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Problem

Reproductive immunology has evolved from basic research studies to clin-

ical applications. In this study, we aim to investigate the actual application

of reproductive immunology concepts and findings in clinical reproduc-

tive medicine such as recurrent pregnancy losses (RPL), repeated implan-

tation failures (RIF), and failed in vitro fertilization (IVF) cycles.

Method of Study

A web-based survey was performed on IVF-Worldwide.com. Collected

data were analyzed by the computerized software.

Results

A significant proportion of physicians recommend thrombophilia workups

(86%), parental genetic study (79%), and immunologic evaluations

(69%) to IVF candidates who have a history of RPL or chemical pregnancy

losses. IVF physicians consider an immunologic workup when patients

have two (30%) or three (21%) failed IVF cycles. Assays for anticardiolipin

antibody, lupus anticoagulant, thyroid peroxidase antibody, and antinuc-

lear antibody are the four most commonly ordered immunologic tests for

RPL (88, 84, 50, 47% each) and RIF (68, 63, 38, 38% each). Cellular

immune evaluations, such as NK assay, human leukocyte antigen study,

Th1/Th2 study or immunophenotype assay, are less commonly ordered.

Conclusions

Reproductive immunology principles have been applied to the clinical

management of RPL, RIF, and failed IVF cycles, and a significant propor-

tion of IVF physicians acknowledge the importance of immunologic

alterations with reproductive outcomes.

Introduction

The concept of ‘reproductive immunology’ and its

role in in vitro fertilization (IVF) and pregnancy loss

is one of the controversial and hotly debated ele-

ments of screening and treatment. Some elements,

such as coagulopathy, are less controversial and eas-

ily accepted by many practitioners. Other elements,
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such as humoral and cellular immunity, are viewed

with skepticism by some, but investigated with con-

viction by others. As always in areas of medicine at

the cutting edge of scientific validation, there is huge

variation in practice and no consensus on its value.

In this first survey of its kind, we aimed to get an

understanding of the extent of reproductive immu-

nology use in IVF centers internationally.

The concept of reproductive immunology has been

applied to the evaluation and treatment of recurrent

pregnancy losses (RPL) and then offered to patients

of unknown-etiology infertility and those have

undergone IVF with repeated implantation failures

(RIF). Recurrent pregnancy losses is often defined as

three or more consecutive losses of clinically recog-

nized pregnancies prior to the twentieth week of

gestation. However, the American Society for Repro-

ductive Medicine defines RPL as two or more failed

pregnancies (documented by ultrasound or histo-

pathological examination) and recommends clinical

assessment after each loss, with a thorough evalua-

tion after three or more losses.1 Repeated implanta-

tion failures are often defined as three or more IVF

failures following embryo transfer. However, given

the impact of various factors affecting IVF success,

such as the number of embryos transferred in partic-

ular circumstances, physicians are left with no con-

sensus on when to initiate the evaluation and whom

to evaluate.1 With the currently recommended eval-

uation frequencies,2 over 50% of women with RPL

will remain unexplained. In women with RIF, there

is no recommendation for further evaluation.

Patients are often frustrated after repeated failures

without knowing the etiology.

The aim of this web-based survey, posted on IVF-

Worlwide.com, was to investigate the awareness of

physicians in the IVF program to the importance of

immunologic alteration and reproductive outcome,

particularly focusing on clinical evaluation of RPL

and RIF. IVF-Worldwide (www.IVF-Worldwide.com)

is a comprehensive IVF-focused website for doctors,

embryologists, nurses, and social workers, providing

its members with the ability to locate IVF units any-

where in the world and to communicate directly

with the unit. The site links doctors and specialists

in IVF centers around the world to encourage

dialogue and to discuss special treatments and medi-

cations. Therefore, we decided to perform a web-

based survey through this website, which allowed us

to reach the worldwide IVF physician population

efficiently.

Materials and methods

In the prospective study performed, data were col-

lected via the website, www.IVF-worldwide.com.

The website is noncommercial and has an advisory

board of 52 key international leaders in the IVF

field, who reviewed the survey questions and its

results. A questionnaire consisting of 22 questions

was developed by a reproductive immunologist, a

geneticist, and a clinical laboratory immunologist.

The questionnaire was composed of two parts: ques-

tions regarding general understanding of reproduc-

tive immunology in reproductive medicine, and its

principles in evaluations of RPL and IVF failures,

including RIF. RPL was defined as two or more preg-

nancy losses and RIF as three or more failed embryo

transfers.

The IVF-Worldwide website is open to all IVF cli-

nicians, and there is no cost for registration. Ques-

tionnaires were listed on the website from July 24,

2011 to September 15, 2011. A total of 217 IVF clin-

ics in 57 counties, representing more than 163,000

IVF cycles annually, voluntarily participated in the

survey (Table I). Of the six continents, the highest

participation was from Europe, followed by North

America and Asia.

Quality Assurance Methods

During the period of study, the website had an

average of about 2500 entries per month (discrimi-

nation distinction between ‘professional’ and ‘non-

professional’ entries was not possible). To minimize

both duplicate reports from a unit and possible

false data, computerized software assessed the

Table I The number of in vitro fertilization units that

participated in the survey and the continents represented

Continent

No. of

units

Percent

of total

units

No. of

cycles

Percent

of total

cycles

North America 41 18.9 30,800 18.8

South America 26 12.0 13,252 8.1

Australia 7 3.1 10,700 6.5

Asia 39 18.0 27,100 16.6

Europe 91 42.0 72,000 44.0

Africa 13 6.0 9,800 6.0

Total 217 100.0 163,652 100.0
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consistency of four parameters in the self-reported

data of the unit surveyed with existing data of

units registered on the IVF-Worldwide website.

These parameters included the name of the unit,

the name of the unit director, country, and email

address. If at least three of these parameters from

the survey matched the website archive data, this

reporting site’s data were included in the statistical

analyses.

Statistical Analysis

The analysis was based on the number of IVF

cycles reported by the unit and not on the number

of units in the study. For each question, the sur-

vey provided multiple choice answers from which

only a single answer could be chosen (‘radio but-

tons’). For example, for a question with four

answers (a, b, c, d), the following results were

calculated:

%0a0 ¼ R Number of cycles of units who answered 0a0

R Number of cycles of all the units

%0b0 ¼ R Number of cycles of units who answered 0b0

R Number of cycles of all the units

%0c0 ¼ R Number of cycles of units who answered 0c0

R Number of cycles of all the units

%0d0 ¼ R Number of cycles of units who answered 0d0

R Number of cycles of all the units

Results

General Concept of Reproductive Immunology in

Reproduction

The majority of IVF physicians responded that repro-

ductive immunology is important for human repro-

duction (93%). The remainder responded that either

it was not important (4%) or they did not know

(3%). In regards to resources of reproductive immu-

nology, academic press or professional journals

(71%), website or on-line (11%) and professional

colleagues (8%) were the major sources of informa-

tion. Interestingly, 10% of IVF physicians reported

that they do not have any resources for reproductive

immunology updates. Although a majority of physi-

cians reported that reproductive immunology is

important for human reproduction, they also

reported that reproductive immunology updates are

not easy to obtain from the IVF network or society;

26% responded that reproductive immunology

updates are easy to obtain, while 66% reported that

updates are not easy to obtain and 8% responded

that they did not know.

In regards to questions concerning patient history,

nearly half (45%) of the reported physicians

answered that they ask patients regarding their his-

tory of autoimmune disease. However, personal and

family histories of coagulopathy (22, 12% each) or

family histories of autoimmune disease (5%) are not

taken often. In addition, 16% of the respondents

reported they do not check any of these histories at

all.

Recurrent Pregnancy Loss

Forty-nine percent of IVF clinics reported that 10–
30% of their IVF patients have a history of RPL or

chemical pregnancy losses, and 46% reported less

than 10% of their IVF patients have RPL. Four per-

cent reported 30–50% of IVF patients have RPL, and

1% reported that they do not know. When patients

miscarry after IVF treatment, a genetic study is rec-

ommended in 56% of cases if the specimen is avail-

able, 30% do not test for genetic study and 14%

follow patient’s decision for genetic study. When the

genetic study result is normal, 39% of IVF physi-

cians repeat the same IVF protocol, 13% consider a

different IVF protocol, and 38% consider an immu-

nologic workup. They consider further investigations

similar to RPL evaluation over one (7%), two

(60%), three (30%), or four (2%) IVF cycles

resulted in pregnancy losses. One percent reported

they do not investigate at all.

There are various recommendations for IVF candi-

dates with a history of RPL or chemical pregnancy

losses. Thrombophilia (86%), parental genetic (79%),

and reproductive immune tests (69%) are often con-

sidered when IVF candidates have a history of RPL or

chemical pregnancy losses (Fig. 1). Other recommen-

dations are sperm DNA fragmentation study (31%),
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treatment with the usual protocol (19%), pre-implan-

tation genetic screening (PGS) (17%), sperm aneu-

ploidy study (13%), egg donor (6%), or surrogacy

(3%). Among the thrombophilia workup, factor V

Leiden, proteins C and S, prothrombin gene analysis

were the most commonly ordered tests (Fig. 2).

Among the immune evaluations, autoimmune testing

is the most commonly considered for women with

RPL or RIF, such as anticardiolipin antibody (IgG and

IgM), lupus anticoagulant, thyroid peroxidase anti-

body, and ANA. (Fig. 3). For endocrine evaluation for

RPL and RIF, thyroid-stimulating hormone (TSH) (92,

81% each) and prolactin (61, 55% each) are tested

commonly, and glucose tolerance tests are performed

in 27% of cases for the evaluation of RPL and 21% for

RIF (Fig. 4).

About 50% of IVF physicians reported that less

than 10% of their patients with a history of RPL

have shown abnormalities in reproductive immuno-

logic tests, and 27% of them reported they do not

know the percentages. With regard to the same

questions for patients with abnormal thrombophilia

test results, the responses were 59 and 21%, respec-

tively (Table II).

Fig. 1 Recommendations for in vitro fertilization candidates with a history of recurrent pregnancy losses or chemical pregnancies.
1Preimplantation genetic screening — also known as PGD.

Fig. 2 Thrombophilia evaluations considered by in vitro fertilization physicians for women with recurrent pregnancy losses or repeated

implantation failures.
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IVF Failures and RIF

Fifty-five percent of the IVF physicians approach RIF

in the same manner as RPL, and the remaining

physicians do not, with 56% of physicians perform-

ing reproductive immunologic tests for RIF. The tests

are usually performed after two or three failed IVF

cycles (Fig. 5), and 43% of IVF physicians reported

that less than 10% of RIF patients showed abnormal

results in those tests (Table II). Forty percent of IVF

physicians answered that they do not know about

the presence of abnormal reproductive immune

responses in their RIF patients. This pattern was

same for the presence of thrombophilia in their

patients (Table II). Lists of tests and the percentages

of tests performed in RIF patients are shown in

Figs 2, 3, and 4.

Discussion

Reproductive immunology is often accepted as being

intricate and complex by IVF physicians. This could be

Fig. 3 Reproductive immunology evaluations considered by in vitro fertilization physicians for women with recurrent pregnancy losses or

repeated implantation failures. 1Such as antiphosphatidyl ethanolamine antibody, antiphosphatidyl serine antibody, and other autoantibodies to

phospholipids. Note: Positive responses for human leukocyte antigen (HLA) DQ alpha, Leukocyte antibody detection (crossrnatch) 0 or negligible.

Fig. 4 Endocrine tests considered by in vitro fertilization physicians for women with recurrent pregnancy losses or repeated implantation failures.
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partly attributable to the rapid development of repro-

ductive immunology and a lack of education and

training. Indeed, current subspecialty curricula for

reproductive endocrinology infertility do not include

a systemic reproductive immunology review, and fur-

ther training and continuing medical education for

reproductive immunology are not readily available.

The majority of physicians in this study responded

that the understanding and application of reproduc-

tive immunology principles are important for human

reproduction. Yet, reproductive immunology-related

information seems to be lacking, because 10% of

practitioners responded that they do not have any

resources for reproductive immunology update and

66% of physicians responded that reproductive

immunology update is not easy to obtain through the

IVF network or medical education.

The pregnancy rate is significantly lower in

patients undergoing the second or subsequent IVF

cycles without any history of success, as compared

to those undergoing the first IVF cycle.3 Women

who experienced a chemical pregnancy or a sponta-

neous abortion during their first IVF cycle were

more likely to discontinue IVF treatment than those

whose first cycle ended before embryo transfer or

those who did not have a positive pregnancy test

after transfer. In addition, a significantly higher pro-

portion of women stop IVF treatment after two

failed IVF cycles (35%) as compared to the first

failed IVF cycle (24%).4 In this study, IVF physicians

often considered genetic, thrombophilia, and repro-

ductive immunology evaluations when IVF candi-

dates have a history of RPL or chemical pregnancy

losses, and the evaluation pattern for RIF is similar

to RPL; however, the evaluation frequencies tend to

be less for RIF than RPL. Immunologic assessments

are considered more often after two failed IVF cycles

than after the first failed IVF cycle. This trend may

reflect physicians’ attention to patients who are at

high risk for IVF failure and more likely to discon-

tinue infertility treatment.

In this survey, 55% of IVF physicians answered

that they perform the same evaluation for women

with RIF and RPL. However, there is a trend that

immunologic tests and thrombophilia evaluations are

less frequently performed on RIF patients than on

RPL patients. For both patients and physicians, RIF,

even after a transfer of good quality embryos, is one

of the most frustrating circumstances in IVF treat-

ment. Presently, there is no consensus on the evalua-

tion and treatment for RIF. Yet, there are multiple

etiologies for RIF, and many are common to those of

RPL.5 Elevated natural killer (NK) cell levels and ele-

vated NK activity in peripheral blood,6–8 dysregulated

cytokines,9,10 presence of antiphospholipid antibodies

(APA) or other autoantibodies,11,12 imbalanced T-

helper (Th) 1 and Th2 cell reaction,13 elevated Th1/
Th2 cell ratio,14–16 and the sharing of human leuko-

cyte antigen (HLA) alleles between couple,17,18 have

been reported in women with RIF. Inherited and

acquired thrombophilia are also common in women

with RIF, such as genetic mutations in prothrombin,

factor V Leiden, and PAI-1 genes, and deficiencies in

proteins C and S, and antithrombin III.19–21 Further-

more, a significant proportion of women with RPL

have a history of RIF or vice versa. In this survey,

physicians responded that they evaluate and treat

women with RIF and RPL in a similar manner.

The parental genetic study has been widely rec-

ommended in RPL patients; however, it is performed

in only 80% of RPL patients. A low prevalence of

parental genetic abnormality may discourage physi-

cians to consider further genetic testing.22 In addi-

tion, 19% of IVF physicians use the same protocol

even after RPL, and some physicians recommend

egg donor or surrogacy cycles in RPL patients prior

to any further evaluations. Pre-implantation genetic

screening was recommended by 79% of IVF clinics

for RPL patients. However, a recent meta-analysis

Table II The percentage of RPL or RIF patients with abnormal

test results for thrombophilia or reproductive immunology from

in vitro fertilization physicians’ reports

% of abnormal results

Patients with

RPL (%)

Patients with

RIF (%)

Reproductive

immunology test

<10% 50 43

10–30% 14 13

31–50% 7 3

>50% 2 1

I don’t know 27 40

Evaluations of

thrombophilia

<10% 59 50

10–30% 17 8

31–50% 3 1

>50% 0 1

I don’t know 21% 40%

RPL, recurrent pregnancy losses; RIF, repeated implantation

failures.
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demonstrated no evidence of a beneficial effect of

PGS as currently applied on the live birth rate after

IVF, both in women with a good prognosis and

women with RIF.23 This meta-analysis was related to

PGS with fluorescent in situ hybridization (FISH)

and a limited number of chromosomes assessed – a

methodology that has subsequently been almost uni-

versally discouraged for aneuploidy assessment.

A more recent randomized control study has demon-

strated the advantage of array comparative genomic

hybridization (aCGH) with assessment of all chromo-

somes,24 as first demonstrated by Fishel et al.25

To evaluate thrombophilic tendency, mutations of

the following genes: MTHFR, prothrombin, factor V

Leiden, and antithrombin III, and activated partial

thromboplastin time, levels of proteins C and S, and

activated protein C resistance are being tested often.

Although several recent studies have focused on the

correlation of the level of PAI-1 or its genetic muta-

tion and thrombophilia,21 it is evaluated only in

10–20% of RPL or RIF patients. In terms of immuno-

logic tests, most commonly performed tests are anti-

cardiolipin antibody (ACA) and lupus anticoagulant

(LAC). However, nontypical antiphospholipid anti-

bodies (APAs) such as anti-b2 glycoprotein I antibody,

which has been reported to have a major role in

reproductive failures,26,27 are not commonly tested.

In addition, the evaluation of cellular immunity, such

as NK cell assay and Th1/Th2 cytokine ratio, which

affect implantation and miscarriage,5,14,28 is per-

formed infrequently. This could be related to a lack of

resources and technical difficulties because these tests

are relatively new and require experienced laboratory

support, as well as a lack of understanding or appreci-

ation of the mechanisms involved.

For endocrine evaluation of women with RPL or

RIF, TSH is most frequently considered. This finding

suggests that physicians are well aware of thyroid

dysfunction as one of etiologies for RPL or RIF.29

However, free T4 and/or free T3, and antithyroid

antibodies, are tested in only in 30–50% of women.

The harmful effects of hyperprolactinemia to the

endometrium during implantation period were

investigated,30,31 and prolactin level is evaluated in

60% of RPL and RIF patients. A positive correlation

between insulin resistance and RPL has been

reported;32,33 however, the glucose tolerance test

has been considered in only 30% of RPL patients.

According to the report of Jaslow et al., on 1020

women with RPL, 40% of women with two or more

RPL were identified with the following etiologies:

parental genetics (4.4%), uterine anatomy (18.1%),

lupus anticoagulant (3.6%), anticardiolipin (15.1%),

factor V Leiden (6.8%), TSH (7.2%), and blood glu-

cose (0.3%), and 60% of them were remained unex-

plained.34 In this reproductive immunology practices

in IVF survey, 50% of IVF physicians answered that

less than 10% of RPL patients showed abnormal

results in immunologic tests (43% answered for RIF

patients), 14% answered that 10–30% of patients

showed abnormal results (13% for RIF patients), 9%

answered that 31–50% of patients showed abnormal

results (3% for RIF patients), and 2% answered that

over 50% of patients showed abnormal results (1%

for RIF patients). These answers may suggest that

IVF physicians tend to recognize immunologic prob-

lems less often than their actual prevalence. In addi-

tion, 27% of IVF physicians answered that they do

not know (40% for RIF patients) the prevalence of

abnormal immune tests. This result indicates either

Fig. 5 Opinions of in vitro fertilization (IVF) physicians about the need for immunologic assessments after failed IVF cycles.
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that they do not analyze the immunologic problems

systematically or do not run immunologic testing.

Indeed, 13% of them reported that an immunologic

assessment is not necessary at all in failed IVF

patients, and 14% of them answered that they do

not know about the necessity of the tests.

IVF-Worldwide.com is the largest and comprehen-

sive IVF-focused website for doctors, embryologist,

nurses, and social workers. It links doctors and spe-

cialists from universal IVF centers to encourage dia-

logue, discuss special treatments and medication,

and advance research on IVF topics. Web-based

research has many advantages compared to tradi-

tional mail or face-to-face surveys. It is faster,

dynamic, and environmentally friendly, and it pro-

vides instantaneous statistical analysis. If performed

anonymously, web-based surveying is better at

addressing sensitive questions. However, it may raise

ethical concerns and can be intrusive depending on

the types of research questions being asked. Non-

delivered messages or e-mail rejected as spam can be

a concern of survey authors, and technical glitches

may arise for survey authors, respondents, and com-

puter systems.35 Therefore, caution should be used

in interpreting these data.

We conclude that a significant proportion of IVF

physicians consider reproductive immunology work-

ups when they manage women with a history

of RPL, RIF, and IVF failures, but the approach is

inconsistent and has limited structured professional

recommendations.
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