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STUDY QUESTION: Is pregnancy success rate after a concise infertility work-up the same as pregnancy success rate after the traditional
extensive infertility work-up?

SUMMARY ANSWER: The ongoing pregnancy rate within a follow-up of 1 year after a concise infertility work-up is significantly lower
than the pregnancy success rate after the traditional and extensive infertility work-up.

WHAT IS KNOWN ALREADY: Based on cost-effectiveness studies, which have mainly focused on diagnosis, infertility work-up has be-
come less comprehensive. Many centres have even adopted a one-stop approach to their infertility work-up.

STUDY DESIGN, SIZE, DURATION: We performed a historically controlled cohort study. In 2012 and 2013 all new infertile couples
(n¼ 795) underwent an extensive infertility work-up (group A). In 2014 and 2015, all new infertile couples (n¼ 752) underwent a concise
infertility work-up (group B). The follow-up period was 1 year for both groups. Complete follow-up was available for 99.0% of couples in
group A and 97.5% in group B.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The extensive infertility work-up consisted of history taking, a gynaecological
ultrasound scan, semen analysis, ultrasonographic cycle monitoring, a timed postcoital test, a timed progesterone and chlamydia antibody
titre. A hysterosalpingography (HSG) was advised routinely. The concise infertility work-up was mainly based on history taking, a gynaeco-
logical ultrasound scan and semen analysis. A HSG was only performed if tubal pathology was suspected or before the start of IUI.
Laparoscopy and hormonal tests were only performed if indicated. Couples were treated according to the diagnosis with either expectant
management (if the Hunault prognostic score was >30%), ovulation induction (in case of ovulation disorders), IUI in natural cycles (in case
of cervical factor), IUI in stimulated cycles (if the Hunault prognostic score was <30%) or IVF/ICSI (in case of tubal factor, advanced fe-
male age, severe male factor and if other treatments remained unsuccessful).
The primary outcomes were time to pregnancy and the ongoing pregnancy rates in both groups. The secondary outcomes were the num-
ber of investigations, the distribution of diagnoses made, the first treatment (started) after infertility work-up and the mode of conception.

MAIN RESULTS AND THE ROLE OF CHANCE: The descriptive data, such as age, duration of infertility, type of infertility and lifestyle
habits, in both groups were comparable. In group A, more than twice the number of infertility investigations were performed, compared
to group B. An HSG was made less frequently in group B (33% versus 42%) and at a later stage. A Kaplan–Meier curve shows a shorter
time to pregnancy in group A. Also, a significantly higher overall ongoing pregnancy rate within a follow-up of 1 year was found in group A
(58.7% versus 46.8%, respectively, P< 0.001). In group A, more couples conceived during the infertility work-up (14.7% versus 6.5%, re-
spectively, P< 0.05). The diagnosis cervical infertility could only be made in group A (9.3%). The diagnosis unexplained infertility differed
between groups, at 23.5% in group A and 32.2% in group B (P< 0.001).

LIMITATIONS, REASONS FOR CAUTION: This was a historically controlled cohort study; introduction of bias cannot be ruled out.
The follow-up rate was similar in the two groups and therefore could not explain the differences in pregnancy rate.

WIDER IMPLICATIONS OF THE FINDINGS: Re-introduction of an extensive infertility work-up should be considered as it may lead
to higher ongoing pregnancy rates within a year. The therapeutic effects of HSG and timing of intercourse may improve the fertility chance.
This finding should be verified in a randomized controlled trial.
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Introduction
An infertility work-up should not only provide accurate diagnostic and
prognostic information but also should be cost-effective, evidence
based and not too cumbersome for patients.

In recent years many cost-effectiveness studies have been per-
formed (Mol et al., 2001; Coppus et al., 2007b; Luttjeboer et al., 2009;
Verhoeve et al., 2011). Reproductive societies worldwide have
updated their medical guidelines based on these new data.

While in the past couples referred to an infertility clinic would un-
dergo almost all commonly available diagnostic tests, nowadays an in-
fertility work-up must be lean (i.e. concise). Many clinics have adopted
a one-stop infertility clinic (Brosens et al., 2002).

Medical history has become the crux of the matter again. For exam-
ple, if a woman has a regular menstrual cycle, there is a high probabil-
ity that the cycle is ovulatory, and thus there is no need to explore
the cycle (ASRM, 2012; NVOG, 2004).

Furthermore, if the medical history is uneventful as far as sexually
transmitted diseases, pelvic infections or surgery are concerned, the
likelihood for tubal pathology is low, and thus no urgent need exists to
test the patency of the tubes (Coppus et al., 2007b; Luttjeboer et al.,
2009; NVOG, 2004; Verhoeve et al., 2011). Many doctors have abol-
ished the postcoital test (PCT) in view of its presumed lack of predic-
tive value (Oei et al., 1998; NICE, 2013; NVOG, 2004) although this
has been questioned by others (Eimers et al., 1994; Hunault et al.,
2004; van der Steeg et al., 2004; Hessel et al., 2014). Chlamydia serol-
ogy has only limited prognostic value, and if a screening test for tubal
pathology is necessary, the hysterosalpingography (HSG) is preferred
(ASRM, 2012).

Guidelines have been updated, but an overall evaluation has not taken
place (ASRM, 2012; NVOG, 2004). The question is whether the con-
cise infertility work-up can be introduced without missing essential diag-
noses and subsequent indicated treatment. Does it indeed lead to the
same diagnoses, the same prognostic information, and will as many cou-
ples as after a traditional work-up achieve their desired pregnancy and
in the same time frame? To answer these questions, we performed a
historical controlled study and compared the two strategies.

Materials and methods
In the run-up to the implementation of the new Dutch infertility guide-
lines, the concise infertility work-up was introduced in the Centre for
Reproductive Medicine in the Jeroen Bosch hospital, ‘s-Hertogenbosch,
the Netherlands in January 2014. In this historically controlled cohort
study, the findings of all new infertile couples referred in 2012 and 2013,
who were screened in the traditional way (group A), were compared
with those of all new couples referred in 2014 and 2015, who received
the concise infertility work-up (group B). All couples were referred by
their general practitioner, as is mandatory in the Netherlands.

The primary outcome measures of the study were the cumulative
ongoing pregnancy rate (COPR) after 1 year and time to pregnancy.

In case of infertility, which was defined as a failure to conceive de-
spite 12 months of unprotected intercourse, couples were referred to
secondary care. In case of female age above 38 years, oligo- or ame-
norrhoea or known bilateral tubal block, patients with the wish to
conceive could be referred to secondary care before these 12 months.

Couples were excluded when a pregnancy was already established
at the time of first visit or before the initiation of fertility testing.
Couples were also excluded if insufficient data were available, for ex-
ample, when no result of the semen analysis was known. All infertility
investigations, treatments (including the time to start the first treat-
ment and the number of cycles per treatment), and ongoing pregnan-
cies were documented within a follow-up of 1 year. The time to
pregnancy after an HSG or PCT was registered.

Baseline variables were collected to evaluate whether both groups
were comparable at the start of the infertility work-up. Data on costs
were not collected in this study.

Data were registered prospectively in an electronic patient record
(LSFDVC Landelijk specialistisch fertiliteitsdossier, STB, Houten, the
Netherlands), and continuously monitored for completeness.

The traditional infertility work-up
The traditional infertility work-up consisted of a medical history,
physical examination and a transvaginal ultrasound scan to diagnose

WHAT DOES THIS MEAN FOR PATIENTS?
After trying to conceive for more than 1 year, couples can be referred to an infertility clinic. Several fertility tests can be performed. This is
called the infertility work-up. In 2014, a new approach or ‘lean’ infertility work-up was introduced with fewer tests than before. Some tests
were thought to be unnecessary to make the right decisions on which fertility treatment to start. This approach aimed to reduce the bur-
den and costs of the fertility work-up. In this study, we compared couples that underwent the traditional, more extensive infertility work-
up with couples that underwent this ‘lean’ infertility work-up. The type of infertility work-up led to a difference in diagnosis made and
treatment started. After 1 year of follow-up, we saw that more couples were pregnant after the traditional infertility work-up. Possible
explanations are the therapeutic effect of tests or the timing of having intercourse. In view of this effect on outcome it is advisable to dis-
cuss the type of work-up with the patient.
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..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.

gynaecological pathology. Variables collected in the medical history
were female age, male age, duration of infertility, type of infertility,
obstetric and general medical history, familial diseases, menstrual
cycle history, symptoms of endocrinopathy, dysmenorrhoea, pelvic
inflammatory disease, sexually transmitted disease, surgery, sexual
functions, female and male smoking and drinking habits or the use
of drugs, and female BMI.

Furthermore, the work-up generally consisted of cycle monitoring
by ultrasound, a timed PCT, and a timed mid-luteal progesterone. A
PCT was not performed in case of pregnancy or in case it was imme-
diately clear that IVF or ICSI was indicated.

In case of irregular menstrual cycles, hormonal screening was per-
formed to distinguish between the World Health Organization
(WHO) groups of ovulation disorders, thyroid disease and hyperpro-
lactinaemia. This hormonal screening consisted of FSH, thyroid-stimu-
lating hormone, LH, prolactin, testosterone and 17-beta-estradiol.
Tubal disease was screened with the chlamydia antibody test (CAT).
An HSG with a water-based contrast medium, followed by flushing the
tubes with an oil-based contrast medium for its therapeutic effect was
advised. Not every couple underwent an HSG. The HSG was post-
poned for 3 months in cases where ovulation induction (OI) was
started first or was not performed at all in case of pregnancy, or in
case of a clear indication for IVF or ICSI. A laparoscopy was per-
formed only if indicated, i.e. in case of abnormal findings on ultrasound
or HSG, or based on a specific finding in the medical history, such as
pelvic inflammatory disease, sexually transmitted disease or tubal
surgery.

A semen analysis was carried out according to the WHO laboratory
manual for the examination and processing of human semen (WHO,
2010).

The concise infertility work-up
The concise infertility work-up consisted of a medical history and phys-
ical examination as described above and a single transvaginal ultra-
sound scan. If the menstrual cycle was between 25 and 35 days and
the difference between the shortest and longest cycle was no longer
than 7 days, the cycle was considered ovulatory and no further cycle
monitoring was performed. Serial ultrasound (i.e. cycle monitoring)
was only used in case women had cycle durations with a maximum of
35–40 days.

A PCT and assessment of the cervical mucus did not take place.
Progesterone was only determined when an ovulatory disorder was
suspected. If the medical history revealed a pelvic inflammatory dis-
ease, peritonitis, complicated appendicitis or abdominal surgery, or in
case of abnormal ultrasound findings tubal pathology was suspected,
an HSG was performed. If not, the HSG was postponed for 6 months
or until OI with gonadotrophins, or IUI, was started. The CAT was
not performed on a routine basis. A laparoscopy was performed in
case of abnormal HSG. In case of clear abnormal findings on ultra-
sound, a laparoscopy was performed without performing an HSG.

If no severe dysmenorrhoea and/or signs of endometrioma at the
pelvic ultrasound scan were present, the likelihood of endometriosis
was considered low. In case of severe dysmenorrhoea and abnormal
findings on ultrasound, a laparoscopy was performed. The diagnosis
endometriosis was based on laparoscopic findings. A semen analysis

was carried out according to the WHO laboratory manual for the ex-
amination and processing of human semen (WHO, 2010).

Table I shows a summarized comparison of the two types of infertil-
ity work-up.

According to the local protocol, the aim was to perform all investi-
gations for all new couples. In daily practice, investigations can be post-
poned or not performed at all because of patients’ choice or for non-
medical reasons.

Diagnosis
In the concise work-up, an ovulation disorder was diagnosed in case
of an irregular menstrual cycle, i.e. if the cycle was anovulatory or had
a duration of <25 or more than 35 days. In the traditional infertility
work-up, an ovulation disorder was diagnosed in case of an irregular
menstrual cycle or abnormal ultrasound or laboratory findings during
cycle monitoring.

If the mid-luteal progesterone was lower than 26 nmol/L or if the
luteal phase was shorter than 11 days, luteal insufficiency was diag-
nosed. Patients with luteal insufficiency were diagnosed with an ovula-
tion disorder. The diagnoses poor ovarian reserve and polycystic
ovary syndrome are included in the diagnostic category of ovulation
disorder.

Tubal disease was diagnosed as abnormal findings from HSG or lap-
aroscopy. Severe tubal disease was diagnosed in case of bilateral tubal
pathology and/or severe adhesions. Suspicion of endometriosis was
raised if there was a history of severe dysmenorrhoea or if ultrasound
showed the presence of endometriotic cysts. The diagnosis of endo-
metriosis was verified by laparoscopy. Severe endometriosis was classi-
fied as endometriosis of at least stage II, according to the revised
American Society for Reproductive Medicine classification of endome-
triosis (ASRM, 1997). Sexual dysfunction was defined as the inability to
have regular intercourse with intravaginal ejaculation.

......................................................................................................

Table I Comparison of the infertility work-up between
Group A and B.

Group A Group B

Medical history þ þ
Physical exam þ þ
Transvaginal ultrasound scan þ þ
Semen analysis þ þ
Cycle monitoring by ultrasound

In regular cycles þ �
In irregular cycles þ þ

Timed postcoital test þ �
In case of irregular menstrual cycle
hormonal screening

þ þ

Mid-luteal progesterone þ If indicated

Chlamydia antibody titre þ If indicated

Hysterosalphingography* þ If indicated

Laparoscopy If indicated If indicated

Group A ¼ traditional work-up, Group B¼ concise work-up.
*Recommended per protocol but not always performed in view of exceptions,
patients’ choice and non-medical reasons.

Concise versus traditional infertility work-up 3
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Depending on the total motile sperm count (TMSC; i.e. volume

multiplied by concentration, multiplied by proportion of progressive
motile sperm), male factor was diagnosed as mild (TMSC of 1–10 �
106 spermatozoa before preparation) and severe (TMSC of <1 � 106

spermatozoa before preparation).
Cervical factor was based on the findings at PCT. A negative PCT

was defined as <1 motile spermatozoa seen per high power field
(400�), despite normal semen quality or if too little mucus was found,
or the pH was not favourable for spermatozoa (pH< 6.6). In the
group that underwent the concise work-up, the diagnosis cervical fac-
tor was not made as this item was not investigated. In cases with no
other abnormalities, couples were diagnosed as unexplained infertility.

A couple could have more than one diagnosis. In the traditional
work-up, unexplained infertility was diagnosed if all tests were normal,
including the cycle-related investigations. In the concise work-up, unex-
plained infertility was diagnosed if the cycle was considered ovulatory,
if there was no suspicion for tubal disease and endometriosis, and if
the semen analysis was normal.

A different type of infertility work-up may lead to a different distri-
bution of couples in diagnostic categories such as ovulation disorder,
unexplained infertility and cervical factor.

Management
The type of treatment after both the traditional and the concise work-
up was dependent on the findings in the work-up.

In case of an ovulation disorder, hormonal screening was performed
to classify the disorder. The results determined the type of OI.
Couples with WHO III ovulation disorder were offered oocyte
donation.

Couples with cervical factor were treated with IUI in a natural cycle.
The treatment for couples with the diagnosis unexplained infertility or
male factor with a TMSC of >3 � 106 spermatozoa before prepara-
tion was based on the prognosis as assessed with the prediction
model of Hunault (Hunault et al., 2004). This prospective validated
model is incorporated in the Dutch national guidelines on fertility in-
vestigation (Hunault et al., 2005; NVOG, 2004). Depending on
whether a PCT is performed, the model of Hunault including the PCT
or without the PCT is used to calculate the prognosis. If the prognosis
was above 30%, expectant management for 6 months was chosen, fol-
lowed by six cycles of controlled ovarian stimulation (COS) with IUI
and eventually IVF. If the prognosis was below 30%, COS-IUI was of-
fered directly. In case of severe male factor, ICSI was advised. In case
of unexplained infertility and female age above 40 years often IVF was
offered, in view of the influence of higher female age on prognosis.

In cases of mild and severe tubal factor, surgery was considered or
IVF was offered.

Depending on the severity of endometriosis, ablative surgery was
performed or the couple was treated with IVF directly.

Every diagnosis resulted in a treatment strategy in which it was
possible that couples received several types of treatment over
time. For example, couples with unexplained infertility could start
with expectant management, and, if unsuccessful, this was followed
by controlled ovarian hyperstimulation-IUI (COH-IUI) and IVF .

In daily practice, the treatment strategy and time to start treatment
can be influenced by patients’ choice and non-medical reasons.

Follow-up
The follow-up period was 1 year after the first visit. If the outcome af-
ter 1 year was unknown, couples were contacted by email or phone
to find out whether they had undergone any fertility investigations or
treatment elsewhere and/or whether they had conceived. If so, the
mode of conception was documented. Drop-out was defined as dis-
continuation of care within the follow-up of 1 year, which could hap-
pen either before the start of treatment or before the standard
number of therapeutic attempts had been completed.

Outcome parameters
The primary outcome measures were time to pregnancy and COPR
within a follow-up of 1 year after the first visit. An ongoing pregnancy
was defined as a viable intrauterine pregnancy of at least 12 weeks of
duration confirmed on an ultrasound scan.

The number of investigations, the distribution of diagnoses made,
the first treatment started after infertility work-up and the mode of
conception were registered, as well as the COPR per diagnostic
group. In case a natural pregnancy occurred, we distinguished between
a natural pregnancy during expectant management or a treatment-
independent pregnancy, i.e. a pregnancy during infertility work-up or in
between treatments. We calculated the time to start treatment and
the total number of cycles per treatment. We calculated the time to
pregnancy after a combination of cycle monitoring and PCT. We also
calculated the time to HSG after intake and time to pregnancy after an
HSG.

Statistics
Patient characteristics, both demographic and infertility-related, were
given for couples referred to the medical specialist in 2012 and 2013
(group B) and in 2014 and 2015 (group B). For comparison between
the groups, the independent Student’s t-test or v2-test were used. A
P-value of <0.05 was used to indicate a statistical significance.

Calculations of the total number of investigations, diagnoses made
and first treatment started were based on the total cohort, including
the couples that were lost to follow-up.

Baseline variables, the total number of investigations, the distribution
of diagnoses made, the first treatment started and time to start treat-
ment were calculated for both groups in a univariate way.

The ongoing pregnancy rates were calculated for both groups and
analysed in a Kaplan–Meier curve. In this way, a time to pregnancy
could be calculated.

To complete the data of couples that were lost to follow-up, we
applied imputation in this calculation.

All analysis and calculations were performed with IBM SPSS statistics
version 21.0 (IBM Corp, 2012).

Results
In the study period, 1646 new couples were referred by their general
practitioner for infertility work-up. In 2012 and 2013, a total of 852
couples underwent the traditional work-up, whereas in 2014 and
2015, 794 couples underwent the concise work-up. Couples with a
pregnancy at the time of the first visit (n¼ 30 in group A and n¼ 26

4 Hamilton et al.
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..in group B) were excluded (Fig. 1). Also, couples with an incomplete
work-up, most often because the semen analysis had not been per-
formed, were excluded (n¼ 27 in group A and n¼ 19 in group B),
leaving 795 and 749 couples for analysis in groups A and B,
respectively.

Table II shows the baseline variables including female age, duration
and type of infertility, lifestyle habits and female BMI. There are no sig-
nificant differences between the two groups.

In group A, eight couples (1.0%) were lost to follow-up within
1 year and could not be contacted, while in group B this number was
19 (2.5%) (Fig. 1).

Table III shows the number of investigations performed per couple
in each group. In group B, fewer ultrasound investigations and fewer
laboratory tests were performed, particularly fewer progesterone
measurements and fewer CAT determinations. The concise work-up
often comprised only two visits.

Primary outcome
Figure 2 shows the Kaplan–Meier curves for the cumulative probability
of ongoing pregnancy. It shows the difference in time to pregnancy.
After 1 year of follow-up, 58.7% of the couples in group A had
achieved an ongoing pregnancy, compared to 46.8% in group B. This
difference is statistically significant (P< 0.001).

Secondary outcomes
Table IV shows the distributions of the diagnoses. The majority of cou-
ples had only one diagnosis. One hundred and eleven couples (14.0%)
in group A and 81 (10.8%) couples in group B had two or more diag-
noses. The combination of male infertility and ovulation disorder and

the combination of cervical factor and ovulation disorder were most
common.

In group A, cervical factor was diagnosed in 9.3% of the couples of
which 6.3% had cervical factor as the only diagnosis. This diagnosis
was not made in group B as the PCT was abolished in this work-up.
As a result, more couples were diagnosed with unexplained infertility
in group B. Other diagnoses were equally distributed.

The number of couples in each group who started a specific treat-
ment and the time to start treatment are shown in Table V. In the
course of time, couples could have started with more than one treat-
ment. Expectant management was started more often in group B as
more couples were diagnosed as unexplained infertility. IUI was
started in equal amounts in groups A and B, respectively, 12.3% and
12.5% (not significant). When dividing IUI into IUI in natural cycle and
COS-IUI, less IUI in natural cycle and more COS-IUI was started in
group B.

Other treatments did not differ significantly. IVF was considered
necessary in equal proportions. In group A, a significantly larger pro-
portion of couples did not have to start fertility treatment as they
achieved a natural pregnancy during fertility work-up (group A 14.7%
versus group B 6.5%). Looking at the time to start treatment, OI was
started sooner in group A than in group B.

Table VI shows the number of performed cycles of OI, IUI and IVF/
ICSI. In group B, more cycles of COH and IVF-ICSI were performed.

Table VII shows the mode of conception. In group A, more couples
achieved a treatment-independent pregnancy, compared to group B.
Differences in ongoing pregnancy rates after other treatments are not
significant, indicating that the difference in the total ongoing pregnancy
rates, as shown in Fig. 2, is mainly caused by the higher rate of natural
pregnancies.

Figure 1 Flowchart of couples assigned to group A or B for infertility work-up. Group A: traditional work-up, Group B: concise
work-up.

Concise versus traditional infertility work-up 5
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In Supplementary Table SI, we show the first treatment started in
relation to the diagnostic groups.

In Supplementary Table SII, we show the mode of conception in re-
lation to the diagnostic groups.

When we compared the COPR in group A and group B by diagnos-
tic group, significant differences existed in male factor, unexplained in-
fertility and cervical factor. The COPR in other diagnostic groups were
comparable (data not shown). After 1 year, the COPR in couples with
male factor was 50.7% in group A and 40.6% in group B (P< 0.05).

Figure 3 shows the differences in COPR in couples with cervical fac-
tor and unexplained infertility. Couples diagnosed with cervical factor
in group A will probably be diagnosed with unexplained infertility in
group B, as this diagnosis was not made in this group.

Initially, the COPR curves of couples with unexplained infertility and
cervical infertility in group A were different, but they reached a similar
level after 1 year of treatment.

The COPR for couples with unexplained infertility and cervical fac-
tor in group A were higher than in the couples with unexplained infer-
tility in group B. After the traditional work-up, 67.6% of couples with
the diagnosis unexplained infertility and 70.0% of couples with cervical
factor achieved a pregnancy within 1 year after the first visit. After the
concise work-up, couples with unexplained infertility had a COPR of
46.2% (P< 0.001).

In couples with unexplained infertility in group A who achieved an
ongoing pregnancy, 67.9% conceived naturally, and 3.2% became preg-
nant after IUI. In couples with cervical infertility, 30% became pregnant
naturally, whereas 30% became pregnant after IUI: in couples with
unexplained infertility in group B, these figures were 51.3% and 10.9%,
respectively (P< 0.001).

In view of the substantial difference in spontaneous pregnancy rates
during work-up between the classical and the concise work-up, we
looked into two specific aspects of the work-up in more detail, i.e. the
number of HSGs performed and the relation between cycle

monitoring and occurrence of pregnancy. In group A, an HSG was
performed in 42% of the couples, compared to 33% in group B
(P< 0.001). In group A, an HSG was also performed sooner after the
first visit than in group B (Fig. 4).

At 3 and 6 months after the HSG, respectively, 25.5% and 41.0% of
the couples in group A achieved an ongoing pregnancy. At the end of
the follow-up period, the ongoing pregnancy rate of the couples that
received an HSG in group A was 52%. In group B, these pregnancy
rates were 25.8%, 31.1% and 36.6%, at 3 and 6 months after the HSG
and at the end of follow-up, respectively.

Despite a similar pregnancy rate after 3 months, the natural preg-
nancy rate in this period is significantly higher in group A than B (63%
versus 36%, respectively).

In the traditional work-up, 628 of the 795 couples underwent cycle
monitoring with PCT. Within 1 month after the PCT cycle, 125 preg-
nancies were achieved of which 102 were natural pregnancies. This
resulted in a pregnancy rate of 15.7% per PCT cycle and a natural
pregnancy rate of 12.8% per PCT cycle, whereas the average preg-
nancy rate per cycle in that period was 6%, of which 4.5% was natural.

Discussion
In this study, we compared the outcomes for couples that underwent
a traditional infertility work-up with those of couples that underwent a
concise infertility work-up.

The results show significantly higher pregnancy rates within the
follow-up period of 1 year and a shorter time to pregnancy in the tra-
ditional work-up compared to the concise infertility work-up. This dif-
ference cannot be attributed to differences in baseline characteristics
or the proportions of couples lost to follow-up. How the components
of the traditional infertility work-up precisely contribute to the differ-
ence in ongoing pregnancy rates and time to pregnancy is not clear.
An important difference in diagnosis is made by the shift from cervical
factor to unexplained infertility. Also, in group A, more natural preg-
nancies were seen, possible a result of the timed intercourse, which
was needed to perform the PCT.

A different diagnostic approach apparently results in different diag-
noses and accompanying treatment strategies. According to the

......................................................................................................

Table II Baseline variables of new infertility couples.

Group A Group B P-value
n 5 795 n 5 749

Female age (years), mean § SD 31.1§ 4.7 31.2§ 4.8 0.78

Type of infertility (women)

Primary (%) 65.9 68.0 0.39

Secondary (%) 33.8 32.0 0.42

Type of infertility (man) 0.48

Primary (%) 64.6 68.4

Secondary (%) 35.3 31.6

Duration of infertility (months) 17.8 17.2 0.17

Female smoking (%) 18.6 17.8 0.22

Male smoking (%) 26.1 27.9 0.31

Female alcohol use (%) 46.1 49.1 0.24

BMI (kg/m2) Mean § SD 24.1§ 4.4 24.6§ 4.5 0.15

Group A ¼ traditional work-up, Group B ¼ concise work-up.
Female and male age and duration of infertility were calculated at the day of first pre-
sentation. For comparison between the groups, the independent Student’s t-test or
v2-test were used. A P-value of <0.05 was considered as significant.

......................................................................................................

Table III The number of infertility tests during the first
12 months.

Group A Group B P-value
n 5 795 n 5 749

Transvaginal ultrasound at first visit 795 (1) 749 (1) 1

Ultrasound for cycle monitoring 2320 (2.9) 271 (0.4) <0.001

Postcoital test 1119 (1.4) None –

Hysterosalpingography 334 (0.4) 246 (0.3) <0.001

Laparoscopy 47 (0.06) 30 (0.05) 0.09

Laboratory tests 4677 (5.9) 2969 (3.9) <0.001

Group A ¼ traditional work-up, Group B ¼ concise work-up.
Noted in parenthesis: the average number of infertility tests carried out per couple.
For comparison between the groups, the v2-test was used. A P-value of <0.05 was
considered as significant.
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.
current Dutch guidelines for infertility work-up, less cycle monitoring,
fewer HSGs and no PCTs are performed.

Infertility diagnoses such as cervical factor infertility, luteal insuffi-
ciency and subtle ovulation disturbances are no longer investigated and
diagnosed with the concise work-up. Couples with these diagnoses
will presumably be diagnosed as unexplained infertility and will be ad-
vised for expectant management, initially followed by IUI after
6 months. Such a policy might result in a different pregnancy chance or
time to pregnancy. In a randomized controlled trial (RCT) among cou-
ples with cervical factor, Steures et al. (2006) showed that treatment
with IUI improves pregnancy chances within a follow-up of 6 months.
When additional treatments were given afterwards, this difference dis-
appeared in time (Scholten et al., 2013).

It is doubtful whether the prediction model of Hunault should be
applied to couples screened in the concise way, as this model was
constructed using data from couples who were screened in the tradi-
tional way.

As far as treatment is concerned, more expectant management was
advised in group B owing to a higher proportion of unexplained infertil-
ity. However, the contribution of expectant management to the over-
all pregnancy rate in groups A and B were the same (Table VII),
indicating a lower natural pregnancy rate per couple during expectant
management in group B. In group A, more IUI in natural cycle was
started and this is probably a result of diagnosing cervical factor in
group A.

IVF was considered necessary in equal proportions, but more cycles
have been performed in group B with a comparable pregnancy rate.

Slightly more OI was started after the traditional work-up, probably
owing to a number of subtle cycle abnormalities found during the cycle
monitoring despite regular menstrual cycles. Opponents of the tradi-
tional work-up believe that cumbersome tests, such as ovulation de-
tection with ultrasound, will not add much to the correct diagnosis
and could easily be omitted.

The most striking differences between groups A and B are the natu-
ral pregnancy rate and, more specifically, the natural pregnancy rate
during the work-up. Although the exact reason cannot be identified in
this historical cohort study, we believe that the therapeutic effects of
the HSG and the proper timing of intercourse during cycle monitoring
have contributed to this effect.

According to recent studies, an HSG can be postponed if the medi-
cal history does not reveal salpingitis, sexually transmitted disease or
abdominal surgery (Coppus et al., 2007b).

Apart from its diagnostic value, an HSG can have a therapeutic ef-
fect. A recent RCT showed that the effect of an oil contrast medium
is more prominent than that of a contrast medium on watery basis
(Dreyer et al., 2017). Court et al. (2014) also showed that using lipio-
dol for HSGs improved pregnancy rates for patients with endometri-
osis and unexplained infertility. It is unclear whether the newly
introduced foam ultrasound to test the patency of the tube (Emanuel
et al., 2012) has a similar therapeutic effect as the HSG with oil con-
trast. In our study, fewer HSGs were performed in the concise work-
up and at a later stage. Therefore, fewer couples could benefit from
the therapeutic effect, resulting in a lower pregnancy rate.

Irrespective of the result of the PCT, the proper timing of inter-
course might have contributed to the higher pregnancy rate. A total of
15.7% of the women who underwent a PCT conceived in the moni-
tored cycle, whereas the average ongoing pregnancy rate per cycle for
all couples was around 6% in the first 3 months. A study by Wilcox
et al. (1995) showed that the day of intercourse in relation to the day
of ovulation significantly influences the chance to conceive. Gnoth
et al. (2003) described in an uncontrolled cohort study the time to
pregnancy in couples making optimal use of their fertility potential by
timed intercourse. A Cochrane analysis on this subject revealed four
relatively moderate studies, which showed a weak advantage of timing
intercourse, compared to no timing (Manders et al., 2015).

Figure 2 The Cumulative ongoing pregnancy rate in the
two groups of infertile couples. The Cumulative ongoing preg-
nancy rate in Group A (traditional work-up, n ¼ 795) and Group B
(concise work-up, n ¼ 745) (P<0.001). This is a Kaplan–Meier
curve.

......................................................................................................

Table IV Distribution of diagnostic groups.

Diagnosis Group A: Group B: P-value
n 5 795 n 5 749
n (%) n (%)

Unexplained 187 (23.5) 241 (32.2) P< 0.001

Ovulation disorder* 264 (33.2) 242 (32.3) 0.707

Cervical factor 50 (6.3) –

Cervical factor and ovulation disorder 14 (1.8) –

Male infertility 144 (18.1) 133 (17.8) 0.878

Male infertility and ovulation disorder 49 (6.2) 38 (5.1) 0.350

Other combination of diagnoses 48 (6.0) 44 (6.2) 0.870

Severe tubal disease 16 (2.0) 22 (2.9) 0.252

Severe Endometriosis 15 (1.9) 15 (2.0) 0.887

Sexual problems 3 (0.4) 4 (0.5) 0.769

Uterine factor 5 (0.6) 7 (0.9) 0.494

Group A ¼ traditional work-up, Group B ¼ concise work-up. A couple can receive
one diagnosis or a combination of diagnoses.
*According to the World Health Organization groups of ovulation disorders I, II and
III.
For comparison between the groups, the v2-test was used. A P-value of <0.05 was
considered as significant.
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The role of the PCT is debated heavily in the literature. In the
Netherlands, most clinics have abolished the test. This was the result
of an RCT by Oei et al. (1998) in which the infertility work-up with
and without the PCT were compared. According to Oei et al. (1998),
there was no correlation between the PCT and conception rates.
More additional tests and treatments were required if a PCT was
done, although a significant difference could only be reached by com-
bining all types of tests and treatments. Unfortunately, the policy on
how to act if the test was positive or negative was not stated before-
hand (Hull et al., 1999). In their hands, the PCT result had no predic-
tive value for pregnancy. Their conclusion was that the PCT could be
omitted. Glazener et al. (2000) showed that the PCT is particularly
predictive if the test is performed in couples with a relatively short du-
ration of infertility, which usually is the case in couples who are re-
ferred to the gynaecologist for the first time and not in couples who
are referred to a tertiary care centre. Hessel et al. (2014) showed in a
large cohort study that 3 years after the PCT is performed, a significant
difference in overall pregnancy chance still remains between couples
having a positive test and a negative test result, making the PCT a
long-term predictor of pregnancy. For this reason, it is difficult to un-
derstand why the UK National Institute for Health and Care
Excellence guideline states that the PCT has no predictive value on

pregnancy rate. Apparently, this is only based on the study of Oei
et al. (1998). Besides prognostic value, the PCT also has diagnostic
value. It can discriminate between cervical and unexplained infertility,
each having their own plan of management. But apart from the prog-
nostic and diagnostic value of the PCT, there might be a therapeutic
effect, because optimal timing of intercourse may lead to a higher nat-
ural pregnancy chance.

To predict the natural pregnancy rate there are two models de-
scribed by Hunault. In one model, the PCT is included. The other
model is without the PCT. The fact that a PCT was performed in the
majority of couples in group A might also have influenced the progno-
sis calculated by the Hunault model and thus influenced the type of
treatment given (Hunault et al., 2004). The prognosis calculated by the

............................................................................................................................................................................................................................

Table V Distribution of first treatment started and time to start treatment in days after fertility work-up.

Distribution of first treatment started Time to start treatment after fertility work-up

Treatments Group A Group B P-value Group A Group B P-value
n 5 795

mean days (95% CI)
n 5 749

mean days (95% CI)
n 5 795 n 5 749
n (%) n (%)

Expectant management 199 (25.0) 255 (34.0) 0.001

OI 279 (35.1) 235 (31.4) 0.123 53.2 (49.6-56.8) 41.9 (38.5-45.4) 0.027

IUI in natural cycle 39 (4.9) 15 (2.0) 0.002 91.7 (82.3-101.1) 71.4 (57.3-85.6) 0.258

IUI in COS cycle 59 (7.4) 79 (10.5) 0.033 105.0 (96.5-113.5) 109.3 (100.3-118.4) 0.738

IVF/ICSI 97 (12.2) 114 (15.2) 0.086 123.9 (115.3-132.6) 130.3 (123.4-137.1) 0.563

Other (medication/surgery) 5 (0.6) 2 (0.3) 0.381

No treatment (already pregnant during
infertility work-up)

117 (14.7) 49 (6.5) 0.001

Group A ¼ traditional work-up, Group B ¼ concise work-up.
For comparison between the groups, the v2-test was used. A P-value of <0.05 was considered as significant.
OI, ovulation induction; COS, controlled ovarian stimulation.

......................................................................................................

Table VI Number of cycles of OI, IUI and IVF/ICSI.

Treatments Group A Group B P-value
n 5 795 n 5 749

n n

OI 773 645 0.005

IUI in natural cycle 139 48 <0.001

IUI in COS cycle 499 520 0.006

IVF/ICSI 168 191 0.038

Group A ¼ traditional work-up, Group B ¼ concise work-up.
For comparison between the groups, the v2-test was used. A P-value of <0.05 was
considered as significant.

......................................................................................................

Table VII Mode of conception during the first 12 months.

Group A Group B P-value
n 5 795 n 5 749
n (%) n (%)

Natural pregnancies

Treatment-independent pregnancy* 127 (16.0) 60 (8.1) P< 0.0001

During expectant management 92 (11.4) 75 (10.1) 0.411

Ovulation induction 132 (16.6) 118 (15.8) 0.670

IUI natural cycle 12 (1.5) 5 (0.7) 0.134

IUI in COS cycle 47 (5.9) 42 (5.6) 0.800

IVF/ICSI (including TESE and cryo-ET) 52 (6.4) 47 (6.3) 0.936

Other 5 (0.6) 2 (0.3) 0.381

Total 467 (58.7) 349 (46.8) P< 0.0001

Group A ¼ traditional work-up, Group B ¼ concise work-up.
For comparison between the groups, the v2-test was used.
A P-value of <0.05 was considered as significant.
Exp, expectant management; TESE, testicular sperm extraction; cryo-ET, cryo em-
bryo transfer.
Other is a combination of e.g. surgery or medication other than ovulation induction.
*Treatment independent pregnancy is a natural pregnancy during fertility work up or
between fertility treatment cycles.
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model of Hunault which includes the PCT is usually higher if the PCT
is positive and lower if the PCT is negative, in comparison with the
prognosis calculated for the same couple with the Hunault model with-
out the PCT.

The CAT is a low-cost diagnostic test to screen for tubal pathology.
Female patients with a positive CAT are more likely to have tubal pa-
thology than those with a negative result (Punnonen et al., 1979) and
despite a blank history, it can be positive. The addition of CAT to a di-
agnostic model based on patient characteristics increased the area un-
der the receiver operating characteristic curve for the diagnosis of
tubal pathology from 0.65 to 0.70, although not significantly (Coppus
et al., 2007a).

Study strengths
First, in this study, two relatively large groups of newly referred infertile
couples with similar baseline variables were compared. Second, the
study was performed in one centre with a limited number of doctors,
warranting a good adherence to the pre-defined protocol. Third, all
data were collected prospectively in an electronic patient record.
Adherence to the protocol could be checked afterwards. Finally, the
drop-out rate was extremely low because couples were contacted by
email or phone if it was not known whether a pregnancy was
achieved.

Limitations of the study
This study was not an RCT but a historically controlled trial. Yet, the
groups were comparable and the pre-defined protocol was followed
strictly, limiting the chance of bias.

The follow-up was 1 year. It is unknown if this difference in preg-
nancy rate disappears over time, but we do know that the time to
pregnancy is shorter with the traditional work-up. Why this traditional
work-up resulted in a higher pregnancy rate after 1 year cannot be
explained with our data as too many factors are involved. However,

the results of the study justify the need to further explore this differ-
ence in RCTs in the future. For example, in one RCT, the policy
around cycle monitoring could be kept constant, while the use of HSG
is randomized. In another RCT, the use of HSG could be kept con-
stant, while the use of cycle monitoring is randomized.

This study was performed to evaluate the effect on pregnancy rate
of the traditional and concise infertility work-up. We did not register
data on costs of both work-ups. Yet, Table III gives some insight into
this matter by showing the number of tests used: as could be
expected, the concise work-up involves fewer infertility tests and
would therefore be less costly.

We conclude that the introduction of the concise infertility work-up
should be considered with caution as it leads to fewer pregnancies
within a follow-up of 1 year. Furthermore, the time to pregnancy is
longer with the concise infertility work-up.

The decision to limit the number of HSGs or delay the performance
of an HSG should be reconsidered and an RCT should be performed
to assess the influence of cycle monitoring on the natural pregnancy
rate. A concise work-up is leaner than the traditional work-up but at
the expense of a lower pregnancy rate and possibly a longer time to
pregnancy.

Supplementary data
Supplementary data are available at Human Reproduction Open online.

Data availability
The data underlying this article will be shared on reasonable request
to the corresponding author.

Authors’ roles
C.J.C.M.H. planned and designed the study, J.A.M.H., J.P.D. and J.W.S.
were responsible for the data collection. J.A.M.H. conducted the main

Figure 3 Pregnancy rates for selected diagnoses.
Cumulative pregnancy curves (Kaplan–Meier) in couples with unex-
plained infertility (n ¼ 188) and cervical factor (as the only diagnosis)
(n ¼ 50) in group A (traditional work-up) and couples with unex-
plained infertility in group B (concise work-up) (n ¼ 240). In the con-
cise work-up, the cervical factor was not investigated.

Figure 4 Cumulative percentage of patients in which hys-
terosalpingography was performed. Group A ¼ traditional
work-up, Group B ¼ concise work-up.

Concise versus traditional infertility work-up 9

https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoab033#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..
part of the analysis, while J.A.M.H., J.P.B., J.W.S. and C.J.C.M.H. con-
tributed to the interpretation of the analysis. J.A.M.H. and C.J.C.M.H.
drafted the article, while all authors critically revised the manuscript
and approved the final version.

Funding
No external funding was either sought or obtained for this study.

Conflict of interest
None declared.

References
American Society for Reproductive Medicine (ASRM). Revised

American Society for Reproductive Medicine classification of endo-
metriosis. Fertil Steril 1997;67:817–821.

American Society of Reproductive Medicine (ASRM). Diagnostic eval-
uation of the infertile female: a committee opinion. Fertil Steril
2012;98:302–307.

Brosens I, Campo R, Puttemans P, Gordts S. One-stop endoscopy
based infertility clinic. Curr Opin Obstet Gynecol 2002;14:397–400.

Coppus SF, Opmeer BC, Logan S, van der Veen F, Bhattacharya S,
Mol BW. The predictive value of medical history taking and
Chlamydia IgG ELISA antibody testing (CAT) in the selection of
subfertile women for diagnostic laparoscopy: a clinical prediction
model approach. Hum Reprod 2007a;22:1353–1358.

Coppus SF, Verhoeve HR, Opmeer B, van der Steeg JW, Steures P,
Eijkemans R, Hompes P, Bossuyt P, van der Veen F, Mol BW.
Identifying subfertile women for timely tubal patency testing: a clinical
decision model based on medical history. Hum Reprod 2007b;22:
2685–2692.

Court KA, Dare AJ, Weston-Webb M, Hadden WE, Sim RG,
Johnson NP. Establishment of lipiodol as a fertility treatment—pro-
spective study of the complete innovative treatment data set. Aust
N Z J Obstet Gynaecol 2014;54:13–19.

Dreyer K, van Rijswijk J, Mijatovic V, Goddijn M, Verhoeve HR, van
Rooij IAJ, Hoek A, Bourdrez P, Nap AW, Rijnsaardt-Lukassen
HGM et al. Oil-based or water-based contrast for hysterosalpin-
gography in infertile women. N Engl J Med 2017;376:2043–2052.

Eimers JM, Velde Te ER, Gerritse R, Vogelzang ET, Looman CWN,
Habbema JDF. The prediction of the chance to conceive in subfer-
tile couples. Fertil Steril 1994;61:44–52.

Emanuel MH, van Vliet M, Weber M, Exalto N. First experiences
with hysterosalpingo-foam sonography (HyFoSy) for office tubal
patency testing. Hum Reprod 2012;27:114–117.

Hull MGR, Evers JLH, Hendry WF, Cohlen BJ, Te Velde ER,
Habbema JDF, Oei SG, Helmerhorst FM, Keirse MJNC. Letter:
Postcoital testing—criterion for positive test was not given. BMJ
1999;318:1007.

Glazener CMA, Ford, WCL, Hull MGR. The prognostic power of
the post-coital test for natural conception depends on duration of
infertility. Human Reproduction Update 2000;15(9):1953–1957.

Gnoth C, Godehardt D, Godehardt E, Frank-Herrmann P, Freundl
G. Time to pregnancy: results of the German prospective study
and impact on the management of infertility. Hum Reprod 2003;18:
1959–1966.

Hessel M, Brandes M, Bruin de JP, Bots RS, Kremer JA, Nelen WL,
Hamilton CJ. Long-term ongoing pregnancy rate and mode of con-
ception after a positive and negative post-coital test. Acta Obstet
Gynecol Scand 2014;93:913–920.

Hunault CC, Habbema JDF, Eijkemans MJC, Collins JA, Evers JLH,
Te Velde ER. Two new prediction rules for spontaneous preg-
nancy leading to live birth among subfertile couples, based on the
synthesis of three previous models. Hum Reprod 2004;19:
2019–2026.

Hunault CC, Laven JSE, Rooij van IAJ, Eijkemans MJC, Velde Te ER,
Habbema JDF. Prospective validation of two models predicting
pregnancy leading to live birth among untreated subfertile couples.
Hum Reprod 2005;20:1636–1641.

IBM Corp. IBM SPSS Statistics for Windows, Version 21.0. Armonk,
NY: IBM Corp, 2012.

Luttjeboer FY, Verhoeve HR, van Dessel HJ, van der Veen F, Mol
BW, Coppus SF. The value of medical history taking as risk indica-
tor for tuboperitoneal pathology: a systematic review. BJOG 2009;
116:612–625.

Manders M, McLindon L, Schulze B, Beckmann MM, Kremer JA,
Farquhar C. Timed intercourse for couples trying to conceive.
Cochrane Database Syst Rev 2015;17:CD011345.

Mol B, Collins J, van der Veen F, Bossuyt P. Cost-effectiveness of
hysterosalpingography, laparoscopy, and Chlamydia antibody test-
ing in subfertile couples. Fertil Steril 2001;75:571–580.

National Institute for Health and Care Excellence (NICE) Clinical
Guideline 156, Fertility. Assessment and treatment for people with
fertility problems. 2013.

Dutch Society of Obstetrics and Gynaecology. Guideline—basic fer-
tility work-up. NVOG richtlijn Orienterend Fertiliteitsonderzoek,
www.nvog.nl. 2004.

Oei SG, Helmerhorst FM, Bloemenkamp KWM, Hollants FAM,
Meerpoel DEM, Keirse MJNC. Effectiveness of the postcoital test:
randomised controlled trial. BMJ 1998;317:502–505.

Punnonen R, Terho P, Nikkanen V, Meurman O. Chlamydial serol-
ogy in infertile women by immunofluorescence. Fertil Steril 1979;
31:656–659.

Scholten I, Moolenaar LM, Gianotten J, van der Veen F, Hompes PG,
Mol BW, Steures P. Long term outcome in subfertile couples with
isolated cervical factor. Eur J Obstet Gynecol Reprod Biol 2013;170:
429–433.

Steures P, van der Steeg JW, Hompes PG, Habbema JD, Eijkemans
MJ, Broekmans FJ, Verhoeve HR, Bossuyt PM, van der Veen F, Mol
BW; for the Collaborative Effort on the Clinical Evaluation in
Reproductive Medicine. Intrauterine insemination with controlled
ovarian hyperstimulation versus expectant management for cou-
ples with unexplained subfertility and an intermediate prognosis: a
randomized clinical trial. Lancet 2006;368:216–221.

van der Steeg JW, Steures P, Eijkemans MJC, Habbema JDF, van der
Veen F, Bossuyt PMM. Should the post-coital test (PCT) be part of
the routine fertility work-up? Hum Reprod 2004;19:1373–1389.

Verhoeve HR, Coppus SFPJ, van der Steeg JW, Steures P, Hompes
PGA, Bourdrez P, Bossuyt PMM, van der Veen F, Mol BW;

10 Hamilton et al.

www.nvog.nl


..

..

..

..

..

..

..Collaborative Effort on the Clinical Evaluation in Reproductive
Medicine. The capacity of hysterosalpingography and laparoscopy
to predict natural conception. Hum Reprod 2011;26:134–142.

Wilcox AJ, Weinberg CR, Baird DD. Timing of sexual intercourse in
relation to ovulation. Effects on the probability of conception, sur-

vival of the pregnancy, and sex of the baby. N Engl J Med 1995;
333:1517–1521.

World Health Organization. WHO laboratory manual for the exami-
nation and processing of human semen, 5th ed. World Health
Organization 2010.

Concise versus traditional infertility work-up 11


	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6
	tblfn7
	tblfn8
	tblfn9
	tblfn10
	tblfn11
	tblfn12
	tblfn13
	tblfn14
	tblfn15
	tblfn16
	tblfn17
	tblfn18
	tblfn19
	tblfn20
	tblfn21



