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Abstract

Introduction: Recurrent miscarriage is traditionally defined as three or more early
(<24 weeks’ gestation) consecutive pregnancy losses. There are several common
causes of recurrent miscarriages, however, 40-60% of cases remain unexplained.
Unbalanced translocations resulting from balanced translocations in one of the
parents, account for only 2-5% of recurrent miscarriage cases. Therefore, parental
karyotyping should not be the first-line investigation for recurrent miscarriages and
patients should be thoroughly worked-up prior to being referred for genetic
counselling. The recommended investigations for recurrent miscarriage include
screening for antiphospholipid antibodies, thyroid screening and the assessment of

uterine anatomy.

Aim: The overarching aim of this study was to perform an audit of patients referred
for genetic counselling for recurrent miscarriage through the Genetic Clinics of the
Division of Human Genetics, National Health Laboratory Service and the University

of the Witwatersrand.

Methods: The study was a retrospective file review that used quantitative research
methods. A total of 101 files of patients who were referred for genetic counselling
for ‘recurrent miscarriages’ and/or ‘poor obstetric history’ from the years 2011 to
2021, were assessed. A data collection sheet was designed to collect specific patient
details. These details included: maternal age at miscarriage, gravidity and parity,
number of miscarriages, trimester in which miscarriages occurred and investigations

performed. Data were captured and analysed on Microsoft Excel.

Results: The mean (standard deviation) age of the patients at the time of the
consultation was 34.4 + 5.9 years. The median (interquartile range) number of
miscarriages per individual was 4 (3-5) per person. The majority of miscarriages
occurred within the first trimester (72.7%, 308/430) of pregnancy. Only 14.0%
(14/101) of the patients had all the required investigations performed prior to being
referred for genetic counselling. Of the 101 patients that were seen, 43.6% (44/101)
of the adult females and 26.7% (27/101) of their male partners with a history of



recurrent miscarriages underwent karyotyping. Out of the patients that underwent
karyotyping, only 1.4% (1/71) of the results indicated the presence of a chromosomal
abnormality. In 20 of the individuals with a history of recurrent pregnancy losses,
their products of conception (POC) were tested and in 50% (10/20) of those cases, an

abnormal genetic result was found.

Conclusion: The purpose of this study was to determine what investigations patients
with recurrent miscarriages undergo in academic State Hospitals in Johannesburg, South
Africa. This study highlighted that very few women were fully worked up prior to their
referral for genetic counselling. Furthermore, this study revealed that parental
chromosomal abnormalities accounted for a small percentage (44.6%, 1/44) of recurrent
miscarriages, therefore, genetic testing should not be a priority the first-line
investigation for recurrent miscarriages, and it would be worth prioritising the other

recommended investigations over this.
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Abstract

Aim: The aim of this study was to perform an audit of patients referred for genetic
counselling for recurrent miscarriage through the Genetic Clinics of the Division of
Human Genetics, National Health Laboratory Service and the University of the
Witwatersrand.

Methods: The study was a retrospective file review that used gquantitative research methods.
A total of 101 files of patients who were referred for genetic counselling for ‘recurrent
miscarriages’ and/or ‘poor obstetric history’ from the years 2011 to 2021, were assessed.

Data were captured and analysed on Microsoft Excel.

Results: The mean (standard deviation) age of the patients at referral was 34.4 + 5.9 years.
The median (interquartile range) number of miscarriages per individual was 4 (3-5) per
person. The majority of miscarriages occurred within the first trimester (72.7%, 308/430).
Only 14.0% (14/101) of the patients had all the required investigations performed prior to
being referred for genetic counselling. Of the 101 patients that were seen, 43.6% (44/101)
of the adult females and 26.7% (27/101) of their male partners with a history of recurrent
miscarriages underwent karyotyping. Out of the patients that underwent karyotyping, only

1.4% (1/71) of the results indicated the presence of a chromosomal abnormality.

Conclusion: This study highlights that very few women presenting with recurrent
miscarriages are fully worked up prior to their referral to genetic counselling. Furthermore,
unbalanced translocations account for a small percentage of recurrent miscarriages and

testing of products of conception may be beneficial in giving accurate recurrence risks.

[245 words]



Introduction

Miscarriage is one of the most common complications in pregnancy. Previously, the most
widely used definition of miscarriage was one proposed by the World Health Organization
(WHO) which was devised in 1977. It defined miscarriage as the “expulsion or extraction
from its mother of an embryo or fetus weighing 500 g or less” (1). Currently, miscarriage is
defined as the loss of a pregnancy prior to 24 weeks gestation (fetal weight <500 g) when a
fetus is not considered viable. The viability is largely influenced by the advances of neonatal

care within that population (2).

Recurrent miscarriages are defined as three or more early (<24 weeks gestation) consecutive
miscarriages (3). A contrast between primary and secondary recurrent miscarriages has been
made; primary recurrent miscarriages are described as having a history of no viable
pregnancies beyond 24 weeks, and secondary recurrent miscarriages are defined as having a
history of recurrent miscarriages after having one or several pregnancies progressing further
than 24 weeks (4). There are several guidelines that propose evidence-base care of recurrent
miscarriages. Several similarities and differences have been noted in these guidelines
pertaining to the definition of recurrent miscarriages (5). There are four proposed elements in
the definition of recurrent miscarriages. The first element considers the type of pregnancy
(biochemical, visualised or intrauterine). The second element is the period, in weeks, in
which the pregnancy loss is considered a loss. The third element defines recurrence i.e. the
number of times a pregnancy loss has occurred and the final element takes into consideration

whether the miscarriages are considered to be consecutive or not (3).

Endocrine abnormalities, autoimmune disorders, anatomical uterine anomalies, as well as
parental chromosomal abnormalities are considered to be the common causes of recurrent
miscarriages. However, approximately 50% of recurrent miscarriages have an unknown

aetiology and are largely unexplained (6).

Lifestyle factors such as caffeine, alcohol and smoking are environmental factors associated
with spontaneous pregnancy losses but have been difficult to correlate to recurrent
miscarriages (7). Obesity, which is defined as body mass index (BMI) > 30 kg/m?, has been
associated with adverse reproductive outcomes. An increased BMI has an effect on oocyte
quality and impacts the molecular and endocrinological functioning of the endometrium (8).

Obesity is often discussed in the topic of recurrent miscarriages because of its association to



maternal medical conditions such as polycystic ovarian syndrome, Type 2 diabetes mellitus

and hormonal imbalances (9).

Amrane and McConnell (2019), reviewed available data on the endocrinopathies associated
with recurrent miscarriages. They listed several disorders including thyroid diseases, vitamin
D deficiency, luteal phase deficiency, insulin resistance and prolactin disorders (10). In a
study performed in Cape Town, South Africa, polycystic ovarian syndrome, impaired glucose
tolerance, diabetes mellitus and thyroid dysfunction were found to be the most commonly
investigated endocrine disorders associated with recurrent miscarriages in their setting (9).
The European Society of Human Reproduction and Embryology (ESHRE) guidelines and the
American Society for Reproductive Medicine (ASRM) both recommend thyroid screening as

the only endocrine investigation for recurrent miscarriage (3).

Uterine structural abnormalities can be classified as either congenital defects (septate,
bicornuate, unicornuate, didelphys and arcuate) or acquired uterine defects (fibroids, polyps
and adhesions). Assessment of uterine anatomy is recommended for individuals with a
history of recurrent miscarriage (11). Cervical incompetence is the inability of the cervix to
maintain the pregnancy until the fetus reaches viability or term. It may be congenital, where it
is associated with uterine malformations (acquired) which may be secondary to forced
cervical dilatation or physical injuries, or it may be classified as functional where it may be
due to molecular or hormonal imbalances (1). An insertion of a cervical cerclage is the

recommended management (12).

Several autoimmune conditions have been associated with the potential cause of recurrent
miscarriages. Antiphospholipid syndrome (APS) is the most clearly defined autoimmune
disorder that affects 15-20% of couples. It is an autoimmune disorder that is characterised by
thrombotic episodes and pregnancy complications (13). The evaluation of APS involves
routine screening of the following antibodies according to the ASRM and ESHRE guidelines:
lupus anticoagulant, anticardiolipin antibody, and anti- B2 glycoprotein 1. Other existing tests

to investigate autoimmune disorders include antithyroid, antinuclear and antisperm antibodies

(4).

Recurrent miscarriages are often assumed to originate exclusively from women, however, it
has been reported that men who have partners with a history of recurrent miscarriages might

have elevated sperm chromosomal aneuploidy and/or abnormal semen quality (14). However,



the evidence surrounding the effects of male partners on recurrent miscarriage is insufficient.
In the case of recurrent miscarriages due to male factors, it is thought that the sperm has
deoxyribonucleic acid (DNA) damage which might be exacerbated by lifestyle habits such as
smoking, obesity, and excessive exercise. The recommended management for male factors

includes assessing lifestyle factors and assessing sperm DNA fragmentation (15).

Parental chromosomal abnormalities account for 2-5% of recurrent miscarriages. Unbalanced
translocations, as a result of balanced translocations in parents, are the most common
chromosomal aberrations resulting in early pregnancy loss (6). Whilst carriers of balanced
translocations are phenotypically normal, their pregnancies are at risk of miscarrying or
having a live birth with multiple congenital abnormalities (6). When a chromosomal
abnormality is suspected as the cause of recurrent miscarriage, genetic testing should be
performed on the products of conception. The recommended genetic testing on products of
conception includes karyotyping or microarray-based Comparative Genomic Hybridisation
(array-CGH) which is considered to be the ideal test. The array-CGH is a cytogenetic method
that is used to detect DNA copy number gains and losses as well as unbalanced chromosomal
aberrations. Other genetic testing techniques that can be performed on products of conception
include, Quantitative Fluorescent Polymerase Chain Reaction (QF-PCR) which is a
molecular cytogenetic technique that is used for aneuploidy detection. Karyotyping is a
classic cytogenetic technique that involves the isolation, staining and visual examination of
chromosomes and FISH is a molecular cytogenetic method that is used to detect and localise

the presence and absence of specific DNA sequences on a chromosome (22).

If an unbalanced translocation is detected in the fetus, parental karyotyping ought to be
performed (15).

Pregnancy defines women as being able to reproduce and provides them with the identity of
being a mother. Miscarriage has a devastating impact on couples that may leave long-lasting
effects (18). The loss of a pregnancy is a traumatic event and in cases of recurring
miscarriages, the grief-reaction is magnified (19). The loss of a pregnancy has shown to
affect men and women differently. Men have often experienced feelings of frustration, lack
of control, rage, guilt and lowered self-esteem whereas women have shown a decline in self-
worth, distorted body image and severe marital discord (20). Determining the cause of
recurrent miscarriages could provide couples with answers. Finding a cause might allow for

intervention that will reduce the recurrence risk, however, this remains a challenging



dilemma for healthcare professionals. Offering psychological support remains imperative for
women who experience recurrent miscarriages. Genetic counsellors have the ability to
address the psychosocial needs that couples with a history of recurrent miscarriage present
with (15).

The aim of this study was to perform an audit of patients seen for recurrent miscarriages
through the Genetic Clinics of the Division of Human Genetics, National Health Laboratory
Service (NHLS) and the University of the Witwatersrand (Wits).

Methods

Study patients
The Division of Human Genetics, NHLS and Wits offers genetic counselling services at

various academic hospitals in Johannesburg, South Africa. This study comprised the review
of files from patients that were seen at the Genetic Clinics for recurrent miscarriages and poor
obstetric history. Patients who seen for recurrent miscarriages are considered to be high risk
for obstetric complications and are managed at tertiary level facilities that offer specialised
care for patients referred from regional hospitals, district hospitals and or community health
centres (21) .

Sample size
The Division of Human Genetics, NHLS and Wits has an electronic and manual record-

keeping system wherein all patients that are seen are recorded. Over a period of almost 11
years, between January 2011- August 2021, a total of 75 patients were recorded under
‘recurrent miscarriages’, and a total of 26 patients were recorded under ‘poor obstetric
history’. This allowed for a total of 101 files to be audited for this study. No exclusion or
inclusion criteria were used. All the files for patients with a referral for recurrent miscarriage

and/or poor obstetric history were included in the study.

Data collection
A data collection sheet was designed to collect specific patient details. These details included:

whether they were pregnant at time of referral, maternal age at consultation, gravidity and
parity, total number of miscarriages, trimester in which miscarriages occurred, whether the
miscarriages were consecutive or not, investigations performed prior to genetic counselling
and information surrounding the products of conception. Data were solely extracted from
patients’ genetic files. No external patient databases were used to collect patient information

for the study.



Data analysis
This study made use of basic descriptive statistics that were analysed using Microsoft Excel.

The Shapiro Wilk test was used to test the normality of continuous variables. Normally
distributed variables were presented as means and standard deviations (SD). Non-normally
distributed variables were reported as medians and interquartile ranges (IQR). Categorical

variables were represented as frequencies and percentages.

Ethics
Ethics approval was obtained from the Human Research Ethics Committee (HREC) at the

University of the Witwatersrand (clearance number: M210264). The identity of the
participants were assigned codes in order to maintain confidentiality. The linked data was
stored separately from the populated data sheet (Appendix 1 & 2). Appendix B was
encrypted with a password that only the principal investigator had knowledge of.

Results

Patient demographics
During the data collection period, files, representing 101 women were reviewed for this

study. Table 1 describes the characteristics of the patients. The majority of the patients were
of black African ancestry (59.4%, 60/101). The mean (SD) maternal age at the time of
referral was 34.5 + 0.6 years. Around half of the patients were pregnant at time of referral
(49.5%, 50/101).



Table 1: Demographics of the patients referred for recurrent miscarriages and/or poor
obstetric history

N (%) or mean + SD

Characteristics n=101
Ethnicity

Black 60 (59.4%)

White 7 (6.9%)

Asian 7 (6.9%)

Mixed-race 3 (3.0%)

Unknown 24 (23.8%)
Maternal age at referral (years) 345+0.6

<35 years 53 (52.5%)

>35 years 48 (47.5%)
Pregnant at referral 50 (49.5%)
Reason for referral

Recurrent miscarriages 75 (74.3%)

Poor obstetric history 26 (25.7%)

Patient’s obstetric history
Table 2 provides information regarding the patients’ obstetric history. The median (IQR)

number of pregnancies that the patients previously had was 5 (4-7). The median number
(IQR) number of miscarriages, per person, was 4 (3-5). The majority of the miscarriages
occurred within the first trimester (72.7%, 308/43) of pregnancy. A large portion of the

miscarriages were consecutive (84.2%, 85/101).



Table 2: Patients’ obstetric information

Obstetric information Median (IQR) or n (%)
Gravidity 5(4-7)
Parity 0 (0-5)
Total number of miscarriages (n= 430) 4 (3-5)
Two miscarriages 15 (14.9%)
Three miscarriages 31 (30.7%)
Four miscarriages 22 (21.8%)
Five miscarriages 10 (9.9%)
Six miscarriages 9 (8.9%)
Seven miscarriages 3 (3.0%)
Eight miscarriages 6 (5.9%)
Nine miscarriages 4 (4.0%)
Ten miscarriages 1 (1.0%)
Trimester at miscarriage (n= 424) *
First 308 (72.7%)
Second 98 (22.8%)
Third 18 (4.2%)
Consecutive miscarriages 85 (84.2%)
Family history of miscarriages 11 (11.0%)

fIn 6 of the patient files, the trimester in which the miscarriages occurred, was not stated.

Recurrent miscarriage investigations
Table 3 indicates the investigations that were performed on the patients prior to their referral

to the Genetic Clinics. Over half of the patients underwent autoimmune testing. Several of the
patients had abnormal autoimmune testing results (14.9%, 15/101), however, they were not
referred with a confirmed diagnosis of an autoimmune disorder. It is important to note the
potential under-reporting of anatomical screening results as patient’s results may be reported
in files that remain in the gynaecology units. Screening for uterine abnormalities was
relatively poor (26.7%, 27/101). Relatively half (51.9% 14/27) of the patients that had uterine
screening had abnormal results. The majority (64.3%, 9/14) of the patients that had abnormal
uterine screening were noted to have fibroids. Just over half of the patients (56/101, 55.4%)
underwent thyroid screening of which a relatively small number of participants (3/56, 5.4%)
had an abnormal thyroid test result. Whilst a proportion of patients with abnormal
autoimmune and thyroid screening results were noted, no official diagnoses was made by

their treating gynaecologist/obstetrician , thus no confirmation of a potential cause was made.
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Table 3: Recurrent miscarriage investigations performed on patients prior to referral
for genetic counselling

N (%)
Investigations performed n=101
Autoimmune testing
Anticardiolipin antibodies 70 (69.3%)
Abnormal anticardiolipin antibody 6 (8.6%)
Anti-p2 glycoprotein-1 antibodies 66 (65.3%)
Abnormal anti-f2 glycoprotein-1 antibody | 1 (1.5%)
Antinuclear antibodies 61 (60.4%)
Abnormal antinuclear antibody 5 (8.2%)
Lupus anticoagulant 56 (55.4%)
Abnormal Lupus anticoagulant 3 (5.7%)
Uterine anatomical screening 27 (26.7%0)
Abnormal uterine anatomical screening 14 (51.9%)
Fibroids 9 (64.3%)
Cervical incompetence 4 (28.6%)
Bicornuate uterus 1 (7.1%)
Thyroid stimulating hormone (TSH) 56 (55.4%)
screening
Abnormal TSH result 3 (5.4%)

Recommended recurrent miscarriage investigations
Figure 1 depicts which of the recommended investigations by the RCOG for recurrent

miscarriages were performed on the patients in our study. Only 14% of the patients had all

the recommended investigations performed prior to their referral for genetic counselling.

m None

® Autoimmune screening only

22%
m Uterine anatomical screening only

. Thyroid stimulating hormone (TSH)
1% only
B Autoimmune screening + uterine
anatomical screening + TSH
5%

B Autoimmune screening + uterine
anatomical screening

9% B Autoimmune screening + TSH

14%

Figure 1: The proportion of recommended investigations performed on patients with
recurrent miscarriages prior to referral for genetic counselling
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Genetic testing performed on patients
Of the 101 patients that were referred for genetic counselling, only 43.6% (44/101) of the

patients underwent karyotyping and only one of the patients had an abnormal karyotype
result (47,XX,+17[2]/46,XX [18]). The male partners of patients were also offered
karyotyping and only 26.7% of the paternal karyotypes were performed and none yielded an
abnormal result. Table 4 indicates the genetic investigations that were offered to patients and

those that were performed on the patients and their partners.

Table 4: Karyotype investigations performed on parents

N (%)
Karyotype analysis n=101
Maternal karyotyping performed 44 (43.6%)
Normal karyotype 40 (90.9%)
Abnormal karyotype® 1 (2.5%)
Unsuccessful karyotype 3 (6.8%)
Paternal karyotyping performed 27 (26.7%)
Normal karyotype 26 (96.3%)
Abnormal karyotype 0 (0.0%)
Unsuccessful karyotype 1 (3.7%)

8Abnormal maternal karyotype: 47,XX,+17[2]/46,XX[18]
Products of conception
A relatively small proportion (20/101, 19.8%) of patients had testing performed on their
products of conception (POC). Table 5 indicates the different genetic tests that were used to

investigate the POC and the outcomes.

All of the abnormal results on POC testing were aneuploidies. The majority of products of
conception that yielded abnormal results (7/10, 70%) were from women of advanced
maternal age (>35 years). The testing of POC might not provide a couple with the cause of
their recurrent pregnancy loss. It may, however, give reason as to why that most recent

pregnancy resulted in a miscarriage.
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Table 2: Products of conception analysis

N (%)
Fetus/Products of conception (POC) n=20 Chromosome
abnormalities
detected
Number of foetuses/POC tested 20 (19.8%) -
Type of genetic test performed -
QF-PCR 10 (50%) -
Abnormal results on QF-PCR® 4 (40%) Triploidy
Trisomy 16
Trisomy 15
Mosaic Turners
Microarray 4 (20%) -
Abnormal result on microarray* 4 (100%) Trisomy 15
Trisomy 7 & 14
Trisomy 14 & 22
Trisomy 15
Karyotype 4 (20%) -
Abnormal result on karyotype®® 1 (25%) Trisomy 3
Fluorescence In Situ Hybridisation (FISH) | 2 (10%) -
Abnormal result on FISH' 1 (50%) Triploidy
Outcome of genetic test -
Normal result 9 (45%) -
Abnormal result 10 (50%) -
Unsuccessful 1 (5%) -
Discussion

This is the first study to report on the investigative practices of recurrent miscarriages offered
in obstetric and gynaecological units in Johannesburg, South Africa. The topic of recurrent
miscarriages is understudied in South Africa. The lack of local guidelines results in the
adoption of international guidelines that may not be appropriate to the under resourced
clinical settings in South Africa. In this study, referrals for women with recurrent
miscarriages were made to our Genetic Clinics. According to RCOG guidelines, couples with
three or more consecutive miscarriages, that have been thoroughly worked-up, require a

referral for genetic counselling (12).

The impact of maternal age on pregnancy outcome has been well described in the literature. It
has been identified as a risk factor for spontaneous miscarriages (23). In our study, the mean
age of the women was 34.5 £ 0.6 years and 47.5% (48/101) of the patients were >35 years at
the time of referral which is considered to be of advanced maternal age (AMA). Advanced
maternal age is thought to increase the rate of meiotic errors in the oocyte development
leading to nondisjunction which results in embryonic aneuploidy (23). Around 90% of

chromosomally abnormal embryos, which are mostly aneuploidies, miscarry because they are
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incompatible with life (24). In our study, 1.8% (20/101) POC were tested of which, 50%
(10/20) of the POC had an abnormal genetic result and were all aneuploidies. This supports
the association of AMA, aneuploidies and miscarriage. In our study, the large majority of the
miscarriages (72.7%, 308/424) occurred within the first trimester. This finding is supported in
literature where it has been well described that 50% of pregnancies with chromosomal

abnormalities have spontaneous miscarriages within the first trimester (25).

Although parental karyotyping is recommended in couples who experience recurrent
miscarriages, and who have no other identifiable reason for the miscarriages, only 46.6%
(44/101) of the patients in the study underwent karyotyping. Almost half of the patients
47.5% (48/101) were of AMA at referral and 49.5% (50/101) were pregnant at time of
referral. It is likely that the patients who did not undergo karyotyping were offered invasive
testing for that pregnancy, therefore mitigating the need for maternal karyotyping. Of those
44/101, only 27/101 (26.7%) of their male partners also underwent karyotyping. A study that
looked at male partner’s views of involvement in maternal health care services that men
viewed maternal health issues as a woman’s domain. This was mainly determined by their
culture which did not promote male involvement in maternal healthcare. Other male partners
cited that their employment status affected their ability to participate in their partner’s care
(26). These findings may support the low uptake of male karyotyping that was noted in our
study. In our setting, male partners are not often seen accompanying their female partners to
their antenatal visits mainly due to work and in some instances, where males accompany their
partners to their antenatal visits, they are often reported to be situated outside the hospital

units.

In some cases of recurrent miscarriage, a family history of miscarriages can be observed on
the maternal or paternal side. Our findings revealed that 11% (11/101) of the patients had a
family history of miscarriages. In our setting, we use the family pedigree to assess if there
might be a familial history of recurrent miscarriages which could suggest the presence of a
chromosomal abnormality that is being passed on to the offspring. Although family history is
not widely accepted as a predictor for recurrent miscarriage, there is increasing evidence that
there could be a link between family history of miscarriage and recurrent miscarriage (27).
Woolner et al (2020), published the first paper that reviewed the available data on the
association of family history of miscarriage and recurrent miscarriage. The authors suggested
that more research is needed to describe specific routes of transmission of familial risk from

parents, grandparents and other female relatives. The study also cautioned that lifestyle
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factors and maternal age, of previous members with a history of miscarriage, need to be taken
into consideration when determining a positive family history of miscarriage (27). In light of
the fact that 11% of the patients in our study had a family history of miscarriages, genetic
counsellors should possibly ask more detailed questions regarding the age of relatives at the
time of miscarriage and their lifestyle factors.

In our study, only one patient (2.5%, 1/44) had an abnormal parental karyotype; mosaic
trisomy 17 in a female patient. Mosaic trisomy 17 is a rare trisomy that has only previously
been reported in 28 cases that were mostly detected prenatally. A full trisomy 17 has never
been recorded in live births. There are varying presentations of this condition which have
been reported to be related to the level of mosaicism in affected individuals (28). The
majority of early recurrent pregnancy losses are caused by numeric chromosomal aberrations
(86%), and fewer cases are caused by structural changes (6%) and chromosome mosaicism
(8%) (29). Whilst a balanced translocation was not detected in the patients that had
karyotypes performed (44/101), there is a possibility that there may have been a proportion of
balanced translocation carriers in the 57/101 (56.4%) of participants, that did not undergo

parental karyotyping.

The results from this study add to the limited literature on recurrent miscarriages in South
Africa. These findings can be used by healthcare professionals in determining what
investigations need to be performed prior to genetics referral, taking into account that only 2-
5% or recurrent miscarriages are as a result of a balanced translocation. Only 14% of the
female patients in this study had all the recommended investigations performed. This could
be related to the lack of local guidelines that would assist with providing a framework for the
management of recurrent miscarriage in our local setting. Chromosome analysis costs are
relatively expensive compared to the other recommended investigations for recurrent
miscarriage (30). It may be more cost effective to extensively investigate patients with a
history of recurrent miscarriage prior to performing karyotyping which yields low results.
Although we know that 50% of recurrent miscarriages are idiopathic, with thorough
evaluation of all women with recurrent miscarriages, it may potentially provide the remaining

50% of couples with answers.

One main limitation of this study was that maternal illnesses, weight, and lifestyle factors,

were not taken into consideration as risk factors and possible causes of the miscarriages.
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Furthermore, this study was not representative of South Africa as a whole and only focused

on the patients seen through the WITS/NHLS associated academic hospitals in Johannesburg.

This study highlights the need for thorough investigation of recurrent miscarriages prior to
referral for genetic counselling. This speaks to the need of South African based guidelines or
protocols for consistency and uniformity for the assessment and management of recurrent

miscarriages in all couples with a history of recurrent miscarriage.

Further research could include the development of local guidelines for recurrent miscarriages
in South Africa that take into consideration the financial burden that is faced by under-
resourced settings. Whilst this study mainly focused on maternal aspects of recurrent
miscarriage, it would be interesting to research male factors contributing to recurrent
miscarriage and the psychological and cultural implications of male contribution to recurrent

miscarriage.
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Appendix B: Participant demographic information

Recurrent miscarriages data collection sheet (linking data) (2011-2021)

Participant | Year seen Name Surname Date of birth Hospital Ethnicity
number (Age) Number
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Appendix C: Data collection sheet

Recurrent miscarriages data collection sheet (2011-2021)
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1. Introduction

Miscarriage is a frequent pregnancy complication that occurs in about 15-20% of all pregnancies. Itis a
spontaneous termination of a foetus prior to viability which is <24 weeks’ gestation (Serrano and Lima,
2006). Recurrent miscarriages is traditionally defined as three or more early (<12 weeks gestation)
consecutive pregnancy losses and is said to affect approximately 1% of women (Shields et al., 2020).
Several entities have established common aetiologies that contribute to miscarriage which will be further

discussed.

2. Aetiology of recurrent miscarriages
There are several factors that are commonly recognised as causes of recurrent miscarriages. Figure 1

depicts the proportions in which the causes of recurrent miscarriages are distributed.

Antiphospholipid Chromosomal

syndrome16% aberrations3%

Unexplained

Anatomical abnorfalities

Unexplained

Endocrine Bhdocrine abnormalities50%

Antiphospholipid s-yndrome
|

abnormalities

Anatomical

abnormalities

Figure 1: Aetiology of recurrent miscarriage (Bashiri et al., 2016)

2.1. Lifestyle and behavioural factors
Previous studies have associated higher stress levels, coffee consumption and nicotine consumption with
recurrent miscarriages. These factors have been difficult to prove because some studies have been small
and others did not show a linear association to recurrent miscarriages (Toth et al., 2018).

2.2. Hormonal and metabolic factors

Thyroid disorders have been associated with several adverse pregnancy outcomes as well as recurrent
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miscarriages. There is controversial evidence that links thyroid disorders to recurrent pregnancy loss.
However, the impact of thyroid disorders have been associated with adverse pregnancy outcomes such
as premature delivery, gestational hypertension, low birth weight, congenital anomalies and foetal death

(Amrane and McConnell, 2019).

Other studies have shown an association between increased thyroid antibodies and recurrent miscarriages

in patients with normal thyroid function (Bashiri et al., 2016).

Maternal endocrine disorders such as diabetes have been associated with miscarriage. Women that
present with elevated HbAlc levels (>6.5% or 48mmol/mol) during the first trimester are at increased

risk of miscarriage and foetal anomalies (RCOG, 2011).

Recent investigations indicate an association between vitamin D deficiency and recurrent miscarriages
(Homer, 2019). Recurrent miscarriage guidelines were published prior to these recent investigations,
therefore, recommendations on vitamin D testing for recurrent miscarriages have not yet been included

(Khalife et al., 2019).

In order for successful implantation of an embryo to occur, progesterone is required to prompt changes
to the endometrial lining. Luteal phase deficiency refers to deficient progesterone production that results
in the inadequate development of the endometrium, resulting in poor implantation of the embryo and
pregnancy loss. Deficient levels of progesterone may lead to pregnancy loss (Khalife et al., 2019). The
relationship between the luteal phase deficiency and recurrent miscarriagesis difficult to make due to

controversy regarding clinical relevance (Bashiri et al., 2016).

Polycystic ovarian syndrome is a multifactorial endocrinopathy that affects females. It is characterised
by: (1) oligo- or anovulation, (2) excess of androgen as well as androgenic features (Bashiri et al., 2016).

It has been associated with a risk of miscarriage but the mechanism has not been clearly defined in
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literature. The risk for miscarriage in women with polycystic ovarian syndrome has been previously

linked with insulin resistance (RCOG, 2011).

2.3. Antiphospholipid syndrome

Antiphospholipid syndrome (APS) is an autoimmune disorder that is characterised by recurrent venous
or arterial thrombosis, recurrent pregnancy loss as well as adverse pregnancy outcomes (Bashiri et al.,
2016). It is considered to be one of the most important treatable causes of recurrent miscarriages. The
syndrome may exhibit laboratory abnormalities in antiphospholipid antibodies which include Lupus
anticoagulant (LA), Anticardiolipin antibodies (aCL) and anti-pB. glycoprotein-l1 antibodies. APS is
associated with adverse pregnancy outcomes which include (1) three or more consecutive pregnancy
losses prior to ten weeks gestation, (2) unexplained loss of morphologically normal foetus at or before
ten weeks of gestation or (3) a history of preterm births delivered prior to 34 weeks gestation due to
placental-related conditions (RCOG, 2011). The antiphospholipid antibodies cause harm in pregnancy
through various mechanisms which include an inflammatory response and interference in the coagulation
cascade (Khalife et al., 2019).

Antinuclear antibodies are autoantibodies that target the nucleus of the cell. The antibody titer levels

have been reported to be increased in women with a history of recurrent miscarriages. (Toth et al., 2018).

2.4. Anatomical factors

Uterine abnormalities are found in approximately 19% of recurrent miscarriage cases (EI Hachem et al.,
2017). They can be classified as congenital or acquired uterine abnormalities which will be discussed
below.

Uterine malformations
There have been several types of uterine abnormalities observed in women with a history of recurrent

miscarriages. These malformations have been described as either congenital or acquired uterine defects
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(Khalife et al., 2019). Congenital defects include uterine septate, bicornuate, unicornuate, didelphys and
arcuate uteri (figure 2). Uterine malformations have been noted to be higher in women with second
trimester miscarriages than those who suffer first trimester miscarriages. (RCOG, 2011). Acquired
uterine abnormalities include fibroids, polyps and adhesions. While it is known that acquired uterine
abnormalities increase the risk of recurrent miscarriage, it is still unclear how it occurs. Possible
mechanisms include disruption of blood flow to the uterus, inflammation of the uterus as well as reduced

capacity of the uterus (Homer, 2019)

Congenital Mullerian Anommalies

Normal Uterus Class |: Uterine t iasi Class 11: L i
and/Or agenesis Uterus

\ |
Class VII: Diethylstilbestrol
(DES) Drug Related

Class IV: Bicornuate Uterus Class V: Septate uterus Class Vi: Arcuate uterus

Figure 2: Congenital uterine abnormalities (Mahmood Daood, 2019)

Cervical incompetence

Cervical incompetence has been associated with second trimester pregnancy loss but the incidence has
not been clearly defined in literature. There is no test that can identify women with cervical weakness in a
non-pregnant state. It is usually identified in women who have a history of second trimester miscarriages
and is often followed by premature rupture of membranes and painless dilatation of the cervix (RCOG,
2011). Currently in the clinical setting in South Africa, cervical length is monitored and measured for
women who have a history of mid-trimester fetal losses. Cervical length is assessed between the 11-13

weeks and between 18-22 weeks scans. The decision to insert the cervical cerclage ismade at the 11-13
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week scan, however, if the funneling of the cervix presents late and is missed in the first trimester
screening, a rescue cerclage is inserted between 18-22 weeks (Wits, 2013). A cervical length below

25mm would indicate an insertion of a cerclage to prevent preterm labour (Shields et al., 2020).

2.5. Inherited thrombophilias
Thrombophilia is a condition that is associated with the increased risk of developing venous
thromboembolism which can be acquired or inherited. Inherited thrombophilias include Factor V Leiden
mutation, Prothrombin mutation, Protein C, Protein S and antithrombin 111 deficiency, all of which have

been reported to have an undetermined role in recurrent miscarriage (Toth et al., 2018).

2.6. Genetic factors of recurrent miscarriages
Lastly, recurrent miscarriages could be attributed to genetic factors which include parental chromosomal

rearrangements as well as foetal chromosomal abnormalities.

Parental chromosomal rearrangements

In about 2-5% of couples who present with recurrent miscarriages, one of the partners carries a balanced
structural chromosomal rearrangement. Carriers of balanced translocations are phenotypically normal
but their pregnancies are at risk of miscarrying or they are at risk of having a live birth with multiple
congenital malformations due to an unbalanced chromosomal rearrangement. The outcome of the
pregnancy is often influenced by the size of the rearrangement, the position and the region of the

rearranged genetic content(Kacprzak et al., 2016).

Embryonic/fetal chromosomal abnormalities

Embryonic aneuploidies are the most common cause of spontaneous miscarriages. Due to the natural
selection mechanism, 90% of chromosomally abnormal embryos are miscarried. The most common
embryonic or fetal chromosomal abnormalities are numeric abnormalities such as trisomies, polyploidies

and monosomy X. Trisomy 15, 16 and 22 are reported to be the most common non-viable trisomies (El
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Hachem et al., 2017). The reason as to why these specific trisomies occur more commonly is because
women of advanced maternal age (>35 years) are at increased risk of chromosomal defects which result
in the increased risk of fetal trisomy. Aswomen age, the number of oocytes and the quality of these
oocytes decrease which make them prone toerror which could result in a nondisjunction event (Toth et
al., 2018).

Monogenic Disease

Some X-linked dominant disorders have been reported to be lethal in males and increase the risk of
miscarriage such as Incontentia pigmenti. Autosomal recessive conditions such as haemoglobinopathies
and some skeletal dysplasias result in severe malformations that increase the risk of intrauterine death

(Toth et al., 2018).

2.7 Studies on the causes of recurrent miscarriages in South Africa

In South Africa, the topic of recurrent miscarriages remains an understudied topic. A local study in Cape
Town looked at commonly investigated medical disorders associated with recurrent miscarriages (Matjila
et al., 2017). The results of the study revealed that polycystic ovarian syndrome accounted for 22% of
the causes, impaired glucose intolerance was responsible for 11% of the cases, and diabetes mellitus was
responsible for 3%. Fifteen percent of the cases remained unexplained. Genetic contributions for
recurrent miscarriage were not taken into consideration for this study. This study is not a reflection of the
medical disorders that are associated with recurrent miscarriage in the whole of South Africa, but it
offers insight on the topic of recurrent miscarriage in units outside of the Division of Human Genetics,

NHLS & Wits.

3. Management of recurrent miscarriages
The Royal College of Obstetricians and Gynaecologists, has recommended that the investigation of

recurrent miscarriage includes a detailed family and medical history, endocrine investigations, anatomic
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evaluation and antiphospholipid antibody testing (RCOG, 2011). The proposed management of recurrent

miscarriage is discussed below (Table 1).

Table 1: Summary of recommended management for recurrent miscarriages (RCOG, 2011)

Possible cause

Lifestyle and
behavioural factors

Thyroid diseases

Diabetes mellitus

Vitamin D

Luteal phase
deficiency

Antiphospholipid
syndrome

Anatomical factors

Inherited
thrombophilias

Investigation

Detailed medical history

TSH screening only if patient is known to have
disease and/or if there are clinical manifestations

In literature an HbA1c test is a screening test
recommended only if patient is known to have
diabetes and or if there are clinical
manifestations.

In the South African clinical space, random blood
glucose testing is done if there is a strong
suspicion of diabetes. If random test yields
results of > 7.8 mmol/L, 75g oral glucose
tolerance test is done (Wits, 2013).

Vitamin D level testing is advised but not
recommended.

There is no standardised diagnostic method
available

Lupus anticoagulant, anticardiolipin antibodies
and anti-B2 glycoprotein-1 antibodies testing
should be done. European guidelines suggest
antibody testing should be done 6 weeks after
pregnancy loss and confirmed 12 weeks later
(Bender Atik et al., 2018).

All women with RM should have assessment of
uterine anatomy.

Hysteroscopy: all patients

Cervical sonographic surveillance for cervical
incompetence

Only recommended if there is a personal or
strong family history of thrombosis

Treatment

Hypothyroidism:
supplementation of
levothyroxine

Hyperthyroidism: carbimazole

Euthyroid women with thyroid
antibodies: levothyroxine

Metformin

Diabetic diet

Vitamin D supplementation

If progesterone is supplemented,
it should bedone from ovulation
to 7-9weeks gestation.

Unfractionated heparin andlow
dose aspirin

Cervical cerclage for cervical
incompetence

Unfractionated heparin or low
molecular weight heparin

44



Chromosomal Karyotype of products of conception should be Genetic counselling
rearrangements done from 3" miscarriage. If testing of products

of conception reveals unbalanced structural

chromosomal abnormality in fetus, karyotypingin

both partners should be performed

4. Genetic counselling for patients with recurrent miscarriages

The definition of genetic counselling, as developed by the Task Force of The National Society of Genetic
Counsellors (NSGC) “is the process of helping people understand and adapt to the medical, psychological
and familial implications of genetic contributions to disease” (Resta et al., 2006). The roles and
responsibilities of genetic counsellors involves taking a family history and drawing a family pedigree,
determining the risk of inheritance of a condition, discussing the natural history of genetic conditions,
providing patients and other health care professionals with education on genetics, discussing available
options, assessing the psychosocial impact of a diagnosis and providing support to patients and their
families (Skirton et al., 2015).

The role of genetic counsellors in the management of recurrent miscarriages is to evaluate medical and
family histories to determine the likelihood of a genetic contribution to recurrent miscarriages in couples,
to facilitate the process of genetic testing, to determine the likelihood of future successful pregnancies

and to offer psychosocial support to couples and families.

4.1 Psychological impact of multiple miscarriage

The loss of a pregnancy has shown to affect men and women differently. Men have often experienced
feelings of frustration, lack of control, rage, guilt and lowered self-esteem whereas women have shown a
decline in self-worth, distorted body image and severe marital discord (Serrano and Lima, 2006).
Women with a history of recurrent miscarriage display depressive symptoms and are at an increased risk
of adverse psychological effects which include pregnancy-related anxiety, depression andfear (Tavoli et
al., 2018).
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The loss of a pregnancy is a traumatic event for women and couples. Evidence suggests that the recurrent
nature of recurrent miscarriages can magnify the grief reaction (Shields et al., 2020). Determining the
cause of recurrent miscarriages, in order to reduce the recurrence risk, remains one of the most
challenging dilemmas for health care professionals. However, offering psychological support remains
imperative for women who experience recurrent miscarriages. Genetic counsellors have the ability to
address the psychosocial needs that couples with a history of recurrent miscarriage present with.

5. Motivation for research

As mentioned above, the topic of recurrent miscarriage is understudied in the South African context and
because South Africa currently uses international guidelines on how to manage recurrent miscarriages,
the approach differs in each local organisational setting. The lack of a national standardised protocol
results in patients being referred to the genetics department without being fully investigated.
Chromosomal abnormalities only account for 2-5% recurrent miscarriages. This indicates that genetic
investigations should not be the first-line investigation. It has been noted, in practice, that not all the
investigations thatmay assist in identifying the cause of recurrent miscarriages have been done prior to
patients being referred for genetic investigations.

The psychological impact that miscarriage has on couples cannot be ignored. In some cases, receiving a
diagnosis can offer couples a sense of relief because they are able to avoid the recurrence of miscarriage.
It is unlikely that every couple will be provided with answers because the cause of miscarriages remain
unexplained in a large percentage of cases. With the appropriate management, couples can at least be
reassured that the necessary investigations have been done. This study will provide valuable insight on
the number of patients that have been seen with recurrent miscarriage by the Genetics Department over a
period of 10 years, the management implemented prior to referral and whilst seen by the Genetics

department and the outcomeof the genetic testing that has been done.
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6. Study aims and objectives
The aim of this study is to perform an audit of patients seen for recurrent miscarriages through the Genetic

Clinics of the Division of Human Genetics, NHLS & Wits.

The objectives are:

1. To assess the demographic factors of the participants who are referred for recurrent
miscarriages
To evaluate the reason behind the referral of the patient

To identify what investigations had been done prior to referral
To calculate how many patients and their partners underwent karyotyping
To evaluate the results of genetic testing performed

arown

7. Methodology

7.1 Research design

This study will be a retrospective file review using quantitative research methods. This will involve
retrieving files from the Division of Human Genetics filing room at the National Health Laboratory
Service (NHLS) in Johannesburg. Permission to access these files has been granted by the Head of the

Division, Professor Amanda Krause.

7.2 Participants

The study will comprise of files for patients that were seen at the Genetics Clinic for recurrent
miscarriages. All patients that were referred with a diagnosis of recurrent miscarriages or poor obstetric
history will be included. The terms recurrent miscarriages and poor obstetric history are used
interchangeably in the clinical setting. We have therefore included patients that have been referred for
both to ensure that all possible participants are included into the study. The Division of Human Genetics,
NHLS and Wits offers genetic counselling services at various state hospitals (Charlotte Maxeke
Johannesburg Academic Hospital, Rahima Moosa Mother and Child Hospital and Chris Hani

Baragwanath Academic Hospital) around Johannesburg every week or every two weeks. Patients that
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are seen for recurrent miscarriages are considered to be high risk and are seen at tertiary level facilities

that offer specialised care for patients who are referred from regional hospitals, district hospitals and or

community health centers.

7.3 Sample size
The Division of Human Genetics, NHLS and Wits has an electronic and manual system in the department
wherein patients that are seen for recurrent miscarriages and poor obstetric history are recorded. Over a
period of 10 years, between 2011-2020, a total of 102 patients for recurrent miscarriage have been
recorded and a total of 27 patients for poor obstetric history have been recorded. This allows for the

potential of 129 files to be audited for this study.

7.4 Data collection
A data collection sheet has been designed to collect specific patient details (Appendix 1). These details
include: maternal age at miscarriage, gravidity and parity, number of miscarriages, trimester in which
miscarriages occurred, maternal illnesses, investigations performed, management, referring hospital and

any unusual or significant genetic information from pedigree.

7.5 Data analysis
This study will make use of basic descriptive statistics that will be analysed using Excel. The Shapiro
Wilk test will be used to test normality of continuous variables. Normally distributed variables will be
presented as means and standard deviations. Non-normally distributed variables will be presented as
medians and interquartile ranges. Categorical variables will be represented as frequencies and

percentages

8. Ethics

This research protocol will be submitted to Human Research Ethics Committee (HREC) at the University
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of the Witwatersrand on the 5 of February 2021 for ethical clearance. The identity of the participants

will be protected in order to maintain confidentiality. This will be done by using a coding system that

will protect patient names. The linked data will be stored separately from the populated data sheet

(Appendix 1 & 2). All data will be stored in a password protected computer.

9. Timing:

This study will commence as soon as ethical approval and clearance is obtained.

Internal protocol assessment

Submission of protocol to Faculty
of Health Sciences

Submission of protocol to ethics

School of Pathology assessment of
protocols

Data collection

Data analysis

\Write up and submission

10. Funding
This research does not require any funding.
11. Potential limitations
e The sample size will be affected by the availability of files.
e The information in the files may not be comprehensive e.qg. all the investigations done outside of the

Division of Human Genetics may not be included in patient files.
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This study is a representation of patients that have been seen in Johannesburg, therefore, it does not

represent other genetic units in South Africa.
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