veins.
CT Imaging Analysis

Both the corticomedullary and nephrographic phases of
enhanced helical CT images in combination with unenhanced
helical CT images were reviewed separately by two of radi-
ologists (HI, ST). The observers were blinded to the results
of the other imaging studies, clinical histories, and labora-
tory data. Additionally, they interpreted the scans indepen-
dently. When disagreements occurred, the observers discussed
the findings and reached a consensus opinion. The CT im-
ages were evaluated LRV flow pattern in relation to the di-
ameter of the LRV, localization of collateral veins, and con-
trast enhancement of both the LRVs and collateral veins. The
diameters of the distal LRVs (lateral to the aorta)and proxi-
mal LRV (in front of the aorta) were measured. Subsequently,
the ratio of 1.5 for the diameter of the distal LRV to that of
the proximal LRV was chosen as the cutoff level for
distension?. Collateral veins on helical enhanced CT were
identified as veins that had retrograde flow from the LRV,
The flow patterns of LRVs were classified according to the
presence or absence of collateral veins. The attenuation val-
ues of the LRVs were determined by calculating the mean flows
of three separate regions of interest (at least 0.4 cm?)during
both the corticomedullary and nephrographic phases of en-
hanced helical CT. The mean LRV attenuations were com-
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pared between corticomedullary phase and nephrographic
phase, and paired Student’s ¢ test was employed to determine
whether there was a significant difference between the two
phase. A difference was considered to be significant when the
P value was less than 0.05. The final diagnosis of nutcracker
syndrome was based on both LRV flow patterns on the
venograms and renocaval pressures. The sensitivity and speci-
ficity of the corticomedullary- and nephrographic- phase
imaging for revealing the nutcracker syndrome were deter-
mined by analyzing pressure gradients combined with the

venograms, which were used as the gold standard.

RESULTS

Retrograde Venography and Pressure Gradients
Retrograde venography revealed collateral veins in 18 pa-
tients (47% ) and no collateral veins in 20(53%). The 18 pa-
tients had multiple collateral veins that were gonadal veins
(n=12), retroperitoneal veins connecting to ascending lumbar
veins (n = 8), adrenal veins(n = 8), capsular veins (n=12),
periureteral veins(n = 3), and intrarenal varices(n = 3).
Renocaval pressure gradients were normal in 13 patients,
showed borderline hypertension in 19, and indicated hyper-
tension in 6. Of the 18 patients with collateral veins, 5 had
LRV hypertension, and 12 had borderline hypertension. Of

the 20 patients without collateral veins, 1 had LRV hyper-
tension, and 7 had borderline hypertension. Using venogra-
phy combined with pressure measurements, I diagnosed nut-
cracker syndrome in 19 patients: 12 with LRV hypertension
with collateral veins, 1 with hypertension without collateral
veins, and 6 with collateral veins with normal pressure gra-
dients or borderline hypertension. Two patients with borderline
hypertension but no collateral veins were excluded from the
diagnosis of nutcracker syndrome.

Helical CT

Both corticomedullary- and nephrographic- phase images
revealed distended LRVs in 26 (68 %) of the 38 patients. No
difference in LRV diameter of the LRV was observed between
the corticomedullary and nephrographic phases. The mean
diameter and the mean distal-to- proximal diameter ratio of
the 26 distended LRVs were 10 £2 mm (range, 6 to 16)and
4.4 *+ 1.2(range, 1.3 to 8.0)respectively. Those of the 12
nondistended LR Vs were 6 =2 mm (range, 3 to 9)and 1.2 +
0.2 (range, 1.1 to 1.3)respectively.

The corticomedullary phase of helical scans revealed in-
tense enhancement of the LRVs in all patients (Fig. 1-A),
whereas the nephrographic phase failed to show optimal LRV
enhancement in all patients. The mean attenuation values of
LRV in the corticomedullary phase (164 =+ 22 Hounsfield units
(H), range 138-209 H)was significantly greater (P < 0.001)

(A)

(C)
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(B)

Fig. 1 A 26-year-old man with left-sided hematuria.

A: Corticomedullary-phase image of enhanced helical CT reveals
optimal enhancement in distended left renal vein (arrows) due
to compression of the proximal portion between the aorta and
superior mesenteric artery (arrowhead). Note heterogeneous
enhancement in the IVC (short arrows).

B: Corticomedullary-phase image 1-cm caudal to (A) reveals early
enhancement, indicating retrograde flow in a confluence of the
retroperitoneal collateral vein (arrow), which communicates with
a small vein (arrowhead) running along the vertebral body.

C: Corticomedullary-phase image 1-cm caudal to (B) reveals early
enhancement in the left ascending lumbar vein (arrow), which
communicates with the retroperitoneal collateral vein on (B).
Renocaval pressure gradient is 1.5 mmHg, which is categorized
as borderline hypertension. Assessment of nutcracker syndrome
was long-term with compensatory status.
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than the value for the nephrographic phase (80 14 H, range,
62-100 H). The difference was statistically significant. Dur-
ing the corticomedullary phase, opacified blood from the renal
vein is mixed with unopacified blood in the IVC. On the
nephrographic phase, however, the IVC was enhanced
homogenously, but only slightly. The corticomedullary-phase
imaging detected collateral veins that had early enhancement,
indicating retrograde flow from the LRVs in 15 patients (83
% of those with collateral veins) . The collateral veins observed
were either retroperitoneal veins connecting to the ascend-
ing lumbar veins (n = 9, Fig. 1-B, C, Fig. 2)or gonadal veins
(n =12, Fig. 3). However, imaging failed to distinguish cap-
sular, adrenal, periureteric, and intrarenal collateral veins.
Gonadal veins that had no early enhancement on the corti-
comedullary phase were not revealed as collateral veins on
the retrograde venograms. Nephrographic-phase imaging re-
vealed collateral veins in 8 patients (44 % of those with col-
lateral veins). The collateral veins were limited to dilated
gonadal veins in which retrograde flow was shown when the
veins were enhanced as same as the left renal vein (Fig. 1-A,
B). The imaging failed to distinguish other collateral veins
including retroperitoneal collateral veins connecting with
ascending lumbar veins.

When the demonstration of collateral veins was included
in the diagnostic criteria, a false negative for the corticome-
dullary phase was observed in 4 patients, 3 of whom had only
periureteric collateral veins, adrenal collateral veins, or
intrarenal varices, and one of whom had no collateral veins
but did have LRV hypertension. In addition to these 4 patients,

11 others were judged false negative for nutcracker syndrome

Fig. 2 A 36-year-old woman with left-sided hematuria.
Corticomedullary phase of enhanced helical CT image 1-cm caudal
to a distended left renal vein (not shown) reveals early enhance-
ment of a retroperitoneal collateral vein (arrow) connecting to
a distended ascending lumbar vein (short arrow).

Renocaval pressure gradient is 3.8 mmHg, which is categorized
as left renal vein hypertension. Assessment of nutcracker syn-
drome was long-term with noncompensatory status.

FE134E5 25 H

on nephrographic-phase imaging. Neither corticomedullary-
nor nephrographic-phase imaging led to any false-positive
diagnoses of the syndrome. The sensitivity and specificity of
the corticomedullary-phase scan for revealing the nutcracker
syndrome were 79% and 100% respectively. In contrast, those
of the nephrographic phase were 42% and 100%.

DISCUSSION

The nutcracker syndrome occurs in relatively young, pre-
viously healthy patients and is characterized by intermittent
gross hematuria due to LRV hypertension”. The hematuria
associated with nutcracker syndrome is thought to occur when
increasing LRV pressure causes minute ruptures of thin-walled
veins into collecting system or renal fornix'” or causes com-
munication between dilated venous sinuses and adjacent re-
nal calyces'". Beinart et al.*’ defined a pressure of 1 mmHg
or more as indicative of LRV hypertension. However,
Nishimura et al.*’ claimed that 3 mmHg or more indicates LRV
hypertension. I believe that a classification including borderline
LRV hypertension (1- <3 mmHg)should be accepted because
there has been no uniform agreement for the cut off level of
the pressure gradient for LRV hypertension® .

A diagnosis of nutcracker syndrome must relate to a whole
spectrum of findings because the flow patterns in the LRVs
depend on the degree and stage of the syndrome®. Distended
LRVs can be a normal variation without collateral veins and
with a normal pressure gradient. The distinction between
normal variation and early sign of nutcracker syndrome is

difficult in patients with borderline LRV hypertension. Per-

Fig. 3 A 21-year-old woman with left-sided hematuria.
Corticomedullary-phase image 1-cm caudal to a distended left
renal vein (not shown) reveals early enhancement in a distended
gonadal collateral vein (arrow).

Renocaval pressure gradient is 4.5 mmHg, which is categorized
as left renal vein hypertension. Assessment of nutcracker syn-
drome was long-term with noncompensatory status.
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sistence of LRV hypertension probably causes the develop-
ment of collateral veins. However, well-developed collateral
veins dissipate a high pressure gradient and diminish the blood
flow volume of the LRV, which result in the absence of dis-
tended LRV and LRV hypertension.

The detection of retrograde flow from the LRV to the col-
lateral veins is a useful finding in diagnosing nutcracker syn-
drome. Conventional CT can reveal normal-caliber gonadal
veins, which can be traced on consecutive contrast-enhanced
scans in a majority of patients'?. However, conventional CT
cannot assess the direction of blood flow or the distinction
of collateral veins from enlarged gonadal veins in multipa-
rous women without nutcracker syndrome. The rapid acqui-
sition of helical CT allows for much finer control over the
phase of intravascular contrast enhancement that is imaged
than does conventional CT, and thus different vascular infor-
mation is obtained depending on the mode of contrast admin-
istration and the scan delay time. Early scan of the corticome-
dullary phase has been recommended to be delayed to approxi-
mately 30 to 70 sec after starting the bolus administration of
contrast agent” 1314 The corticomedullary phase of heli-
cal CT begins as contrast material enters the corticomedul-
lary capillaries and peritubular spaces and filters into the
proximal corticomedullary tubules'? 19,

With helical CT, corticomedullary phase can show the peak
enhancement of the renal vein as well as that of the renal artery.
On selective renal angiography, optimal venous contrast en-
hancement follows the nephrographic arteriography phase and
is obtained within the 10 to 14 sec after peak-enhancement
of renal arteries'”. Approximately 20% of the contrast me-
dium is filtered before entering the renal vein'”. However,
poor but prolonged venous opacification partially reflects the
varying rates of blood flow in the cortex, outer medulla, and
inner medulla '”. The CT corticomedullary phase requires for
30 to 40 sec of scan time and includes arteriographical arte-
rial, nephrographic, and venous phases. A larger amount of
contrast material infused in helical CT results in an overlap
of the optimal enhancements in the renal arteries, cortex, and
veins. Therefore, corticomedullary-phase imaging in helical
CT easily reveals retrograde flow from the LRV to the col-
lateral veins but is limited to the flows in gonadal veins and
retroperitoneal veins to the ascending lumbar vein. The flows
in adrenal collateral veins, periureteric and capsular collat-
eral veins, and intrarenal varices are difficult to demonstrate
because the small collateral veins may be hidden by other
structures.

The nephrographic phase begins as contrast material pro-
ceeds from the corticomedullary vessels into the extracellu-
lar-interstitial space'®. Onset of this phase is highly depen-

dent on the method of contrast material administration and
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patient characteristics such as age and weight, and thus on-
set varies from 60 to 136 sec from the begining of the bolus
injection of contrast agent'®). In this present study, I obtained
nephrographic phase scans with a delay of 120 sec, which was
sufficient to discriminate it from the corticomedullary phase
but may have resulted in an overlap with the excretory phase.
The early nephrographic phase may show residual early en-
hancement indicating retrograde flow in long and dilated
gonadal veins although such enhancement is not optimal.
Corticomedullary-phase imaging is superior to
nephrographic-phase imaging for the detection of the collat-
eral veins in nutcracker syndrome. Empirically, the findings
of both dilated LRV and dilated gonadal veins may suggest
the presence of nutcracker syndrome on the nephrographic
or excretory phase. However, the presence of retrograde flow
from the LRV to the collateral veins on the corticomedullary
phase is a reliable indicator of nutcracker syndrome. A
confluence of retroperitoneal collateral vein communicating
with left ascending lumbar vein may be mistaken for a
paraaortic lymphadenopathy'”’. The corticomedullary phase
of renal enhancement has many benefits: tumor vascularity,
differentiating prominent columns of Bertin or dromedary
humps from renal mass®, detecting renal cell carcinomas in

200 and noting asymmetries in renal perfu-
g asy p

. . . . \
sion resulting from renal arterial stenosis®2"

end-stage kidneys
. However, im-
aging during the corticomedullary phase with helical CT may
actually obscure pathology because the normal medulla may be
difficult to separate from a mass or other pathologic conditions”
+13.14) Furthermore, a small, hypervascular renal cell carci-
noma may not be identified during the corticomedullary phase
because it may have a similar enhancement effect as that of
normal renal cortex ??. Therefore, renal helical CT studies
should include at least one data acquisition during the homo-
geneous nephrographic phase of renal enhancement”: '3 14,

As with the corticomedullary phases of helical enhanced
CT, color Doppler imaging is also a useful technique for the
detection of gonadal veins and retroperitoneal veins. Blood
flow in a collateral vein is revealed as color flow away from
the LRV. The flows of markedly tortuous collateral veins are
composed of color flow both away from and toward the
LRV This Doppler technique, which is inexpensive and avail-
able in most hospitals, is not uncomfortable for the patient
and does not use radiation. However, the relations to surround-
ing structures, such as the connection of retroperitoneal veins
to ascending lumbar veins, are depicted more easily on CT
images than on color Doppler images. Detection of nutcracker
syndrome sometimes requires a combination of color Dop-
pler imaging and the corticomedullary-phase helical CT im-
aging. I believe that both helical enhanced CT and color
Doppler sonography will replace retrograde left renal venog-
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raphy and pressure measurement as preferred methods for the
diagnosis of nutcracker syndrome. I recommend that corti-
comedullary-phase imaging for detecting nutcracker syndrome
should be used in conjunction with nephrographic-phase
imaging for detecting small renal masses in patients with left-

sided hematuria of unknown origin.
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