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A couple presents after 1 year without conception despite having had sexual inter-
course 2 or 3 times per week. The 36-year-old female partner has menses (lasting 3 
to 5 days) every 26 to 30 days. Neither partner has active medical problems; both are 
taking vitamins aimed at supporting fertility. They would like to have three children. 
How would you evaluate and treat this couple?

The Clinic a l Problem

Primary infertility is defined as a history of no previous concep-
tion, and secondary infertility is an inability to conceive after any previously 
documented pregnancy. As defined by the American Society for Reproduc-

tive Medicine (ASRM), any need for reproductive technology in order to conceive 
is meant to be inclusive of same-sex couples, single parents by choice, persons who 
want to freeze oocytes, and transgender persons.1

Assisted conception accounts for 5% of U.S. births.2 Although in vitro fertiliza-
tion (IVF) was invented to circumvent blockage of the fallopian tubes, the expected 
live birth rate with IVF per round of treatment exceeds that of a couple with nor-
mal fertility in any given cycle and surpasses all other treatments to obtain a live 
birth (Table 1). This degree of efficacy has led to the use of IVF for the treatment 
of infertility due to almost any cause. However, fertility treatment is expensive in 
the United States, and insurance coverage is inconsistent, factors that lead to in-
equitable access. Only 21 states mandate partial or complete insurance coverage. 
Regardless of access, Black, Hispanic, and Asian persons have lower live birth rates 
than White persons with most treatments, particularly IVF.3

S tr ategies a nd E v idence

History and Examination

A comprehensive evaluation includes a detailed menstrual history and assessment 
of risks for anatomical infertility, such as previous pelvic surgery or infection. 
Medications that are potentially hazardous for pregnancy or conception (e.g., 
retinoids, methotrexate, and lithium) should be reviewed for replacement with ap-
propriate alternatives. A history of testicular injury or undescended testes should 
be obtained, along with an assessment for androgenic steroid use, which is in-
creasingly common among U.S. men 18 to 45 years of age.4 An evaluation should 
focus on clinical information relevant to common causes of infertility: extremes 
of weight, signs and symptoms of polycystic ovary syndrome (PCOS; e.g., hirsutism, 
acanthosis nigricans, and oligomenorrhea), premature ovarian insufficiency (e.g., 
night sweats), hyperprolactinemia (e.g., galactorrhea), and other possible endocrine 
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disturbances (e.g., hypothyroidism, type 2 dia-
betes, and hypogonadism). A single abnormality, 
if found, should not be assumed to wholly ex-
plain a couple’s infertility. Complete testing of 
both partners is recommended in most cases. 
Patients’ intentions with regard to their hoped-for 
family size and potential consideration of donor 
gametes or embryos can inform longer-term thera-
peutic options.

Recommended Routine Testing
Semen Analysis

Semen analysis is recommended and should be 
repeated if the results of the first analysis are out-
side the normal range.5 An abnormal semen char-
acteristic (e.g., low sperm concentration, sperm 
dysmotility, or abnormal morphologic features) is 
detected in approximately one third of couples 
with infertility (Table 1). In cases of a varicocele, 
fertilization failure, poor embryo development af-
ter IVF, or recurrent pregnancy loss, an assess-
ment of sperm DNA fragmentation may inform 
a recommendation for the use of donor gametes.6

Ovarian-Reserve Testing
The age of the childbearing female partner is the 
most important predictor of live birth, regardless 
of ovarian reserve.7 However, evaluation of ovar-
ian reserve should be undertaken regardless of 
age. A combination of ultrasonography and serum 
markers assess both visible and implied numbers 
of ovarian follicles as well as the likely response 
to gonadotropins. The number of all follicles 2 mm 
to 10 mm in diameter (measured with the use of 
ultrasonography) in both ovaries determines the 
antral follicle count.8 Antimüllerian hormone, 
which is not dependent on the stage of the men-
strual cycle, is produced by the granulosa cells of 
early-developing follicles and is the most direct 

serum biomarker that quantifies the relative pool 
of primordial ovarian follicles.9 Measurement of 
the levels of follicle-stimulating hormone (FSH) 
and estradiol in the early follicular phase (men-
strual cycle days 2 to 4, when FSH is typically at 
its follicular-phase peak) provides indirect infor-
mation about ovarian reserve. Because more FSH 
is required to cause follicular maturity as ovarian 
reserves dwindle, the follicular phase shortens 
with earlier elevation of estradiol. Therefore, ele-
vated levels of FSH and estradiol indicate de-
creased ovarian reserve. Adequate ovarian reserve 
thresholds are shown by an antral follicle count 
of at least 12, a level of antimüllerian hormone 
greater than 1 ng per milliliter, an FSH level of 
less than 10 IU per liter, and an estradiol level of 
less than 80 pg per milliliter. Decreased ovarian 
reserve is observed in approximately 26% of pa-
tients presenting to IVF centers in the United 
States.10 Patients with decreased ovarian reserve 
are usually directed toward more aggressive treat-
ment because the course of progression to ovari-
an failure in such patients is unpredictable and 
may be rapid. Very high levels of antimüllerian 
hormone (greater than approximately 6 ng per 
milliliter11) or antral follicle counts (greater than 
2512) indicate the presence of PCOS and predict 
a strong response to ovarian stimulation.

Ovulatory Evaluation
Release of a viable egg is mandatory for concep-
tion. Women reporting monthly menses every 
28 days are presumed to be ovulatory, and rou-
tine confirmation of ovulation is not necessary.13 
Premenstrual symptoms such as breast tender-
ness and abdominal bloating are supportive of 
ovulation. Home urine testing for the midcycle 
luteinizing hormone (LH) surge is widely available, 
and a positive surge result approximately 14 days 
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before menses is confirmatory, as is a midluteal (7 
days before expected menses) serum progesterone 
level of 3 ng per milliliter or higher.14 Absence of 
menses, infrequent menses, or inadequate pro-
gesterone production indicate oligo-ovulation or 
anovulation. Testing for hyperprolactinemia, PCOS 
(levels of androgens and 17-hydroxyprogesterone 
and the LH:FSH ratio), congenital adrenal hyper-
plasia (level of 17 hydroxyprogesterone), hypogo-
nadotropic amenorrhea (levels of LH, FSH, and 
estradiol), or premature ovarian insufficiency 
(levels of FSH and estradiol) are indicated de-
pending on the clinical presentation. Further test-
ing specific to each condition may also be indi-
cated (e.g., metabolic assessment for women with 

PCOS, psychosocial assessment for women with 
hypothalamic amenorrhea, and genetic and auto-
immune workups for women with premature ovar-
ian insufficiency).

Evaluation of the Fallopian Tubes and Uterus
Anatomical abnormalities (e.g., fallopian tube oc-
clusion, pelvic adhesions, and other tubal abnor-
malities) accounted for up to 34% of infertility 
factors in women in one large World Health Or-
ganization study of 8500 couples with infertility.15 
Hysterosalpingography and sonohysterography with 
or without a saline-air device are noninvasive tech-
niques that have largely supplanted laparoscopy 
to determine tubal patency as well as intrauterine 

Table 1. Infertility Causes, Prevalence, and Management Approaches.*

Cause Prevalence
Treatment Option (Reported Outcome 

 per Treatment Cycle)

%

Ovulatory dysfunction 2515† Induction of ovulation (live birth, 35.4%)38

Polycystic ovarian syndrome 8–1319‡ Letrozole21 (live birth, cumulative for up to five 
cycles, 27.5%)

Clomiphene (live birth, cumulative for up to five 
cycles, 19.1%)

Functional hypothalamic amenorrhea 125‡ Cognitive behavioral therapy24 (NA)
Clomiphene (NA)§
Gonadotropin (NA)

Premature ovarian insufficiency 126‡ Oocyte donation (live birth, 39.0%)38

Diminished ovarian reserve10 19–2610† IVF (live birth, 19.9%)38

Uterine factor 2–1733† Individualized (NA)

Fallopian tube patency30¶ 11–6746† IVF (live birth, 38.1%)30,38

Hydrosalpinx removal30 (odds ratio for clinical 
pregnancy, 4.66; 95% CI, 2.47 to 10.01)

Endometriosis 25–5034‖ IVF (live birth, 39.5%)38

Abnormal semen characteristics 5–4015 IUI (NA)
IVF (live birth, 40.8%)38

Unexplained infertility** 15 IUI with clomiphene36 (live birth, 23.3%)
IUI with letrozole36 (live birth, 18.7%)
IUI with gonadotropin36 (live birth, cumulative  

for up to four cycles, 32.2%)
IVF (live birth, 39.9%)38

*	� Live birth rate is reported by the Society for Assisted Reproductive Technology as live births per initiated stimulation cycle 
in women younger than 35 years of age or for all donor oocyte cycles initiated.38 IUI denotes intrauterine insemination, 
IVF in vitro fertilization, and NA insufficient data to report outcomes.

†	� Shown is the prevalence among couples with infertility.
‡	� Shown is the population prevalence of the disorder.
§	� Clomiphene may be considered for treatment in women with functional hypothalamic amenorrhea if the patient’s initial 

estradiol level does not indicate complete suppression of the hypothalamic pituitary axis.
¶	� Prevalence varies widely depending on the population.
‖	� The prevalence of endometriosis among adults in the U.S. population is 10 to 15%.34

**	� Multiple gestation occurred in 13% of gestations with letrozole, 9% with clomiphene, and 32% with gonadotropin. 
There were 10 triplet gestations, all in patients who were treated with gonadotropin.
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fibroids, polyps, and adhesions.16 Both methods 
involve retrograde instillation of either radiologic 
contrast (hysterosalpingography) or saline and 
air (ultrasonography-based methods) to separate 
the uterine walls and push fluid through the fal-
lopian tubes, which allows visualization of the 
uterine cavity and tubal patency.

Tr e atmen t

Treatment of Infertility Attributable to the 
Male Partner

A variety of products (devices and supplements) 
have been suggested to improve semen quality; 
however, none, including vitamins, have sufficient 
evidence to warrant their use.17 With regard to 
varicoceles, no clinical trial evidence has shown 
that surgical treatment improves fertility.

Most treatments of male infertility involve the 
mechanical manipulation of semen by means of 
suspending a sperm concentrate in culture medi-
um and injecting it into the uterine fundus at the 
time of ovulation (intrauterine insemination [IUI]), 
placing sperm directly onto oocytes in vitro, or 
mobilizing a single sperm cell and injecting it 
directly into an oocyte during IVF (intracytoplas-
mic sperm injection).

Couples in which the male partner has abnor-
mally low motile sperm counts are candidates for 
IUI. For motile sperm counts below the range of 
1 million to 5 million, IVF with direct sperm injec-
tion is the treatment of choice. Despite increased 
use of this technique to ensure against fertiliza-
tion failure, a cohort study of more than 300,000 
IVF cycles showed lower rates of implantation and 
live birth when intracytoplasmic sperm injection 
was performed for indications other than severe 
male infertility.18

Treatment of Ovulatory Disorders

Although IVF is the most successful treatment 
option for almost all ovulatory disorders, whether 
to try ovulation induction or stimulation strate-
gies first merits consideration because of the 
associated cost and invasiveness of IVF (Table 1). 
PCOS, the most common endocrinopathy in wom-
en, affects 6 to 13% of women of reproductive 
age worldwide.19 A secondary analysis of ran-
domized trials involving women with PCOS and 
obesity showed that deferred ovulation induc-
tion preceded by lifestyle interventions and hor-
monal contraception resulted in significantly more 

ovulation than immediate ovulation induction 
(with 62% vs. 45% of treatment cycles leading to 
ovulation).20 Letrozole was more effective than 
clomiphene for ovulation induction and live birth 
in women with PCOS (Table 1).21 Although help-
ful for preventing type 2 diabetes, metformin led 
to fewer 6-month cumulative live births (in 7.2% 
of the women who received it) than clomiphene 
(in 22.7%) in a large, U.S. network-based clinical 
trial.22 IVF is a favorable second-line option for 
women with PCOS, because their increased num-
ber of ovarian follicles usually leads to highly 
productive egg harvesting. A Cochrane Review 
of 13 randomized clinical trials involving 1132 
persons did not show a benefit in live births 
with concurrent metformin treatment during an 
IVF cycle.23

Other common ovulatory disorders that cause 
amenorrhea include functional hypothalamic 
amenorrhea (in 1% of women with amenor-
rhea24,25), premature ovarian insufficiency (in 1%26), 
and prolactinoma (in 0.3%27). Management of hy-
pothalamic amenorrhea includes cognitive behav-
ioral therapy to help address causal stressors such 
as low body weight or low body fat, psychogenic 
stress, negative energy balance, and excess exer-
cise. Gonadotropin injections can also be used to 
induce ovulation. Pregnancy rates approach nor-
mal ranges when ovulatory function is reestab-
lished.24 Premature ovarian insufficiency is not re-
versible; when prolonged amenorrhea is observed, 
pregnancy is unlikely, regardless of treatment. 
Prolactinomas in women are usually responsive 
to medical management with dopamine agonists 
(cabergoline or bromocriptine); live birth rates as 
high as 94% have been reported once prolactin 
levels normalize.28

Treatment of Tubal and Uterine Factors

Women with fallopian tube occlusion or removal 
need IVF therapy to conceive. If a hydrosalpinx 
is present, removal or complete occlusion of the 
affected tube, treatment with antibiotic agents, 
or aspiration is recommended. Findings from 
retrospective studies and limited data from ran-
domized clinical trials support this practice. In 
one study involving 192 women, live births oc-
curred in 28.6% of the women who were ran-
domly assigned to undergo hydrosalpinx removal, 
as compared with 16.3% (P = 0.045) of the women 
who received no intervention.29 A Cochrane Review 
reported data from five clinical trials involving 
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626 women that supported the benefit of hydro-
salpinx removal on pregnancy rates, but the re-
port noted that the trials produced limited data 
with regard to live births and the value of drain-
age or occlusion.30 Given the effectiveness of IVF 
in producing live births, the need for hydrosalpinx 
removal has been questioned.

Among uterine disorders, septa (estimated prev-
alence, 0.2 to 2.3%) are often found during the 
fertility workup. Septum excision has been recom-
mended in patients with a history of pregnancy 
loss, in the belief that the relatively avascular sep-
tum surface constitutes a poor implantation site. 
However, a randomized, international, multicenter 
clinical trial that compared septum removal with 
expectant management in women with previous 
pregnancy loss showed no benefit with septum 
resection.31 Other uterine causes of infertility, such 
as fibroids and synechiae, are managed on the 
basis of the signs and symptoms specific to the 
patient. Surgical management of asymptomatic 
fibroids remains controversial, and treatment is 
currently individualized.32 Uterine lesions are typ-
ically treated with outpatient hysteroscopic resec-
tion.33

Treatment of Endometriosis

Although the estimated prevalence of endome-
triosis is 2 to 10% among all women, it is found 
in 25 to 50% of women with infertility.34 When 
endometriosis is diagnosed, surgical excision or 
fulguration, followed by expectant management, 
is preferred.35 However, since routine laparosco-
py is no longer part of the infertility workup, 
occult endometriosis may be present. Because of 
the invasive and inflammatory nature of ovarian 
endometriosis, this disorder can reduce ovarian 
reserve and cause pelvic adhesions and tubal oc-
clusions that further compromise fertility. IVF is 
often the preferred treatment to hasten time to 
pregnancy in women with severe endometriosis. 
However, in mild disease in which cytoreductive 
surgery has been performed and symptoms have 
not recurred, management is more consistent with 
that of unexplained infertility.35

Treatment of Unexplained Infertility

By definition, unexplained infertility is present 
when a complete workup fails to yield a cause. A 
stepwise approach to treatment, beginning with 
mild ovarian stimulation combined with IUI, 
is typically performed for up to 4 to 6 cycles. 

Clomiphene is the treatment of choice on the 
basis of a multicenter clinical trial evaluating the 
use of clomiphene, letrozole, or gonadotropins 
along with IUI in 900 couples with unexplained 
infertility (Table 1). The higher live birth rate with 
gonadotropin–IUI treatment in this trial was off-
set by its unacceptably high incidence of multi-
ple pregnancy (32% of pregnancies) as compared 
with clomiphene (13%) and letrozole (9%).36 A 
separate randomized trial evaluating time to 
pregnancy and overall cost found no benefit of 
performing gonadotropin–IUI before IVF if a 
trial of clomiphene did not result in a live birth.37

In Vitro Fertilization

In 1978, the year of the first live birth of a baby 
conceived through the use of IVF, the probabil-
ity of a successful live birth as a result of IVF was 
less than 10%. In 2021, women younger than 35 
years of age had a 43.1% probability of live birth 
from a single IVF attempt (Table 1)38; outcomes 
were worse with increasing age (31.0% for wom-
en 35 to 37 years of age, 19.0% for those 38 to 40 
years of age, 9.4% for those 41 to 42 years of age, 
and 3.2% for those older than 42 years of age).

The process of an IVF cycle is shown in Fig-
ure 1. Exogenous gonadotropin stimulation is 
combined with suppression of the hypothalamic–
pituitary axis with a gonadotropin-releasing hor-
mone (GnRH) antagonist or, less frequently, an 
agonist to prevent an endogenous LH surge and 
override the body’s natural system of avoiding 
multiple folliculogenesis. After stimulation for 
approximately 10 days, the final stages of oocyte 
maturation are initiated with human chorionic 
gonadotropin (HCG) or an GnRH agonist (or 
both), with the latter used to provide a shorter-
acting burst of endogenous LH. Before oocytes 
are extruded, they are retrieved by means of 
needle aspiration guided by transvaginal ultra-
sonography and inseminated either by overlay-
ing of concentrated sperm or by direct oocyte 
injection. Fertilized oocytes are grown in vitro 
for 5 days, by which time they have reached the 
blastocyst stage and are ready for uterine trans-
fer. Embryo transfer can be performed at this 
time, but concern about supraphysiologic hor-
mone exposure of the uterus has led to embryo 
transfers more commonly being performed after 
cryopreservation and thawing of the embryo. 
Cryopreservation and thawing allows the female 
partner time to recover from the oocyte retrieval 
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procedure and to undergo either a natural men-
strual cycle, wherein the embryo is implanted after 
ovulation occurs spontaneously, or a programmed 
cycle, in which the uterus is primed with exog-
enous estradiol and progesterone before embryo 
transfer.

Risks associated with IVF include ovarian hy-
perstimulation syndrome and multiple births. 
Ovarian hyperstimulation syndrome occurs with 
prolonged exposure to LH or HCG in susceptible 
persons when estradiol levels are extremely high. 
It can largely be avoided by adjusting the gonado-
tropin dose, cancelling and restarting the cycle at 
a lower dose if the response is too great, avoiding 
a “fresh” embryo transfer (rather than a transfer 
of the embryo after cryopreservation and thaw-
ing) if the estradiol level is too high, using lower 
doses of HCG to complete follicle maturation, 
and triggering final follicle maturation with a 
GnRH agonist to induce a burst of LH, which 
has a shorter half-life than HCG. Complications 
related to egg harvesting are rare (occurring in 
1 in 1000 procedures) and include bleeding or 
trauma to the ovary or adjacent organs (or both) 
due to misplacement of the needle.

Multiple births resulting from IVF, an early 
concern with the technology, have decreased 
dramatically with the ability to grow embryos in 
vitro for 5 to 7 days. By this stage of develop-
ment, embryo viability is so robust that transfer 
of a single embryo results in excellent live birth 
rates. In 2022, a total of 73.9% of all IVF cycles 
reported to the Society for Assisted Reproductive 
Technology involved the transfer of a single em-
bryo, with an overall multiple pregnancy rate of 
4% and almost no triplet pregnancies.38

Guidelines

Practice guidelines published by ASRM and the 
European Society for Human Reproduction and 
Embryology (ESHRE), among others, address 
the various types of infertility.39 Some notable 
differences exist that may reflect regional policy 
considerations. For example, ASRM recommends 
routine initial testing for ovarian reserve,40 but 
ESHRE does not recommend this approach in 

women with regular menses.41 Our recommen-
dations align with those of ASRM.

A r e a s of Uncerta in t y

More evidence is needed with regard to the effects 
on fertility of endocrine-disrupting chemicals. The 
role of preimplantation genetic testing in IVF 
practice remains a subject of debate.42 Although 
this testing may reduce the time to live birth, it 
risks the discarding of embryos that might other-
wise be viable; because euploid cells develop more 
rapidly than aneuploid cells, embryos with aneu-
ploid cell lines may outgrow the aneuploidy.43

The value of performing a fresh or natural 
cycle embryo transfer as compared with an ar-
tificial cycle in which exogenous estrogen is 
provided in physiologic amounts is of interest, 
because the risk of hypertensive disorders of 
pregnancy may be increased in the absence of 
a corpus luteum.44 Finally, premature ovarian in-
sufficiency and its precursor, decreased ovarian 
reserve, remain a barrier to pregnancy that is 
difficult to overcome with the use of current meth-
ods. The effects of supplying growth factors or 
stem cells to ovaries with limited remaining fol-
licles are areas of active investigation.45

Conclusions a nd 
R ecommendations

Regarding the couple described in the vignette, 
the negative evaluation is diagnostic of unex-
plained infertility. Because they hope to have 
three children, we recommended IVF with stor-
age of cryopreserved embryos for future use. 
Their IVF procedure resulted in 13 oocytes, 9 of 
which were fertilized and 6 of which became 
healthy blastocysts. One blastocyst was implant-
ed during an IVF cycle, and a baby boy was born. 
We advised the couple to return 18 months after 
their son’s birth to plan for implantation of one 
of the 5 remaining cryopreserved embryos. Their 
excellent yield of high-quality embryos makes it 
likely that this couple will achieve their desired 
family size.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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Figure 1 (facing page). Process of IVF.
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