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ABSTRACT

The aim of this study is to describe and compare lower extremity venous Doppler
flow in normal pregnancies and women with pre-eclampsia in the third trimester. It
was a prospective case control study that took place at Rahima Moosa Mother and
Child Hospital with 100 participants recruited from the antenatal wards between
February and November 2020. 50 participants were allocated to the group with pre-
eclampsia and the remaining normotensive participants to the control group. Each
participant completed a questionnaire and underwent ultrasonographic assessment
of four of the veins of the lower limbs bilaterally. Main outcome measures included
spontaneous blood flow echogenicity, doppler waveform, compressibility and
diameter of veins. Results showed significant differences for six of the eight veins
measured for spontaneous blood flow echogenicity in the lower grades (p < 0.001).
Patients with pre-eclampsia have microcirculatory vessel changes that are believed
to be associated with slower blood flow and predisposition towards stasis and
clotting, however our results showed otherwise. The diameter of the small
saphenous vein on the left was significantly smaller in pre-eclamptic patients as
opposed to the control group (p = 0.026). In conclusion, our study produced
insufficient evidence to suggest that pregnant women with pre-eclampsia are at
increased risk of developing VTE using this screening method as our results showed
normal blood flow echogenicity in both groups. Because of its association with a
hypercoagulable state and increased rate of thrombotic events, spontaneous blood
flow echogenicity may potentially be a marker of thromboembolic risk thus we
suggest a larger prospective study in combination with an objective test of blood flow

velocity to adequately assess the significance of this phenomenon.
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Abstract

Objective: This study aims to describe and compare lower extremity venous Doppler
flow in normal pregnancies and women with pre-eclampsia in the third trimester.
Study design: Prospective case control study involving pregnant women in their third
trimester with 50 normotensive women belonging to the control group and 50 women
with pre-eclampsia. Each woman underwent ultrasonography of the lower limb veins.
Main outcome measures: Demographics, spontaneous blood flow echogenicity,
Doppler waveform, compressibility and diameter of veins of both lower limbs.
Results: Significant differences were observed for five of the eight veins measured
for spontaneous blood flow echogenicity (p<0.001), with pre-eclamptic patients
scoring mostly grade 0 as opposed to the control group scoring grade 1. The
diameter of the small saphenous vein on the left was also significantly smaller in pre-
eclamptic patients as opposed to the control group (p=0.026).

Conclusion: Our study produced insufficient evidence to suggest that pregnant
women with pre-eclampsia are at greater risk of developing VTE using this screening
method as our results showed normal blood flow echogenicity in both groups.
Keywords: Pre-eclampsia, Deep Vein Thrombosis, Thromboprophylaxis, Lower limb

venous Doppler, Spontaneous blood flow echogenicity
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1. Introduction

Pregnancy is associated with changes in venous function that result in an increased
incidence of venous disease [1] including venous thromboembolism (VTE),
manifesting as deep vein thrombosis (DVT) or pulmonary embolism (PE), and
varicose veins. In the general population the incidence of VTE in pregnancy and the
puerperium is approximately 1 in 1000-2000 deliveries, with the risk being more than
five times greater than in non-pregnant women of comparable age [2-4]. Although
this value appears to be infrequent with a low absolute value, it is a serious and
potentially fatal condition and is a prominent cause of maternal morbidity and

mortality during this period [4].

In pregnancy, nearly all procoagulants are increased, creating a state in which
equilibrium is shifted toward coagulation [5,6]. Egan et al. [7] alludes to the risk of
VTE in women with pre-eclampsia being up to 5-fold greater than that of the general
pregnant population, especially in those with severe or early onset pre-eclampsia.
This risk may further extend from 6 to 12 weeks postpartum . Potential mechanisms
identified include endothelial activation, platelet activation, coagulation activation and
inflammation, however the precise cause of this elevated thrombotic risk remains

unclear [7].

Venous compression ultrasonography with Doppler studies has become the imaging
test of choice for diagnosis of DVT in the lower extremities [8,9] with 97 percent

sensitivity for detecting DVT in the popliteal and femoral veins [10].

The question that remains controversial is whether to use prophylactic
anticoagulants during pregnancy and the puerperium to prevent the development of

VTE and its severe consequences. This is a challenging topic due to the potential for



complications to both the fetus and mother. The decision to start anticoagulation
prophylaxis during pregnancy is based on determining the risk to benefit ratio and
finding equilibrium between the predicted risk of VTE, the reduced risk if given

prophylaxis, as well as the burden accompanying the use of anticoagulants [4].

All women should therefore undergo a personalised evaluation of risk for VTE at the
time of confirmation of pregnancy, and again should new clinical situations arise
during the pregnancy. Furthermore, should patients present with symptoms of the
development of VTE, Doppler ultrasound may assist with confirming the diagnosis

and need for anticoagulation [4].

There is a paucity of literature to establish normal parameters in lower limb venous
blood flow during pregnancy, using ultrasonography, and even less so with pre-
eclampsia. The purpose of this study is thus to describe the ultrasonographic
features of the lower limb veins in order to establish potential norms as well as
compare these findings with that of pre-eclamptic patients. A comparison between
patients with normal physiology and those with anticipated vascular dysfunction, as
can be seen in patients with pre-eclampsia, may assist with identifying patients at
risk of developing VTE disease in pregnancy. The objective here is to assist with risk
stratification and identification of patients that may benefit from prophylactic
anticoagulation in pregnancy, by addressing the risk to benefit ratio in conjunction

with additional risk factors for VTE.

The aim of the study is to describe and compare lower extremity venous Doppler
flow in pregnancies with and without pre-eclampsia in the third trimester, with the

following objectives:



1. To describe the demographics and clinical characteristics of patients undergoing
doppler ultrasound of the lower extremities, and further describe mode of
delivery, gestational age at delivery as well as describe short-term outcomes
relating to birth APGAR scores and weight.

2. To compare spontaneous blood flow echogenicity of lower extremity veins in
normal pregnancies in the third trimester with that of pre-eclamptic women, by
using a grading system.

3. To compare venous doppler wave forms of lower extremity veins in normal
pregnancies in the third trimester with that of pre-eclamptic women, to assess
patency of the vessels.

4. To compare diameters of lower extremity veins in normal pregnancies in the third
trimester with those of pre-eclamptic women.

5. To compare the compressibility of lower extremity vein walls in normal

pregnancies in the third trimester with that of pre-eclamptic women.

2. Materials and methods

Study design and population

One hundred patrticipants in their third trimester of pregnancy were recruited for this
prospective case control study between February and November 2020 at Rahima
Moosa Mother and Child Hospital. Fifty participants diagnosed with pre-eclampsia
according to the International Society for the Study of Hypertension in Pregnancy
(ISSHP) guidelines [11] and 50 normotensive participants allocated to the control
group were recruited from the antenatal wards with the stratified sampling method.
Approval was obtained from the Human Research Ethics Committee (medical) with a
clearance certificate number of M190964. Informed consent was obtained pre-

intervention and anonymity was maintained.



All participants were asymptomatic for VTE with singleton pregnancies between 27
and 41 completed weeks gestation determined by early ultrasound or by sure dates
of last normal menstrual period, with no observed malformations of the fetus.
Exclusion criteria were cigarette smoking history, previous venous
thromboembolism, history of pre-pregnancy medical conditions known to impact
vascular function such as diabetes mellitus, hypertension, autoimmune disorders,
cardiac disease and human immunodeficiency virus. Pre-eclamptic patients were

treated with aldomet and amlodipine antihypertensive agents.

Patients were recruited from the antenatal ward and antenatal clinic. Due to the time
constraints with the sonographer’s schedule, a maximum of two assessments per
day on only two to three days per week was feasible. As a result, it was often not
possible to recruit patients on the same day as assessment as the sonographer’s
schedule was unpredictable. Therefore, the majority of patients were recruited from
the antenatal wards a day in advance. These patients were admitted for various

reasons including to await elective caesarean section and induction of labour.

Assessments

Each participant was examined once using a Philips EPIQ 5 Colour Doppler
Ultrasound System with a high frequency L12-3, 50 Hz linear array probe and 50 Hz
Doppler with the option of steering the colour box to an acceptable angle for optimal
Doppler shift recording. All the procedures were performed by one qualified
ultrasonographer who is experienced in performing ultrasound studies on patients

with suspected DVT.

Participants were positioned on their left side with the left lower limb straight, and the

right side elevated obliquely by 20 degrees. The right lower limb was supported by a



soft pillow to keep the knee flexed to 60 degrees, and the upper body elevated by 15
degrees [1,12] in order to ensure measurements were made at the level of the right
atrium of the heart. Participants were tilted in reverse Trendelenburg position to

encourage venous distension and limit compression of the inferior vena cava [13].

The measurements of vein diameter, compressibility, waveform and spontaneous
blood flow echogenicity were assessed after ten minutes rest on both left and right
lower limbs. Each leg was imaged from the saphenofemoral junction to the ankle at
the following points, with minimal pressure applied to the skin to avoid venous
compression [14]:

i. Common femoral vein (CFV), 10cm below the saphenofemoral junction.

ii. Femoral vein (FV), 5cm below the junction forming the CFV.

iii. Popliteal vein (POP), at the level of the popliteal fossa skin crease.

iv. Small saphenous vein (SSV), 5cm below its junction with the popliteal vein.

Outcome measures
1. Demographics, including age, parity, height and weight at ANC booking, previous
deliveries and medical conditions were obtained from participant antenatal cards.

2. The grading of spontaneous blood flow echogenicity was as follows [12]:

Grade 0 - Anechoic (absent)

Grade 1 - Barely visible echoes

Grade 2 - Clearly visible echoes whose intensity remains lower than that of
surrounding tissues

Grade 3 - Blood flow echogenicity equal to or greater than that of

surrounding tissues (Hyperechoic)

3. Waveforms were assessed using pulsed-wave Doppler, following augmentation
by squeezing the extremity distally [14] and were categorised as follows:

Triphasic - forward flow in systole; reverse flow in late systole or early
diastole; forward flow in late diastole.



Biphasic - reverse flow in diastole; steady positive flow in the diastole, or
forward flow in systole.
Monophasic - single phase with slow flow (acceleration or deceleration).

Flat - Non-pulsatile
4. The diameters were measured in millimetres using electronic calipers at the four
sites mentioned. They were measured transversely in the longitudinal section,
from wall to wall, ignoring luminal irregularities [12,15].
5. Compressibility of veins was assessed and graded as either ‘yes’, ‘no’ or partially

compressible, to assess the formation of thrombi in the veins [10].

Statistical analysis

Statistical analyses were conducted in R software (version 4.00; www.R-project.org).
The normal distribution of the data was checked using the Shapiro—Wilk test and
examining Q-Q plots. Comparisons between the two groups (pre-eclamptic vs
control) for categorical data were analysed using Pearson’s chi-squared contingency
tests (with Yates correction, where appropriate). Statistical differences for continuous
variables were analysed using Welch’s t-test for parametric data and Mann-Whitney
U tests or Wilcoxon matched pairs tests for non-parametric data. Tests were two-

tailed and model significance set at 0.05.

Data was reported as frequencies and percentages (categorical variables) or mean
(+SD) and median with interquartile ranges (continuous variables), as appropriate,
and are presented descriptively in charts, tables or in text. The sample sizes were 50
pre-eclamptic and 50 control participants. This sample size was not determined by a
power calculation but rather as a convenient size for a preliminary investigation. We
recognise the limitation that the study is unlikely to be powered to detect a significant

difference.



3. Results

Demographics

Table 1 represents the differences in demographics and clinical characteristics
between the pre-eclamptic and control groups. There were no significant differences
in age, height and weight however, pre-eclamptic patients had a significantly higher
BMI (6%, p = 0.041) than control patients (Table 1). Pre-eclamptic patients showed
significantly earlier gestational ages at recruitment (26 days, p < 0.001) and at
delivery (27 days, p < 0.001) than control patients. In addition, the neonates of the
pre-eclamptic group women were significantly lighter (mean 932g, p < 0.001) than

those of control group women.

Three of the 100 participants delivery information were not obtained due to their files
not being located. For the mode of delivery, 38 (76%) of pre-eclamptic and 29 (58%)
control group patients delivered via caesarean section whereas 10 (20%) pre-
eclamptic and 20 (40%) control group patients had a normal vaginal delivery. There
was a trend towards significance (p=0.056) in favour of more caesarean deliveries in

pre-eclamptic patients.

Poor clinical outcomes in the study included two stillbirths, one in the pre-eclamptic
group at 34 weeks, and the other at 30 weeks gestation from the control group. The
latter was the only participant diagnosed with a DVT and was started on
anticoagulation. She was diagnosed with placenta previa major, and subsequently
developed significant antepartum haemorrhage resulting in the stillbirth of her baby.
She was asymptomatic for VTE thus the diagnosis of DVT on ultrasound
assessment was an incidental finding. The other stillbirth was due to abruptio

placenta. Another control group patient underwent a total abdominal hysterectomy



for severe postpartum haemorrhage following a retained placenta post normal

vaginal delivery at 40 weeks gestation.

Table 1. Demographic and clinical data.

Variables Groups Values Statistics

Pre-eclamptic 30.62 (+6.49) df = 97.68
Age (years)

Control 29.14 (+6.88) p=0271

Pre-eclamptic 1.59 (+0.06) df = 97.70
Height (m)

Control 1.60 (+0.06) p=0.810

Pre-eclamptic 76.84 (+20.05) df = 91.38
Weight (kg)

Control 71.70 (+15.21) p=0.152

Pre-eclamptic 30.33 (+7.10) U=954
BMI (kg/m?)

Control 28.40 (+5.11) p = 0.041*

Pre-eclamptic 1.42 (+1.13) U=12215
Parity

Control 1.42 (+1.31) p=0.842

Pre-eclamptic 2.78 (+1.59) U=1232.5
Gravidity

Control 2.72 (+1.53) p =0.9045
Gestational age at | Pre-eclamptic 238.66 (+27.37) — 34.1 weeks df = 97.97
recruitment (days) | Control 264.38 (+26.86) — 37.8 weeks | P <0.001*
Gestational age at | Pre-eclamptic 244.17 (+22.05) — 34.9 weeks df = 94.83
delivery (days) Control 271.35 (+21.58) — 38.8 weeks | P <0.001*

Pre-eclamptic 2117.98 (+755.54) df = 94.95
Birth weight (g)

Control 3049.69 (+754.55) p <0.001*

Pre-eclamptic 8.3 (+1.69) U=1116.5
APGAR (1 min)

Control 8.06 (+1.96) p=0.585

Pre-eclamptic 9.54 (+1.54) U=1200
APGAR (5 min)

Control 9.51 (+1.63) p=0.798

Values are mean (+SD). * p-value < 0.05 depicts statistical significance.

Statistics used: Welch’s t-test and Mann-Whitney U tests.




Spontaneous blood flow echogenicity

Spontaneous blood flow echogenicity was assigned to one of four grade scores for

each of the eight veins (Figure 1). Pairwise comparisons between the two groups

were conducted with significant differences observed in five of the eight veins (Table

2). For these five veins, significantly more pre-eclamptic patients were scored as

grade 0 as opposed to significantly more control patients being scored as grade 1.
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Figure 1. Distribution of grades of spontaneous blood flow echogenicity between
groups
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Waveform

The waveform types were assessed in one of four categories for the eight veins, with

no statistically significant differences observed between the two groups (Table 2). In

all veins, monophasic waveforms were common and similarly distributed in pre-

eclamptic and control groups, except for the small saphenous vein, in which flat

waves were common (Figure 2).
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Diameter
A significant difference was noted only in the diameter of the small saphenous (left)
vein, which was smaller in pre-eclamptic than control patients (Figure 3). Vein

diameter did not differ significantly for the remaining seven veins (Table 2).
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Figure 3. Comparison of diameters for each vein depicting the median, 1st and 3rd

interquartiles, minimum and maximum scores.



Table 2. P-values depicting comparison between control and pre-eclamptic groups

Spontaneous blood .
flow echogenicity Waveform | Diameter
1. _ Left < 0.001* 1.000 0.989
Common femoral vein -
2. Right 0.026* 0.368 0.923
3. _ Left 0.006* 1.000 0.233
Femoral vein -
4, Right 0.011* 1.000 0.812
5. _ , Left 0.004* 0.785 0.986
Popliteal vein :
6. Right 0.124 0.820 0.565
7. _ Left 0.088 0.958 0.026*
Small saphenous vein :
8. Right 0.211 1.000 0.564
* p-value < 0.05 describing statistical significance between groups

Compressibility
All eight veins were compressible in both pre-eclamptic and control groups. The one
control participant diagnosed with a partial thrombus in the left common femoral and

femoral veins also had partially compressible veins.

4. Discussion

The blood vessel lumen is usually free of internal echoes during ultrasonography [16]
and presents as anechoic [17]. However, internal echoes have been demonstrated in
venous blood flow, described with varying degrees of echogenicity. Machi et al. [16]
explains the mechanism to be related to three factors, namely the presence of
circulatory red cell aggregates, macromolecules such as fibrinogen that are
increased in states of prolonged stasis, as well as increased temperatures. Reduced
shear rates favour red cell aggregation with low velocity blood in a vein of larger
diameter having a greater tendency toward red cell aggregation. This phenomenon
should not be confused with thrombosis as it occurs frequently in conditions of slow
venous flow [17]. It is however associated with a state of hypercoagulation with a
greater frequency of thromboembolic events [18] and thus may potentially be a

marker of thromboembolic risk.
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Rabhi et al. [12] studied spontaneous blood flow echogenicity in pregnancy and
noted a gradual increase as the pregnancy advanced with 96% of pregnancies
showing clearly visible (Grade 2) or marked (Grade 3) blood flow echogenicity in the
third trimester. On the other hand, spontaneous blood flow echogenicity was absent
(Grade 0) or barely visible (Grade 1) in 94% of pregnancies during the first trimester.
They concluded that the presence of these echoes is a normal finding in advanced
pregnancy. This is however the only study of its kind assessing blood flow

echogenicity in this manner with a grading system in pregnancy.

Our study aimed to detect differences between the lower limb vein parameters in
pregnhant women with and without pre-eclampsia. In contrast to the previous study
mentioned, we found that in the third trimester, majority of patients in both groups
had spontaneous blood flow echogenicity in the lower grades (0 and 1) (Figure 1).
Furthermore, in five of the eight veins, the pre-eclamptic group showed majority

grade 0 spontaneous blood flow echogenicity.

In contrast with our findings, we had expected to find higher grades of echogenicity
in this population group where alterations in microcirculatory flow distribution,
characterised by sluggish and intermittent flow, occur [19]. This difference may
potentially have been affected by the significantly earlier gestational age at
recruitment and delivery of the pre-eclamptic group by approximately one month.
With reference to Rabhi et al. [12], where spontaneous blood flow echogenicity
grade increases as the pregnancy progresses, it is possible that the grade may have

progressed further should the pregnancy have continued.

The significantly earlier gestational age at recruitment and delivery, with associated

lower birth weights, in the pre-eclamptic group is due international recommendations

14



of delivery at diagnosis of severe pre-eclampsia at and beyond 34 weeks gestation
as opposed to expectant management prior to this time. Planned early delivery is
recommended due to the lower risk of composite maternal mortality and severe

morbidity [20,21].

Normal venous flow in the larger peripheral veins is spontaneous with low velocity.
The smaller distal veins have even lower velocity and may not produce discernible
Doppler signals in the resting state. Peripheral veins that are most distal to the heart
demonstrate less spontaneity and lack pulsatile flow as seen in veins closer to the
heart. This explains why the most distal small saphenous veins show flat waveforms
with less spontaneous blood flow and venous stasis. The remaining proximal
monophasic waveform patterns represent low-resistance blood flowing in a single
direction with continuous forward flow for the duration of the cardiac cycle. [22] Both

of these waveforms can thus be described as normal in the lower limbs.

There is an overall inclination for all lower extremity veins to progressively distend
throughout pregnancy, attaining a peak at term [13]. The difference in diameter for
the short saphenous vein, with the left vein being smaller in the pre-eclamptic group
may be attributed to vasoconstriction observed in the veins of pre-eclamptic patients.
Deep venous thrombosis (DVT) is known to be more prominent in the left leg of the
deep venous system [2,3], however isolated thrombosis in the distal veins are of
uncertain significance as they occur infrequently in pregnancy [9]. The fact that this
difference was only observed in one of eight veins makes it a coincidental finding. In
addition, the use of antihypertensive medication with vasodilatory effects used in the

pre-eclamptic group had no effect venous diameters measured.
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Our study had some limitations in design. Firstly, the use of a grading system for
spontaneous blood flow echogenicity with limited previous use resulted in minimal
data with which to compare our study. Secondly, we only looked at women once in
the third trimester of pregnancy and did not repeat the assessment, particularly in the
postpartum period where risk of VTE is at its highest. A comparative assessment of
all three trimesters as well as the postpartum period is recommended to adequately
assess the changes that occur throughout these phases. Thirdly, spontaneous blood
flow echogenicity is a subjective test, we did however control for interobserver
variability [18]. We suggest a larger prospective study in combination with an
objective test, such as that of blood flow velocity, to adequately assess the

significance of this phenomenon.

5. Conclusion

In conclusion, our study produced insufficient evidence to suggest that pregnant
women with pre-eclampsia are at greater risk of developing VTE using Doppler
ultrasound as a screening method as our results showed similar characteristics in

both groups.
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Appendix A: Approved Protocol

1. INTRODUCTION

Pregnancy is associated with changes in venous function that result in an increased
incidence of venous disease?, including venous thromboembolism (VTE), which may
manifest as deep vein thrombosis (DVT) or pulmonary embolism (PE), and varicose

veins.

In the general population the incidence of VTE in pregnancy and the puerperium is
estimated to be between 1 in 1000-2000 deliveries, with the risk being more than five
times greater than in non-pregnant women of comparable age 2. Although this value
appears to be infrequent with a low absolute value, it is a serious and potentially fatal

condition and is a leading cause of maternal morbidity and mortality during this period#.

According to Dresang et al.®, DVT occur with equal frequencies in all trimesters and
the postpartum period. Coriu et al.® however, found the incidence of VTE to be
increasing with each trimester, with the greatest incidence occurring during the
puerperium. Bates et al.* add that the daily risk of VTE during the postpartum period

increases by up to 35-fold in comparison with non-pregnant women of the same age.

Seventy-four to ninety percent of DVT occur in the left leg?2® with the majority
occurring in the very proximal deep ilio-femoral vein” with greater likelihood of
embolization. Coriu et al.b attributes this location of thrombotic events to be as a result
of the right iliac artery compressing the left iliac vein, as well as that of the inferior vena

cava by the gravid uterus resulting in increased venous stasis in the proximal left leg.
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1.1 Pathophysiology
Pregnancy is associated with a hypercoagulable state as a result of changes that can
be explained by Virchow’s Triad namely, changes in blood constituents, venous stasis

and vascular endothelial intimal damage?®?°.

Possible aetiological factors are complex and include mechanical factors, such as
obstruction by the fetal head and gravid uterus on the pelvic veins®°, causing a
reduction in venous blood velocity as well as an increase in the blood pressure of lower
limb veinsl. Gyselaers!! describes three fundamental aspects in venous
haemodynamic function during normal pregnancy that differs from non-pregnant
conditions, namely: (a) vascular tone is reduced, with an increased venous
capacitance function, (b) the venous compartment participates in the gestational body
water volume expansion in order to maintain optimal cardiac output, and (c) high intra-
abdominal pressures causes increased transmural venous pressure. The above
contribute to reduced venous blood flow with the venous system functioning closer to

its maximum limits during pregnancy.

In pregnancy, nearly all procoagulants are increased, creating a state in which
equilibrium is shifted toward coagulation®!?. Struble et al.® believes this to be an
evolutionary adaptation whereby the pregnant woman facing the trauma of childbirth
may be equipped to survive. Coriu et al. and Shagana et al.®1? specify increases in
factors VII, VIII, 1X, X, XlI, von Willebrand Factor and fibrinogen as well as reductions
in fibrinolytic activity with decreased levels of anticoagulants Antithrombin and Proteins

CandS.

Endothelial injury or activation as a result of inflammatory stimuli or hypoxia that may

occur in early pregnancy leads to the activation of circulating leukocytes and induction
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of expression of tissue factor which adjusts the intimal surface to that of a
prothrombotic state. In addition, hormonal changes in estrogen levels augment the
above-mentioned increases in procoagulants, further predisposing pregnant women

to clot formation?®.
1.2 Pre-eclampsia

Pre-eclampsia is characterised by new onset hypertension after 20 weeks gestation,
in association with organ dysfunction such as renal and liver dysfunction, clotting
disorders, fetal affectation and neurological dysfunction'®'3, This condition
complicates up to seven percent of pregnancies and is associated with substantial
morbidity and mortality3. Egan et al.*® suggest that the risk of VTE in women with pre-
eclampsia may be up to 5-fold greater than that of the general pregnant population
and attribute this increased risk to mechanisms of an overall pro-inflammatory state
as well as endothelial, platelet and coagulation activation with release of procoagulant

neutrophil extracellular traps (NETS).
1.3 Imaging and Diagnosis

Venous compression ultrasonography has become the imaging test of choice for
diagnosis of DVT in the lower extremities®>”8 with 97 percent sensitivity for detecting
DVT in the femoral and popliteal veins®. It is however less sensitive for the detection
of isolated DVT in the distal calf veins. Physiological changes associated with
pregnancy may affect blood flow patterns and normal compressibility of the proximal
veins and therefore influence the diagnostic accuracy of compression
ultrasonography. Furthermore, the intrapelvic location of the more proximal veins are
not compressible due to their location’. Doppler imaging, including colour flow, may

be recommended as an additional tool to assess the proximal iliac veins and
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accurately identify vessels and confirm the compressibility of a particular segment”#,
Typical ultrasonographic findings associated with DVT include: reduced
compressibility of the vein wall due to rigidity as well as a lack of or reduced

spontaneous blood flow at the point of, and distal to, the occlusion?.

Studies have been performed to assess the changes in lower limb veins associated
with pregnancy such as by Rabhi et al.1° who non-invasively ascertained the functions
of lower limb veins in women with normal pregnancies, in all three trimesters and
puerperium, to assess the changes in wall compliance, spontaneous blood
echogenicity and diameter. They noted that forty-three percent of their participants
reported complaints of venous insufficiency, namely lower leg pain, oedema, cramps,
paraesthesia. They also noted an increased diameter of the great saphenous veins,
with associated valve incompetence which continued after delivery. Their postulation
was that these pregnancy-related changes may produce permanent anatomic lesions.
They also commented on blood flow echogenicity and stasis relating to red cell
aggregation with rouleaux formation. They highlighted, however, that this should not

be mistaken for venous thrombosis as it appears to be a normal finding in pregnancy.

In comparison, Palmgren and Kirkinen! evaluated the physiological changes in the
venous circulation of the lower extremities during pregnancy to assemble normal
velocity values of the venous flow in this area. They examined the effects of the
Valsalva maneuver on the valvular system and vein wall distensibility. They found
typical decreases in blood flow velocities during pregnancy that normalised after
delivery. Sparey et al.** used colour flow duplex scanning to assess the consequences
of pregnhancy on women with established varicose veins. They assessed the changes
in reflux and venous diameter in women in all three trimesters and concluded that the
effects of pregnancy worsen pre-existing varicose veins. They noted a left sided
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predominance with a tendency for all lower limb veins to dilate, reaching a maximum
at term, as well as an increased reflux velocity with advancing gestation, reaching a

peak at 26 weeks.
1.4 Management

It is well established that pregnancy is associated with diminished blood flow in the
lower limbs, with increased risk of the development of VTE. The question that remains
controversial is whether to use prophylactic anticoagulants during pregnancy and the
puerperium to prevent the development of VTE and its severe consequences. This is
a challenging topic due to the potential for complications to both the fetus and mother.
The decision to start anticoagulation prophylaxis during pregnancy is based on
determining the risk to benefit ratio and finding a balance between the anticipated risk
of VTE, the reduction in risk if given prophylaxis, as well as the burden associated with

the use of anticoagulants*.

Risk factors to be considered include age greater than 35 years, increased body mass
index (BMI), grand multiparity, personal or family history of VTE, immobility for more
than one week, dehydration, hyperemesis, smoking, surgery, trauma, severe varicose
veins and medical conditions such as known thrombophilia, pre-eclampsia, congestive
cardiac failure, nephrotic syndrome, diabetes mellitus and severe infection*>>. A prior
history of thrombosis is the most important individual risk factor for pregnancy-

associated VTE, with a reported recurrence ranging from 2.4 to 6 percent?.

Bain et al.!® conducted a Cochrane systematic review of thromboprophylaxis in
pregnancy and the early postnatal period. They concluded, after examining 16
randomized trials involving 2592 women, that current information is insufficient to

make firm recommendations for prophylaxis and suggest a larger scale study to be
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performed. Furthermore, there is incomplete agreement between the international
guidelines made by the various associations, which is explained in more detail in

appendix A%,

South African guidelines for thromboprophylaxis in pregnant patients by Schapkaitz et
al.Y” suggest the use of an anticoagulant that does not cross the placenta and can be
easily reversed, preferably a low molecular weight heparin (LMWH). It should be
initiated early in the antepartum period with recommended fixed doses of either
dalteparin 5 000, nadroparin 2 850 units or enoxaparin 40 mg daily’. Schapkaitz et
al.Y’, also recommend weekly monitoring of platelets after initiation, as well as dose
adjustments to achieve a target anti-Xa level of 0.3 - 0.5 units/ml. Postpartum
thromboprophylaxis should be continued for varying durations depending on the level
of risk identified. All women prior to pregnancy should therefore undergo an
individualized risk evaluation for VTE, and again when pregnancy is confirmed, also
should new clinical situations arise during the pregnancy. Furthermore, should patients
present with symptoms of the development of VTE, Doppler studies may assist with

confirming the diagnosis and need for anticoagulation.*

Further research is necessary to establish normal parameters in lower limb venous
function and blood flow during pregnancy in order to assist with risk stratification and
identification of patients that may benefit from prophylactic anticoagulation.
Additionally, a comparison between patients with normal anatomy and those with
anticipated vascular dysfunction may assist with identifying patients at risk of

developing VTE disease in pregnancy.
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2. STUDY OBJECTIVES

The aim of the study is to describe and compare lower extremity venous Doppler flow
in normal pregnancies and women with pre-eclampsia in the third trimester. The

objectives are the following:

6. To describe the demographics and clinical characteristics of patients undergoing
doppler ultrasound of the lower extremities.

a. And further describe mode of delivery, gestational age at delivery as well as
describe short-term outcomes relating to birth APGAR scores and weight.

7. To compare spontaneous blood flow echogenicity of lower extremity veins in
normal pregnancies in the third trimester with that of pre-eclamptic women, by
using a grading system.

8. To compare venous doppler wave forms of lower extremity veins in normal
pregnancies in the third trimester with that of pre-eclamptic women, to assess
patency of the vessels.

9. To compare the compressibility of lower extremity vein walls in normal pregnancies
in the third trimester with that of pre-eclamptic women.

10.To compare diameters of lower extremity veins in normal pregnancies in the third

trimester with those of pre-eclamptic women.

3. METHODOLOGY

3.1 Study design and population

This study will be in the form of a prospective case control study and record review.
The stratified sampling technique will be used to select patients presenting to Rahima
Moosa Mother and Child Hospital. Patients will be approached at the convenience of

the researcher or her supervisors. A screening log (Appendix B) will be kept with the
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reason for exclusion. Patients will be recruited from the antenatal clinic and the
antenatal wards. If they are eligible, their information will be collected, and the sonar
findings will be recorded. They will be selected from the time of ethical clearance to
the point of obtaining a sample size of approximately 100 patients. This time period is
expected to be approximately three months. The sample size will incorporate two
groups with 50 individuals allocated to the group with pre-eclampsia and 50 to the
control group without preeclampsia.

Inclusion Criteria

1. Singleton pregnancy
2. Gestational age of between 27 and 41 completed weeks determined by either:
a. early ultrasound (<14 weeks)
b. last menstrual period with a history of regular menstrual cycles
3. No observed malformation of the fetus
1. Pre-eclamptic group — diagnosis as per ISSHP guidelines?s:
a. Hypertension as evidenced by blood pressure (BP) greater than or equal to
140 mmHg systolic or 90 mmHg diastolic, on two separate occasions more
than 4 hours apart; Or only one elevated BP of greater than or equal to 160
mmHg systolic or greater than or equal to 110 mmHg diastolic.
b. Diagnosis after 20 weeks gestation in a woman with previously normal BP.
c. In combination with one or more of the following new onset conditions:
i. Proteinuria — excretion of 300 mg or more protein on 24-hour urine
collection; or spot urine protein/creatinine ratio of greater than 0.3
g/dl; or 2+ proteins on a urine dipstick.

ii. Renal Insufficiency — serum creatinine = 90 umol/l.
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lii. Liver involvement — elevated transaminases at least twice the upper
limit of normal, severe right upper quadrant or epigastric pain.

iv. Neurological complications - eclampsia, altered mental status,
blindness, stroke, hyperreflexia when accompanied by clonus or
severe headaches, persistent visual scotomata.

v. Haematological complications - thrombocytopenia, disseminated
intravascular coagulopathy, haemolysis.

vi. Uteroplacental dysfunction - fetal growth restriction

Exclusion Criteria

1. Cigarette smoking history
2. Previous venous thromboembolism
3. History of the following pre-pregnancy medical conditions that are known to impact
vascular function:
a. Diabetes Mellitus
b. Hypertension
c. Auto-immune conditions
d. Cardiac disease

e. HIV positive

3.2 Data Collection

After counselling and signing informed consent (Appendix C), questionnaires
(Appendix D) will be completed by both groups, in the form of an interview which will
take approximately 15 minutes. The following information will be obtained from their
antenatal care (ANC) patient records: age, parity, height and weight at ANC booking,
previous deliveries and medical conditions. Patients will be given the opportunity to

decide whether they would like to participate in the study or decline participation.
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Positioning of the patient for the purposes of doppler examination of the lower
extremities will include tilting the patient in reverse Trendelenburg position to induce
venous distension and minimise compression of the inferior vena cava'®. The subject
will lay on her left side with the left lower limb straight, the right side will be elevated
obliquely by 20 degrees with the right lower limb supported by a soft pillow to keep the
knee flexed to 60 degrees, and the upper body will be elevated by 15 degrees'1°. The
purpose of this positioning is to ensure measurements will be made at the same level
as the right atrium of the heart.

Each patient will be examined once using a Philips EPIQ 5 Colour Doppler Ultrasound
System with a high frequency L12-3, 50 Hz linear array probe and 50 Hz Doppler with
the option of steering the colour box to an acceptable angle for optimal Doppler shift
recording. The ultrasound procedure will take approximately 30 minutes and will be
performed by the same trained and qualified ultrasonographer, who is the same
person to perform examinations on patients who are suspected of having a DVT.
Should a DVT be diagnosed during examination, the required steps will be taken to

ensure that the patient is appropriately treated and followed up.

The measurements of vein diameter, compressibility as well as waveform and
spontaneous blood flow echogenicity will be assessed after ten minutes rest on both
left and right lower limbs. Each leg will be scanned from the saphenofemoral junction
to the ankle at the following points, with minimal pressure applied to the skin to avoid
venous compression'#:

v. Common femoral vein (CFV), 10cm below saphenofemoral junction.

vi.  Superficial femoral vein (SFV), 5cm below the junction forming the CFV.

vii.  Popliteal vein (POP), at the level of the skin crease in the popliteal fossa.

viii. ~ Short saphenous vein (SSV), 5cm below its junction with the popliteal vein.
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Data will be transcribed onto an ultrasound data collection sheet (Appendix E).

1. Spontaneous blood flow echogenicity will be graded as follows?:

Grade O - Anechoic (absent)

Grade 1 - Barely visible echoes

Grade 2 - Clearly visible echoes whose intensity remains lower than that of
surrounding tissues

Grade 3 - Blood flow echogenicity equal to or greater than that of

surrounding tissues (Hyperechoic)

2. Abnormal waveforms infer a possible proximal venous occlusion. Waveforms will
be assessed using pulsed-wave Doppler, following augmentation by squeezing the
extremity distally'! and are categorised as follows:

a. Triphasic - forward flow in systole; reverse flow in late systole/early diastole;
forward flow in late diastole.

b. Biphasic - reverse flow in diastole; steady positive flow in the diastole, or
forward flow in systole.

c. Monophasic - single phase with slow flow (acceleration/deceleration).

d. Flat - Non-pulsatile, abnormal waveform.

3. Compressibility of veins will be assessed and graded as either compressible
(‘yes’), incompressible (‘No’) or partially compressible, to assess the formation of
thrombi in the veins®.

4. The diameters will be measured, in millimetres, at above sites?©.

3.3 Statistical analysis

Data collected will be uploaded onto the REDCap program. Statistical evaluation will

be carried out using the Statistica program with data analysed as follows:
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a. Numerical data — age, gestational age, BMI, diameter of vessel walls, birth APGAR
score and birth weight. Testing for normality will be done using Shapiro-Wilks test;
and will be expressed depending on distribution as follows:

I. Parametric - Mean +/-Standard deviation, using box and whisker plots.
ii. Non-Parametric - Median, interquartile range.

b. Categorical data — Mode of delivery, HIV status, grading of spontaneous blood flow
echogenicity, vein wall compressibility and waveforms will be expressed as
percentages and frequencies using tables, bar and pie charts.

Mann-Whitney U test, unpaired Student’s t-test and Chi-square test will be used to

compare the two groups using a p-value of < 0.05 as the level of significance.

3.4 Limitations

The sonographer will not be blinded to the condition of the patients as she will have
access to the files. She will therefore be aware of the group to which each person is
allocated. Furthermore, a larger sample size will generate a study with greater

statistical power.
4. ETHICAL CONSIDERATIONS

Ethical clearance will be requested from the University of the Witwatersrand’s Human
Research Ethics Committee. As this will be a prospective study, patients will need to
provide informed consent prior to participating in the study. They will be informed of
the procedure to be undertaken, and that it is not invasive nor harmful to themselves
or their baby. They will have the right to decline participation in the study or choose to

have their details removed from the study should they change their minds.

Patients’ identities and details will be kept strictly confidential by ensuring that

documentation refers to their initials and hospital numbers. For record keeping
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purposes, each participant will be allocated a study number which will be used to form

the main data set, and only be available to the researcher and supervisors.

Permission to conduct the study has been approved by the CEO at Rahima Moosa

Mother and Child Hospital. The study will be registered with the National Health

Research Database.

5. FUNDING

There are no costs that will be incurred by the hospital or university. All printing,

transport and administration costs will be borne by the researcher, as follows:

Item Description Units Unit cost Price
Printing/Binding 800 R0.50 R400
Each of the 100 participants would require a printout of at least four
sheets of paper for completion of informed consent, questionnaire
Consumables | and data collection sheet. Additionally, printing and multiple copies
of completed protocol and final report.
Stickers 100 R2.00 R200
Each participant will have a sticker placed on their file indicating their
participation in the study.
Maintenance 192 km R4.75/km R912
Approximately 10 trips to RMMCH at 19.2 km per trip, according to
Travelling AA maintenance rates per km
Fuel 192 km R15.92/litre R195
(Total Distance/100) x average fuel consumption (6.4 L) x cost of
fuel/L

TOTAL

R1707
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6. DURATION OF STUDY

2019

2020

JUN

JUL

SEP

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OoCT

Protocol
Submission

26/6

Protocol
Assessment

10/7

Ethics
Application

6/9

Data
Collection

Data
Analysis

Report
Write-up
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Appendix B: Screening log of patients

Will be done by supervisors when seeing patients in ANC clinic and fetal medicine

department

NO.

DATE

ELIGIBLE

CONSENT

EXCLUSION CRITERIA

O
Yes

O
No

o Yes | oNo | o Declined

Reason for declining

o Time

o Not interested

o Smoking o VTE o Diabetic
o Cardiac o Auto immune
o HIV positive o Hypertensive
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Appendix C:Informed consent form

STUDY INFORMATION SHEET

Research Title: Lower extremity venous doppler flow in normal pregnancies and
women with pre-eclampsia in the third trimester
(Prior to title adjustment)

Principal Investigator:  Dr RB Fortuin, Registrar in Obstetrics & Gynaecology
University of the Witwatersrand, Johannesburg
Cell: 082 883 1991 / email: rorifortuin@gmail.com
Supervisors: Prof H Lombaard, HOD Obstetrics & Gynaecology
Dr Amy Wise, Fetal Medicine Specialist
Rahima Moosa Mother and Child Hospital

We are asking / inviting you to take part in a research study. Research is a process
used in seeking new knowledge. In this study we want to learn about the veins in the
lower legs of pregnant women. This is important because it may assist us with
identifying patients who are at risk of developing clots, which is a very serious
condition.

1. What will the study entail?

You will be asked to complete a questionnaire to provide information about the
following: your age, previous pregnancies and deliveries, last menstrual period, height
and weight, as well as medical conditions. You will be placed in one of two groups,
depending on whether you have been diagnosed with pre-eclampsia in the pregnancy.

You will not be able to participate in the study if you have a history of smoking
cigarettes, have had a previous venous thromboembolism (clot in the veins), or have
any of the following medical conditions that may affect the quality of your veins:
e Diabetes Mellitus
Hypertension
Auto-immune conditions
Cardiac disease
HIV

2. What other things should you know about this research study?

This study involves performing an ultrasound on your legs in order to assess the veins.
Participation in this study will take approximately 30 minutes of your time, on only one
occasion. There are no anticipated risks or discomforts. There are no direct benefits
of participating. There is no cost involved. Should a clot in the leg be identified, it will
be managed accordingly.

Your participation in this study is completely voluntary. Should you decide to
discontinue participation you may do so without penalty.

Your privacy will be protected by ensuring that only the research team will know your
identity and that you are in the research study. The data may be used for future
research and publications however, you will remain anonymous.

Should you have any further questions, please feel free to contact the study’s principle
investigator, as mentioned above.
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INFORMED CONSENT

Research Title: Lower extremity venous doppler flow in normal pregnancies and
women with pre-eclampsia in the third trimester

(Prior to title adjustment)

I, the undersigned, confirm that (please tick box as appropriate):

1. |1 have read and understood the information about the project, which has T
been explained to me in detail as provided in the Information Sheet
2. | | have been given the opportunity to ask questions about the project and 0
my participation.
3. | I voluntarily agree to participate in the project. 0
4. | I understand | can withdraw at any time without giving reasons and that |
will not be penalised for withdrawing nor will | be questioned on why I have | [
withdrawn.
5. | The procedures regarding confidentiality have been clearly explained (e.g. 0
use of names, pseudonyms, anonymisation of data, etc.) to me.
6. | The use of the data in research, publications, sharing and archiving has 0
been explained to me.
7. |1, along with the Researcher, agree to sign and date this informed consent 0
form.
Participant:
Name of Participant Signature Date
Researcher:
Name of Researcher Signature Date
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Appendix D: Antenatal Questionnaire

LOWER EXTREMITY VENOUS DOPPLER FLOW IN NORMAL PREGNANCIES

AND WOMEN WITH PRE-ECLAMPSIA IN THE THIRD TRIMESTER

(Prior to title adjustment)

QUESTIONNAIRE

Pre-eclamptic: Yes/No
Name: Surname:
Date of birth: Hospital Number:

OBSTETRIC HISTORY

Para: Gravida: @ Gestational age:

YEAR | C/Svs NVD | ALIVE | GEST. AGE COMPLICATIONS

EDD: by Dates / EUS
LNMP: Sure / Unsure
MEDICAL HISTORY

Medical Conditions:

HIV status: Reactive / Non-reactive
Smoker: Yes / No / Quitter
Medication:

Weight (first recorded): Height:

BMI:

Mode of delivery: C-section / NVD

Date of delivery:

Gestational age at delivery:
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Appendix E: Ultrasound data collection sheet

LOWER EXTREMITY VENOUS DOPPLER FLOW IN NORMAL PREGNANCIES
AND WOMEN WITH PRE-ECLAMPSIA IN THE THIRD TRIMESTER

(Prior to title adjustment)

DOPPLER ULTRASOUND - LOWER EXTREMITIES

Pre-eclamptic: Yes / No

Name: Surname:

Hospital Number: Date:
Common Femoral Popliteal Small
Femoral Saphenous
L R L R L R L R

Blood Flow

(Patency)

Waveform

(Phasicity)

Compressible

(Thrombus)

Diameter

Key: Comments:

Blood Flow Echogenicity

Grade 0 | Anechoic (absent)

Grade 1 | Barely visible echoes

Grade 2 | Clearly visible echoes

Grade 3 | Hyperechoic

Waveform

Triphasic

Biphasic

Monophasic

Flat

T(Z|(wm|H

Compressibility

Yes

No

Partial
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Appendix F: Guidelines on choice of anticoagulant during pregnancy*

anticoagulant
during
pregnancy
(Level B)

treatment of VTE
during pregnancy (lI-
2A)

LMWH is the
preferred
pharmacologic agent
over UFH for
antepartum
thromboprophylaxis

(IlI-A)

LMWH is the
preferred
pharmacologic agent
over UFH for
postpartum
thromboprophylaxis

(lIA)

VTE during
pregnancy (B)
LMWHs are the
agents of choice for
antenatal and
postnatal
thromboprophylaxis
(A)

Because of their
adverse effects on
the fetus, vitamin K
antagonists should
not be used for
antenatal VTE

treatment (C)

Women receiving

long-term vitamin K

treated with
vitamin K
antagonists,
such as
warfarin
(Consensus

Level 1)

American Society of Royal College of Australia/ American College
College of Obstetricians and Obstetricians and of Chest
New Zealand
Obstetricians Gynaecologists of Gynaecologists Physicians
and Canada (RCOG) (ACCP)
Gynecologists (SOGC)
(ACOG)
LMWH is the LMWH is the Women with For pregnant
Heparin
compounds preferred preferred VTE in patients,
are the pharmacologic agent | anticoagulant for pregnancy recommend
preferred
over UFH for treatment of acute should not be LMWH for

prevention and
treatment of VTE,
instead of UFH
(Grade 1B)

For pregnant
women,
recommend
avoiding the use of
oral direct
thrombin and
factor Xa inhibitors
(Grade 1C)

For women
requiring long-term
vitamin K
antagonists who
are attempting

pregnancy and are
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Vitamin K
antagonists should
only be considered
for treatment of VTE
in exceptional
circumstances (II-2A)
Recommend against
the use of oral Xa
inhibitors and oral
direct thrombin

inhibitors (l11-D)

antagonist therapy
should be counselled
about the risks of
vitamin K antagonists
to the fetus and
advised to stop these
medications and
change to LMWH as
soon as pregnancy is
confirmed (ideally
within 2 weeks of the
missed period and
before the 6th week
of pregnancy) (no
grade)

Oral thrombin and Xa
inhibitors should be
avoided in pregnant

women (no grade)

candidates for
LMWH
substitution,
suggest
performing
frequent
pregnancy tests
and substituting
LMWH for vitamin
K antagonists
when pregnancy is
achieved rather
than switching to
LMWH while
attempting
pregnancy (Grade

2C)
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Appendix G: Ethical Clearance Certificate

UNIVERSITY OF THE (&)
WITWATERSRAND, \&7
JOHANNESBURG

R14/49 Dr Rori Fortuin
HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)

CLEARANCE CERTIFICATE NO. M190964

NAME: Dr Rori Fortuin
(Principal Investigator)
DEPARTMENT: School of Clinical Medicine
Obstetrics and Gynaecology
Rahima Moosa Mother and Child Hospital
PROJECT TITLE: Lower extremity venous doppler flow in pregnancies with
and without pre-eclampsia in the third trimester
DATE CON D: 27/09/2019
DECISION: Approved unconditionally
CONDITIONS: Title change
SUPERVISOR: Prof H. Lom and Dr A, Wise
:/,
APPROVED BY: / /6?”:2'/
Dr CB Penny, Chairperson, HREC (Medical)

DATE OF APPROVAL: 14/01/2020 (Initial approval); 10/06/2021 (Title change)

This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Research Office Secretary on the Third
Floor, Faculty of Health Sciences, Phillip Tobias Building, 29 Princess of Wales Terrace, Parktown, 2193,
University of the Witwatersrand. I/we fully understand the conditions under which | am/we are authorized
to carry out the above-mentioned research and l/we undertake to ensure compliance with these
conditions.Should any departure be contemplated, from the research protocol as approved, Uwe
undertake to resubmit the application to the Committee. | agree to submit a year!

The date for annual re-certification will be one year after the date of convened meeting where the study
was initially reviewed. In this case, the study was initially reviewed in September and will therefore be due
in the month of September each year. Unreported changes to the application may invalidate the

clearance gi e HREC (Medical).
ﬁ 11/06/2021
Principal Investigator Signature Date

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES
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Appendix H: Plagiarism Declaration
UNIVERSITY OF THE \Si‘ FACULTY OF
WITWATERSRAND, ¥ =) HEALTH SCIENCES
JOHANNESBURG |

PLAGIARISM DECLARATION TO BE SIGNED BY ALL HIGHER DEGREE STUDENTS

SEMATE PLAGIARISM POLICY: APPENDIX ONE

| Rori Fortuin (Student number: 550531 ) am a student
registered for the degree of Master of Medicine in the academic year 2022 ;
| hereby declare the following:

- | am aware that plagiarism (the use of someone else’s work without their permission and/or
without acknowledging the original source) is wrong.

- | confirm that the work submitted for assessment for the above degree is my own unaided work
except where | have explicitly indicated otherwise.

- | have followed the required conventions in referencing the thoughts and ideas of others.

- lunderstand that the University of the Witwatersrand may take disciplinary action against me if
there is a belief that this is not my own unaided work or that | have failed to acknowledge the
source of the ideas or words in my writing.

- | have included as an appendix a report from “Turnitin® {or other approved plagiarism detection)
software indicating the kevel of plagiarism in my research document.

14 June 2022

Signature: } Date:
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Appendix I: Turnitin Plagiarism Report

MMed Article Only-2.docx

ORIGINALITY REFPORT

13 100 106 2«

SIMILARITY INDEX IMTERMET S0URCES PUBLICATIOMS STUDENT PAPERS

PRIMARY SOURCES

jeanfrederic.brun.free.fr

niernat Source
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Publication
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"PanVascular Medicine", Springer Science and ‘ "
Business Media LLC, 2015
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Appendix J: Author information pack

Pregnancy Hypertension: An International Journal of Women's Cardiovascular
Health

http://lwww.elsevier.com/wps/find/journaldescription.cws_home/725004?generatepdf
=true
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= A competing intérests statement is provided, even if the authors have no competing interests to
dedara

= lournal policies detailéed in this quide have besn reviemed

= Referes suggestions and contact details provided, based on joumnal requirements

Far further infarrmation, visit our Support Centar.

BEFORE YOU BEGIN

Ethics in pulbdishing
Please see gur information pages on Ethics in publishing and Ethical guidelines for journal publication.

Studies in humans and amnimals

If the work involves the use of human subjects, the author should ensure that the work described
has been camied out in sccordance with The Code of Ethics of the World Medical fssocation
{Declaration of Helsinki) for experirments involving humans. The manuscript should be in line with the
Recommendations for the Condect, Reparting, Editing and Publication of Scholady Work in Medical
Journals and aim for the inclusion of represantative hurman populations (Sex, age and ethnicity) as
per those recommeéndations. The temms sex and gender should be used carmectly.

Authors should include a staternent in the manuscript that informed consent was obtained for
experirnentation with hurnan subjects. The privacy rights of hurmnan subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the UK. Animals [Scentific Procedures) Act, 1986 and sstociated guidelines, EL
Directive 2000/637EU for animal experiments, or the Mational Institubes of Health guidé far the cans
and use of Laboratory animals (NIH Publications Mo, B023, revised 1978) and the authors should
cléarly indicate in the manuscript that fuch guideines have been followed. The s&x of anirmals st
be indicated, and where appropriate, the influence [or essaciation) of =ex an the results of the study.

Declaralion of interast

All authors must disclese any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential cormpeting interests
include employment, consultancies, stock ownership, honoraria, paid expert testimany, patent
applications/registrations, and grants or other funding. Authers must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anony mized) or
the manuscripk file (if single anonymized). If thére are no interests to declare then please skate this:
'‘Deaclarations of interest: none’. This Summary statement will be ultimately published if the article i<
Ettqﬂﬂ. 2. Detailad disclosures as p-ﬂ't af & SEparaka Dedaration of Interéest form, which forms part
of the journal's official records. It & impartant for potential interests to be declared in bath places
ard that the inforrmation matches. Mare infarrmatian.
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Submission declaration and werification

Subrmigsion of an article impliet that the work déescribed hag not bean published préviously (except in
the farm of an abstract, & published lecture or scademic thesis, sée "Multiple, redundant or cancuerrent
publication’ for more information), that it is not under congideration for publication elsewhere, that
its publication & approved by all authors and tacitly or explicitly by the responsible autharities whars
the work was carried out, and that, if accepted, it will not be published elsewhers in the <ame form, n
English or in amy other language, including electranically without the written consent of the copyright-
halder. To verify originality, your article may be chedked by the ariginality detection Service Crossref
Samilanty Check.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes egual opportunities. Content should make ne assumptions about the beliefe or
commitments of any reader; contain nothing which might imply that one individual i$ Superor to
another on the grounds of age, gender, race, ethnicity, culbure, Sexual orientation, disability ar health
candition; and use inclusive language throughout. Authors should ersuwre that writing is free from bias,
stEractypes, !ﬂﬁ"lg, refergrce bo damanant culture andfar cultural E!turn[.'ltil‘.'ll‘!l:. We advige b sesk
gender neutrality by using plural nouns (“dinicians, patients/dients™) as default/wherever passible
ko avaid u!ing “he, she” or "keishe.” We recormmeand H'I'I'.'IHI'H; the use of dE!-tI'ipI:L'II'! that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
canditicn unless |:|'|E':|I are relevant and valid. Thase guilﬂHinH- are m£ant as a |'.'|lltl|1: of reference to
help identify appropriate language but are by no means exhaustive ar definitive.

Contrbutors

Subrmission of multi-authoresd manuscripts ba this joumal requires the congent of sach author and
all have to Sign the covering letter All authors of, and all contributors (including medical writérs and
editors] must specify their individual contributions at the end of the text. The following format i<
suggested: 'l declare that [ participated in the (here list contributions made to the study) and that
I have ssen and approved the final vergion. [ have the following conflicks of interest’ (list here all
relevant conflicts and source of funding). This shauld be listed in the "Comments’ field in Editorial
Manarper.

Changes o authorship

Authors are expacted to consider carefully the list and ardéer of authors before submitting their
manuscript and provide the definitive st of suthors at the time of the original submitsian. Any
asddition, deletion or rEarrAangeEmeEnt aof author mnames in the ﬁl.ﬂi:lr!-l'lir.'l list should be made anly
before the manuscript has been sooepted and anly if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (&) the reason
for the change in author list and (b) written confirmation (e-rmail, letter) from all authors that they
Sgres with the sdditiaon, removal ar rEamangerment. In the case of addition or remasal of authors,
thig includes confirmation from the suthor being added or remaved.

l'_-I'I"||'p' iifi EH.I:I!Flitl'H!l circumstances will the Editor congider the addition, deletion ar rEarrangement af
authors after the manusoript has been accepted. While the Editor contiders the reguest, publication
af the manuscript will be suspended. If the manuscript ha< already been published in an online issue,
any requests approved by the Editor will result in & corrigendurm.

Copyrig it

Upoan acceptance of an article, authors will be asked to complete 8 Journal Publishing Agresment’ (see
rmone information on this). An e-mail will be Sent o the correspanding authar confirrming receipt of
the rmanuscript together with a "Journal Publishing Agreerment’ farm or a link to the enline version
of this agreament.

Subscribers rmay reproduce tables of contents ar prepare lists of articles including abstracts far intermal
cinculation within their irstitutions. Permission of the Publisher is reguired for resale ar distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are incuded, the author{s) must obtain written permission
fram the copyright owners and oredit the sownceds] in the article. Elevier has preprinkted farrms for
use by authors in thete cames.

For gold open access articles: Upon acceptance of an article, suthors will be asked to complete an
'Exclugive License Agreement’ [mane information). Perrmitted third party reuse of gald apen scoess
articles is determined by the author's choice of user license.
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Avthor right=
fg & suthar yau [or your employer or irdtitution) have certsin rights B réute yvour wark. More
infarmatian.

Elsevier supports responsible sharing

Firsd aut how you can share your research publighed in Elsevier joumals.

Raole af the funding Source

You are requested to identify who provided financial support for the conduct of the research and/for
preparation of the article and to briefly describe the role of the sporsar(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding Source(s) had no such involvement then this should
be stated.

Open aocess
Flease visit owr Open Access page for mare infarmation.

Language (usage and editing sarvices)

Ple=ase write your text in good English (American or British usage i€ accepted, but not & mixture of
these). Authors who feel their English language manuscript may require editing to eliminate passible
gramrmatical or spelling errors and to confarm to comect scientific English may wish to use the English
Language Editing Service available from Bléevier's Author Sérvices.

Imformed consant and paltient details

Studies on patients or valurbesrs require ethics committes approval and informeéd consent, which
should be docurnented in the paper. Appropriate consents, permissions and releases rmust be obtained
where an author withes to include case details or other personal information or images of patients
and any othér individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if spedfically requested by the journal in
exceptional circumstances (for example if & legal issue arises) the suthor must provide copies of the
consents or evidenos that such corgents have bean obtained. Far more infarrnation, please review the
Elsavier Policy on the Use af Images or Personal Infarmation of Patients or otfiér Individuals. Unlest
you have written permistion from the patient {or, where applicable, the next of kin), the persanal
details of any patient included in any part of the article and in any Supplementary materials (including
all illustrations and wideas) must be removed before submission.

Subrmissiomn

Submission to this journal proceeds tatally online. Use the fallowing guidelines to préepare your article.
Via the homepage of this joumal, https: fwww editorialmansger.comyfpreghy/, you will be guided
stepwise through the creation and uploading of the various files. The system automatically converts
source files to & single PDF file of the article, which is used in the pesr-réeview process. Please note
that even though manuscript sownce files aré conwerted to PDF files at submission for the review
process, these source files are nesded for further processing after acceptance. All comespandence,
including notification of the Editors” decision and requests for revision, takes place by e-mail remaving
the need for a paper trail.

Relerees

To expedite the réview process Authors are réequired to provide the editonal office with the names
and amail addresces of L1 e 5 pl'.'ll:H'H:iM Refereas that are able to mp&tﬂrﬂﬁr review the article
submitted for postible publication. The Referses are not to be sssociated with or involved with the
article in any way or be from the same institution as the Author{s) imolved with the article.

PREPARATION

Paar rairiaw

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editar for suitability for the journal. Papers deemed suitable are then typically ent to &8 minimum of
twa independent expert reviewers to assess the scientific quality of the paper. The Editor is respansible
for the final decigion regarding Acceptance or rejection of articles. The Editor's decigion is final. BEditors
are nat irmlved in decigions about papers which they have written thermeelves or have been written
by family members ar colleagues or which relate to products or services in which the editor has an
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interest. Any such submission is subject to all of the journal's usual procedures, with peer review

handled independently of the relevant editor and their research groups. More information on types
af peer revies,

Use of word processing soffware

It = important that the file be saved in the native forrmat of the word processor used. The bext
should be in single-calumn farrnat. Keep the layout of the text 85 simple a5 postible. Most formatting
codes will be removed and réeplaced on processing the article. In particular, do not use the wond
processarc's aptions to justify text or to hyphenate words. Howewver, do use bald face, italics, subscripts,
superscripts ete. When preparing tables, if you are using & table grid, use only one grid for each
individual table and not a grid for each row. If no grid i used, use tabs, not spaces, to align colurmns.
The electronic text should be prepared in 4 way very similar to that of corventional manuscripts [see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be reguired whether or nat you embed your figures in the text. See also the section on Electronic
artwark.

To avoid unnecessary &rrors you are strongly advised to use the ‘spell-check' and “grammar-check”
functions of your word processar

LaTex

You mre recammended to use the Elsevier artiche dlass alsarticle. cls to prapane your manuscript and
BibTeX to generate your bibliography.

Our LaTeX site has detailed submiggion instructions, templates and other informatian.

drticle structure

Imtreduction

The Introduction should describe the question addressed by the repart, the relevant background and
rawst state the objective of the resaarch. The literature review should be relevant but not detailed.
Matarialis and melbods

The Methods section should describe the reseanch methodology in sufficient detail that others could
reasonably be axpected to be able to duplicate the wark. However, if the methodolagy has besn
previously published, the appropriate reference shauld be cited, and a full description is not required.
The saquences of oligonudectides, if not previously published, should be provided. Mowvel DRA or
protein seguences should be depasited in an appropriate database (eg, Genbank, EMBL, SWIS5-
FROT), with the accession numbers induded in the manuscript ($ae below). Provide suppliers® names
for all antibodies used. Methods of statistical analysis should be identified and, when appropriate, the
basis for their selection stated. Statistical software programs used should be cited in the bexk. P values
should Be EH[.'II'E!!-Eﬂ to o more than three decsimal pIHH FI.E':I-I!H'H in which statistical difference
i |Htk.il'l§| must |:II'I'.'I'I.IiIﬂE same indication of the !l:uﬂ'hl'!- pewir to detect such differences, and this
information rmust be included in the abstrack.

Raserits
The Results section should present the findings in appropriate detail. Tables and figures may be used,
but duplication bétwesn text and tablés or figures i€ to be awvoided.

M .
The Discussion section should be u=ed to oritically appraise the implications of the findings and to
compare them with those of other studiet. Repetition of the edults saction should be awaided.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alorne or farrm & fubsaction of &8 DEcution or Fegults and Discussion Ssection.

Essential title page information

= Tithe. Concise and mformative. Titles are often oesed m mformation-retrsyal Systarms. e
abbreviations and formulse where possible.

+ Auvthor names and affiliations. Please dearly indicate the given name(s) and farmily name(s)
of each suthor and check that all nameas ans II:I:I.II'ﬂl:H}I !lpE"Ed. You can add your narme babwesn
parenthéseds in your own 2oript behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was dane) below the names. Indicate all affiliatiors with a lower-
case superscript letter immediately after the authar's name and in front of the appropriate address,
Provide the full postal address of each affiliation, incdluding the country narme and, if available, the
e-rridil sddress of aach author.
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» Corresponding author. Clearly indicate wha will handle cormespondence at all stages of referesing
and publication, al$o post-publication. This responsibility includes answering any future queries about
Hethodolagy and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the articke was
dane, or was vigiting at the time, & 'Prefent address’ (or "Permanent addrets”) may be indicated &
a footnate to that author's name. The address at which the suthor actually did the work must be
retained as the main, affilistion address. Superseript Arabic numerals are used for such foatnotes,

Highlighit=s

Highlights are mandatory for this joumal a< they help increase the discoverability of youwr article via
search engines. They consit of & thort collection of bullet points that capture the nowel results of
your ressarch as well as new methods that were used during the study (if any). Please have a kook
at the examples here: example Highlights.

Highlights should be submitted in & separate editable file in the onfine submission Systern. Please
use ‘Highlights' in the file name and include 3 to 5 bullet peints [maximurn 85 characters, including
spaces, per bullet paint).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately fram
the article, 4 it must be able to stand alone. For this regson, References should be avaided, but if
essential, then cite the author(s) and year(s). Also, non-standard ar uncommeon abbreviations should
be avaided, but if edsential they must be defined at their first mention in the abdtract iksalf.

Graphical abstract

Although & graphical abstract is optional, its use is encouraged as it draws more attention ta the online
article. The graphical abstract should fummarize the conbents of the article in & cancise, pictorial farm
designed to capture the attention of a8 wide readership. Graphical abstracts should be submitted as a
separate file in the anling Subrmiion systerm. Image Size: Meate provide an image with & ramdmum
af 331 = 1328 pixels (h x w) or proportionally mare. The image should be readable at & size of 5 =
13 ern using & regular Soreen resolution of 96 dpi. Preferred file bypes: TIFF, EPS, POF or MS Office
files. Yau cén view Exarmple Graphical Abstracts an gur information Sike.

futhars can make e of Elsevier's Dlustration Services b énsure the best presentation of their images
and in accordance with all technical requirements.

Keywords

Immediately after the abstract, provide & maximum of 6 keywords, using Armerican spelling and
avoiding general and plural terrms and multiple concepts (avoid, for exarmple, "and’, "of"). Be sparing
with abbreviations: only abbreviations firmly established in the feld may be eligible. These keywonrds
will be used for indexing purposes.

Abfreviations

Define abbreviations that are not standard in this field in & footnote to be placed on the first page
of the article. Such abbreviations that are uvnavaidable in the abstract must be defined at their first
mentiaon there, &% weall a5 n the footnote. Ensura I':I'.'Il'ltitl:H'I-q.I of ablreyviations tl‘l‘tl.l-gl'ltl.lt the mrticle.

Acknowiedgemants

Caollake u-tknnrdadgEmEnI:: ina !-Eplrll:! section ab the end of the articde befare the eferances and do
nat, therefore, include them on the bithe pageE, &5 & faatmate ta the title or obherwise, List here those
individuals wha provided help during the research (e.g., providing language help, writing sssistance
or proof reading the article, ete.).

Farmatting of funding souwrces
Ligt funding souwrces in this Standard way to facilitate complianc:s b funder’s reduinements:

Funding: This work was supparted by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaal.

It is not necessary to incude detailed descriptions on the program or type of grants and awards. When

funding i= from a block grant or other resources available to a university, college, or other ressarch
institution, subrmit the name of the institut® or organization that provided the funding.
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If nio Funding has besn provided for the ressarch, please include the fallawing sentence:

This research did not receive any specific grant fram funding agencies in the public, cormmercial, or
nat-for-profit sectors.

MNMomenclature and wrmits

Authors should adhere to the intermationally accepted convention for the naming of proteins and
genes. For the humen, gene symbols should be italicised, with all letters in uppercase (e.qg., EGF
for epidermal growth factor). Protein designations are the sarme as the gene symbol, but are
not italicised; all letters are in uppercase [EGF). mRNAsS and cDMNAs use the sarme farmatting
conventions as the gene symbol. The same principles apply for the mouse, except that only
the first letter should be in uppercase (Egf and Egf). For full details and other species refer to

hitp: ffen wikipedia.org/wiki/Gene_nomenclature.

Fallaw internationally Ettqﬂﬂ rules and conventions: use the international SySberm of units {Sl}l
If other quantities are mentioned, give their squivalent in S1. You are uwrged to consult TUPAC:
Momendature of Organic Chemistry: http:ffwaw.iupac.org) for further infonmation.

Faotnolas

Faatnotes should be used sparingly. Number them consecutively thraughout the article. Many wond
pProcERsars can build foctnobes into the text, and this feature may be used, Otharwise, p‘EHI‘.‘- indicate
the pl‘:ﬂiﬂﬂ af fsotnotes in the test and It the footnotes themselwas t-q:hll'ﬂl:tl'y at the end af the
article. Da mak include fostnotes in the Referenos list.

A rtwntirk

Efectronic artwork

Gansral points

= Make Sure you use uniform lettening and sizing of your original artwark.

* Embed the used fonts if the application provides that aption.

= fAim to use the Following fomts in your illustrations: Aral, Courier, Times New Roman, Symbaol, or
use fonts that ook similar

= Mumber the illustrations according to their sequence in the text.

= Uge & logical naming convention for your artwark files.

» Provide captions to illustrations separately.

= Size the illustrations cdose to the desired dimengions of the published wersion.

= Subirmit esch illustration &5 & s&parate file.

* Ensure that color images are accessible to all, induding those with impaired color vision.

& detailed quide an electranic artwork. i€ available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Farmats

If your electronic artwork is created in & Microsoft Office application {(Waord, PowerPaint, Excel) then
please supply "as is' in the native docurnent format.

Regardless of the application ufed other than Microgoft Office, when your eléctronic arbwork i€
finalized, please "Save 45" or convert the images to ane of the following formats (note the resalution
requirements far line drawings, halftones, and line/halftone combinations given belaow):

EPS (or PDF): Vector drawings, embed all used fonks.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to 8 minimum of 300 dpi.

TIFF {or JPEG): Bitmapped { pure black & white pixels) line drawings, keep to & minimuwm of 1000 dpi.
TIFF {or JPEG): Combinations bitmapped line/half-toneé (color or grayscale), kesp to & minirmuwm of
S00 dpi.

Please do not:

= Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have &
low number of picels and limited s&t of calors;

= Supply files that are too low in resalution;

+ Submit graphics that are dispropartionately large for the content.

Calar artwoark

Please rmake sure that artwork files are in an acceptable formet (TIFF (or JPEG), EPS (or PDF), or
M5 Office files) and with the corrsct regolution. IF, togethér with your accepbed article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
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in colar anling (&.g., ScienceDirect and other Sités) regardlecs of whether or not these illustraticng
are reproduced in color in the printed version. For coler repreduction in print; you will receive
infermation regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your préfersnce for color: in print ar anline aaly. Further information an the preparation af
electronic artwork.

Figuire capbions
Ensure that sach illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep

ket in the illustrations themsalves to & minimoerm but explain all Syrmbols and abbreviations wed.

Tables

Flease submit tables as editable text and nob &< images. Tables can be placed either next ta the
relevant bext in the article, or on separate page{s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table nates below the table body. Be
sparing in the use of tables and ersure that the data presented in them do not duplicate results
desoribed elewhers in the article. Mease avoid using wertical rules and shading in table cells.

Refarences

futhors are responsible for the accuracy of references. The “Vanoouver' style i used. References
appearing for the first time in & table or figure should be cited in the bext where the table or figure is
rientioned. Refarsnces cited must have been published in pear-reviewed publications.

Citation in bext

Please ensure that every reference cited in the text s also present in the reference list (and vice
wersa)). Any references cited in the abstract must be given in full. Unpublished results and personal
communnications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either "Unpublished results’ or
'Personal communication’. Cikation of a8 reference as ‘in press’ implies that the item has been accepted
for publication.

Web raferances

Ax & minimum, the full URL should be given and the date when the reference was last accessed. Any
further infarmatian, if known (D01, author names, dates, refErence b 8 Sounce publication, sbe.],

should alsa be given. Web references can be lisbed separately (e.g., after the reference list) under a
different heading if désired, or can be included in the refensnce list.

Datd refersnces

This journal encourages you to cite underying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should incude the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference 5o we can praperly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Reference management soffwars

Most Elsevier journals have their reference template available in many of the mast popular reference
management software products. These include all products that support Citation Style Language
shyles, such 88 Mendeley. Using citation plug-ing fram these products, authars only need b Select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be autornatically formatted in the journal's style. If no template i yet available for this joumal,
please follow the format of the samplé references and citations &£ shown in this Guide. IF you wse
refEnence rmanagerment softwans, plesse ansune that pou remove all feld codes befare Subrmitting
the electronic manuscript. More information an how to remave field codes from different reference
management software.

Users of Mendeley Detkiop can &asily ingtall the reférsnce style for thit journal by dicking the following

lirik: 2

kittp: fopen. rmendeley comfuse-citation-sty le/pragnancy-hypertengian -an-inbemational-joumal-af-wamens-o
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-

ins far Micrasoft Word or LibreOffce.

Reference shyle
Text: Indicabe references by number(s) in Sguare brackets in line with the text. The actual authors
can be referred ko, but the reference number{£) must always be given.

AUTHOR INFORMATION PACK 5 Feb 2021 www elsevier comflocate/preghy 10



Exarnple: " .. &% demanstrated [3,6]. Barnaby and Jones [8) obtained & different ragult

Liet: Number the referances [numbers in Square bracket<) in the list in the order in which they appear
in the et

Examplas:

Reference o 4 journal publication:

[1] ). van der Gaer, 1A Hanraads, RLA. Luptan, The art of writing & scentific article, 1. Sci. Commun.
163 (2010) 51-59. https:f/doi.org/10.1016/§.5c.2010.00372.

Reference to a journal publication with an article number:

[2] 1. wan der Geer, 1.A.). Hanraads, R_A. Luptan, 2018. The art of writing a scientific article. Heliyan.
19, «00205. https://doi.org/10. 1016/ -haliyon.2018.«00205.

Reference o a boak:

[3] W. Strunk Ir, E.B. White, The Elements of Style, fouwrth ed., Longrman, New Yark, 2000.
Reference o & chapter in an edited book:

[4] G.R. Mettam, L.B. Adarns, How to prepare an electronic version of your article, in: B.S. Jones, R.2Z.
Smith (Eds.), Introduction to the Electranic Age, E-Publishing Inc., New Yark, 2009, pp. 281-304.
Feferance o a webdibe:

[5] Cancer Research UK, Cancer statistics reports for the UK. http://www cancerresearchuk.orgf
aboutcancer/statistics/cancerstaterepart/, 2003 (accessed 13 March 2003).

Feference o a dataset:

[datazet] [6] M. Ogura, S Imahira, 5. Saito, T. Nakeshiruks, Martality data for Japanese gak wilt
disease and surrounding forest compasitions, Mendeley Data, v1, 2015, https:/fdoi.org/10.17632f
xwjSBnbiari.

Jowrnal abbraviations soume
lournal nermes should be abbreviated accarding to the List af Title Word Abbréviations.

¥ideo

Elsavier accepit video rmateral and anirmation sequences bto support and enhénce youwr scientific
research. Authars who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way &5 & figure or table by referring to the video or animation content and noting in the body
kext where it should be placed. All submitted files should be properly labeled o that they directly
relate ko the video file's content. In ardér to enfure that pour video or anirmation material is dirscthy
usable, please provide the file in one of our recommended file formats with & preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published anline in
the alsdtronic wergion of your article in Elsévier Web products, induding ScienceDirect. Pleise supphy
"shlls” with your files: ypou can dhoase any frame from the video or animation or make & separate
image. These will be used instead of standard icons and will persenalize the link to your video data. For
rmore detailed instructions please visit our video instruction pages, Note: since video and animation
cannmot be ambedded in the print version of the journal, please provide text for both the alectronic
and the print wersion for the partions of the article that refer to this conbent.

Data visualization

Include interactive data visualizations in your publication and et your readers inkeract and engage
riore clasely with your rétearch. Follow the ingtructiong here ta find out about evaeilable data
wisualization options and haw to include them with your article.

Supplermentary material

Supplementary material such a< applications, images and sound dips, can be published with your
article to enhance it. Submitted Suppleamentary itkms are published exactly &< they are received [ Excel
or PowerPoint files will appesr as such online). Mease submit pour material together with the article
and supply a concise, descriptive caption for sach supplementary file. IF you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
DG mat annatate any corrections an a pl'!‘:'frtl.l:t wersion. Please switch off the "Track f_'hhr'lgH' |:||:||:i-tl'l
in Microgaft Office files as these will appear in the published version.

Resgarch data

This jowrnal encourages and enables you to share data thet supports your research publication
where appropriate, and enables you to intedink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, madels,
algorithms, protocals, methods and other useful materials related to the project.
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Balow are & number of ways in which pou can associabe data with pour article or make & skatement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References” section for mare inforrmation about data citation. For more information on depasiting,
sharing and using research data and other relevant research materials, vigit the ressarch data page.
Dhata nking

If you have rmsde your reseanch data available in 8 data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repesitories to link articles on Scencelirect with
relevant repositories, giving readers access to underdying data that gives them a better understanding
af the research describesd.

There are different ways to link pour datasets to your article. When available, you can directly link
your dataset to your article by praviding the relevant information in the submission systern. Far more
information, wisit the database linking page.

Far supported data repogitonies & repodibory Banner will sutomatically appear next b your publishéd
article an ScienceDirect.

In addition, you can link to relevant data or entities through idertifiers within the text of your
Fhenuscript, using the following farmat: Database: xxx (£.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 13FN).

Mendeley Dats
This journal supports Mendeley Data, enabling you to depasit amy research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repasitary. During the submission process, after uploading
your manuscript, you will have the apportunity to upload your relevant datasets directly to Mendeley
Dhats, The datasets will be listed and directly socessible to repders next b yaur publighed article anling.

Far mare information, visit the Mendeley Data for joumals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be & requirement of yaur funding body or institution. IF your data is unavailable to access
or unsuitable ko post, you will have the oppartunity to indicate why during the subrmission process,
for exarmple by stating that the research data is confidential. The statement will appear with your
published article an ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Online prool correctian

To ensuwre & fast publication process of the article, we kindly ask authars to provide us with their proof
carractiong within two ﬂﬂ'rt- Cleil‘.'-!l-ptl'bdlrI; Authors will recenve an &-mail with 8 link B8 our anling
proofing system, allawing annotation and carrection of proofs anline. The environment is sirmilar to
MS Wiard: in addition to editing text, you can alsa comment on figures/tables and answer questions
fram the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential intraduction of errars.

If preferred, you can still choose to annotate and upload your edits on the PDF wersion. All irstructions
fior |'.'||'|'.'|I:Iﬁr'||;| will be -gh-min the a-mail we send bo authors, il'ltluﬁng alkemative mathods to the anline
wersion and POF

We will do everything passible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completensss and carmectness of the text, tables and
figures, Significant changes to the article &t accepted for publication will only be congidéerad &t this
stage with p-Eﬂ‘l‘litti-tl‘l frovm the Editor IE i ir'l‘pl'.'lrl'.ﬂnl: o ensure that all corrections are fent back
kO us in one communication. Please check carefully before replying, as inclusion of any subsequent
carrections cannot be gquaranteed. Proafreading is salely your responsibility.

Oiffprints
The corresponding authar will, at no cost, receive & customized Share Link providing 50 days free
access to the final published wersion of the article on ScienceDirect. The Share Link can be used for

sharing the article wia any communication chanmel, induding email and focial media. Far an extra
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charge, paper offprints can be ordered via the offprint ordesr fomn which B Sent once the aticle &
&coeptad Tor publicatisn. Both cormesponding and co-authors may order offprinks at any tme via
Ekaviers Author Services. Commesponding auvthors whio hiave pubdshed their artkce gold open acomss
do mof recelse a3 Sharme Unk 2 thair Final pubished sersion of the ariicle 1= avalabde open &0t on
ScencelMrect and can be shared thiowgh the article DO Enk.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to fnd the answers you need. Here you will find everything from
Frequently Askoed Quéstions to ways to get in touch.

You can alse check the stabus of your submitted articke or find out when your accepted artiche will
b publizhad.
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Appendix K: Highlights

e Pregnancy is associated with increased incidence of venous thromboembolism

e There is a 5-fold greater risk of venous thromboembolism in pre-eclamptics

e The blood vessel lumen is usually free of internal echoes during ultrasonography
e Red cell aggregation and low blood velocity is a marker of thromboembolic risk

e Spontaneous blood flow echogenicity grade increases as the pregnancy

progresses
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