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ARTICLE INFO ABSTRACT

The current evidence-based guidelines for the evaluation of recurrent pregnancy loss rec-
ommended by the American Society for Reproductive Medicine and by the European Soci-
ety of Human Reproduction and Embryology are compared and contrasted in this review.
The clinical use of either of these guidelines will result in a probable diagnosis for only half
of the affected patients. New strategies for a full evaluation of recurrent pregnancy loss
incorporating 24- chromosome microarary on the products of conception offer more
explanations for patients and caregivers.

This new algorithm should decrease the use of empiric, unproven treatments. Combin-
ing the results of genetic testing on the miscarriage tissue with the conventional diagnostic
tests has made it possible to explain the etiology of pregnancy loss in more than 90% of the
cases. This cost-saving strategy can decrease the emotional distress and frustration for
both couples and physicians when it comes to management of recurrent pregnancy loss.
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pregnancies.”” The recurrence rate of a spontaneous preg-

Introduction

Recurrent pregnancy loss (RPL) is a devastating multifactorial
problem that impacts a substantial number of couples. It has
been defined by the American Society for Reproductive Medi-
cine (ASRM) and the European Society of Human Reproduc-
tion and Embryology (ESHRE) by two or more failed

nancy loss is influenced by maternal age, parental karyotypes
and abnormal laboratory findings.? It occurs in 2—4 % of clini-
cally diagnosed pregnancies,” and constitutes a major emo-
tional distress for couples. It remains one of the most
challenging dilemmas for reproductive endocrinologists who
are trying to determine the cause of pregnancy loss and to
decrease the future risk of recurrence.” Historically, a workup
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for RPL was recommended after three miscarriages. However,
recent studies and guidelines recommend that an evaluation
for RPL should be initiated after two documented losses."**°

To determine the number of losses after which a couple
should be investigated, the frequency of abnormal results
among one thousand twenty women with two or more conse-
cutive pregnancy losses was studied in a retrospective analy-
sis. The frequency of abnormal findings for evidence based
diagnostic tests was neither changed nor increased in women
after 2 losses: (41% after 2 losses, 40% after 3 losses, versus
42% after 4 or more losses).5 In addition, the risk of recurrent
miscarriage after 2 losses is about 29% when compared to
33% in women with three or more losses.”” Therefore, and
after 12 years of debate, the ASRM released a committee opin-
ion elucidating a comprehensive evaluation of RPL, as “a dis-
tinct disorder defined by 2 or more failed
pregnancies”” with a clinical pregnancy that is “documented
by ultrasonography or histopathological examination”."

Prognosis for success future pregnancies should always be
based on the number of prior losses and the maternal age.”®
The incidence of RPL increases with increasing maternal age to
reach 1 in 4 by age 40. This correlates with the occurrence of
meiotic nondisjunction at the oocytes’ level reaching 50% by the
age of 43.° Despite detailed investigations on endocrine imbal-
ances, autoimmune disorders, genetic abnormalities, infections,
thrombophilic causes and congenital or structural uterine
anomalies, 50% of the RPL cases are still unexplained.”*°

We herein, recapitulate on the recommended evaluation in
patients challenged with RPL based on the best available evi-
dence published on behalf of the ESHRE and the ASRM. We
present the recent guidelines and the standard components
for the evaluation and management of RPL. We will focus on
the novel algorithm with chromosomal testing on products of
conception (POC) to explain most recurrent losses.***?

clinical

Assessment and treatment of RPL

On the basis of recent guidelines from the ASRM and ESHRE,
there is a consensus that the assessment of RPL includes a
comprehensive history, certain endocrine tests, anatomic
evaluation of the uterine cavity, and testing for antiphospho-
lipid antibodies (Table 1). Each of the proposed diagnostic cat-
egories is discussed below with specific guideline
recommendations discussed (Table 2).

Cytogenetic abnormalities (2—5% of couples)

While the frequency of karyotype abnormalities in both
parents is low (up to 3—5% in couples with RPL),” genetic test-
ing of the POC may show a 60% incidence of chromosomal
abnormalities.> >' These chromosomal abnormalities in the
miscarriage usually arise de novo in chromosomally normal
parents and uncommonly are derived from a parental chro-
mosomal abnormalities.’*

Based on the review by the ASRM, karyotyping of couples
may help detect parental chromosomal errors such as bal-
anced translocations (reciprocal and Robertsonian transloca-
tions), inversions and/or deletions. Information obtained may
help counseling patients about the prognosis of a subsequent
pregnancy and offer preimplantation genetic testing (PGT),
amniocentesis or chorionic villus sampling.*”

Genetic evaluation of the POCs is helpful in the evaluation
of recurrent miscarriages for diagnostic and prognostic pur-
poses.™ POCs have been evaluated by routine karyotypic
analysis, cell culture, G-banded karyotyping, and fluorescence
in-situ hybridization (FISH) but these techniques are limited
by high proportions of failure of cell culture and maternal cell
contamination of the specimen. Therefore, SNP (single nucle-
otide polymorphism) microarrays technique has revolution-
ized the way POCs are evaluated, via amplification of DNA,
eliminating the possibility of maternal contamination.’® Data
from preimplantation genetic screening on embryos from
patients with 2 or more prior miscarriages showed that the
use of SNP technique demonstrated an increase in the poten-
tial of identifying aneuploidy in patients with known recipro-
cal chromosomal translocations."*

However, the ESHRE does not recommend routine parental
karyotyping but indicates that the decision should be based
on individual assessment. ESHRE does not recommend the
use of any genetic testing on POC in patients with RPL, nor do
they advocate the use of PGT for RPL. Data pooled in 2 system-
atic reviews was insufficient to demonstrate that in vitro fer-
tilization/preimplantation = genetic  diagnosis  (IVF/PGD)
improves live birth rates in patients with RPL with a structural
genetic translocation.’® Multiple studies were also unfavor-
able concerning the routine use of PGS.?° However, these
studies evaluated embryos at the cleavage stage with FISH
technologies. Higher pregnancy rates are expected with biop-
sies at the blastocyst stage and investigated via microarrays
technologies.”"** Consequently, no routine PGT is advised by
ESHRE in the case of RPL because of technical limitations,
genomic contamination and diagnostic errors.

Anatomic factors (1.8—37.6 %)**

The role of uterine abnormalities in the first trimester RPL has
been questioned by some, yet both the ASRM and ESHRE
agree that all women with RPL should have an evaluation of
the uterine cavity to rule out congenital or acquired uterine
anomalies. Assessment is completed via sonohysterography
(SHG), hysterosalpingography (HSG) or hysteroscopy.’”?* The
detection of congenital uterine anomalies, such as unicornu-
ate, bicornuate, septate, didelphic or arcuate uteri may be
confirmed by MRI or 3D ultrasound. Patients with a uterine
septum have the highest incidence of RPL (44.3%) followed by
bicornuate (36%) and arcuate uteri (25.7%). Hysteroscopic
removal of septum should be considered as it has been shown
that live birth rates may improve up to 90.9%.”" As for
acquired anomalies, the detection of uterine polyps, submu-
cosal fibroids, or synechiae (intra-uterine adhesions or Asher-
man’s syndrome) may alter the contour of the uterine cavity
and interfere with the vascularization of endometrium. The
majority of studies have evaluated successful pregnancies
before and after removal of the abnormality and demonstrate
a beneficial effect of surgical treatment in reducing the risk of
pregnancy loss. More challenging are fibroids that are 100%
intramural. A recent retrospective study on women undergo-
ing in vitro fertilization demonstrated that patients with
intramural fibroids of >2 cm that abut the endometrial cavity
had lower implantation, clinical pregnancy and live birth
rates. The effect on endometrial receptivity was demon-
strated through the production of cytokines and growth



Table 1 - A summary of all evidence-based diagnostic tests regarding the evaluation of RPL according to ESHRE (2017) and ASRM (2013) guidelines.

ASRM guidelines

ESHRE guidelines

Genetic Factors Products of conception analysis
Peripheral karyotype
on parents
Auto-immune factors
(antiphospholipid syndrome)
Anatomic factors
Inherited thrombophilia

Hormonal and metabolic
factors

Thyroid disorders, diabetes and
hyperprolactinemia

Vitamin D levels
Ovarian reserve testing (Day 3 FSH and
AMH)

Luteal phase deficiency testing
Infectious causes
Male Factors (Sperm DNA fragmentation)
Allo-Immune factors (HLA, anti-HY, cytokine and natural killer testing)
Health behavior modifications (Tobacco use, alcohol use, obesity)

Not recommended

Recommended to rule out balanced reciprocal and Rob-
ertsonian translocations

LA, aCL IgG and IgM antibody, aB2GP1 IgG and IgM
antibody

HSG or SHG

Only recommended in the presence of a personal his-
tory of thrombosis and/or a strong family history of
thrombosis

TSH, Prolactin, Hemoglobin Alc testing are
recommended

Not addressed
Not recommended

Not recommended
Not recommended
Not recommended
Not recommended
History recommended

Not recommended
Not recommended

LA, aCL IgG or IgM antibody

HSG, SHG or transvaginal 3D ultrasound

Only recommended in the context of research, or in
women with additional risk factors for
thrombophilia

Thyroid screening (TSH and TPO-Ab) is recommended
Assessment of PCOS, fasting insulin and fasting glu-
cose is not recommended
Prolactin testing not recommended in the absence of
clinical symptoms (oligo/amenorrhea, galactorrhea)

Vitamin D levels advised, not recommended

Not recommended

Not recommended
Not recommended
Not recommended
Not recommended
History recommended

Abbreviations: LA, lupus anticoagulant; aCL, anticardiolipin; aB2GP1, anti-B2-glycoprotein 1; HLA, human leukocyte antigens; HSG, hysterosalpingogram; SHG, sonohysterogram; TPO-Ab, thyroid per-
oxidase antibodies; TSH, thyroid stimulating hormone; CGH, comparative genomic hybridization; PCOS, polycystic ovary syndrome.
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Table 2 - Therapeutic interventions offered to couples with RPL according to the ESHRE and ASRM guidelines.

ASRM guidelines

ESHRE guidelines

Genetic factors
Antiphospholipid syndrome

Anatomic factors

Inherited Thrombophilia
Hormonal and Metabolic Factors Overt hypothyroidism
Glucose metabolism defects
Hyperprolactinemia
Luteal phase deficiency
Vitamin D levels
Infectious causes

Male Factors

Psychological Factors
Health behavior modifications

Unexplained RPL

Genetic counseling with consideration of PGT, amnio-
centesis or CVS
Low dose aspirin + UFH or LMWH

Hysteroscopic resection of septum is recommended
Supportive but not conclusive evidence on the surgical
management of intrauterine synechiae, uterine fib-
roids, and uterine polyps

Empiric UFH or LMWH is not recommended unless a
personal history of venous thromboembolism

Levothyroxine

Metformin

Dopamine agonist (Bromocriptine or Cabergoline)

Progesterone may be beneficial

Antibiotics
Not recommended
Antioxidants are not recommended

Support and close monitoring
Smoking cessation
Normal body weight
Limit alcohol consumption
Limit caffeine consumption

Empirical IV Ig is not recommended
Immunomodulatory treatments are not
recommended

Limited evidence for PGT

Low dose aspirin (75—-100 mg/day) before concep-
tion + UFH or LMWH at date of positive hCG test
Effect of surgery with insufficient evidence

Empiric UFH or LMWH is not recommended

Levothyroxine
Metformin is not recommended
Dopamine agonist (Bromocriptine or Cabergoline)
Progesterone is not recommended
Advised to give Vitamin D supplementation
Antibiotics
Not recommended
Lifestyle advice
Antioxidants are not recommended
Support and close monitoring
Prophylactic vitamin D supplementation
Smoking cessation
Normal body weight
Limit alcohol consumption
Normal exercise pattern
The following empirical therapies are not recom-
mended:
°IVIg
¢ Lymphocyte immunization therapy
e Glucocorticoids
¢ Heparin or low dose aspirin
¢ Vaginal progesterone
¢ Intralipid therapy
* G-CSF
¢ Endometrial scratching

Abbreviations: PGT, preimplantation genetic testing; hCG, human chorionic gonadotropin; CVS, chorionic villous sampling; UFH, unfractionated heparin; LMWH, low molecular weight heparin; IV Ig,

Intravenous immunoglobulin; G-CSF, granulocyte-colony stimulating factor.
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factors reaching the whole endometrial cavity and impacting
fertility.?* Thus, removal of large intramural fibroids contigu-
ous to endometrial cavity in order to improve endometrial
receptivity remains to be established.”

Hormonal and metabolic factors (8—12%)*°
Luteal phase deficiency

For a successful implantation, progesterone induces secretory
changes in the endometrial lining, consequently insufficient
progesterone levels may lead to pregnancy loss.”® In many
centers, patients with RPL are tested for luteal phase defect
via measurement of serum progesterone in mid-luteal phase.
Nevertheless, interpretation of levels is challenging as LH is
released in a pulsatile fashion creating fluctuations in proges-
terone levels. A recent Cochrane review including 14 trials
studied the effect of progestogens to prevent recurrent mis-
carriage, presented a statistically significant difference in
miscarriage rates (OR 0.39, 95% CI 0.21-0.72) in favor of treat-
ment group.”’ These data should be confirmed and estab-
lished through larger trials.

Thyroid disorders, diabetes and hyperprolactinemia

Uncontrolled diabetes, thyroid disorders and hyperprolacti-
nemia are well related to an increased risk of pregnancy
loss,”® and based on ASRM guidelines should be assessed and
treated in the clinical setting of RPL.

Thyroid disorders are well known to be associated with
adverse pregnancy outcomes. A systematic review also
showed that pregnant women with elevated thyroid antibod-
ies or subclinical hypothyroidism are at increased risk of
recurrent miscarriages.”’ Hypothyroidism is identified in 7.6%
of patients with RPL.** Thyroid testing including TSH (by
ASRM and ESHRE) and thyroid peroxidase antibodies (TPO-
Ab; by ESHRE) are recommended in patients with RPL. Admin-
istration of levothyroxine at a dose of 25-50 pg/d is recom-
mended to keep TSH levels below 2.5 mIU/mL in the first
trimester.

Hyperprolactinemia has been associated with RPL through
alterations in folliculogenesis, oocyte maturation and shorter
luteal phase.*" Treatment with Bromocriptine results in a 30%
increase in live birth rate (52.4—85.7%) compared to untreated
females.”®

An increased risk of pregnancy loss is associated with
abnormal glucose levels. Accordingly, it is important to cor-
rect any abnormal levels of fasting blood glucose and/or
hemoglobin A1C (HgbAlc) in the preconception period to
reduce the risks as recommended by ASRM.*? Patients with
polycystic ovary syndrome (PCOS) are also at higher risk of
miscarriage, however assessment of fasting blood sugar and
insulin in this setting, is yet not recommended.****

Ovarian reserve testing
Reproductive potential declines as the woman ages, and her

ovarian reserve decreases. Miscarriage rate also increases
with increased maternal age, due to the increased incidence

of aneuploidy. In addition, it has been demonstrated that
patients with diminished ovarian reserve have higher occur-
rence rate of aneuploidy,® and thus higher incidence of RPL
compared to the general population. Many clinicians advo-
cate the use of day 3 tests of follicle stimulating hormone
(FSH) and anti-miullerian hormone (AMH) to access the ovar-
ian reserve in patients with RPL. Nevertheless, larger random-
ized studies are needed to clarify if diminished ovarian
reserve is an independent risk factor for RPL.*®

Vitamin D testing

Pregnant women with vitamin D deficiency are at increased
risk of adverse events such as preterm labor, gestational dia-
betes, small for gestational age and pre-eclampsia. A recent
study highlighted the significant association between vitamin
D deficiency and RPL (RR 0.88 (95% CI 0.77—0.99).>” We suggest
that all women with RPL have levels of 25-hydroxy vitamin D
tested and normalized to >30 ng/ml preconceptually to mini-
mize pregnancy loss. These new data were published after
the ASRM and ESHRE guidelines so neither society include
Vitamin D testing in their recommendations.

Immunologic disorders

Existing tests to investigate immunologic disorders include
antiphospholipid, antithyroid, antinuclear and antisperm
antibodies, natural killer cells, antipaternal cytotoxicity and
embryotoxic factors.’® Some of these autoimmune disorders
have been linked to a possible cause of pregnancy loss.

Antiphospholipid syndrome (15—20% of couples)>®

The assessment of RPL includes the identification of anti-
phospholipid syndrome. Antiphospholipid antibodies (aPLs)
exert their effect via different mechanisms through the
inflammatory pathways and the coagulation cascade. Impor-
tantly, they inhibit the differentiation of villous cytotropho-
blast and its invasion into decidua,* induce apoptosis of the
syncytiotrophoblast, and inhibit the secretion of human pla-
cental chorionic gonadotropin as well as the expression of
trophoblast cell adhesion molecules.*

The diagnostic criteria are well defined by the American
College of Obstetrics and Gynecology.*' The evaluation of
aPLs includes routine screening recommended by both the
ASRM and ESHRE for the presence of lupus anticoagulant
(LA), anticardiolipin antibody (aCL), and anti- B2 glycoprotein
I. Clinical events that should initiate testing for aPLs are out-
lined by an international consensus statement. The guide-
lines include recurrent pregnancy losses before the 10th week
of gestation, an unexplained loss of morphologically normal
fetus at or beyond 10 weeks of gestation or a history of a nor-
mal fetus delivered before 34 weeks because of severe pre-
eclampsia/eclampsia.*?

Other immune abnormalities

Mechanisms linked to immunological tolerance of the fetus at
the maternal interface are still unclear. Several hypotheses
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have been suggested to explain the lack of an immune
response against the developing fetus in normal pregnancy.
Various theories that evoke abnormalities in the maternal-
fetal interface include similarities in human leukocyte anti-
gens (HLA) genotypes, HY antigens, the presence of embryo-
toxic factors, and cellular immune markers including
cytokine testing, natural killer and T cell immunity assays.**
None of these tests are routinely recommended by the ASRM
or ESHRE in testing RPL patients. ESHRE indicates that testing
for HLA types (HLA-DRB1*15:01 and HLA-DQB1*05:01/ 05:2)
can be considered in patients with secondary RPL and a his-
tory of a live born baby male in Scandinavian countries.**

Several randomized trials and meta-analysis assessed the
effect of immunotherapy such as intravenous immunoglobu-
lin, paternal leukocyte immunization and white blood cell
immunization, and concluded no additional beneficial effect
on live birth rate in women with RPL.*>**® In addition, a recent
Cochrane review including 20 trials of different forms of
immunotherapy did not show significant beneficial effect in
the treatment group over placebo in terms of improving the
live birth rate.*” Consequently, both ASRM and ESHRE advise
that screening for these tests is not recommended, and fur-
ther research is needed before advising any treatment.

Inherited thrombophilias

Inherited thrombophilias are associated with adverse preg-
nancy outcomes and more than half of maternal venous
thromboembolism. Women with factor V leiden and/or pro-
thrombin G20210A mutation can have normal pregnancies
with a small effect on pregnancy loss.*® Case control studies
have established an association between inherited thrombo-
philia and fetal loss,*® nevertheless prospective studies have
failed to suggest it.>° Thus, ASRM and ESHRE recommend that
only patients with personal or strong family history of venous
thromboembolism and/or additional risk factors for thrombo-
philias may be tested for inherited thrombophilias in the set-
ting of RPL. Therefore, routine screening is for now not
endorsed.*"*®

Microbiologic causes

The effect of intrauterine infection on early pregnancy loss
has been suggested. Selected organisms such as Ureaplasma
urealyticum, Mpycoplasma hominis, chlamydia, Listeria
monocytogenes, Toxoplasma gondii, rubella, cytomegalovi-
rus and herpes virus were identified in POC samples after
spontaneous miscarriages.”’ More recently, investigators
have looked at plasma cells and CD138+ cells found in the
endometrium of women with RPL and suggested treatment
with antibiotics.”> We reported that 20% of 1583 women with
RPL were colonized with Mycoplasma sp. or Ureaplasma sp.
which was double the frequency in 236 fertile controls. Treat-
ment of both partners with doxycycline cured 85% of patients
who had subsequent deliveries of 75%.° The association of
inflammation in the endometrium is suspected to be associ-
ated with RPL but has not been established, thus the ASRM
and ESHRE do not recommend routine testing and treatment.

Male factors

It has been described that men whose partners with a history
of RPL have elevated sperm chromosomal aneuploidy and
abnormal semen quality.”® Inconsistent data have been
reported on the role of sperm DNA fragmentation in RPL, a
measure of sperm damage at the molecular level. Benchaib
and colleagues have found a fourfold increased risk of miscar-
riage in men with abnormally high DNA index.>> A meta-anal-
yses conducted in 2012, demonstrated that patients with high
DNA damage have a 2 fold increased risk of miscarriage com-
pared to those with a low DNA damage (RR = 2.16
(1.54—3.03)).>° Both ASRM and ESHRE indicate that no evi-
dence supports routine DNA fragmentation index screening
in couples with RPL and further studies are needed on the
potential benefits of antioxidant therapy.

Psychological factors

Both couples and clinicians are frustrated when dealing with
RPL. Several studies in the literature have suggested a poten-
tial psychological contribution to RPL. Although these data
were inconclusive, psychological support and counseling
were advisable in two longitudinal studies that outlined bet-
ter pregnancy outcomes in patients with RPL receiving close
monitoring and support.”” Clinicians should help these cou-
ples in an individualized manner, understand their needs and
effectively tailor the treatment to their condition based on a
structured evaluation and plan.’® We agree with the recom-
mendations of ASRM and ESHRE that both parents should be
offered support and care when it comes to decrease the nega-
tive burden of recurrent losses.

Lifestyle, environmental and occupational factors

Lifestyle, environmental and occupational habits should be
corrected or eliminated prior to conception for the prevention
of early losses. Cigarette smoking, cocaine use, alcohol (>4
drinks per week) and caffeine consumption (>3 cups per day
or 300 mg/day) have all been associated with an increased
risk of RPL via an unfavorable effect on trophoblast inva-
sion.”® Multiple studies have concluded that obesity
(BMI>30 kg/m?) is associated with an increased risk of miscar-
riage. Both ASRM and ESHRE suggest that weight loss should
be emphasized prior to conception in order to decrease recur-
rent miscarriages.®*¢*

Our current guidelines for the evaluation of RPL
(Modified from ASRM and ESHRE)

New studies are constantly being reported as more investi-
gators continue to look for solutions to evaluation and treat-
ment of RPL. Based on the discussion above, it is clear that
large international groups do not have a consensus on the
standard evaluation for RPL."? These groups are using the
same world literature but published their reviews at
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different time points (ASRM-2013; ESHRE-2017). Moreover,
there have been excellent, large, prospective studies that
have looked at potential factors that impact RPL that were
not available at the time of review by the guideline commit-
tee. An example is the recent study on vitamin D deficiency
that clearly demonstrates preconception vitamin D defi-
ciency is associated with a lower conception rate and a
higher miscarriage rate.*” Our research protocol for the eval-
uation of RPL is periodically updated based on new research
and new guidelines. Our current evaluation at the time of
publication is shown in Fig. 1.

The novel proposed algorithm
Inadequacy of current guidelines

As previously discussed, following the ASRM or ESHRE RPL
workup for recurrent miscarriage, a potential etiology can
only be defined in less than 50% of cases of RPL
patients.>®??>/? When the cause is not identified, physicians
are sometimes encouraged to use unconventional and
unproven treatments that are not evidence based. This is
often the case when patients insist that some treatment be
given to them to prevent the miscarriage from happening.
Patients have been offered steroids in low and high doses that
may increase their risk of infections from other sources and
adrenal suppression, empiric unfractionated and low molecu-
lar weight heparins to treat unknown coagulation disorders,
leukocyte immunotherapy to treat suspected HLA imbalan-
ces, intravenous immunoglobulin to treat immunologic
imbalances, as well as other empiric therapies. Desperate
patients often agree to these expensive and unproven thera-
pies because they want some treatment. Consequently, a
new workup algorithm has been proposed by several groups
to improve the quality of patient care and reduce the use of
unproven testing and treatments.>**"'? Large long-term fol-
low up studies on women with RPL have shown that the
chance for a successful live birth in women with RPL can be

predicted based on on the maternal age and the number of
prior miscarriages to be between 40 and 75%.”

Research on embryos and endometrium

Several investigators have studied the genetic composition of
failed pregnancies from women with RPL and have attributed
the cause to aneuploidies in more than 50% of cases of recur-
rent miscarriages.®*'"'%%% Recent advances in testing of POC
using 24 chromosomes micro-array analysis (CMA) eliminates
the need for cell culture and improves the efficiency of test-
ing. Additional studies, using preimplantation genetic testing
on the embryos from couples with RPL demonstrated that
aneuploidies were identified with similar frequencies in all
chromosomes including the sex chromosomes.®* Many of
these aneuploidies that are identified through testing of pre-
implantation embryos are never seen when POCs are tested
by chromosomal banding or CMA. This suggests that
‘biochemical pregnancy losses’ may result from aneuploidies
from large chromosomes (e.g., chromosomes 1, 2, 3 and
others), that are rarely detected by CMA analysis on POC.

Studies on the endometrium of women with RPL suggest
that there may be differences when compared to normal fer-
tile controls. In vitro cultures of endometrial stromal cells
from women with unexplained RPL are more receptive and
less selective to abnormal embryos when added to the cul-
ture.®>°® These data suggest that the endometrium of women
with RPL may be disordered and less able to differentiate nor-
mal and abnormal embryos. These women have been consid-
ered ‘superfertile’ in that they attempt to implant many
embryos that are abnormal and thus have more early preg-
nancy losses. This may also explain many of the ‘biochemical
losses’ that occur before 6 weeks of gestation.

The new algorithm for evaluation of RPL

We recently completed a prospective study on women with
RPL who agreed to complete both the ASRM workup as well as
to have testing of their POC after a second miscarriage."’

Euploid POC CMA
after 22 Pregnancy
Losses
OR
2 Miscarriages with
No POC Diagnosis
|
| | 1 | | 1
Anatomic Endocrinologic. Microbiologic Lifestyle Evaluation Genetics
Evaluation Evaluation Evaluation Autoimmune Factors (Caffeine, Tobacco, (Karyotype of
: ' (LA, aCL, aB2GP1) Alcohol, Obesity) ryotyp
(HSG, SHG) (TSH, Prolactin, HgA1c, (Cultures, endometrial Parents)
I_ Vit D, Progesterone) biopsy) |_ L
i Alterations to : P
Ta r%eted Styrglcal Medical Correction  Targeted L Start Aspirin, Lifesltyle GenettcPCGcf]%nselmg
orrection (Progesterone to 10 antibiotics for both : : (
. Heparin, Calcium
weeks, Levothyroxine, partners
Metformin)

Fig. 1-Our Current Modified ASRM and ESHRE workup for the Evaluation of Recurrent Pregnancy Loss. This evaluation is
based on current evidence based data in the literature with a foundation from the ASRM and ESHRE Guidelines, Modified from
Kutteh, 2015.°% Abbreviations: POC, products of conception; CMA: chromosome microarray assays; HSG, hysterosalpingo-
gram; SHG, sonohysterogram; TSH: thyroid stimulating hormone; Vit: vitamin; LA, lupus anticoagulant; aCL, anticardiolipin;
aB2GP1, anti-B2-glycoprotein 1; PGT, preimplantation genetic testing.
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Using these data, we were able to calculate the efficiency of
the different methods of evaluating women with RPL. Women
who presented with their second pregnancy loss agreed to
have POCs tested using 24 CMA on pregnancy tissue that was
either spontaneously passed or at the time of dilation and
curettage. They also had a full evaluation as recommended
by the ASRM.! The results were divided into three groups
depending upon the results of the POC 24 chromosome CMA

(Fig. 2):

e Aneuploid POC (63% of all samples)— the miscarriage is the
result of a genetic cause and no further evaluation would
be recommended.

e Unbalanced chromosomal translocation or inversion (4% of
all samples)— peripheral karyotypes for both parents are
indicated. Counseling with preimplantation genetic testing
may be discussed.

e Euploid POC (33% of all samples) — full RPL workup as rec-
ommended by the ASRM is indicated because no explana-
tion for the loss has been determined.

We conducted a study on 100 patients with recurrent mis-
carriages and tested the combination of a genetic testing on
POCs with the usual ASRM algorithm at the time of a second
pregnancy loss, to show that testing initially with CMA analy-
sis is more cost effective, as well as more efficient than the
isolated workup recommended by the ASRM. Following this
algorithm, interesting results were found (Fig. 3). Women
with normal POC CMA (33%) had an abnormal ASRM workup
in 84.4% of cases and majority of women with abnormal POC
CMA (67%) had a normal ASRM evaluation (74.6%). This will
leave a small group of patients with truly unexplained RPL,
after a complete evaluation with all evidence based tests and
a 24 CMA evaluation of the POC, who will turn out to be
unexplained.™

CMA is more efficient and accurate in identifying a better
yield of chromosomal abnormalities as compared to the stan-
dard karyotype. It specifies a genetic diagnosis with lower
maternal cell contamination, successful in nonviable cells, in

addition to a better detection rate of deletions and
duplications.®’

Confirming that fetal aneuploidy is the cause of the miscar-
riage initially precludes the need for an extensive workup.
However, there will be some patients who will have an aneu-
ploid result on POC testing after the second loss who will also
have an abnormal test result after the full ASRM workup.
New guidelines that are developed in the future may follow
the ESHRE report from 2017 which deleted the genetic karyo-
type on both parents. The savings from eliminating this low
yield test can be devoted to 24 CMA testing on the POC. Thus,
a common sense hybrid evaluation might include 24 CMA
testing at the time of a second loss, combined with the ASRM
and ESHRE recommended evaluations of anatomical, hor-
monal, autoimmune testing with the addition of some micro-
biological evaluation of the uterine cavity.

POC testing by 24 CMA has become widely available and
the costs have dropped considerably in the last few years as
more providers have entered the market. Moreover, when
evaluating the cost effectiveness of 24 CMA, the diagnosis
per patient would cost 50% less when compared to a full RPL
workup ($1879.16 USD compared to $3866.84 USD). If com-
monly implemented, the common sense strategy outlined
above, will identify a definite or probable cause of RPL in
more than 90% of cases at less than half the cost to the
health care system.

Conclusion

The guidelines for RPL evaluation differ between the different
societies, yet they all consider initiating an assessment after
two miscarriages. Based on this approach, costs and expenses
will escalate the burden on health care resources. In addition,
recurrent miscarriages may have traumatic psychological
consequences on many women. Thus, finding a strategy that
is effective in providing a diagnosis, efficient in administra-
tion, and cost effective is of utmost importance to health care
providers, fertility experts and patients at the same time.
Genetic testing of the miscarriage tissue at the time of the

1st miscarriage

(No action taken unless
clinically indicated)

2" miscarriage
Obtain POC CMA

investigation

Unbalanced
. Chromosomal .
Aneuploid POC CMA Translocation or Euploid POC CMA
Inversion
L No further Perform parental

karyotypes

— RPL Workup

Fig. 2-The proposed novel algorithm for RPL evaluation using 24 chromosome microarray testing at the time of the second
miscarriage, Modified from Popescu F et al.'* Abbreviations: POC, products of conception; CMA: chromosome microarray

assays; RPL, recurrent pregnancy loss.
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At the time of 2"
miscarriage
I
[ I ]
ASRM RPL Workup
ASRM RPL Worku POCCMA
2 & POC CMA
Normal ASRM RPL
Normal Abnormal Workup & POC CMA Normal Abnormal
55/100 (55%) 45/100 (45%) $/100 (5%) 33/100 (33%) 67/10 (67%)
Abnormal ASRM RPL Abnormal ASRM RPL Abnormal ASRM RPL
\\ Abnormal POC CMA Abnormal POC CMA Workup &/or POC CMA L Workup L Workup
50/55 (90.9%) 17/45 (37.8%) 95/100 (95%) 28/33 (84.5%) 17/67 (25.4%)

Fig. 3-Evaluation of three strategies for the evaluation of recurrent pregnancy loss. On the left panel, the ASRM recom-
mended evaluation revealed abnormal findings in only 45% of patients. On the right panel, the POC chromosomal microarray
revealed abnormal findings in 67% of patients. In the center panel, a combination of both strategies, identified a possible or
definitive cause of RPL in over 90% of patients, Modified from Popescu F et al."* Abbreviations: RPL, recurrent pregnancy loss;

POC, products of conception; CMA: chromosome microarray assays.

second loss is a novel strategy reported, providing informa-
tion for couples and physicians through an identification of
an etiology in more than 90% of cases. In an era of personal-

ized health care, we recommend that this new strategy 6
should be considered to represent the new standard of care to
be applied in clinical practice to patients presenting with RPL. 7.
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