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Abstract
This thesis investigated the ultrasound assessment of the uterine
venous circulation and the clinical relevance to its associated
pathologies, namely pelvic varicosities and thrombosis. The interand intra-observer variability in the measurement of venous
diameter and classification of blood flow was assessed and a good
level of agreement was found. Factors influencing venous diameter
were also studied in women with normal pelvic organs and those
with pelvic pathology. In both studies, the uterine veins could be
consistently identified and measured in all subjects. Women who
were pre-menopausal and of a higher parity had larger venous
diameters in both groups.

Moreover, the presence of pelvic

pathology led to increased venous diameters compared to normal
pelvic organs. This formed the basis of developing a reference
range for uterine vein diameters. Additionally, there was no
difference in venous diameter between women with and without
pain.
Transvaginal ultrasound was also used to assess the prevalence
and short-term outcomes of uterine venous plexus thrombosis
(UVPT). The prevalence was estimated to be 3%, with parity, premenopausal status, recent surgery, varicose veins and a positive
family history of venous thromboembolism all being significantly
associated with UVPT. In addition, adenomyosis was the main
ultrasound finding that was significantly related to the presence of
UVPT. The resolution rate was 55% overall, with number of clots
present being the significant factor to affect resolution. Receiving
medical management for UVPT did not increase resolution.
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Impact Statement
Pelvic venous congestion is an accepted clinical condition which
was described several decades ago. Although this diagnosis is often
made in clinical practice, the criteria often varies. There has never
been a well conducted prospective study to assess the size of
uterine pelvic circulation and define reference ranges that could be
used to base the diagnosis on objective rather than subjective
criteria.
This thesis includes a number of studies which assess uterine
venous size in women with normal pelvic organs and those with
pathology. The first two studies have confirmed the reliability of
transvaginal ultrasound in measuring the uterine veins and defined
reference ranges which take into account demographic background
and pathology. Our reference ranges can be used in further by other
clinicians to facilitate objective markers of dilated veins and define
their impact on women’s well-being.
Venous thrombosis is an important health issue. Well defined
diagnostic and management algorithms exist for deep venous
thrombosis however the prevalence and significance of uterine
venous plexus thrombosis is unknown. Compression ultrasound is
the imaging modality of choice for diagnosing deep vein thrombosis.
In women, uterine venous plexus thrombi can also be diagnosed
using transvaginal ultrasound. The final two studies in this thesis
have described the prevalence, diagnostic criteria and risks factors,
as well as the natural history of uterine venous plexus thrombosis.
Our results will help clinicians to manage this condition and provides
the initial step in developing a safe management pathway in the
future.
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Hypotheses

This thesis will investigate the following hypotheses:
Transvaginal ultrasound can be used as an accurate and
reproducible tool in measuring uterine vein diameter.
Transvaginal ultrasound can be used as an accurate and
reproducible imaging modality for assessing blood flow through the
uterine venous plexus.
Transvaginal ultrasound can be used to assess uterine venous
circulation in routine clinical practice and differentiate between
women with normal and abnormally dilated uterine veins.
Transvaginal ultrasound can be used to diagnose uterine venous
plexus thrombosis.
Transvaginal ultrasound can be used to assess the prevalence of
uterine

venous

plexus

thrombosis

in

women

attending

gynaecological clinics.
The risk factors for asymptomatic uterine venous plexus thrombosis
may be similar to those of deep venous thrombosis.
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Aims

The aims of this thesis are:
To assess the reliability and reproducibility of using B-mode and
Doppler transvaginal ultrasound in examination of the uterine
venous plexus.
To study which factors influence uterine venous diameters in women
with normal pelvic organs and women with pelvic pathology.
To examine the uterine venous plexus and determine reference
ranges for women with normal pelvic organs
To assess the effect pelvic pathology has on the size of the uterine
veins.
To assess whether uterine vein diameter is associated with chronic
pelvic pain in women.
To establish the prevalence of asymptomatic uterine venous plexus
thrombosis in women.
To identify the risk factors associated with asymptomatic uterine
venous plexus thrombosis development.
To determine the short-term clinical outcomes of asymptomatic
uterine venous plexus thrombosis.
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Thesis layout

This thesis is divided into four main sections:
Part 1: Background, which includes chapters 1-5. Each chapter in
part 1 is dedicated to the study topics in this thesis. Chapter 1
outlines the technical aspects of ultrasound and chapter 2 provides
an overview of the pelvic venous anatomy. Chapters 3 and 4 present
a synopsis of the conditions that will be examined in this thesis.
Chapter 5 will conclude part 1 with a summary of the background.
Part 2: Methods. This section of the thesis is chapter 6 and will
describe the general methods including study design and
procedures that will be applicable to all the studies included in this
thesis.
Part 3: Results and Discussion, which includes chapters 7-12. Each
chapter is based on an individual study and includes the
introduction, specific additional methods, results and discussion.
Part 4: Conclusions and future studies. This section is an overall
conclusion which summarises the findings and explains their
importance with suggestions for further research.
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PART I: BACKGROUND
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CHAPTER 1 TECHNICAL ASPECTS OF
ULTRASOUND

1.1 Introduction
Medical ultrasound has been in use for several decades. However,
it was the seminal paper by Donald et al., in 1958 (Donald et al.,
1958), that revolutionised how ultrasound is used within the field of
Obstetrics and Gynaecology. Professor Ian Donald and his team
were able to convey how transabdominal ultrasound could
differentiate between solid and cystic abdominal masses and hence
improve diagnosis with a non-invasive technique. The ideal
diagnostic test should be safe, minimally invasive, highly sensitive
and specific to allow correct identification of patients with a disease
rapidly and reassure healthy patients. With ultrasound fulfilling these
requirements, it is considered to be the primary imaging modality in
gynaecology.

1.2 Principles
Ultrasound is a high frequency sound wave which can be used to
form images of internal body organs. Electrical current passing
through piezoelectric crystals in the transducer are converted into
ultrasound pulses which are transmitted through the body. When
these pulses meet an interface between tissues of differing density
or acoustic impedance, they are reflected back to the piezoelectric
plate as echoes. The received echoes are then converted into an
electric current which are displayed as real-time images.
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1.3 B-mode image formation
A brightness-mode (B-mode) image is a cross-sectional image
representing tissue and organ boundaries within the body. The
image is created by echoes that are generated by reflection of
ultrasound waves at tissue boundaries. Each echo is displayed at a
point in the image which corresponds to the position of origin within
the body cross section. The brightness of the image is linked to the
amplitude or strength of the echo and subsequently termed B-mode.
In order to form a B-mode image, the transducer, which is the source
of ultrasound, is placed into direct contact with the patient and short
bursts or pulses of ultrasound are transmitted into the patient. As
these pulses travel into the tissues of the body, they are reflected
and scattered back to the transducer as echoes, which form the
image (Martin, 2010).

1.4 Transvaginal ultrasound
The use of transvaginal ultrasound (TV-US) was first suggested in
1966 but was not applied until 1985, when it was used to monitor
follicular growth (Rottem, 1993). It is now a widely accepted method
in visualising the pelvic organs and can be used for diagnostic
imaging, flow profiles and guided procedures.
The frequency of ultrasound pulses used is related to image quality
and depth of penetration required. Higher ultrasound frequencies
result in better image resolution but there is greater attenuation of
the beam within the tissues.

Transabdominal (TA) curvilinear

ultrasound probes have to pass through multiple tissue layers before
reaching the abdominal cavity and hence use lower frequencies (3.5
– 5 MHz) but at the expense of image quality. In comparison, as TVUS allows the probe to be closer to the target organs, there is less
attenuation from intervening tissue and therefore higher frequencies
29

(8 – 15 MHz) can be used, leading to superior image resolution
(Whittingham and Martin, 2010).
Vessels as small as 1 to 2mm can be detected using TV-US and as
the probe is closer to the vessel, a smaller angle of insonation is
required, which increases the accuracy of the measurement (Thaler
et al., 1993). By combining a 5-MHz pulsed, range-gated Doppler
transducer to the transvaginal real-time scanner, it is possible to
achieve high quality duplex ultrasound which can provide detailed
haemodynamic measurements of the female pelvic vessels, in both
pregnant and non-pregnant states (Rottem, 1993). It is also possible
to distinguish between the uterine arteries and veins based on the
flow velocity waveforms and brightness of colour flow (Thaler et al.,
1993). The uterine arteries will demonstrate moderate velocity and
a very high resistance of flow. In contrast, ovarian vessels are more
difficult to visualise fully as Doppler signals are not as prominent
(Taylor et al., 1985).

1.5 The use of Doppler in ultrasound
The Doppler effect is the change in the observed frequency of the
sound wave (ƒr) depending on whether the wave is moving towards
or away from a reference point. The effect derives its name from the
Austrian physicist Christian Johann Doppler, who presented the idea
in 1842 in relation to the motion of stars. This concept, however has
also been applied to ultrasound when assessing the motion of blood
and tissue. When the object emitting the sound is stationary, the
observed frequency of sound (ƒr) is the same as the emitted
frequency (ƒt). However, if the sound source is moving towards the
observer, the sound waves are more compressed, hence the
experienced frequency is higher than that is emitted. The opposite
occurs when the sound source is moving away from the observer.
This change in the observed frequency is known as the Doppler shift
(ƒd) and is proportional to the relative velocity of the source to the
30

observer.

When the ultrasound waves come into contact with

moving blood, there are two Doppler shifts: one when the
transmitted ultrasound strikes the moving blood and second, when
the moving blood emit the reflected ultrasound. The Doppler shift
frequency (ƒd) depends on the frequency of transmitted ultrasound,
the speed of the ultrasound as it passes through the medium (c), the
velocity of the blood (n) and the angle of insonation (q).

This

relationship can be expressed as the following equation:

The angle of insonation is the angle between the path of the
ultrasound beam and the direction of blood flow. It can be influenced
by variations in the orientation of the blood vessel or ultrasound
probe. The highest Doppler frequency shift occurs when the vessel
and beam are aligned, which is when the angle of insonation is zero,
and the cosine function is 1.0. As the angle approaches 90˚, the
Doppler frequency will be at its minimum. The accepted angle of
insonation to obtain reliable spectral waveforms is less than 60˚
(Hoskins, 2010).
Modern Doppler systems can be displayed in two modes: spectral
Doppler and 2D colour flow imaging. With spectral Doppler, the
velocity information detected from a single location within the blood
vessel is displayed in a frequency shift-time plot (Figure 1-1). The
graphical display provides information about the speed, direction
and pulsatility of blood flow in the Doppler sample volume (Wood et
al., 2010). The image is usually arranged with the range of frequency
shifts, or velocities, along the y axis and time along the x axis.
Positive Doppler frequency shifts are plotted above the baseline and
negative Doppler shifts are below. Conventionally, arterial flow is
towards the transducer and is therefore above the baseline, with
venous flow represented below the baseline. Many ultrasound
systems combine Doppler ultrasound with B-mode imaging and are
known as duplex systems. The main advantage of duplex Doppler
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ultrasound is that it enables precise localisation of deep vessels and
the Doppler sample volume within it (Thrush, 2010b). In addition,
the angle of insonation can be estimated and corrected to calculate
the blood velocity. With 2D colour flow imaging, the 2D colour image
is superimposed on the B-mode image.

Colour represents the

Doppler shift for each pixel (Figure 1-2 ).
Although both systems provide blood-flow information, an inherent
difference between them is that spectral Doppler allows closer
inspection of the changes in velocity over time within a single small
area, whereas 2D colour flow demonstrates the presence of blood
flow within a large area of tissue.

Figure 1-1 Frequency time shift plot of the uterine vein
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Figure 1-2 Colour Doppler image of the uterine vein

1.5.1 Pulsed-wave (PW) Doppler
PW Doppler systems transmit short pulses of ultrasound with the
advantage of acquiring Doppler signals from a known depth. The
Doppler sampling frequency, known as the pulse repetition
frequency (PRF) can be modified by the operator to ensure that the
Doppler frequency shift is estimated accurately.
1.5.1.1 Aliasing
Aliasing is a fundamental limitation of PW-Doppler. If the PRF is
high, then there are sufficient number of samples to enable the
Doppler system to detect the frequency correctly. As the PRF
decreases, there is a level at which the Doppler signal is only just
sampled sufficiently and this is known as the “Nyquist limit”. The
maximum Doppler frequency shift that can be detected is half of the
PRF. If the PRF is lower than this, the Doppler system cannot
calculate the correct frequency, leading to ambiguity in the Doppler
signal known as aliasing. This phenomenon will reflect an apparent
change in the direction of blood flow in high velocity areas due to the
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combined measurement of blood velocity and the flow angle being
greater than half of the PRF (Hoskins, 2010).

1.6 Ultrasound assessment of blood flow and vessels
The evolution of colour flow imaging has permitted the investigation
of blood flow to aid diagnosis of both vascular and non-vascular
disorders. It is therefore essential to be able to differentiate between
arterial

and

venous

appearances

as

well

as

having

an

understanding of blood flow through normal and diseased vessels.
For example, reversed blood flow within a vessel as visualised on a
colour image may either be secondary to disease, or may be normal
flow within the vessel.

1.6.1 Vessel structure
The structure of both arteries and veins are similar and comprise of
three layers. The inner layer is known as the tunica intima and is a
thin layer of endothelium overlying an elastic membrane. The middle
layer, the tunica media, which is a thinner layer in the venous wall,
consists of smooth muscle and elastic tissue. The outer layer, the
tunica adventitia, consists of mainly connective tissue with collagen
and elastic tissue. All three layers can usually be visualised on
ultrasound examination of an artery. This is in contrast with how the
vein appears as the tunica media is thinner, hence the venous wall
appears as a thin single layer with the presence of valves and valve
sinuses. In addition, patent veins are compressible with complete
apposition of the anterior and posterior walls during gentle pressure
from the transducer, whereas arteries will have a limited response
to extrinsic compression (Thrush, 2010a).
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1.6.2 Blood flow
Normal blood flow is known as laminar flow, meaning that blood
moves in layers, with one layer sliding over the other. The layers are
able to travel at different velocities and the blood cells remain within
their layers. When there is a significant increase in velocity, laminar
flow may break down and the blood then moves in random directions
at variable speeds. This is known as turbulent flow and may be seen
distal to severe stenosis (Thrush, 2010a). Variations between
arterial and venous blood flow is described in section 1.7.1.2.

1.6.3 Velocity profiles
Blood velocity within a vessel is not uniform and typically, faster flow
is seen in the centre of the vessel, with slowly moving blood closer
to the vessel wall. This variation in blood velocity across the vessel
is known as the velocity profile and can be described as blunt,
parabolic or in between. With blunt flow profiles, all the blood is
travelling at a similar velocity hence the velocity spectrum is narrow
and relatively uniform. Conversely, parabolic flow demonstrates a
wider range of velocity (Thrush, 2010a).

1.7 Interpretation of the Doppler spectrum for blood flow
The Doppler spectrum can be interpreted using qualitative,
quantitative and semi-quantitative methods, which are outlined in the
following sections.
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1.7.1 Qualitative methods for interpreting the Doppler
spectrum
1.7.1.1 Presence and direction of flow
Being able to determine the presence of blood flow is the simplest
and most useful application of Doppler ultrasound. For example,
visualisation of a twisted pedicle as a “whirlpool” on colour Doppler
has been shown to increase the diagnostic sensitivity for diagnosis
of ovarian torsion (Nizar et al., 2009). In addition, colour Doppler
can also provide further information on the extent of occlusion in
thrombosed vessels as there may be a reversal of blood flow through
the existing collateral pathways. Confirming the absence of flow
needs to be with caution and therefore it is essential that normal flow
signals can be detected from comparable structures at similar
depths using the same machine settings. The PRF should also be
adjusted to detect the lowest Doppler shift frequency in low velocity
systems such as veins, the placenta and neo-vascularised
malignant tumours (Burns, 1993).
1.7.1.2 Identification of characteristic flow
Normal flow in various parts of the circulation exhibit distinct
characteristics which are dependent on its precise location. This is
useful in differentiating between uterine and ovarian circulation
systems in the pelvis. Uterine and ovarian arterial waveforms have
been found to vary with the phase of the menstrual cycle, age and
circadian rhythm (Sladkevicius et al., 1994, Tan et al., 1996, Zaidi et
al., 1995a, Zaidi et al., 1995b) (see Figure 1-3). Arterial flow is
pulsatile and will vary over time. The direction and velocity are
dependent on the pressure drop along the vessel length. Venous
flow however, is influenced by several factors including: pressure
changes from the cardiac cycle; respiration and posture.

The

amplitude of the venous waveform also decreases as the distance
from the heart increases (Selis and Kadakia, 2009). Central venous
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flow and pressure are affected by changes in the volume of the right
atrium during the cardiac cycle and hence can be pulsatile, which
can be visualised on Doppler spectra. Peripheral veins are less
influenced by the cardiac cycle due to the compliance of veins.
Respiratory effects can also be seen on Doppler spectra and will be
displayed as phasic changes in flow. Employing Valsalva
manoeuvres are often useful in investigating venous disorders, such
as valvular incompetence and reflux. Veins will distend during
Valsalva or deep inspiration (Fronek et al., 2001).
The uterine venous circulation remains a rarely explored area and
blood velocity patterns have only been described in the maternal
uterine venous plexus during the late second and third trimesters
(Thuring et al., 2010). Three patterns were identified: Type I,
continuous non-pulsatile flow; Type II, pulsatile flow with a notch
down to the zero line; and Type III, pulsatile flow with absent flow
signals during the cardiac cycle. Of these, Type I venous blood flow
was the most common finding. This type of monophasic blood flow
occurs when the transmission of fluctuating intrathoracic pressures
to the distal venous structures are diminished.

In addition to

pregnancy, this loss of phasicity can be seen with non-occlusive
thrombi in a proximal vein, extrinsic pressure effects on a vein and
intrinsic luminal narrowing (Lin et al., 2007).
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Figure 1-3 PW-Doppler image of normal blood flow
through the uterine artery (Kurjak et al., 1989)

1.7.2 Quantitative methods for interpreting the Doppler
spectrum
Local pressure difference, velocity and acceleration of flow, and
volume flow rate can be used to estimate blood flow but its
application is often restricted to large vessels, whose course is
straight for about 2cm (Burns, 1993). Given that the uterine plexus
can be tortuous and includes several anastomosing vessels, these
quantitative methods would not be appropriate for measurements of
flow.

1.7.3 Semi-quantitative methods for interpreting the Doppler
spectrum
Blood velocities in arteries are higher during systole than diastole
and waveform indices help to identify these changes. They provide
information relating to the condition of the proximal circulation and
the impedance of the of the distal receiving bed (Burns, 1993). The
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pulsatility index (PI), is a measure of the variability of blood velocity
in a vessel and is equal to the difference between peak systolic and
minimum diastolic velocities divided by the mean velocity during the
cardiac cycle. The PI increases as flow is impeded by stenosis but
care must be taken when interpreting waveform indices as they can
be affected by heart rate as well as natural flow resistance from the
vascular bed (Boote, 2003). The resistance index (RI), also known
as Pourcelot’s or resistive index, is a measure of pulsatile flow that
reflects the resistance to blood flow caused by the microvascular
bed distal to the site of measurement. It is equal to the difference
between peak systolic and minimum diastolic velocities divided by
the peak systolic velocity. An RI of >1 represents reversed diastolic
flow. Another variation of the RI is the systolic-to-diastolic (S/D) ratio
but this index must be used with caution when the diastolic velocity
is zero, as this causes the S/D ratio to approach infinity (Boote,
2003). Although these semi-quantitative methods can be used for
assessment of the uterine circulation, they are usually reserved for
the arterial system as they reflect impedance of the distal circulation
(Burns, 1993).
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CHAPTER 2

THE PELVIC VENOUS SYSTEM

2.1 Anatomy of the pelvic venous plexus
The pelvic venous system comprises of a rich network of
anastomosed collecting vessels encompassing mainly the uterine,
ovarian and internal iliac veins. The internal iliac veins and their
tributaries mainly drain the pelvic organs. Some drainage also
occurs via the ovarian venous plexus, superior rectal and median
sacral veins.
The uterine veins enter the broad ligaments with the arteries to form
the uterine vein plexus on either side of the cervix. These vessels
drain directly into the internal iliac veins, which then converges with
the external iliac vein to form the common iliac vein before forming
into the inferior vena cava (IVC). The vaginal veins run along the
sides of the vagina and within the vaginal mucosa.

They are

continuous with the uterine venous plexus and drain directly into the
internal iliac vein via the uterine vein. An anatomical defect where
the left common iliac vein is compressed against the lumbar spine
by an overriding right common iliac vein, known as May-Thurner
syndrome, is thought to have a prevalence of 22-24% (May and
Thurner, 1957, Yapar, 1995, Peters et al., 2012). This phenomenon
can lead to venous thrombosis of the lower extremities and pelvis.
The ovarian veins are in a pampiniform plexus in the broad ligament
near the ovary and Fallopian tube, which unite to form a singular
ovarian vein. The right ovarian vein drains directly into the IVC,
whereas the left ovarian vein drains into the left renal vein (Moore
and Dalley, 2006). The left renal vein can be susceptible to
compression by the abdominal aorta and superior mesenteric vein,
leading to impedance of blood flow from the renal vein to the IVC.
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This is known as the Nutcracker phenomenon and is a cause of
pelvic pain and congestion.
Anatomical studies have shown that valves are absent in 15% of
ovarian veins and incompetent on the left and right in 40% and 35%
respectively which can also contribute to pelvic venous congestion
(Phillips et al., 2014).

Figure 2-1 Anatomy of the uterine circulation (Moore and Dalley, 2006)

2.2 Pathology of veins
Veins are susceptible to two main types of pathology: (a) thrombosis
or (b) inadequate venous drainage (insufficiency and congestion).
Thrombosis commonly affects the leg veins but is not always
symptomatic, making diagnosis more challenging. Recent studies
have reported that isolated pelvic vein thrombosis (PVT) may occur
but the clinical significance of this is unknown (Leibovitz et al., 2003,
Mavrelos et al., 2013). The diagnosis of symptomatic PVT is also
difficult due to non-specific symptoms and therefore its prevalence
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may be under reported.

Venous insufficiency may result as a

complication following thrombosis or secondary to vessel wall
abnormality (Beckman, 2002). The majority of cases describing
venous insufficiency involve the lower limbs and are classified
according to whether superficial or deep veins are affected.
Varicose veins are usually used to describe superficial venous
insufficiency however the term has also been applied to the deep
pelvic vessels.
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CHAPTER 3

VENOUS THROMBOSIS

3.1 Definition
Venous thromboembolism (VTE) is defined as a thrombus that can
originate from any part of the vascular system and travel into the
pulmonary circulation. The most common site is usually from the
deep veins of the thighs or legs (deep vein thrombosis = DVT).
Other sites that are also reported are the pelvis and upper limbs.
Thrombosis continues to be an important and challenging health
issue, which can be associated with morbidity and mortality. One of
the significant sequelae of these thrombi is the risk of embolism to
the pulmonary system (PE), which can result in death. Postthrombotic syndrome (PTS) has also been described as a
complication following DVT (NICE, 2015b).

3.2 Epidemiology
Determining the true incidence of VTE is challenging as it can often
be clinically silent or the first presentation is that of a fatal PE. The
overall incidence however has been estimated at 1 – 2 per 1000
annually (Wong and Baglin, 2012).
Isolated pelvic venous thrombosis (PVT) is thought to be an
uncommon finding and only accounting for 2% of lower limb DVT
(Carpenter et al., 1993). This differs significantly from the study by
Spritzer et al. who reported that 20.4% of patients with acute DVT
had thrombi isolated to the pelvis on MRI (Spritzer et al., 2001). In
addition, the pelvis has been an important site for thrombi in patients
with PE and negative leg compression ultrasound (CUS).
Prevalence rates of PVT detected on contrast-enhanced MR for
patients with PE and negative CUS range between 7 to 29% (Stern
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et al., 2002, Gary et al., 2014). In all of these studies, the iliac and
IVC were included as PVT sites.
In women, the ovarian and uterine veins have also been found as a
source of PVT.

The majority of the evidence for ovarian vein

thrombosis (OVT) is from post-partum studies which complicates 1
in 600 to 1 in 2000 pregnancies (Tait et al., 2012). OVT has also
been found incidentally in patients who have undergone pelvic
clearance surgery. A study by Yassa and Ryst showed that 80% of
women had evidence of asymptomatic OVT, predominantly on the
right, on post-operative CT scan, when there had been no thrombus
before. They were all managed expectantly without anticoagulation
and there were no cases of IVC extension or PE (Yassa and Ryst,
1999). Incidental uterine venous plexus thrombosis (UVPT) has
been described in only two studies and therefore the prevalence and
significance is unknown (Leibovitz et al., 2003, Mavrelos et al.,
2013).

3.3 Pathophysiology of haemostasis and thrombosis
Haemostasis and thrombosis are closely linked and therefore an
understanding of both mechanisms is essential.
Normal haemostasis serves two important functions: (a) to maintain
blood in a liquid, clot-free state within normal vessels and (b) reduce
excessive bleeding by generating a rapid and localized “plugging”
response at the site of vascular injury. The opposite mechanism of
haemostasis is thrombosis, which involves formation of a thrombus
in either an injured or uninjured vessel. Both processes are
regulated by three factors: the vascular wall, platelets and the
coagulation cascade.
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3.4 Mechanisms of normal haemostasis

3.4.1 Vascular response
The endothelial cells of vessels walls exhibit both anti- and prothrombotic properties. An intact endothelium prevents platelets and
coagulation factors aggregating and adhering to the thrombogenic
sub-endothelial extracellular matrix (ECM). The endothelium
synthesizes tissue-type plasminogen activator (t-PA), which has
fibrinolytic effects in clearing fibrin deposits from its surface. In
addition, there are membrane-associated heparin-like molecules
that interact with anti-thrombin III to deactivate coagulation factors.
Under most conditions, these mechanisms help to maintain fluid
blood flow through the vessel lumen. Any injury to the vessel leads
to initial vasoconstriction, which is mediated by the release of
endothelin, a potent vasoconstrictor derived from the endothelial
cells. The exposed ECM attracts platelets to adhere to the injured
site. This mechanism is transient and requires activation of platelets
and the coagulation pathway to ensure effective haemostasis
(Mitchell, 2005).

3.4.2 Platelets
Inactive platelets in circulation are disc shaped, express glycoprotein
receptors and two types of granules required for haemostasis.
Alpha granules contain clotting mediators such as fibrinogen,
fibronectin, factors V and VIII, platelet-derived growth factor, platelet
factor 4 and transforming growth factor-β. Dense or δ-granules
contain platelet-activating mediators including adenine nucleotides
(ADP and ATP), calcium, histamine, serotonin and epinephrine.
Vessel injury leads to exposure of ECM hence attracting and
activating platelets to the site of injury. On activation, platelets
45

undergo three specific reactions: (i) adhesion and shape change, (ii)
secretion of granule products and synthesis of the vasoconstrictor
thromboxane A2 (TxA2) and (iii) aggregation and formation of a
haemostatic plug, which is stabilized by fibrin. This process is known
as primary haemostasis (Mitchell, 2005).

3.4.3 Coagulation cascade
The third constituent of haemostasis is the clotting cascade, which
comprises of a series of enzymatic conversions from their inactive
to active states, resulting in the formation of thrombin. This in turn
leads to conversion of soluble fibrinogen into insoluble fibrin and is
also a key contributor to thrombosis. In addition, thrombin also limits
the extent of the haemostasis process. Traditionally, the coagulation
system has been divided into the extrinsic and intrinsic pathways,
which is useful for interpreting in vitro tests. Each reaction in the
pathway involves creation of a complex composed of an enzyme
(activated coagulation factor), a substrate (proenzyme form of
coagulation factor) and a cofactor (reaction accelerator). As these
components are amalgamated on a phospholipid complex held by
calcium ions, clotting is usually restricted to sites that this can occur.
The intrinsic pathway is activated by factor XII in vitro, whilst the
extrinsic pathway is activated by tissue factor, which is exposed at
sites of injury. Both converge into the common pathway where factor
X is activated. The subsequent enzymatic reactions are involved in
forming and stabilizing the platelet plug as part of secondary
haemostasis.
An essential part of the coagulation cascade is its ability to be
restricted to the local site of injury to prevent extensive clotting of the
vascular system. There are three main natural anticoagulants in
addition to restricting factor activation that regulate the clotting
system: anti-thrombin’s (e.g., anti-thrombin III), proteins C and S,
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tissue factor pathway inhibitor (TFPI). The function of anti-thrombin
is to inhibit thrombin, factors IXa, Xa, Xia and XIIA. Anti-thrombin-III
is activated by binding to heparin-like molecules on endothelial cells.
This underlying mechanism contributes to the use of heparin for
thromboprophylaxis. Proteins-C and S are vitamin K dependent and
inactivate factors Va and VIIIa. TFPI is secreted by endothelial cells
and binds to factor Xa and tissue factor VIIa. This allows these
factors to be inactivated, hence limiting the extent of coagulation.
In addition, the clotting cascade also stimulates the fibrinolytic
pathway to limit the size of the final clot, which is mainly achieved by
the generation of plasmin. The precursor of plasmin is the circulating
inactive plasminogen, which is converted to its active state by either
a factor XII-dependent pathway or two types of plasminogen
activators (PA). The role of plasmin is to disintegrate fibrin into fibrin
degradation products (FDPs), which act as weak anticoagulants.
Elevated FDPs are useful in diagnosing abnormal thrombotic states,
such as venous thromboembolism (VTE), or disseminated
intravascular coagulation (DIC) and are measured clinically by the
fibrin D-dimer test (Mitchell, 2005).
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Figure 3-1 Schematic representation of the coagulation
cascade and fibrinolytic system (adapted from (Loof et
al., 2014))

3.5 Pathogenesis of thrombosis
Traditionally, the underlying mechanism causing venous thrombosis
has been explained by Virchow’s triad: (i) abnormal blood flow
including stasis or turbulent blood flow, (ii) vessel wall injury and (iii)
blood hypercoagulability. In reality, the underlying pathophysiology
for thrombosis is often multifactorial (Mitchell, 2005, Esmon, 2009)

3.5.1 Abnormal blood flow
Stasis of blood flow is a major factor in the development of venous
thrombi. In normal blood flow, platelets travel centrally in the vessel
and are surrounded by a slower moving clear zone of plasma
separating them from the endothelial cell surface. This is known as
laminar blood flow. Stasis disrupts laminar flow and allows platelets
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to come into contact with the endothelium, hinders dilution and
clearance of activated clotting factors by fresh blood and promotes
endothelial cell activation, predisposing to thrombosis. Post-mortem
studies and phlebography have demonstrated venous valvular
sinuses as a common site for thrombosis development. As blood
often lingers in these sinuses, hypoxia may ensue, contributing to a
hypercoagulable micro-environment (Esmon, 2009).

3.5.2 Vessel wall injury
Further studies have shown that except in cases of surgery-induced
thrombosis, the veins rarely demonstrate evidence of injury (Sevitt,
1974). The underlying mechanism relates to an abnormal
enhancement of the haemostatic pathway. Injury to the endothelium
results in exposure of ECM, which in turn leads to platelet adhesion
and release of tissue factor. Endothelial injury does not necessarily
imply that physical damage has to occur. Other causes leading to
vessel wall injury include: hypertension, turbulent flow over scarred
valves,

bacterial

endotoxins,

smoking,

homocystinuria,

hypercholesterolaemia and radiation.

3.5.3 Blood hypercoagulability
Hypercoagulable states in isolation contribute less frequently to the
development of venous thrombosis but are nonetheless important
factors. Consensus exists that universal screening of the general
population to assess venous thrombosis risk is not cost effective
(Merriman and Greaves, 2006, NICE, 2015b). These coagulation
defects are often divided into inherited and acquired thrombophilia
conditions as outlined in the following paragraphs:
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3.5.3.1 Inherited thrombophilia’s:
Although an inherited thrombophilia describes a tendency towards
venous thrombosis, the recommendations are that screening for
hereditary thrombophilia is not indicated in unselected patients,
irrespective of the site of the thrombus (Baglin et al., 2010). Testing
for hereditary thrombophilia does not influence the intensity of
anticoagulation nor does it reduced the recurrence for venous
thrombosis. In selected group of patients however, such as less
than 40 years of age, thrombosis prone families (more than two
symptomatic relatives), pregnant women and children with purpura
fulminans, screening may influence treatment and indication for risk
of recurrence following completion of anticoagulation (Baglin et al.,
2010).
3.5.3.1.1 Factor V Leiden:
Factor V Leiden (FVL) results from a point mutation where glutamine
is substituted for arginine residue at position 506, rendering the
protein resistant to degradation by protein C. This defect is more
prevalent within the Caucasian population and is estimated to be
between 5-8%. In those with a history of spontaneous DVT, the
reported prevalence is 12-30%. There is a seven-fold risk for
thrombosis amongst heterozygotes and 80-fold risk in homozygotes
(Kyrle and Eichinger, 2005).
3.5.3.1.2 Prothrombin gene mutation:
Poort et al. described how a single nucleotide change (G to A
transition) in the 3’-untranslated region of the prothrombin gene is
associated with an increased risk of DVT (Poort et al., 1996). The
mutation is more common in the Caucasian population compared to
other ethnicities with the prevalence ranging between 0.7-4%. In
those with a personal or strong family history of thrombosis, the
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mutation is reported to be present in 7-18% (Buchanan et al., 2003,
Kyrle and Eichinger, 2005). Heterozygous carriers have a 2.8-fold
increased risk of DVT and a moderately raised risk of recurrent
episodes. Laboratory tests for the prothrombin gene mutation are
performed through direct genetic analysis for the G20210A transition
and is unaffected by other medical conditions or treatments.
3.5.3.1.3 Anti-thrombin III deficiency:
Anti-thrombin is a potent natural anticoagulant whose main function
is to inactivate and reduce production of thrombin. In addition, antithrombin also binds and deactivates the following factors: IXa, Xa,
XIa and XIIa. It is inherited as an autosomal dominant trait. The
estimated prevalence is 0.02% in the general population and
between 1-3% in patients with VTE. Anti-thrombin III deficiency
carries up to a 20-fold increase in the risk of thrombosis compared
to those who do not carry the mutation (Buchanan et al., 2003).
3.5.3.1.4 Protein C deficiency:
Protein C is a vitamin K dependent glycoprotein that is usually
synthesized in the liver.

It is activated by the thrombin-

thrombomodulin complex and its main function is to degrade
procoagulant factors Va and VIIIa. Mutations affecting protein C
function or production are inherited in an autosomal dominant trait.
Homozygotes or double heterozygotes have a severe form of the
disease however this finding is rare. The estimated prevalence in
the general population is between 0.2-0.4% and 3-5% in people with
a history of VTE (Buchanan et al., 2003).
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3.5.3.1.5 Protein S deficiency:
Protein S is a vitamin K dependent glycoprotein and is synthesized
in the vascular endothelium and liver. It is a co-factor for protein C
but also directly inactive factors Va and Xa.

Penetrance and

inheritance of protein S deficiency is similar to that of protein C. The
estimated prevalence is between 0.03% and 0.13% in the general
population and confers an eightfold increase in the risk of developing
thrombosis (Buchanan et al., 2003).
3.5.3.1.6 Hyperhomocysteine:
Elevated levels of homocysteine can be inherited or acquired. It is
typically caused by homozygosity for the C677T mutation in the
methyltetrahydrofolate reductase gene (Mitchell, 2005). The direct
causal relationship between hyperhomocysteine levels and DVT are
not well established but epidemiological studies have shown that
mildly or moderately elevated levels of homocysteine is a risk factor
for VTE. Mild hyperhomocysteinaemia is seen in approximately
25% of patients with DVT (Anderson and Spencer, 2003, Kyrle and
Eichinger, 2005).
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Table 3-1 Summary of inherited thrombophilia's
(Buchanan et al., 2003)
Disorder

Prevalence in
general
population (%)
0.02

Prevalence in
patients with VTE
(%)
1-3

Estimated
increased risk of
thrombosis
x 10-20

Factor V Leiden

1 – 15

10 – 50

x5

Protein C
deficiency

0.2 – 0.4

3-5

x 10

Protein S deficiency

0.3 – 0.13

1-5

x 10

Prothrombin gene
mutation

2–5

6 -18

x3

Hyperhomocystanemia

5

10

x3

Dysfibrinogenaemia

<1

<1

variable

Elevated Factor VIII

11

25

X5

Antithrombin III
deficiency
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3.5.3.2 Acquired thrombophilia:
3.5.3.2.1 Antiphospholipid syndrome
Antiphospholipid syndrome (APS) is diagnosed when VTE or
pregnancy loss occurs in association with positive antiphospholipid
antibodies (Baglin, 2012). These encompass lupus anticoagulant
(LA) with or without anti-cardiolipin antibodies (aCL) and beta-2
glycoprotein 1 antibodies. Immunoglobulin G (IgG) or IgM classes
of aCL are usually detected. The prevalence of antiphospholipid
antibodies in an unselected population with DVT is 5% and of these,
LA confers a 10-fold risk for first thrombosis and is a risk factor for
recurrence (Kyrle and Eichinger, 2005). Of the aCL antibodies, IgG
isotype is thrombogenic.

3.6 Natural history of the thrombus
Thrombi can undergo a combination of four events, which can occur
within a few days to months from diagnosis. These include:

3.6.1 Propagation
The thrombus may accrue more platelets and fibrin leading to an
increase in its size and eventually causing vessel obstruction.

3.6.2 Embolization
The thrombus can dislodge and travel through the vascular system.
In cases of venous thromboembolism, the most common site for
embolization is to the lungs.
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3.6.3 Dissolution
The fibrinolytic pathway is responsible for the rapid degradation and
lysis of recent thrombi.

Older clots have usually undergone

extensive fibrin polymerization and hence are more resistant to
proteolysis.

3.6.4 Organization and recanalization
As described above, lysis of older thrombi is often inadequate and
they become more organized. Endothelial cells, smooth muscle
cells and fibroblasts are deposited into the fibrin-rich thrombus and
over time, capillary channels form allowing some flow through the
obstructed vessel. This recanalization can convert the thrombus into
a vascularized mass of connective tissue. Gradually, the
mesenchymal cells contract and this connective tissue may be
incorporated into the vessel wall as a subendothelial swelling,
marking the original thrombus site.
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Figure 3-2 Natural history of a thrombus (Mitchell, 2005)

3.7 Phleboliths
In addition to the stages mentioned, thrombi can also calcify and
remain as phleboliths. Previous studies have reported a prevalence
of up to 48% (Dovey, 1966), with a propensity to affect females more
than males (50.1% vs. 37.3%, p < 0.001) and involve the left side of
the pelvis (Mattsson, 1980). They are commonly found within the
lumen of pelvic veins, usually the uterine venous plexus in women,
and are attached to the intima, surrounded by a thin membrane
(Dovey, 1966, Shemilt, 1972). Phleboliths can be visualised on plain
pelvic

radiographs

as

calcified

rounded

opacities

with

a

characteristic radiolucent centre (Rice, 1992). They can often be
difficult to distinguish from ureteric calculi on non-enhanced CT
(Traubici et al., 1999) but on ultrasound, they appear as
hyperechoic,

rounded

Suprapelvic

phleboliths

structures
are

less
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within

the

common

vessel
and

lumen.

occur

in

approximately 2% of the population (Curry et al., 1983). Phleboliths
are usually of low clinical significance but do raise the suspicion of
previous thrombosis.

Figure 3-3 Multiple pelvic phleboliths (arrow) on pelvic X-ray (Curry et al.,
1983)
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Figure 3-4 Uterine vein phlebolith on Doppler TV-US
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3.8 Risk factors for DVT
VTE is a multi-factorial disorder and can arise from any alterations
in blood flow (stasis), blood consistency (hypercoagulability) and
vessel wall (vessel wall injury).

It is usually categorised into

unprovoked or provoked VTE by either environmental or acquired
risk factors. Provoked factors can further be sub-divided into
persistent or transient, which have important prognostic and
treatment implications (Table 3-2 Definitions for provoked and
unprovoked VTE (Kearon et al., 2016a). The factors increasing the
risk of developing thrombosis can be inherited conditions or acquired
pre-dispositions and are summarised in Table 3-3 .

Table 3-2 Definitions for provoked and unprovoked VTE
(Kearon et al., 2016a)
Provoked VTE by a
transient risk factor
Major (during the 3 months
before VTE diagnosis)
• Surgery with general
anaesthesia (GA) > 30
minutes
• Caesarean section
• Immobility in hospital >3
days with acute illness

Provoked VTE by a
persistent risk factor

Unprovoked VTE

Active cancer (has not yet
received potentially
curative treatment;
recurrence/progressive
cancer; ongoing treatment)
Ongoing non-malignant
condition associated with
at least >2-fold risk of
recurrent VTE after
stopping anticoagulation.
e.g. Inflammatory bowel
disease

Any VTE that does not
meet provoked VTE criteria

Minor (during the 2 months
before VTE diagnosis)
• Surgery with GA< 30
minutes
• Hospital admission <3
days
• Pregnancy
• Immobility/leg injury >3
days
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3.8.1 Age
It is widely documented that the incidence of VTE rises exponentially
with age, with the risk doubling in each subsequent decade (White,
2003, Anderson and Spencer, 2003, Wong and Baglin, 2012).
Sultan et al., reported that women aged between 35-44 years had a
50% increased risk of developing a venous thrombosis than women
aged between 25-34 years (Sultan et al., 2012).

3.8.2 Gender
Overall VTE affects men and women equally. However slightly
higher rates have been observed in younger women due to
increased

exposure

from

pro-thrombotic

effects

of

oral

contraceptives and pregnancy. The relative risk of thrombosis in
women using hormones is up to four times higher compared with
non-users (Wong and Baglin, 2012).

3.8.3 Ethnicity
Variations in VTE occurrence have been observed amongst different
ethnicities. Several studies have reported that VTE is more common
amongst the Afro-Caribbean population compared with Caucasians
(White, 2003, White and Keenan, 2009, Zakai et al., 2014). The
prevalence of VTE is lowest in Asian, Native Americans, Pacific
Islanders and Hispanics (Stein et al., 2004, Wong and Baglin, 2012).
Although the underlying reason for this disparity is unknown, a
possible explanation is due to the lower prevalence of inherited
thrombophilias such as FVL and prothrombin G20210A mutation in
Asian and Hispanic populations compared with Caucasians (White,
2003). The higher incidence of VTE in Afro-Caribbean populations
could be explained by the increased levels of haemostatic markers
of thrombosis such as D-dimer, factor VIII and von Willebrand factor
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(Lutsey et al., 2006). The incidence of asymptomatic VTE however,
has been noted to be comparable amongst Asians, Pacific Islanders
and Caucasians (White and Keenan, 2009).

3.8.4 Obesity
A raised body mass index (BMI) is associated with an increased risk
of VTE (Wong and Baglin, 2012). Although obesity is defined as a
BMI of greater than 30 kg/m2 (NICE, 2017) and is a recognised risk
factor for VTE (Tsai et al., 2002, Pomp et al., 2007, Ageno et al.,
2008, Wong and Baglin, 2012, Cushman et al., 2016), Pomp et al.,
found that by being overweight, defined as a BMI between 25 – 29.9
kg/m2 (NICE, 2017), the risk of developing VTE increases by two- to
three-fold (Pomp et al., 2007). The underlying mechanism for this
relationship is not well defined, however hypotheses include:
impaired venous return, venous stasis, inflammation, increased
procoagulant factors such as factors VII, VIII, XII and fibrinogen, as
well as alterations in the venous walls (Tsai et al., 2002, Pomp et al.,
2007, Cushman et al., 2016).

3.8.5 Hormone therapy
One of the most important side effects of exogenous female
hormones is venous thrombosis, which is highest during the first
year of use (Lidegaard et al., 2002).

The first case of venous

thrombosis related to combined hormonal contraception (CHC) use
was reported in 1961 (Jordan, 1961). Since then there have been
an abundant number of studies demonstrating the relationship
between CHC use and the increased risk of VTE (WHO, 1995,
Lidegaard et al., 2002, Pomp et al., 2007, van Vlijmen et al., 2016,
Oedingen et al., 2018). Although the risk is increased approximately
by four-fold as compared with non-users, the absolute risk is low at
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7 per 10,000 woman years (Heit et al., 2016). Obese women who
use CHC have been found to have a 24-fold higher thrombotic risk
than women who had a normal BMI and did not use oral
contraceptives (Pomp et al., 2007). In addition to length of CHC use
and obesity, VTE risk is also influenced by oestrogen dose and the
type of progestogen. CHC containing either high dose oestrogen or
a third-generation progestogen (e.g. desogestrel, gestodene) have
the highest risk of VTE (Lidegaard et al., 2002, Weill et al., 2016).
Progestogen-only pills (POP) or hormone releasing intrauterine
devices have not been shown to increase VTE risk (Lidegaard et al.,
2002, Lidegaard et al., 2011).
Similar to CHC, hormone replacement therapy (HRT) has also been
found to be associated with an increased risk of VTE, especially in
the first year of use (Daly et al., 1996, Grady et al., 2000, Canonico
et al., 2008). As oral HRT undergoes first pass metabolism, the
clotting cascade is affected by increasing fibrinogen levels and
resistance to proteins S and C, thus elevating the tendency towards
thrombosis.

Transdermal HRT is absorbed directly into the

bloodstream, hence bypassing metabolism by the liver and does not
confer an additional risk for VTE (Canonico et al., 2006).

3.8.6 Surgery
Immobility related to surgery and general anaesthesia carries a
substantial risk of VTE due to changes in all three aspects of
Virchow’s triad.

Surgical damage to vessel walls induces a

hypercoagulable state, whereas general anaesthesia and prolonged
immobility leads to decreased vascular tone and increased venous
stasis. The overall thrombotic risk is dependent on type of surgery
and

patient

characteristics.

Major

orthopaedic,

vascular,

gynaecological oncology and neurological procedures all carry a
high risk of VTE, which persists for several months following surgery
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(Kyrle and Eichinger, 2005, Wong and Baglin, 2012). Asymptomatic
DVT is common after major orthopaedic surgery and can range
between 7% to 40% without prophylaxis, hence further supporting
the need for prophylaxis (Delis et al., 2001, Piovella et al., 2005).

3.8.7 Hospitalization
The incidence of hospitalized patients developing VTE is 100 times
greater than those in the community.

This is usually because

patients within the hospital setting have risk factors for VTE such as
immobility, infection, surgery and cancer. Presentation can occur up
to three months after discharge (Wong and Baglin, 2012). Studies
have shown that asymptomatic DVT’s were diagnosed in 16.2% of
medical patients on admission (Ciuti et al., 2012). It is therefore
critical that all patients are VTE-risk assessed on any hospital
admission.

3.8.8 Cancer
The annual incidence of VTE within a cancer population is 1 in 200.
Malignancy and chemotherapy carry a four- and six-fold increased
risk respectively of developing thrombosis (Wong and Baglin, 2012).
Cancers of the bone, ovary, brain, pancreas and lymphoma are
associated with the highest incidence of VTE within six months of
diagnosis and range between 17 – 37.2 per 1000 (Wong and Baglin,
2012). Development of VTE with malignancy is associated with a
poorer prognosis than matched cancer patients without VTE
(Radhakrishna and Berridge, 2012).

Asymptomatic VTE is a

frequently occurring feature in cancer patients, with a prevalence
ranging between 1.4% - 18% and is also associated with a poorer
prognosis (Cronin et al., 2007, Douma et al., 2010, Gary et al.,
2012).
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3.8.9 Previous VTE
VTE is often a chronic condition and the risk of recurrence is far
greater for patients with a prior history of VT, especially when
exposed to high-risk conditions. The highest risk of recurrence is
within the first year following diagnosis, with rates of 5-7% annually
(Wong and Baglin, 2012, Heit et al., 2016).

The duration of

treatment does not affect rates of recurrence once three months of
adequate anticoagulation has been completed, however secondary
prophylaxis is beneficial in reducing recurrence. Predictors for
recurrence include: increasing age and BMI, active malignancy,
lupus anticoagulant or antiphospholipid antibodies, protein C and S
deficiencies, hyperhomocysteinaemia, a persistently raised D-dimer
following completion of treatment, and residual vein thrombosis (Heit
et al., 2016).
episode

due

Women who have experienced a provoked VTE
to

either

pregnancy,

hormonal

therapy

or

gynaecological surgery, do not have an increased risk for recurrence
once the inducing factor has been removed and the thrombus has
been optimally treated (Heit et al., 2016).

3.8.10 Family history of VTE
Family history of VTE remains an important factor to identify as it
can help to determine whether an individual has an increased
genetic risk of developing VTE. Studies have shown that a positive
history of VTE in first-degree relatives is associated with a two- to
three-fold increased familial relative risk, which is also dependent on
age, number of affected relatives and whether the VTE event was
provoked or unprovoked. It has been found that individuals who
have more than two siblings affected by VTE have a familial relative
risk of more than 50 (Zoller et al., 2015).
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3.8.11 Travel
Long-haul travel alone is considered a weak risk factor for VTE but
can be attributable to travel if it occurs within eight weeks of the
journey. The incidence of VTE after a flight of more than four hours
is 1 in 4656. In low and intermediate risk travellers, the risk of VTE
after a flight of more than eight hours is 0.5%. Those with preexisting risk factors have an increased risk of travel-related
thrombosis (Watson and Baglin, 2011).

3.8.12 Varicose veins
Varicose veins, as an independent risk factor for VTE, remains
controversial. This is partly due to assessment of severe varicose
veins being subjective and that VTE is a multi-factorial disorder. A
recent retrospective study concluded that adults with severe
varicose veins had a higher risk of DVT but did not account for other
high-risk confounding factors such as obesity (Chang et al., 2018).
Conversely, Heit et al., found that the risk of VTE associated with
varicose veins reduces with age, with the odds ratio decreasing from
4.2 at 45 years to 0.9 at 75 years (Heit et al., 2000). Moreover, there
have not been any studies examining whether surgical removal of
varicose veins reduces the overall VTE risk.
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Table 3-3 Risk factors for DVT (Anderson and Spencer,
2003, Kyrle and Eichinger, 2005)
Strong risk factor (odds
ratio > 10)

Moderate risk factor
(odds ratio 2-9)

Weak risk factor (odds
ratio < 2)

Major surgery
(orthopaedic, vascular,
neurosurgery)
Major trauma

Thrombophilia

Increasing age

Active cancer

Obesity

Spinal cord trauma

Pregnancy/puerperium

Bed rest > 3 days

Fractures (pelvic, hip, leg)

Oral contraceptives/
Hormone replacement
therapy
Chemotherapy

Immobility (long-haul
travel)

Drugs (Tamoxifen,
Thalidomide,
Antipsychotics, intravenous
drug use)
Previous VTE

Laparoscopic surgery
Varicose veins

Paralytic stroke
Acute medical illness –
heart failure, respiratory
failure
Central venous catheters
Arthroscopic knee surgery

3.9 Diagnostic investigations for DVT
Accurate diagnosis of DVT is crucial in minimising the risk of
thromboembolic complications that can occur. As patients with DVT
may have minimal or atypical symptoms, a combination of clinical
assessment and objective investigations are often used. The twolevel Wells score (Table 3-4) is a validated clinical model for
predicting the pre-test probability of DVT (Wells, 2003) and has been
incorporated into national guidelines for assessing the risk of DVT
(NICE, 2015b). Objective investigations used for diagnosing DVT
are outlined in the following paragraphs.
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Table 3-4 Two-level DVT Wells score (Wells, 2003)

Clinical feature

Points

Active cancer (treatment ongoing, within 6 months, or
palliative)

1

Paralysis, paresis or recent plaster immobilisation of
the lower extremities
Recently bedridden for 3 days or more or major
surgery within 12 weeks requiring general or regional
anaesthesia
Localised tenderness along the distribution of the
deep
venous system

1
1
1

Entire leg swollen

1

Calf swelling at least 3 cm larger than asymptomatic
side

1

Pitting oedema confined to the symptomatic leg

1

Collateral superficial veins (non-varicose)

1

Previously documented DVT

1

An alternative diagnosis is at least as likely as DVT

−2

Clinical probability simplified score
DVT likely

2 points or
more

DVT unlikely

1 point or
less
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Figure 3-5 Algorithm for the diagnosis of DVT (NICE,
2015b)

3.9.1 Ultrasound
B-mode

ultrasonography

with

colour

flow

Doppler

(duplex

ultrasound) has largely replaced invasive methods of diagnosing
DVT and is considered the definitive diagnostic technique
(Goodacre et al., 2005, NICE, 2015b). The diagnosis of a venous
thrombus includes non-compressibility of a vein with the presence
of a solid, echogenic intraluminal structure causing either partial or
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complete obstruction of venous blood flow (Lensing, 1989, Mavrelos
et al., 2013). Additional criteria also include low-velocity flow on
spectral Doppler (Katz and Hon, 2004, Tenna et al., 2012). A large
meta-analysis demonstrated a sensitivity of 93.8% and specificity of
97.8% for diagnosing proximal DVT with CUS when compared
against venography. Duplex ultrasonography also showed a similar
result for proximal DVT, with a sensitivity of 96.5% and specificity of
94% (Goodacre et al., 2005).

For the diagnosis of PVT,

transabdominal ultrasound has not shown comparable results but
TV-US has not been evaluated.
Studies have demonstrated that the stage of the thrombus can be
determined using ultrasound. Coelho et al (Coelho et al., 1982)
conveyed that fresh thrombi are echogenic but this echogenicity is
dependent on transducer resolution. Chronic thrombi appear as
hyperechoic structures within irregularly thickened venous walls,
small calibre veins and collateral veins (Katz and Hon, 2004).
At present, compression ultrasound remains the most validated
method in diagnosing recurrent DVT, with the main criteria including:
non-compressibility of the venous segment and an increase in vein
diameter of more than 4mm between two comparative ultrasounds
(Maufus et al., 2018).

3.9.2 Venography
Contrast venography historically has been regarded as the gold
standard test for diagnosing DVT, however it is invasive and CUS
has shown comparable results for diagnosing DVT. Venography
involves injecting contrast into a peripheral vein to allow direct
visualization of the veins from the calf to IVC. A filling defect or
abrupt cessation of the opaque column are used to diagnose DVT.
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The main limitations include pain, induction of DVT in up to 2% and
patient contraindication (Kassai, 2004).

3.9.3 Magnetic Resonance Imaging (MRI) and Computerised
Tomography (CT):
Both imaging modalities are highly accurate in diagnosing DVT. MRI
has been used previously for the diagnosis of PVT and when
compared to transabdominal ultrasound route, it appears to be
superior.

There have been no studies to date comparing the

accuracy in diagnosis between MRI and TV-US for PVT.

CT,

although accurate for diagnosing DVT and PE, carries a significant
radiation profile.

It is also susceptible to artefacts and cannot

differentiate between an acute and chronic thrombus (Katz and Hon,
2004).

3.10 Biochemical markers in deep vein thrombosis: Use
of D-dimers
D-dimers are markers of fibrin degradation or split products (FDP or
FSPs). They have a high sensitivity and are a rapid and inexpensive
test for acute DVT. The usefulness of D-dimers however are limited
as they are not specific to thrombosis and can be raised in various
clinical

conditions

such

as

inflammation/trauma,

surgery,

pregnancy, malignancy, infection, disseminated intravascular
coagulopathy and renal impairment (Kyrle and Eichinger, 2005,
Mitchell, 2005). In addition, D-dimers also appear to be less
sensitive and have a lower negative predictive value for distal DVT
compared with proximal DVT. This was demonstrated by Jennersjo
et al., who reported normal D-dimer values in 35% of patients with
distal DVT, suggesting a limited sensitivity of the test to exclude
distal DVT (Jennersjo et al., 2005).
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3.11 Management of venous thrombosis
3.11.1 Pharmacological treatment of venous thrombosis
Current guidelines for patients diagnosed with proximal DVT and/or
PE are to treat with anticoagulation therapy for three months. The
National Institute for Health and Care Excellence (NICE)
recommends using either low molecular weight heparin (LMWH) or
fondaparinux as first line anticoagulants, followed by long-term
vitamin K antagonists (VKA e.g. warfarin) for three months (NICE,
2015b). However, the advent of direct oral anticoagulants (DOACs)
has revolutionised the management of VTE. Clinical trials have
demonstrated that DOACs have similar efficacy and, in some cases,
improved bleeding safety profiles compared with VKA. Hence there
has been a shift towards using DOACs for long-term and extended
anticoagulation (Kearon et al., 2016b).
Management of unusual site thrombi is more challenging, especially
when found incidentally. Due to the paucity in robust studies, its
management is often extrapolated from experience of lower limb
DVT and/or PE and is site dependent. For example, current
recommendations for IVC thrombosis are to treat with thrombolytic
therapy or endovascular surgery, whereas for OVT in non-pregnant
women, anticoagulation can be withheld unless there is evidence of
IVC extension or PE (Tait et al., 2012).

Similarly, optimum

management for isolated distal DVT remains a highly debated topic.
The CACTUS trial is the only randomised controlled trial (RCT)
comparing the outcomes between anticoagulation or placebo. The
findings revealed a non-significant decrease in the anticoagulation
arm for thromboembolic extension but a significant increase in
bleeding rates (Righini et al., 2016). Other non-randomised studies
have also supported this finding (Utter et al., 2016). For cancer
patients with incidental VTE, the advice is that a symptomatic VTE
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should be excluded and anticoagulation with LMWH is preferred.
Patients with incidental ileofemoral DVT, the recommendations are
that pelvic ultrasound and lower limb CUS should be performed.
Incidental distal DVT can be managed case-by-case with serial
ultrasonography or anticoagulation (Di Nisio et al., 2015).
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CHAPTER 4 PELVIC VENOUS CONGESTION
AND CHRONIC PELVIC PAIN

4.1 Background of chronic pelvic pain
The Royal College of Obstetricians and Gynaecologists’ (RCOG)
definition of chronic pelvic pain (CPP) is “intermittent or continuous
pain in the lower abdomen or pelvis in a woman, of at least six
months duration, not occurring exclusively with menstruation or
intercourse and not associated with pregnancy” (RCOG, 2012). It is
a common presenting symptom in UK primary care and has an
annual prevalence of 38 per 1000, which is comparable to asthma
(37 per 1000) and back pain (41 per 1000) (Champaneria et al.,
2016).

In addition, CPP accounts for 10-40% of outpatient

gynaecology visits in secondary care (Harris et al., 2000, Park et al.,
2004). CPP commonly affects women of reproductive age and is
associated with significant social and economic burden.
The causes of CPP are diverse and can be secondary to
gynaecological, urological, gastroenterological, musculoskeletal as
well as neurological conditions. These have been summarised in
Table 4-1.
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Table 4-1 Differential diagnoses for chronic pelvic pain
(Phillips et al., 2014)

Gynaecological
Endometriosis
Chronic pelvic inflammatory disease
Pelvic varicosities/PVC
Fibroids
Adenomyosis
Ovarian/adnexal cysts
Adhesions
Uterine prolapse

Gastroenterological
Irritable bowel syndrome
Inflammatory bowel disease
Diverticular disease
Chronic constipation
Hernia

Urological
Interstitial cystitis
Recurrent urinary tract infections
Urethral diverticulum

Musculoskeletal
Pelvic floor myalgia
Myofascial pain
Piriformis syndrome
Psoas inflammation
Sacroiliac joint inflammation
Fibromyalgia

Neurological
Neuralgia of ilioinguinal, genitofemoral
or pudendal nerves
Neuropathic pain
Abdominal migraine

Psychological
Major depression
Somatization
Sleep disorders
Physical, sexual or substance abuse

4.2 Pelvic varicosities and pelvic venous congestion
Taylor was the first to describe a vascular gynaecological cause for
CPP in 1949 (Taylor, 1949). He hypothesised that dilated pelvic
veins caused CPP and coined the term “pelvic congestion
syndrome” (PCS). These findings were supported by Beard et al.,
who found that pelvic veins were significantly more dilated and
congested with sluggish flow in women with pelvic pain syndrome
compared to controls (Beard et al., 1984). Congestion was defined
by the classification proposed by Kauppila as: normal, where the
veins were easily visualised and small, straight and of similar calibre;
moderate congestion, where veins were variable in calibre, tortuous
and individual veins difficult to distinguish; and extensive congestion,
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where the veins were wide, extremely tortuous with pooling of
contrast medium (Kauppila, 1970). Since then, there have been
various terms that are often used interchangeably to describe pelvic
venous dilatation and slow flow, namely pelvic venous congestion
(PVC), pelvic venous insufficiency (PVI), pelvic congestion
syndrome and pelvic varicosities (Stones, 2003).
The diagnosis of PVC remains challenging due to variations in
diagnostic criteria and nomenclature used when the symptoms are
described. Even though dilated pelvic veins are a hallmark feature
of PVC, studies have shown that women can be asymptomatic and
have pelvic varicosities as well as reflux (Rozenblit et al., 2001,
Nascimento et al., 2002, Hiromura et al., 2004a). Moreover, Dos
Santos et al., reported that a dilated pelvic vein does not
automatically infer the presence of reflux as there was no significant
difference in diameter between refluxing and non-refluxing veins.
They concluded that diameter could not be used as an indicator for
venous reflux (Dos Santos et al., 2015).

4.3 Risk factors and pathogenesis for the development
of pelvic venous congestion
The underlying causes for the development of pelvic varicosities and
congestion are multifactorial but can be categorised into anatomical,
pregnancy/hormonally

related

or

genetic

groups.

Valvular

insufficiency promoting reflux, venous obstruction due to anatomical
defects or pelvic mass and hormones are all contributing factors.

4.3.1 Anatomy of the pelvic venous circulation
This has been covered in section 2.1.
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4.3.2 Pregnancy
Blood flow and pelvic venous capacity is thought to increase up to
60 times in a term pregnant woman than that of a non-pregnant
woman. To accommodate this, the uterine vessels undergo vascular
remodelling, which involves both elongation and dilatation of the
vessels. This in turn leads to reduced elastin content and increased
distensibility (Osol and Mandala, 2009).

Progesterone induces

relaxation of the smooth muscle in the venous walls, which coupled
with mechanical compression of the gravid uterus and increased
blood volume can lead to venous distension (Rabhi et al., 2000).
Moreover, it has been shown that these changes persist after
pregnancy, and therefore it is possible that each pregnancy then has
an additive vasodilating effect on the uterine vascular network
(Skudder et al., 1990). This supports the hypothesis that multiple
pregnancies lead to valvular damage and an irreversible dilatation
of the pelvic vessels from increased exposure to hormones and
blood volume during pregnancy (Ahlberg et al., 1965, Nascimento et
al., 2002, Koo and Fan, 2014, Ignacio et al., 2008). Although there
is compelling evidence that pregnancy can exacerbate venous
distension, contradictory data exist. Kim et al., found that 63% of
nulliparous women had evidence of pelvic varices (Kim et al., 2006),
whereas Beard et al., found no difference between parous and nonparous women (Beard et al., 1984). This suggests that parity alone
cannot be a determining risk factor.

4.3.3 Hormones
In vitro studies have shown that oestrogen and progesterone
receptors are present in the wall of the vessels suggesting that
venous circulation could be influenced by hormonal fluctuations
(Zoma et al., 2006, Asbeutah et al., 2014). Oestrogen has a
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weakening effect on venous walls due to the release of nitric oxide,
whereas progesterone exerts its weakening effect on venous valves.
Together this can have an additive effect precipitating venous
dilatation, incompetence and reflux (Raffetto and Khalil, 2008).
Furthermore, varicose veins are also thought to be associated with
increased oestrogen levels as they increase venous capacitance
(Mashiah et al., 1999, Ciardullo et al., 2000, Iannuzzi et al., 2002,
Asbeutah et al., 2014), hence pelvic varicosities being more
common in pre-menopausal, multiparous women (Park et al., 2004).
Suppression of ovarian activity with medroxyprogesterone acetate
(MPA) has been shown to reduce pelvic pain scores hence
supporting this relationship (Reginald et al., 1989).

4.3.4 Genetic factors
Although a genetic basis has not been established for PVC, there
have been reports that a genetic link exists in up to 50% of patients
with varicose veins (Matousek and Prerovsky, 1974). The FOXC2
gene has been implicated in the development of varicose veins as it
plays an active role in the development and function of venous
valves (Brice et al., 2002).

Mutations in the TIE2, NOTCH3,

thrombomodulin and type 2 transforming growth factor-b receptor
have also been shown to be associated with varicose vein formation
and hence PVC (Oklu et al., 2012).

4.4 Aetiology of pain in pelvic varicosities and
congestion
PVC is characterised by dilated pelvic veins and pain, however as
previously mentioned, women can experience pelvic pain without
pelvic varices and vice versa. Several hypotheses for the underlying
aetiology for pain with pelvic varices have been postulated. One
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theory is that although venous distension does not always cause
pain, the stretch and engorgement of vessels activate pain receptors
with the venous walls (Phillips et al., 2014). This has been supported
by medication for neuropathic pain, such as gabapentin and
amitriptyline, appear to be more effective in pelvic pain management
than

standard

opioid

or

non-steroidal

analgesics

(Sator-

Katzenschlager et al., 2005). Another theory for pain in PVC is that
neurotransmitters, including substance P, calcitonin gene-related
peptide (CGRP), ATP, endothelin, vasopressin and nitric oxide are
released from the walls of dilated pelvic veins which exacerbate
pelvic pain (Stones et al., 1992, Kindgen-Milles and Arndt, 1996,
Stones et al., 1996). Substance P, a neurotransmitter involved in
nociception, is increased in women with PVC (Stones et al., 1996)
and studies have demonstrated that treatment with substance P
antagonists can attenuate pelvic pain in PVC (Rudick et al., 2009).
Dilated pelvic veins can contribute to local inflammation and
compress surrounding nerves against anatomical structures,
leading to ischaemia and visceral pain that is often experienced in
PVC (Phillips et al., 2014).

4.5 Pelvic venous congestion as a cause for chronic
pelvic pain
There have been several studies reporting on the relationship
between PVC and CPP, however none of these have established
causation. A report by Champaneria et al. (Champaneria et al.,
2016), found that there were six eligible studies that examined the
association between PVC and CPP (Beard et al., 1984, Beard et al.,
1988, Halligan et al., 2000, Park et al., 2004, Bora et al., 2012,
Motta-Ramirez et al., 2013). They concluded that all six studies
were

of

mixed

methodological

quality

and

consisted

of

heterogeneous populations. Moreover, the definition and diagnostic
criteria for PVC was inconsistent, therefore the proportion of women
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with PVC who reported CPP ranged widely from 39% to 91%. The
seminal paper by Beard et al. from 1984 (Beard et al., 1984) used
controls that were older and of higher parity, which may have acted
as confounders, whereas the other studies retrospectively identified
pain status after the women had undergone venography, and hence
potentially under identified pain. In another study by Hansrani et al.,
PVC was based solely on the presence of reflux and venous
diameter was not included in the diagnostic criteria (Hansrani et al.,
2016b).

Their study concluded that women with venous

insufficiency and varicose veins reported more pelvic pain compared
to the control groups of women with only varicose veins and no PVI
or those without either. The main limitations of this study were that
it was performed in a small sample and within a tertiary vascular
clinic, which could be associated with a selection bias. The main
reason for referral to the clinic was due to the presence of varicose
veins and hence women whose primary complaint was pelvic pain
may not have been included.

The authors also did not report

whether there was evidence of pelvic pathology on TV-US, which
can also be a cause for pelvic pain. Despite there being strong
associations in some studies, at present, there is insufficient
evidence to determine that PVC is an independent cause for CPP.

4.6 Clinical presentation
PVC typically affects pre-menopausal, multiparous women.

In

addition to the CPP, they may also experience and express that the
pain is exacerbated by standing, coitus, pregnancy and menses.
Further associated symptoms are usually non-specific and include:
vaginal discharge, varicose veins, urinary urgency, rectal discomfort
and bloating (Phillips et al., 2014, Borghi and Dell’Atti, 2015).
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4.7 Diagnosis and Imaging modalities:
Imaging the pelvic venous system pays a pivotal role in identifying
pelvic varices, that when present with pelvic pain symptoms, can
lead to a suggestion of PVC. However, different imaging modalities
adhere to different diagnostic criteria and hence there are no
universally accepted reference values for a dilated pelvic vein.

4.7.1 Pelvic ultrasound
TV-US is considered the first-line modality for imaging the female
pelvis. The use of TV-US for the diagnosis of pelvic congestion has
been evaluated with varying results. Halligan et al. demonstrated
that it was not possible to distinguish reliably between women with
and without pelvic congestion (Halligan et al., 2000). This finding
however differs from other studies. Giachetto et al., concluded that
TV-US could reliably diagnose pelvic varicosities (Giachetto C,
1990). Park et al., reported observable variations in venous
diameter, presence of varicoceles and retrograde flow between
women with and without pelvic congestion (Park et al., 2004). In both
studies, the women were examined in the supine position and pelvic
varices were easily identified. Hansrani et al., also found that the
visibility of the pelvic veins was better supine than in the semistanding position (Hansrani et al., 2017) hence supporting that TVUS is invaluable as a first-line screening tool for identifying pelvic
varices and pathology that could be associated with pelvic
congestion. As PVC includes venous insufficiency as a potential
pathogenic mechanism, various techniques can be used to elicit
reflux on ultrasound. These include: Valsalva manoeuvre; manual
compression of vein clusters; calf/foot squeezing and release; active
dorsiflexion and relaxation of the foot; and pneumatic calf cuff
deflation (Coleridge-Smith et al., 2006). The Valsalva manoeuvre is
considered the preferred technique for demonstrating venous
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insufficiency. Furthermore, studies by Whiteley et al., and Hansrani
et al., have both demonstrated that transvaginal duplex ultrasound
yield excellent results in diagnosing pelvic vein reflux and that it
could be considered as the new gold standard diagnostic technique
(Whiteley et al., 2015, Hansrani et al., 2017). At present,
sonographic findings in women who have suspected PVC include:
(i) presence of tortuous veins crossing uterine myometrium, (ii)
ovarian vein diameter > 4-6mm, (iii) retrograde flow, (iv) slow blood
flow (<3cm/s) (Beard et al., 1984, Park et al., 2004, Phillips et al.,
2014).

Not all the aforementioned criteria are always used in

diagnostic studies and the parameters have been extrapolated from
venographic investigations.

4.7.2 CT and MRI
CT and MRI with and without contrast have also been used for
diagnosing pelvic congestion.

They are both non-invasive

techniques that allow a complete examination of the pelvic anatomy
with multi-planar imaging. The criteria for diagnosing pelvic
congestion on CT or MRI include: (i) at least 4 ipsilateral pelvic veins
in view that vary in appearance, (ii) one vein measuring > 4mm in
diameter or (iii) the ovarian vein measuring >8mm in diameter
(Coakley et al., 1999, Phillips et al., 2014). Contrast-enhanced
techniques are superior to non-contrast imaging (Asciutto et al.,
2008), with MR having the added advantage in that it avoids
radiation. Despite both imaging modalities having the ability to
provide

information

on

co-existing

pathology,

the

main

disadvantages include that they have low specificity in diagnosing
pelvic varices, and are expensive (Borghi and Dell’Atti, 2015).
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4.7.3 Venography
Venography has been regarded as the gold standard for diagnosing
pelvic congestion but even with this method, there is variation
between the criteria used, with the diameter of the vessels ranging
from 5mm to 10mm (Beard et al., 1984, Ignacio et al., 2008, Phillips
et al., 2014). The procedure involves catheterisation of the ovarian
veins via percutaneous femoral or jugular approach. In order to
illustrate venous distension and reflux, the patients are often in a
semi-upright position performing the Valsalva manoeuvre (Borghi
and Dell’Atti, 2015). Beard et al., used venography and
demonstrated that women with pelvic pain had significantly dilated
pelvic veins (6.73 +/- 3.14mm) compared to women with pelvic
pathology alone (3.6 +/- 1.76mm) and controls (3.25mm +/- 2.38)
(Beard et al., 1984). The main advantage of venography is that it
permits concomitant treatment with embolization if desired. The
disadvantages however are that it is an invasive procedure,
requiring radiation and use of contrast, which is often reserved for
specialist centres. Given that recent studies have shown that TVUS with Doppler compared with reflux venography for diagnosing
pelvic varices has a sensitivity of 96.2% and specificity of 100%, its
clinical use could be reserved for treatment over diagnosis (Barros
et al., 2010).

4.7.4 Laparoscopy
Laparoscopy is considered a valuable tool for the investigation and
management of CPP. It is reported that more than 40% of diagnostic
laparoscopies are performed for CPP.

Although laparoscopy is

excellent for diagnosing endometriosis and adhesions as a cause
for CPP, the results for PVC are not as convincing. As laparoscopy
is performed with the patient in the Trendelenberg position with
carbon dioxide insufflation, the pelvic varicosities are often
compressed and concealed. It is therefore unsurprising that 80-90%
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of women can have a negative laparoscopy for detecting pelvic
varices in PVC (Ignacio et al., 2008, Phillips et al., 2014). In addition,
laparoscopy cannot assess for the presence of venous reflux,
furthermore supporting that laparoscopy should not be used as a
first line diagnostic investigation for PVC.

4.8 Treatment options
The overall management of PVC should be individualised to achieve
relief of symptoms.

This can either be with hormonal therapy,

radiological or surgical interventions. All modalities have shown
effective symptom relief but at present, there is no standard
approach for the best management option for PVC.

4.8.1 Medical treatment
Medical treatment with analgesics, neuropathic pain modulators and
hormones can be considered as first line management in PVC.
There is a paucity in data on the efficacy of these treatments, with
evidence derived mainly from three RCT’s (Farquhar et al., 1989,
Soysal et al., 2001, Shokeir et al., 2009).

The main theory

underpinning the use of hormones is that they supress ovarian
activity, resulting in venoconstriction and inhibiting release of
neurotransmitters (Phillips et al., 2014).

Medroxyprogesterone

acetate (MPA) acts as a progesterone agonist to inhibit oestrogen
levels by suppressing the hypothalamic-pituitary axis and hence
ovarian function. It has been shown to reduce pain scores by over
50% compared with placebo (73% versus 33%, n = 104; p < 0.001),
which was only sustained up to nine months (Farquhar et al., 1989).
A second RCT compared MPA with Goserelin (gonadotrophin
releasing hormone = GnRH), which demonstrated that the latter was
superior in terms of venographic score, pain, sexual function and
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mood states after one year of treatment (p = 0.0001) (Soysal et al.,
2001). The study however did not address whether a temporary
artificial menopausal state can yield a permanent cure for PVC. The
main limitations of GnRH analogues are the side effects, including
menopausal symptoms and the risk of osteoporosis, as well as the
cost.
In a 2014 Cochrane review, 13 RCT’s were evaluated to assess the
effectiveness and safety of non-surgical interventions in women with
CPP, which included PVC and adhesions-associated pain (Cheong
et al., 2014). They found that the evidence to support the use of
progestogens for treatment of CPP to be of moderate quality.
However, the main limitations for progestogen use were that the
evidence was derived from small studies and the side effect profile,
including weight gain and bloating, reduced compliance and
tolerance.
Treatment for PVC with etonogestrel implant has also been studied
(Shokeir et al., 2009). The implant has been used for long-term
contraception and inhibits follicle stimulating hormone activity and
therefore ovulation, to induce a hypoestrogenic state. This study
included 23 women and reported that 80% of women who received
the implant were satisfied with their pain management after three
months of treatment (Shokeir et al., 2009). Although the implant is
a viable option for the management of PVC, further larger studies
are required to determine the long-term effectiveness and
recurrence of symptoms after its removal.
Symptomatic pain relief can also be achieved using non-steroidal
analgesics with or without paracetamol (RCOG, 2012). Adjuvant
treatment with gabapentin and amitriptyline can also be used for
neuropathic pain (RCOG, 2012), and a recent pilot RCT showed that
women with CPP treated with gabapentin compared to placebo had
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less pain and improved mood at six months follow up (Lewis et al.,
2016).

4.8.2 Radiological treatment
Transcatheter pelvic vein embolization was pioneered by Edwards
et al., in 1993 (Edwards et al., 1993). They showed that bilateral coil
embolization provided a sustained symptomatic relief to 12 months
post procedure (Edwards et al., 1993).

Since then, pelvic vein

embolization has become an interventional treatment option for
PVC.

It is usually performed by interventional radiologists and

involves threading a catheter into the pelvic veins under fluoroscopic
guidance. Embolization can be performed with metal coils and/or
sclerotherapy (foam or glue). The procedure can be performed in
the outpatient setting with the aim of occluding the vessel
mechanically. Complications are rare and include: coil migration,
vessel perforation, thrombophlebitis, failure of procedure.

With

improved techniques in embolization, successful outcomes in pain
management vary between 60-100% (Phillips et al., 2014). In the
review by Champaneria et al., they found that the main limitation
preventing a concrete conclusion whether embolization is an
effective treatment for PVC, was there were no high-quality studies
(Champaneria et al., 2016). There was only one RCT (Chung and
Huh, 2003) in the literature, with the majority of the studies being
small case series.

Moreover, there is a paucity of data on

menstruation, ovarian function and fertility following pelvic vein
embolization. Although the data appears supportive, further studies
are required to determine whether presenting symptoms can predict
successful treatment outcomes, as well as the optimum technique.
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4.8.3 Surgical treatment
Surgical options for PVC are rarely used but historically include
ovarian vein ligation or hysterectomy, with or without salpingooophorectomy.

The largest series of laparoscopic ovarian vein

ligation showed an improvement in symptoms in 73% of women at
one year (Gargiulo et al., 2003). Damage to nearby pelvic nerves
and development of collateral branches are risk factors. An
observational study of 36 women demonstrated that hysterectomy
and BSO for PVC was effective in relieving pelvic pain in 67% of
women (Beard et al., 1991). However concomitant pathology such
as adenomyosis, fibroids and endometriosis was found in over 50%
of women undergoing surgery for PVC, inferring that CPP is usually
multi-factorial. Conversely, Chung and Huh did not find a significant
reduction in pain in women who had undergone either a bilateral or
uni-lateral salpingo-oophorectomy and hysterectomy (Chung and
Huh, 2003). Modern day approaches for treating PVC have deviated
away from major surgical procedures, which was verified in a survey
of current practices for treatment options in PVC (Champaneria et
al., 2016).
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CHAPTER 5 CONCLUSION TO
BACKGROUND
It is evident that there is an increasing focus on the uterine pelvic
venous circulation and the various conditions associated with it.
With ever improving ultrasound equipment, it is possible to study this
area in greater detail. Venous thrombosis remains an important
global health issue and as documented earlier, it can affect any part
of the venous circulation. Given that there is little evidence on
unusual site venous thrombosis, further studies examining these are
paramount. The uterine venous plexus can be considered as an
“unusual site” and has been found to be a source of venous
thrombosis. However, given the paucity of evidence surrounding this
entity, it is difficult to counsel and manage women. This also
highlights the need for a standardised protocol that clinicians can
follow when faced with UVPT. PVC is also a condition that although
has been studied previously, the discrepancies in definition and
diagnostic criteria makes it challenging. Given the above, I feel that
one of the aims of this thesis should be to examine the uterine
venous plexus in women with and without pathology to set
diagnostic criteria. This will provide a much-needed foundation to
continue examining the pelvic venous circulation.
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PART II: MATERIALS AND
METHODS
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CHAPTER 6

MATERIALS AND METHODS

The general methods outlined below are applicable for all the studies
included in this thesis. Specific additions to the methodology will be
included in the relevant study chapters.

6.1 Setting
The studies outlined in this thesis were conducted at the
Gynaecology Diagnostic Outpatient Treatment Unit (GDOTU) in
University College London Hospital (UCLH) between March 2015
and March 2017. UCLH is a teaching hospital and tertiary unit
referral centre, based in central London and serving primarily
Camden and Islington.

The hospital was formed in 1994 and

became one of the first foundation trusts in 2004. The trust has an
annual turnover of £1,043 million, employs over 8000 people and
cares for more than one million patients per year. The women’s
health department offers extensive specialist services including:
gynaecological ultrasound scanning, early pregnancy care and
ultrasound scanning, ambulatory gynaecology, urogynaecology,
gynaecological oncology and colposcopy, a specialist endometriosis
centre, paediatric gynaecology, a reproductive medicine unit and a
specialist clinic for African women. In the financial year of 20162017, the GDOTU had 23,666 patient attendances, with 18,257
women presenting with early pregnancy complications and 5409
non-pregnant women with gynaecological problems.

6.2 Study design
Each study performed was a prospective observational, crosssectional single-centre study and adhered to the STROBE checklist
(von Elm et al., 2007) (see Figure 6-1 and 6-2). Women presenting
89

to the gynaecology clinic were recruited consecutively by a single
operator. Written informed consent to participate in the study was
obtained from all women prior to their routine gynaecological
ultrasound examination.

Figure 6-1 Flowchart of study design for examination of
the uterine venous plexus
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Figure 6-2 Flowchart of study design for examining the
prevalence and natural history of UVPT
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6.3 Sample size and statistical analysis
The sample sizes for all studies were based on the primary objective
which was to measure the prevalence of asymptomatic UVPT.
Using previous studies of unusual site VT, mainly IVC (3%) and
superficial lower limb (5.4%) VT, we made an assumption that 3.5%
of our population will have an asymptomatic UVPT when they attend
for their routine gynaecological ultrasound. To test this hypothesis
with an uncertainty of 1.0%, the required sample size was 1298
(Naing et al., 2006).
A database was created to facilitate data entry (Microsoft Excel,
2016, Redmond, WA, USA). Statistical analysis was performed
using IBMÒ SPSS statisticsÒ version 22.0 (IBM, Armonk, NY, USA).
The specific tests used are outlined in each individual study chapter.

6.4 Ethical approval
The study for examining the uterine venous plexus was granted
formal ethical approval from West Midlands-Solihull committee
(14/WM/1266; IRAS 156669, see Appendix 1) as well as local R&D
sponsorship from UCL (14/0423).

6.5 Patient Selection
The indications for the examination and a full clinical history are
routinely recorded and stored on a dedicated database (PIA Fetal
Database, version 2.23; Viewpoint Bildverarbeitung GmbH, Munich,
Germany) in our clinical practice. This includes: demographic data,
gynaecological and obstetric histories, menopausal status, medical
and surgical background, medication history including use of
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exogenous hormones. Women aged ≥45 years, who had been
amenorrhoeic for at least 12 months and not using hormonal
contraception were categorised as being postmenopausal (NICE,
2015a). Exogenous hormones included current use of combined or
progestogen

only

oral

contraception,

long-acting

reversible

progestogen-only contraception (implant, Depo-Provera injection,
intrauterine system (IUS)) or HRT). BMI was calculated based on
self-reported height and weight. In women who were uncertain of
these measurements, their height and weight were recorded using
a calibrated scale and stadiometer. We excluded women who were
<18 years old, those who did not have a TV-US and those who had
undergone a hysterectomy.

6.6 Ultrasound Technique
A TV-US was performed using a 4-9-MHz probe with a threedimensional facility (Voluson E8, GE Healthcare, Milwaukee, USA).
In order to minimise intra-observer variability, all the examinations
were performed by a single operator (Dr. Tejal Amin), who had
received full-time intensive training in a tertiary referral ultrasound
unit. An expert operator (Mr. Davor Jurkovic) verified the findings
recorded for quality assurance. All examinations were performed in
a supine position, with slight elevation of the head using a pillow, in
a standardized manner. First the cervix and uterine corpus were
examined in the transverse plane to facilitate the diagnosis of
congenital or acquired uterine anomalies. The probe was then
rotated 90° anti-clockwise to visualise the uterus and endometrium
in the longitudinal axis.

The ovaries and adnexa were then

examined. Any pathology detected was recorded at each stage of
the examination. Diagnoses of adenomyosis and fibroids were
based on the features summarised by Naftalin et al (Naftalin et al.,
2012) and Anderson (Anderson, 1999) respectively. An ultrasound
diagnosis of endometriosis was made if ovarian endometriomas or
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endometriotic nodules were visualised on ultrasound. Ovarian cysts
were classed as endometriomas if they were thick-walled, wellcircumscribed cysts containing homogeneous low-level echoes
(“ground-glass”) (Tailor et al., 1999). Endometriotic nodules were
typically identified as stellate hypoechoic or isogenic solid lesions
with irregular outer margins that were fixed to the surrounding
structures and tender on palpation (Bazot et al., 2007). The overall
ultrasound scan diagnoses were either classified as normal, in the
absence of any structural pathology, or abnormal if evidence of
pathology was present.

6.6.1 Examination of the uterine venous plexus
Once the pelvic organs had been examined, the uterine venous
trunks were identified in the transverse plane as hypoechoic tubular
structures originating at the level of the internal os. They were traced
laterally in the base of the broad ligament up to the iliac vessels
(Mavrelos et al., 2013). Application of colour Doppler aided
differentiation between uterine arteries and veins and other similar
tubular structures such as ureters or dilated Fallopian tubes. The
largest trunk vessel was identified in the transverse plane and a
straight segment of the vein was magnified. The maximum anteroposterior uterine vein diameter was measured by placing callipers
between in the inner walls of the vein 1-2 cm lateral to the uterus
(see Figure 6-3) The mean of three measurements was taken as the
final value. The procedure was then repeated on the contralateral
side.
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Figure 6-3 Measurement of venous diameter (anteroposterior diameter between white arrows)

6.6.1.1 Examination of blood flow and velocity within the uterine
venous plexus
For assessment of venous blood flow, PW-Doppler recordings in the
largest pelvic vein were made using the same transducer. The PRF
was reduced to 0.9kHz to facilitate detection of venous Doppler
signals. The range gate was adjusted, kept at the centre of the
colour signal and the angle of insonation was kept below 60°.
Velocity signals were recorded using PW-Doppler during normal
respiration and Valsalva to demonstrate the presence of reflux. A
stable trace of at least 10s was required before acceptance of the
signal for storage and analysis of the blood flow pattern. Reflux was
defined as retrograde flow in the opposite direction of physiological
flow lasting more than 0.5 s (Labropoulos et al., 2003). Based on
previous studies, venous flow was categorised into either type 1
continuous non-phasic flow (see Figure 6-4); or type 2 interrupted
venous flow (see Figure 6-5), with or without reflux.
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Figure 6-4 Spectral Doppler analysis of continuous
waveform (white arrow)

Figure 6-5 Spectral Doppler wavefrom of interrupted
blood flow (white arrow) and evidence of reflux (red
arrow)
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6.6.1.2 Diagnosis of uterine venous plexus thrombus
The main criteria for diagnosis of a uterine vein thrombus were: the
presence of a solid, hyperechoic intraluminal structure causing
partial obstruction of venous blood flow on colour Doppler
examination (Mavrelos et al., 2013) (see Figure 6-6 and Figure 6-7).
The dimensions of the thrombus were measured in three orthogonal
planes and the mean diameter was taken as the final value
(d1+d2+d3/3) (see Figure 6-8).

Figure 6-6 B-mode TV-US image of a thrombus (white
arrow) within the uterine venous plexus (blue arrow)
causing partial obstruction
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Figure 6-7 Colour Doppler TV-US image of a thrombus
(white arrow) with circumferential blood flow within the
uterine venous plexus (blue arrow)

Figure 6-8 B-mode TV-US image of measuring
dimensions of UVPT
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6.7 Numerical Rating Scale (NRS)
All women were asked to complete an 11-point Numerical Rating
Scale (NRS) in order to obtain a subjective assessment of their pain,
if present. This was further divided into cyclical or non-cyclical pain
for pre-menopausal women. The NRS is a broadly validated scale
that allows the patient to rate their pain score from 0 to 10, with 0
indicating no pain and 10 representing the worst possible pain
(Figure 6-9). Although there are several pain-scoring systems
available, the NRS has been shown to be sensitive, reliable and
produces data that can be used in clinical research (Jensen et al.,
1986, Williamson and Hoggart, 2005, Karcioglu et al., 2018).

Figure 6-9 An 11-point numerical rating scale (Karcioglu
et al., 2018)

6.8 Thrombophilia screening
All women who were diagnosed with a UVPT underwent a
thrombophilia screen immediately after the ultrasound scan in
accordance with standard clinical practice. This included a
coagulation screen, anti-thrombin and protein C activity, free S,
factor V Leiden (FVL), prothrombin G20210A gene mutation (PGM),
C655T

methylene

tetrahydrofolate

reductase

(MTHFR)

polymorphism, lupus anticoagulant (LA), anti-cardiolipin antibodies
(aCL) and anti-beta-2 glycoprotein 1 antibodies (aß2GPI), as well as
D-dimer and total plasma homocysteine levels. The coagulation
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profile measured the prothrombin time (PT), activated partial
thromboplastin time (APTT), fibrinogen and international normalised
ratio (INR). Venous blood for plasma-based assays was taken in a
standardized manner for all patients, into sodium citrate 0.109M.
The samples underwent double centrifugation (15 minutes x 2) at
2000G (3500rpm), to prepare platelet poor plasma (residual platelet
count <10 x 109/L), at room temperature. The thrombophilia samples
were analysed using the Sysmax-2100 processor in the UCLH NHS
Foundation

Trust

specialised

haemostasis

standard techniques.
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CHAPTER 7 REPRODUCIBILITY STUDY OF
THE ULTRASOUND ASSESSMENT OF
UTERINE VEIN DIAMETER AND DOPPLER
BLOOD FLOW PATTERN

7.1 Introduction
The pelvic venous system has been suggested as a contributor for
pelvic pain. However there have been no large prospective studies
which define normal reference intervals for the size of uterine veins.
As discussed in Chapter 4, TV-US is regarded as the primary
imaging modality for assessing the female reproductive organs.
Additionally, transvaginal spectral Doppler ultrasound has been
shown to be an acceptable alternative to reflux venography
(Whiteley et al., 2015). Doppler studies can assess direction and
flow patterns within vessels, however it is widely recognised that this
can be operator dependent. Moreover, as the venous system is a
complex network and influenced by several physiological factors,
inter-observer variability for Doppler assessment ranges from good
to poor (Mikkonen et al., 1996, Haenen et al., 1999, Linkins et al.,
2006, Hansrani et al., 2016a).
The aim of this study was to assess reproducibility of ultrasound
measurements

of

uterine

vein

diameter

and

blood

flow

characteristics using Colour and pulsed Doppler. This was
necessary to determine whether B-mode and Doppler ultrasound
are sufficiently accurate tools for carrying out large prospective
studies of physiological and pathological changes in uterine venous
circulation.
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7.2 Methods
This was a prospective study conducted between August 2015 to
August 2016. We selected a random group of women in whom we
were able to obtain clear views of the pelvic circulation. The study
procedures have been outlined in section 6.6.
7.2.1 Inter-observer variability
All women consenting to participate in the study were examined by
both Operator 1 (Tejal Amin) and 2 (Davor Jurkovic), who employed
the same ultrasound examination technique (sections 6.6, 6.6.1,
6.6.1.1). They carried out all examinations independently and all
measurements were recorded by a nursing assistant who was not
part of the research team. The operators were blinded to their own
and each other’s measurements.
7.2.2 Intra-observer variability
The static images recorded by Operator 1 during the initial TV-US
were stored and anonymised. Intra-observer variability was tested
after a minimum time delay of four months after the initial real-time
examination. The images were selected in random order by a third
investigator (Dr. Michael Wong). Operator 1 then repeated the
measurements of the uterine diameter and categorisation of Doppler
findings. All measurements and findings were recorded by a third
investigator who did not carry out any of the examinations himself.
7.2.3 Statistical analysis
Due to the continuous nature of the diameter measurements, the
inter- and intra-observer agreement was assessed using the BlandAltman limits of agreement method. This method measures, in real
terms, the size of differences between pairs of values that are likely
to occur. The measure was obtained by first calculating the
difference between repeat measurements for each patient. The 95%
limits of agreement (within which 95% of all differences between
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values should occur) are then calculated as follows: Mean difference
± 1.96*(standard deviation of differences). Inter- and intra-observer
agreement for categorization of uterine venous flow was assessed
by calculating Cohen’s kappa coefficient (k).

7.3 Results
We recruited 30 women into this study. The average age was 46
years (range 28 – 78 years). There were 20 pre-menopausal women
and 10 post-menopausal women in the study group. The indications
for scan were: abnormal bleeding (N = 15), pelvic pain (N = 7),
infertility (N = 4) and other (4). The ultrasound diagnoses are
presented in Table 7-1 . Out of the 20 pre-menopausal women, four
were using hormonal contraception and three out of 10 postmenopausal women were using HRT.
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Table 7-1 Ultrasound diagnoses (N = 30)
Diagnosis on TV-US

N (%)

Normal pelvic organs

8 (26.7)

Adenomyosis

4 (13.3)

Fibroids

4 (13.3)

Ovarian/adnexal cysts

2 (6.7)

Polycystic ovaries

1 (3.3)

Miscellaneous types of pathology

1 (3.3)

Multiple pathology
Adenomyosis, fibroids, ovarian cyst

1 (3.3)

Adenomyosis, fibroids,
endometriosis

2 (6.7)

Adenomyosis, fibroids

1 (3.3)

Adenomyosis, uterine
anomaly/adhesions

2 (6.7)

Fibroids, endometriosis,
ovarian/adnexal cysts

1 (3.3)

Fibroids, ovarian/adnexal cysts

2 (3.3)

Endometriosis, ovarian/adnexal
cysts

1 (3.3)
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7.3.1 Uterine vein diameter reproducibility
The inter- and intra-observer agreement in the uterine vein
diameters are summarised in Table 7-2. There was good interobserver agreement which was reflected in a relatively small
average difference between the repeat measurements. The
difference in measurements obtained between the two operators
and also for intra-observer agreement, were found to be dispersed
around the mean, with no clear trend for over- or under-estimation
by either one of the examiners. These are displayed graphically by
the 95% agreement limits of Bland-Altman (see Figure 7-1 , Figure
7-2 , Figure 7-3 , and Figure 7-4 ).

Table 7-2 Observer variability for uterine vein diameters
(N = 30)
Agreement

Mean difference
(mm)

SD difference

95% Bland-Altman
limits of agreement

Right diameter

0.19

0.45

(-0.69, 1.08)

Left diameter

0.07

0.27

(-0.46, 0.58)

Right diameter

-0.04

0.13

(-0.29, 0.21)

Left diameter

-0.01

0.15

(-0.30, 0.28)

Inter-observer

Intra-observer
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Figure 7-1 Inter-observer variablity of the right uterine
vein diameter(mean difference 0.19mm, 95% limits of
agreement (-0.69, 1.08)

Figure 7-2 Inter-observer varaibility of the left uterine
vein diameter (mean difference 0.07mm, 95% limits of
agreement (-0.46, 0.58))
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Figure 7-3 Intra-observer varaibility of the right uterine
vein diameter(mean difference = -0.04mm, 95% limits of
agreement (-0.29, 0.21))

Figure 7-4 Intra-observer varaibility of the left uterine
vein diameter(mean difference = -0.01, 95% limits of
agreement (-0.30, 0.28))

108

7.3.2 Characterisation of uterine venous blood flow pattern
The results for inter- and intra-observer variability in determining the
type of blood flow seen within the uterine veins are shown in Table
7-3. There was an excellent overall agreement between two
operators which was similar on both sides. Intra-observer variability
was also very good.

Table 7-3 Inter- and intra-observer variability in
assessing uterine venous blood flow as continuous or
intermittent flow
Agreement

Kappa

Standard error

95% Confidence
interval

Right vein

0.839

0.159

(0.528, 1.150)

Left vein

1

0

(1,1)

Right vein

0.814

0.128

(0.564, 1.063)

Left vein

0.870

0.128

(0.618, 1.121)

Inter-observer

Intra-observer

7.4 Discussion
Our study showed a good level of agreement between the operators
in measuring the diameter of the uterine vein. Overall, the mean
difference in measurements was small, ranging between 0.07 and
0.19mm. By using the Bland-Altman analysis, we have been able to
depict these differences in real terms. The agreement between the
operators was better in the assessment of left uterine vein diameter.
That could be explained by the larger mean diameter of the right
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compared to the left uterine vein which is reflected in the larger mean
difference between the measurements.
Intra-observer variability of uterine diameter measurements was less
compared to the findings of inter-observer variability which is not
unexpected. The difference in variability could also be a result of
differences in methods for assessing inter- and intra-observer
variability. The inter observer variability was assessed by examiners
carrying out examination independently and identifying the largest
vessel and the most appropriate site for carrying out the
measurement.

The intra-observer variability was performed on

stored ultrasound images which ensures that all measurements are
carried out on exactly the same segment of the vessel as they were
during the initial examination.
The majority of previous studies have evaluated inter-observer
agreement for measuring venous diameter in other parts of the body
such as the lower limbs, inferior vena cava and the umbilical vein in
pregnancy.

The results have ranged from very good to poor

(Prandoni et al., 1993, Haenen et al., 1999, Linkins et al., 2006,
Barbieri et al., 2008, Fields et al., 2011, Bowra et al., 2015). Some
studies have demonstrated that the reliability in measurements can
differ between levels of operators (Bowra et al., 2015). Our study
evaluated the agreement between an expert and intermediate level
operator and found that this was good, in keeping with results from
other studies (Akkaya et al., 2013, De Lorenzo and HolbrookEmmons, 2014). Linkins et al. (Linkins et al., 2006), reported that
inter-observer agreement for residual vein diameter in deep proximal
veins was moderate, with a mean difference of 2.2mm between
operators but intra-observer agreement was very good, which is
similar to our findings.

They also concluded that this level of

agreement was sufficiently reproducible for carrying out clinical
studies.

Our findings of good inter-observer variability are

concordant with the current literature. The agreement between the
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operators is unlikely to be perfect given that the uterine vein can run
a variable course, but is acceptable for measuring the mean
difference in venous diameters.
Our study also showed good inter- and intra-observer agreement in
categorising uterine venous flow pattern as continuous or
interrupted. The results were very similar in both and right and left
uterine veins. This is reassuring and it shows that qualitative criteria
to describe venous blood flow can be applied consistently and
reproducibly. To our knowledge, uterine venous flow has only been
qualitatively described in pregnant women (Thuring et al., 2010) and
our study is the first attempt to carry out similar assessments in nonpregnant women. Previous studies have shown that ultrasound is
also reliable for measuring venous flow in other parts of the body
including lower limbs, varicoceles and the hepatic system, with
agreement ranging from 75 to 100% (Abu-Yousef et al., 1997,
Kocakoc et al., 2003)
It has previously been reported that Doppler ultrasound was
insensitive to the low flow that is found in the adnexal veins and
therefore venography was the preferred diagnostic tool for
diagnosing reflux (Halligan et al., 2000, Campbell et al., 2003). Our
study showed that with the use of advanced ultrasound equipment
we were able to detect venous flow in all women included in this
study. This is in agreement with other recent studies which showed
similar findings. Our results support the view that Doppler ultrasound
could become the primary method for assessing reflux in PVC with
good inter-observer agreement (Whiteley et al., 2015, Hansrani et
al., 2017).
One of the main strengths of this study was that it was prospective
and the inter-observer agreement was tested in the same sitting by
carrying out two independent live examinations.

Previous

reproducibility studies have been retrospective in nature using static
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images only to compare inter-observer agreement. Another strength
was that it was performed in the routine gynaecological clinic on
heterogeneous sample. In doing so, we have demonstrated that the
results are widely applicable as well as showing that the uterine
venous plexus can be easily visualised and examined.
An important part of this study was to assess the reliability
transvaginal Doppler ultrasound assessment of the characteristics
of the uterine venous blood flow. PVC has been reported as a cause
for pelvic pain, which is a common presenting symptom in the
gynaecology clinic. Ultrasound features that are suggestive of PVC
include dilated pelvic veins and qualitative changes in venous blood
flow pattern (Giachetto C, 1990, Park et al., 2004). However, at
present, there are no universally accepted values for what
constitutes as a dilated pelvic vein and are thought to vary between
5mm to 8.5mm In addition, there is a paucity in the data regarding
the reliability of measuring the pelvic veins and characterising blood
flow (Park et al., 2004, Dos Santos et al., 2015, Steenbeek et al.,
2018).
Limitations of this study include that it is difficult to control for the
dynamic changes that occur in the venous system as well as
physiological factors such as respiration and hydration, that all have
an influence on the venous system. Another limitation of this study
was that it was performed at a single centre and inter-observer
agreement was assessed between two operators, using the same
ultrasound machine and settings. It is therefore possible that interobserver agreement may be more varied between several operators
using different machines and settings. We chose not to measure the
agreement between several operators as we felt that it would be
unacceptable for patients to undergo multiple TV-US examinations.
Furthermore, by applying the same examination technique and TVUS settings, we were able to reduce performance bias. Despite
these limitations, our findings demonstrated a good level of
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agreement between the two operators, who differed in experience,
and hence generalizable to clinicians/sonographers of similar levels.
Further studies could be conducted using our findings as a
benchmark for comparison. In conclusion, our study has shown that
both the measurements of the uterine venous diameter and
characterizations of blood flow pattern are reproducible which
provides basis for future studies of normal and abnormal uterine
venous circulation.
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CHAPTER 8 REFERENCE RANGES FOR
UTERINE VEINS IN WOMEN WITH NORMAL
PELVIC ORGANS

8.1 Introduction
Over the past three decades, several studies have been published
about possible association between venous dysfunction and clinical
symptoms, with the predominant focus being on PVC (Beard et al.,
1984, Beard et al., 1988, Halligan et al., 2000, Whiteley et al., 2015).
The main feature of PVC is the visualisation of dilated pelvic veins.
There is a paucity of data regarding the size of uterine veins in
healthy women. As a result, there is no consensus regarding the
appropriate threshold to diagnose pelvic vein dilatation with the
values ranging from 4mm to 8mm in different studies (Beard et al.,
1984, Park et al., 2004, Phillips et al., 2014, Hansrani et al., 2016a).
The aim of this study was to establish reference ranges for uterine
vein dimensions in a large number of women with normal pelvic
organs which should form a more objective basis for future studies
looking at the association between pelvic vein dilatation and clinical
symptoms.

8.2 Methods
This was a single-centre, prospective cross-sectional study of
women attending our general gynaecology clinic between August
2015 to December 2016. The study design, patient selection and
ultrasound technique used for this study has been described in
Chapter 6 (sections 6.1,6.2,6.4,6.5,6.6). All women provided written
consent to participate in the study and ethical approval was granted
by West Midlands-Solihull national ethics committee (14/WM/1266).
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8.2.1 Statistical analysis
8.2.1.1 Sample size calculation:
Reference intervals are used to describe the dispersion of variables
in healthy individuals and are reported as population base intervals
comprising of 95% of the healthy population. International
recommendations suggest that measurements from a minimum of
120 (Geffre et al., 2009) to 200 individuals (Lott et al., 1992, Altman,
1999) is required to construct a reference interval. We have used
this as a basis to determine the sample size for our study. To allow
for possible deviations with age we recruited a minimum of 100
women for each decade between ages 20 to 60.
8.2.1.2 Data collection and analysis:
The first set of analyses examined maximum uterine vein diameters
in women with normal pelvic organs. Histograms were used to
examine the shape of the distributions and normal ranges were
quantified by calculating centiles of the values. A comparison
between the left and right uterine veins were made using the
Wilcoxon signed-rank test.
The second set of analyses performed were comparisons between
pre- and post-menopausal women. Due to the distribution of the vein
diameters, a two-tailed Mann-Whitney U-test was used. A P-value
of < 0.05 was considered statistically significant.
The third set of analyses examined factors associated with uterine
vein diameter sizes in women with normal pelvic organs. Separate
analyses were performed for pre- and post-menopausal women
using linear regression. However, due to the skewed distribution of
the diameter measurements, all analyses were performed with the
diameter on the log scale. The analysis was performed in two
stages. Firstly, the separate association between each factor and
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diameter size was examined individually in a series of univariable
analyses. Subsequently, the joint association of the factors upon
diameter size was examined in a multivariable analysis. A
backwards selection procedure was used to retain only the
significant factors in the final model. This involved omitting nonsignificant variables, ending up with only significant variables. For
variables where there were a small number of patients in some
groups, this group was combined together with a similar group in
order to increase the number of patients. Age, parity, BMI, use of
exogenous hormones were considered as independent variables.
For the pre-menopausal group, time of menstrual cycle (follicular or
luteal phase) was also included.
A final set of analyses compared the diameters between different
age categories. Due to the number of age categories, the KruskalWallis test was used for the analysis. These statistical analyses
have been performed with the help of a statistician (Paul Bassett).

8.3 Results
During the study period, a total of 1585 women were examined. Of
these 68 did not have a TV-US, 14 had previously had a
hysterectomy and three were less than 18 years old. Of the
remaining 1500 women, 1014 had evidence of pelvic pathology.
Indications for referral to the gynaecology clinic in all women are
provided in Table 8-1. The total number of women with normal pelvic
ultrasound findings was 486/1500 (32%) of which 375/486 (77%)
were pre-menopausal. Women’s demographic information is
provided in Table 8-2 and the indications for referral in women with
normal pelvic organs are shown in Table 8-3.
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Table 8-1 Indications for referral to the gynaecology
clinic prior to ultrasound diagnosis (N = 1500)
Indication

N = 1500 (%)

Heavy menstrual bleeding

185 (14.7%)
N (%)

Dysmenorrhoea

31 (2.5%)

Pelvic pain

209 (16.6%)

Irregular bleeding/periods

267 (21.2%)

Irregular bleeding on HRT

20 (1.6%)

Amenorrhoea/Oligomenorrhoea

26 (2.1%)

Postmenopausal bleeding

161 (12.8%)

Infertility

68 (5.4%)

Dyspareunia

24 (1.9%)

Ovarian cysts/screening

128 (10.2%)

Fibroids

51 (4.1%)

Other*

330 (26.2%)

(*) Multiple indications consisting of small numbers where N<5
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Table 8-2 Summary of women's demographic
information (N = 486)
Demographic

Category

Summary

Age*

-

37 [31, 48]

BMI*

-

22.3 [20.4, 25.3]

Ethnicity

White

386 (79%)

South Asian

17 (4%)

Black

25 (5%)

East Asian

17 (4%)

Middle East

29 (6%)

Mixed / Other

12 (2%)

0

227 (47%)

1

95 (20%)

2

89 (18%)

3+

75 (15%)

Parity
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Table 8-3 Indications for referral to the gynaecology
clinic in women with normal pelvic organs (N = 486)
Indication

N = 486 (%)

Heavy menstrual bleeding

26 (5.3%)
N (%)

Dysmenorrhoea

11 (2.3%)

Pelvic pain

62 (12.8%)

Irregular bleeding/periods

98 (20.2%)

Irregular bleeding on HRT

8 (1.6%)

Amenorrhoea/Oligomenorrhoea

7 (1.4%)

Postmenopausal bleeding

53 (10.9%)

Infertility

22 (4.5%)

Dyspareunia

13 (2.7%)

Ovarian cysts/screening

29 (6.0%)

Urinary symptoms/prolapse

19 (3.9%)

Vaginal/vulval symptoms

27 (5.6%)

Bloating

7 (1.4%)

Routine health check

66 (13.6%)

Other*

38 (7.8%)

(*) Multiple indications of small numbers where N<5

8.3.1 Uterine vein diameters in women with normal pelvic
organs:
Distributions of the maximum left, right and mean uterine vein
diameters are shown in Figure 8-1, Figure 8-2 and Figure 8-3. The
histograms demonstrate a non-normal distribution which is positively
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skewed to the left. There was no significant difference between the
median maximum left and right uterine vein diameters (p=0.37). The
ranges for the uterine vein diameters were calculated based on
centiles from the observed measurements due to the skewed
distribution and are summarized in Table 8-4.

Table 8-4 Pooled venous diameters (mm)
Centile
th

0 (min)
5

th

Left

Right

Both combined

1.2

1.2

1.2

1.9

1.7

1.8

10

th

2.1

2.0

2.1

50

th

3.1

3.1

3.1

90

th

4.8

4.7

4.8

95

th

5.5

5.3

5.4

99

th

8.0

6.3

7.1

11.5

8.6

11.5

th

100 (max)

120

20
15
Percent

10
5
0

2

4

6
8
Left uterine vein diameter

10

Figure 8-1 Distribution of the left uterine vein diameter
(mm) in women with normal pelvic organs (N = 486)
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12

20
15
Percent

10
5
0

2

4
6
Right uterine vein diameter

Figure 8-2 Distribution of the right uterine vein diameter
(mm) in women with normal pelvic organs (N = 486)
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8

Figure 8-3 Distribution of the average uterine vein
diameter (mm) in women with normal pelvic organs (N =
486)
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8.3.2 Comparisons between pre- and post-menopausal
women:
Uterine vein diameters were generally lower in post-menopausal
compared to pre-menopausal women. The difference was significant
on the right, but not on the left. However, when maximum median
vein diameter was calculated for each woman, the values were
significantly lower in post-menopause (Table 8-5). The diameters of
the uterine veins are summarized in Table 8-6 and Table 8-7
according to menopausal status, age and parity.

Table 8-5 Median uterine vein diameters (mm) in pre- and
post-menopausal women (N = 486)
Uterine vein

Pre-menopausal
(N = 375)

Post-menopausal
(N = 111)

Median (IQR)

Median (IQR)

Left

3.1 (2.5, 3.8)

2.8 (2.2, 3.8)

0.09

Right

3.1 (2.5, 3.8)

2.9 (2.2, 3.5)

0.01

Average

3.1 (2.5, 3.8)

2.9 (2.2, 3.7)

0.003
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P-value

Table 8-6 Median uterine vein diameters in premenopausal women according to age and parity (N =
375)
Parity
Age

0

1

2

3+

≤ 20

3.2

-

-

-

21 – 30

2.9

2.8

3.5

-

31 – 40

3.0

3.3

3.7

4.7

41 – 50

3.3

3.3

3.5

3.5

Table 8-7 Median uterine vein diameters in postmenopausal women according to age and parity (N =
111)
Parity
Age

0

1

2

3+

51 – 60

2.6

2.5

2.8

3.0

61 – 70

2.6

2.2

3.1

3.4
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8.3.3

Factors associated with uterine vein diameter in premenopausal women normal pelvic organs

The results of the uni- and multi-variate analyses examining factors
associated with the vein diameters in pre-menopausal women (N =
375) are displayed in Table 8-8, Table 8-9, and Table 8-10 along
with the median and inter-quartile range maximum diameter in each
category. Measure of the difference in diameters between the
groups were expressed as ratios due to the log transformation.
These give the relative difference in diameter between baseline (as
defined in Table 8-8) and other groups.
The factors associated with the left uterine vein diameters (see
Table 8-8) were examined first. Parity, age and hormone use were
all significantly associated with the diameter of the left uterine vein.
BMI and the time of the cycle were not found to be statistically
significant. A greater parity was associated with a larger diameter.
Women with a parity of three and over had diameters that were, on
average, 33% larger than women with no children. An increased age
was also associated with a larger diameter, with women aged over
40 having a 17% greater diameter size than women aged 30 or
under.
Use of hormonal contraception was associated with lower vein
diameters. Women on hormones had left diameters that were, on
average, 12% lower than women not on hormones. There was no
difference in the maximum uterine vein diameter in women using
combined oestrogen/progesterone contraception (N = 43) compared
to women using progestogen only contraception (N = 61; p = 0.53).

126

Table 8-8 Univariable analyses of factors affecting the
left uterine vein diameter in pre-menopausal women (N =
375)
Variable

Category

Diameter

Ratio (95%
CI)

P-value

Parity

0

3.0 (2.4,(IQR)
3.5)
Median

1

<0.001

1

3.3 (2.5, 4.1)

1.09 (1.01,
1.18)

2

3.6 (3.0, 4.4)

1.21 (1.10,
1.32)

3+

3.6 (3.0, 4.9)

1.33 (1.19,
1.49)

≤ 30

2.9 (2.4, 3.5)

1

31 – 40

3.2 (2.5, 4.0)

1.07 (0.99,
1.15)

41 +

3.4 (2.9, 4.0)

1.17 (1.07,
1.27)

Normal

3.2 (2.6, 3.9)

1

Underweight

3.5 (2.6, 4.0)

1.04 (0.91,
1.19)

Overweight

3.1 (2.4, 4.2)

1.00 (0.84,
1.21)

Obese

2.9 (2.4, 3.5)

0.97 (0.84,
1.11)

No

3.2 (2.6, 3.9)

1

Yes

2.9 (2.3, 3.7)

0.88 (0.82,
0.94)

Follicular

3.2 (2.7, 3.8)

1

Luteal

3.2 (2.7, 4.0)

1.02 (0.95,
1.11)

Age group

BMI category

Use of
hormonal
contraception

Time in
menstrual
(*)
cycle

0.003

0.88

<0.001

0.55

(*) Analysis for women not on hormones only

The multivariable analysis examined the joint associations between
the variables and diameter size of the left uterine vein. A backwards
selection procedure was used to retain only the statistically
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significant variables in the final model. A summary of this model is
given in Table 8-9.
Only parity and hormone use were statistically significant on
multivariable analysis. Age was no longer found to be significant
after adjusting for the two variables in the final model. This is likely
to be primarily due to the positive relationship between parity and
age.

Table 8-9 Multi-variable analyses of factors affecting the
left uterine vein diameter in pre-menopausal women (N =
375)
Variable

Category

Ratio (95% CI)

P-value

Parity

0

1

<0.001

1

1.07 (0.99, 1.16)

2

1.21 (1.10, 1.33)

3+

1.30 (1.16, 1.45)

No

1

Yes

0.89 (0.83, 0.96)

Use of hormonal
contraception

0.001

A similar set of analyses were performed to examine factors
associated with the size of the right uterine vein diameter. The
univariable analyses for the right uterine vein are summarised in
Table 8-10.
The results suggested that the maximum right uterine vein diameter
increases significantly with higher parity and age. Women with a
parity of three or higher had diameters that were 43% higher than
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women who were nulliparous. The effect of age was less, with
women aged over 40 having 14% larger diameters, on average,
compared to those aged 30 and under.
There was a tendency towards smaller right uterine vein diameters
in women on hormonal contraception, but the finding was not
statistically significant.

In addition, there was no difference in

diameter size between women using combined contraception and
progestogen-only contraception (p = 0.10). BMI and time of cycle
had no significant effect on uterine vein size.
The results of the multivariable analysis found that only parity was
statistically significant (p<0.001). There was no additional effect of
either age or hormone use after adjusting for this variable. As parity
was the only variable in the final model, the results were equivalent
to those from the univariable analysis.
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Table 8-10 Univariable analyses of factors affecting the
right uterine vein diameter in pre-menopausal women (N
= 375)
Variable

Category

Diameter

Ratio (95% CI)

P-value

Parity

0

3.0 (2.4, 3.5)
Median (IQR)

1

<0.001

1

3.2 (2.6, 3.9)

1.09 (1.01,

2

3.7 (2.7, 4.2)

1.18)
1.19 (1.09,

3+

4.6 (3.3, 5.2)

1.30)
1.43 (1.28,

≤ 30

2.9 (2.4, 3.5)

1.60)
1

31 – 40

3.3 (2.6, 4.0)

1.11 (1.03,

41 +

3.3 (2.7, 4.2)

1.20)
1.14 (1.05,

Normal

3.2 (2.6, 3.8)

1.25)
1

Underweight

3.1 (2.7, 4.1)

1.03 (0.90,

Overweight

2.6 (2.1, 4.0)

1.19)
0.87 (0.72,

Obese

3.2 (2.6, 3.7)

1.05)
1.00 (0.88,

No

3.1 (2.6, 4.0)

1.12)
1

Yes

3.0 (2.4, 3.7)

0.94 (0.87,

Follicular

3.1 (2.5, 4.0)

1.01)
1

Luteal

3.2 (2.7, 4.0)

1.02 (0.94,

Age group

BMI category

Use of

0.03

0.48

0.07

hormonal
contraception

Time in
menstrual
cycle

(*)

0.70

1.01)

(*) Analysis for women not on hormones only

8.3.4

Factors associated with uterine diameter sizes in postmenopausal women

The next analyses examined factors associated with uterine
diameters in post-menopausal women (N = 111). The results of the
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univariable analyses are presented in Table 8-11 and Table 8-12 for
the left and right uterine veins respectively. As with the analyses for
pre-menopausal women, the summary figures are median and interquartile range in each group, along with the ratio of differences
between groups.
The results showed that only parity was significantly associated with
the left vein size. Women with a parity of three or more had 40%
larger diameters than women who were of parity one or less.
A multivariable analysis also suggested that only parity was
statistically significant. As this was the only factor in the final model,
the results were equivalent to those from the univariable analysis (p
= 0.002).
An equivalent set of analyses were performed for the right uterine
vein diameter. The univariable analysis result are summarised in
Table 8-12.
Parity was again found to be associated with the uterine vein size,
with a greater parity associated with a larger right diameter. The
group of patients with a parity of two, and the group with a parity of
greater than three, both had diameters that were, on average, 23%
larger than for those with a parity of one or less. There was no
significant association between age, BMI and HRT use with the size
of the right diameter.
A multivariable analysis was also performed, and this found similar
results to the univariable analysis, that is that only parity was
significantly associated with size of right diameter in this subgroup
of women (p = 0.03).
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Table 8-11 Univariable analyses of factors affecting the
left uterine vein diameter in post-menopausal women (N
= 111)
Variable

Category

Diameter

Ratio (95% CI)

P-value

Parity

0 or 1

2.4 (2.0, 3.1)
Median (IQR)

1

0.002

2

2.8 (2.4, 3.8)

1.20 (1.00,

3+

3.5 (2.5, 4.2)

1.45)
1.40 (1.17,

≤ 60

2.6 (2.2, 3.8)

1.68)
1

61 – 70

2.8 (2.4, 3.8)

1.04 (0.99,

71 +

3.3 (2.9, 4.4)

1.25)
1.18 (0.96,

Normal /

2.8 (2.4, 3.8)

1.46)
1

Underweight
Overweight /

2.6 (2.2, 3.7)

0.96 (0.78,

Obese
No

2.8 (2.2, 3.9)

1.17)
1

Yes

3.3 (2.3, 3.6)

1.00 (0.80,

Age group

BMI category

HRT use

1.25)
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0.28

0.68

0.98

Table 8-12 Univariable analyses of factors affecting the
right uterine vein diameter in post-menopausal women
(N = 111)
Variable

Category

Diameter

Ratio (95% CI)

P-value

Parity

0 or 1

2.5 (1.8, 3.1)
Median (IQR)

1

0.03

2

2.9 (2.3, 3.5)

1.23 (1.03,

3+

3.3 (2.3, 3.7)

1.46)
1.23 (1.03,

≤ 60

2.9 (2.2, 3.5)

1.46)
1

61 – 70

2.9 (2.3, 3.3)

0.97 (0.82,

71 +

3.2 (1.8, 4.7)

1.15)
1.05 (0.87,

Normal /

2.9 (2.3, 3.7)

1.28)
1

Underweight
Overweight /

2.8 (1.7, 3.4)

0.88 (0.72,

Obese
No

2.9 (2.2, 3.5)

1.08)
1

Yes

2.9 (2.5, 3.5)

1.06 (0.86,

Age group

BMI category

HRT use

0.77

0.22

0.64

1.29)

8.3.5

Uterine vein diameter and the effect of age

A final set of analyses compared the average diameter size (left and
right combined) between women of differing ages. The results are
summarised in Table 8-13 and they show that the median vein
diameters tend to peak at the age group 41-50 and then decrease
after the average age of menopause.

There was a significant

difference in diameter size between age categories. The uterine
veins were largest in women aged 41-50, with decreasing values in
older and younger age groups.
graphically in Figure 8-4.
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This has been represented

Table 8-13 Median uterine vein diameters related to age
Age

N

Diameter

P

≤ 20

18

3.3 [2.9, 3.7]
Median [IQR]

<0.001

21 – 30

218

2.8 [2.3, 3.5]

31 – 40

356

3.2 [2.5, 4.0]

41 – 50

168

3.3 [2.7, 4.0]

51 – 60

116

2.9 [2.3, 3.8]

61 – 70

58

2.9 [2.3, 3.5]

71 +

38

3.3 [2.1, 4.4]

Figure 8-4 Distribution of uterine vein diameters in
relation to age
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8.3.6 Reference ranges for clinical practice
We constructed reference ranges for the median maximum uterine
vein diameters which could be used in clinical practice. The
reference ranges were designed for premenopausal women aged
25-45 who are most likely to present with clinical symptoms
suggestive of PVC. Parity had a significant effect on venous
diameters and we provide separate reference ranges for nulliparous
and parous women (Table 8-14, Figure 8-5).

th

Table 8-14 95 centiles for uterine vein diameter related
to age and parity
Age group

Parity 0

Parity 1-3

N

C95

N

C95

≤ 25

70

4.2

13

5.3

26 – 30

118

4.5

30

5.2

31 – 35

104

4.6

68

5.3

36 – 40

68

5.6

104

5.8

41 – 45

42

5.9

58

6.2

135

th

Figure 8-5 95 centile reference range for uterine vein
diameter in nulliparous and parous women
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8.4 Discussion
Our study has shown that uterine veins can be identified and
measured in all women with healthy pelvic organs. We have found
that there is no significant difference in the maximum diameter
between the right and left uterine venous plexus. The size of uterine
veins is influenced by three main factors: women’s age, parity and
menopausal status.

However multivariate analysis showed that

parity was the main significant factor.
Although research has been conducted on women with suspected
PVC, previous studies did not control for the effects of women’s
demographic factors and the presence of concomitant pelvic
abnormalities on uterine venous circulation. Our study is the first in
the literature attempting to define a reference range for uterine vein
diameters in women with normal pelvic organs on TV-US, thus
excluding other anatomical factors which could have a possible
effect on uterine venous circulation. We are confident that we were
able to identify all significant pelvic abnormalities as TV-US is a
highly sensitive for the diagnosis of uterine fibroids, adenomyosis,
endometrial polyps, adnexal cysts and pelvic endometriosis (Holland
et al., 2013).
The overall median maximum diameters for both left and right
uterine veins was 3.1mm (IQR 2.4, 3.8). Previous studies have
demonstrated an anatomical variation, where the left pelvic vein was
often larger than the right (Ahlberg et al., 1966, Nascimento et al.,
2002), partly due to there being incompetent or absent valves on the
left side (Falkiner and Fleming, 1949, Ahlberg et al., 1966, Rozenblit
et al., 2001). Although the overall median diameter was equal for
both sides in our study, when divided into centiles, a small
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insignificant difference was noted, with the left vein being slightly
larger than the right.
Our findings revealed that there was a gradual increase in the
uterine vein diameters with advancing age, peaking in the 41-50
category. However, in multivariable analysis this result was not
significant. After the age of 51 there was a significant decrease in
the uterine vein diameter. This could be the result of involution of
uterus and pelvic organs after menopause with accompanying
reduction in uterine circulation. Previous studies have also found a
decrease in venous diameter as a function of age (Fronek et al.,
2001, Masugata et al., 2010).
In our study, parity was the main factor which was significantly
associated with increased venous diameter in both pre- and
postmenopausal women in multivariate analysis. It has been shown
that uterine blood flow increases during pregnancy and, to
accommodate

this,

the

uterine

vessels

undergo

vascular

remodelling. This involves both elongation and dilatation of the
vessels, which in turn leads to reduced elastin content and increased
distensibility (Osol and Mandala, 2009). Blood flow through the
pelvic veins is thought to increase up to 60 times in a term pregnant
woman compared to pre-pregnancy. Coupled with the effects of
hormone-induced smooth muscle wall relaxation in the venous wall,
there is an increase in venous distensibility (Rabhi et al., 2000).
Moreover, as it has been shown, that these changes persist after
pregnancy and it is possible that each pregnancy then has an
additive effect on the uterine vascular network (Skudder et al.,
1990). This supports the hypothesis that multiple pregnancies lead
to valvular damage and an irreversible dilatation of the pelvic vessels
from increased exposure to hormones and blood volume during
pregnancy (Ahlberg et al., 1965, Nascimento et al., 2002, Koo and
Fan, 2014).
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Studies investigating the influence of menopausal status on the
uterine venous circulation are sparse. In vitro studies have shown
that oestrogen and progesterone receptors are present in the wall of
the vessels suggesting that venous circulation could be influenced
by hormonal fluctuations (Zoma et al., 2006, Asbeutah et al., 2014).
Forbes and Glassen showed that oestrogen and to a lesser extent,
progesterone, have vasodilatory effect on the uterine and ovarian
veins in mice (Forbes and Glassen, 1972). Furthermore, varicose
veins are also thought to be associated with increased oestrogen
levels as they increase venous capacitance (Mashiah et al., 1999,
Ciardullo et al., 2000, Iannuzzi et al., 2002, Asbeutah et al., 2014),
hence pelvic varicosities are more common in pre-menopausal,
multiparous women (Park et al., 2004). Menopause, however is
associated with decreased venous distensibility, most likely due to
vascular remodelling (Varbiro et al., 2001). One of the strengths of
our study was that it adjusted for menopausal status when analysing
factors that could influence venous diameter. Our findings showed
that there were significant differences in the median uterine vein
diameters between pre- and post-menopausal women as a whole
group supporting this relationship.
We also examined the effects of exogenous hormone use and
endogenous circulating hormones.

Pre-menopausal women on

hormonal contraception had significantly smaller uterine veins;
however, the type of hormone (combined vs. progesterone-only)
used did not influence vein diameter. Progestogens are often used
in the management of PVC as they suppress ovarian activity, reduce
pelvic vein diameter and pelvic organ size (Reginald et al., 1989,
Farquhar et al., 1989).

Certain progestogens, such as 17-

hydroxyprogestrone, cause vasoconstriction, whereas others,
including di-hydro and hydroxyprogesterone, have a negligible effect
on the vein diameter and/or distensibility (Forbes and Glassen,
1972, Fawer et al., 1978).

Our findings support the view that

progesterone therapy may help to reduce pelvic diameter, but our
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sample size was not large enough to study effects of different
progestogens of uterine venous circulation.
Exogenous hormone usage with HRT in the postmenopausal group
exhibited the opposite effect. Our findings showed that there was
an increase in the maximum left uterine vein diameter with HRT,
although this result was not statistically significant. There were no
changes in the size of the right uterine vein with HRT. Similar
findings

have

been

reported

in

animal

studies,

where

ovariectomised rats were found to have larger vessels when
receiving HRT (Varbiro et al., 2001, Varbiro et al., 2002).
The main aim of this study was to construct reference ranges for
uterine vein dimensions in women with normal pelvic organs, that
could then form an objective basis for future studies examining the
association between pelvic vein dilatation and symptoms. It could
be suggested that using women who present to the gynaecology
clinic over “healthy volunteers” may incur a selection bias. We chose
women with normal pelvic organs to form the basis of these
reference ranges despite the underlying reason for referral, as it
eliminates the effect that pathology may have on the circulation.
Furthermore, “healthy” women may still experience symptoms such
as pelvic pain or heavy menstrual bleeding (HMB), and/or have
underlying gynaecological conditions but do not seek medical care
for them. Therefore, it is unlikely to be able to achieve a control
group of completely asymptomatic women who also have normal
pelvic organs.
We were unable to control for other factors that could influence
venous filling , such as hydration status and cardiac output, which is
a weakness of our study (McDermott et al., 2013). Given that the
venous circulation is dynamic, there may be subtle fluctuations in
diameter within the same patient over a short interval. We were also
unable to provide a definitive answer on the effect of different
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methods of hormonal contraception on uterine vein diameter due to
relatively small sample size.
In summary, our study showed that parity is the main factor which
influences the size of uterine veins in women with healthy pelvic
organs. We have constructed reference ranges for the maximum
uterine vein diameters which could be used to identify women with
pelvic varicosities in clinical practice and research. Further
prospective studies are required to examine the effect of uterine and
ovarian abnormalities on uterine vein dimensions and investigate
possible associations between dilated uterine veins and unexplained
pelvic pain.
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CHAPTER 9 THE EFFECT OF PELVIC
PATHOLOGY ON THE UTERINE VENOUS
CIRCULATION

9.1 Introduction
As discussed in Chapter 4, common gynaecological causes for
pelvic

pain

include

adenomyosis,

fibroids,

endometriosis,

ovarian/adnexal cysts as well as adhesions and chronic pelvic
inflammatory disease (PID). PVC has also been reported as a cause
for pelvic pain, which is often used interchangeably with pelvic
varicosities, as both are characterised by the presence of dilated
pelvic veins (Phillips et al., 2014). Although the underlying
mechanism is likely to be multifactorial, pelvic pain secondary to
PVC is thought to be due to the enlargement and engorgement of
the pelvic veins. PVC is often described as a condition that primarily
affects pre-menopausal multiparous women. As the uterus enlarges
throughout pregnancy, the uterine vessels undergo vascular
remodelling to accommodate the haemodynamic changes (Osol and
Mandala, 2009). It is plausible that pelvic pathology can mimic a
similar process that pregnancy has on the uterine circulation.
Fibroids and adenomyosis can cause enlargement of the uterus and
hence augmenting perfusion and drainage of the pelvic organs.
Similarly, the presence of adnexal cysts may also increase blood
supply to and from the pelvic organs, with a previous study
demonstrating that women with PVC also had polycystic ovaries
(PCO) on ultrasound (Beard et al., 1988). Although dilatation of the
pelvic veins is a key component of PVC diagnosis, there is a paucity
of data regarding the effects pelvic pathology on the uterine venous
system. The aim of this study was to identify the effect of uterine
and ovarian abnormalities on dimensions of the uterine veins in a
large number of women attending for a gynaecological ultrasound
examination.
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9.2 Methods
This was a prospective observational study of women attending the
general gynaecology clinic in a London teaching hospital between
August 2015 to December 2016. The methods used for this study
have been outlined in Chapter 6, sections 6.1-6.6.
Written consent was obtained from all women prior to the ultrasound
examination and the study was approved by the West MidlandsSolihull national ethics committee (14/WM/1266).
9.2.1 Statistical analysis
Statistical analysis was performed to examine whether the presence
and type of pelvic pathology affects the diameter of the uterine veins.
An examination of the distribution of the diameter sizes suggested
that they followed a positively skewed distribution and therefore the
Wilcoxon matched-pairs test was used for comparing the left and
right uterine venous diameters. Analyses were also performed to
examine factors associated with diameter size. For these analyses,
the left and right diameters were combined together. Therefore,
each woman contributed two measurements to the analysis. Due to
the multiple measurements per women, the analysis was performed
using multilevel linear regression. Two level models were used with
individual uterine veins nested within women. Due to the skewed
distribution of the diameter values, the analysis was performed with
the values on the log scale. The regression analysis was performed
in two stages. Firstly, the separate association between each factor
and diameter size was examined separately in a series of
univariable analyses. Subsequently the joint association between
the factors and outcome was examined in a multivariable analysis.
A backwards selection procedure was used to retain only the
statistically significant variables in the final model. These statistical
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analyses have been performed with the help of a statistician (Paul
Bassett).

9.3 Results
During the study period, 1500 eligible women were examined. Of
these, 1014 (67.6%) had evidence of pelvic pathology. Women’s
demographic information is provided in Table 9-1 and the diagnoses
following ultrasound assessment are in Table 9-2. The median
diameters for the left and right uterine veins in the group of women
with pelvic pathology were 3.2mm [IQR 2.6, 4.1] and 3.3mm [2.6,
4.2] respectively.

There was no significant difference in vein

diameter between the left and right side (p = 0.07) and the combined
values are presented in Figure 9-1.
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Table 9-1 Demographic information of women (N = 1500)
Variable

Category

Summary

Age

-

42.7 ± 12.6

Parity

0
1
2
3
4+

678 (45.2%)
258 (17.2%)
284 (18.9%)
164 (10.9%)
116 (7.7%)

Menopausal status

Pre-menopausal
Post-menopausal

1152 (76.8%)
348 (23.2%)

BMI

-

23.2 [21.0, 27.0]

Ethnicity

White
Asian
Black
Middle Eastern
Mixed / Other

1042 (69.5%)
102 (6.8%)
163 (10.9%)
101 (6.7%)
92 (6.1%)

Diagnosis

Normal
Abnormal

486 (32.4%)
1014 (67.6%)

Summary statistics are: age ± standard deviation, median [inter-quartile range]
or number (percentage)

Table 9-2 Ultrasound diagnoses of women attending the
gynaecology clinic (N = 1014)
Variable

Category (N = 1014)

Number N (%)

Ultrasound diagnosis

Adenomyosis
Fibroids
Adnexal cysts
PCO
Endometriosis
Other

392 (38.7%)
497 (49.0%)
282 (27.8%)
157 (15.5%)
57 (5.7%)
188 (28.6%)

Multiple pathology

No
Yes

637 (62.9%)
377 (37.2%)
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Figure 9-1Distribution of uterine venous diameters (mm)
in women with pelvic pathology on ultrasound scan (N =
1014)

The first set of analyses examined the difference in uterine
diameters in women with normal pelvic organs on ultrasound and
those with pelvic pathology (Table 9-3). The results suggested
significant differences in both left and right uterine vein diameters
when all women were included in the analysis (Figure 9-2). Both
diameters were larger in the pelvic pathology group. However, the
differences in the median values were relatively small in practical
terms. A similar statistically significant difference was observed in
pre-menopausal women. There was no significant difference
between women with and without pelvic pathology in the postmenopausal subgroup. Although not statistically significant, women
with pelvic pathology had larger diameters in this subgroup, and the
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lack of statistical significance is likely to be due to the smaller
numbers in this group.

Table 9-3 Comparison of uterine vein diameters (mm)
between women with and without pelvic pathology (N =
1500)
Group

Uterine
vein

Normal pelvic organs

Pelvic pathology

P-value

N

Median (IQR)

N

Median
(IQR)

Left

486

3.1 (2.4, 3.8)

1014

3.2 (2.6, 4.1)

0.009

Right

486

3.1 (2.4, 3.8)

1014

3.3 (2.6, 4.2)

<0.001

Pre

Left

375

3.1 (2.5, 3.8)

777

3.3 (2.7, 4.2)

0.02

Menopausal

Right

375

3.1 (2.5, 3.8)

777

3.3 (2.7, 4.2)

<0.001

Post

Left

111

2.8 (2.2, 3.8)

237

3.1 (2.5, 4.0)

0.28

Menopausal

Right

111

2.9 (2.2, 3.5)

237

3.0 (2.4, 3.8)

0.13

All
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15
10

Uterine vein diameter

5
0

Normal

Abnormal
Left

Right

Figure 9-2 Differences in uterine vein diameter (mm)
between women with and without pelvic pathology

The next analyses examined factors associated with diameter size
in these women in a series of univariable analyses (Table 9-4). The
ratios for age represent the relative change in diameter size for a 10year increase in age. The results suggested that all of age, parity,
menopausal status and the presence of multiple pathology were
significantly associated with a larger diameter size. Adenomyosis
and fibroids were found to be the types of pathology significantly
associated with increasing diameter size. The presence of PCO,
adnexal cysts and endometriosis did not significantly affect venous
diameter.
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Table 9-4 Univariate analysis of factors affecting uterine
venous diameter
Variable
Age

(*)

Category /term
Linear term

Parity

Diameter
Median [IQR]

Ratio (95% CI)

P-value

-

1.84 (1.39, 2.44)

<0.001

Squared term

0.89 (0.84, 0.95)

Cubic term

1.01 (1.00, 1.01)

0

3.0 [2.4, 3.7]

1
2
3
4+

3.3 [2.6, 4.0]
3.4 [2.7, 4.4]
3.6 [2.8, 4.7]
3.7 [3.0, 4.7]

1.09 (1.04, 1.13)
1.15 (1.10, 1.19)
1.20 (1.14, 1.26)
1.24 (1.17, 1.32)

Menopausal
Status

Pre
Post

3.2 [2.6, 4.1]
3.0 [2.3, 3.8]

1
0.91 (0.88, 0.94)

<0.001

Diagnosis

Normal
Abnormal

3.1 [2.4, 3.8]
3.3 [2.6, 4.1]

1
1.07 (1.03, 1.10)

<0.001

Pathology

Single
Multiple

3.2 [2.5, 4.0]
3.3 [2.7, 4.2]

1
1.06 (1.02, 1.09)

0.002

Adenomyosis

No

3.1 [2.5, 3.9]

Yes

3.4 [2.7, 4.3]

No

3.1 [2.5, 3.9]

Yes

3.4 [2.7, 4.2]

Fibroids

No Fibroids

3.1 [2.5, 3.9]

(by number)

1–3
4+

3.3 [2.7, 4.3]
3.4 [2.7, 4.2]

1.07 (1.04, 1.11)
1.09 (1.03, 1.15)

Fibroids
(by mean

No Fibroids
≤ 50mmm

3.1 [2.5, 3.9]
3.3 [2.7, 4.1]

1
1.05 (1.02, 1.09)

diameter)

> 50mm

3.9 [3.1, 4.7]

1.23 (1.15, 1.31)

Fibroid
(+) (*)
diameter

Linear term
Squared term

-

0.99 (0.96, 1.02)
1.004 (1.001,
1.007)

<0.001

Ovarian cyst

No
Yes

3.2 [2.6, 4.0]
3.2 [2.6, 4.1]

1
1.02 (0.98, 1.06)

0.45

PCO

No
Yes

3.2 [2.6, 4.0]
3.1 [2.5, 3.9]

1
0.96 (0.91, 1.00)

0.06

Endometriosis

No

3.2 [2.6, 4.0]

Fibroids

1

1

<0.001

1.08 (1.05, 1.12)
1

<0.001

1.08 (1.04, 1.11)
1

1

Yes
3.3 [2.7, 4.2]
1.03 (0.97, 1.09)
(*) Ratios given for a 10-unit increase in variable
(+) Analysis for subgroup of 513 patients with fibroids only

149

<0.001

0.01

<0.001

0.35

The results for age suggested a non-linear relationship between
variables which meant that diameter size increased with age up to
around 40 years, after which there was a decrease in size (Figure
9-3). This finding is also related to post-menopausal women having
uterine venous diameters 9% lower than pre-menopausal women.

Figure 9-3 Effect of age on uterine vein diameter (mm)

Women with a parity of four or higher had diameter sizes that were,
on average, 24% higher than women with a parity of zero. The
occurrence of both adenomyosis and fibroids were associated with
an 8% increase in diameter size. Fibroids were also further
examined, with those with fibroids split by number of fibroids and the
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mean diameter of the largest fibroid. There was little difference in
diameter size between those with fewer and more fibroids. However,
size of the fibroid was a more important factor, with a largest
discrepancy between those with smaller and larger fibroid (Figure
9-4).

Figure 9-4 Relationship between increasing fibroid
diameter (mm) and uterine vein diameter (mm)

Table 9-5 summarises the results of the multivariable analyses, in
which two sets of analyses were performed. Model 1 reports with
fibroids as a binary measure, and model 2 uses fibroids split by size.
Both sets of multivariable analyses suggested that parity,
menopausal status and fibroids were statistically significant, and
thus could be considered independently associated with diameter
size. After adjusting for these variables, there was no longer any
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significant association between age, multiple pathology or
adenomyosis all of which were found to be significant in the
univariable analyses. As in the univariable analyses, women of
higher parity had a larger diameter size, and post-menopausal
women again had lower diameter sizes than pre-menopausal
women.

When fibroids were considered as a binary measure those with
fibroids had higher diameters, on average 8% larger than those with
no fibroids. When divided by the size of the largest fibroid, those with
the largest fibroids (mean diameter >50mm) had the largest
diameters, on average 24% larger than those with no fibroids. There
was relatively little difference in diameter size between those with
smaller fibroids and no fibroids.
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Table 9-5 Multivariable analyses of factors affecting
uterine vein diameters
Model

Variable

Category

Ratio (95% CI)

P-value

1

Parity

0

1

<0.001

1
2

1.10 (1.06,
1.14)
1.18
(1.14,
1.23)
1.28 (1.21,

3
4+
Menopausal
status

Fibroids
2

Parity

Menopausal
status

Fibroids
(by mean
diameter)

1.34)
1.32
(1.24,
1.39)

Pre-

1

Post-

0.84 (0.81,
0.87)
1
1.08 (1.05,
1.11)
1
1.11 (1.06,
1.15)
1.19
(1.14,
1.24)
1.28
(1.22,
1.35)
1.30 (1.22,
1.39)

No
Yes
0
1
2
3
4+
Pre-

1

Post-

0.84 (0.81,
0.87)
1
1.05 (1.02,
1.08)
1.24
(1.17,
1.32)

No Fibroids
≤ 50mmm
> 50mm

<0.001

<0.001
<0.001

<0.001

<0.001

9.4 Discussion
Our study has shown that uterine venous diameters are larger in premenopausal women of higher parity and have evidence of pelvic
pathology on ultrasound examination. There was no difference
between the left or right uterine vein diameter overall. Women with
an ultrasound diagnosis of fibroids were found to have significantly
larger uterine veins than women with other types of pelvic pathology.
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The presence of multiple pathologies also increased venous
diameter significantly.
In Chapter 8, we determined a reference range for uterine vein
diameters in women with normal pelvic organs. To summarise, we
conveyed that vessel diameter was dependent on age, parity and
menopausal status.

Our study agreed that this finding is also

applicable in determining uterine vein diameter in women with pelvic
pathology. All three demographic variables were significant in the
univariable analysis. However, in the multivariable analysis, we
found that menopausal status and parity were significant and
therefore could be considered independently associated with the
diameter of the uterine veins. Pre-menopausal women with a higher
parity had larger uterine veins compared to post-menopausal
women or those who were nulliparous.

Uterine vein diameter

appeared to decrease after the age of 45, which coincided with
menopause and involution of the pelvic organs. These findings
support the effect that pregnancy has on the circulation (Thaler et
al., 1990, Skudder et al., 1990, Osol and Mandala, 2009)
Uterine vein diameters were significantly larger in the presence of
pathology when compared to women with normal pelvic organs on
ultrasound scan. We found that women with fibroids had larger
uterine venous diameters than any other pathology on multivariable
analysis. Furthermore, we also showed that the size was associated
with larger uterine veins.

Therefore, the presence and size of

fibroids could be considered as independent associations with
uterine venous diameter, along with parity and menopausal status.
Pathology, such as large fibroids have been shown to increase
perfusion to the uterus as well as increasing the overall volume
(Sladkevicius et al., 1996). It is therefore reasonable that in order to
accommodate this, venous drainage also increases.

Similar

haemodynamic and vascular changes are also seen in pregnancy.
Fibroids were the most commonly detected pathology in our
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population which is similar to the prevalence outlined by Cramer and
Patel (Cramer and Patel, 1990). Our prevalence of adenomyosis at
38.7% was higher than the previously reported figure of 20%
(Naftalin et al., 2012), which may be secondary to improved
diagnostic accuracy with the aid of established criteria and pattern
recognition.

The presence of endometriosis and PCO were

comparable with Naftalin et al. (Naftalin et al., 2012).
Previous studies have shown that PCO were found to be associated
with dilated pelvic veins (Beard et al., 1988). Our study does not
support this as we found that women with PCO and adnexal cysts
had smaller vessel diameters. A reason for this is that the main
venous drainage is achieved by the paired ovarian veins, with the
left draining into the left renal vein and the right draining directly into
the inferior vena cava. In 56% of women, the ovaries are supplied
and drained by both the ovarian and uterine plexus, however only
4% of women will have a predominant uterine blood supply to the
ovaries (Borell and Fernstrom, 1954, Saraiya et al., 2002).
Moreover,

increased

uterine

artery

resistance

has

been

demonstrated in women with PCO (Dolz et al., 1999, Ozkan et al.,
2007), leading to diminished blood flow and velocity through the
uterine vessels. It is therefore likely that the effect of adnexal
pathology, including PCO, has less of an effect on the uterine
venous circulation. Despite this, the main advantage the uterine
venous plexus has over the ovarian veins is that it can be visualised
in its entirety from the internal os to the iliac vessels and therefore
should be the point of reference when assessing the pelvic
circulation. The course of the ovarian veins leads outside of the
pelvis and are difficult to visualise fully with transvaginal and
transabdominal ultrasound (Kurjak and Zalud, 1993).
As discussed previously, the venous circulation is dynamic.
Therefore, various factors such as hydration and cardiac output can
affect venous filling, which remain difficult to control for and hence
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an inherent limitation of this study (McDermott et al., 2013). TV-US
has become a fundamental part of a gynaecological assessment
and can detect various conditions that contribute to pelvic pain. Past
studies on women with suspected PVC did not control for the
influence of concomitant pelvic abnormalities.

In addition, the

effects of pelvic pathology on the uterine venous system were
unknown. Our study has demonstrated the associations different
pathologies have on the uterine venous circulation. This provides a
strong foundation for future studies to be conducted when evaluating
the relationship between uterine veins and pelvic pain.
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CHAPTER 10 PELVIC PAIN AND THE EFFECT
ON THE UTERINE VENOUS SYSTEM

10.1 Introduction
Pelvic pain is a common presenting symptom in gynaecology clinics,
which is often associated with a negative impact on quality of life. It
can be subdivided into cyclical pain, where it is related to the
menstrual cycle, or non-cyclical/chronic pain. PVC has been
suggested as a cause for pelvic pain and typically affects premenopausal multiparous women. PVC can be used to describe a
combination of pain, which encompass dysmenorrhoea, mid-cyclical
pain, non-cyclical pain and dyspareunia (Beard et al., 1988). The
main hallmark of PVC is the visualisation of dilated pelvic veins
(Taylor, 1949, Beard et al., 1984), however there is no universal
consensus on what constitutes as a dilated vein, with values ranging
between 4mm to 8mm (Park et al., 2004, Koo and Fan, 2014). Our
study presented in Chapter 8, however has provided a reference
range which found that pelvic vein diameters are dependent on
menopausal status, parity and age. In addition, other features of
PVC are slow blood flow and evidence of venous reflux (Beard et
al., 1984, Park et al., 2004) although there is limited evidence that
they cause CPP per se (Champaneria et al., 2016).
The aims of this study were to establish the prevalence of pelvic pain
in women attending the gynaecology clinic and examine the
relationship between vessel diameter and pain.

10.2 Methods
This was a prospective observational study of pre-menopausal
women attending our general gynaecology outpatient clinic between
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August 2015 to December 2016. The study design and procedures
have been outlined in Chapter 6. In all women, a detailed clinical
history, including indication for examination and demographic data
was taken prior to the ultrasound examination. In addition, an
assessment of their pain was made using an 11-point NRS.
Exclusion criteria included: women who were unable to undergo a
transvaginal scan, women who were post-menopausal or <18 years
old, and those women who had undergone a previous hysterectomy.
The study was approved by the West Midlands-Solihull national
ethics committee (14/WM/1266) and a written consent was obtained
from all women prior to the examination.
10.2.1 Statistical analysis
A database was created to facilitate data entry (Microsoft Excel,
2016, Redmond, WA, USA) and statistical analysis was performed
using IBMÒ SPSS statisticsÒ version 22.0 (IBM, Armonk, NY, USA).
The unpaired t-test was used to compare normally distributed
continuous variables between women with and without pain, with the
Mann-Whitney test preferred for non-normally distributed variables.
The Chi-square test was used for the analysis of categorical
variables. Analyses for factors associated with maximum vessel
diameter in women with pain were performed using linear
regression. Maximum vessel diameter was performed on the log
transformed scale, due the positively skewed distribution of the
values. Two stages of analysis were performed, a univariable and
multivariable analyses. For the multivariable analysis, a backwards
selection procedure was performed to retain on the significant
variables in the final model. Due to the log transformation of the
outcome variable, the results presented are in the form of ratios,
along with corresponding confidence intervals. These give the
relative change in vessel diameter. For the categorical variables,
these are the relative difference in diameter between each category
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and a baseline category. For the continuous variables, these
represent the relative change for given increase in each variable.
Logistic regression was used to analyse the association between
maximum venous diameter and the occurrence of pain. The results
are presented as odds ratios, along with corresponding confidence
intervals and represent the relative change in the odds of pain for a
1mm increase in maximum diameter. These statistical regression
analyses have been performed with the help of a statistician (Paul
Bassett).

10.3 Results
A total of 1585 women attended the gynaecology clinic between
August 2015 and December 2016, of whom 433 were excluded for
the following reasons: 348 were post-menopausal, 68 did not have
a TV-US, 14 had previously had a hysterectomy and three were <18
years of age, leaving 1152 pre-menopausal women for the analysis.
Out of the remaining 1152 women, 544 (47.2%, 95% CI 44.3% to
50.2%) reported pelvic pain, with the sub-types being summarised
in Table 10-1. The demographic information was examined as a
whole between women with and without pain and are presented in
Table 10-2. Both age and parity were found to vary significantly
between those with and without pain.
Women with pain were found to be noticeably younger, by
approximately 2.5 years on average. Women with pain also had a
lower parity than women without pain. Overall, women with pain and
evidence of pelvic pathology had larger uterine veins compared to
those without pain or those with normal pelvic organs (Table 10-3).
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Table 10-1 Prevalence of pelvic pain and their subtypes
(N = 544)
Pain type

Number

Percentage

Any pain

544

38%

321

59%

223

41%

Dysmenorrhoea

174

32%

Mid-cycle pain

11

2%

Non-cyclical/chronic pain

105

19%

Dyspareunia

31

6%

Dysmenorrhoea and midcycle pain

46

8%

Dysmenorrhoea and noncyclical/chronic pain

66

12%

Dysmenorrhoea and
dyspareunia

15

3%

Mid-cycle and noncyclical/chronic pain

3

0.6%

Mid-cycle pain and
dyspareunia

2

0.4%

Non-cyclical/chronic pain
and dyspareunia

15

3%

Combination of 3 types of
pain

63

12%

All 4 types of pain

13

2%

One type of pain

(*)

Multiple types of pain

(*)

(*) Figures for women with pain only
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Table 10-2 Demographic data for women with and
without pelvic pain (N = 1152)
Characteristic

All PreMenopausal

No Pain

Pain

(n=608)

(n=544)

P-value

(n=1152)
Age

37.6 ± 8.5

38.9 ± 8.4

36.3 ± 8.4

<0.001

BMI

23.0 [20.9,
26.5]

23.0 [21.0, 26.0]

23.0 [20.5,
26.9]

0.86

Parity: 0

607 (53%)

301 (50%)

306 (56%)

0.02

1

203 (18%)

126 (21%)

77 (14%)

2

194 (17%)

104 (17%)

90 (17%)

3+

148 (13%)

77 (13%)

71 (13%)

Ethnicity: White

787 (68%)

431 (71%)

356 (65%)

Asian

94 (8%)

44 (7%)

50 (9%)

Black

123 (11%)

60 (10%)

63 (12%)

Middle East

70 (6%)

28 (5%)

42 (8%)

Mixed/Other

78 (7%)

45 (7%)

33 (6%)

Leg varicose
veins: No

1111 (96%)

591 (97%)

520 (96%)

Yes

41 (4%)

17 (3%)

24 (4%)
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0.07

0.14

Table 10-3 Uterine venous diameter in women with and
without pelvic pain in the absence or presence of pelvic
pathology (N = 1152)
Pain

No Pain

Pain

Diameter

Normal

Abnormal

P-value

N

Mean ± SD

N

Mean ± SD

Right diameter

223

3.3 ± 1.0

385

3.6 ± 1.2

0.006

Left diameter

223

3.4 ± 1.2

385

3.5 ± 1.4

0.27

Right diameter

152

3.2 ± 1.2

392

3.6 ± 1.2

<0.001

Left diameter

152

3.3 ± 1.1

392

3.5 ± 1.2

0.02

10.3.1 Vessel parameters between women with and without
pain
The next set of analyses examined how various vessel parameters
varied between women with and without pain. The analysis results
are summarised in Table 10-4. The two continuous parameters were
approximately normally distributed and summarised by the mean
and standard deviation. There was no evidence in a difference in
vessel diameter between women with and without pain. The right
flow rate varied between women with and without pain. Women in
pain were slightly more likely to be in the ‘continuous’ category and
slightly less likely to be in each of the other categories. The left flow
rate suggested a similar trend, but the differences did not reach
statistical significance. Velocity of flow was not significantly different
between the two groups.
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Table 10-4 Uterine venous flow parameters in women
with and without pelvic pain (N = 1152)
Characteristic

Category

No Pain

Pain

(N=608)

(N=544)

P-value

Right diameter

-

3.5 ± 1.1

3.5 ± 1.2

0.73

Left diameter

-

3.5 ± 1.3

3.5 ± 1.2

0.86

Type of flow:
right uterine vein

Continuous

328 (54%)

335 (62%)

0.009

Continuous with
reflux

56 (9%)

31 (6%)

Interrupted

185 (30%)

158 (29%)

Interrupted with
reflux

38 (6%)

20 (4%)

Continuous

355 (58%)

352 (65%)

Continuous with
reflux

54 (9%)

42 (8%)

Interrupted

160 (26%)

129 (24%)

Interrupted with
reflux

38 (6%)

21 (4%)

<5 cm/s

195 (32%)

178 (33%)

5-10 cm/s

181 (30%)

149 (27%)

>10 cm/s

232 (38%)

217 (40%)

<5 cm/s

175 (29%)

152 (28%)

5-10 cm/s

174 (29%)

162 (30%)

>10 cm/s

258 (43%)

230 (42%)

Type of flow: left
uterine vein

Right uterine
venous velocity

Left uterine
venous velocity
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0.10

0.66

0.90

10.3.2 Pain scores:
Analyses were also performed to compare the vessel parameters
and level of pain, which have been summarised in Table 10-5. Whilst
none of the vessel parameters were found to be significantly
associated with severity of pain, there was a tendency for the venous
diameter to be larger in women reporting severe pelvic pain,
although this did not reach statistical significance (p = 0.66 for right
vein; p = 0.06 for left vein).

Table 10-5 Uterine venous parameters in women with
different NRS pelvic pain scores (N = 544)
Characteristic

Category

Mild

Moderate

Severe

P-value

Right diameter

-

3.5 ± 1.1

3.5 ± 1.3

3.6 ± 1.4

0.66

Left diameter

-

3.5 ± 1.2

3.4 ± 1.3

3.9 ± 1.6

0.06

Type of flow:

Continuous

559 (58%)

74 (567)

30 (60%)

0.65

Continuous with

75 (8%)

11 (9%)

1 (2%)

Interrupted

288 (30%)

40 (31%)

15 (30%)

Interrupted with

50 (5%)

4 (3%)

4 (8%)

62 (62%)

71 (55%)

34 (68%)

right uterine
vein

reflux

reflux
Type of flow:

Continuous

left uterine vein
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0.22

Continuous with

77 (8%)

17 (13%)

2 (4%)

Interrupted

243 (25%)

36 (28%)

10 (20%)

Interrupted with

50 (5%)

5 (4%)

4 (8%)

<5 cm/s

302 (31%)

49 (38%)

22 (44%)

5-10 cm/s

281 (29%)

34 (26%)

15 (30%)

>10 cm/s

390 (40%)

46 (36%)

13 (26%)

<5 cm/s

275 (28%)

37 (29%)

15 (30%)

5-10 cm/s

280 (29%)

38 (29%)

18 (36%)

>10 cm/s

417 (43%)

54 (42%)

17 (34%)

reflux

reflux

Right uterine

0.14

venous
velocity

Left uterine

0.77

venous
velocity

10.3.3 Factors associated with vessel diameter in women with
pain
Factors associated with maximum vessel diameter in women with
pelvic pain were also examined and summarised in Table 10-6. The
univariable results suggested that age, parity, overall diagnosis,
multiple pathology, adenomyosis and fibroids were all statistically
significantly associated with venous diameter. The overall diagnosis
and multiple pathologies were excluded from the multivariable
analysis as they conveyed similar information to the individual
pathologies. The multivariable analyses suggested that only parity,
adenomyosis and fibroids were independently associated with
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maximum venous diameter. After adjusted for these variables, age
was not additionally associated with the outcome. A greater parity
was associated with a larger vessel diameter. Women with a parity
of 3 or higher had diameters that were 32% higher than women with
a parity of zero. The presence of adenomyosis was associated with
a larger diameter, with women with this characteristic having 7%
greater diameters. The results for fibroids suggested that a large
fibroid (over 50mm) was particularly associated with a greater
diameter. Women with a large fibroid had diameters that were 29%
larger than women without fibroids.

Table 10-6 Summary of factors associated with
maximum uterine venous diameter (N = 544)
Factor

Age

Category

(**)

Parity

BMI

(*)

Diagnosis

(+)

Univariable

Multivariable

Ratio (95% CI)

Pvalue

-

1.09 (1.06,
1.13)

<0.001

0

1

<0.001

1

1.09 (1.01,
1.17)

1.09 (1.01,
1.16)

2

1.24 (1.16,
1.33)

1.21 (1.13,
1.30)

3+

1.33 (1.24,
1.44)

1.32 (1.22,
1.42)

-

1.02 (1.00,
1.05)

0.07

Normal

1

<0.001
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Ratio (95% CI)

P-value

1

<0.001

Multiple
Pathologies

(+)

Adenomyosis

Fibroids

Endometriosis

Ovarian Cyst

PCO

Abnormal

1.12 (1.06,
1.19)

No

1

Yes

1.12 (1.06,
1.18)

No

1

Yes

1.15 (1.09,
1.21)

None

1

≤ 50mm

1.08 (1.02,
1.15)

1.03 (0.97,
1.09)

> 50mm

1.28 (1.16,
1.41)

1.29 (1.17,
1.41)

No

1

Yes

1.01 (0.94,
1.09)

No

1

Yes

1.03 (0.97,
1.10)

No

1

Yes

0.96 (0.90,
1.03)

<0.001

<0.001

1

0.02

1.07 (1.01,
1.13)

<0.001

1

<0.001

0.78

0.31

0.29

(*) Ratios given for a 5 kg/m2 increase in BMI
(**) Ratios given for a 10-year increase in age
(+) Variable excluded from multivariable analysis due to the similarity with
individual diagnoses
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10.3.4 Relationship between maximum venous diameter and
occurrence of pelvic pain
The final set of analyses performed examined the association
between maximum venous diameter and the occurrence of pain
(Table 10-7). The results suggested that there was no significant
association between maximum diameter size and the occurrence of
pain. This was the case both before and after adjusting for possible
confounding factors (Figure 10-1and Figure 10-2).

Table 10-7 Association between pelvic pain and
maximum venous diameter (N = 544)
Adjustments

Odds Ratio (95% CI)

P-value

Unadjusted

1.00 (0.92, 1.10)

0.97

Age, parity,
diagnosis/fibroids

1.03 (0.93, 1.13)

0.63
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Figure 10-1 Unadjusted predicted percentage chance of
pelvic pain with increasing uterine venous diameter
(mm)
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Figure 10-2 Adjusted predicted percentage chance of
pelvic pain with increasing uterine venous diameter
(mm)

10.4 Discussion
Our study did not demonstrate a significant association between
pelvic pain and the maximum venous diameter measured on
ultrasound scan. We also did not find an association between pelvic
pain and venous reflux or slow blood flow either. We showed that
the maximum venous diameter in women with pelvic pain is
associated with increasing parity and uterine pathology such as
adenomyosis and fibroids. Once these confounding factors were
adjusted for, we found that there is a gradual increase in venous
diameter with increasing proportion of pelvic pain, although this did
not reach statistical significance.
Pelvic pain is a common symptom prompting referrals to a
gynaecology clinic. Our findings show that 47.2% of women who
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attend the outpatient gynaecology clinic experience pelvic pain,
which is slightly higher than previously published reports. There are
many possible causes for pelvic pain which can often be multifactorial. PVC remains a challenging and controversial diagnosis
due to variations in diagnostic criteria and nomenclature used to
describe the symptoms. In our study, we sought to identify whether
women with larger venous diameters are more likely to suffer from
pelvic pain taking into account their demographic characteristics and
concomitant pelvic abnormalities.
Increasing parity was found to be significantly associated with larger
venous diameters both in univariable and multivariable analyses in
women with pelvic pain. Our findings are concordant with the study
by Kim et al. who found that previous pregnancies exacerbate
venous distension (Kim et al., 2006). However, this is different to
Beard et al., found no difference between parous and non-parous
women (Beard et al., 1984). Our study suggested that in women
with pelvic pain, the venous diameters were 32% larger with a parity
of ³3 compared to nulliparous women.
It is unsurprising that women with pelvic pain will often have
evidence of pelvic pathology, which may be a contributing factor.
Our study found that 72% of women who had pelvic pain also had
evidence of concomitant pelvic pathology on ultrasound scan. These
women also had significantly higher vessel diameters compared to
women with normal pelvic organs, with adenomyosis and fibroids
having the strongest association. Women with adenomyosis often
present to the gynaecology clinic with pelvic pain and this can
account for up to 18% of primary indications for an ultrasound
examination (Naftalin et al., 2014). In addition, it has also been
demonstrated that women who have ultrasound features of
adenomyosis have more severe menstrual pain than those without
these features (Naftalin et al., 2016). Findings from our previous
study have also shown that fibroids of ³50mm are an independent
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factor for increasing uterine venous diameters. Polycystic ovaries
have been reported to be associated with pelvic varicosities (Adams
et al., 1990) however this was not found in our study (OR 0.96 (CI
0.9, 1.03) p = 0.29). We chose to retain ultrasound evidence of
pelvic pathology in the analysis as there was a significant difference
in venous diameters between women with normal pelvic organs and
those with pathology and pain. Park et al. had to exclude 53% of
their population due to the presence of pathology with pelvic varices
(Park et al., 2004). In addition, the underlying causes of pelvic pain
are seldom due to a single underlying disorder, with studies
indicating that co-existence of endometriosis and painful bladder
syndrome can be present in 48-70% of women with pelvic pain
(Chung et al., 2002, Tirlapur et al., 2013).

In our study, we found that the proportion of women reporting pelvic
pain did not increase with rising venous diameters. After adjusting
for the factors that were found to be significantly associated with
venous diameter, there was a gradual elevation in the proportion of
women with pelvic pain and increasing venous diameters, however
this was not statistically significant. Previous studies have used
thresholds between 5 to 8mm for diagnosing PVC (Park et al., 2004,
Gultasli et al., 2006, Bora et al., 2012). None of these studies
however adjusted for factors that are known to influence venous
diameter. Moreover, our study has shown that there is only a 3%
difference in proportion of women with pelvic pain between those
with 2mm uterine vein diameters and those who have a diameter of
12mm. Pain scores were also unaffected by venous diameters. In
addition to highlighting that factors such as parity and pathology
need to be accounted for when measuring and interpreting the
measurements of uterine venous diameters, this study also reveals
that enlarged venous diameters are not an independent cause of
pelvic pain.
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Other features that are often used for PVC are slow blood flow and
evidence of venous reflux. Our study found that the majority of
women with pelvic pain were more likely to have Type 1 continuous
blood flow without evidence of reflux, which was significant for the
right vein (p = 0.009) but not the left vein (p = 0.10). There was no
difference in velocity between women with and without pelvic pain.
Previous studies have suggested that the underlying mechanism for
dilated pelvic veins are incompetent venous valves, which lead to
retrograde flow and then the development of varices (Giacchetto et
al., 1990, Cura and Cura, 2009). Several studies have investigated
the relationship between pelvic pain and retrograde flow with
proportions ranging from 5 – 91% (Beard et al., 1984, Park et al.,
2004, Bora et al., 2012, Malgor et al., 2014). Park et al. found that
26.9% had evidence of reflux in the PVC group and 8.8% in control
group whereas stasis of flow was found in 23.1% of PVC and 35.3%
in control group (Park et al., 2004). In addition, studies employing
CT as their primary imaging modality have conveyed that pelvic vein
reflux can be present in 5 - 44% of asymptomatic women
(Nascimento et al., 2002, Hiromura et al., 2004b). This demonstrates
that slow flow and reflux are not exclusive to PVC and their presence
is not always pathological or indicative of PVC. Moreover, Dos
Santos et al. concluded that there was no significant difference in
diameter between competent and refluxing veins and therefore
diameter would not be a suitable for the diagnosis of reflux (Dos
Santos et al., 2015). In our study, we found that the majority of veins
in the dilated group did not demonstrate evidence of reflux during
Valsalva on PW-Doppler examination. In addition, we did not find
that there was slow velocity of blood in the veins in women with and
without pain. At present, there is insufficient evidence to conclude
that reflux and slow venous flow states cause pelvic pain in women
with no other pathology (Champaneria et al., 2016).
There is often a question as to whether the presence of lower limb
varicose veins and PVC are inextricably linked.
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Although the

majority of varicose veins are thought to arise from the saphenous
venous system, a review by Hobbs concluded that in some women,
they arise from the pelvis (Hobbs, 2005). In our study, we did not
find an association between pelvic pain and the presence of varicose
veins. In contrast to this, other studies have demonstrated a
relationship between varicose veins, lower limb venous insufficiency
and dilated pelvic veins or pelvic insufficiency. Marsh et al., found
that 16% of women with varicose veins have evidence of pelvic vein
reflux (Marsh et al., 2009) whereas Hansrani et al., reported that
45% of women with pelvic venous insufficiency had a history of
varicose veins (Hansrani et al., 2016b). Neither of these studies
however discussed whether the pelvic veins were noted to be dilated
or if the women all had pelvic pain. A study by Gultasli et al.,
however demonstrated that 70% of women who have a pelvic vein
>5mm also had evidence of lower limb venous insufficiency (Gultasli
et al., 2006). These findings differ from our study as we did not
perform lower limb duplex ultrasound on women presenting to the
gynaecology clinic, which may be regarded as a possible limitation,
however this was not the primary reason for referral. In addition, the
presence of varicose veins was based on history or clinical findings
during examination, hence the smaller numbers in our group. Given
that our study was conducted in a general gynaecology clinic instead
of a specialist vein centre, our findings may represent the population
more widely.
The main strengths of this study are that it is a large prospective
study which sampled a diverse population in a general gynaecology
clinic from which the findings are easily applicable and transferrable
for clinicians seeing women in their general clinic. Transvaginal
ultrasound was used for all the examinations, which is safe and has
been shown to be accurate for assessing PVC (Malgor et al., 2014,
Whiteley et al., 2015, Hansrani et al., 2017). Moreover, as the
examinations were performed by a single operator, who has
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demonstrated good intra-observer agreement, we have been able to
reduce operator and reporting bias.
The variations in definition and criteria makes PVC a challenging
diagnosis. If it was solely based on women with any type of pelvic
pain and vessel diameter, our findings suggest that there is no
association. Our study has also shown the important effects that
parity and pelvic pathology can have on uterine venous diameter
and need to be accounted for when assessing the uterine venous
system for dilated veins. It is therefore paramount that to
acknowledge that pelvic pain is often multifactorial and consider that
several factors can contribute to the development of pelvic varices.
Further studies however should be conducted to continue examining
the relationship between pelvic pain and venous diameters, whilst
controlling for recently established factors affecting vessel size.
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CHAPTER 11 HOW COMMON IS
ASYMPTOMATIC UTERINE VENOUS
PLEXUS THROMBOSIS? A PROSPECTIVE
STUDY OF PREVALENCE USING
TRANSVAGINAL ULTRASOUND IN A
GYNAECOLOGY CLINIC

11.1 Introduction
DVT and PE are the most common manifestations of venous
thrombosis (VT) in clinical practice.

Therefore, there is ample

evidence in the literature to support the optimal management of
these conditions. It is also well documented that VT can occur in
unusual sites such as the vena cava, venous plexus of the upper
limbs, cerebral, abdominal, pelvic and genito-urinary systems as
well as the superficial veins of the lower limbs.
Determining the true prevalence of VT is challenging as it is often
clinically silent. Unusual VT are rarer and the occurrence differs
vastly depending on site and the type of imaging used for diagnosis.
As modern imaging modalities continue to evolve, incidental
diagnoses of VT are becoming more common in clinical practice and
hence there is an increasing interest in the clinical relevance of
unsuspected VT. This has been further highlighted with two reports
on the diagnosis of asymptomatic UVPT using TV-US (Leibovitz et
al., 2003, Mavrelos et al., 2013). To our knowledge, there is little
information

currently

available

on

the

prevalence,

clinical

significance and predictors of incidental UVPT detected on TV-US.
Subsequently, management and counselling can be difficult. The
aim of this study was to establish the prevalence of UVPT and
identify associated risk factors.
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11.2 Methods
This was a prospective observational study of women attending our
general gynaecology clinic between August 2015 and December
2016. In all women, a detailed clinical history was taken prior to the
ultrasound examination. The study design and ultrasound and
laboratory procedures performed have been outlined in Chapter 6.
Additional review by a consultant haematologist is outlined in section
11.2.1. All women provided written consent and the study was
approved by the West Midlands-Solihull national ethics committee
(14/WM/1266).
11.2.1 Haematological review
Women identified with a UVPT also underwent a venous duplex
ultrasound scan of both lower limbs. This examination was arranged
in the vascular imaging department to exclude a concomitant lower
limb DVT. Women were then reviewed by a consultant
haematologist (Professor Hannah Cohen) specialising in thrombosis
and haemostasis for assessment, clinical advice on management
and counselling. Women considered to be at potentially higher risk
for VTE, for example women who were pregnant or due to travel
long-haul, were advised to have thromboprophylactic low molecular
weight heparin (LMWH). Those with abnormal thrombophilia test
results were assessed on an individualised basis and offered
prophylactic or treatment dose LMWH, depending on the type of
abnormality. Those who had normal thrombophilia profiles and lower
limb venous duplex scans were offered expectant management and
followed up on one, three and six-monthly intervals, with the option
to choose treatment at any point. As part of the study protocol,
women were advised to seek medical advice and attend the
Accident and Emergency department of their nearest hospital if they
had symptoms of an acute PE or lower limb DVT.
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11.2.2 Statistical analysis
Descriptive statistics were produced to summarize the risk factors of
interest for patients with or without UPVT. Mean and standard
deviation (SD) were used for risk factors that were continuous
variables. For categorical risk factors, the count and percentage are
presented.
Logistic regression was used to examine the associations between
risk factors and the presence or absence of UVPT. Firstly, univariate
analyses were performed to examine the separate association
between each risk factor and this outcome. Secondly, a multivariate
logistic regression was used to jointly examine the association
between the risk factors and UVPT. This has the advantage that the
association between each risk factor and the outcome was adjusted
for the other risk factors. To simplify the analysis, a backwards
stepwise procedure was used to omit non-significant variables from
the final model.
In the logistic regression analyses, patients with missing risk factor
data were excluded and categories of risk factors with small
numbers were combined where appropriate. Descriptive statistics
were used to summarize the laboratory results. A P-value of < 0.05
was considered statistically significant. These regression analyses
have been performed with the help of a statistician (Paul Bassett).
Characteristics of the veins were compared between women with
and without UVPT. The unpaired t-test was used to compare venous
diameters between the two groups and presented with the mean, SD
of the diameter and p-values. Categorical variables (type of flow and
velocity) were analysed using the chi-square test. To compare the
venous diameters in the UVPT subgroup, the paired t-test was used
as there were two measurements from each woman. Women with
bilateral disease were excluded from this analysis
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11.3 Results
A total of 1383 consecutive non-pregnant women attended for
clinical visits over the study period. Of these, 85 were automatically
excluded from the data analysis: 68 were unable to undergo a
transvaginal scan, 14 women had undergone a hysterectomy
previously and three were below the age limit. Of the 1298 women
screened, 39 were diagnosed with an incidental UVPT, resulting in
a prevalence of 3.0% (95 % CI 2.1, 4.1%). Their clinical
characteristics and risk factors are listed in Table 11-1 , Table 11-2,
Table 11-3. The indications for clinical visits are listed in Table 11-4.
The overall mean diameter of the thrombi at diagnosis was 7.08mm
(range 2.7 – 15.5mm), with all causing partial obstruction of the vein
only.
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Table 11-1 Demographic and clinical factors at time of
diagnosis of UVPT
Risk Factors

UVPT (N=39)
n (%)

No UVPT (N=1259)
n (%)

Age (years) – mean ± SD

44.7 ± 10.1

42.8 ± 12.5

9 (20.5%)
11 (18.0%)
11 (25.6%)
19 (35.9%)

573 (45.5%)
231 (18.4%)
245 (19.5%)
210 (16.7%)

1 (2.7%)
16 (43.2%)
8 (21.6%)
12 (32.4%)

31 (2.5%)
717 (57.0%)
313 (24.9%)
198 (15.7%)

42 (84.2%)
6 (15.8%)

1137 (90.3%)
122 (9.7%)

23 (59.0%)
2 (5.1%)
10 (25.6%)
0 (0.0%)
2 (5.1%)
2 (5.1%)

832 (66.1%)
101 (8.0%)
174 (13.8%)
46 (3.7%)
79 (6.3%)
27 (2.1%)

33 (84.6%)
6 (15.4%)

977 (77.6%)
282 (22.4%)

10 (25.6%)
29 (74.4%)

123 (9.8%)
1136 (90.2%)

Parity, n (%)
0
1
2
3+
BMI category, n (%)
Underweight (BMI < 18·5)
Normal weight (BMI 18·5–24·9)
Overweight (BMI 25-29·9)
Obese (BMI > 30)
Smoking
Never
Current/Former
Ethnicity, n (%)
White
South Asian
Black
East Asian
M/East
Mixed/Other
Menopausal status, n (%)
Pre-menopausal
Post-menopausal
Varicose veins, n (%)
Yes
No
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Table 11-2 Medical risk factors at time of diagnosis of
UVPT
Medical Risk Factors

UVPT (N=39)
n (%)

No UVPT (N=1259)
n (%)

Hormone use , n (%)
Combined contraceptive pill
Exogenous progestogens
Hormone replacement therapy

2 (5.1%)
6 (15.4%)
1 (2.6%)

75 (6.0%)
179 (14.2%)
42 (3.3%)

History of chronic disease, n (%)
None

33 (84.6%)

1124 (89.3%)

Diabetes

0 (0.0%)

29 (1.9%)

Asthma/COPD

3 (7.7%)

73 (5.8%)

Hypertension/IHD

3 (7.7%)

53 (4.2%)

Other

0 (0.0%)

9 (0.7%)

Past history of cancer, n (%)

0 (0.0%)

80 (6.4%)

Recent surgery, n (%)

6 (15.4%)

96 (7.6%)

Recent immobilisation / travel, n (%)

1 (1.3%)

16 (1.3%)

History of thrombophilia, n (%)

2 (5.1%)

2 (1.6%)

History of DVT or PE, n (%)

1 (2.6%)

21 (1.7%)

Family history of DVT, n (%)

2 (5.1%)

9 (0.7%)

(#)

# Categories are not mutually exclusive
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Table 11-3 Concomittant pelvic pathologies on
ultrasound at time of diagnosis of UVPT
Pelvic abnormalities as risk
factors

UVPT (N=39)
n (%)

No UVPT (N=1259)
n (%)

Fibroids, n (%)
Yes

10 (25.6%)

474 (37.3%)

Adenomyosis, n (%)
Yes

18 (46.2%)

350 (27.8%)

Ovarian cyst, n (%)
Yes
Ovarian cyst the same side as
UVPT?
Yes

3 (7.7%)

252 (20.0%)

3 (100.0%)

-

Adnexal mass, n (%)
Yes

1 (2.6%)

94 (7.5%)

History or diagnosis of
endometriosis, n (%)
Yes

3 (7.7%)

111 (8.8%)

Table 11-4 Indications for clinical visits in women
diagnosed with UVPT (N = 39)
Indication

N (%)

Heavy menstrual bleeding

9 (23%)

Dysmenorrhoea

1 (2.6%)

Pelvic pain

10 (25.6%)

Irregular bleeding/amenorrhoea

8 (20.5%)

Postmenopausal bleeding

3 (7.7%)

Infertility

1 (2.6%)

Dyspareunia

1 (2.6%)

Other

6 (15.4%)
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The results of the uni- and multi-variate analysis examining the
associations of demographic, clinical and ultrasound factors with the
presence of UVPT are depicted in Table 11-5. The figures reported
are the odds ratios (OR) along with corresponding confidence
intervals. For the categorical variables, these indicate the odds of
UVPT when each factor was present compared to when it was
absent. For the continuous variables, the odds ratios represent the
change in odds for a 1-unit increase in that variable, unless
otherwise reported.
The univariate analysis showed that parity, BMI, family history of
VTE, presence of varicose veins and ultrasound diagnosis of
adenomyosis were all significantly associated with UVPT. There was
also some evidence that recent surgery and ovarian cysts were
associated with UVPT, although the results for these variables were
only of borderline significance. The multivariate analysis suggested
that all of parity, recent surgery, family history of VTE, menopausal
status and varicose veins were associated with UVPT. The results
were of borderline significance for BMI, but it was chosen to keep in
these variables as they showed relatively large effects. A higher
parity was associated with increased risk. Women with a parity of
three or higher had over a five-fold increase in the odds of UVPT
compared to nulliparous women. Higher BMI values were also
associated with increased risk, with a 5 kg/m2 increase associated
with a 27% increase in the odds of UVPT. Recent surgery was
associated with a greater than three-fold increase in the odds of
UVPT. There was a significant effect of a family history of VTE, with
such patients having an eight-fold increased risk of UVPT compared
to those with no family history. The presence of varicose veins was
associated with an increased risk of UVPT. The multivariable
analysis suggested that patients with this factor had odds of UVPT
that were over three times higher than those with no varicose veins.
Menopausal status was not significant when examined individually.
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However, post-menopausal women were at a much lower risk when
adjusted for the other factors in the analysis.

Table 11-5 Uni- and multi-variable analyses of
demographic, medical and ultrasound factors with UVPT
(N = 39)
Risk factor

Age

(**)

Category

Univariable
OR (95% CI)
P-value

Multivariable
OR (95% CI)
P-value

-

1.12 (0.88, 1.44)

0.36

0
1
2
3+

1
2.17 (0.78, 6.05)
2.92 (1.20, 7.49)
4.78 (1.97, 11.5)

0.004

1
2.80 (0.94, 8.32)
3.36 (1.24, 9.13)
5.75 (2.10, 15.7)

0.008

-

1.45 (1.15, 1.84)

0.002

1.27 (0.98, 1.66)

0.07

Non-smoker
Current/Ex

1
1.75 (0.72, 4.63)

0.22

White
Asian
Black
Middle East
Other

1
0.72 (0.17, 3.08)
2.08 (0.97, 4.44)
0.92 (0.21, 3.96)
0.99 (0.23, 4.28)

0.36

COCP use
Progestogens
use
HRT use

0.85 (0.20, 3.61)
1.10 (0.45, 2.66)

0.83
0.84

0.76 (0.10, 5.68)

0.79

History of
diabetes
History lung
(^)
disease
History of
cancer

(+)

1.00

1.51 (0.62, 3.68)

0.36

(+)

0.17

Recent surgery

2.20 (0.90, 5.39)

0.08

3.10 (1.19, 8.07)

0.02

Recent
immobilisation

2.04 (0.26, 15.8)

0.49

History of
thrombophilia

3.34 (0.75, 14.9)

0.11

History of VTE

1.55 (0.20, 11.8)

0.67

Parity

BMI

(*)

Smoking

Ethnicity
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FH of VTE

7.51 (1.57, 36.0)

0.01

8.74 (1.65, 46.4)

0.01

Fibroids

-

0.57 (0.28, 1.18)

0.13

Adenomyosis

-

2.22 (1.17, 4.22)

0.02

Ovarian cyst

-

0.33 (0.10, 1.09)

0.07

Adnexal mass

-

0.32 (0.04, 2.39)

0.27

Endometriosis

-

0.86 (0.26, 2.84)

0.81

Menopausal

PreMenopausal

1

status

PostMenopausal

0.63 (0.26, 1.52)

0.30

0.36 (0.13, 0.95)

0.04

Varicose veins

-

3.18 (1.52, 6.69)

0.002

3.15 (1.32, 7.49)

0.01

1

2

(*) Odds ratio presented for 5 kg/m increase in BMI
(**) Odds ratio presented for 10-year increase in age
(+) Unable to calculate odds ratios due to factor not present in any PVT patients.
Analysis using Fisher’s exact test
(^) Combining all types of lung disease together due to small numbers

Out of the 39 women diagnosed with UVPT, six required LMWH
based on the individualised assessment of risk by the consultant
haematologist, of which two received treatment dose LMWH and
four

had

prophylaxis.

The

results

of

the

haematological

investigations performed are shown in Table 11-6. The initial
coagulation screen was abnormal in five women, however on repeat
tests, they were within normal ranges and no further management
was required. Out of the 39 women diagnosed with UPVT, 37
women underwent venous duplex ultrasound of both lower limbs and
two women did not attend their scans. A DVT was identified in the
soleal vein of one woman, whose UVPT was on the contralateral
side and on further imaging, was found to have May-Thurner
syndrome. She was subsequently managed with interventional
radiological stenting.
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Table 11-6 Positive haematological tests in women
diagnosed with UVPT (N = 39)
Variable

Coagulation screen

Category

Number (%)

Raised prothrombin time

3 (7·7%)

Raised APTT

2 (5·1%)

Low fibrinogen

0 (0·0%)

Anti-thrombin activity

0 (0·0%)

Protein C

Positive for deficiency

1 (2·6%)

Low free protein S

Positive for deficiency

1 (2·6%)

Factor V Leiden

0 (0·0%)

G20210A PGM

0 (0·0%)

C655T MTHFR

Heterozygous

8 (20·5%)

Homozygous

4 (10·3%)

Lupus anticoagulant

1 (2·6%)
Weakly positive

1 (2·6%)

Strongly positive

0 (0·0%)

Weakly positive

1 (2·6%)

Strongly positive

1 (2·6%)

Low titre

1 (2·6%)

Moderate/High titre

1 (2·6%)

Anti-cardiolipin IgG ACL

Anti-cardiolipin IgM ACL

Anti-beta-2 glycoprotein I

D-dimer (>550 ug/L FEU)

17 (43·6%)

Homocysteine

14 (35·9%)
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The 39 women who were diagnosed with a UVPT, had significantly
larger veins than women without UPVT (p = <0.001) (Table 11-7).
With regards to type of flow and velocity, significant differences were
found for both parameters in the left vein but not the right (Table
11-8). In the left vein, women with UVPT were more likely to be the
in the interrupted blood flow group, and less likely to be in the
continuous blood flow group, compared to women without UVPT (p
= 0.02). Blood velocity was also significantly slower in the UVPT
group (p = < 0.001), with 69% of women being in the slowest
category. The same result for velocity was also found for the right
vein (p = 0.001). Type of flow in the right vein did not differ between
the UPVT and non-UVPT groups (p = 0.31).
Further analyses were performed between affected and unaffected
vessels in the UVPT group only and women with bilateral clots were
omitted (Table 11-9). A significant difference between the diameters
of the two veins was found (p = 0.005). The affected vein had a
higher diameter, on average 1.0mm higher, than unaffected veins.

Table 11-7 Venous diameters in women with and without
UVPT
Vessel

No UVPT (N = 1259)

UVPT (N = 39)

P-value

N

Mean (SD)

N

Mean (SD)

Right

1259

3.4 (1.2)

39

5.5 (1.7)

<0.001

Left

1259

3.4 (1.2)

39

5.1 (1.5)

<0.001
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Table 11-8 Type of flow and velocity in women with and
without UVPT (N = 1298)
Factor

Category

No UVPT (N
= 1259)
N (%)

UVPT (N =
39)
N (%)

P-value

Flow rate
- Right

Continuous
Continuous with
reflux
Interrupted
Interrupted with
reflux

659 (52.4%)
88 (7.0%)

23 (59.0%)
0 (0.0%)

0.31

446 (35.5%)
64 (5.1%)

15 (38.5%)
1 (2.6%)

Continuous
Continuous with
reflux
Interrupted
Interrupted with
reflux

698 (55.5%)
93 (7.4%)

18 (46.2%)
1 (2.6%)

382 (30.4%)
85 (6.8%)

20 (51.3%)
0 (0.0%)

Flow velocity
- Right

< 5 cm/s
5 – 10 cm/s
> 10 cm/s

429 (34.1%)
356 (28.3%)
473 (37.6%)

24 (61.5%)
10 (25.6%)
5 (12.8%)

0.001

Flow velocity
- Left

< 5 cm/s
5 – 10 cm/s
> 10 cm/s

397 (31.6%)
357 (28.4%)
504 (40.1%)

27 (69.2%)
5 (12.8%)
7 (18.0%)

<0.001

Flow rate
- Left

0.02

Table 11-9 Venous diameters in women with UVPT (N =
35)
Vessel

N

Mean (SD)

Difference
Mean (95% CI)

P-value

Unaffected

35

4.6 (1.5)

0

0.005

Affected

35

5.6 (1.5)

1.0 (0.3, 1.6)

11.4 Discussion
Our study showed that the overall prevalence of incidental UVPT in
our study population was 3.0%. On multi-variate analysis, we found
that the risk of developing UVPT was significantly associated with
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increasing parity, menopausal status, recent surgery, varicose veins
and a family history of VT, which are all recognized risk factors for
VT. The presence of adenomyosis was the main ultrasound risk
factor associated with UVPT. BMI was no longer significant in the
multi-variate analysis but demonstrated a large effect on the risk of
developing UVPT. We also showed that women with UPVT had
larger veins on the affected side and slow, interrupted blood flow.
The prevalence that we have reported is similar to previous
estimates of prevalence of thrombosis at other unusual sites, such
as the IVC (Tait et al., 2012) and our initial sample estimation based
on unusual site thrombosis. The pelvic venous system has been
visualized using MR or CT in previous studies and included the iliac
veins and IVC in this group. Spritzer et al., found that 20.4% of acute
DVT’s were isolated to the pelvis, whilst Stern et al., reported a
prevalence of 29% for PVT in patients with a proven PE but negative
leg Doppler scans (Spritzer et al., 2001, Stern et al., 2002). Although
these studies have all diagnosed PVT, none have alluded to whether
the uterine venous plexus was examined in women as a potential
source for VT. The only two previous studies evaluating the use of
TV-US for UVPT have been case series. Leibovitz et al., published
a series of pregnancy-associated asymptomatic UVPT (Leibovitz et
al., 2003), whereas Mavrelos et al., reported UVPT in a nonpregnant population (Mavrelos et al., 2013). Both studies concluded
that UVPT can be diagnosed using TV-US and as it allows the
transducer to be in closer proximity to the pelvic veins, it may be a
better method for detecting UVPT.

In addition, due to the

anastomoses between the uterine and ovarian plexuses, it is
possible that previous studies have over-estimated the prevalence
of OVT and under-diagnosed UVPT (Coakley et al., 1999, Leibovitz
et al., 2003). Hence, our estimate of prevalence of UVPT is likely to
be closer to the true prevalence in the general population of women,
given previous prevalence data in unusual site VT.
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It is widely recognised that the incidence of VTE rises with age and
parity (Wong and Baglin, 2012, RCOG, 2015).

Women with a

diagnosis of UVPT in our study were generally older than women
who did not have a thrombus, although this was not statistically
significant. We also found that women with a parity of three of more
had over a five-fold increase in the odds of developing UVPT
compared to nulliparous women, which is in agreement with the
findings from the study by Simon et al., (Simon et al., 2006). They
reported that the odds of VTE was 1.11 per child, which then
increased to an OR of 2 for women of parity ³2. Furthermore, they
also found that the lowest risk of VTE was in women whom
menopause had occurred aged less than 45 years and had less than
two children. This is similar to our finding that UVPT was more
common in pre-menopausal women. In addition, in the same study,
Simon et al., demonstrated that the risk of VTE increased by 7% for
each year that there was a delay in menopause. An explanation for
this could be that a longer lifetime exposure to endogenous
oestrogens increases the risk of VTE but the underlying mechanism
remains unknown and is likely to be multifactorial. Moreover,
pregnancy is associated with significant haemodynamic changes
and to accommodate this, the pelvic veins will dilate, which often
persists post-partum (Skudder et al., 1990, Osol and Mandala,
2009). This leads to venous stasis, decreased venous return and
potential damage to the endothelium causing activation of the
coagulation cascade and increasing the risk of VTE (Liu et al., 2018).
We found that women with varicose veins had an increased risk of
UVPT. The multi-variate analysis suggested that these women had
over three times the odds of developing UVPT than those without
varicose veins. The role of varicose veins as an independent risk
factor for VT however is often categorized as lower risk (Anderson
and Spencer, 2003). Nonetheless, several population studies have
demonstrated the relationship between varicose veins and
increased risk of VT (Heit et al., 2000, Scarabin et al., 2003, Chang
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et al., 2018). Chang et al., reported that the risk of developing a DVT
was approximately four times greater in the first year after being
diagnosed with varicose veins. They also found that the greatest
risk was amongst patients aged between 20 to 34 years and
decreased with increasing age (Chang et al., 2018). This is similar
to the findings reported by Heit et al., who found that the risk of VT
associated with varicose veins reduces with age, with the odds ratio
decreasing from 4.2 at 45 years to 0.9 at 75 years (Heit et al., 2000).
Our findings correspond to these previous studies in that varicose
veins were not only a significant factor in the development of UVPT,
but also it was more common in pre-menopausal women, with the
average age being 45 years. Additionally, the risk of varicose veins
and venous disease is higher in women of greater parity (Dindelli et
al., 1993), which was also a significant factor expressed in our study.
Another cross-sectional study reported a seven-fold higher
prevalence of DVT in patients with varicose veins (Muller-Buhl et al.,
2012), reinforcing that varicose veins confer an increased risk for
VT.
Immobility secondary to surgery and general anaesthesia carries a
substantial risk of VTE due to changes in all three aspects of
Virchow’s triad.

Surgical damage to vessel walls induces a

hypercoagulable state, whereas general anaesthesia and prolonged
immobility leads to decreased vascular tone and increased venous
stasis. The overall thrombotic risk is dependent on type of surgery
and patient characteristics (Anderson and Spencer, 2003, Wong and
Baglin, 2012). Our study found that UVPT was three times higher in
women who had recently undergone surgery which highlights the
importance of risk assessment for VTE prior to any type of surgery
and the need for post-operative thromboprophylaxis. Family history
of VTE was also a significant risk factor for UVPT in our study, which
is in agreement with previous studies (Scarabin et al., 2003, Zoller
et al., 2015). Although BMI was only a significant in the univariable
analysis, we found that higher BMI values, with an increase of
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5kg/m2 was associated with a 27% increase in the odds of UVPT.
The MEGA study also revealed that a raised BMI is associated with
a two- to three-fold increased risk of VT (Pomp et al., 2007, Pomp et
al., 2008). Although obesity is defined as a BMI of greater than 30
kg/m2 (NICE, 2017) and is a recognised risk factor for VTE (Tsai et
al., 2002, Pomp et al., 2007, Ageno et al., 2008, Wong and Baglin,
2012, Cushman et al., 2016), Pomp et al., found that by being
overweight, defined as a BMI between 25 – 29.9 kg/m2 (NICE,
2017), the risk of developing VTE increases by two- to three-fold
(Pomp et al., 2007). The underlying mechanism for this relationship
is not well defined, however hypotheses include: impaired venous
return, venous stasis, inflammation, increased procoagulant factors
such as factors VII, VIII, XII and fibrinogen, as well as alterations in
the venous walls (Tsai et al., 2002, Pomp et al., 2007, Cushman et
al., 2016).
We found that the presence of adenomyosis increased the odds by
approximately double of developing UVPT, whereas fibroids and
adnexal cysts had a lower risk. Given that fibroids and adnexal cysts
can create a mass effect and impinge on the pelvic vessels, it would
be expected that this could be a risk factor. In our study, the adnexal
cysts were small and therefore unlikely to have a substantial
compression effect on the vessels. Fibroids and adenomyosis are
established causes of heavy menstrual bleeding (HMB) (Naftalin et
al., 2014). Women who experience HMB secondary to these
underlying causes have also been found to have polycythaemia and
a reactive thrombocytosis, which can precipitate a hypercoagulable
state leading to VT (Fletcher et al., 2009).
Thrombophilia results were obtained in 100% of the study
population, with 23.1% of the 39 women with evidence of UVPT
having at least one abnormality detected. This is in keeping with data
that up to 50% of patients with VTE will have a positive genetic
thrombophilia screen (Mazzolai and Duchosal, 2007). The most
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common abnormality detected in our population was the presence
of the thermolabile variant of C655T MTHFR. The presence of
MTHFR does not increase the risk of VTE per se, however it is
associated with higher levels of homocysteine, which was the
second most common abnormality in our group (Bezemer et al.,
2007, Baglin, 2012). The direct causal relationship between
hyperhomocysteinaemia and DVT are not well established but
epidemiological studies have shown that mildly or moderately
elevated levels of homocysteine is a risk factor for VTE. Mild
hyperhomocysteinaemia is seen in approximately 25% of patients
with DVT (Kyrle and Eichinger, 2005), which is slightly higher than
in our study population. Deficiencies in naturally occurring
anticoagulants such as anti-thrombin, protein C and S are of greater
clinical significance than heterozygous carriage of FVL or G20210A
PGM (RCOG, 2015). The prevalence of these high-risk heritable
thrombophilias varies between 1-5% in patients with thrombosis
(Buchanan et al., 2003, Baglin, 2012). Within the general population
however, the prevalence is rare and is only present in 0·02 – 0·4%
(Buchanan et al., 2003). Compound heterozygosity for FVL and
G20210A PGM are rated as moderate risk thrombophilias (RCOG,
2015). FVL and G20210A PGM, in comparison to other inherited
thrombophilias, are more prevalent within the general and VTEaffected populations. The defects are present in 2-5% overall and
between 6-50% in patients with DVT (Buchanan et al., 2003,
Kearon, 2012). Our study partially conformed to these preestablished prevalence rates in that the high-risk thrombophilias
were present in 2-10% of women with UVPT, however there were
no positive FVL or G20210A PGM cases. A potential weakness in
the study is that we did not perform thrombophilia screens on the
entire screening group to ascertain how many women with UVPT
had an underlying heritable or acquired thrombophilia as a risk factor
but are unaware and asymptomatic of VTE. Several guidelines
however have recommended that screening unselected patients for
heritable thrombophilia is not indicated; and in addition, screening
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for heritable thrombophilia in patients who have had a VTE is not
indicated because they are not predictive of recurrence (Baglin et
al., 2010, Baglin, 2012).
One of the elements in Virchow’s triad for development of VT is
stasis. A study by Moneta et al (Moneta et al., 1988) described that
peak venous velocities and venous diameters were inversely but
linearly related. Therefore, the larger the diameter, the slower the
blood flow through it. Other studies have also reported an increased
venous diameter in women with UVPT (Leibovitz et al., 2003,
Mavrelos et al., 2013). Our study was in agreement with this as we
found that women with UVPT had larger venous diameters (p <
0.001) with interrupted, low velocity blood flow states compared with
women without UVPT. There was also a significant difference in
venous diameters between the affected and unaffected side in
women with UVPT (p = 0.005). In addition to the increased vein
diameters, some studies have shown that the venous wall
undergoes

remodelling

in

DVT.

Chandrasekhar

et

al

(Chandrashekar et al., 2017) conveyed that venous wall thickness
was greatest in patients with post-thrombotic syndrome and acute
DVT but they did not record diameters of the vessel lumen. Our
study did not examine this aspect of the vein as luminal diameters
are the standard measurements reported for diagnosing other
venous conditions such as pelvic varicosities (Beard et al., 1984).
A recognised complication of DVT is chronic venous insufficiency
(Meissner et al., 1993). The presence of reflux has been noted
following resolution of DVT in 39-50% of patients (Masuda et al.,
1998, Meissner et al., 1993). Although we did not follow up women
after thrombus resolution was confirmed, we found that 2.6% of
women with a UVPT already had signs of reflux at the primary scan.
Masuda et al., (Masuda et al., 1998) found that development of reflux
could occur late after resolution of DVT and that it was not always
within the affected vessel. The question to whether reflux precedes
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and predisposes the patient to VT or whether it is a result of VT
remains unknown.
The main strength of our study is that it is a large prospective study
with pre-defined objectives and screening criteria. All examinations
were performed by a single operator using high quality equipment,
which ensured a consistent approach to ultrasound examination and
eliminated inter-observer variability. We have also recorded
extensive demographic and clinical variables which has facilitated
us to assess their possible effects on the prevalence on UVPT. Five
out of the 39 women underwent pelvic MR or CT venogram within
one week of the ultrasound diagnosis of UVPT. The thrombi were
not detected on MR or CT and in four out of the five women, were
still present on follow up ultrasound examination four weeks later.
Venous thrombi are echogenic structures, much like vaginal mesh
and slings, which are easily detected on ultrasound but not visible
on x-ray, MR or CT (Shek and Dietz, 2014). Our findings are
therefore in keeping with this similarity. Moreover, the proximity the
transvaginal probe has to the pelvic circulation, permits detection
these small thrombi more accurately compared with MR or CT.
Although there were no cases of PE in our cohort of women,
previous studies have shown that the pelvic veins can be a source
of embolism. The uterine pelvic venous system is a rich network of
veins which often can have a tortuous path with slow venous flow.
In comparison to the IVC, iliac and pulmonary veins, the uterine
plexus veins are smaller in diameter.

Therefore, a thrombus

generated from the uterine veins may be small enough to be washed
away into the circulation without causing any symptoms.
Nonetheless, there remains a theoretical risk that thrombi can still
propagate and embolise into the circulation and hence the uterine
venous plexus should be considered as a source of VT in women
who present with a PE and have negative lower limb venous duplex
scans. This study demonstrates the importance of examining the
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pelvic venous circulation as well as identifying that further studies
are required to describe the natural history of UVPT in order to
develop adequate guidelines on overall management.
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CHAPTER 12 SHORT TERM OUTCOMES OF
WOMEN DIAGNOSED WITH UTERINE
VENOUS PLEXUS THROMBOSIS

12.1 Introduction
Although our understanding of the pathophysiology of VT has
improved, the recent studies have mainly focussed on diagnostic
and treatment pathways as well as the risk assessment algorithms.
Most of the data are derived from studies on lower limb DVT and the
overall consensus is that all symptomatic and proximal DVT should
be treated with anticoagulation (NICE, 2015b). Management of
incidental, asymptomatic VT or unusual site VT remains challenging
and there is no universal agreement on whether anticoagulation is
required.

Studies have shown that the risk of propagation and

embolism is low with incidental calf DVT (Masuda et al., 1998),
however management is often extrapolated from studies on
symptomatic DVT. Our previous study (see Chapter 11) has shown
that the prevalence of UVPT is approximately 3% in women
attending gynaecological clinics. Once diagnosed, UVPT can
present clinicians with a management dilemma. Such thrombosis
can theoretically embolise into the pulmonary circulation, remain
insitu and evolve into pelvic phleboliths or act as a pre-cursor for
valvular incompetence leading to pelvic varicosities.

Given the

paucity of data on UVPT, there has been a tendency to treat with
anticoagulation (Leibovitz et al., 2003, Mavrelos et al., 2013).
However, studies have shown that anticoagulation is not without risk
and that treatment of asymptomatic DVT can result in a higher risk
for major bleeding without significant effect on the incidence of
recurrent symptomatic VTE (Yamashita et al., 2017). The aim of this
study was to describe the natural history of asymptomatic UVPT and
identify any predictors that could be used to predict resolution.
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12.2 Methods
This was a single centre, prospective cross-sectional study of
consecutive women attending our gynaecology clinic during August
2015 to December 2016. The study was approved by the West
Midlands-Solihull national ethics committee (14/WM/1266) and a
written consent was obtained from all women prior to the
examination.
The study procedures have been described in Chapter 6 and
Chapter 11. A baseline ultrasound was performed and then within a
one-month interval. Further scans were arranged at three and six
months if the thrombus was present after each ultrasound
examination. All diagnoses of a UVPT were verified by level III
gynaecological ultrasound operators (Mr Davor Jurkovic and Miss
Naaila Aslam). The images were also reviewed independently by a
third operator with experience in the ultrasound diagnosis of DVT
(Miss Sara-Louise Pointer).
Women with UVPT were also referred to a consultant haematologist
(Professor Hannah Cohen) for assessment, clinical advice on
management and counselling as per Chapter 11. LMWH was offered
to women considered to be at potentially higher risk for VTE, those
with abnormal thrombophilia test or a positive lower limb duplex
scan. Those who had normal thrombophilia profiles and lower limb
venous duplex Doppler scans were offered expectant management
and followed up as per the protocol, with the option to choose
treatment at any point.
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12.2.1 Statistical analysis
Resolution analysis was performed at the person level. For women
with multiple thrombi, resolution was defined as having occurred at
the time-point where all the clots were resolved. Patients whose clot
had not resolved or those women who conceived were censored at
the last time point. Kaplan-Meier survival analysis was used to
examine resolution over the six-month surveillance period and
presented as the number of women still affected by persistent clots
at each time point and the estimate of the unresolved rate with
corresponding confidence intervals (CI). Cox regression analysis
was used to examine the associations with time to clot resolution.
The exception was for variables where there was no resolution in
one (or more) categories, where it is not possible to perform Cox
regression. The log-rank test was used in such instances. The
separate univariable association between each parameter and clot
resolution time was examined. The size of the association between
each factor and outcome are presented as hazard ratios, along with
corresponding CI and p-values. For the categorical variables, this
reflects the hazard or chance of resolution in each category relative
to the hazard in a baseline category. For the continuous variables,
the hazard ratios give the relative change in the chance of resolution
for one-unit increase in the variable. These statistical analyses have
been performed with the help of a statistician (Paul Bassett).

12.3 Results
12.3.1 Patients
During the study period, 1298 women were examined and 39 were
diagnosed with an asymptomatic UVPT. The demographic data and
risk factors have been discussed in chapter 11.3. All women
consented to participate in the study.
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In total, 50 individual clots were diagnosed in the 39 women.
Thrombosis was unilateral on the left side in 19 women (49%),
unilateral on the right side in 16 women (41%) and bilateral in 4
women (10%).

12.3.2 Management and follow up outcomes
Expectant management was used in 33 women (84.6%), whist six
women (15.3%) received anticoagulation based on the findings at
the primary examination. Two women had treatment dose LMWH for
six weeks, followed by Rivaroxaban. This was due to a positive
finding of a DVT in the contralateral leg to the UVPT in one woman
and multiple thrombi with other risk factors (recent surgery) in the
other woman. Four women received prophylactic dose LMWH for
up to eight weeks based on their individual risk assessment, which
included positive thrombophilia screen, recent/upcoming surgery or
long-haul travel.
One woman withdrew from the study after two weeks and was
excluded from the resolution analysis. Three women conceived
during the study period and were pregnant at the three-month
examination. They were all commenced on LMWH and managed in
the joint obstetric/haematology clinics.

12.3.3 Resolution of UVPT
In total, the dataset contained information from 39 women with
UVPT. However, there was no resolution information for one
woman, and so 38 women were included in the analysis. Over the
six-month follow-up, 21 of the 38 (55.3%) women had all of their clots
resolved. In this resolution group, three women had received
prophylactic doses of LMWH. Two women had received treatment
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dose LMWH, followed by Rivaroxaban and demonstrated persistent
thrombi at the six-month ultrasound scan. Women who were lost to
follow up or conceived during the study period were censored at the
time of the last follow up and not included in the overall resolution
rate. The proportion of women as a whole group with unresolved
thrombi at one, three and six months can be visualised in Figure
12.1, with a numerical summary in Table 12.1.

Figure 12.2

demonstrates the differences in resolution further by dividing women
into expectant and medical management. The results suggested that
at one-month, 63% of women had unresolved thrombi, whilst around
a third (37%) of clots were unresolved at 6 months for the whole
group.

Table 12-1 Summary of women with unresolved thrombi
over time
Timepoint

Number women at risk

Kaplan-Meier unresolved
estimate (95% CI)

1 month

38

63% (46%, 76%)

3 months

19

50% (32%, 65%)

6 months

12

37% (21%, 54 %)
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Figure 12-1 Kaplan Meier graph of women with
unresolved thrombi at 1, 3 and 6 months

Figure 12-2 Kaplan Meier graph of women with
unresolved thrombi who were managed expectantly and
medically
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12.3.4 Factors affecting resolution
The results for factors affecting resolution are presented in Table
12-2 and suggested that the number of clots was significantly
associated with the time to the clots being resolved. Resolution was
less likely in women with multiple clots, with no resolutions in this
subgroup of women.
No other factors were strongly associated with the time to clot
resolution. However, there was some evidence of an association
between the initial diameter and the time to resolution, although this
result did not reach statistical significance (p = 0.08). A larger initial
diameter was associated with a reduced risk of resolution. A 1mm
increase in diameter was associated with an approximate 14%
reduction in the risk of resolution at any time.
Due to the small numbers of UVPT patients, no multivariable
analysis was performed. It is noted that there were a relatively small
number of resolutions, and thus relatively low power to detect
significant associations.
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Table 12-2 Regression analysis for factors associated
with thrombus resolution
Variable

Category

Resolved
n/N

Hazard Ratio
(95% CI)

P-value

Treatment

No
Yes

18/32
3/6

1
0.70 (0.21, 2.40)

0.57

Initial diameter
(mm)

-

-

0.86 (0.72, 1.02)

0.08

Abnormal
thrombophilia
(any)

No
Yes

12/18
9/20

1
0.69 (0.29, 1.64)

0.40

D-dimer
(***)
(diagnosis)

-

-

0.98 (0.86, 1.13)

0.83

-

-

0.98 (0.65, 1.48)

0.92
0.95

Age

(**)

Parity

0

4/8

1

1-2

10/16

1.16 (0.36, 3.69)

3+

7/14

1.01 (0.30, 3.46)

-

-

0.97 (0.71, 1.34)

0.86

No

20/36

1

0.96

Yes
Pre-menopausal

1/2
19/32

1.06 (0.14, 7.96)
1

0.43

Postmenopausal

2/6

0.56 (0.13, 2.39)

Number clots

Single
Multiple

21/29
0/9

(+)

<0.001

Vessel diameter

-

0.81 (0.61, 1.07)

0.14

BMI

(*)

Family history
VTE
Menopausal
status

Flow velocity

(#)

< 5 cm/s
13 / 27
1
0.36
≥ 5 cm/s
8 / 11
1.52 (0.63, 3.66)
(*) Hazard ratios given for a 5-unit increase in variable
(**) Hazard ratios given for a 10-unit increase in variable
(***) Hazard ratios given for a 100-unit increase in variable
(#) Flow velocity from affected side used in the analysis
(+) Unable to calculate hazard ratio due to no resolution in one group. Analysis using
logrank test
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12.4 Discussion
Our study demonstrated that there was no difference in overall
resolution rates between women who received anticoagulation and
those who had expectant management without anticoagulation. The
only significant identifiable factor that influenced resolution was the
number of thrombi diagnosed. Women were less likely to have
resolution with multiple thrombi.

In addition, there was some

evidence that initial thrombus diameter may have a borderline
association with resolution.
Our study found that over the maximum six-month follow up period,
55% of women demonstrated resolution of their clots. There is
significant variation in resolution rates between studies due to
management, imaging modality used and frequency of surveillance.
One study showed complete and partial lysis of DVT in 38% and
54% respectively of patients on repeat venography six months after
diagnosis and treatment (Holmstrom et al., 1997). This contrasts
with the findings from Masuda et al.,(Masuda et al., 1998) who
demonstrated complete clot lysis in 88% of patients at three months
of which approximately 48% had not received anticoagulation. We
found that the highest proportion of thrombi resolved within the first
month. Other studies have reported that if thrombus resolution or
vein recanalization is to occur, it should be evident in the first six
months (Murphy and Cronan, 1990), which supports that
recanalization is a slow process (Kearon, 2003). It is therefore likely
that in our study, some of the thrombi diagnosed may have been
older, chronic and in the organization and recanalization phase.
Women who had multiple thrombi were less likely to have resolution
of their thrombi (p < 0.001). This is compatible with previous studies
that have demonstrated that resolution is dependent on thrombus
load, with faster recanalization and resolution rates in legs where
one venous segment is affected compared to thrombi involving
multiple segments (van Ramshorst et al., 1992, Markel et al., 2003).
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Anticoagulation is the mainstay of treatment for symptomatic VTE as
it prevents further thrombus deposition, allows stabilization and/or
lysis of the established thrombus, as well as reduces the risk of
interval thrombosis (Kearon, 2003). In our study, we found that there
was no significant effect of anticoagulation on overall clot resolution
(p = 0.57). Initial clot diameter demonstrated a borderline association
with time to resolution (p=0.08) and the mean diameter in our study
was 6.9mm. Our findings alluded that a larger starting diameter was
associated with a reduced chance of resolution with a 14% reduction
for 1mm increase in diameter. A possible explanation for this may
be that it takes longer for the thrombus to retract. There are limited
data investigating whether thrombus diameter has an effect on
overall resolution. A study by Bosson et al., (Bosson et al., 1998)
measured the diameter of the thrombus for diagnostic criteria and
concluded that ≥5mm would be an acceptable value. Sartori et al
(Sartori et al., 2016) found that this threshold would omit 25% of
patients with a calf DVT and suggested that 3.5mm would be an
appropriate level. They also found that recanalization rate was not
correlated to thrombus diameter at enrolment (p = 0.93) and there
was no difference in recanalization rates between clots that were
<5mm and ≥5mm.
In our study, we also found that the presence of thrombophilia did
not influence resolution, which has been shown to be identical
between patients with and without thrombophilia (Prandoni et al.,
2002). D-dimer level at diagnosis was also found not to have an
effect on time to resolution. Although D-dimer testing is incorporated
into DVT diagnostic algorithm (Wells, 2003), some studies have
demonstrated that D-dimer levels can be normal in the presence of
a DVT (Kuruvilla et al., 2003, Palareti et al., 2010).
Very few studies have examined the natural course of PVT and as
with lower limb DVT there is often a concern regarding propagation
and embolism.

In our study, we did not have any cases of
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symptomatic PE and only one woman had evidence of DVT in the
contralateral leg.

Labropoulos et al.,(Labropoulos et al., 2015)

studied symptomatic OVT in 23 women over a 9-year period, in
which the majority of their patients were postpartum and all were
anticoagulated. Propagation rate of OVT into the IVC was 13% and
two women had evidence of PE. In addition, they found that three
women had evidence of valvular incompetence. Similar studies
have also been conducted for isolated calf DVT (Masuda et al.,
1998, Macdonald et al., 2003, Palareti et al., 2010). Masuda et
al.,(Masuda et al., 1998) demonstrated that there were no cases of
symptomatic PE in their non-treatment group, which is similar to our
study findings.
The main strength of this study was the prospective design that
permitted evaluation of the short-term outcomes of UVPT. This can
provide clinicians with a preliminary management pathway to follow
whilst informing patients of the potential risks and likelihood for
resolution. One of the main limitations of this study was that we did
not continue to monitor women once the thrombus had resolved.
Therefore, we were unable to determine whether there was any
evidence of recurrent UVPT, persistently dilated venous diameters
or venous incompetence that could precipitate pelvic varicosities. In
addition, as the surveillance period was for six months, some of the
thrombi may have calcified into pelvic phleboliths. These are most
commonly attached to the uterine veins and can be visualised on
plain radiographs (Burkitt et al., 1977, Gottlieb et al., 1989). Our
study however, has shown that in a high proportion of women, their
incidental UVPT can be managed expectantly without the need for
anticoagulation but the overall management of UVPT should be
based on the individual woman’s clinical risk assessment. Given
that PTS can develop within two years following acute DVT (Baglin,
2009), further prospective studies on long-term follow up of women
with UVPT are warranted as well as examining whether the uterine
venous plexus can be a source for confirmed PE.
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Part IV: Conclusion and
future studies
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CHAPTER 13 CONCLUSIONS AND
SUGGESTIONS FOR FUTURE STUDIES
This thesis has explored aspects of transvaginal ultrasound
assessment of the uterine venous circulation, with the predominant
focus on factors affecting venous diameter and the diagnosis of
thrombosis. It has shown that the uterine venous plexus can be
visualised clearly using 2D B-mode and Doppler ultrasound and that
the venous diameter measurements are reproducible. Therefore TVUS is feasible to use in clinical practice. This thesis also includes
the largest and only study to investigate the prevalence and shortterm outcomes of asymptomatic UVPT in women attending for
gynaecological review.
In contrast to previous studies, we found a good level of inter- and
intra-observer agreement in the measurement of venous diameter
and characterisation of blood flow. This finding strengthens the case
that TV-US can be used as a first-line imaging modality for assessing
the uterine venous circulation. It is an acceptable and reproducible
method, therefore avoiding invasive, radiation-exposing or costly
procedures such as venography or CT. This study also provided a
platform from which we were able to examine and measure the
uterine veins in women with normal pelvic organs and those with
pelvic pathology.

Parity and menopausal status were found to

influence uterine venous diameter in both groups. Women with
pelvic pathology on ultrasound had overall larger uterine veins than
women who had normal pelvic organs, with fibroids having the
greatest influence. This highlights that these factors need to be
considered when assessing the pelvic venous circulation and that a
single value cannot be used as the threshold for dilated uterine vein
diameters. In addition, the establishment of reference ranges
encompassing the age, parity and menopausal status of women
provides an objective assessment of uterine venous diameters,
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which is critical to be able to compare the results between different
units and determine the impact of pelvic varicosities on women’s
health. Further prospective studies should focus on using these
adjusted ranges to advance our understanding of the role pelvic
varicosities have.
In this thesis, we presented a study that challenged the view that
pelvic varicosities are an independent cause for pelvic pain. We
found that in pre-menopausal women there was no difference in
uterine venous diameters between those with and without pelvic
pain. The features associated with PVC include dilated veins with
reflux. Our study however revealed that the proportion of women
with pelvic pain did not increase significantly with enlarging venous
diameters, nor were they more likely to have evidence of reflux.
Women with pelvic pain, who had a higher parity and an ultrasound
diagnosis of adenomyosis and fibroids were also more likely to have
larger uterine veins. This suggests that from our study, dilated
uterine veins do not cause pelvic pain per se, but along with pelvic
pathology, can be a contributing factor. Previous studies often used
an arbitrary value ranging between 5-8mm for dilated veins which
have been applied universally to all women. The findings in this
thesis have continually shown that uterine venous diameters vary
depending on menopausal status, parity, age and the presence of
pathology. Further prospective studies should be conducted,
including and accounting for these significant factors in determining
whether PVC is an independent cause for pelvic pain or a by-product
of these specific features.
Pelvic pain continues to be an important condition that can often be
challenging to manage, have a negative impact on quality of life and
be an economic burden on healthcare resources. The studies in this
thesis examined how TV-US is used to assess the pathologies
involving the uterine venous plexus and provide a foundation for
further studies, which could then incorporate quality of life
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assessment as well as health economics. We used the NRS to
quantify pelvic pain, which showed that there was no significant
difference between vessel diameter and increasing severity of pain.
Future studies could incorporate quality of life questionnaires as an
additional tool for assessing the impact pelvic pain has on a woman’s
health, is an important aspect.
TV-US was also used to estimate the prevalence of asymptomatic
UVPT in women attending a general gynaecology clinic in a large
prospective observational study. The prevalence was estimated to
be 3%. It was also found increasing parity, a pre-menopausal status,
recent surgery, family history of VTE, varicose veins and
adenomyosis

were

all

significantly

associated

with

UVPT.

Resolution did not differ between women who received medical
treatment for their UVPT and those who were managed expectantly.
Number of thrombi diagnosed, however was associated with time to
resolution. The prognostic role and optimal management of
incidental UVPT remains unknown but the prevalence in our study
demonstrates that it is not a negligible finding and supports a strong
rationale for conducting future prospective studies. These rates are
clinically relevant in particular as TV-US is increasingly used as the
primary imaging modality in assessing the female pelvis. In addition,
as technology advances, it is likely that incidental diagnoses such
as UVPT will inevitably be uncovered with increasing frequency and
hence these figures may grow over time. It is therefore crucial to be
able to understand the clinical impact and significance in order to be
able to counsel patients without having a negative effect on their
care. The pelvic venous system can also be a source for PE.
Although there were no cases of symptomatic PE in our studies,
there is a risk that thrombi may propagate and embolise, which may
or may not cause symptoms. Future studies examining the uterine
venous plexus with TV-US in women with suspected or confirmed
PE and with or without evidence of a lower limb DVT, may provide
further information in determining the clinical risk of UVPT.
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Moreover, longer-term surveillance studies are required to ascertain
the natural history of UVPT, recurrence rate and establish whether
these act as precursors for pelvic varicosities, resulting in postthrombotic syndrome of the pelvis.
Although there is scope for further work, we have shown that TV-US
can be used as an additional imaging modality for assessing the
pelvic venous circulation and diagnosing thrombi and could be
included in the armamentaria of the clinician for investigating venous
disorders.
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