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Relationship between Urological Disease and Inferior Vena Cava
Reflux on Color Doppler Ultrasonography
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Objectives: The possible relationship between urological disease and inferior vena cava (IVC) reflux was examined.
Methods: Transabdominal color Doppler ultrasonography of the IVC was performed. The patient was placed supine
and the convex probe was positioned in vertical to the upper abdominal wall. Then the extent of reflux in the IVC
accompanying each heart beat was examined near the diaphragm. A total of 403 patients (202 males and 201 females
aged 12–90 years) were studied. The relationship between the existence of IVC reflux or its severity and urological
disease was examined.
Results: The 202 males included 104 and 98 subjects without and with IVC reflux, respectively, while the 201
females included 64 and 137 subjects without and with IVC reflux, respectively. The prevalence of IVC reflux was
significantly higher in females than males. Chronic prostatitis (18/21 subjects) in males and stress incontinence (22/23
subjects) in females were significantly related to the existence of IVC reflux. Conversely, urolithiasis was related to
lack of IVC reflux in females.
Conclusions: IVC reflux may be positively or negatively related to the occurrence of some urological diseases. Pelvic
congestion secondary to IVC reflux may be one of the factors contributing to chronic prostatitis and stress incontinence.
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1. INTRODUCTION

The nutcracker phenomenon of the left renal vein
involves compression of this vein between the abdomi-
nal aorta and the superior mesenteric artery,1 which can
cause spermatic varicocele, left renal congestion induc-
ing hematuria,2 and pain and dysfunction of the pelvic
organs.3 Unilateral or bilateral ovarian vein incompe-
tence can cause the pelvic congestion syndrome or vulval
varices and varicose veins in the lower limbs.4–7 We
previously reported a female patient who had pelvic con-
gestion syndrome due to inferior vena cava (IVC) reflux
associated with tricuspid regurgitation.8 After that, we
identified many cases of IVC reflux on color Doppler
ultrasonography. IVC reflux may originate from tricuspid
regurgitation, and the prevalence of tricuspid regurgita-
tion is very high and reaches 70% among adults in Japan,9

or 17–68% in patients with otherwise ‘‘normal’’ hearts
in United State of America.10,11 In order to examine
the severity of tricuspid regurgitation, echocardiogra-
phy is usually performed, but this test is not available
in the department of urology. However, urologists can
easily evaluate the existence of IVC reflux by color
Doppler ultrasonography. In this study, we investigated
whether there was a relationship between urological
disease and the existence of IVC reflux on color Doppler
ultrasonography.

2. METHODS

Transabdominal color Doppler ultrasonography of the
IVC was performed in new patients attending our outpa-
tient clinic between January 2005 and December 2008.
The ultrasonic device was GE Medical Voluson 730
Expert. The patient was placed in the supine position and
the convex probe was positioned in the vertical direction
on the upper abdominal wall. For color Doppler studies,
the velocity range was set at 13 cm/sec. The IVC just
below the diaphragm was set as the target, and the extent
of reflux accompanying each heart beat was classified
into the following four grades: no reflux (grade 0; Fig. 1),
reflux extending for less than 1 cm below the diaphragm
(grade 1), reflux of less than 3 cm (grade 2), and reflux
≥3 cm (grade 3; Fig. 2). The diaphragm was considered
to be located at the site where the IVC was narrowest as it
passed through the liver. The classification of the extent
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Fig. 1 Transabdominal color Doppler ultrasonogram of the inferior vena
cava (IVC) below the diaphragm (arrow) in a patient without IVC reflux

(grade 0). Blue shows forward blood flow in the IVC.

Fig. 2 Transabdominal color Doppler ultrasonogram of the inferior vena
cava (IVC) below the diaphragm (arrow) in a patient with IVC reflux

(grade 3: reflux > 3 cm). Blue shows forward blood flow in the IVC, while
red and yellow show regurgitant flow.

of reflux was performed at the end of the expiration.
When good images of the IVC were not obtained because
of obesity or gastric contents, the patient was excluded
from the study. A total of 403 subjects (202 males and
201 females), in whom the presence of IVC reflux and
its extent could be assessed, were enrolled in this study.
They were aged from 12 to 90 years old. The relation-
ship between the existence of IVC reflux or its severity
and urological disease was examined on the basis of the
final diagnoses. When a single patient had two or more
urological diagnoses, the more representative urological
disease was selected for categorization of the patient.

Results are reported as the mean ± standard deviation.
Student’s t-test and the chi-squared test were used for sta-
tistical analysis, and P < 0.05 was considered to indicate
statistical significance.

3. RESULTS

Among the 202 males (57 ± 19 years old) whose IVC
could be evaluated, there were 104 subjects without IVC
reflux (51%, 59 ± 19 years old) and 98 subjects with IVC
reflux (49%, 56 ± 18 years old). Among the 201 females
(61 ± 16 years old) whose IVC could be evaluated, there
were 64 subjects without IVC reflux (32%, 61 ± 18 years
old) and 137 subjects with IVC reflux (68%, 61 ± 15 years
old). The prevalence of IVC reflux was significantly (P =
0.0001) higher in females than males. In both males and
females, there was no relationship between the existence
of IVC reflux and age.

Among males (Table 1), the following diseases were
detected in 10 or more patients: 48 had benign prostatic
hyperplasia (70 ± 8 years old), 21 had chronic prostatitis
(56 ± 16 years old), 19 had prostatic cancer (70 ± 8 years
old), 19 had urolithiasis (57 ± 16 years old), 18 had renal
cell carcinoma (53 ± 14 years old), and 10 had bladder
cancer (63 ± 11 years old). Chronic prostatitis was diag-
nosed by the detection of tenderness of the prostate and
lower urinary tract symptoms, and the presence of infec-
tion was not necessarily confirmed. Among these six
diseases, patients with chronic prostatitis (18/21 subjects,
86%, P = 0.0003) were significantly more likely to have
IVC reflux than those with the other diseases. However,
there was no relation between chronic prostatitis and the
grade of IVC reflux. Among diseases present in nine or

TABLE 1. Relationship between urological disease and inferior vena cava (IVC) reflux in male patients

Reflux of IVC Grade of reflux

Diseases (male) Patients (n) (−) Pts. (%) (+) Pts. (%) P-value G 1 G 2 G 3

Benign prostatic hyperplasia 48 28 (58) 20 (42) 0.2789 9 3 8
Chronic prostatitis 21 3 (14) 18 (86) 0.0003 7 7 4
Prostatic cancer 19 11 (58) 8 (42) 0.5570 3 4 1
Urinary tract stone 19 10 (53) 9 (47) 0.9981 5 0 4
Renal cell carcinoma 18 11 (61) 7 (39) 0.3919 3 4 0
Bladder cancer 10 6 (60) 4 (40) 0.5805 1 0 3
Others 67 35 (52) 32 (48) 0.8800 11 7 14
Total 202 104 (51) 98 (49) 39 25 34

G, grade; Pts, patients.
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TABLE 2. Relationship between urological disease and inferior vena cava (IVC) reflux in female patients

Reflux of IVC Grade of reflux

Diseases (female) Patients (n) (−) Pts. (%) (+) Pts. (%) P-value G 1 G 2 G 3

Bacterial cystitis 29 12 (41) 17 (59) 0.2333 8 4 5
Stress urinary incontinence 23 1 (4) 22 (96) 0.0026 5 8 9
Neurogenic bladder 15 5 (33) 10 (67) 0.8974 5 3 2
Urinary tract stone 13 8 (62) 5 (38) 0.0175 2 2 1
Cystocele 12 2 (17) 10 (83) 0.2446 1 4 5
Urethral syndrome 11 1 (9) 10 (91) 0.0957 3 3 4
Others 98 35 (36) 63 (62) 0.2502 21 13 29
Total 201 64 (32) 137 (68) 45 37 55

G, grade; Pts, patients.

fewer males, there were three cases of spermatic varico-
cele (12–35 years old); the severity of IVC reflux grade 1
in two cases and grade 3 in one case.

Among females (Table 2), the following diseases were
found in 10 or more patients: 29 had bacterial cysti-
tis (64 ± 17 years old), 23 had stress incontinence (65 ±
13 years old), 15 had neurogenic bladder (64 ± 18 years
old), 13 had urolithiasis (59 ± 12 years old), 12 had cys-
tocele (64 ± 12 years old), and 11 had urethral syndrome
(59 ± 11 years old). Urethral syndrome was diagnosed
by lower urinary tract symptoms, inflammatory findings
at the urethral mucosa and/or bladder trigone (trigoni-
tis), and no pyuria in females. Among these six diseases,
patients with stress incontinence (22/23 subjects, 96%,
P = 0.0026) were significantly more likely to have IVC
reflux than those with the other diseases. Patients with
urethral syndrome (10/11 subjects, 91%, P = 0.0957)
were also more likely to have IVC reflux than those with
other diseases. The highest percentage of patients with
grade 3 IVC reflux was found among those with stress
incontinence, cystocele, and urethral syndrome, although
cystocele was also not significantly related to IVC reflux.
Among diseases present in nine or fewer females, there
were six cases of interstitial cystitis (27–80 years old); IVC
reflux was grade 0 in two cases, grade 2 in one case, and
grade 3 in three cases.

In females with urolithiasis (5/13 subjects, 38%, P =
0.0175) the rate of IVC reflux was significantly lower
than in females with other diseases. Since urolithiasis is
a common disease in both sexes, the males and females
with this disease were combined. As a result, the number
of urolithiasis patients without IVC reflux was 18, while
14 patients had IVC reflux. When the prevalence of IVC
reflux in urolithiasis patients was compared with that in
the other males and females (150 subjects without IVC
reflux and 221 subjects with IVC reflux), the patients with
urolithiasis tended to have IVC reflux less often compared
with those who had other diseases (P = 0.0816).

4. DISCUSSION

In this study, the existence of IVC reflux was not related
to age, but the prevalence of reflux was significantly
higher in females than males. Chronic prostatitis in males
and stress incontinence in females were related to the
existence of IVC reflux, and there was also a possible

relationship of the urethral syndrome and cystocele to
IVC reflux in females. Chronic prostatitis and urethral
syndrome are typical chronic inflammatory diseases of the
lower urinary tract with or without bacterial infection,
and treatment of these patients is sometimes difficult
because of frequent relapse. Stress incontinence develops
due to laxity of the bladder neck and/or pelvic floor
muscles surrounding the urethra, while cystocele is due to
laxity and expansion of the anterior vaginal wall adjacent
to the bladder and urethra. These four diseases all are
related to organs which exist near the floor of the pelvis.
Therefore, inflammation and morphological/functional
abnormalities of pelvic floor organs may be related to the
presence of IVC reflux.

As a cause of chronic prostatitis, pelvic congestion has
been suggested previously. Terasaki et al.12 reported that
prostatodynia, that is, tenderness of the prostate without
white blood cells in expressed prostatic secretions (non-
bacterial prostatitis), may be caused by intrapelvic venous
congestion based on the findings of three-dimensional
magnetic resonance venography of the prostate and the
pelvic cavity. It is well known among urologists that
patients with prostatitis often have hemorrhoids.12 There-
fore, it has been proposed that prostatitis might be caused
by inflammation arising from hemorrhoids. However, the
findings of the present study suggest that IVC reflux may
induce pelvic congestion that leads to the development of
both chronic prostatitis and hemorrhoids.

In females, stress incontinence was significantly related
to the existence of IVC reflux, and urethral syndrome
and cystocele were also possibly related to IVC reflux.
We previously examined the bladder neck morphology
of females with a normal bladder, urethral syndrome, or
stress incontinence by transabdominal ultrasonography.13

We found that the anteroposterior vesical wall angle
at the bladder neck between the anterior and poste-
rior walls (superficial trigone) on sagittal ultrasonograms
was smaller in patients with urethral syndrome than in
controls with a normal bladder. Moreover, the antero-
posterior vesical wall angle was even smaller in patients
with stress incontinence than in those with urethral
syndrome. These results suggested that descent of the
bladder neck occurs in patients with urethral syndrome
and stress incontinence, and that the extent of this descent
is greater in stress incontinence.13 In the present study,
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the prevalence of IVC reflux was significantly higher in
patients with stress incontinence, and was also high in
patients with urethral syndrome, suggesting that the same
condition may be involved in the onset of both urethral
syndrome and stress incontinence. Since cystocele is due
to laxity and expansion of the anterior vaginal wall, the
cause of cystocele is similar to that of stress incontinence
due to laxity of the bladder neck and/or pelvic floor
muscles. In the present study, the prevalence of grade 3
IVC reflux was high in patients with cystocele, suggesting
that pelvic venous congestion caused by IVC reflux may
have bad influence on the tissues of pelvic floor muscles,
bladder neck, urethra, or vagina, and contribute to stress
incontinence, urethral syndrome and cystocele.

Some patients with chronic prostatitis or urethral syn-
drome do not have detectable bacterial infection. In both
diseases, inflammation extending from the bladder neck
to the proximal urethra is the main feature. In fact, stric-
ture of the entire urethra including the external meatus
can develop in some females with urethral syndrome,
and they sometimes need to undergo urethral dilation.
Inflammation of the urethra and adjacent organs, such
as chronic prostatitis and urethral syndrome, may be
caused by pelvic congestion, and such inflammation is also
thought to increase the risk of bacterial infection. It is also
possible that IVC reflux and pelvic congestion are related
to the occurrence of spermatic varicocele, hematosper-
mia, pelvic varicosities, vulval varices and lower limb
varices.1–7

In the present study, the prevalence of IVC reflux
was significantly lower in female urolithiasis patients,
and all urolithiasis patients (males plus females) had IVC
reflux less often compared with the other diseases. The
reason for this may be as follows. Production of atrial
and brain natriuretic peptides by the right atrium and
ventricle may be increased because to-and-fro movement
of venous blood in the IVC due to tricuspid regurgitation
increases the load on the right atrium and ventricle,
especially in the supine position at night.14 Therefore,
it may be more difficult for urinary stones to form in
persons with IVC reflux because of dilute urine15,16 due
to diuresis during the night-time. In general, urinary
stones are less common in females than males.17 Since
IVC reflux is more common among females and they have
a lower prevalence of urinary stones, it is possible that
the influence of IVC reflux helps to prevent urolithiasis.

Although the cause of IVC reflux may be tricuspid
regurgitation, surgical treatment of regurgitation is not
considered unless liver dysfunction develops due to hep-
atic congestion. If pelvic congestion occurs in humans
because of bipedal locomotion, prolonged standing and
prolonged sitting may exacerbate it and a supine posi-
tion could improve it. If there is venous congestion, the
blood volume should be reduced. We have found that
Gosha-jinki-gan,18 a Chinese herbal medicine, improves
the symptoms of chronic prostatitis, and that Chorei-to
(another Chinese herbal medicine) improves the symp-
toms of urethral syndrome.19 These herbal medicines
have a strong diuretic effect as well as anti-inflammatory
activity. Therefore, it is possible that the diuretic effect of

these herbal medicines improves the symptoms of diseases
associated with pelvic congestion. When urological dis-
eases associated with pelvic congestion, such as chronic
prostatitis, stress incontinence, urethral syndrome, and
cystocele, are diagnosed, lifestyle modification is neces-
sary such as avoidance of excessive water intake20 and of
standing or sitting for a long time.

In conclusion, detection of IVC reflux on transabdomi-
nal color Doppler ultrasonography was more common in
patients with chronic prostatitis and stress incontinence.
IVC reflux may induce pelvic congestion. Therefore,
pelvic congestion secondary to IVC reflux may con-
tribute to the occurrence of chronic prostatitis and stress
incontinence. On the other hand, urolithiasis was more
common in females without IVC reflux, so IVC reflux
may either exacerbate or ameliorate various urologi-
cal diseases. When diseases related to pelvic congestion
(due to IVC reflux) are diagnosed, lifestyle modification
should be recommended such as avoidance of exces-
sive water intake and of standing or sitting for a long
time.

Disclosure

All authors were working together at the division
of Urology, University of the Ryukyus. Three authors,
Sugaya, Nishijima, and Kadekawa, formed the company
Southern Knights’ Laboratory LLP. Submission fee and
reprint charges etc. for this paper is paid by the Southern
Knights’ Laboratory LLP.

REFERENCES

1. Russo D, Minutolo R, Laccarino V, Andreucci M, Capuano A,
Savino FA. Gross hematuria of uncommon origin: the
nutcracker syndrome. Am J Kidney Dis 1998; 32: E3.

2. de Schepper A. Nutcracker phenomenon of the renal vein
and venous pathology of the left kidney. J Belge Radiol 1972;
55: 507–11.

3. Scholbach T. From the nutcracker-phenomenon of the left
renal vein to the midline congestion syndrome as a cause
of migraine, headache, back and abdominal pain and func-
tional disorders of pelvic organs. Medical Hypotheses 2007; 68:
1318–27.

4. Hobbs JT. Varicose vein arising from the pelvis due to ovarian
vein incompetence. Int J Clin Pract 2005; 59: 1195–203.

5. Liddle AD, Davies AH. Pelvic congestion syndrome: chronic
pelvic pain caused by ovarian and internal iliac varices.
Phlebology 2007; 22: 100–4.

6. Ganeshan A, Upponi S, Hon LQ, Uthappa MC, Warakaulle
DR, Uberoi R. Chronic pelvic pain due to pelvic conges-
tion syndrome: the role of diagnostic and interventional
radiology. Cardiovasc Intervent Radiol 2007; 30: 1105–11.

7. Asciutto G, Mumme A, Marpe B, Köster O, Asciutto KC,
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