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Abstract

More women postpone childbearing nowadays while female fertility begins to decline with
advancing age. Furthermore, with the rolling out of the two-child policy, there is a huge demand
for a second child for Chinese aged women. There are various assisted reproductive technology
(ART) strategies applied for age-related infertility without solid evidence. On behalf of the Society
of Reproductive Medicine, Chinese Medical Association, we would like to develop a Chinese guide-
line of ART strategies for age-related infertility. This guideline was produced following the recom-
mendations for standard guidelines described in the 2012 WHO Handbook for guideline devel-
opment. The Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
framework was also followed. A protocol was formulated and a Guideline Development Group was
formed with specialists of reproductive medicine, methodologists from Chinese GRADE work-
ing group, and patient representative. Questions regarding the ART strategies for aged infertility
were formulated and 8 most important ones were chosen to be structured in PICO format (Popu-
lation, Intervention, Comparison, Outcomes). Comprehensive search and review of the literature
were performed and the quality of the evidence was assessed and rated based on certain criteria
and be categorized as high, moderate, low, or very low. Twenty-five recommendations were for-
mulated among members of the Guidelines Development Group (Delphi method) basing on the
overall quality of the evidence, in addition to the balance between benefits and harms, values and
preferences, and resource implications. The final recommendations were agreed on by consensus
during face-to-face meetings. This is the first Chinese practice guideline in reproductive medicine

developed following the standard and scientific method.

KEYWORDS
advanced maternal age, assisted reproductive technology, evidence-based clinical practice guide-
line, infertility

1 | BACKGROUND AND OBJECTIVES

With the increasing number of women who postpone marriage and
childbearing nowadays, the proportion of first birth occurring among
women with advanced maternal age (AMA) in developed countries
such as the United States, Canada, Australia, and New Zealand was
increasing accordingly.! China is no exception. In 2007, the propor-

tion of the advanced maternal woman was 8.56%,* comparing to 2.96%
in 1996. Particularly, since October 2015, China rolled out the two-
child policy (one couple is allowed to have the second child) across
the country, which further promoted the proportion of births occurred
among women with advanced age.> However, women’s fecundity
declines with increasing age.? Those with a decreased fecundity

always need assisted reproductive technology (ART) to help them with
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conception. ART is a series of technologies that allows infertile couples
to achieve pregnancy via managing gametes and embryos using micro-
manipulation techniques, including artificial insemination (Al), in vitro
fertilization and embryo transfer (IVF-ET), and derived technologies.1?
Although effectively improving the pregnancy rate and birth rate, par-
ticularly for women with advanced age, the academics still fail to reach
consensus on many topics and to formulate a normative clinical prac-
tice guideline.

In 1958, the International Federation of Gynecology and Obstetrics
defined “advanced maternal age” as pregnant women aged 35 years
and older. Comparing to their younger counterparts, women with an
advanced maternal age are exposed to a higher pregnancy risk, not
only a higher risk of various obstetric complications, but also a poorer
birth outcome and prognosis for both the mothers and newborns.6=8
In the area of reproductive medicine, given the positive association
between women’s age and ART outcomes, the ART strategies for
women with advanced age vary from those for younger women. How-
ever, the academics have not reached a consensus on the cutoff value
for “women with advanced age” and whether to follow the same age as
“advanced maternal age.”

Several Chinese expert consensus statements have been developed
to address the ART strategies for women with advanced age, 12 and
there have been a couple of relevant recommendations toward ART
strategies for women with advanced age from other countries’ guide-
lines or concensus.13-1¢ However, there is no guideline specifically
aiming at this group of women yet, and several problems exist. Firstly,
the clinical questions addressed in international guidelines cannot
reflect the focus of the Chinese context, and the recommendations
are seldom based on evidence from China. Secondly, the Appraisal
of Guidelines for Research and Evaluation (AGREE) scores are low
for previous Chinese expert consensus, either due to the lack of
supporting evidence or because the evidence is of poor quality. Thirdly,
some of the recommendations, both domestic and overseas, are vague
and impractical, especially those targeting women with advanced age.
Finally, those recommendations hardly took the patients’ preference
and values into consideration.

To solve the abovementioned problems, we formed a multidisci-
plinary working group and followed the standard method and process
of developing an evidence-based clinical practice guideline to develop
this practice guideline of the ART strategies for women with advanced
age, aiming at standardizing the application of ART in women with
advanced age and providing the appropriate support for health work-

ers/practitioners in reproductive medicine facilities.

2 | METHOD

The guideline was developed following the method process recom-
mended by 2014 WHO Handbook for guideline development,1” and
also referred to AGREEII “The basic method and procedure of devel-
oping or updating the clinical guideline of diagnosis and treatment”
published by Chinese Medical Association in 2016 and “The standard

of formulating guidelines and consensus” drew up by Chinese Soci-

ety of Reproductive Medicine in 2016.181? The final guideline was
reported according to the Reporting Items for Practice Guidelines in
Healthcare (RIGHT, http://www.right-statement.org).2° The flow chart
of the guideline development process is provided in the Appendix.

2.1 | Sponsor and supporters

The Chinese Society of Reproductive Medicine, which affiliated
to Chinese Medical Association, initiated and took charge of the
development of this guideline, whereas the Chinese GRADE Center/
Evidence-Based Medicine Center of Lanzhou University provided the

methodological support.

2.2 | Registration and protocol composing

This guideline has beenregistered on the International Practice Guide-
lines Registry Platform (International practice guideline registry plat-
form, IPGRP)2! both in English and Chinese (registration number:
IPGRP-2017CNO0O5). The guideline’s protocol can be obtained from
IPGRP if required.

2.3 | Users and targeting audience

This guideline mainly applies to facilities providing reproductive ser-
vices to infertility couples. The principal potential users are Chinese
clinical professionals (including clinical practitioners, embryologists,
and nurses). The primary target audience is Chinese women receiving
ART at an advanced age (>35 years old).

2.4 | Guideline working groups

The five working groups were formed for this guideline, including
guideline steering committee, guideline development group, secre-
tariat, evidence evaluation group, and external review group. Experts
from areas of reproductive medicine, embryology, obstetrics, gynecol-
ogy, health economics, evidence-based medicine, etc. participated in
the developing process. One patient representative was also included

in the formulation of the final recommendations.

2.5 | Conflict of interest statement

All members of the guideline working groups have filled out the Dec-
laration of Interest form and declared no conflict of interest directly
related to this guideline.

2.6 | Identify and selection of clinical questions

Two rounds of questionnaire survey were conducted to identify clin-
ical problems of the practitioners’ interest. Three hundred thirty-
three copies of questionnaire were collected from 105 facilities all
over mainland China, covering all the 31 provinces, municipalities, and
autonomous regions. After deduplication and combination, 21 most
important questions were identified, and the top eight of them were

included in this guideline after discussion within the working groups.
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TABLE 1 GRADE decision-making tool

Grading score on recommendations

WILEY-¢

Decision-making

process 1 2
Balance of benefits The benefits The benefits possibly
and harms outweigh the outweigh the
harms harms
Recommendation Strong Weak

recommendation recommendation

Voting result

0 -2 -1

Equal benefits and The harms probably The harms outweigh
harms or outweigh the the benefits
uncertainty about benefits
the stability of
benefits versus
harms

No recommendation Weak Strong

for or against the recommendation recommendation

intervention

TABLE 2 Level and definition of quality of evidence and strength of recommendations

Grade Definition

Quality of evidence

High We are very confident that the actual effect lies close to that of the estimate of the effect.

Moderate We are moderately confident of the effect estimate: The actual effect is likely to be close to the evaluation of the effect, but there is a
possibility that it is substantially different

Low Our confidence in the effect estimate is limited: The true effect may be substantially different from the evaluation of the effect.

Very Low We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Recommended strength
Strong (1)
Weak (2)

2.7 | Evidence search, evaluation, and grading

Based on the included clinical questions, the guideline working group
systematically searched the following databases: (a) Systematic review
and meta-analysis: PubMed, Epistemonikose, the Cochrane Library,
Chinese National Knowledge Infrastructure (CNKI), WanFang Data,
and CBM; (b) Clinical trials: Up To Date, DynaMed, CNKI, WanFang
Data, CBM, and PubMed; (c) Relevant reproductive medicine guide-
lines: the National Institute for Health Care and Excellence (NICE),
National Guideline Clearinghouse, European Society of Human Repro-
duction and Embryology (ESHRE), and American Society for Reproduc-
tive Medicine (ASRM). Supplementary search in Google Scholar and
official websites for specific journals were performed as well. All the
databases were searched from inception to April 1,2017.

The following tools were employed to assess the methodological
quality or risk of bias for the included studies: Assessing the Method-
ological Quality of Systematic Reviews (AMSTAR) scale was used
to evaluate the methodological quality for systematic review, meta-
analysis, and network meta-analysis?2; Cochrane risk of bias tool23,
quality assessment of diagnostic accuracy studies,2* and Newcastle-
Ottawa Scale were applied to evaluate the methodological quality for
corresponding clinical researches.2> Two independent reviewers per-
formed the assessment process, and any disagreements were resolved
by discussion or consultation for a third member. Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE)26:27

approach was applied to evaluate the body of evidence and to

Clearly shows the benefits of intervention outweigh the harms or more harms than benefits

Uncertain about the benefits and harms or the benefits and harms are tantamount regardless of the quality of evidence

formulate the recommendations. Please refer to Tables 1 and 2 for
GRADE decision-making tool and GRADE quality of evidence and rec-
ommendations.

2.8 | Patients’ preference and value

The guideline working group conducted a questionnaire survey on
some of the included clinical questions in which patients’ preferences
and value may play a part and received 50 feedbacks. The evidence
evaluation group analyzed the results and took them into account

when formulating the final recommendations

2.9 | Formulation and update of the
recommendations

Based on the evidence, patients’ preference and value, the cost of
interventions, and balance of advantages and disadvantages, 25 final
recommendations were formulated after a one-round Delphi survey
and four face-to-face consensus meetings.

The guideline working group will update the guideline following the

international guideline updating process, if necessary.

2.10 | Dissemination and application

The guideline has two versions, the Chinese language version is pub-

lished in the Chinese Journal of Evidence-based Medicine, and the
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English language version is the current version. After the approval and
publication of this guideline, the guideline will be disseminated via (a)
continuing education activities in relevant academic conferences;
(b) organizing workshops to facilitate the clinical practitioners, phar-
macists comprehensively understand and correctly use the recommen-
dations; (c) publishing summary/review articles in Chinese academic
journals; (d) social media and other printed media, for example, Chinese
Reproductive Medicine Society’s website, Wechat, Weibo.

And we planned to update this guideline in 2021-2023 following the

international guideline updating process.28

3 | RESULTS

This guideline contains 25 final recommendations under eight areas:
health promotion, ovarian reserve evaluation and intervention, selec-
tion of ART approach, controlled ovarian hyperstimulation (COH),
selection of fertilization method, preimplantation genetic screening
(PGS), embryo implantation, luteal phase support, and fetal deduction.
All the recommendations are listed in Frame 1.

Frame 1. Summary of the Recommendations
1. Health promotion (N = 5)

e Age is an independent risk factor for women'’s fecun-
dity and their pregnancy outcomes. Based on the rele-
vant evidence both domestic and overseas, we recom-
mend 35 years old as the cut-off value for advanced

maternal age in the area of reproductive medicine. (1A)

e For women 35 years old and older, the risk of sponta-
neous miscarriage, various obstetric complications and
neonatal congenital disabilities increase significantly
with age, while the pregnancy rate and live birth rate
decline significantly with age. (1A)

o We suggest women aged 35 years and elder to receive
clinical evaluation (including ovarian reserve function
evaluation) and proper treatment for infertility if not
pregnant after six months’ regular, unprotected sex.
(2B)

e Women aged 35 years and elder who will receive ART
should be informed that the cumulative pregnancy rate
and live birth rate of IVF decrease with age, during the

miscarriage rate increase with age. (1B)

e We suggest health education for women with
advanced age when receiving ART. Psychological
counselling or intervention may be provided for

certain patients. (2C)
2. Ovarian reserve evaluation and intervention (N = 5)

e Currently, there are no acknowledged diagnostic crite-

ria for diminished ovarian reserve (DOR). We suggest

a comprehensive evaluation involving age, basal hor-
mone level, anti-mallerian hormone (AMH) and antral
follicle count (AFC), etc. (2C)

e We suggest a combination of basal follicular stimulat-
ing hormone (FSH), estradiol (E,), AMH etc. for eval-
uating ovarian reserve. However, such evaluation may
not be necessarily associated with women'’s fertility
outcome but mainly predict the ovarian response to
COH. (2C) Inhibin B (INH B) should not be used as a
marker for DOR. (1B)

e We suggest antral follicle count (AFC) under ultra-
sound as a marker in evaluating ovarian reserve func-
tion, (2C) and do not suggest ovarian volume (OV) for
diagnosing DOR. (1B)

e For infertile women with DOR, dehydroepiandros-
terone (DHEA) may improve the ovarian response,
the quality of the oocyte and embryo, the number of
retrieved oocytes as well as the clinical pregnancy rate.
However, there is insufficient evidence. (2C)

e Growth hormone (GH) might improve the ovarian
response and live birth rate for women with DOR or

poor ovarian response, with insufficient evidence. (2C)

. Selection of ART approach (N = 1)

e Age is significantly associated with the pregnancy rate
of IUl. The clinical pregnancy rate of IUl for women
>30 years old declines with advanced age, while such
a decline is more dramatic after age 40. We, therefore,
do not recommend women greater than 40 years to
receive |Ul but to receive IVF instead to increase their
chance of pregnancy. (1B)

4. Controlled ovarian hyperstimulation protocols (N = 2)

e For women >35 years old and receiving the down-
regulation protocol for COH, recombinant LH
(rLH) supplementation, particularly in the middle
or late follicular phase if LH <2 mlU/ml, is recom-
mended. It may improve pregnancy outcomes such as
embryo implantation rate and clinical pregnancy rate.
(1C)

e For women >35 years old who receiving the antagonist
protocol for COH, there is no evidence regarding the
effectiveness of the supplementation of LH/rLH in ben-
efiting the pregnancy outcomes. (2B)

5. Selection of fertilization (N = 2)

e The choice of fertilization (IVF or ICSI) is not made

according to women’s age. (1B)

e For infertile women caused by non-male factors, com-
pared to IVF, ICSI could not improve the pregnancy
outcomes after fertilization but increase the cost in a
similar cycle. We, therefore, recommend IVF for these
patients. (1B)
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. Embryo selection—PGS (N = 3)

e For women with advanced age who receive ART,
detailed information regarding the advantages and dis-
advantages of PGS should be provided beforehand to
help to make the decision about whether PGS is neces-

sary for them. (2C)

e For women with advanced age and receiving ART,
preimplantation genetic screening (PGS) (e.g. CGH)
may improve the embryo implantation rate and ongo-
ing pregnancy rate. But meanwhile, it may be accom-
panied with a certain risk of misdiagnosis and embryo
impairment. (2C)

o We suggest women greater than 38 years old, or with
a history of recurrent implantation failure/recurrent

spontaneous abortion consider PGS. (2C)
. Embryo transfer (N =2)

e For women aged between 35 and 37 years old and
with a good prognosis, we recommend elective sin-
gle embryo transfer to decrease the multi pregnancy
rate and the risk for maternal and fetal complications.
(1A)

e For women >37 years old or with a poor prognosis,
we suggest double embryos transfer. But the patients
must be informed of the risk of multi pregnancy and
maternal and fetal complications. (2B)

. Luteal phase support and fetal deduction (N = 5)

e There are no statistical differences in live birth rate,
clinical pregnancy rate, ongoing pregnancy rate, mis-
carriage rate and multiple pregnancy rate etc. for vari-
ous luteal support approaches, i.e.muscular injection of
progesterone, vaginal progesterone gel, and oral pro-

gesterone. (1B)

e Intramuscular progesterone injection may result in
certain side effects, e.g. local tender spot, swelling,

infection, whose incidence elevate with dose. (2C)

e Patient preference should be considered when making
decisions on the approach of LPS. (2C)

e A fetal deduction is suggested for women with
advanced age and a twin pregnancy since it will
decrease the risk of preterm birth and low birth weight
neonate and increase the term pregnancy rate, the
mean pregnancy duration and neonatal birth weight.
Patients should be comprehensively informed of the
relevant risks if choosing not to have a fetal deduction.
(2C)

e We suggest fetal deduction performed in the first
or second trimester. Women with high-risk factors
(>40 years old, or with a history of recurrent miscar-
riage, or with a family history of hereditary disease,

WILEY- -2

or with the risk of fetal inherently diseases) may wait
till the second trimester to receive fetal deduction
(2C)

Recommendations 1 and 2

e Age is an independent risk factor for women’s fecundity and their
pregnancy outcomes. Based on the relevant evidence both domes-
tic and overseas, we recommend 35 years old as the cutoff value for

women of advanced age in the area of reproductive medicine. (1A)

e For women 35 years and older, the risk of spontaneous miscarriage,
various obstetric complications, and neonatal congenital disabilities
increase significantly with age, whereas the pregnancy rate and live

birth rate decline considerably with age. (1A)

For women 35 years and older, the risk of spontaneous miscar-
riage, various pregnancy complications, and neonatal birth defects, as
well as the incidence of infertility increase significantly, whereas the
pregnancy rate and live birth rate decline significantly with age.29-33
Advanced age is associated with a decreased fecundity and a higher
incidence of female infertility: 6% at age 20-24, 9% at age 25-30, 15%
at age 30-35, 30% at age 35-40, and 64% at age 40~45.34 The main
explanation for such declining is that women’s ovarian reserve and
oocyte quality decreases with age, but the increased prevalence of
uterine diseases including leiomyoma, adenomyosis and endometrial
lesions also have a role in the decline of fecundity for women with
advanced age.3¢ The 2012 guideline from the Society of Obstetrics and
Gynaecology of Canada (SOGC) pointed out: The probability of achiev-
ing pregnancy in one menstrual cycle declines with age, approaching
0% around 46 years old.?

Meanwhile, the spontaneous abortion rate is approximately 40%
for women 35-45 years old and 60-65% for women aged 45 and older.
Therefore, the proportion of live birth to women between the age
of 38 and 40 years is 19.2%, which decreases to 12.7%, 5.1%, and
1.5% among women between 39 and 42, 43 and 45, and greater than
45 years old.3>

Furthermore, the risk of various obstetric complications is associ-
ated with age. Women of 45 years old are 2.7 times, 3.8 times, 10 times,
and 1.89 times more likely than their younger counterparts to develop
chronic hypertension, diabetes, gestational diabetes, and pregnancy-
induced hypertension, respectively.3” Women who were conceiving
after 40 years old and greater face a higher risk of stroke and heart
diseases in the future.3® Neonates born to women with advanced age
are more likely to suffer from certain birth defects such as Down’s syn-

drome, cerebral palsy, etc.31:37

Recommendation 3

o We suggest women aged 35 years and older to receive clinical eval-
uation (including ovarian reserve function evaluation) and appropri-
ate treatment for infertility if not pregnant after 6 months’ regular,

unprotected sex. (2B)
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We suggest women aged 35 years and older who are not pregnant
after six months’ regular and unprotected sex to receive a compre-
hensive clinical evaluation for infertility. Women =40 years old should
visit the fertility clinic for fertility evaluation and counselling once
started preparing for pregnancy.*°-42 The evaluation mainly includes
ovarian reserve function evaluation (blood tests and ultrasound exam-
ination) and other infertility tests, such as the tubal patency and
uterine/endometrial evaluation (via ultrasound).*3 The progressive
decrease in the number and quality of oocyte from fetal life to
menopause is the cause of the age-related decline in female fertility.*4
During the reproductive years, there is continued atresia for oocytes.
The pool of oocytes decreases to half of its original size at the age
around 30, which further decreases to one-sixth at age 35.47°0 There-
fore, an ovarian reserve function evaluation is suggested for women
>35 years old but not pregnant after 6 months’ regular, unprotected
sex. If necessary, ART could be applied to these women to shorten the
time to pregnancy.

Recommendation 4

Women aged 35 years and older who will receive ART should be
informed that the cumulative pregnancy rate and live birth rate of
IVF decrease with age, during the miscarriage rate increase with age.
(1B)

Women who plan to receive ART should be informed that the IVF
success rate declines with the advancing age and the most optimal
age for IVF is 23-39 years old. Statistical data show that the live birth
rate per IVF cycle is 33.1% for women younger than 35 years, 26.1%
for women aged 35-37, 16.9% for age 38-40, 8.3% for age 41-42,
3.2% for age 43-44, and 0.8% for those 44 years and older. Another
research demonstrated that, for women >35 years old, the live birth
rate per IVF cycle and the cumulative pregnancy rate drop 10% with
every 1-2 yearsincrease in age, whereas the miscarriage rate increases
10% accordingly.*® A Chinese study published in 2014 investigated
the association between maternal age and embryo implantation rate
and clinical pregnancy rate of IVF cycles performed in women >35
years old. They found the IVF success rate for women >43 years old
was approaching zero, and the embryo implantation rate of those >40
years (nh = 37, 57 cycles) was significantly lower (8.3%) than that of the
age 35 to <37 (n =63, 67 cycles) and age 37 to <40 groups (n =55, 60
cycles).*¢ We also suggest performing risk evaluation of adverse fetal
outcomes to those who get pregnant via ART, to effectively prevent the

poor prognosis due to advanced maternal age.3%4°
Recommendation 5

e We suggest health education for women with advanced age when
receiving ART. Psychological counselling or intervention may be pro-
vided for individual patients. (2C)

A psychological evaluation should be considered to be applied to
women receiving ART and with an advanced age, who are always
accompanied by depression and anxiety. A survey carried out in China
after the rolling out of the "two-child" policy in 2016%7 (n = 110)

revealed a significantly higher score and prevalence of depression
(47.37 + 7.36, 23.63%) and anxiety (43.95 + 6.32, 32.72%) in women
receiving ART and with advanced age comparing to their fertile coun-
terparts in the general population. We, therefore, suggest physicians
adopt specific psychological intervention strategies to help those infer-
tile women with advanced age,*® for example, health promotion and
regular seminars in fertility clinics introducing reproductive medicine
and ART. Such strategy may benefit the collaboration between physi-
cians and patients, enforce patients’ confidence toward the treatment,
and improve the psychological health status of infertile women with

advanced age.

Recommendations 6 and 7

Currently, there is no acknowledged diagnostic criterion for dimin-
ished ovarian reserve (DOR). We suggest a comprehensive evalu-
ation involving age, basal hormone level, anti-mllerian hormone
(AMH), antral follicle count (AFC), etc. (2C)

e We suggest a combination of basal follicular stimulating hormone
(FSH), estradiol (E;), AMH, etc. for evaluating ovarian reserve.
However, such evaluation may not be necessarily associated with
women’s fertility outcome but mainly predict the ovarian response
to COH. (2C) Inhibin B (INH B) should not be used as a marker for
DOR.(1B)

In terms of hormonal indicator and cytokines, we suggest a com-
bination of basal follicular stimulating hormone (FSH), estradiol (E,),
AMH, and FSH/Luteinizing hormone (LH) to reach the diagnosis of
diminished ovarian reserve (DOR). Basal FSH refers to the serum
FSH level on the second to fourth day of a natural menstrual cycle.4?
One Chinese clinical randomized research (n = 284) showed that FSH
was of relatively low sensitivity and specificity in predicting ovarian
reserve.®0 But it is still widely used in clinical settings given its low cost
and simple test method. Generally, patients with a bFSH < 10 IU/L is
considered as with a relatively healthy ovarian reserve, while 10 < FSH
< 15 IU/L as borderline, and 15 < FSH < 25 IU/L as with DOR.5!
To be noticed, the value of FSH is related to the assay method and
reference standard. Most of the studies take FSH 101U/L as the cutoff
value for predicting DOR,>2-54 whereas some adapt FSH >12 or 15
IU/L.555¢ Although the sensitivity and specificity of FSH in predicting
ovarian reserve is low, FSH/LH has a better performance in diagnosing
DOR. There is still no consensus regarding its cutoff value, mainly
between 2.0 and 3.6. It is commonly considered that an FSH/LH > 3.6
is associated with an inadequate ovarian response to stimulation and
a higher cancellation rate.>”

Basal estradiol (E,) refers to the serum estradiol level at the sec-
ond to fourth day of the menstrual cycle. An elevated basal E, is
thought to emerge earlier than the bFSH elevation and may imply a
decreased ovarian reserve. Nonrandomized clinical research (n = 225)
considered E, < 80 mg/dL indicating a healthy ovarian reserve, while
the cancellation rate is higher for those with E, > 80 mg/dL and
their pregnancy rate is lower. A high level of E, will inhibit the pitu-

itary producing FSH and may cover up the phenomenon of DOR in
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perimenopausal women. Testing both FSH and E, may help avoid such
influence.

AMH is a cytokine secreted by preantral and small antral follicles,
discovered inhibiting the growth of primordial oocyte. It is consid-
ered as the most accurate marker reflecting the number of primor-
dial oocytes as well as the most reliable marker indicating the ovar-
ian reserve function.585? A 2015 systematic review®® (AMSTAR = 9,
n = 5373) demonstrated the predictive ability of AMH for pregnancy
was the greatest in women with DOR, with a sensitivity of 69.9% (95%
Cl, 61.0-77.9%), a specificity of 64.7% (95% Cl, 60.9-68.3%), and an
AUC of 0.696 (95% ClI, 0.641-0.751). A randomized clinical trial from
China (n = 205)%? sorted the markers from high to low regarding their
prognostic values of ovarian reserve function as AMH, AFC, bFSH,
maternal age, and bFSH/bLH (P < .05). It is generally considered that®2
AMH < 0.5 ng/mL indicated an low ovarian reserve of fewer than three
follicles in IVF cycles, AMH < 1.0 ng/mL indicated alow ovarian reserve
and an inadequate ovarian response, and 1.0 < AMH < 3.5 ng/mL
indicated an excellent ovarian response to gonadotropins. When
AMH > 3.5 ng/mL, the stimulation should be performed with cautious
to avoid ovarian hyperstimulation syndrome (OHSS) since the patients
may present an excessive response to gonadotropins. The testing of
AMH can be performed on any day of a menstrual cycle given that there
is little fluctuation of the AMH level. There is no evidence regarding
how frequent the AMH should be reexamined.

But what calls for special attention is that, according to a recent
study published in JAMA, biomarkers like AMH and FSH may not be
able to assess women’s natural fertility, neither predict their chance of
pregnancy.”!

The reliability of Inhibin B (INH B) is low in predicting ovarian
reserve, and the majority of studies demonstrated that INH B could not
predict pregnancy outcomes.®3-¢7 Therefore, the 2015 guideline from
Amerian Society of Reproductive Medicine (ASRM)>1¢8 did not recom-
mend INH B as the predictor of DOR.

Recommendation 8

e We suggest antral follicle count (AFC) under ultrasound as a marker
in evaluating ovarian reserve function (2C) and do not indicate ovar-
ian volume (OV) for diagnosing DOR. (1B)

AFC is defined as the number of follicles with 2-10 mm diameter in
the ovaries at the start of the menstrual cycle (days 2-4). It is one of the
most valuable markers for predicting ovarian reserve function; how-
ever, the cutoff level is still controversial, ranging from 5 to 10. Mean
ovarian diameter (MOD) is the mean of two perpendicular diameters
on the largest cross-sectional sagittal view of any of the ovary. Note
that 20 mm is adopted as the cutoff value, and patients with an MOD
<20 mm have a poorer IVF outcome.®? OV was once recommended
as the marker for evaluating ovarian reserve function. However, given
to its variability in measurement, OV is mainly associated with the
number of retrieved oocytes but not with the possibility of pregnancy.
It was reported that the accuracy of OV in predicting DOR ranges
between 17% and 53%.6479 Therefore, 2015 ASRM guideline®168 did

not recommend OV as a marker for diagnosing DOR.
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Whether it is necessary to perform other tests, for example,
clomiphene stimulation test (CCCT), gonadotropin-releasing hormone
agonist (GnRH-a) stimulation test, etc., depends on the specific sit-
uation. These are absolute reliability of these prediction tests; how-
ever, they are no longer widely used in clinical settings anymore. Fur-
thermore, the influence of radiotherapy, chemotherapy, and surgery on
the ovarian should be taken into account when evaluating the ovarian
reserve function.

So far, there is still no consensus in terms of the threshold of each
predictor for DOR. Physicians should combine various markers and
tests according to a patient’s situation to achieve a better evaluation

of ovarianreserve.

Recommendation 9

e For infertile women with DOR, dehydroepiandrosterone (DHEA)
may improve ovarian response, quality of the oocyte and embryo,
number of retrieved oocytes, as well as the clinical pregnancy rate.
However, there is insufficient evidence. (2C)

A 2017 systematic review (AMSTAR score = 9, N = 1208) showed
DHEA might lead to a slightly higher pregnancy rate in patients with
DOR (OR = 1.47; 95% Cl, 1.09-1.99), but have no significant influ-
ence on the number of retrieved oocytes, cycle cancellation rate
and the miscarriage rate.”1-73 A systematic review published by Ji
et al. (AMSTAR score = 9, N = 1072) demonstrated a higher clinical
pregnancy rate (OR = 1.64; 95% Cl, 1.20-2.24; P < .001), an increased
number of retrieved oocytes (MD = 1.27; 95% Cl,0.60-1.94; P=.0002)
and a decreased cycle cancellation rate (OR = 0.54; 95% Cl,0.33-0.87;
P =0.01) for IVF/intracytoplasmic sperm injection (ICSI) patients with
DOR who use DHEA, but a nonsignificant difference regarding the E2
level on hCG day, total gonadotropin usage, miscarriage rate, etc. The
results of Li's systematic review (AMSTAR score = 6, N = 647) also indi-
cated that DHEA may improve the clinical pregnancy rate (RR = 2.82;
95% Cl, 1.68-4.74; P < .001) of IVF/ICSI patients with DOR, but makes
no significant difference in the number of retrieved oocytes, embryo
implantation rate, and the miscarriage rate etc. However, Dong’s study
(AMSTAR score = 8, N = 532) had a different finding.”* It revealed
that a pretreatment of DHEA for IVF patients with DOR could not
improve the clinical pregnancy rate but led to an increased number
of retrieved oocytes (MD = 1.27; 95% Cl, 0.26-2.29; P = .03) and a
decreased gonadotropin usage (MD = -528.58; 95% Cl, -992.59 to -
64.56; P = .03), The common side effects of DHEA are acne, obesity,
and hirsutism.”> No severe side effects have been reported yet. But
further studies are necessary to investigate its long-term safety. The
significant potential risk is developing malignant tumors reliable on
estrogen or androgen given that DHEA is the androgen precursor.”¢ In
conclusion, the evidence of the application of DHEA in DOR patients
is still controversial. It is also noteworthy that the included four sys-
tematic reviews were all conducted by Chinese research teams. Three
of them declared no conflict of interest but did not clarify the funding
resources. All four studies did not perform age stratification for women

above 35 years old.
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Recommendation 10

e Growth hormone (GH) might improve the ovarian response and live
birth rate for women with DOR or poor ovarian response, with insuf-

ficient evidence. (2C)

A 2017 systematic review (AMSTAR score = 8, N = 663) showed GH
could significantly increase the clinical pregnancy rate (RR = 1.65; 95%
Cl, 1.23-2.22; P < .001), live birth rate (RR = 1.73; 95% Cl, 1.25-2.40;
P <.001),E2level on hCG day (SMD = 1.03; 95% Cl,0.18-1.89; P=.02),
the number of oocyte retrieved (SMD = 1.09; 95% Cl, 0.54-1.64;
P <.001), and MII oocytes (SMD = 1.48; 95% Cl, 0.84-2.13; P < .001),
but decrease the cycle cancellation rate (RR = 0.65; 95% Cl, 0.45-0.94;
P = .02) and the gonadotropin usage (SMD = -0.83; 95% Cl, -1.47
to -0.19; P = .01), and had no significant effect on embryo implanta-
tion rate and fertilization rate. Regarding GH'’s safety, only one study
reported two cases with mild oedema during treatment, whereas the
other four studies reported no side effects of GH.”” A 2009 Cochrane
systematic review (AMSTAR score = 10, N = 401) demonstrated no
difference in IVF outcome measures (live bith rate, clinical pregnancy
rate, multipregnancy rate, miscarriage rate, gonadotropin usage, the
number of oocytes and embryos, etc.) and adverse events in the rou-
tine use of growth hormone adjuvant therapy (growth hormone or
growth hormone releasing factor (GRF)) in IVF in women considered
as poor responders but a significant difference in both live birth rates
(OR = 4.37; 95% Cl, 1.06-18.01) and pregnancy rates, favoring the
use of growth hormone adjuvant therapy, without increasing adverse
events. Only one study reported local reactions at the injection site,
but there is no biostatistics difference between GH adjuvant therapy
and the placebo group. One study reported severe adverse events (two
in the GRF group, moderate salpingitis, and severe OHSS, respectively;
four in the placebo group, salpingitis, uterine bleeding, intraperitoneal
hemorrhage, and accidental injury, respectively), and there was no sig-
nificant difference between the two groups.”®

To sum up, the evidence regarding the effect of GH on clinical preg-
nancy rate, E2 on hCG day, the number of oocytes retrieved and the
dosage of gonadotropin is still inconsistent. For aged women with the
poor ovarian response, an RCT conducted in China’? (n = 80, age >35)
indicated GH combined with gonadotropin could significantly improve
the endometrium thickness and the clinical pregnancy rate compared
with the gonadotropin only group, but had no significant impact on the
cycle cancellation rate and ovulation rate. However, another system-
atic review demonstrated a higher ongoing pregnancy rate in the GH
supplement group in patients with poor ovarian response.8 Therefore,
there is still controversial about the evidence of supplementing GH.

The guideline working group surveyed 50 patients and received 39
feedback questionnaires on this topic. 28% of patients chose to have
the pretreatment of GH, 10% chose not, while 62% would like the

physicians to make the decision.

Recommendation 11

e Age is significantly associated with the pregnancy rate of IUIl. The

clinical pregnancy rate of IUl for women >30 years old declines with

advanced age, while such a reduction is more dramatic after period
40. We, therefore, do not recommend women greater than 40 years
to receive IUl but to undergo IVF instead to increase their chance of

pregnancy. (1B)

A Chinese study in 201181 (943 couples, 1382 cycles) demon-
strated the Ul clinical pregnancy rates for age 26-30, 31-35, 36-39,
and >40 groups are 12.68%, 12.19%, 9.90%, and 3.85%, respectively,
with the clinical pregnancy rate significantly lower in the age >40
group (P < .05). The possible explanation is an increased prevalence
of oocyte apoptosis and chromosomal abnormality with age, as well
as a decreased number of oocyte mitochondria and cytoplasm ATP
concentration.82 Other mechanisms may include: the hardened zona
pellucida of aged oocytes may hamper the penetration of sperms and
the hatching of embryos,83 and the endometrial receptivity decreases
with age.82 Another Chinese retrospective study (153 couples, 250 [UI
cycles) found that paternal age had negative impact on IUl outcomes—
the pregnancy rate decreased with the increasing paternal age, and
the miscarriage rate increased with paternal age (P < 0.05). The result
of another RCT included infertile patients aged 38-42 years was pub-
lished in 2014 and showed that the clinical pregnancy rates after two
treatment cycles are 21.6%, 17.3%, and 49% for clomiphene citrate
(CC)/IULB* gonadotropin/IUl, and IVF groups, respectively, whereas
the live birth rates are 15.7%, 13.5%, and 31.4%. These results imply
that IVF leads to a significantly higher clinical pregnancy rate and live
birth rate than Ul for women >40 years old; hence, IVF is a more
appropriate strategy for these women.

Recommendation 12

e For women >35 years old and receiving the downregulation proto-
col for COH, recombinant LH (rLH) supplementation, particularly in
the middle or late follicular phase if LH <2 mIU/mL, is recommended.
It may improve pregnancy outcomes such as embryo implantation
rate and clinical pregnancy rate. (1C)

A 2012 systematic review (AMSTAR score = 8, n = 902)85 demon-
strated a higher embryo implantation rate (OR = 1.36; 95% Cl 1.05-
1.78; P = .32) and clinical pregnancy rate (OR = 1.37; 95% Cl, 1.03-
1.83; P =.20) when r-LH was supplemented to women >35 years old
and using the GnRH agonist downregulation protocol for COH. A 2016
RCT (n = 180)8¢ showed that for IVF/ICSI women <40 years old and
with anormal ovarianreserve function, asupplementation of rLH in the
GnRH agonist downregulation protocol led to a significantly improve-
ment in E; on hCG day, the number of oocytes >14 mm, oocytes
retrieved and high-quality embryos, the embryo implantation rate, and
the clinical pregnancy rate. In 2016, Yang et al conducted a retrospec-
tive cohort study (n = 120)87 and found: for women with advanced age
and receiving the GnRH agonist down regulation protocol, compared
with not adding r-LH, r-LH supplementation on the day that the leading
follicle achieves a diameter of 14 mm led to a higher pregnancy rate for
womenwith LH < 1mIU/mL (48.95% vs 35.15%, P <.05) and those with
LH between 1 and 2mIU/mL (53.13% vs 39.11%, P < .05). Furthermore,

the miscarriage rate is also lower for women with an LH < 1mIU/mL



JIANGET AL.

(15.78% vs 28.50%, P < .05) than that of the control group, but no sig-

nificant difference was found for women with LH > 2mIU/mL.

Recommendation 13

e For women >35 years old and receive the antagonist protocol for
COH, there is no evidence regarding the effectiveness of the supple-

mentation of LH/rLH in benefiting the pregnancy outcomes. (2B)

The results of an RCT in 2015 (n = 240)% demonstrated that,
for women >35 years old and using GnRH antagonist protocol for
COH, there is no significant difference regarding the live birth rate
(16.7% vs 17.5%; 95% Cl, -9.5-11.2; P = .864), embryo implantation
rate, as well as the number of oocytes retrieved, embryos and high-
quality embryos. The Cochrane systematic review published in 2010
(AMSTAR score = 11, n = 2612)8? also showed no significant differ-
ence in clinical pregnancy rate (OR =0.79; 95% Cl,0.26-2.43; P = .68),
ongoing pregnancy rate (OR =0.83; 95% Cl, 0.39-1.80; P = .64), OHSS
incidence rate (OR =0.68; 95% Cl,0.12-3.99; P = 0.67), the amount of
rFSH used (WMD = 116.08; 95% Cl, -64.30-296.46; P =.21), the mean
number of oocyte retrieved (WMD =0.50, 95% Cl, -0.68-1.68; P=.41)
or the miscarriage rate (OR = 2.37; 95% Cl, 0.77, 7.33; P = .13) when
adding rLH to patients receiving GnRH antagonist protocol.

Recommendations 14 and 15

e The choice of fertilization (IVF or ICSI) is not made according to
women'’s age. (1B)

e For infertile women caused by nonmale factors, compared to IVF,
ICSI could not improve the pregnancy outcomes after fertilization
but increase the cost in a similar cycle. We, therefore, recommend
IVF for these patients. (1B)

To choose IVF or ICSI as the approach of fertilization is not based on
women'’s age. Currently, there is no evidence regarding the association
of the choice of fertilization and age.

For nonmale factor infertility, the embryo implantation rate, live
birth rate, and multi pregnancy rate of IVF cycles are higher than the
ICSI cycles, whereas there is no significant difference in their clinical
pregnancy rate and the risk of neonatal congenital malformation. We,
therefore, suggest IVF for these women. A large retrospective study
published in JAMA in 2015 showed a lower embryo implantation rate
(23.0% vs 25.2%), live birth rate (36.5% vs 39.2%), and multi pregnancy
rate (30.1% vs 31.0%) in ICSI group of women with nonmale factor
infertility, compared to the IVF group. They concluded that compared
to conventional IVF, ICSI could not improve the ART outcomes.?! A sys-
tematic review in 2003 (AMSTAR = 11, n = 415) showed no difference
in clinical pregnancy rate between the IVF and ICSI group for women
younger than 37 years old (OR = 1.44; 95% Cl, 0.95-2.21).92 In terms
of the safety of these two approaches, a 2012 systematic review con-
ducted by Wen Juan et al (AMSTAR score = 6, n = 156758) showed
both IVF and ICSI would increase the risk of congenital malformation
comparing with spontaneous conception (RR = 1.36; 95% ClI, 1.25-
1.47), but there is no difference between the two groups (RR = 1.05;
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95% Cl, 0.91-1.20).73 ICSI has a higher fertilization rate but a lower
pregnancy rate. Hence, for nonmale factor infertility, we suggest IVF
as the method of insemination.

Recommendation 16

e For women with advanced age who receive ART, detailed informa-
tion regarding the advantages and disadvantages of PGS should be
provided beforehand to help make the decision about whether PGS

is necessary for them. (2C)

The 2000 Safety Statement of International Society of Ultrasound
in Obstetrics and Gynecology?* pointed out a comprehensive coun-
selling addressing the pros and cons of whether PGS should be pro-
vided to women who are interested in this technique. The 2010 ESHRE
guideline?” identified advanced maternal age (36 years and above,
depending on the requirement of individual center) as one of the indi-
cations of PGS and recommended a three-step decision-making pro-
cess provided by the gynecologists in cooperation with the embryol-
ogist and the geneticist after consultation with the patients. Whether
and when to perform PGS, as well as which oocytes or embryos should
be selected for culture and transfer, should be comprehensively dis-
cussed among the physicians, embryologists, and the patients. The
2014 guideline of Canada Society of Obstetric and Gynecology?® came
up with the following recommendations: PGS applied to fertile couples
must balance the benefit (improve pregnancy outcomes) and potential
harms (medical risk and economic burden of IVF); there is still contro-
versy in terms of the improvement of pregnancy outcomes after PGS
targeting aneuploidy, and insufficient information about the long-term
effect of PGS, which should be explained to patients with the intent to
receive PGS. The drawbacks for women with advanced age receiving
PGS include a high risk of no embryo for a transfer, given these women
are often with DOR and may not be able to obtain many embryos, other

medical risks, and the economic burden accompanying IVF and PGS.

Recommendation 17

e For women with advanced age and receiving ART, preimplantation
genetic screening (PGS) (eg, CGH) may improve the embryo implan-
tation rate and ongoing pregnancy rate. But meanwhile, it may
be accompanied with a particular risk of misdiagnosis and embryo

impairment. (2C)

For women with advanced age and receiving ART, preimplantation
genetic screening (PGS) (eg, complete 24-chromosome analysis) may
improve the embryo implantation rate and ongoing pregnancy rate, but
PGS based on fluorescence in situ hybridization (FISH) may worsen
the clinical pregnancy rate and live birth rate. Before 2011, FISH is
the principal method for PGS. But two crucial prospective randomized
controlled trials aiming at women with advanced age showed FISH-
PGS group had a significantly lower number of embryos for transfer,
ongoing pregnancy, and live birth rate. In 2011, a systematic review
and meta-analysis (9RCTs, AMSTAR score = 8, n = 1589)%7 also found
out that PGS via FISH significantly lowered live birth rate after IVF
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for women with advanced maternal age (RD = -0.08, 95% Cl, -0.13 to
-0.03]) as well as for women with a history of RIF (RD = -0.18, 95%
Cl, -0.33to -0.03]). Hence, FISH is no longer applied to PGS. In recent
years, the emerging of novel techniques has shed some light on the area
of PGS. A systematic review in 20158 compared the pregnancy out-
comes of the PGS group (using comprehensive chromosome screen-
ing, CCS) and the traditional morphology group and demonstrated that
CCS-PGS improved the embryo implantation rate, but had no effect on
the live birth rate and miscarriage. When combined the results from
the included RCT, the results showed that there was no statistical dif-
ference in clinical pregnancy rate and ongoing pregnancy rate between
the two groups. But the combined results from the included cohort
studies indicated CCS-PGS group had a higher clinical and ongoing
pregnancy rate.

Regarding the other techniques applied in PGS, a 2015 RCT??
(n=172) showed next-generation sequencing (NGS) detected all types
of aneuploidies of human blastocysts accurately and provided a 100%
24-chromosome diagnosis consistency with the highly validated aCGH
method (sensitivity 100%, 95 % Cl, 95.32-100%, specificity 100%, 95 %
Cl, 98.16-100%, positivity prognosis value 100%, negative prognosis
value 100%). Moreover, NGS screening identified euploid blastocysts
for transfer and resulted in similarly high ongoing pregnancy rates
for PGS patients compared to aCGH testing. A 2017 retrospective
study190 revealed that aCGH platform could not identify embryos with
chromosomal mosaicism (20-50% aneuploidy) and segmental aneu-
ploidy (>10 Mbp) precisely, but NGS platform could achieve that.

Nevertheless, the safety of PGS remains a problem that cannot be
ignored. PGD/PGS includes the process of embryo biopsy and genetic
testing, whereas the main biopsy methods are mechanical, chemical,
and laser procedures. Laser technology for breaking the zona pellucida
is now the most widely applied method for its convenience and accu-
racy, but there are still concerns about its thermal effect and its associ-

ation with a potential embryo impairment.

Recommendation 18

e We suggest women above 38 years old, or with a history of recurrent
implantation failure/ recurrent spontaneous abortion consider PGS.
(2C)

The Chinese Society of Reproductive Medicine published an expert
consensus and specification for next generation sequencing-based
PGD/PGS101 in 2017 and suggested the indication for NGS PGS:
women with >3 spontaneous miscarriage, or two spontaneous mis-
carriage, at least one of which is confirmed to be due to chromoso-
mal/genetic abnormalities; women with RIF, which is defined as implan-
tation failure after at least three embryo transfer with good-quality
embryos, or after transferring no less than 10 fair embryos; women
>38 years old and need ART. The 2010 ESCHRE PGD consortium?>
reported the following indications for PGS: >2 recurrent miscarriages,
RIF (>3 embryo transfers with high-quality embryos or the trans-
fer of >10 embryos in multiple transfers), and AMA (>36 completed
years). The 2015 Chinese Technique and Standard of PGS/PGD192 sug-
gested to perform PGS to women with unexplained RIF, RSA, AMA, etc.

Another Chinese expert consensus in 2016193 mentioned that PGS is
now for infertile couples with AMA, RIF, RSA, or male-factor infertility.
From the above, this guideline suggests women >38 years old, or with
a history of RIF, RSA receives PGS.

The guideline working group surveyed 50 patients and received
31 feedbacks on this topic. Note that 58% of the patients chose to fol-
low the physician’s suggestion, whereas 29% would like to receive PGS
and 13% decided not to.

Recommendation 19

For women aged between 35 and 37 years old and with a good prog-
nosis, we recommend elective single embryo transfer to decrease
the multi-pregnancy rate and the risk for maternal and fetal compli-
cations. (1A)

The results from a 2013 Cochrane systematic review (AMSTAR
score = 11, n = 2165)194 demonstrated a lower live birth rate
(OR = 0.48; 95% Cl, 0.39-0.60) and multi-pregnancy rate (OR = 0.12;
95% Cl, 0.07-0.20) of elective single embryo transfer for women
between 35 and 37 years old and with a good prognosis (with sufficient
high-quality embryos) compared to double embryos transfer. A sys-
tematic review19% published in 2010 (AMSTAR score = 11, N = 1367)
also found the overall live birth rate in a fresh IVF cycle was lower
after single than double embryo transfer (OR = 0.50; 95% ClI, 0.40-
0.63), as was the multiple birth rate (OR = 0.04; 95% Cl,0.01-0.12), for
women with a good prognosis. The odds of a term singleton birth (ie,
over 37 weeks) after elective single embryo transfer was almost five
times higher than the odds after double embryo transfer (OR = 4.93;
95% Cl,2.98-8.18). Aretrospective study published in 2014 (n=82508
ART cycles) demonstrated that, among patients younger than 35 years
with a favorable prognosis, chances of an excellent perinatal outcome
were higher with transferring a single (compared with double) embryos
(live birth rate: day 5 embryo, 43% vs 27%; day 3 embryo, 36% vs
30%). Likewise, a higher chance of an excellent perinatal outcome was
observed with transferring a single embryo in patients 35-37 years old
with a favorable prognosis or patients younger than 35 with an aver-
age prognosis.1% We, therefore, conclude that women with a good
prognosis are recommended to receive elective single embryo transfer
(based on morphology or PGS) to decrease the risk of multi-pregnancy
and complications such as low birth weight, preterm birth, etc. The
number of embryos recommended to be transferred in one IVF cycle
has been approved by American Society of Reproductive Medicine
(ASRM) in 2017197 (Table 3 and by NICE in 2016108 Table 4).

Recommendation 20

e For women >37 years old or with a poor prognosis, we suggest dou-
ble embryos transfer. But the patients must be informed of the risk
of multi-pregnancy and maternal and fetal complications. (2B)

A retrospective cohort study published in 2014 (n = 82508 ART
cycles) included women aged 35-37 years old and with a poor prog-

nosis (no live birth or extra frozen embryos in previous IVF cycles) or
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TABLE 3 Recommendations for the limit to the number of embryos
to transfer from 2017 ASRM guideline

Age(y)
Prognosis <35 35-37 38-40 41-42
Cleavage-stage embryos
Euploid 1 1 1 1
Other favorable 1 1 <3 <4
All others <2 <3 <4 <5
Blastocysts
Euploid 1 1 1 1
Other favorable 1 1 <2 <3
All others <2 <2 <3 <3

Note. Justification for transferring additional embryos beyond recom-
mended limits should be clearly documented in the patient’s medical record.
See text for more complete explanations.

Other favorable 174 Any ONE of these criteria: Fresh cycle: expectation of
one or more high-quality embryos available for cryopreservation, or pre-
vious live birth after an IVF cycle; FET cycle: availability of vitrified day 5
or day 6 blastocysts, euploid embryos, 1st FET cycle, or previous live birth
after an IVF cycle.

ASRM. Limits on the number of embryos to transfer. Fertil Steril 2017.

women around 40 years old and showed better perinatal outcomes
in the double cleavage embryos transfer group compared to the sin-
gle embryo transfer group.1%¢ A 2012 prospective cohort study in
Lancet (n = 124148 IVF cycles, 33 514 live births; 43.4% of the par-
ticipants aged 18-34 years old, 25.9% aged 35-37, 15.2% aged 38-39,
12.2% aged 40-42, 2.6% aged 43-44, 0.8% aged 45 years and older)
showed that, although triple embryos transfer led to a higher live birth
rate (<40 years old; OR = 2.34; 95% Cl, 2.09-2.63; >40 years old,;
OR = 3.61; 95% Cl, 2.97-4.39) than single embryo transfer, it was
also accompanied with a higher risk for preterm birth (<40 years old;
OR=2.27;95%Cl,1.72-2.99) ; >40 years old, no significant difference),
preterm birth before 33 gestational weeks (<40 years old; OR = 2.70;
95% Cl, 1.63-4.48; no significant difference when 240 years old), low
birth weight newborn (<40 years old; OR = 3.13; 95% Cl, 2.41-4.06;
>40 years old; OR = 1.72; 95% Cl, 1.06-3.44). As for the maximum
number of embryos in an embryo transfer, the 2017 ASRM guideline
and 2016 NICE guideline have made their recommendations.107:108 |f
women are complicated with uterine abnormalities, other guidelines
should be referred to regarding the number of embryos be transferred.

Cost-effectiveness: A 2007 systematic review (AMSTAR score = 5,
N = 1443) concluded that DET is the most expensive strategy, but also
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the most effective if performed in one fresh embryo transfer cycle.
eSET is only preferred from a cost-effective point of view when per-
formed in suitable prognosis patients and when frozen-thawed cycles
are included. The results of a modeling study from 2011 showed eSET
is likely to be the preferred option for most women aged <36 years. The
cost-effectiveness of DET improves with age and may be considered
cost-effective in some groups of older women. The decision may best
be considered on a case-by-case basis for women of 37-39 years old.
In 2006, some researchers published a cost-effectiveness analysis and
demonstrated the SET strategy is superior to the DET strategy when
the number of deliveries with at least one live-born child, incremen-
tal cost-effectiveness ratio, and maternal and pediatric complications
are taken into consideration. Thus, we conclude that SET is more cost-
effective for women with a good prognosis.

Patients’ preference and value: One RCT pointed out there may be
unavoidable self-selection bias in the research since only a small per-
centage of candidates volunteer to receive eSET due to the perception
by patients that SET could result in lower pregnancy rates and the twin
pregnancies are a desirable outcome. If told the risk of twins or multi-
ple pregnancies, most patients would choose to maximize the chance of
safe singleton pregnancy and delivery. However, a fetal deduction for
multiple pregnancies is not an acceptable option for many women. The
2010 guideline of SOGC suggested that patients should be informed of
the risk of twin pregnancy and the fact that the cumulative live birth
rate after eSET and DET are similar, which may help increase patients’

acceptance of SET.

Recommendation 21

e There is no statistical difference in live birth rate, clinical pregnancy
rate, ongoing pregnancy rate, miscarriage rate, multiple pregnancy
rate, etc. for various luteal support approaches, that is, muscular
injection of progesterone, vaginal progesterone gel, and oral proges-
terone. (1B)

A systematic review published 2015 (AMSTAR score = 7, n =
2528)110 found no significant difference in clinical pregnancy rate
(OR =0.93; 95% Cl, 0.79-1.09; P = .35), miscarriage rate (OR = 0.75;
95% Cl, 0.52-1.08; P = .12), and ongoing pregnancy rate (OR = 0.88;
95% Cl, 0.64-1.21; P = .43) between the intramuscular progesterone
injection and the vaginal controlled-releasing gel group for IVF
patients aged 24-44 years old. In 2016, Zargar et al performed an RCT
(n = 612)111 in women below 40 years old with an infertility duration

TABLE 4 The number of fresh or frozen embryos to transfer in IVF treatment from the NICE guideline

Single embryo transfer if one or more top-quality embryos are available. Consider using two

embryos if no top-quality embryos are available.

Use single embryo transfer if there are one or more top-quality embryos. Consider double

embryo transfer if there are no top-quality embryos.

Age (y) Cycle Number of embryos to transfer
<37 The first full IVF cycle Single embryo transfer.

The second full IVF cycle
37-39 The first and second full IVF cycles

The third full IVF cycle No more than two embryos.
40-42 No more than two embryos.
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<5 years and normal menstrual cycle, hormone level, and transvagi-
nal ultrasound manifestation, in which it has been found that the
pregnancy rate (25% vs 26.5% vs 26.5%, P = .3) and miscarriage rate
(5.6% vs 3.8% vs 3.8%, P = .6) are not statistically different among the
oral, vaginal progesterone, and intramuscular progesterone injection
group. Another RCT by Saharkhiz et al in 2016 (n = 210)112 compared
the biochemical pregnancy rate (4.0% vs 1.0%), clinical pregnancy
rate (31% vs 33%), ongoing pregnancy rate (30% vs 30%), embryo
implantation rate (22.0% vs 24.0%), multi pregnancy rate (5.3% vs
7.2%), miscarriage rate (5.0% vs 3.0%), the incidence of adverse effects
(92% vs 93%) , and patients’ satisfaction and tolerance between oral
(20 mg, twice per day) and vaginal micronized progesterone (400 mg,
twice per day) group in infertile women aged 20-40 years old and

found no significant differences.

Recommendations 22 and 23

e Intramuscular progesterone injection may result in specific side
effects, for example, local tender spot, swelling, infection, whose

incidence elevate with dose. (2C)

e Patient preference should be considered when making a decision on
the approach of LPS. (2C)

In terms of the side effects, since progesterone preparation for
intramuscular injection is oil-soluble, it is absorbed slowly at the injec-
tion spot and therefore may lead to the formation of local indura-
tions or sterile cysts, which may further cause infection. If injected
repeatedly, it may result in local malabsorption and accumulation, with
the manifestation of swelling, tender spot accompanied by itching and
pain.t13 An RCT conducted by Zhang et al in 2012 (n = 150)114 showed
a dose-dependent association of intramuscular progesterone injection
and the incidence of adverse effects—the rate of adverse effects in the
20 mg/mL group is higher than that of the 10 mg/mL group (34.7% vs
3.8%, P <.05).

The guideline working group performed a survey to 50 ART patients
about their preference for LPS approaches and received 45 feedbacks:
49% of the responders chose a vaginal approach, 31% for intramus-
cular injection, and 20% for oral approach. Pros and cons of the three
approaches of LPS are listed in Table 5

Recommendation 24

e A fetal deduction is suggested for women with advanced age and
a twin pregnancy because it will decrease the risk of preterm birth
and low birth weight neonate and increase the term pregnancy rate,
the mean pregnancy duration, and neonatal birth weight. Patients
should be comprehensively informed about the relevant risks if

choosing not to have a fetal deduction. (2C)

“The technological specifications for assisted reproductive technol-
ogy” revised and implemented by the Chinese Ministry of Health in
2003 regulated fetal deduction for a multiple pregnancies must be per-
formed at a qualified facility. According to a 2015 Cochrane system-
atic review!1® (AMSTAR score = 11), there is no RCT on this topic

yet. Other studies not specifically aimed at women with advanced age

showed fetal deduction from twins to singleton could decrease the
risk of preterm birth and low birth weight neonate and increase the
term pregnancy rate, the mean pregnancy duration, and neonatal birth
weight. A nonrandomized controlled trial in 201311¢ included 25 lean
women with twin pregnancy after ART and found a lower miscarriage
rate (8.3% vs 38.5%, P > .05), preterm birth rate (18.2% vs 100%,
P < .05), and incidence of low neonatal birth weight (18.2% vs 88.9%,
P <.05), and a higher term birth rate (81.8% vs 0%, P < .05), mean ges-
tational age at delivery (38.5 + 1.6 vs 32.8 + 0.9, P < .05), and mean
neonatal birth weight (2.5 + 0.5 vs 1.7+0.3, P < .05) after fetal deduc-
tion. A 2015 retrospective cohort study!!” (n = 559) demonstrated
that fetal deduction from twins to singleton resulted in a significantly
lower preterm birth rate before 37 gestational weeks (10% vs 43%,
P < .001) and a lower risk of infant birth weight less than the 10%
(23% vs 49%, P < .001). The results of another observational study
from 2015118 (n = 416) also showed a lower preterm birth rate, a
longer duration of pregnancy, a higher infant birth weight, and a lower
incidence of low birthweight infant (<2500 g) in the fetal deduction
group (from twins to singleton, including spontaneous and iatrogenic
reduction). But there was no significant difference in the miscarriage
rate of the two groups.

Recommendation 25

e We suggest fetal deduction performed in the first or second
trimester. Women with high-risk factors (>40 years old, or with a his-
tory of recurrent miscarriage, or with a family history of hereditary
disease, or with the risk of fetal inherently diseases) may wait till the

second trimester to receive the fetal deduction. (2C)

The current available literature is mostly focusing on the timing of
the fetal deduction for multi-pregnancies instead of twin pregnancies.
A retrospective study in 2011 (n = 123) demonstrated the miscarriage
rate after fetal deduction performed <8 gestational weeks is signifi-
cantly lower (19.27% vs 64.29%, P < .05) than that of the patients who
received fetal deduction after 8 weeks of gestation. Another retro-
spective study in 2012 found that the miscarriage rate of women who
received fetal deduction at 12-13 gestational weeks is not different
with that of women who received the procedure at 14-15 gestational
weeks (14.5% vs 8.8%, P > .05) but lower than the miscarriage rate of
women having fetal deduction at 16-24 gestational weeks (14.5% vs
31%, P < 0.05). In a 2016 retrospective cohort study (n = 208), fetal
deduction performed at gestational week 6-8 led to a higher risk of
arrested fetal development for the remaining fetus comparing to the
11-14 gestational week group (6% vs 0.8%, P = .041). Because preg-
nant women with a history of recurrent spontaneous abortion or deliv-
ering babies with congenital diseases, or women with a family history
of hereditary diseases have a high risk of spontaneous miscarriage
at the early pregnancy stage, performing fetal deduction at an early
gestational week may be meaningless and may increase the risk of
arrested fetal development for the remaining fetus on the contrary.11?
Furthermore, due to the limitation of early pregnancy ultrasound in
detecting the potential fetal malformations, a “normal” fetus may

be deducted instead of an “abnormal” one if performed in early
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TABLE 5 Prosand cons of the three approaches of LPS

Approach Advantages

WILEY--Z

Disadvantages

Intramuscular e Has been used in the clinical setting for a long history, cheap, e Have to have the injection at the hospital repeatedly and low

injection and complete absorption.

patient’s compliance.

e Canreach arelatively high plasma concentration, lasting for a e Progesterone preparation for intramuscular injection is oil

long time, effectiveness and safety has been confirmed.

Oral e Good patient’s compliance; less adverse reaction—easy to

accept by the patients.

Vaginal e Can be administered by the patient, complete absorption,

convenient, and painless.
e Lesslocal anaphylactic reaction.

e The relatively longhalf-life and the small patient-to-patient

soluble—absorbed slowly at the injection spot and may lead to
the formation of local indurations or sterile cysts, which may
further cause infection.

Repeat injection may lead to malabsorption and local
accumulation of the medication, which may also result in skin
swelling, tender spot accompanied by itching and pain.

Hepatic first-pass effect, more than 30 metabolites, may
influence the secretion of prolactin and GnRH, and lead to
hepatic function damage.

May result in obvious central nervous system symptoms such as
dizziness and drowsiness.

Plasma progesterone concentration is monitored to infer
whether LPS is sufficient; cannot reflect the progesterone
concentration at endometrium; low bioavailability

Patients often complain of an increased vaginal discharge and
the vulva pruritus.

Relatively expensive.

variation in intaken ensure effective and stable absorption of

the progesterone at the site of the endometrium.

pregnancy. As a result, many reproductive medicine centers suggest to
postpone fetal deduction to the second trimester (11-24 gestational
weeks) and to conduct an NT screening under ultrasound before the
procedure to identify the target fetus. In conclusion, there is still no
consensus in the timing of performing fetal deduction. Though, the tim-
ing of the fetal deduction is not the determining factor of patients’
pregnancy outcomes. The timing of a fetal deduction procedure should
be determined according to the clinical setting and the patients’
situation.120

Other factors: Compared to singleton, multi-pregnancy causes a
higher medical cost, mainly due to obstetric treatment, neonatal inten-
sive care, and rehabilitation for children born with disabilities.12! The
perinatal care cost for twins, triplets, quadruplets is 2.1, 4.5, and 7
times of the expenses for a singleton, respectively, whereas the reha-
bilitation and education costs till 8 years old for newborns with low
birth weight are 17 times higher than those with a healthy birth
weight.122

The guideline working group surveyed 50 patients and received 47
feedbacks on this topic, which showed that 72% of the participants
chose not to receive fetal deduction if they had twin pregnancy, 21%
wanted to have a fetal deduction, and 7% preferred to leave the deci-
sion to the physicians.

4 | CONCLUSION

This guideline is the first Chinese guideline in reproductive medicine
developed following the standard procedure of making a practice
guideline. The clinical questions included are the most concerned

clinical questions of Chinese physicians according to several rounds

of investigation all over China. We also performed a comprehensive
literature search and critical evaluation of evidence domestic and
overseas, as well as a thorough survey and interview of Chinese
patients’ preference and value. The multi-disciplinary guideline work-
ing group finally came up with 25 recommendations with detailed
explanations after in-depth discussions. Hence, this guideline will
be able to provide guidance for Chinese physicians working in the
area of reproductive medicine. However, the guideline working group
has also realized there is a limitation of our guideline. Some of the
recommendations are weak recommendations due to the lack of high-
quality evidence; therefore, physicians have to make their judgment
according to the reality of their clinics and patients’ specific situation
instead of following the recommendations rigidly. Meanwhile, we also
suggest more high-quality studies in the following areas based on our
findings in developing the guideline: (a) the diagnostic/classification
criteria of DOR; (b) the appropriate timing of the fetal deduction
for women with twins; (c) the effectiveness and safety of medica-
tions in improving ovarian reserve function, for example, DHEA
and GH.
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Chief methodologist: Professor Chen Yaolong (Chinese GRADE
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