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Abstract 

Background: Pelvic congestion syndrome (PCS) represents a diagnostic challenge due to its variable clinical pres-
entation, complex anatomy, and pathophysiology. Accurate delineation of the venous anatomy, detection of venous 
reflux or obstruction, its extent will enable interventional radiologists to successfully treat such patients and to avoid 
recurrence. Magnetic resonance imaging (MRI) allows a noninvasive examination of the anatomy and flow inside the 
pelvic veins in addition to its excellent soft-tissue contrast allowing evaluation of the pelvic organs. Our study is aim-
ing to investigate the role and accuracy of MR venography with time-resolved imaging (TR-MRV) as a diagnostic tool 
for pretreatment planning of PCS.

Results: Our study included 25 female patients with mean age 48 ± 12.34, who were referred to the radiology 
department in the period from April/2019 to April/2020 with clinical and ultrasound features suggesting PCS. TR-MRV 
was performed and interpreted in a blind fashion evaluating the vascular anatomy, venous dilatation, and reflux. The 
results were compared to conventional venography as a reference. The sensitivity, specificity, and accuracy of TR-MRV 
in the detection of ovarian vein reflux were 87%, 80%, and 84%, respectively, versus 75%, 53%, and 72% in internal iliac 
vein reflux and 92%, 69%, and 64% for pelvic venous plexus reflux. Demonstration of the venous anatomy was excel-
lent in 68% of the patients and was sufficient in 32%. Ovarian vein dilatation was detected in 16 patients by venog-
raphy and in 10 patients by TR-MRV. The weighted k-values (Cohen’s Kappa coefficient statistics) indicated excellent 
agreement between the two observers for identifying all the refluxing veins by TRI in each patient (k = 0.78).

Conclusion: MRI with TR imaging has shown high diagnostic accuracy when compared to conventional venography 
in evaluating pelvic congestion syndrome before endovascular treatment and thus facilitating treatment planning.
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Background
Pelvic congestion syndrome (PCS) is a complex, underdi-
agnosed cause of chronic pelvic pain in female patients. 
Up to 38 out of 1,000 women annually present in primary 
care with intermittent or constant pain in the lower abdo-
men or pelvis, a rate comparable with that of Asthma 

and lower back pain (37 and 41 in 1000, respectively) [1]. 
However, pelvic pain may be caused by many other enti-
ties including gynecological, urological, gastrointestinal, 
and musculoskeletal [2]. Therefore, imaging is critical in 
the evaluation of PCS, to differentiate it from other con-
ditions and to detect its cause [3].

Multiple etiologies may be responsible for Pelvic 
Congestion Syndrome. PCS caused by incompetent 
gonadal vein valves is termed pelvic venous insuffi-
ciency (PVI) [4]. Secondary causes include retro-aor-
tic left renal vein, meso-aortic compression of the left 
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renal vein (nutcracker syndrome), May–Thurner syn-
drome, IVC obstruction, vascular malformations, or 
portal hypertension. Hormonal factors/reproductive 
age and multiple pregnancies are also widely acknowl-
edged risk factors [5].

Most women present with non-cyclic, intermittent, 
constant pelvic pain for more than 6  months. Other 
symptoms include dyspareunia, dysmenorrhea, and 
urinary urgency. The clinical examination may reveal 
varicose veins of the vulva, perineum, buttocks, and 
lower extremities [2]. However, pelvic venous engorge-
ment and gonadal vein reflux can be seen in patients 
without pelvic pain. Thus, the diagnosis of pelvic con-
gestion syndrome is made based on the patient’s symp-
toms, clinical examination, and imaging studies.

Angioembolization of the ovarian veins and pelvic 
varices is the treatment of choice for PVI. Treatment 
failure is explained by the complex anatomy of the 
pelvic veins, which show a wide variation in terms of 
trunks, venous valves, duplications, and crossover con-
nections. Furthermore, reflux often affects more than 
one pelvic vein which makes it difficult to identify and 
treat all patterns of reflux leading to the development of 
alternative reflux pathways and recurrence after treat-
ment [6].

Venography is regarded as the "gold standard" for diag-
nostic studies which can show retrograde flow in the 
ovarian and pelvic veins, incompetent pelvic veins, con-
gestion of flow in the ovarian, pelvic, vulvovaginal, thigh 
veins [7]. Patient discomfort due to its invasive nature, 
use of ionizing radiation, costs is major drawbacks 
[8]. The diagnosis of PCS has usually been suggested by 
duplex ultrasound (US), but ultrasound imaging does 
not readily show the gonadal veins in addition to its lim-
ited sensitivity for the identification of structural causes 
of PCS and other conditions that cause pelvic pain (e.g., 
endometriosis) [9].

Magnetic resonance imaging (MRI) can demonstrate 
anatomic findings such as dilated ovarian veins, the 
presence of pelvic, perineal, vulval/labial, thigh varices. 
Secondary causes of PVI can also be detected with high 
accuracy because of its multiplanar imaging capability 
and excellent soft-tissue contrast [10]. Magnetic reso-
nance venography (MRV) with time-resolved imaging 
(TRI) is a quick and noninvasive technique that allows 
evaluation of the dynamic blood flow pattern and is par-
ticularly useful for abdominal venous imaging in free-
breathing patients and when the presence and direction 
of flow are critical to the diagnosis [11]. Accurate ana-
tomic detail and flow information are essential to pro-
vide a detailed roadmap for the embolization procedure, 
detecting variant anatomy, and ruling out non-PVI eti-
ologies. This study aims to evaluate the role and accuracy 

of TR-MRV in the diagnostic work-up of pelvic conges-
tion syndrome before endovascular treatment.

Methods
Patients
This prospective study included 25 women with a mean 
age of 48.67 ± 12.34 (range 34–55) who were referred 
to the radiology department with clinical and US fea-
tures suggesting PCS, in the period from April/2019 to 
April/2020. At the time of patient hospital admission, 
comorbidities, as well as standard physical examination 
findings, were recorded.

Clinical examination
The clinical evaluation included a history of conges-
tion symptoms and a physical examination of the pel-
vic region and the lower limbs to demonstrate signs of 
venous incompetence or obstruction. This included four 
clinical presentations (a) chronic pelvic pain of at least 
6  months; (b) venous claudication due to iliac venous 
obstruction; (c) left flank or abdominal pain and hema-
turia due to left renal vein compression; and (d) symp-
tomatic lower extremity varicosities in either atypical 
(vulva, medial, and posterior thigh, sciatic nerve) or typi-
cal saphenous distributions.

Any patient with general contra-indications to MRI 
as the presence of any paramagnetic substance as pace-
makers, or in severely ill patients or those with claus-
trophobia, arrhythmic patients (that were managed by 
pacemakers) were excluded from the study that has a 
pacemaker. The study was conducted after approval of 
the institutional Ethical Committee, and informed writ-
ten consent was obtained from each participant.

MRI, and TR‑MRV
The MRI examinations were performed with a 1.5  T 
imaging unit (Magnetom Sempra, Siemens, Erlangen, 
Germany) with the use of a body phased-array coil. Pre-
liminary sequences covering the abdomen and pelvis 
from the upper pole of the left kidney to the proximal 
thighs were performed for all patients. These included 
axial, coronal, and sagittal T2-weighted turbo spin-
echo (T2_TSE) images and axial T1-weighted fast low 
angle shot (FLASH) images to examine the pelvic organs 
and detect dilatation of the pelvic veins. The T2_TSE 
sequence was performed with the following parameters: 
repetition time (TR)/echo time (TE) 3570/100  ms; field 
of view of 210 mm; flip angle 150 and slice thickness of 
4  mm. T1_FLASH sequence was performed with the 
following parameters: TR/TE of 185/5  ms; field of view 
360 mm; flip angle 70 and slice thickness 6 mm.

MRV with TRI was then performed for the detection 
of venous reflux. The acquisition parameters of TR-MRA 
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were the following: TR/TE of 5.5/1.5  ms, flip angle 25, 
slices/slab 70, slice thickness 1  mm, and field of view 
360 mm. Four phases (arterial, late arterial, venous, and 
late venous) were performed in the coronal plane during 
shallow breathing for 2 min after iv injection of 0.1 mmol/
kg bodyweight of contrast medium gadopentetate dimeg-
lumine (Magnevist, Schering, Berlin, Germany), at a rate 
of 2 ml/s which was followed by a 20 ml saline flush. To 
achieve maximum contrast signal in the veins, the tran-
sit time of the contrast medium was determined with the 
use of a bolus tracking technique initiated by abdominal 
aortic enhancement at the renal artery level. The acquisi-
tion time per phase was 20 s, and the intervals between 
phases were 5 s. The post-enhanced MR images for each 
phase were subtracted from the pre-contrast MR image 
and used to generate MRV. The images are then post-
processed using maximum intensity projection (MIP) 
algorithms.

Finally, a post-contrast axial 3D fat-suppressed 
T1-weighted (T1_VIBE) sequence covering the abdomen 
and pelvis was performed with the following parameters: 
TR/TE of 5.82/2.35 ms; field of view 320 mm; flip angle of 
10 and slice thickness of 3 mm.

Venography
Venography was performed using the Artiszee-Siemens 
Healthcare Angiography system. With the patient in a 
supine position, venographic access was obtained with 
the Seldinger technique via the right femoral vein or the 
right internal jugular vein. Catheterization of the infe-
rior vena cava was done using a 5-French Cobra catheter 
(Cook, Bloomington, IN), and bilateral venography of 
the common iliac vein, external iliac vein, and a selective 
internal iliac vein was performed to evaluate for reflux in 
the internal iliac veins and narrowing of the left common 
iliac vein in May–Thurner syndrome. Venography of the 
left renal vein was then performed to detect nutcracker 
syndrome or reflux into the left ovarian vein. If reflux is 
seen in the ovarian vein, the catheter was positioned in 
the proximal part of the vein and selective venography 
was performed to detect reflux into the visceral venous 
plexus and bridging arcuate uterine veins to the con-
tralateral side. Finally, a contrast medium is injected into 
the inferior vena cava to detect incompetence of the right 
ovarian vein and selective right ovarian vein venography 
was performed if needed.

At the end of the examination, patients were observed 
for about 4 h and then discharged home.

Image analysis
MRI and MRV with TRI were interpreted first in a pro-
spective and blinded manner by two radiologists with 
15 and 20  years of experience, and diagnosis was made 

in consensus. Conventional venography was used as the 
standard of reference. For the analysis, the venous system 
was divided into the following segments: the common 
and internal iliac veins, the ovarian veins, and the pelvic 
plexus.

Demonstration of the venous anatomy on TRI was 
assessed as either inadequate (impossible to definitively 
determine a treatment plan), sufficient (intermediate 
image quality but sufficient for treatment planning), or 
excellent anatomic visualization.

The diagnostic criteria for pelvic venous incompetence 
on MRV with TRI were the retrograde caudal flow of 
contrast material, dilated para-uterine varices, the pres-
ence of an arcuate vein crossing the midline, heterogene-
ous or T2-hyperintensity due to slow flow, vulvar and/or 
thigh varices, polycystic ovarian configuration and the 
absence of an obstructing mass or structural obstruction.

The diagnostic criteria for pelvic venous incompetence 
on venography were dilated gonadal, uterine, and utero-
ovarian arcade veins > 5 mm in diameter, retrograde cau-
dal flow in the ovarian vein (unilateral or bilateral), reflux 
of contrast material across the midline to the contralat-
eral side through the utero-ovarian arcade, retrograde 
filling of the principal tributaries of the IIV (gluteal, sci-
atic, obturator vein) and stagnation of contrast material 
in pelvic veins [4]. May–Thurner Syndrome was diag-
nosed by compression of the left common iliac vein by 
the right common iliac artery.

Statistical analysis
All statistical tests were performed using IBM-SPSS 23.0 
(IBM-SPSS Inc., Chicago, IL, USA). Continuous data 
were expressed in mean and standard deviation while 
categorical data were expressed in count and percent-
age. Weighted k statistics were calculated to assess the 
interobserver agreement for correctly identifying all the 
refluxing veins by TRI in each patient. The level of agree-
ment was defined as follows: k-values of 0.00–0.40 indi-
cated 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 25 women included in this study presented with 
chronic pelvic pain. Other symptoms included pelvic 
heaviness, labial varicosities, lower limb varicosities, dys-
pareunia, and venous claudication (Table 1). Venography 
revealed that 22 of the 25 women with clinical signs and 
symptoms of PCS had one or more incompetent pelvic 
veins while TRI detected incompetence in 20 patients. 
One patient was diagnosed by both modalities with PVI 
secondary to May–Thurner syndrome (Fig. 1).
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Demonstration of the venous anatomy on MRV with 
TRI was excellent in 17 (68%) patients and sufficient in 8 
(32%) patients with no inadequate examinations. Ovarian 
vein dilatation was detected in 16 patients by venography 
and in 10 patients by TRI with one false-positive result. 
MRV also did not detect dilatation of the internal iliac 
veins in 2 patients and the pelvic plexus in 2 patients.

Reflux was detected by venography in 15 (60%) ovar-
ian veins, 4 (16%) internal iliac veins, and 12 (48%) pel-
vic plexuses, while TRI detected 13 (52%), 3 (12%), and 
9 (36%), respectively (Table  2). MRV with TRI had 87% 
sensitivity and 80% specificity for detection of ovar-
ian venous incompetence in patients with PCS with an 
overall accuracy of 84% and an area under the curve of 

0.83 (Table 3 and Figs. 2, 3). For detection of iliac venous 
incompetence, TRI had 75% sensitivity and 53% specific-
ity with an overall accuracy of 72% and an area under the 
curve of 0.76 (Table  3). Regarding pelvic venous plexus 
incompetence, it had 92% sensitivity and 69% specificity 
with an overall accuracy of 72% and the area curve was 
0.80 (Table 3).

The weighted k-values indicated excellent agreement 
between the two observers for identifying all the reflux-
ing veins by TRI in each patient (k = 0.78).

Discussion
Chronic pelvic pain is a common health problem among 
women and is defined as noncyclic pelvic pain of more 
than 6  months duration. The condition is potentially 
debilitating, and diagnosing its cause can be quite chal-
lenging for clinicians. PCS is one of the causes of chronic 
pelvic pain which is often overlooked in the differen-
tial diagnosis due to its non-specific clinical presenta-
tion. The various etiologies of PCS are responsible for 

Table.1 Demographic and clinical data of studied women

Data expressed as mean, SD, frequency (percentage)

N = 25

Age (years)
Range

48.67 ± 12.34
34–55

Parity 3 (1–6)

Clinical manifestations

 Chronic pelvic pain 25 (100%)

 Pelvic heaviness 19 (76%)

 Labial varicosities 5 (21%)

 Lower limb varicosities 21 (84%)

 Dyspareunia 15 (60%)

 Venous claudication 1 (4%)

Fig. 1 A Case 1 MRV 3D image that shows dilated left ovarian vein reaching (5.6 mm), with dilated left pelvic varices. B Case 1 conventional 
direct venography: shows dilated distal part of the left ovarian vein and pelvic plexus. C Case 1 conventional venography: same case, but contrast 
administration was done at the proximal part of the left ovarian vein, to show the whole vein diameters and week points

Table.2 Affected veins based on TR-MRV and venography

Data expressed as mean, SD

Venography TR‑MRV

Incompetent veins 22 20

 Ovarian veins 15 (60%) 13 (52%)

 Internal Iliac Veins 4 (16%) 3 (12%)

 Pelvic plexus 12 (48%) 9 (36%)
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its diverse symptoms. PCS may be due to incompetent 
gonadal vein valves and is termed pelvic venous insuffi-
ciency or secondary to structural causes such as left renal 
vein compression with an incompetent gonadal vein 
valve (nutcracker syndrome) or iliac vein compression 
(May–Thurner configuration) with reflux into the ipsilat-
eral internal iliac vein [3].

Ovarian and pelvic vein embolization is now the stand-
ard method of treatment of PCS using embolization 
coils, sclerosants, or a combination of both [4]. Success 
rates of up to 80% have been reported after a follow-up of 
5 years [3]. However, to achieve such a high success rate, 
multiple essential points must be considered before treat-
ment. First, anatomical venous variations including inter-
nal iliac veins that drain into the contralateral common 
iliac vein, duplicated IVCs, reverse-angle renal veins with 
alternative left gonadal vein drainage, and drainage of 
the right gonadal vein into the right renal vein may alter 
the approach to treatment. Furthermore, recognizing the 
blood flow dynamics in the pelvic veins is also essential 
for the diagnostic work-up of PCS [12]. The ovarian veins 
typically have multiple tributaries that generally collater-
alize into the utero-ovarian venous arcade with contralat-
eral reflux of contrast medium across the midline. There 
is often opacification of vulvar or thigh varices and stag-
nation of contrast medium in pelvic veins. Incomplete 
embolization of the ovarian vein tributaries and associ-
ated pelvic collateral vessels may be a source of clinical 
failure [4]. Therefore, an imaging modality that allows 
accurate delineation of the complex venous anatomy and 
the reflux patterns of the pelvic veins is mandatory for 
treatment planning and success (Table 4).

The diagnosis of PCS is made through a combina-
tion of the patient’s symptoms, clinical and radiologi-
cal examination. The gold standard test for diagnosing 
PCS is Venography. However, due to the invasive nature 
of venography and exposure to ionizing radiation, it 
is reasonable to limit its use to those patients with a 

high suspicion of PCS with the intent to treat it. This 
makes it necessary to have a reliable, noninvasive imag-
ing modality that is suitable for screening and can yield 
consistent results with the patient’s clinical presenta-
tion [13].

Ultrasonography with color Doppler allows a dynamic 
examination of flow in the pelvic veins. Dilated peri-
uterine and peri-ovarian veins can be identified in Pel-
vic Congestion Syndrome. It has the advantage of using 
the Valsalva maneuver or examining the patients in an 
upright position to detect reflux [14]. However, sonogra-
phy does not readily show the ovarian veins and has lim-
ited sensitivity for obstructive causes of PCS and other 
conditions that cause pelvic pain (e.g., endometriosis) [9].

The diagnosis of PCS on static CT and MRI (without 
TRI) is based mainly on dilatation of the peri-uterine 
and peri-ovarian venous plexus and ovarian veins. In this 
study, ovarian vein dilatation was recorded in 10 (40%) 
patients by MRI as compared to 16 (64%) patients diag-
nosed by venography with only one false-positive result. 
Yang et  al. [11] suggested that the discrepancy in the 
diameter of the left ovarian vein between TRI and venog-
raphy may be due to the pressure effect on the left ovar-
ian vein by selective injection of contrast medium into 
the left renal vein and the radiographic magnification of 
conventional venography. However, ovarian vein diam-
eter is a poor predictor of gonadal vein reflux, and dilated 
pelvic veins can often be incidentally found in asympto-
matic women. Therefore, the consensus statement from 
the Society of Interventional Radiology states that the 
absolute diameter of the veins should not preclude treat-
ment of PVI in the presence of other findings [15].

In the current study, MRV with TRI provided an excel-
lent demonstration of the venous anatomy in 17 (68%) 
patients and sufficient demonstration for treatment plan-
ning in 8 (32%) patients. The results of Asciutto et al. also 
revealed that visualization of venous anatomy was excel-
lent or more than sufficient for treatment planning in all 
cases on MRV. In addition, Chennur et al. [16] stated that 
TRI provides accurate information about arterial anat-
omy and flow characteristics and thus, can detect any 
incidental AV malformations. This indicates that TRI is 
well-suited for the morphologic assessment of the pelvic 
and ovarian veins.

MRV with TRI enables the visualization of blood flow 
dynamics in addition to the excellent soft-tissue con-
trast and multiplanar capabilities of MRI allowing the 
detection of various associated pathologies when com-
pared with conventional angiography. [17]. Furthermore, 
incompetence is frequently diagnosed in more than one 
pelvic vein, which highlights the importance of examin-
ing all the pelvic veins to achieve adequate treatment and 
avoid recurrence [6].

Table.3 Diagnostic accuracy of TR-MRV: Accuracy of TR-MRV 
in diagnosis of ovarian vein, internal iliac vein & pelvic plexus 
incompetence

TR-MRV: time-resolved magnetic resonance venography

Indices Ovarian vein Int.Iliac V Pelvic plexus

Sensitivity 87% 75% 92%

Specificity 80% 53% 69%

Positive predictive value 87% 59% 73%

Negative predictive value 80% 100% 64%

Accuracy 84`% 72% 72%

Area under curve 0.83 0.76 0.80

p value  < 0.001  < 0.001  < 0.001
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Our results revealed that the sensitivity and specific-
ity of MRV with TRI for the detection of reflux were 
87% and 80% for the ovarian veins, 75% and 53% for the 
internal iliac veins, and finally 92% and 69% for the pel-
vic venous plexus, respectively. The results of Asciutto 
et al. [18] also revealed that MRV is highly sensitive for 
insufficiency in pelvic plexus, ovarian or internal iliac 
veins. They reported 100% sensitivity when examining 
the internal iliac vein, but the specificity was low, which 
resulted in a high prevalence of false-positive results. 
Kim et al. [17] concluded that TRI is a useful imaging 

technique for the detection of ovarian vein reflux and 
that it could become the gold standard for the evalu-
ation of pelvic venous congestion and chronic pelvic 
pain. Chennur et  al. attributed the lower sensitivity 
of TRI in some cases due to early subtle reflux which 
can be missed on TRI due to supine patient position-
ing; unlike venography which allows table tilt and Val-
salva maneuver [16]. However, other authors believe 
that TRI increases the sensitivity and specificity of MRI 
by demonstrating the true flow dynamics due to injec-
tion of contrast through peripheral intravenous access, 

Fig. 2 A Case 2 MRI. (T2 conventional image) shows multiple dilated signal void pelvic varicosities. B Case 2 MRV (time-resolved image after 
contrast administration that shows dilated left ovarian vein reaching (9.5 mm). C Case 2 conventional venography shows dilated left ovarian vein 
secondary to compression by the right iliac artery (May–Turner Syndrome). D Case 2 conventional venography (shows dilated left ovarian vein and 
left-sided pelvic plexus secondary to May–Turner Syndrome, As Described)
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allowing a more physiologic description of the flow 
characteristics in contrast to conventional venography 
where the flow dynamics can be altered due to the pres-
sure of direct injection which can result in a false-posi-
tive diagnosis [17].

There was an excellent agreement between the two 
observers in identifying all the refluxing veins in each 
patient using TRI (k = 0.78). This agrees with the results 
of Yang et  al. [11] who found excellent agreement 
between the two observers for grading ovarian venous 

Fig. 3 A1 Case 3 MRV (time-resolved coronal image after contrast administration with dilated pelvic varicosities). A2 Case 3 MRV (Time-resolved 
axial image after contrast administration that shows multiple dilated pelvic varicosities). B1 Case 3 conventional venography (show dilated left 
ovarian vein along its whole length with multiple week points). B2 Case 3 conventional venography (selective catheterization of the proximal part 
of the left ovarian vein that shows its dilatation with multiple dilated pelvic varicosities

Table.4 Degree of agreement between MRV and phlebography 
in venous incompetency

K degree of 
agreement

Incompetent veins

 Ovarian veins 0.66

 Hypogastric veins 0.48

 Pelvic venous system 0.60

Overall agreement 0.62
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reflux on TR-MRI (k = 0.894). All these factors indicate 
that MRI with TRI can be used as a reliable screening 
method for the initial evaluation of patients with sus-
pected pelvic venous congestion [17].

The limitation of this study was that MRV may under-
estimate venous disease because conventional cross-
sectional imaging studies are generally performed in the 
supine position in which ovarian and pelvic varices may 
not be as prominent. Another limitation is the relatively 
small number of patients included in the study. We rec-
ommend that a multicenter study be done with a large 
sample size to confirm the role of MRV in the diagnosis 
of PCS. Furthermore, a comparative study between dif-
ferent imaging modalities in the evaluation of women 
with suspected PCS as MRV, Duplex ultrasonography, 
and computed tomography would be of great value.

Conclusion
Although venography is the gold standard for the diag-
nosis of PCS, in the current study, MRV with TRI has 
shown to be a reliable noninvasive method in the evalu-
ation of all aspects of PCS that are required for endovas-
cular treatment planning with high diagnostic accuracy.
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