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Context: Hysterosalpingography (HSG) using oil-soluble contrast medium (OSCM)
improves pregnancy rates but results in severe and persistent iodine excess,
potentially impacting the fetus and neonate.

Objective: To determine the incidence of thyroid dysfunction in newborns
conceived within six months of OSCM HSG.

Design: Offspring study of a prospective cohort of women who underwent OSCM HSG.
Setting: Auckland region, New Zealand (2020-2022)

Participants: Offspring from the SELFI (Safety and Efficacy of Lipiodol in Fertility
Investigations) study cohort (n=57).

Measurements: All newborns had a dried blood spot card for TSH measurement
48 hours after birth as part of New Zealand’'s Newborn Metabolic Screening
Programme. Forty-one neonates also had a heel prick serum sample at one
week to measure thyroid-stimulating hormone (TSH), free thyroxine (FT4), and
free triiodothyronine (FT3). Maternal urine iodine concentration (UIC) and TSH in
the six months after OSCM HSG were retrieved from the SELFI study for analyses.

Primary outcome: Incidence of hypothyroidism in the neonatal period.

Results: There was no evidence of primary hypothyroidism on newborn screening (TSH
2-10 mlIU/L). All neonates tested at one week had normal serum TSH, FT4, and FT3 levels.
However, increasing maternal peak UIC levels during pregnancy were associated with
lower TSH levels (p= 0.006), although also associated with lower FT4 levels (p=0.032).
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Conclusions: While pre-conceptional OSCM HSG in women did not result in
neonatal hypothyroidism, gestational iodine excess was associated with a
paradoxical lowering of neonatal TSH levels despite lower FT4 levels. These
changes likely reflect alterations in deiodinase activity in the fetal hypothalamic-
pituitary axis from iodine excess.

Trial registration: https://anzctr.org.au/Trial/Registration/TrialReview.aspx?
ACTRN=12620000738921, identifier 12620000738921.

KEYWORDS

contrast, hypothalamic-pituitary axis, hypothyroidism, hysterosalpingography, iodine,
newborn, oil-soluble, thyroid

Introduction

Oil-soluble contrast medium (OSCM) hysterosalpingography
(HSG) improves pregnancy rates in women under 40 years of age
(1, 2). However, Lipiodol Ultrafluide (Guerbet, Aulnay-Sous-Bois,
France), the prototype OSCM has a high iodine concentration
(480 mg/ml) and a long half-life (50 days) (3). Based on its
pharmacokinetics, retention of OSCM in body compartments such
as the peritoneum would be expected to result in severe and chronic
iodine exposure (3). Indeed, this has been demonstrated in women
undergoing OSCM HSG (4, 5). Recent data from our group have
confirmed iodine excess is almost universal, with marked and
prolonged iodine excess lasting more than six months (6). Most
pregnancies following OSCM HSG occur within six months, and the
majority within the first three cycles post-procedure (7, 8). If
conception occurs while the iodine levels are high, there is an
increased risk of iodine excess affecting the fetus, both directly and
indirectly. Iodine exposure from skin disinfectants or contrast agents
(9) is known to cause primary hypothyroidism in neonates, especially
those born preterm. Similarly, iodine excess in mothers during late
gestation from the diet (10), excessive multivitamin or iodine
supplements (11, 12), or iodine-containing drugs such as
amiodarone (13, 14) can cause primary hypothyroidism in
newborns. The proposed mechanism is the Wolff-Chaikoff effect
(9), whereby the iodine load inhibits thyroid peroxidase (TPO),
blocking the synthesis and release of thyroid hormone (15). Unlike
a normal adult thyroid gland, the preterm and fetal thyroid glands
lack mechanisms to ‘escape’ from the Wolff-Chaikoff effect (16),
which usually develops by 36-40 weeks of gestation (17). The result is
the delayed recovery of thyroid function and potentially prolonged
hypothyroidism in the fetus and newborn.

As OSCM HSG is becoming increasingly popular as a fertility-
enhancing procedure, it is essential to establish its potential effects on
neonatal thyroid function. Previous studies examining thyroid
function in newborns conceived following an OSCM HSG had
contradictory findings, with one showing an increased risk of
primary hypothyroidism and the others showing no increased risk
(5, 18-20). In a previous study by our research group, we analysed the
Guthrie card thyroid-stimulating hormone (TSH) data of a separate
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cohort of 146 babies, who were retrospectively identified as having
been conceived following an OSCM HSG between 2000 and 2019 in
Auckland (New Zealand) (20). We observed no increase in the
incidence of newborn hypothyroidism, including among newborns
conceived in the immediate cycles following the HSG, when the
iodine exposure would be maximal (20).

Aims and objectives

This study aimed to prospectively determine the thyroid function
status of the newborns conceived following OSCM HSG, and establish
whether there were any associations between maternal iodine or
thyroid hormone levels following the HSG and neonatal thyroid
function. The objectives were to determine the incidence of:

1. Subclinical hypothyroidism in the newborn, defined as either:
a) mild TSH elevation in the newborn screening (TSH 10-15
mlIU/L) from dried blood spot cards (21, 22) on day 3; or b)
TSH elevation above the age-appropriate lab reference range
(0.4-16 mIU/L) with normal free thyroxine (FT4; 10-40
pmol/L) on the Day 7 serum sample.

2. Congenital hypothyroidism, defined as TSH >15 mIU/L from
dried blood spot cards in the newborn screening and
persistently elevated serum TSH levels or reduced FT4 in
subsequent tests, requiring ongoing thyroxine replacement
based on the stepwise complex protocol for diagnosis (23, 24)

Materials and methods

Participants were the offspring of the Safety and Efficacy of
Lipiodol in Fertility Investigations (SELFI) study, conducted in
Auckland. The study was approved by the Northern B Health and
Disability Ethics Committee (Ministry of Health; 19/NTB/52) and
registered with the Australian New Zealand Clinical Trials Registry
(ANZCTR: 12620000738921). The aim of the SELFI study was to
assess the magnitude and pattern of iodine excess and thyroid
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dysfunction following an OSCM HSG. The SELFI study cohort
consisted of 196 consecutive consenting women who underwent
OSCM HSG from July 2019 to April 2021, without overt
hypothyroidism or hyperthyroidism, and who had not undergone
recent hysterosalpingography. Participants had baseline assessments
of urine iodine concentrations (UIC), TSH, FT4, and free
triiodothyronine (FT3), and serial measurements of the same
parameters for six months. More details on recruitment and
assessments can be found in the published protocol (25) and the
published results of maternal outcomes (6). Briefly, the SELFI study
showed iodine excess (i.e., UIC >300 pg/L) in 98% of the women (6).
Most participants had peak levels 1-12 weeks post-HSG, but elevated
UICs persisted at 3-fold the maximum recommended levels even at 24
weeks post-HSG. Maternal TSH levels showed subtle elevation
(mostly 4-10 mIU/L) with the peak TSH levels noted 1-12 weeks
post HSG (6). A total of 83 participants (42%) had a biochemical
pregnancy, of which 57 participants had a live birth. Details of the
cohort and the flow of participants can be found in Figure 1.

All 57 babies had whole-blood TSH levels tested (from Guthrie
cards) under New Zealand’s Newborn Metabolic Screening
Programme 48 hours after birth. In addition, day 7 thyroid
function tests were performed on newborns whose parents provided
written informed consent for heel-prick sampling. The latter provided
serum samples for thyroid function tests measuring concentrations of
TSH, FT4, and FT3. No physical examinations were performed on
these neonates, but data on sex, gestational age, birth anthropometry
(weight, length, and head circumference), ethnicity, and mode of
delivery were obtained from hospital records. Ethnicity of the
newborn was reported by the parents, with a single ethnicity
ascribed using the established hierarchical classification (26).
Anthropometric measurements at birth were transformed into z
scores adjusted for gestational age and sex using INTERGROWTH-
21° standards (27). The ponderal index was also calculated as per
Rohrer’s formula [(100 x weight) + length?], with weight in grams and
length in cm. For this study, maternal data of interest included the
time elapsed between HSG and pregnancy, and peak maternal UIC
and TSH levels.

First-morning urine samples were used in mothers to measure
UIC by inductively coupled plasma mass spectrometry (ICP-MS)
using Agilent 7700 [coefficient of variation (CV) of 10.8%]. The assay
for the newborn screening TSH was the GSP™ Neonatal hTSH (CV-
8%). Serum TSH, FT4, and FT3 concentrations were measured with
an electrochemiluminescence immunoassay using an ADVIA
Centaur XP analyzer (Siemens Healthcare Diagnostics Inc.,
Tarrytown, NY, USA), with CVs <5% (28).

Statistical analyses

Pearson’s correlation coefficients (r) were used to examine
potential linear associations between maternal peak UIC or peak
TSH levels and birth outcomes (i.e., gestational age, anthropometry z
scores, and ponderal index), day 2 TSH levels, and day 7 TSH, FT4,
and FT3 levels. The associations between each predictor and day 7
thyroid function parameters were also visualized in scatter plots,
including the line of best fit from a simple linear regression and its
coefficient (r*). The magnitude of statistically significant correlations

Frontiers in Endocrinology

10.3389/fendo.2023.1080330

SELFI STUDY

Referral for OSCM HSG
from fertility specialist

Eligibility screening & consent
(n=338)

Declined or were excluded
(n=142)

A 4
Baseline assessments
(n=196)

A
OSCM HSG under SELFI protocol
(n=196)

No pregnancy within 6 months
(n=113)

Pregnancy within 6 months
(n=83)

Miscarriages
(n=26)

Live births
(n=57)

Routine newborn screening

Day 7 thyroid function
(n=41)

Data analyses
(n=57)

FIGURE 1
Flow diagram for the SELFI Study including the women who
underwent oil-soluble contrast medium (OSCM)
hysterosalpingography (HSG), those who became pregnant, and the
subsequent number of newborns included in this study. Dashed black
line indicates the newborns whose parents declined the Day 7 thyroid
function test

was then quantified using general linear regression models, with
results reported as the 3 coefficients and respective 95% confidence
intervals (CI).

Additional general linear models were run for all offspring
outcomes, including both maternal predictors (i.e., peak UIC and
TSH levels) and their interaction term. If the latter was statistically
significant, the interaction between the two predictors and a given
outcome was illustrated with a contour plot.

Peak UIC levels were log-transformed to approximate a normal
distribution. Statistical analyses were run using SAS v9.4 (SAS
Institute, Cary, NC, USA). All statistical tests were two-tailed, with
significance set at p<0.05.
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Results

All 57 newborns were screened by the national programme, but
16 parents declined the thyroid function tests on their babies at day 7
(Figure 1). However, the subgroup of 41 (72%) babies with a day 7 test
was representative of the overall newborn cohort based on their
demographic and birth characteristics (Table 1). Most neonates were
conceived soon after the HSG, increasing the likelihood of being
affected by maternal iodine exposure. Half of the recorded
pregnancies (n=28) occurred within eight weeks of the HSG, and
all but seven within four months (Supplementary Figure 1).

Thyroid function tests were performed on time at day 7 in 76%
of subjects and within nine days in 90%. The remaining four tests
were performed between 11 and 20 days. The delay from the
proposed date was caused by the government-imposed lockdowns
during the COVID-19 pandemic (29, 30). The results of the
newborn screening tests on day 2 (whole-blood TSH) and Day 7
thyroid function tests (serum TSH, FT4, and FT3) are reported in
Table 2. All 57 newborns had newborn screening (dried blood spot)
TSH levels at day 2, and all babies tested had normal (age-
appropriate) values for serum TSH, FT4, and FT3 on Day 7
thyroid function tests (Table 2). While the normative range for
thyroid function changes over the first month of life, the

10.3389/fendo.2023.1080330

appropriate ranges were used for the four delayed samples for
Day 7 thyroid function tests. Of note, the Day 2 dried blood spot
TSH levels are whole blood. Assuming a neonatal hematocrit of 0.5,
serum TSH levels would be approximately double the dried blood
spot levels.

There were no observed associations between maternal peak TSH
or peak UIC and offspring parameters at birth or on Day 2 TSH
(Table 3). However, on the Day 7 tests, increasing maternal peak UIC
levels during pregnancy were associated with lower serum levels of all
thyroid function parameters measured (Table 3, Figure 2).
Specifically, a 50% increase in maternal peak UIC levels was
associated with reductions of -1.1 pmol/L in FT4 (95% CI -2.0, -0.1
pmol/L; p=0.032) and -0.3 pmol/L in FT3 (95% CI -0.6, -0.1 pmol/L;
p=0.020). While lower FT4 and FT3 levels would usually be associated
with higher TSH values, this was not the case in this cohort, as
paradoxically, the same 1.5 fold increase in maternal peak UIC was
associated with a -0.3 mIU/L reduction in Day 7 TSH (95% CI -0.5,
-0.1 mIU/L; p=0.006)].

Maternal peak TSH levels during pregnancy were also associated
with lower Day 7 FT3 levels in the offspring (Table 3, Supplementary
Figure 2). Specifically, an increase of 1.0 mIU/L in peak TSH was
associated with a -0.3 pmol/L reduction in Day 7 FT3 concentrations
(95% CI -0.6, -0.1 pmol/L; p=0.014).

TABLE 1 Demographic and clinical characteristics of the offspring born in the SELFI study who were screened under the New Zealand newborn metabolic
screening programme and those who also had a thyroid function test (TFT) at Day 7.

Characteristics Levels Newborn screening Day 7 TFT
n 57 41
Maternal age at baseline (years) 339+35 339+ 35
Sex Female 31 (54%) 20 (49%)
Male 26 (46%) 21 (51%)
Birth weight (kg) 3.32 4048 334 + 049
Birth weight z-score 0.41 + 0.96 0.36 + 0.98
Gestational age (weeks) 388+ 1.4 39.0 + 1.2
Preterm birth ! 3 (5%) 1(2%)
Head circumference (cm) > 347+ 1.8 348 £ 1.8
Head circumference z-score > 091 +1.26 0.94 + 1.31
Ponderal index 2.52 +0.27 2.51 £0.28
Ethnicity European 35 (61%) 27 (66%)
Indian 11 (19%) 6 (15%)
Asian 10 (18%) 8 (20%)
Maori 1 (2%) nil
Type of delivery * LSCS 27 (52%) 19 (49%)
NVD 16 (31%) 13 (33%)
Ventouse 7 (13%) 6 (15%)
Forceps 2 (4%) 1 (3%)

Data are the mean + standard deviation or n (%).

LSCS, lower segment caesarean section; NVD, normal vaginal delivery; TFT, thyroid function test.

! Delivery at <37 weeks of gestation.
% n=48 and n=37.
* n=52 and n=39.
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TABLE 2 Results of thyroid function tests in the SELFI Study offspring.

10.3389/fendo.2023.1080330

Characteristics n Median [Q1, Q3] Normal range
Day 2 TSH (mIU/L) ' 57 2.0 [1.0, 3.0] 0-15*

Day 7 TSH (mIU/L) * 41 2.9 [2.1, 3.6] 0.4-16 °

FT4 (pmol/L) >* 39 25.0 [21.0, 27.6] 10-40 °

FT3 (pmol/L) >* 39 7.2 (6.4, 8.4] 3-10°

FT3, free triiodothyronine; FT4, free thyroxine (tetraiodothyronine); Q1, quartile 1 (25th percentile); Q3, quartile 3 (75‘h percentile); and TSH, thyroid-stimulating hormone.
! Whole-blood TSH from Guthrie cards performed as part of the New Zealand National Screening Programme.

% Serum values from thyroid function tests were performed within the SELFI Study.

* FT4 and FT3 results were not available for two babies with inadequate samples to perform these tests.
* Heather et al. Evaluation of the revised New Zealand national newborn screening protocol for congenital hypothyroidism. Clin Endocrinol 2017;86:431-7.
5 Reference range for TFT assays at Labtests, Auckland, where the tests were performed. Serum TSH, FT4, and FT3 were measured with an electrochemiluminescence immunoassay using a Siemens

ADVIA Centaur XP analyzer.

TABLE 3 Linear associations between maternal urine iodine concentrations (UIC) and peak thyroid-stimulating hormone (TSH) levels during pregnancy

and offspring outcomes.

Maternal peak UIC

Maternal peak TSH

Parameter

Birth Gestational age (weeks) 57 -0.21 0.12 57 -0.20 0.13
Birth weight z-score 57 0.26 0.05 57 0.02 0.91
Birth length z-score 48 0.05 0.76 48 -0.02 0.88
Head circumference z-score 48 0.02 0.91 48 0.05 0.74
Ponderal index 48 0.13 0.37 48 0.03 0.86

Postnatal day 2 TSH (mIU/L) 57 0.13 0.33 57 0.18 0.19

Postnatal day 7 TSH (mIU/L) 41 -0.42 0.006 41 -0.28 0.08
FT4 (pmol/L) 39 -0.34 0.032 39 -0.23 0.16
FT3 (pmol/L) 39 -0.37 0.020 39 -0.39 0.014

Data are the Pearson’s correlation coefficients (r) and respective p-values, with statistically significant associations at p<0.05 shown in bold.

UIC values were log-transformed to approximate a normal distribution.

FT3, free triiodothyronine; FT4, free thyroxine (tetraiodothyronine); and TSH, thyroid-stimulating hormone.

When potential interactions between maternal peak TSH and
peak UIC during pregnancy were examined, there was evidence of an
interaction between those two parameters and their associations with
Day 7 serum FT3 (p=0.018), but not TSH (p=0.87) or FT4 (p=0.62).
For FT3, the lowest Day 7 levels were observed in the offspring of
mothers with both high peak TSH and high peak UIC
(Supplementary Figure 3).

Discussion

This prospective offspring cohort study examined neonatal
screening TSH data of 57 newborns whose mothers received pre-
conceptional OSCM HSG, finding no cases of transient
subclinical hypothyroidism or permanent congenital
hypothyroidism. This is reassuring and is consistent with
studies from China (5), the Netherlands (18), and New Zealand
(20), which also assessed thyroid function status in the offspring
using data from newborn screening programmes. We speculate
that the declining iodine levels after the procedure would have
resulted in lower maternal iodine levels in most women in late
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pregnancy, consequently reducing potential impacts on newborn
thyroid function (6).

The only study that had previously shown an increased risk of
primary hypothyroidism in newborns conceived following OSCM
HSG was from Japan, where 2.4% of screened neonates (5/212) had
an abnormal newborn screening result, and 0.94% (2/212) had
primary hypothyroidism, noting that the background rate of
congenital hypothyroidism in Japan is only 0.07% (31). The reasons
for these conflicting results are unclear, but might be explained by
continued iodine exposure from iodine-rich dietary sources in late
pregnancy in Japan. The other common causes of gestational iodine
excess such as maternal amiodarone therapy, dietary iodine excess,
and use of topical iodine (10, 12, 14), often continue into late
pregnancy and cause newborn primary hypothyroidism by a
prolonged Wolff-Chaikoff effect. Although the latter was not
observed in this cohort, a period of fetal hypothyroidism in early
gestation from the Wolff-Chaikoff effect is theoretically possible with
OSCM HSG, and could impact fetal development.

The association of maternal iodine levels with newborn’s Day 7
thyroid function was an unexpected finding, suggesting that iodine
excess might have a direct, long-term effect on fetal thyroid function
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FIGURE 2

Linear associations between maternal peak urine iodine
concentrations (UIC) during pregnancy and Day 7 thyroid function
parameters (serum) in the offspring: (A) thyroid-stimulating hormone
(TSH); (B) free thyroxine (tetraiodothyronine — FT4); and (C) free
triiodothyronine (FT3). Peak UIC values were log-transformed to
approximate a normal distribution. Diagonal grey lines are the fitted
linear regressions, with their respective coefficients (r?) and p-values
provided within each panel. HSG, hysterosalpingography; and OSCM,
oil-soluble contrast medium.

or fetal thyroid hormone regulation. The possibility of low T3
syndrome was considered less likely because there were no risk
factors in our cohort, such as prematurity, asphyxia, sepsis, or other
factors predisposing to a sick euthyroid status. Interestingly, similar
findings in the offspring of rats receiving comparable doses of excess
iodine during pregnancy have recently been shown with low TSH and
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low normal FT4 and FT3 (32). We speculate that the low TSH level
reflects central alteration in thyrotropin-releasing hormone (TRH)
and TSH regulation. Rodent studies have demonstrated altered
hypothalamic and pituitary regulation, likely secondary to increased
intracellular FT3 concentrations. Alterations in hypothalamic
deiodinase 2 (an enzyme converting T4 to T3) and increased
MCTS8 receptor (a selective T3 transporter) expression, have been
shown to reduce TRH secretion (33). Thus, the finding that women
with higher UIC in early pregnancy had offspring with lower TSH and
FT4 levels might be explained by this effect of iodine excess on the
hypothalamo-pituitary axis. Whether these changes are permanent
and/or have later life implications remains to be determined.

Overall, primary thyroid dysfunction in newborns is not a
complication following maternal OSCM HSG. However, some
newborns, especially those exposed to higher levels of iodine, appear
to have subtle changes in the hypothalamic-pituitary-thyroid axis, and
further studies are required to confirm and assess whether these changes
are present at older ages. There is also a possibity for transient fetal
hypothyroidism from iodine excess, which recover by birth and could
not have be assessed in the current study. For the above reasons,
neurocognitive assessments of these children would be required to
ascertain whether there are any long-term developmental issues.

The main limitation of our study was the lack of a control
population to compare the incidence of similar subtle changes in
thyroid function. While our study population was not particularly
large (57 newborns), it is difficult to prospectively study a larger
number of offspring because pregnancy occurs only in a relatively
small proportion of women who undergo HSG. Nonetheless, the
present work is the only prospective investigation confirming normal
neonatal thyroid status by serum thyroid function testing in the
offspring conceived after OSCM HSG. Another key strength of this
study was the availability of maternal parameters, allowing us to
examine potential associations with offspring thyroid function and
not performed in any previous studies. As there is widespread and
growing popularity for the use of OSCM HSG as an infertility
investigation and treatment modality, identifying the potential
impacts of the associated iodine excess on the offspring is of clinical
importance to inform specialists and infertile couples about the
potential impacts of this intervention.

Conclusions

This study confirms there is no increase in neonatal primary
hypothyroidism in the offspring conceived following a standard
OSCM HSG procedure. However, subtle central dysregulation of
thyroid function may have occurred in some of these offspring.
Future studies should be directed to assess the persistence of these
changes in thyroid function and the potential neurodevelopment
effects on these children.
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