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Purpose Patients with bladder cancer may show hematuria after radical cystectomy with ileal neo-
bladder formation, causing anxiety regarding tumor recurrence. Here, we aim to show that the nut-
cracker syndrome (NCS) can be a cause of hematuria post-operation, and is a common, rather than a
rare syndrome.

Materials and Methods A retrospective review of contrast-enhanced abdominopelvic CT (CE-APCT)
and urine analysis (UA) findings of 255 patients with bladder cancer who underwent radical cystecto-
my and ileal neobladder formation between 2011 and 2016 was performed. In the CE-APCT review, the
left renal vein flow patterns were evaluated to determine the presence of NCS findings. In the UA re-
view, patients were classified according to the percentage of UA tests with positive hematuria among
the total number of UA tests.

Results CT findings of NCS were present in 31.9% of the 135 patients. In the positive hematuria
group, there were 26% more patients with NCS findings than those without.
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Conclusion NCS findings are prevalent even for bladder cancer patients after surgery, and there is a
strong correlation between NCS findings and hematuria. Furthermore, the prevalence of NCS find-
ings is much higher than urinary tract recurrence after the surgery.

Index terms Renal Nutcracker Syndrome; Renal Nutcracker Phenomenon; Hematuria;
Bladder Cancer; Cystectomy; Urinary Diversion

INTRODUCTION

The nutcracker phenomenon (NCP) refers to the compression of the left renal vein (LRV)
between the superior mesenteric artery (SMA) and abdominal aorta (AA). The NCP may or
may not have accompanying symptom. The nutcracker syndrome (NCS) refers to when NCP
is accompanied by symptoms or signs, such as hematuria (either gross or microscopic), pro-
teinuria, or left flank pain (1, 2). Gross hematuria in NCS is caused by LRV hypertension and
rupture of the thin-walled veins close to the calyceal fornices; however, the mechanisms of
microscopic hematuria and proteinuria are not well known.

NCS is also called LRV entrapment syndrome; additionally, this concept of LRV entrapment
was first introduced in 1950 by El-Sadr and Mina (3). Notably, the term NCS was first described
in 1972 by de Schepper (4).

NCP and NCS have been known as a rare phenomenon and syndrome, respectively; how-
ever, several studies have suggested that they are quite frequent in practice.

In a recent study, a total of 1223 patients who visited a nephro-uroradiology clinic were in-
vestigated. NCP was confirmed in 30.4% of the patients by Doppler study and 49.5% of those
NCP cases were found to be NCS patients (5). In other studies, 16% of children and adoles-
cents were reported to have NCP when ultrasound was performed (6); additionally, the prev-
alence of NCP was 27% in a study involving CT (7).

Radical cystectomy with ileal neobladder formation is commonly used as a curative option
for bladder cancer treatment. For patients who underwent this operation, regular abdominal
CT is performed to monitor tumor recurrence. Hematuria can be a sign of tumor recurrence,
especially in the upper urinary tract. Therefore, urologists pay attention to patients who have
persistent hematuria during the follow-up period. Therefore, persistent hematuria can be
very stressful to the patients as well. As previous studies have found that NCP is more com-
mon than expected, NCP needs to be considered as a possible cause of persistent microscopic
hematuria in those patients.

One of the purposes of this study was to assess how often NCS finding is found on follow-
up CT of bladder cancer patients who underwent radical cystectomy and ileal neobladder
formation. The other purpose of this study was to investigate the correlation between NCS
findings and hematuria with a hypothesis that the patients who have CT findings of NCS

show hematuria more frequently than those who do not have findings of NCS on CT.

410 jksronline.org



JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2023;84(2):409-417 RADIOLOGY

MATERIALS AND METHODS

A retrospective review of contrast-enhanced abdominopelvic CT (CE-APCT) and urine
analysis (UA) findings of 255 bladder cancer patients who underwent radical cystectomy and
ileal neobladder formation between 2011 and 2016 in Ewha Womans University Mokdong
Hospital was performed (IRB No. 2022-07-021).

The exclusion criteria were patients who were in situations that may cause hematuria oth-
er than NCS, such as lower abdominal radiation therapy after surgery, urinary tract infec-
tions, such as pyelonephritis, renal or neobladder stone, percutaneous nephrostomy, ureteral
catheter insertion, upper urinary tract tumor recurrence, urinary tract fistula, neobladder
rupture, urinary tract foreign body, or reflux uropathy. Patients who underwent additional left
nephrectomy and patients who were lost to follow up prior to 1 year of their surgery were also

excluded.

CT PROTOCOL

A multidetector CT with 64 or 128 channels was used (Definition flash, Siemens, Munich,
Germany; Sensation 64, Siemens) for follow-up CE-APCT for bladder cancer patients. Three
phases with pre, venous, delayed phases (obtained 40 seconds and 5 minutes after contrast
material injection for the venous and delayed phases, respectively) or four phases with pre-
contrast, arterial, venous, and delayed phases (obtained 20 seconds after contrast material in-
jection for arterial phase, other phases are same with three-phase CT) were taken with single
breath-hold. The arterial phase was used preferentially for evaluating NCS findings if it exists
or the venous phase was used otherwise.

Iopromide (concentration: 300 mg iodine/mL, injection dose: 100-120 mL) or iobitridol (con-

centration: 350 mg iodine/mL, injection dose: 120 mL) was used as the iodine contrast material.

CT IMAGE ANALYSIS
The CT images were retrospectively interpreted by a urogenital radiologist (K.S.H, an attend-

ing physician with an experience of 35 years) and a second-year resident of radiology (S.H.M),

Fig. 1. Normal left renal vein plug-flow
pattern. Contrast-enhanced CT image
of a 56-year-old male in the early arte-
rial phase. Normal contrast medium
flow from the left renal vein is ob-
served to fill the entire inferior vena
cava lumen with a smooth margin in
‘ a plug-flow patten (arrows).
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who were unaware of the clinical information to determine whether the findings suggesting

NCS are present or not on the CT images. When the two interpreters disagreed, they arrived at

a consensus through discussion.

Fig. 2. Normal left renal vein prefer-
ential flow pattern. Normal preferen-
tial flow of contrast medium is ob-
served along the posterior dependent
margin of the left renal vein and infe-
rior vena cava (arrows).

Fig. 3. Nutcracker syndrome. Contrast-enhanced CT image of a 55-year-old female in the early arterial
phase. Contrast-jetting phenomenon (spouting contrast medium flow) is observed across the aortomesen-
teric portion of the left renal vein, suggestive of nutcracker syndrome (arrows).

Fig. 4. Nutcracker syndrome. Con-
trast-enhanced CT image of a 66-year-
old female in the early arterial phase.
Preferential flow of contrast medium is
observed along the anterior non-de-
pendent margin of the left renal vein
and inferior vena cava due to high
flow velocity, suggestive of nutcracker

| syndrome (arrows).
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The normal LRV flow pattern to the inferior vena cava (IVC) was either plug-flow (filling
the entire IVC lumen with a smooth margin) (Fig. 1) or preferential flow along the posterior
dependent margin of the LRV and IVC (Fig. 2). The findings suggesting NCS on CE-APCT
were; 1) contrast-jetting phenomenon (spouting contrast media) across the aortomesenteric
portion of the LRV (Fig. 3), or 2) preferential flow of contrast-opacified flow along the anteri-
or non-dependent margin of the LRV and IVC (Fig. 4). It was considered positive for NCS

finding if at least one of these two CT features were seen on CE-APCT images (8).

URINE ANALYSIS
With respect to the UA to check for hematuria, only the tests from more than 1 year after the

surgery were investigated because hematuria is not unusual during the immediate post-opera-
tive period. Subsequently, the patients were classified into 4 categories according to the per-
centage of positive UA tests for hematuria among the total UA examinations underwent; (UA-0)
0%, (UA-1) more than 0% to less than 50%, (UA-2) 50% to less than 80%, and (UA-3) more than
80% positive hematuria.

STATISTICAL ANALYSIS
We have presented the frequency and proportion of the patients having CT finding sug-

gesting NCS among the study participants, which can be interpreted as the prevalence of NCS
finding in the patients without identifiable focus for hematuria after radical cystectomy and
ileal neobladder formation. To test the association between NCP and hematuria, we made a
cross-tabulation contingency and performed a chi-squared test after defining UA-0 and UA-1
as negative hematuria, and defining UA-2 and UA-3 as positive hematuria. For the evaluation
of the magnitude of the association, we calculated the odds ratio with a 95% confidence inter-
val (CI) using univariate logistic regression.

The statistical test was performed on 2-sides; a p value < 0.05 was considered statistically
significant. SAS version 9.4. (SAS Institute, Cary, NC, USA) were used for analysis.

RESULTS

Out of a total of 255 patients, 120 patients were excluded due to the following: follow-up loss
(n = 54), lower abdominal radiation therapy (n = 12), tumor recurrence in urinary tract (n = 12),
left nephrectomy (n = 9), urinary tract infection (n = 9), reflux uropathy (n = 7), renal or neo-
bladder stone (n = 7), percutaneous nephrostomy or ureteral catheter insertion (n = 6), urinary
tract fistula (n = 2), neobladder rupture (n = 1), urinary tract foreign body (n = 1), and the re-
maining 135 patients were included.

Table 1. Number and Proportion of Patients Showing NCSF according to the Hematuria Frequency Groups

Hematuria NCSF UA-0 (none) UA-1 (1%-49%) UA-2 (50%-79%) UA-3 (80% <)
NCSF-negative 23 59 12 4
NCSF-positive 2 56 30 12

NCSF = nutcracker syndrome findings, UA = the group by the proportion of patients positive for hematuria in
urinalysis
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Table 2. Contingency Table for Nutcracker Syndrome Findings and Hematuria

Chi-Squared Statistics = 10.363 Hematuria

p-Value =0.001 - ] ] )
0dds Ratio; 3.696 (95% Cl: 1.627-8.395) Positive Hematuria Group* Negative Hematuria Group”

Nutcracker syndrome findings
+ 18 (54.5) 25 (24.5)

*Positive hematuria group (UA-2, UA-3in Table 1).
"Negative hematuria group (UA-0, UA-1in Table 1).
Cl = confidence interval, UA = the group by the proportion of patients positive for hematuria in urinalysis

Among the included 135 patients, the findings suggesting NCS were present on the CT im-
ages of 43 patients, which is approximately 31.9% (95% CI: 24.0%-39.1%); additionally, those
CT findings suggesting NCS were absent in the remaining 92 patients.

In the two categories (UA-2, UA-3) of the positive hematuria group, there were more patients
with NCS finding than those without NCS finding (NCS finding-positive: 42%, NCS finding-
negative: 16%). Also, the number of patients with NCS findings in the category of 0% of hema-
turia (UA-0) was very small (2%) (Table 1).

The contingency table analysis showed that the odds of NCS findings in the positive hematu-
ria group are bigger than the odds of NCS findings in the negative hematuria group (p = 0.001),
which suggested that the patients with NCS findings have a 3.696 times higher risk of hematu-
ria than those without NCS findings (Table 2).

DISCUSSION

NCP is a phenomenon of LRV compression between SMA and AA. NCP may or may not
have accompanying symptom, and it is called NCS when the NCP is accompanied by the re-
lated symptoms or signs, such as hematuria, proteinuria, or left flank pain (1).

In this study, we investigated whether the NCS finding is present or not on CE-APCT image
and the relationship between NCS findings and hematuria for bladder cancer patients after
radical cystectomy with ileal neobladder formation.

A definite diagnosis of NCP can be made by invasive catheterization into the LRV demon-
strating a pressure gradient over 3 mm Hg at the hilar portion of LRV than IVC. However, oth-
er non-invasive imaging techniques are generally used to diagnose NCP, using ultrasonogra-
phy (US), CE-APCT, or MRI (9). In this study, we used CE-APCT evaluation to detect NCS findings
by LRV flow pattern to IVC. According to the basic fluid mechanics, since the patient takes a su-
pine position when undergoing CE-APCT, non-compressed LRV in patients without NCS find-
ing flows along the dependent portion (Fig. 2) or shows a plug-flow pattern, which fills the en-
tire IVC lumen with a smooth margin (Fig. 1). On the other hand, compressed LRV in patients
with NCS finding flows along the non-dependent portion (Fig. 4) or directly spouting to the
IVC showing the ‘jetting phenomenon’ (Fig. 3) due to high flow velocity. In addition, the corre-
lation with NCS findings according to these LRV patterns in CE-APCT has been statistically
proven in a recent study (10).

NCS has been believed to be a rare syndrome; however, some studies have shown that NCS
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is quite frequent in practice. In this study, approximately 32% of bladder cancer patients who
underwent radical cystectomy with neobladder formation showed CT findings of NCS.
Therefore, this study also showed that NCS can be a quite a common syndrome unlike what
is known. In addition, this prevalence is very similar to the 30.4% prevalence derived from
the previously mentioned study in which the sonographic investigation of NCP prevalence in
1223 patients, who visited a nephro-uroradiology clinic was studied (5). Additionally, it is sim-
ilar with a prevalence of 27% derived from another study that investigated NCP prevalence
on CT (7). Therefore, the prevalence of 32% derived from this study shows strong consistency
with previous studies, which means that this result is very reliable and meaningful.

Furthermore, considering approximately 4.9% of upper urinary tract recurrence rate after
radical cystectomy reported in a study in 2009 (11), it can be said that the prevalence of NCS
findings is much higher than upper urinary tract recurrence after the surgery.

In addition, in the two categories of the positive hematuria group (UA-2 and UA-3), there
were 26% more patients with NCS findings than those without. Also, only 2% of patients were
positive for NCS findings in the group who never had hematuria (UA-0) (Table 1). The contin-
gency table analysis also showed that the patients with NCS findings have a 3.696 times higher
risk of hematuria than those without (Table 2). Therefore, it can be said that there is a strong
correlation between NCS findings and hematuria even for bladder cancer patients who un-
derwent radical cystectomy with neobladder formation.

However, this study has some limitations. Since this study was a retrospective study of CT
and UA in bladder cancer patients, it was not possible to measure the pressure gradient be-
tween the LRV and IVC, which is the most definitive diagnosis of NCP, and there was no addi-
tional modality to ensure the diagnosis of NCP such as US doppler study.

Also, selection bias may inevitably exist since there were many patients excluded who were
in situations that may cause hematuria. Lastly, reflux uropathy was included in the exclusion
criteria, but its evaluation by CT may have limitations.

In conclusion, for bladder cancer patients who show persistent hematuria without identifi-
able cause during the follow-up period after the surgery, upper urinary tract tumor recur-
rence should be suspected although its prevalence is very low and it can be very stressful for
both patients and doctors. In such cases, it has been observed that NCS has been overlooked
as a cause of hematuria because it has been believed as a rare syndrome. However, this study
showed that NCS findings are quite frequent unlike what is believed and much more frequent
than upper urinary tract tumor recurrence rate, giving consistent results with other previous
studies. Also, it is shown that there is a strong correlation between NCS findings and hematu-
ria. Therefore, physicians should be aware that NCS can also be the cause of persistent hema-
turia in such patients considering its high prevalence. In such situations, CT images can be a
clue to find the right cause for persistent hematuria of bladder cancer patients after the sur-
gery; additionally, if NCS is thought to be more likely than tumor recurrence as a cause of he-

maturia, it will aid in relieving patients of their anxiety and reducing unnecessary tests.
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