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BACKGROUND: Controlled ovulation induction and intrauterine insemination (OI-IUI) is associated with mul-
tiple pregnancies, which are a cause of much concern. No reliable datasets have shown clear criteria for predicting
multiple pregnancy. The aim of this study was to eliminate a number of variables by examining only conception
cycles to determine ultrasound criteria posing risks of multiple pregnancy. METHODS: 112 OI-IUI conception
cycles (multiple pregnancy rate 19.6%) were analysed retrospectively to identify factors that may be used to evalu-
ate multiple pregnancy risk. Analyses of ultrasound data on the day of hCG administration allowed study of the
role of primary, secondary and tertiary follicle diameters (FD). RESULTS: There were no multiple pregnancies in
cases where there was a single FD $14 mm, and no higher-order pregnancies where the tertiary follicle measured
<14 mm. Follicles with an FD of 15 mm showed an 8% attributable implantation rate. CONCLUSIONS: Revision
of the criteria for administration of the ovulatory dose of hCG should include the concept that follicles of 15 mm
diameter may yield a pregnancy. We suggest that rigorous application of such criteria (critical FD of 16 mm com-
bined with secondary FD evidence) will not reduce the programme pregnancy rate, but will reduce the incidence
of multiple conceptions.
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Introduction

Ovulation induction and intrauterine insemination (OI-IUI)

using exogenous gonadotrophins is common practice in infer-

tility clinics to treat women with anovulation, polycystic

ovary syndrome (PCOS), oligo-ovulation, and unexplained

infertility. It is less invasive than other assisted reproductive

treatment (ART) procedures, requiring less laboratory com-

mitment and regulation (Homburg, 2003; van Santbrink and

Fauser, 2003). Success rates are reasonable, although mul-

tiple pregnancy is a risk, whose importance is becoming

increasingly recognised (Lambalk and van Hooff, 2001). In

countries where the number of embryos transferred in ART

is restricted, OI-IUI is possibly the major cause of higher

order multiple pregnancy.

Intensive monitoring of ovarian responses, using transvagi-

nal ovarian ultrasonography and assays of circulating estra-

diol (E2), should be (and usually is) employed in an attempt

to reduce the incidence of multiple ovulation and pregnancy.

However, there is no universal agreement as to the criteria

for the ‘safe’ administration of human chorionic gonado-

trophin (hCG) to induce ovulation, and centres employing

conventional follicle stimulating hormone (FSH) doses often

report high multiple pregnancy rates (van Santbrink and

Fauser, 2003). The strictness with which designated criteria

are applied is variable between centres. In addition, there is

currently no agreed accurate predictive model, which can be

used on an individual patient basis.

In the UK, the National Institute of Clinical Excellence

has issued guidelines (NICE, 2004) recommending ultra-

sound monitoring with no requirement for E2 measurements:

the latter deemed not to provide additional information. How-

ever, a prospective comparative study using either ultrasound

or E2 monitoring has never been performed. The universal

acceptance that ultrasonography is best, remains unjustified,

as multiple pregnancy has probably not been reduced in pro-

grammes dictated solely by ultrasound criteria.

The crucial factor to achieving a pregnancy in ovulation

induction is the presence of a mature follicle at the time of

hCG administration: one that has the capacity to release a

mature oocyte. In the normal ovulatory cycle, pre-ovulatory

mature follicle dimensions are between 17 and 25 mm in

diameter (Hackeloer et al., 1979). There is no evidence to

suggest that follicular maturity differs in stimulated cycles.

These mature follicles differ from smaller ones biochemically

(Thomas et al., 2000), and also in their capacity to release

viable oocytes (Bergh et al., 1998). Administration of hCG

when the follicles are of immature dimensions probably leads

to retention of the oocyte within the follicle (Stanger
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and Yovich, 1984), or to the ovulation of oocytes with

reduced in vivo fertilization and developmental potential. If

hCG administration in stimulated cycles (or luteinization) is

delayed until there are too many mature follicles present,

increased rates of multiple ovulation and pregnancy result.

There are a number of reasons why there has been little

detailed examination of the follicular circumstances whereby

multiple pregnancy can occur. One major problem is that the

conception rate of OI-IUI is sufficiently low (10–15 % of the

cycles) to cast doubt upon the reliability of data from one

cycle. There may be other reasons for failure to conceive,

such as inappropriate timing of insemination, or an unidenti-

fied problem with the endometrium. Furthermore, there is no

agreed definition of a mature-sized follicle.

The contribution of these other factors can be eliminated

by examining data from conception cycles only. The aims of

this study were to examine the ability of ultrasound criteria

(primary and secondary follicle diameters) to predict the out-

come (pregnancy and multiple pregnancy) following con-

trolled ovarian stimulation (COS) in a programme of OI-IUI.

If we assume that pregnancy in cycles of ovulation induction

results from the fertilization and implantation of the oocyte

released by the lead follicle, and multiple implantations

derive from ovulation of secondary (^ tertiary) follicles, then

estimates can be made of the subordinate follicle criteria

likely to yield multiple pregnancies.

Materials and methods

Database origins

A database was constructed from 1461 consecutive cycles in the

OI-IUI programme at the Assisted Conception Unit, Glasgow Royal

Infirmary (a tertiary referral centre), between January 1997 and

December 1998 (762 cycles), and February 2000 and October 2002

(699 cycles). The mean age of the women was 33.2 years (range

21.7–42.1 years). The proportions of the different diagnostic cat-

egories of patients treated were: unexplained infertility, 62%;

PCOS, 10%; hypogonadotrophic hypogonadism, 1%; male factor,

1%, and donor insemination, 25%.

Treatment

All COS cycles, except those in patients with hypogonadotrophic

hypogonadism, were effected using a long course gonadotrophin

releasing hormone agonist (GnRH-ag) regime with various exogen-

ous ovarian stimulants. Patients were down regulated with intra-

nasal Buserelin (150mg four times daily: Shire Pharmaceuticals Ltd,

Andover, UK) and stimulation commenced when the circulating E2

was ,100 pg/ml, combined with a thin endometrium and no ovarian

cysts on transvaginal ultrasound scan. Ovarian stimulation was

effected with highly purified human FSH (Metrodin High Purity:

Serono UK Ltd, Feltham), Gonal-F (Serono UK Ltd), Puregon

(Organon UK Ltd, Cambridge), Normagon (Organon UK Ltd), or

Menogon (Ferring Pharmaceuticals, Langley). The starting dose of

FSH was 150 IU per day in all cases, although this was frequently

modified in subsequent cycles. Cycle responses were monitored

with serum E2 concentrations taken daily or alternate daily from

stimulation day 5 (S5), and with frequent transvaginal ultrasonic

assessment of follicular growth. Hormone concentrations (E2, P, LH

and FSH) were determined using the Immulite semi-automated

assay system (DPC, Los Angeles).

Ultrasound data were recorded following scans, which were per-

formed by eight operators with a Siemens Sonoline Sienna Ultra-

sound Imaging System using a 7.5 MHz vaginal probe. Follicular

diameters were calculated as a mean of the largest diameter and its

perpendicular value.

Criteria for administration of hCG

The criteria for pre-ovulatory hCG administration were strictly

applied, and intra-muscular hCG (Profasi 10 000 IU: Serono UK

Ltd) was administered when there were 1–3 leading follicles with

FD $ 16 mm observed by ultrasound scan. HCG administration was

withheld in over-stimulated cycles, where more than three

follicles with follicle diameter $ 16 mm were observed, and also in

a few cases where there was insufficient follicular development. The

patients who over-responded were maintained on GnRH-ag therapy

to avoid spontaneous multiple ovulation. IUI was scheduled

26–42 h after hCG injection. Hormone support in the luteal phase

was given in the form of vaginal progesterone pessaries (Cyclogest

200 mg bd: Shire Pharmaceuticals Ltd) for 10 days following IUI.

Pregnancy was diagnosed by a positive urine test 17 days after

hCG, and confirmed by subsequent transvaginal ultrasound scan at

6 weeks gestation.

Database information

Data maintained on the database included patient diagnoses, anthro-

pometric criteria, sequential E2 concentrations from S5 to hCG

administration, and the ultrasound data and circulating progesterone

concentrations on the day of hCG. Ultrasound data on the day of

hCG were recorded as the number of individual follicles defined by

follicle diameter (FD). Pregnancy outcomes were independently

confirmed by the authors (J.R. and N.D.), and anonymity maintained

with respect to use of donor insemination at all times. Ectopic preg-

nancies and miscarriages were excluded from the subsequent ana-

lyses. The possibility of monozygocity in multiple gestations was

not taken into account, as the influence of embryo culture was not

relevant to this programme.

Definition of lead and secondary follicles

Follicles were categorized according to mean diameter: the lead

follicle was considered to be the largest active follicle (FDMax); the

secondary follicle (FD2) was defined as the next largest follicle; and

the tertiary follicle (FD3) was the third largest.

Statistics

Group statistics were analysed using contingency table analyses

(Chi square).

Results

Of the 1461 cycles in which FSH stimulation was com-

menced, 213 cycles resulted in a positive pregnancy test

(14.6%). There were complete data sets for 112 cycles:

where follicle diameters on the day of hCG and the number

of positive fetal cardiac activities were recorded. The 101

incomplete datasets were excluded from the analyses. They

were randomly distributed through the database, and were

excluded mainly because the ultrasound data on the day of

hCG was not available as primary source evidence, or

because the pregnancy outcome information was incomplete.

Of the 112 cycles with complete data sets, 90 were

recorded to have resulted in single fetal heart activity. There
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were 18 cases of twin cardiac activity, three triplet pregnan-

cies and one quadruplet pregnancy. The multiple pregnancy

rate was 19.6%, and the rate of higher order pregnancies (tri-

plet/quadruplet) was 3.6%.

In the whole programme of ovulation induction, the can-

cellation rates were as follows: excessive response, 6.8% of

cycles started; and poor response, 4.3%. This yields a total

cancellation rate of 11.1%.

Follicular diameters, implantation and multiple pregnancy

We make the single presumption that each implantation

derives from a follicle observed on the day of hCG, and that

the largest follicle represents the most mature follicle: that

most likely to be the source of the oocyte which is sub-

sequently fertilized and implants.

Table I shows the analyses of cycle outcomes depending

upon the number of implantations and the FDs of the follicles

recorded on the day of hCG administration. The FDMax

value has little relevance to the analyses of multiple

pregnancy, because it is the single most important criterion

determining administration of hCG. FDMax is therefore self-

fulfilling. On the other hand, FD2, FD3 and FD4 are depen-

dent only upon the ovarian responses to treatment. It is clear

from the secondary follicles in the multiple pregnancies that

follicles of diameter 16 mm and 15 mm are capable of contri-

buting to the implantation. Follicles with FD ¼ 14 mm also

appear capable of yielding an implantation.

Table II shows the numbers of follicles observed in each

diameter category on the day of HCG and the number of

attributable implantations deriving from them in these con-

ception cycles. Again, assuming that the larger follicles are

those responsible for the implantation, it is clear that follicles

with FD .16 mm were highly effective as were follicles

with FD ¼ 16 mm: 31% resulted in a conception, whether

they were described as FDMax or not. Follicles with dia-

meter of 15 mm showed an 8% attributable implantation rate.

This was a statistically significant reduction (P , 0.001) in

efficacy. Follicles ,15 mm were able to yield an attributable

implantation only rarely. However, this does demonstrate

that a follicle measured at FD ¼ 15 mm has considerable

potential to yield an implantation in a pregnancy cycle.

It is noteworthy to record that there were no triplet or

quadruplet pregnancies when the tertiary follicle measured

,14 mm.

Discussion

These analyses demonstrate that incremental FD profiles

showed negligible predictive power for multiple pregnancies,

in parallel with other studies. However, there were specific

ovarian ultrasound criteria that showed significant potential

for clinical application. There was no multiple pregnancy

when there was a single FD$14 mm, and no triplet/quadru-

plet pregnancy when the tertiary follicle was ,14 mm. The

results indicate that the current criteria of hCG adminis-

tration, i.e. the presence of 1–3 leading follicles with dia-

meter .16 mm observed by ultrasound scan, may be

excessively ‘liberal’. The data suggest that follicles measured

with FD .16 mm and FD ¼ 16 mm show similar potential to

yield pregnancies, while follicles with FD ¼ 15 mm also

demonstrate potential. A more rational approach to the tim-

ing of hCG administration in ovulation induction can be pro-

posed, using the critical follicular diameter of 16 mm

combined with the secondary FD evidence. The secondary

FD evidence should take into account the fact that, in fecund

cycles, follicles with a diameter measured at 15 mm have an

8% chance of producing an implantation.

Limitations of this study include the observer error in

recording FDs, and also the basic assumption that the largest

Table I. Implantations following ovulation induction according to the follicle diameters of the leading follicles on the day
of hCG administration

Fetal Hearts FD Category Implantations Follicle Diameters

.16 mm 16 mm 15 mm 14 mm 13 mm

1 FDMax 90 79 10 1
2 FDMax 18 17 1

FD2 18 9 3 5 1
3 FDMax 3 3

FD2 3 2 1
FD3 3 1 1 1

4 FDMax 1 1
FD2 1 1
FD3 1 1
FD4 1 1

Total 139 111 18 6 4 0

Table II. Comparison of the attributable contributions of the different
follicle sizes to the cohort of implantations in the series of conception cycles

Follicle diameters

.16 mm 16 mm 15 mm 14 mm 13 mm

Follicles 150 58 74 97 123
Attributable
fetal hearts (n)

111 18 6 4 0

% 74 31 8.1 4.1 0
Contingency
comparisona

0.0001 0.0009 0.2 NS

aCompares the proportions of attributable fetal hearts with the preceding
column.
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follicle is that responsible for the implantations observed.

However, the former problem is a practical issue, universal

in any ovulation induction protocol, and the latter assumption

has been used to determine minimum ‘attributability’ to the

smaller follicles. The reality of the situation is that a follicle

with FD ¼ 16 mm, in these conception cycles, resulted in a

minimum implantation rate of 31%. This indicates that

follicles with FD ¼ 16 mm probably show similar efficacy to

FD . 16 mm. However, the reduction in potential seen with

FD ,15 mm indicates a low implantation potential from this

point.

A difference in a FD measurement of 1 mm, at this diag-

nostic range, may be too demanding for the technology and

skills available to many centres. However, in reality, the

decision to administer hCG or not relies on clinical markers,

making the definition of cut-off levels necessary. Further

limitations of the study derive from its retrospective nature

resulting in potential confounding factors. The study popu-

lation was a heterogeneous group of women and further work

is needed to facilitate the analysis of different patient groups

according to their diagnostic criteria.

More than two thirds of higher order multiple births can

now be attributed to infertility treatments of which pro-

grammes of OI are a major component. Of 156 triplet and

higher multiple births studied, 31% were conceived spon-

taneously, 34% had ovarian stimulation, 24% had in vitro

fertilization (IVF), and 11% gamete intrafallopian transfer

(GIFT) (Levene et al., 1992). Higher order pregnancies are

associated with an increased risk of prematurity with resul-

tant higher perinatal morbidity and mortality, increased cost

and greater use of neonatal resources (Wilcox et al., 1996).

Furthermore, even among twins, those deriving from inferti-

lity treatment have poorer outcomes defined by some classi-

cal criteria (Lambalk and van Hooff, 2001; Lambert, 2003).

In the UK, the Royal College of Obstetricians and Gynae-

cologists has issued guidelines stressing that measures should

be taken to reduce the risks of multiple pregnancy (RCOG,

1998). Advice includes discontinuation of stimulation and the

ovulatory dose of hCG withheld if there are more than three

follicles with FD $ 16 mm, although the evidence base for

this recommendation is not strong. However, even with these

precautions being followed, multiple pregnancies will still

occur in an excessive proportion of cycles, as demonstrated

in this audit.

Ovarian stimulation for infertility treatment is a complex

process requiring close observation and individualized

decision making. Examination of the relevant literature on

the techniques of OI with IUI reveals that most reports are of

uncontrolled studies involving retrospective analyses of cycle

programmes, which vary in their patient inclusion criteria,

methods of monitoring and treatment protocols. Few pro-

grammes used GnRH-ag suppression of premature luteiniza-

tion. Whilst the use of GnRH-ag control during ovulation

induction in women with functional pituitaries may not

improve pregnancy potential overall (Dodson and Haney,

1991), it may display a number of clinical advantages over

conventional dose administration of human menopausal

gonadotrophin (hMG). These include an avoidance of

premature luteinization, and its consequent decline in the E2

concentration, which confuses the relationship between fol-

licular growth and circulating estradiol concentrations. Con-

tinued GnRH-ag treatment also avoids spontaneous ovulation

when excess follicles are seen to develop. In summary,

GnRH-analogs may allow more multi-follicular development,

but they avoid the confounding effects of spontaneous LH

surges.

The critical factor in the development of multiple pregnan-

cies is the criteria used for administration of hCG. The

strictly applied practice of withholding hCG when there were

more than three follicles with diameter $16 mm observed

(current study), contrasts with a ‘guideline approach’ which

only ‘recommends’ the cancellation of cycles with six or

more ‘preovulatory’ follicles of diameter $16 mm (Gleicher

et al., 2000). Of the 3137 completed cycles reported in the

latter single centre study, 15.8% had a raised hCG level. Of

their pregnancies, 8.9% were of three embryos or more

(0.5% sextuplets), with 20% being as a result of twinning.

The incidence of multiple pregnancies was associated with

higher E2 concentrations and a greater total number of

follicles. The data presented above suggest that tighter

restrictions of hCG criteria using assessments of secondary

follicle diameters (based upon a critical diameter of 15 mm)

may lower the multiple pregnancy rate further. This is

backed by previous studies (Dickey et al., 2001) which found

that withholding hCG or IUI in hMG cycles when six

follicles are $12 mm may reduce triplet and higher-order

implantations by 67% without significantly reducing preg-

nancy rates for patients under 35 years of age.

Other studies have retrospectively examined different vari-

ables affecting OI-IUI outcome (Dodson et al., 1988;

Tomlinson et al., 1996; Nuojua-Huttunen et al., 1999) but

been unable to find clear positive predictive factors of multi-

ple pregnancy.

More recently, debate has centred on the rationale of using

stimulated IUI to treat unexplained infertility versus IUI

alone or IVF (Stewart, 2003). While OI-IUI is currently more

cost effective than IVF per pregnancy, ovarian stimulation

results in multifolliculogenesis with the attendant risk of mul-

tiple pregnancy. Perhaps in future, the move towards a two-

embryo transfer limit may allow IVF to become a safer and

cheaper form of treatment for these couples.

In conclusion, the critical secondary follicle diameter

appears to be 15 mm, below which multiple pregnancy is

unlikely to occur. This observation suggests that secondary

FD evidence and a more conservative approach to hCG

administration may help to reduce the multiple pregnancy

rate in OI-IUI programmes. In reality, there is probably an

unfortunate and inevitable link between an increased preg-

nancy rate and increased multiple pregnancy rate, but a more

conservative approach should reduce the latter without sig-

nificantly compromising the former. In the knowledge that,

in fecund cycles, follicles with a diameter of 15 mm have an

8% chance of producing a viable implantation, and that

14 mm follicles show a much reduced incidence (4%), we

would recommend that cycles be cancelled when there are

more than two follicles present whose diameters are $15 mm

Follicle size and multiple pregnancy following IUI
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at the time of hCG administration. This should be tested

prospectively.
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