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Abstract
Background:Hysterosalpingography (HSG) is a radiological procedure using iodinated contrast media to assess tubal patency in
women with infertility. HSG using Lipiodol, an oil-soluble contrast medium (OSCM) has been shown to improve pregnancy rates, so
its therapeutic use has increased. However, OSCM can cause marked and prolonged iodine excess, potentially impacting thyroid
function. If pregnancy occurs, there is also concern regarding possible neonatal hypothyroidism resulting from maternal iodine
excess. This study aims to improve knowledge on the safety profile of OSCM HSG in the context of iodine excess.

Methods:This is a prospective longitudinal study of 200 consecutively consenting women undergoing an OSCMHSG in Auckland,
New Zealand. After informed consent, participants will undergo baseline thyroid function tests and measurement of urine iodine-to-
creatinine ratio (UI/Cr) and anti-thyroid antibodies. During the HSG, the volume of OSCM used will be recorded, and a delayed
radiograph obtained to check for further spill of the contrast and for a semi-quantitative assessment of peritoneal retention of OSCM.
Thyroid function tests, UI/Cr and reproductive hormones will be serially monitored over the next 6months. If the woman conceives
within the study period, the offspring’s thyroid function will be tested at 7days of age, in addition to the routine newborn screening.
The primary outcome will be development of subclinical hypothyroidism (SCH) in these women. Secondary outcomes will include the
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incidence of elevated iodine levels in these women, and a transient or permanent thyroid dysfunction in the neonates conceived within
the study period. In addition, mixed-model analyses will attempt to identify ‘high-risk’ groups for thyroid dysfunction.

Discussion: This study will explore the acute and chronic effects of iodine excess on thyroid function in women who undergo an
OSCMHSG and in their offspring conceived in the immediate cycles following HSG. Further, this study will provide information on the
profile of thyroid function abnormalities following an OSCM HSG, and help guide the establishment of international protocols for
thyroid monitoring and management in women undergoing this procedure.

Trial registration: Trial acronym–SELFI (Safety and Efficacy of Lipiodol in Fertility Investigations)

ACTRN: ACTRN12620000738921, retrospectively registered on 14/07/2020

Abbreviations: AMH = anti-mullerian hormone, ANZCTR = Australian New Zealand Clinical Trials Registry, FSH = follicle
stimulating hormone, HSG = hysterosalpingogram, IQ = intelligence quotient, IUI = intrauterine insemination, LH = luteinising
hormone, OSCM = oil-soluble contrast medium, RDA = recommended daily allowance, SCH = subclinical hypothyroidism, SGA =
small-for-gestational age, T3 = triiodo thyronine, T4 = thyroxine, TSH = thyroid-stimulating hormone, UI/Cr = urine iodine-to-
creatinine ratio, WSCM = water-soluble contrast medium.

Keywords: HSG, hysterosalpingogram, infertility, iodine, lipiodol, OSCM, thyroid

1. Introduction
Hysterosalpingography (HSG) with iodine-containing contrast
has been used for assessment of fallopian tubal patency for many
decades, with extensive use of both oil-soluble (OSCM) and
water-soluble (WSCM) contrast media.[1,2] The serendipitous
observation that pregnancy rates improved following HSG with
OSCM was confirmed in a series of studies[3–5] and a Cochrane
review, which found tubal flushing with OSCMHSG to be better
than ‘no intervention’ in subfertile women (ongoing pregnancy
rate of 29%–55% vs 17%).[6] In the most recent, large multi-
center trial, OSCM was shown to improve pregnancy rates by
39.7% versus 29.1% when compared with a water-soluble
contrast (WSCM).[7] While the precise mechanism underlying the
increase in pregnancy rate remains uncertain, this observation
has proven reproducible and robust.[8] The side-effect profile is
promising as the recognized complications due to OSCM HSG
are extremely rare (i.e., fat embolism, symptomatic intravasation
in the uterine myometrium, granuloma formation in the
peritoneum, and post-procedure bleeding or infection).[9,10]

Unsurprisingly, there has been a dramatic rise in requests for
diagnostic HSG with OSCM.[9] However, the increased use of
OSCM for HSG has highlighted potential risks to the woman and
the fetus in the case of a successful pregnancy. Of particular
concern is the markedly high iodine content of the most
commonly used OSCM (Lipiodol has 480mg iodine in one
millilitre (ml) vs 150mg iodine in one standard iodine supplement
tablet), and it’s very long half-life in tissue (50days).[11]

Tubal patency is established duringHSG by visualising passage
of the contrast through one or both fallopian tubes into the
peritoneal cavity. Following a Lipiodol HSG, there is a variable
amount of contrast retained in the peritoneal cavity, depending
upon tubal patency and the volume of Lipiodol instilled.[10] As up
to 10ml of Lipiodol are typically used in HSG studies, it is
conceivable that some women may retain several ml of Lipiodol
in the peritoneum after the procedure. Given the half-life of
Lipiodol is approximately 50 days,[11] and assuming it takes 5
half-lives to result in complete excretion from the system, a single
procedure may result in exposure to excess iodine for 250days or
approximately 35weeks. For instance, if only 2ml of OCSM is
retained, this would result in iodine release of approximately
9600mg daily in the initial 50days after Lipiodol HSG. This
equates to more than 60 times the recommended daily allowance
(RDA) for iodine intake established by Australian National

Health and Medical Research Council, which is 150mg/d in
adults and 220mg/day in pregnant women.[12] Even after 4 half-
lives or 200days, the estimated iodine released would be
approximately 600 mg daily, or four times the recommended
daily intake.
A small study from Japan of 22womenwho underwent OSCM

HSG demonstrated that some had iodine levels elevated by 100-
fold, which was maintained up to 24weeks post HSG.[13] Urine
and serum iodine levels normalised by 40weeks post HSG,
consistent with the known half-life of OSCM. However, the
increase in iodine levels was variable and not a universal
phenomenon. Some women had no elevation in iodine levels post
HSG, while others had a marked rise in iodine levels, possibly
reflecting variation in the amount of retained OSCM following
the HSG.
The most obvious risk from markedly elevated iodine levels is

altered thyroid function. In particular, a sudden increase in iodine
levels results in acute inhibition of both thyroid hormone release
and organification, which is termed the Wolff-Chaikoff
effect.[14,15] This effect is generally transient, lasting less than
2weeks until ‘adaptation’ or ‘escape’ from the Wolf-Chaikoff
effect occurs. However, in some situations the ‘adaptation’ or
‘escape’mechanism fails, resulting in prolonged hypothyroidism.
Such situations include underlying autoimmune thyroid disease,
non-thyroidal illness, and iodine exposure in early life (fetus and
newborn).[15–17] Paradoxically, iodine excess can occasionally
induce hyperthyroidism, especially in those with pre-existing
Graves disease or multinodular goitre.[18,19] This effect labelled
the Jod-Basedow phenomenon induces hyperthyroidism over
varying periods following the iodine load, with cases presenting 3
to 6months following the contrast use.[20] Most of these cases
with hyperthyroidism are self-limited and often clinically
silent.[21] Thyroid dysfunction (both hypo- and hyperthyroidism)
is known to affect fertility and pregnancy.[22] Severe hypothy-
roidism can cause diminished libido and failed ovulation.[23]

While pregnancy can occur with milder hypothyroidism, there is
increased risk of fetal loss in the absence of adequate
levothyroxine replacement.[24]

Previous studies have suggested occurrence of subclinical
hypothyroidism (SCH) following OSCM HSG.[13,25,26] Subclini-
cal hypothyroidism (SCH) is defined as an elevated thyroid
stimulating hormone (TSH) level, with normal free thyroxine
(T4) and free triiodothyronine (T3) levels.[27] Importantly, even
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relatively subtle thyroid dysfunction, as seen in SCH, can
adversely impact pregnancy. A metanalysis of 38 studies found
that SCH was associated with 1.7-fold increase in pre-eclampsia
and 2.7-fold increase in perinatal mortality.[28] SCH during first
trimester may also be associated with adverse pregnancy
outcomes such as preterm birth, miscarriages, or having a baby
born small for gestational age (SGA).[29] Furthermore, maternal
SCH during pregnancy can affect the offspring’s neurocognitive
development and was associated with a 5-point reduction in
Intelligence quotient (IQ) for children at 7 to 8years of age in a
case-control study (full scale IQ composite score 103.9 in cases vs
109.1 in controls).[30] Another metanalysis also suggested lower
intellectual and motor development in children born to mothers
who had SCH during pregnancy.[31]

Aside from the thyroid function abnormalities due to iodine
excess and subsequent effects on fertility and pregnancy, there
could be other direct pathways by which iodine excess can affect
fertility.[32] Potential mechanisms include a direct effect of iodine
on the uterus and ovaries, as well as alterations in local and
systemic immunological milieu.[33–35] Some earlier animal studies
pointed to the negative impact of excess iodine on ovulation and
fertility index.[33,34] However, to date, no human studies have
examined the potential effects of iodinated contrast on ovarian
function or its markers, such as AMH (anti-mullerian hormone),
LH (luteinizing hormone), or FSH (follicle stimulating hormone).
High iodine levels may also affect fetal thyroid development

and newborn thyroid function. A Japanese study suggested an
increased incidence of newborn thyroid dysfunction in offspring
conceived immediately following a Lipiodol HSG.[36] Five out of
212 (2.4%) newborns had TSH elevation at birth, four of whom
required thyroxine replacement, including two with persistent
permanent congenital hypothyroidism.[36] Thus, the incidence of
permanent congenital hypothyroidism after maternal OSCM
HSG in that study was 0.94% (two out of 212 screened),
compared to a background rate of 0.07% (6.8:10000 live births)
in Japan.[37] Although the sample size was relatively small, this
study raised the possibility that the incidence of permanent
congenital hypothyroidism may be increased after an OSCM
HSG. However, this pattern of increased thyroid dysfunction in
newborns was not replicated in a later study in the
Netherlands,[38] where post-hoc analyses on the offspring from
the H2Oil trial (n=76) showed no changes in the rates of
hypothyroidism among babies conceived following OSCMHSG.
Overall, the available evidence suggests that iodine excess from

OSCM HSG could adversely affect maternal thyroid function as
well as fetal thyroid development and neonatal thyroid function.
However, most were retrospective studies or post-hoc analyses.
There is a lack of comprehensive prospective studies assessing
acute and long-term safety of OSCM. The SELFI study will
address this gap in current knowledge, with a particular focus on
thyroid safety in the woman and her offspring.

1.1. Aims and objectives

The aim of this study is to assess the safety of OSCMHSG in both
the women and their offspring, in particular, regarding the
potential impacts of iodine excess. The gold standard for
measuring iodine status in women of reproductive age or during
pregnancy is UI/Cr.[39] The UI/Cr minimizes variations caused by
differences in urine volume and dilution among subjects in a well-
nourished population,[40] and is considered a superior measure
than alternatives when adjusted for age and gender.[41] In

addition to monitoring UI/Cr, we plan to perform a semi
quantitative assessment of OSCM retention in the peritoneum
following the HSG, on a delayed post-HSG radiograph, and
check its utility as a surrogate marker for the woman’s iodine
status post-HSG. A delayed radiograph of the pelvis is usually
obtained in Lipiodol HSG patients after 45 minutes post
procedure to confirm the presence and distribution of peritoneal
spill.[10]

The primary objective of SELFI study is to determine:

1. The incidence of SCH in women undergoing OSCM HSG

The secondary objectives are to determine:

1. The types and patterns of thyroid dysfunction in women
undergoing OSCM HSG

2. The baseline iodine status in women of reproductive age who
seek fertility enhancement treatment

3. The incidence and pattern of iodine excess in women
undergoing OSCM HSG

4. If the volume of OSCM used is proportional to iodine excess
5. If a semiquantitative assessment of peritoneal Lipiodol

retention in the delayed post HSG radiograph can predict
iodine excess in these women

6. If there is increased predisposition to developing thyroid
dysfunction following OSCM HSG in certain populations (i.e
those with autoimmune thyroiditis or subclinical hypothy-
roidism on the baseline investigation)

7. If there is an effect of OSCMon reproductive function assessed
by LH, FSH or AMH over time

8. The incidence of transient and permanent thyroid function
abnormalities in newborns conceived in the immediate 6 cycles
following OSCM HSG

2. Methods

The Safety and Efficacy of Lipiodol in Fertility Investigations
(SELFI) study is a prospective longitudinal cohort study of
women undergoing OSCM HSG in the Auckland region (New
Zealand).

2.1. Ethics approval

The study was approved by the Northern BHealth and Disability
Ethics Committee (Ministry of Health, New Zealand; 19/NTB/
52), and is registered with the Australian New Zealand Clinical
Trials Registry (ANZCTR: 12620000738921).

2.2. Participants

Potential participants will be women referred for an OSCMHSG
in the Auckland region. We aim to recruit 200 consecutive
candidates who meet the eligibility criteria and provide informed
consent. The first participant was recruited in June 2019 and the
last participant expected by the end of August 2021. The first
offspring was recruited in April 2020 and the last offspring
expected before June 2022.

2.3. Recruitment

The main inclusion criterion is that women have a referral for an
OSCM HSG in the Auckland region. Fertility specialists in the
region will identify women who would likely benefit fromOSCM
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HSG. Some specialists prefer that women have proven tubal
patency confirmed withWSCMHSG prior to using OSCMHSG,
while others use OSCM HSG as a first line for diagnostic
purposes and fertility enhancement in the likely absence of tubal
pathology.[9] OSCM HSG may be used for patients with either
primary infertility (defined as infertility of at least one-year
duration) or secondary infertility (defined as greater than one-
year infertility with a previous pregnancy). OSCM HSG may be
used in those with unexplained infertility (lack of conception after
one year of regular unprotected sex in the absence of an
identifiable cause for infertility in either of the partners) or
endometriosis. Also, OSCM HSG may be offered to augment
spontaneous conception or to assist with planned intrauterine
insemination (IUI).
Recruitment will be from two private fertility clinics and a

tertiary hospital. The research team has been in contact with
fertility and radiology centers in the region topromote recruitment.
Potential participants will be referred to the coordinating
investigator by the fertility specialists or the radiology centers
(upon receival of the referral form to perform the HSG). The
coordinating investigator will contact the potential candidate by
email and phone and apply the inclusion and exclusion criteria to
determine eligibility to participate in the SELFI study.
The women meeting below inclusion criteria will be consid-

ered:

1. Age above 18years; AND
2. Having primary or secondary infertility; AND
3. Referred for OSCM HSG in the Auckland region; AND
4. a. Have probable tubal patency, based on the criterion of

“low risk for pre-existing tubal damage” as per Dreyer
et al[7]; OR

b. If known to have damage to one or both fallopian tubes,
having a referral for an OSCMHSG advised by the fertility
specialist (for fertility enhancement from uterine bathing
effect of Lipiodol [42]); AND

5. a. Have normal thyroid function (i.e., normal non-pregnant
free T4 and TSH), OR

b. Have subclinical hypothyroidism (defined as a TSH >
4mIU/L and normal free T4 levels) and not be on treatment
with levothyroxine

In addition, potential participants will be excluded if they:

1. Have any known contraindication for OSCM use (poppy seed
or poppy seed oil allergy, or history of reactions to iodine); OR

2. Have active thyroid disease, such as overt hypothyroidism,
hyperthyroidism or thyroid cancer; OR

3. Currently receive treatment with levothyroxine or antithyroid
medications; OR

4. On medications known to affect thyroid function or iodine
metabolism (e.g. Lithium, Amiodarone etc.)

5. Have used water-soluble contrast within 3months prior to the
OSCM HSG procedure; OR

6. Have used OSCM or any other oil-soluble contrast medium
within 6months before the procedure.

2.4. Assessments

Women meeting the eligibility criteria who provide written
informed consent will be enrolled into the study. Their
demographic data will be collected from the OSCM HSG
referral form from the fertility specialist. Participants will not
undergo any anthropometric measurements or physical (clinical)
examinations in the SELFI study. However, participants will
undergo baseline non-fasting blood tests at a community
laboratory (Labtests NZ) in the Auckland region, carried out
by phlebotomist at these local laboratories. Blood parameters
measured will include TSH, free T4, free T3, as well as
reproductive hormones (LH and FSH), anti-thyroid antibodies,
and AMH (Table 1). A first morning urine sample will also be
collected to measure UI/Cr.
Each participant will undergo an OSCM HSG procedure at

one of the two private radiology clinics performing these in the
Auckland region. The OSCMHSG will be booked between days
5 and 12 of the woman’s cycle and will be performed by one of
three experienced radiologists and a fertility specialist following
the SELFI protocol. This will include the standard HSG,
recording of the exact volume of OSCM used in the procedure,
and a post-procedure delayed radiograph after 45 minutes. The
steps followed are detailed further in the next section under the
heading “OSCM HSG procedure”. Note that we do not expect
any differences in performance or outcomes between practi-
tioners as they are all experienced and will closely follow the
SELFI protocol; however, we aim to record the practitioner’s ID
to examine possible inter-observer variability. A semiquantitative
assessment of peritoneal retention of OSCM will be recorded for
each delayed radiograph by a single radiologist.
Following the OSCMHSG, the participant will undergo serial

blood and urine tests over the next 6months as detailed in

Table 1

Assessments of Blood and Urine parameters and their Timing in the SELFI study.

Time elapsed since OSCM HSG

Investigation Baseline Day 7 wk 4 wk 8 wk 12 wk 16 wk 20 wk 24

TSH ✓ OSCM
HSG
procedure

✓ ✓ ✓ ✓ ✓ ✓ ✓

Free T4 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Free T3 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Urine iodine/creatinine ✓ ✓ ✓ ✓ ✓
Thyroid antibodies ✓
LH ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
FSH ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
AMH ✓ ✓

AMH = anti-mullerian hormone, FSH = follicular stimulating hormone, LH = luteinising hormone, T3 = triiodothyronine, T4 = thyroxine, TSH = thyroid stimulating hormone.
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Table 1. In particular, the UI/Cr will be assessed at 1, 4, 12, and
24weeks following the Lipiodol HSG. TSH, FreeT4 and FreeT3
will be assessed at 1, 4, 8, 12, 16, 20, and 24weeks following
HSG. To ensure adherence to the scheduled tests, participants
will be reminded by a text message or email by the coordinating
investigator on the previous day. If any thyroid function
abnormality is identified during the serial monitoring, this will
be discussed with the reproductive endocrinologist in the research
team, and recommendations will be given to the primary fertility
specialist, who has the clinical override.
If the woman conceives during the study period, a repeat

consent will be obtained in later part of pregnancy to include the
newborn in the study. Following the written informed consent,
the newborn will undergo a heel prick test on the seventh day of
life at a community lab (Labtests NZ). The blood parameters
tested on the neonate will include TSH, free T4, and free T3.

These tests will be in addition to the routine 48-hour newborn
screening for all neonates born in New Zealand.
All the blood tests will be analysed in the private laboratory

upon collection of the sample by standard protocols, and results
sent to the researchers. All test results will also be made available
to the participant’s clinical team, including GP and fertility
specialists. Figure 1 and Table 1 outline the flow of participants
through the study and the timing of blood and urine
investigations with respect to the OSCM HSG.

2.5. The OSCM HSG procedure

For all OSCM procedures, Lipiodol (Guerbet, France) will be
used. The SELFI protocol for the Lipiodol HSG consists of the
following:

1. Fluoroscopic HSG images as per radiologist standard practice.
2. Preliminary and post-procedure/delayed pelvic radiographs.

a. The post-procedure radiograph is obtained at least 45
minutes after completion of the HSG. An unopened
ampoule of Lipiodol is taped over the right iliac bone with
its long axis transverse, which acts as a reference density.

b. Both pre- and post-procedure radiographs are obtained on
the same x-ray unit under the same conditions (e.g., height
of tube and exposure factors), while attempting to match
them as closely as possible, including in relation to bony
landmarks. The preliminary radiograph will be digitally
subtracted from the delayed radiograph, and an experi-
enced radiologist (JMP) will derive a semi-quantitative
assessment of the amount of retained OSCM in the pelvis
after HSG (i.e. mild, moderate, or excessive).

The radiologist documents:

a. Volume of Lipiodol used – excluding the dead space in the
tubing and catheter.

b. Tubal spill – classified as none, unilateral, or bilateral.
c. Length of delay (inminutes) for the post procedure radio-

graph.
d. Presence or absence of intravasation, graded into 4 levels: 0 –

no intravasation; 1 – myometrial/lymphatic intravasation; 2 –

intravasation into the adnexal veins; or 3 – intravasation into
the pelvic/gonadal veins.

Examples of the pre- and post-HSG radiographs are shown in
Figure 2.

2.6. Data collection and management

The coordinating investigator will organise the tests with the
community laboratory and receive the results of hormone tests
and iodine levels. The radiologist will provide the necessary data
from OSCMHSG and post-HSG radiograph to the coordinating
investigator. All data collected will remain confidential. Each
participant will be assigned a unique code and all data and
information used for analyses will be deidentified. Only the
clinicians in the study team will be able to match a code with a
subject. All collected information in hard copy will be stored in
locked cabinets, and electronic data in password-protected
hardware or servers, accessible only by the study investigators.
Hard copies of assessments and personal information will be
stored in locked cabinets at the Liggins Institute (University of
Auckland) for a minimum of 10years, while electronic data will
be stored indefinitely on password-protected hardware and/or

Figure 1. Flow diagram showing the flow of participants in the SELFI study.
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servers. Anonymised findings from the study (without any
identifiable information) will be reported in peer-reviewed
publications and as part of a PhD thesis, and presented at
reputable scientific meetings.

2.7. Safety monitoring process

The OSCM HSG report will be sent within two days to the
fertility specialist who referred the patient for the HSG, ensuring
appropriate clinical management from the fertility perspective.
Any abnormal thyroid result will be discussed with the research
team reproductive endocrinologist, participant’s fertility special-
ist, and their primary physician as needed. The participant will be
also be informed of all their results.
Of note, the HSG procedures will be occurring independent of

the this study as they are the established current standard of
practice. This study, irrespective of the results, will have no
impact on use of HSGs, but rather will provide data that can be
used to ensure that thyroid function is appropriately monitored
following the HSGs and treatment initiated appropriately. Thus,
as we are prospectively collecting safety data only, a data
monitoring committee was not considered necessary.

2.8. Primary outcome

The primary outcome in this study will be the development of
SCH in the women following the HSG.
Note: The reference range used are those for the community lab

(Lab tests), where the thyroid assay (3rd generations Siemens) is
performed and analysed.
Development of SCH defined as[43]

a. TSH �4mIU/L at baseline; AND
b. TSH >4mIU/L; AND free T4 ≥11 but �22pmol/L at any

assessment post-HSG

2.9. Secondary outcomes (women)

� Incidence of overt hypothyroidism:[44] free T4 <11pmol/L;
AND TSH >10mIU/L at any assessment

� Incidence of overt hyperthyroidism:[45] free T4 >22pmol/L;
AND TSH <0.3mIU/L at any assessment

� Incidence of subclinical hyperthyroidism:[45] free T4 ≥11 but
�22pmol/L; AND TSH < 0.3mIU/L at any assessment

� Change (D) in serum TSH levels after HSG in womenwith SCH
i.e. those with TSH>4mIU/L at baseline assessment

� Frequency and timing of SCH inwomenwho did not have SCH
at baseline; AND did not become pregnant during the study

� Incidence of abnormal urine iodine (UI) concentrations in non-
pregnant woman[46]: Deficiency <100mg/L; Mild deficiency
≥50 but <100mg/L; Moderate deficiency ≥20 but <50mg/L;
Severe deficiency <20mg/L; Excessive ≥300mg/L

� Incidence of abnormal UI concentrations in pregnant woman
[46]: Deficiency <150mg/L; Excessive ≥500mg/L

� Incidence of abnormal UI concentrations at baseline
� Pregnancy rates in association with abnormal UI concentration
� Visual patterns of UI and UI/Cr over time (curve shapes)
� Associations between the area-under-the-curve (AUC) for both
UI and UI/Cr vs:
a. pregnancy rates
b. likelihood of SCH at any time point post-HSG
c. likelihood of offspring SCH

� Associations between UI AUC and UI/Cr AUC and TSH AUC.
Note: If a woman is treated for SCH or becomes pregnant, all
subsequent time-points will be excluded for TSH. If pregnant,
UI/Cr AUC alone will be looked for at subsequent time points
as UI/Cr would not be affected by the increased urine excretion
with pregnancy

� Associations between Lipiodol volume instilled and:
a. UI AUC, UI/Cr AUC, and TSH AUC (accounting for the

above-described exclusions due to treated SCH or pregnan-
cy)

b. pregnancy rates
c. likelihood of SCH at any time point post-HSG
d. likelihood of offspring SCH

� Associations between post-HSG radiograph Lipiodol perito-
neal spill grading (i.e. mild, moderate, or extensive) and:
a. UI AUC, UI/Cr AUC, and TSH AUC (accounting for the

above-described exclusions due to treated SCH or pregnan-
cy)

b. pregnancy rates
c. likelihood of SCH at any time point post-HSG
d. likelihood of offspring SCH

� Visual patterns of LH, FSH, and AMH over time

Figure 2. Pelvic radiographs: A) preliminary image obtained prior to OSCM hysterosalpingogram (HSG); B) after HSG, with lipiodol ampoule.
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� Incidence of SCH in women with autoimmune thyroiditis vs in
those without autoimmune thyroiditis

2.10. Secondary outcomes (offspring)

� Incidence of SCH in newborns, defined as:
a) mild TSH elevation during newborn screening (i.e. above

the screen cut-off) from Guthrie cards;[47] OR
b) TSH elevation (above age-appropriate lab reference range)

with normal Free T4 on day 7 test
� Incidence of permanent congenital hypothyroidism, defined as
persistent elevated blood TSH levels in the newborn requiring
ongoing thyroxine replacement based on the stepwise complex
protocol for diagnosis.[48,49]

2.10.1. Statistical considerations

2.10.1.1. Sample size. The prevalence of SCH in a large Dutch
study was 10.1% among 147,390 women with TSH levels >4
mIU/L and not on any thyroid medication.[50] Assuming
relatively comparable population and an equivalent incidence
of SCH, a sample size of 193 women undergoing OSCM HSG
would allow us to detect a statistically significant difference in
SCH incidence of 50% (i.e., an SCH incidence >15.1% or
<5.1%) with 98% confidence. Thus, we aim to recruit 200
participants, as in the event of an approximate loss to follow-up
of≈33%, our study (n=135) would still be powered to detect the
same difference with 95% confidence. Of note, based on the data
from the Japanese study showing a post-HSG rise in iodine levels,
we conservatively estimate that 50% of women undergoing
OSCM HSG with Lipiodol will develop iodine excess,[13] and
consequently SCH.
In this study, the TSH level will be examined in the context of

iodine exposure, in particular, for the group of women with the
highest and most prolonged iodine excess. Previous studies
suggested that thyroid autoimmunity and subclinical hypothy-
roidism predispose to greater thyroid dysfunction.[51] Thus,
although the primary outcome is SCH following Lipiodol HSG,
the potential adverse effects of Lipiodol HSGwill likely be greater
in those with iodine excess and positive thyroid antibodies, and/
or SCH prior to HSG on the baseline test results. While the
prevalence of positive anti-thyroid antibodies is ethnicity
dependent,[52] its overall prevalence in Australasia is 15% to
24%.[53,54] Therefore, from our target sample size of 200
participants, it is likely that approximately 100 women will have
iodine excess, 15 to 25 of whom will also have positive anti-
thyroid antibodies or baseline SCH, both of which predispose to
a higher incidence of thyroid dysfunction.
Lastly, we estimate that 40% of participants will become

pregnant based on data from theH2Oil study.[7] As a result, 60 to
80 successful pregnancies are anticipated from conceptions
achieved within 6months of HSG.

2.10.2. Data analyses. The data will be entered into Microsoft
Excel spreadsheets with data entry rules to minimise data entry
errors. All records entered will be checked by a second
investigator to maximise data transcription accuracy. Descriptive
statistics will be generated for primary and secondary outcomes.
The incidence of SCH in our cohort (i.e., the primary outcome)
will be compared to the expected background population rate of
10.1%[50] using a one-proportion Z-test. A range of additional
analytical methods will be adopted to examine the various

secondary outcomes. Data will be analysed using SAS v9.4 (SAS
Institute, Cary, NC), SPSS v27 (IBM Corp, Armonk) and/or
Minitab v19 (Pennsylvania State University, State College,
Pennsylvania). All statistical tests will be two-tailed, with
statistical significance at P< .05.

3. Discussion

There are compelling data suggesting that OSCMHSG enhances
pregnancy rates.[7,8] Indeed, a recent Australasian consensus
guideline suggested there was good quality evidence to support
the use of OSCM to assess tubal patency and enhance pregnancy
rates in couple with infertility.[9] However, the guidelines
suggested there be counselling for rare complications and that
possible thyroid dysfunction would need monitoring.
As noted in the introduction, iodine excess is well described

following OSCM HSG and likely common. Abnormalities in
thyroid function have also been reported,[13,25,26] most com-
monly SCH and rarely hyperthyroidism. Existing literature
indicates SCH occurs[13,25,26] in as many as 1 in every 4 women
who undergo an OSCM HSG.[26] The available evidence on
thyroid safety for the offspring remains contradictory.[36,55]

Our study has been designed to address this concern about the
safety profile of OSCMHSGwith respect to iodine excess and the
impact on thyroid function. These data will subsequently be used
to establish a protocol for monitoring thyroid function following
OSCM HSG, including the frequency and duration of thyroid
testing. Our study will also define the characteristics of women
who aremore likely to develop thyroid dysfunction. In particular,
we hypothesize that those with higher iodine levels, elevated
thyroid antibodies, or baseline SCH are at greater risk. We will
also assess the utility of a semi-quantitative assessment by the
radiologist of peritoneal OSCM spill from the delayed film post-
HSG, as a marker for iodine excess, and its ability to identify
those who are likely to develop thyroid dysfunction. Further-
more, this research will provide information on thyroid safety for
the offspring conceived following a OSCM HSG.
The main limitation of the study is the lack of a control group.

While the latter would have been useful, the primary aim of this
study is to assess the prevalence and severity of iodine excess, and
how these impact on the thyroid function in women receiving
OSCM HSG.
The major strengths of the study are our relatively large

planned sample size and multiple measurements of study
outcomes. Although other studies have investigated thyroid
function following Lipiodol HSG,[13,25,26] their sample sizes were
relatively small, thyroid testing strategy heterogenous, and
outcome endpoints inconsistent. Moreover, subjects with higher
iodine levels were not grouped together and assessed for the
extent of thyroid dysfunction.
In conclusion, we expect the SELFI study will improve the

existing knowledge regarding the safety of Lipiodol HSG for the
woman and their offspring. This will help infertile couples make
informed choices on whether to undergo a Lipiodol HSG, and
provide the supervising clinicians with valuable data to determine
the appropriate frequency and duration of thyroid monitoring
following a Lipiodol HSG.
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