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Objective: The purpose of this study was to compare the diagnostic accuracy of time-
resolved MR angiography (TR-MRA) with that of conventional venography for the
detection and grading of ovarian venous reflux, which aid in the diagnosis of pelvic
venous congestion.
Methods: We performed a retrospective analysis of 19 consecutive patients who
underwent TR-MRA and conventional venography. The images were analysed by two
radiologists in a randomised ‘‘blinded’’ manner. With the use of conventional
venography as a gold standard, the images were reviewed to determine if differences
in the detection and grading of ovarian venous reflux were seen between TR-MRA and
conventional venography; the sensitivity, specificity and accuracy of TR-MRA compared
with that of conventional venography were evaluated. The McNemar test was
performed to determine the significance of any differences. Interobserver agreement
was analysed using generalised k statistics.
Results: There was no significant difference between TR-MRA and conventional
venography for grading ovarian venous reflux (p.0.05). The sensitivity, specificity and
diagnostic accuracy of TR-MRA were found to be 66.7%, 100% and 78.9%, and 75%,
100% and 84.2%, respectively, for the two observers. The weighted k-values indicated
excellent agreement between the two observers for grading ovarian venous reflux on
TR-MRA (k50.894).
Conclusion: TR-MRA is an accurate method for accessing pelvic venous congestion.
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Chronic pelvic pain is a common health problem
among females, and this is characterised by non-cyclic
pelvic pain lasting more than 6 months [1]. It has been
reported that as many as 39.1% of females have had
chronic pelvic pain at some time during their lives [2].
Pelvic congestion syndrome is defined as chronic pelvic
pain caused by incompetent ovarian veins, with asso-
ciated venous reflux and venous engorgement [3, 4].

Conventional angiography is currently considered the
gold standard for the detection of pelvic congestion
syndrome [5]. However, this procedure is time-consum-
ing and invasive, and it necessitates the use of ionising
radiation. Several non-invasive techniques are used for
the work-up of pelvic venous congestion, including
sonography, CT and MRI [6–10]. Time-resolved MR
angiography (TR-MRA) has been proven to be a quick
and non-invasive technique that allows evaluation of the
physiological blood flow [11–14].

There has been a study regarding the usefulness of TR-
MRA for assessing ovarian venous reflux, but to the best
of our knowledge [11] the correlation with conventional

venography has not been used to access the result of TR-
MRA for detecting ovarian venous reflux. The purpose of
this study was to compare the diagnostic accuracy of TR-
MRA with that of conventional venography for the
detection and grading of ovarian venous reflux, which
will help make the diagnosis of pelvic venous congestion.

Methods and materials

Patients

Our institutional review board approved this retro-
spective study and informed patient consent was
waived. We performed a review of the clinical records
of TR-MRA and conventional venography examinations
that were performed from 1 January 2009 to 30 August
2009 for evaluating pelvic venous congestion. The
criteria for inclusion in the study were a high degree of
clinical suspicion of pelvic venous congestion because of
chronic pelvic pain of at least 6 months’ duration;
patients had undergone both TR-MRA and conventional
venography. In addition, the patients underwent con-
ventional venography within 1 month after TR-MRA.
The retrospective analysis included 19 patients (age
range 27–61 years, mean age 42 years). They were all pre-
menopausal females (17 parous and 2 non-parous).
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Time-resolved MR angiography

MRI was performed on a 1.5 T system (Achieva 1.5 T,
Philips Systems, Best, the Netherlands) using a SENSE
body coil. All the patients were initially examined with a
routine MRI protocol for the pelvis that included the
axial, coronal and sagittal T2 weighted images, the axial
T1 weighted images and the contrast-enhanced T1

weighted images.
T2 weighted fast spin echo (FSE) MRI was performed

with the following parameters: repetition time (TR)/echo
time (TE) 4000–4100/100 ms; a matrix of 3406340, a field
of view of 22622 cm, acquisition of two signals, a section
thickness of 5 mm and a section gap of 1 mm. T1

weighted spin echo (SE) MRI was performed with the
following parameters: a TR/TE of 300–450/10 ms, a flip
angle of 90u, a matrix of 3406340, a field of view of
22622 cm, acquisition of two signals, a section thickness
of 5 mm and a section gap of 1 mm.

TR-MRA was acquired using the contrast-enhanced
timing robust angiography (CENTRA) keyhole techni-
que. The acquisition parameters of TR-MRA were the
following: TR/TE of 5.5/1.5 ms, flip angle 35u, matrix
3506210, slices/slab 70, slice thickness 1.6 mm and field
of view 40640 cm. During shallow breathing, four phases
(arterial, late arterial, venous and late venous) of imaging
of the pelvis were performed in the coronal plane for 1–
2 min after iv injection of 0.1 mmol kg–1 body weight of
contrast medium (Dotarem, Guerbet S.A., Roissy, France)
at a rate of 2 ml s–1, and this was followed by a 20 ml
saline flush with a power injector. The acquisition time
per phase was 15 s and the intervals between phases
were 3 s. Timing for the TR-MRA was achieved through
the use of a MR fluoroscopic bolus detection technique
(BolusTrack; Philips Medical Systems). The scanning of
the arterial phase was started after initial abdominal
aortic enhancement at the renal artery level on the MR
fluoroscopic images. The post-enhanced MR images for
each phase were subtracted from the pre-contrast MR
images, and then the subtracted MR images for each
phase were used to generate MRA by using maximum
intensity projection (MIP).

Venography and embolisation

The patients with chronic pelvic pain and a high
degree of clinical suspicion for pelvic congestion under-
went venographic evaluation for pelvic congestion with
subsequent coil embolisation if it was indicated. Selective
ovarian venography was performed via the transfemoral
approach. With the patient in a supine position, veno-
graphic access was obtained with the Seldinger techni-
que via the right femoral vein. The guidewire was
advanced into the inferior vena cava and after placement
of a 6-Fr introducer sheath and a 5-Fr Cobra catheter
(Cook, Bloomington, IN) selective right ovarian veno-
graphy was performed to evaluate the right ovarian vein
using the Valsalva manoeuvre. After the right ovarian
venography, the left ovarian vein was selectively
catheterised and venography was performed.

An enlarged or incompetent ovarian vein was treated
with transcatheter coil embolisation. However, we did
not perform selective small collateral vein embolisations

along the main ovarian vein. The indications for coil
embolisation included dilatation of the ovarian vein
(.5 mm), ovarian vein reflux into the pelvic cavity
involving an incompetent valve, severe congestion of
the pelvic venous plexus, significant stasis of contrast
medium in the pelvic veins, abnormal filling of the pelvic
veins across the midline and filling of vulvo-
vaginal or thigh varicosities [15, 16].

Among the 19 patients, 16 patients underwent left
unilateral ovarian venous embolisation using coils. Three
patients did not undergo ovarian venous embolisation
because these patients had nutcracker syndrome, which
requires surgery or endovascular stenting for alleviating
symptoms. Embolisations were performed using an
optimal size and number of coils (0.035 inch, 6–12 mm;
Cook). After embolisation, repeat venography was
performed to confirm occlusion of the ovarian vein as
well as that of the concomitant parallel trunks.

Image analysis

Analysis of all the MR images was performed with a
picture archiving and communications system (PACS)
workstation monitor. Two experienced radiologists, each
with more than 5 years of experience in the practice and
interpretation of pelvic MR, independently evaluated
both source images and volumetric MIP reconstructions
of the TR-MRA. An experienced interventionalist with
more than 5 years of experience in the field reviewed
the conventional venography images. The conventional
venography images were used as a reference standard.
The observers were blinded to clinical history and the
reports of the MRI and venography.

The images were reviewed to determine if differences
in the detection and grading of ovarian venous reflux
were seen between the TR-MRA and conventional
venography. The grades of ovarian venous reflux were
divided into two grades. Grade 1 reflux means the reflux
was confined in the left ovarian vein and/or left
parauterine veins. Grade 2 reflux means the reflux was
found in the right ovarian vein, the left internal iliac vein
and the right internal iliac vein, and varicosities of the
vulva and thighs in addition to Grade 1 reflux. For cases
with combined reflux, isolated treatment of the ovarian
vein or conservative treatment can cause a poor clinical
outcome [17]. However, bilateral ovarian and internal
iliac vein embolisation provides improvement of the
symptoms related to pelvic congestion syndrome with-
out a significant change of ovarian function [15]. In
patients with Grade 1 reflux, clinical symptoms are
improved by ovarian vein embolisation only. However,
in patients with Grade 2 reflux, embolisation of multiple
venous channels is needed for relieving the symptoms
related to pelvic congestion syndrome. Each reader
indicated with arrows the presence of ovarian venous
reflux and the digital images were saved on the work-
station. We recorded the detected ovarian venous reflux
on a data sheet on which the reflux site was listed (left
ovarian vein, left parauterine plexus, right parauterine
plexus, right ovarian vein, left internal iliac vein, right
internal iliac vein, and varicosities of the vulva and
thighs). The maximal diameters of the left ovarian veins
and left parauterine veins were measured by one blinded
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radiologist. When there was more than one vein on the
same side, the largest vein was measured.

Statistical analysis

The primary objective was to determine the diagnostic
performance of TR-MRA for detecting ovarian venous
reflux, with conventional venography as the reference
standard. Statistical analysis was performed using the
McNemar test to compare TR-MRA and conventional
venography for assessing the ability of grading ovarian
venous reflux. Probability values less than 0.05 were
considered to be statistically significant. Separate deter-
minations were made of the sensitivity, specificity and
accuracy of TR-MRA, including 95% confidence intervals
(CIs) derived from a generalised estimating equation
analysis.

The sensitivity for correct grading of ovarian venous
reflux was defined as the number of correctly identified
cases of Grade 2 reflux evaluated on TR-MRA divided by
the total number of cases of Grade 2 reflux evaluated on
conventional venography. Specificity was defined as the
number of cases of correctly identified Grade 1 reflux
evaluated on TR-MRA divided by the total number of
cases of Grade 1 reflux evaluated on conventional
venography. Accuracy was defined as the number of
correctly identified cases of Grade 1 and Grade 2 reflux
evaluated on TR-MRA divided by the total number of
cases of reflux evaluated on conventional venography.
The data were analysed using a statistical software
package (SPSS, v. 18, SPSS Inc., Chicago, IL).

Weighted k statistics were calculated to assess the
interobserver agreement for the grading of ovarian
venous reflux. The level of agreement was defined as
follows: k-values of 0.00–0.40 indicated poor agreement,
k-values of 0.41–0.75 indicated good agreement and
k-values of 0.76–1.00 represented excellent agreement.

Results

The comparison between TR-MRA and conven-
tional venography for grading ovarian venous reflux is
shown in Table 1. In all 19 patients, left ovarian venous
reflux was seen on both TR-MRA and conventional
venography (Figures 1 and 2). On TR-MRA, left ovarian
venous reflux was seen on the arterial phase and/or late
arterial phase in all 19 patients. For both observers, there
was no significant difference between TR-MRA and

conventional venography for correctly grading the
degree of ovarian venous reflux (p.0.05).

The sensitivity, specificity and diagnostic accuracy of
TR-MRA are listed in Table 2. The sensitivity, specificity
and diagnostic accuracy of TR-MRA for grading ovarian
venous reflux were found to be 66.7%, 100% and 78.9%,
respectively, for observer 1 and 75%, 100% and 84.2%,
respectively, for observer 2. In our study, TR-MRA
showed a relatively high accuracy compared with
venography (Figure 1). Of the 19 patients, 4 patients
and 3 patients were incorrectly categorised by Observer 1
and Observer 2, respectively, as Grade 2 reflux to Grade
1 reflux with TR-MRA (Figure 2). There was no false-
positive diagnosis of Grade 1 reflux to Grade 2 reflux on
TR-MRA by both observers.

The mean diameter of the left ovarian vein was
7.8¡1.2 mm (range 5.2–9.7 mm) on TR-MRA and
9.2¡1.7 mm (range 5.7–11.7 mm) on conventional veno-
graphy. The mean diameter of the left parauterine veins
was 4.7¡0.7 mm (range 3.5–5.7 mm) on TR-MRA and
5.3¡0.9 mm (range 3.4–6.7 mm) on conventional veno-
graphy.

The weighted k-values indicated excellent agreement
between the two observers for grading ovarian venous
reflux on TR-MRA (k50.894).

Discussion

The ovarian veins arise from the ovarian venous plexus,
which has venous communications with the uterine
plexus in the broad ligament. The ovarian veins join the
inferior vena cava on the right side and the left renal vein
on the left side. If there is incompetence of the ovarian
veins, it leads to retrograde venous flow and progressive
development of pelvic varicosities and dilatation of the
ovarian and parauterine veins. Therefore, correct detec-
tion of ovarian vein reflux is important for the diagnosis of
pelvic venous congestion and it may be crucial for
determining which patients will respond to ovarian vein
ligation or embolisation [11].

Several non-invasive modalities are used for the work-
up of potential pelvic venous congestion, including
sonogaphy, CT and MRI [6–10]. The sonographic
appearance of pelvic venous congestion is multiple
dilated veins around the ovary and uterus, reversed
caudal blood flow in the ovarian veins, dilated arcuate
veins crossing the uterine myometrium and polycystic
changes of the ovary [6]. However, sonography does not
readily show the ovarian veins. On the static CT and MR
images, pelvic venous congestion was revealed as
ovarian vein dilatation and early filling of the ovarian
veins and dilated, tortuous, enhancing tubular structures
near the ovaries and uterus [7, 10, 18]. However, the
accurate determination of the direction of flow in the
ovarian veins is difficult on the static CT and MR images.

TR-MRA has been proven to be a quick, non-invasive
technique that allows visualisation of the blood flow
dynamics. This technique has been shown to be highly
sensitive for detecting pathology in a variety of blood
vessels and body parts when compared with conventional
angiography [11–14]. The findings of the present study are
that TR-MRA is almost equal to conventional venography
for detecting ovarian venous reflux and TR-MRA is well

Table 1. Comparison between time-resolved MR angiogra-
phy (TR-MRA) and conventional venography for grading of
ovarian venous reflux

TR-MRA

Observer 1 Observer 2

Conventional venography Conventional venography

Grade 1 Grade 2 Grade 1 Grade 2

Grade 1 7 4 7 3
Grade 2 0 8 0 9

No significant difference was seen between TR-MRA and
conventional venography for correct grading of ovarian
venous reflux by two observers (p.0.05).

Time-resolved MR angiography on ovarian venous reflux
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suited as a screening method for the initial evaluation of
patients with suspected pelvic venous congestion [11]. In
addition, TR-MRA may be more specific than conven-
tional venography by virtue of its lack of disturbance of
the normal physiological haemodynamics in the left renal
vein and ovarian veins [11]. Kim et al [11] asserted that
TR-MRA is a useful imaging technique for the detection of
ovarian vein reflux, and it could become the gold standard
for the evaluation of pelvic venous congestion and chronic

pelvic pain. However, the correlation of TR-MRA with
conventional venography for detecting ovarian vein
reflux was not assessed in that study.

In our study, there was no significant difference be-
tween TR-MRA and conventional venography for grading
the degree of ovarian venous reflux. The sensitivity,
specificity and diagnostic accuracy of TR-MRA were
found to be 66.7%, 100% and 78.9%, and 75%, 100% and
84.2%, respectively, for the two observers. Although the

(a) (b)

(d) (e)

(c)

Figure 1. A 61-year-old female with Grade 2 ovarian venous reflux. This case was correctly categorised as Grade 2 reflux on
time-resolved MR angiography (TR-MRA). (a) Coronal maximum intensity projection image of TR-MRA obtained during the
arterial phase shows retrograde opacificaton of contrast medium from the left renal vein to the left ovarian vein (arrows). (b) In
the late arterial phase, there is dilatation of the right ovarian vein and right parauterine veins, and the right parauterine veins
and right ovarian vein are opacified (arrows) owing to retrograde flow that crossed midline from left into right parauterine
veins. (c, d) Selective left renal venography while performing the Valsalva manoeuvre shows the dilated left ovarian vein (thick
arrows) and left parauterine veins. The right ovarian vein and right parauterine veins (thin arrows) are opacified owing to
retrograde flow that crossed the midline from the left into the right parauterine plexus. (e) Transcatheter embolisation of the
left ovarian vein was performed using multiple coils.
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specificity for the diagnostic performance was higher, the
sensitivity was lower. Four patients and three patients
with Grade 2 ovarian venous reflux were incorrectly
categorised as Grade 1 reflux according to TR-MRA by
Observer 1 and Observer 2, respectively. The reasons for
this result may be related to the difference in haemody-
namics between TR-MRA and conventional venography.
As seen on conventional venography, an incompetent
ovarian vein is more dilated and more easily visible by
artificially increasing the pressure of the left renal vein by
selective injection of contrast medium into the left renal
vein [11]. Therefore, conventional venography shows
additional findings such as varicosities of the vulva and
thighs.

In our study, retrograde ovarian venous reflux was
seen on the arterial phase and/or late arterial phase on
TR-MRA. Kim et al [11] reported that the average time

to ovarian vein opacification after abdominal aortic
enhancement on TR-MRA was 7–32 s (mean 15 s). Our
results were similar to those of that previous study. In
our study, the arterial and late arterial phases were
finished within 35 s after abdominal aortic enhancement
on TR-MRA. In these phases, opacification of the left
ovarian vein and/or parauterine veins indicates ovarian
venous reflux.

Ovarian venous reflux can be demonstrated with CT.
On CT, opacification of the parauterine veins after
ovarian vein opacification indicates contrast flow from
the left ovarian vein to the parauterine vein [19]. The
scanning delay time of the CT examination is 20 or 30 s
for a single-detector helical scanner [20] and 65–95 s for
an 8-detector scanner [19]. Although CT may demon-
strate the retrograde ovarian vein flow and it may
exclude other pelvic pathologies that may be the cause of

(a) (b) (c)

Figure 2. A 41-year-old female with Grade 2 ovarian venous reflux. This case was incorrectly categorised as Grade 1 reflux on
time-resolved MR angiography (TR-MRA). (a) Coronal maximum intensity projection image of TR-MRA obtained during the
arterial phase shows retrograde opacificaton of contrast medium in the left ovarian vein and left parauterine veins (arrows).
However, there is no evidence of opacification of the left internal iliac vein. (b,c) Selective left renal venography while
performing the Valsalva manoeuvre shows the dilated left ovarian vein and left parauterine veins (thick arrows). The left
internal iliac vein (thin arrows) is opacified owing to retrograde flow from the left parauterine varices.

Table 2. Sensitivity, specificity and accuracy, and 95% confidence intervals (CIs) of time-resolved MR angiography (TR-MRA) for
grading of ovarian venous reflux

Parameter

Observer 1 Observer2

Value (%) 95% CI Value (%) 95% CI

Sensitivitya 66.7 (8/12) 34.9–90.1 75 (9/12) 30.8–89.1
Specificityb 100 (7/7) 59–100 100 (7/7) 63.1–100
Accuracyc 78.9 (15/19) 60–93.9 84.2 (16/19) 60.4–96.6

Numbers in parentheses were used to calculate the percentages.
aSensitivity is the number of correctly identified cases of Grade 2 reflux on TR-MRA divided by the total number of cases of Grade

2 reflux on conventional venography.
bSpecificity is the number of correctly identified cases of Grade 1 reflux on TR-MRA divided by the total number of cases of

Grade 1 reflux on conventional venography.
cAccuracy is the number of correctly identified cases of Grade 1 and 2 reflux on TR-MRA divided by the total number of cases of

Grade 1 and 2 reflux on conventional venography.
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chronic pelvic pain, combined pelvic MRI and TR-MRA
provide dynamic imaging of the ovarian vein and
combined pelvic MRI and TR-MRA can easily exclude
other pelvic pathologies that may be the cause of chronic
pelvic pain such as endometriosis, uterine myoma, pelvic
inflammatory disease and ovarian cysts [11].

The normal range of diameters of competent left
ovarian veins is between 3.2 mm and 3.6 mm [4, 21, 22].
The diameter of the ovarian veins in patients with pelvic
congestion syndrome on sonography or CT is between
7 mm and 8 mm [6, 9, 10, 20]. In our study, the mean
diameter of the left ovarian vein was 7.8¡1.2 mm (range
5.2–9.7 mm) on TR-MRA. Our results are similar to those
of previous studies [9, 10, 20]. The mean diameter of the
left ovarian vein was 9.2¡1.7 mm (range 5.7–11.7 mm) on
conventional venography in our study. The difference in
the mean diameter of the left ovarian vein between
TR-MRA and conventional venography is due to the
pressure effect on the left ovarian vein by selective injec-
tion of contrast medium into the left renal vein and the
radiographic magnification of conventional venography.
Hiromura et al [19] reported that the mean diameter
of the right and left parauterine veins on multidetector CT
was 5.9¡1.6 mm (range 4.3–8 mm) in patients with
severe left ovarian venous reflux. In our study, the mean
diameter of the left parauterine veins was 4.7¡0.7 mm
(range 3.5–5.7 mm) on TR-MRA and 5.3¡0.9 mm (range
3.4–6.7 mm) on conventional venography. We suggest
that the difference in the mean diameter of the parauterine
veins between our study and the previous study [19] is
related to the different degree of retrograde ovarian
venous reflux between the two studies.

This study had a number of limitations that should be
considered. First, the patient population was small and
the study design was retrospective. Thus, further studies
with larger sample sizes and prospective study will be
necessary to more fully examine the usefulness of TR-
MRA. Second, all 19 patients in our study were positive
for reflux; therefore, it is impossible to know the
specificity of TR-MRA for detecting ovarian venous
reflux. As there were no negative cases in the sample,
there is no way of knowing how frequently TR-MRA
yields false-positive results. There was an inevitable
referral bias because if ovarian venous reflux was not
seen on TR-MRA, then we did not obtain conventional
venography at our hospital. A control group would have
been helpful as it is known that reflux is often present in
asymptomatic patients. However, we did not use a
control group in this study and this may be another
limitation of this study. Finally, ovarian venous reflux by
itself is not enough to make the diagnosis of pelvic
venous congestion because reflux into the left ovarian
vein and the associated parauterine veins is often seen in
asymptomatic multiparous females [18, 19]. However,
we believe that our patients could be diagnosed as
having pelvic congestion syndrome because our patients
had chronic pelvic pain of at least 6 months’ duration
and they had no definite pelvic lesion such as adeno-
myosis, huge uterine myomas or endometriosis on pelvic
MRI.

In conclusion, TR-MRA is a useful imaging technique
for the detection and grading of ovarian venous reflux.
Therefore, we believe that TR-MRA is an accurate
method for accessing pelvic venous congestion.
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