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Introduction

Fibromuscular dysplasia (FMD) is an idiopathic, non-inflammatory and non-
atherosclerotic disease of small and medium-sized arteries. It occurs predominantly in female
and is most often diagnosed in reproductive age. Despite significant progress in understanding
the clinical characteristics, improvement in diagnostic methods and treatment of fibromuscular
dysplasia, the pathophysiology of FMD development, the fact that this disease occurs more
often in women, as well as differences in the clinical course between women and men have not
yet been established. Moreover, knowledge about the occurrence of FMD in some areas of the
vascular system - including those supplying the reproductive organs is very limited. This was
the basis for conducting a study — the subject of a doctoral dissertation, in which a systematic
assessment of the gynecological and obstetric history, hormonal profile and the presence of
dysplastic changes in the arterial system of the reproductive organ in women with FMD was

performed.

Hypotheses

1. It can be assumed that the gynecological and obstetric history in women with
fibromuscular dysplasia may show differences compared to women without
fibromuscular dysplasia. There are limited data in the available literature regarding the
gynecological and obstetric history in women with FMD, compared to the group of

women without FMD.

2. Due to the fact that FMD occurs dominantly in women, it is postulated that there is a
relationship between the disturbed hormonal profile and the development of vascular

changes characteristic of fibromuscular dysplasia.

3. Clinical studies conducted to date in women with FMD clearly indicate that
fibromuscular dysplasia-type changes can develop in most vascular areas. It can
therefore be assumed that FMD-type changes may occur in the arteries of the
reproductive organ in women with FMD — so far there are no imaging studies assessing

the arteries vascularizing the reproductive organ in this group of patients.



Aims of the study

1. Assessment of gynecological and obstetric history in women with fibromuscular

dysplasia and comparison with a group of women without FMD.

2. Attempt to answer the question of whether there are differences in the hormonal profile

in patients with FMD compared to a group of women without fibromuscular dysplasia.

3. Investigating whether morphological changes typical of FMD and found in most arterial

beds also occur in the arteries of the reproductive organ.

Material and methods

General information

The study was conducted in the Department of Hypertension in the National Institute of
Cardiology (No. 2.76/VII/16, title: "Clinical characteristics in relation to the interview,
gynecological examination and hormonal profile and regional blood flow through the
reproductive organ in women with fibromuscular dysplasia - ARCADIA-GYN study") in
collaboration with a team of researchers from the 2nd Department and Clinic of Obstetrics and
Gynecology of the Hospital of Princess Anna Mazowiecka in Warsaw in 2017-2021. The study
included prospectively 42 women with FMD (mean age: 34.2 + 8.1 years) meeting all the
inclusion criteria and 45 healthy, regularly menstruating women matched for age (mean age:

34.0 £ 5.4 years) as control group.

Inclusion criteria:
e Women aged > 18 and < 46 years
e FMD diagnosed in any location based on imaging examination: angiography, computed
tomography angiography or magnetic resonance angiography de novo or in the past - as
part of the ARCADIA-POL study
* Regularly menstruating women, in the 2nd phase of the menstrual cycle

o Consent to participate in the study



Exclusion criteria:
e Pregnancy or breastfeeding
e Less than three regular cycles after pregnancy
e Use of hormonal contraception during the study

e No consent

Research methods

A detailed gynecological and obstetric history was collected in both the study and
control groups, including detailed data on: menstruation, contraception used throughout life,
fertility, course and complications of pregnancy. During the luteal phase, blood tests including
levels of basic sex hormones and antithyroid antibodies (estradiol, FSH, LH, prolactin, TSH,
fT4, anti-TPO and anti-TG antibodies) were performed, and the steroid profile (aldosterone,
androstenedione, cortisol, 11-deoxycortisol, 21-deoxycortisol, 18-oxocortisol, cortisone,
corticosterone, 11-deoxycorticosterone, DHEA, DHEA-S, estradiol, progesterone, 17-OH
progesterone, testosterone, dihydrotestosterone) was determined using the LC-MS/MS method.

A transvaginal ultrasound examination was also performed and blood flow in the uterine
and ovarian arteries bilaterally was assessed — end-diastolic velocity (EDV) and peak systolic
velocity (PSV) were measured and the S/D ratio and resistance index (RI) were calculated. In
all patients with FMD, as part of the ARCADIA-POL study, computed tomography
angiography of the carotid and intracranial arteries, abdominal aorta and its branches, iliac
arteries, lower and upper limb arteries were performed, in which the arteries were assessed for
changes typical of FMD, the presence of aneurysms and dissections. In addition, in 32 patients
with FMD, the uterine arteries and their ovarian branches were analyzed for involvement of the
vessels of the reproductive organ in the course of FMD. As part of the study, an ultrasound
assessment of the renal arteries and cranial arteries was also conducted — in the study group, the

assessment of changes typical of FMD, and in the control group, in order to exclude FMD.

Results

The mean age of the studied group of women with FMD was 34.2 + 8.1 years.
Hypertension was found in the majority of them (88.1%) and the mean age at diagnosis of HT



was 26.1 £ 8.8 years. In the studied group of women with FMD, multifocal lesions occurred in
69% (n=29), while single-focal lesions occurred in 31% (n=13). In most cases, lesions occurred
in one vascular bed (73.8%) — most frequently in the renal arteries (95.2%), then in the carotid
arteries (14.3%), iliac arteries and femoral arteries (9.5%). Aneurysms were found in 5 patients
(11.9%) — most frequently in the renal artery, then in the celiac arteries, and then single
aneurysms in other locations. Dissections were found in 5 patients (11.9%) — in two patients in
the vertebral artery, in one patient in the carotid artery, in one patient there was bilateral
dissection of both vertebral and carotid arteries, in one patient the dissection involved the
coronary artery. In total, vascular complications in the form of aneurysms, dissections or arterial
occlusions occurred in almost 1/3 of the examined women (31%, n=13).

Based on the gynecological and obstetrical interview, the first menstruation was
observed later in the examined women with FMD than in the women from the control group
(13.5 vs. 12.7 years, p=0.013). Apart from that, no significant differences were observed in the
duration of menstruation and accompanying symptoms. There were also no differences in the
duration and type of hormonal contraception used, as well as in the difficulty of getting pregnant
between the two groups.

Based on the conducted study, it was found that pregnancy-related complications
affected a significant percentage of women with FMD (17 of 26 women) and occurred
significantly more often than in women without FMD (65.4% vs. 28%, p=0.007). The most
common complication in women with FMD was hypertension (50% vs. 0%, p<0.001) and a
reduced Apgar score of <10 points in the newborn (46.2% vs. 16%, p=0.02). In addition, there
was also a noticeable trend towards a higher incidence of pregnancy-related complications such
as proteinuria (8% vs. 0%, p=0.054), preeclampsia and eclampsia (8% vs. 0%, p=0.054),
preterm birth (20% vs. 7.7%, p=0.071), and IUGR (14% vs. 3.8%, p=0.089) compared to
women without FMD.

In women with FMD, compared to the control group, there were no statistically
significant differences in the concentrations of basic female reproductive hormones and
antithyroid antibodies (estradiol, FSH, LH, prolactin, TSH, fT4, anti-TPO and anti-TG
antibodies). In women with FMD, compared to the control group, significantly lower
concentrations of progesterone, DHEA, DHEA-S, testosterone, and 11-deoxycortisol were
found. The statistical significance was lowest for 11-deoxycortisol and DHEA-S (p=0.003 and
p=0.005, respectively). No differences were found in the concentrations of other hormones of
the steroid profile between the FMD group and the control group. No significant differences

were found in the concentrations of hormones between women with multifocal and unifocal
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FMD - in women with multifocal disease, only slightly lower concentrations of 21-
deoxycortisol and dihydrotestosterone were observed (p=0.041 and p=0.053, respectively).

In the Doppler examination of the reproductive organs in women with FMD, an
increased EDV value (6.45 vs. 5.41 cm/s, p=0.047) and a decreased RI (0.82 vs. 0.86, p=0.014)
and S/D (5.36 vs. 6.93, p=0.006) were observed in the right uterine artery compared to the
control group. This difference was more pronounced in patients with multifocal FMD than in
patients with single-focal FMD. In the ovarian arteries, no differences were observed in EDV,
PSV and thus RI and S/D values between the FMD group and the control group. In the angio-
CT examination, 1/3 of women with FMD (31.25%) showed changes that were highly likely to

correspond to fibromuscular dysplasia — both single and multifocal.

Conclusions

1. Women with FMD have significantly more frequent complications during pregnancy than
women without FMD, in particular hypertension and a reduced Apgar score of <10 points
in the newborn. In addition, there is a tendency for a more frequent occurrence of premature
birth, preeclampsia and eclampsia, proteinuria and IUGR in women with fibromuscular

dysplasia.

2. Women with fibromuscular dysplasia have differences in their hormonal profile compared
to women without FMD, characterized by significantly lower concentrations of
progesterone, DHEA, DHEA-S, testosterone and 11-deoxycortisol in women with FMD

compared to women without FMD.

3. The study showed the presence of changes in the uterine arteries, which with high
probability may correspond to changes of the nature of fibromuscular dysplasia. As in other
areas of the arterial system, changes can be differentiated between single and multifocal
forms. Imaging assessment of dysplastic changes using ultrasonography and computed
tomography angiography is not possible in the ovarian arteries and ovarian branches of

uterine arteries due to the too small caliber of the vessels.



4. The study does not allow for a clear answer to the question of whether the complications
observed during pregnancy are related to deviations in the hormonal profile and the
presence of vascular changes in the reproductive organ. Further analyses are necessary, and
the obtained results may constitute the basis for planning and conducting a prospective,

multicenter study on a large group of patients.

Study limitations

The main limitation of the study is the relatively small size of the study group, which
results from very strict criteria for including women with FMD. It should also be noted that
FMD is still a rarely diagnosed disease. In addition, hormonal tests, including steroid profile,
were performed only in the second phase of the menstrual cycle. Another limitation is the
imaging assessment of the reproductive organ arteries using angio-CT performed only in
women with FMD - and therefore there is no comparison of results with the control group.
Angio-CT was not performed in the control group for ethical reasons - due to the harmfulness
of X-ray radiation and the possible occurrence of adverse effects after the administration of an

iodine contrast age
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