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Abstract
Given the fact that a large number of radiological examina-
tions using iodine-based contrast media (ICM) are performed 
in everyday practice, clinicians should be aware of potential 
ICM-induced thyroid dysfunction (TD). ICM can induce hy-
perthyroidism (Hyper) or hypothyroidism (Hypo) due to su-
praphysiological concentrations of iodine in the contrast so-
lution. The prevalence of ICM-induced TD varies from 1 to 
15%. ICM-induced Hyper is predominantly found in regions 
with iodine deficiency and in patients with underlying nodu-
lar goiter or latent Graves’ disease. Patients at risk for ICM-
induced Hypo include those with autoimmune thyroiditis, 
living in areas with sufficient iodine supply. Most cases of 
ICM-induced TD are mild and transient. In the absence of 
prospective clinical trials on the management of ICM-in-
duced TD, an individualized approach to prevention and 
treatment, based on patient’s age, clinical symptoms, pre-
existing thyroid diseases, coexisting morbidities and iodine 
intake must be advised. Treatment of ICM-induced Hyper 

with antithyroid drugs (in selected cases in combination 
with sodium perchlorate) should be considered in patients 
with severe or prolonged hyperthyroid symptoms or in older 
patients with underlying heart disease. It is debated whether 
preventive therapy with methimazole and/or perchlorate 
prior to ICM administration is justified. In ICM-induced overt 
Hypo, temporary levothyroxine may be considered in young-
er patients with symptoms of Hypo, with an underlying au-
toimmune thyroiditis and in women planning pregnancy. 
Additional clinical trials with clinically relevant endpoints are 
warranted to further aid in clinical decision-making in pa-
tients with ICM-induced TD. © 2021 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

During the past decades, the number of radiological 
examinations, particularly computed tomography (CT) 
and vascular interventional procedures, which require 
iodine-based contrast media (ICM) has risen dramatical-
ly [1]. Thus clinicians must be aware of possible adverse 
effects (Contrast Media Safety Guidelines 10.0; http://
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www.esur.org/esur-guidelines/). Although certain ad-
verse effects (e.g., contrast-induced nephropathy) have 
been widely studied, the effects of ICM on the thyroid 
gland remain poorly characterized. It is generally accept-
ed that ICM can cause thyroid dysfunction (TD) because 
of supraphysiological concentrations of iodine in the 
contrast solution [2–5]. While the normal thyroid gland 
can usually adapt to an excess iodine load, individuals 
with an underlying thyroid disorder may develop hyper-
thyroidism (Hyper) or hypothyroidism (Hypo).

When it comes to radiological examinations using 
ICM in patients with thyroid disorders specialists from 
different fields of medicine are regularly faced with a di-
lemma. This document reviews current evidence and 
provides answers to questions commonly asked in clini-
cal practice concerning the potential risk, prevention, di-
agnosis, and management of ICM-induced TD.

Overview of Radiographic ICM
Current radiographic (X-ray and CT) imaging uses 

electromagnetic radiation that penetrates the body. Con-
trast agents may be used with these techniques to enhance 
the differences seen between body tissues [6]. Among the 
ICM, 2 different types have to be distinguished: ionic and 
nonionic compounds. Ionic contrast agents with high os-
molality are not in use for parenteral administration any-
more, but only for oral or rectal application, which does 
not result in significant systemic uptake. Only nonionic 
iodine-based contrast agents are used for parenteral (in-
travenous [IV] or intra-arterial) administration in radio-
logic examinations. These agents are either monomeric 
or dimeric tri-iodinated benzene rings with an organic 
functional group [7]. The preference for iodine over met-
al ions with high atomic numbers is based on its high ef-

ficacy in absorption of X-rays, the stable binding of mul-
tiple iodine atoms to an organic molecule, and the low 
toxicity of ICM [8].

Physicochemical Properties
Non-ionic ICM is hydrophilic, which is a prerequisite 

for intravascular injection of larger quantities. Low vis-
cosity of contrast agents is necessary for rapid adminis-
tration during CT or angiography [8]. Viscosity depends 
on chemical structure, iodine content, and temperature 
of contrast agent: dimeric agents are more viscous than 
monomeric agents (Table  1). In general, higher iodine 
content and lower temperature result in higher viscosity 
[9].

Contrast Material Dosage
Iodine-based contrast agents are mostly administered 

parenterally during CT, angiography, or IV urography, 
and to a lesser extent orally, enterally (during endoscopic 
retrograde cholangiopancreatography), rectally, or intra-
cavitary. The amount of contrast material delivered dur-
ing CT ranges normally between 60 and 150 mL, depend-
ing on the indication, the scanned region, and the scan 
range, as well as the body weight [10–12]. Given the stan-
dard iodine concentration of 300 mg/mL then a total 
amount of 18–45 g of iodine is administered during con-
trast-enhanced CT. With catheter angiography, even 
higher doses of contrast may be used [7].

Prevalence of ICM-Induced TD
At present, the prevalence and clinical significance of 

ICM-induced TD is incompletely characterized. Recent 
large retrospective observational studies confirmed an 
association between ICM exposure and the develop-

Table 1. Current nonionic iodine-based contrast agents for parenteral administration [8]

Chemical 
name

Monomer 
or dimer

Iodine content, 
range, mg/mL

Osmolality, 
mOsm/kg H2O

Osmolality 
type

Viscosity, mPa∙s 
at 37°C

Iohexol Monomeric 180–350 640 Low osmolality 6.1
Iopamidol Monomeric 150–370 616 Low osmolality 4.5
Iopromide Monomeric 150–370 590 Low osmolality 4.7
Ioversol Monomeric 240–350 645 Low osmolality 5.5
Iobitridol Monomeric 250–350 695 Low osmolality 6.0
Iomeprol Monomeric 150–400 521±24 Low osmolality 4.5±0.4
Iodixanol Dimeric 270–320 290 iso-Osmolality 11.4

Osmolality is given for an iodine content of 300 mg/mL (monomeric agents) and for 320 mg/mL (iodixanol), 
respectively.
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ment of TD. In a nested case-control study using data 
from the Partners Health-Care Research Patient Data 
Registry (USA), ICM exposure was associated with inci-
dent overt Hyper (oHyper) (defined as a suppressed 
TSH <0.1 mIU/L; odds ratio [OR], 2.50; 95% CI, 1.06–
5.93) and with incident overt Hypo (oHypo) (defined as 
elevated serum TSH >10 mIU/L; OR, 3.05; 95% CI, 1.07–
8.72) [13]. A significantly higher risk of ICM-induced 
TD (based on International Classification of Diseases, 
Ninth Revision, Clinical Modification codes) was dem-
onstrated in Taiwan among 1 million patients in the 
general population over a single year time period; the 
adjusted hazard ratio (HR) of Hyper and Hypo com-
pared with controls was 1.22 (95% CI, 1.04–1.44) and 
2.00 (95% CI, 1.65–2.44), respectively [14]. Moreover 
repeated ICM exposure (>1 time of ICM per year) in-
creased significantly the risk of thyroid disorders (HR = 
3.04; 95% CI, 2.47–3.73) [15]. A subsequent study using 
the Taiwan’s National Health Insurance Research Data-
base found that patients with euthyroid nodular goiter 
had almost 5-fold higher risk of ICM-induced TD than 
patients without thyroid nodule(s), including Hyper 
(HR 5.77, CI 2.64–12.62) and Hypo (HR 4.95, CI 2.15–
11.40) [16]. A retrospective cohort study of children 
aged younger than 4 years in the Kaiser Permanente 
Northern California (USA) database revealed that the 
incidence density ratio for Hypo in ICM-exposed pa-
tients was 1.33 per 1000 person months (95% CI, 0.9–
1.8). It was highest among children younger than 3 
months old [17]. A further single-institution case-con-
trol study in the USA confirmed that ICM exposure in-
creases the risk of incident Hypo in pediatric patients 
(OR, 2.60; 95% CI, 1.43–4.72) [18].

Despite convincing retrospective studies, the results of 
prospective observational studies in various countries ex-
amining changes in thyroid hormone levels following a 
single exposure to ICM are highly variable (online suppl. 
Table 1; see www.karger.com/doi/10.1159/000517175 for 
all online suppl. material) [19, 88–91]. The prevalence of 
ICM-induced Hyper ranged from 0 to 9%, being greater 
in countries with iodine deficiency. ICM-induced Hypo 
was more prevalent in countries with a high iodine intake 
and occurred in up to 15% of patients. These findings 
must be interpreted with caution due to important limita-
tions, for example, (i) substantial heterogeneity between 
studies was present with respect to both groups of pa-
tients (unselected patients vs. patients without previous 
TD) as well as radiological examination (coronary angi-
ography, CT, hysterosalpingography) using different 
ICM; (ii) most studies were of small size applying differ-

ent follow-up periods; (iii) heterogeneity with respect to 
definition of TD; and (iv) an in-depth analysis of relevant 
clinical measures is generally missing.

Methodology

Given the controversies regarding the prevalence, clinical sig-
nificance, prevention, and treatment of ICM-induced TD, in 2019 
T.B., T.H.B., W.S., G.Z., and G.J.K. asked the European Thyroid 
Association (ETA) to form a task force to provide practice guide-
lines for the management of ICM-associated TD. Membership on 
the panel was based on clinical expertise, scholarly approach, rep-
resentation of endocrinology, nuclear medicine, and radiology, as 
well as ETA membership. The proposed task force was approved 
by the ETA Guidelines Board and the ETA Executive Committee.

The present international guidelines concerning various TD do 
not address the problem of ICM exposure in detail [20–23]. More-
over, a recent survey performed in Norway suggested a need of 
optimization of routines regarding ICM administration to patients 
at risk for TD [24]. The aim of the task force was to offer an evi-
dence-based, up-to-date, and thorough document critically en-
compassing and evaluating the current available scientific infor-
mation worldwide.

Literature Search
Relevant published articles were identified by searching 

PUBMED (www.ncbi.nlm.nih.gov). Furthermore, all references 
were evaluated for any additional appropriate citation.

Grading
The task force rated the recommendations according to the 

GRADE system, which was used in the previous guidelines issued 
by the ETA [25–27]. The following coding system was used: (1) 
indicates a strong recommendation (for or against) because the 
benefits outweigh the risks and is associated with the phrase “we 
recommend”; (2) denotes a weak recommendation (for or against) 
in which the treatment depends on the patient’s preference be-
cause the benefits and risks were uncertain and are associated with 
the phrase “we suggest.” Evidence grading: ØOOO denotes very 
low-quality evidence; ØØOO, low; ØØØO, moderate; and ØØØØ, 
high quality.

Recommendations

Recommendations before Radiological Examinations 
Using ICM
Screening of Baseline Thyroid Function prior to ICM 
Exposure in the General Population
In the general population, clinically evident TD is a 

rare complication after ICM exposure. The number need-
ed to harm for ICM-induced Hyper and Hypo was one in 
every 250 patients [14]. These results were confirmed by 
single-institution retrospective analyses and a recent 
metanalysis [19]. In the Netherlands, 7 patients with nod-
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ular goiter needed hospitalization between 1987 and 1990 
due to clinically severe ICM-induced Hyper among a co-
hort of 24,000 CT scans [28]. More recently in Denmark, 
14 patients (6% of all new cases of Hyper) had an ICM 
injection within 2 years before the hyperthyroid episode. 
During the same period, 30,000–35,000 injections of ICM 
were given for CT only [29].

Recommendations
1. We do not recommend baseline thyroid function test-

ing of the general population before radiological ex-
aminations using ICM administration. 1, ØØOO

Screening of Baseline Thyroid Function in High-Risk 
Patients for ICM-Induced TD
It is clinically relevant to detect undiagnosed TD prior 

to ICM exposure. In areas of iodine deficiency, the preva-
lence of undiagnosed Hyper may be surprisingly high. In 
a large prospective study in Italy, 7.2% of patients without 
known thyroid disease had Hyper (predominantly sub-
clinical Hyper [SHyper]) prior to elective coronary angi-
ography [30]. In a second large Italian study including 
1752 consecutive patients before coronary angiography 
[31], TD was a frequent condition involving about 40% of 
the population as follows: low T3 syndrome – 28%, Hypo 
(defined as increased serum TSH)- 10% and Hyper (de-
creased TSH) – 2%. Further, a retrospective study re-
vealed that a substantial proportion of inpatients (45%) 
with undiagnosed thyrotoxicosis received IV ICM prior 
to endocrine evaluation [32]. These results suggest that 
an aggressive case-finding approach, based on identifying 
those persons most likely to have TD prior to ICM ex-
aminations might be beneficial [33].

Several risk factors have been associated with ICM-
induced TD (Table 2) [3, 5, 82–87]. Although ICM-in-
duced TD can occur in any individual, it is most com-
monly reported in patients with an underlying thyroid 
disease. The most frequently reported risk factor is nodu-
lar goiter [16]. High-risk patients for ICM-induced Hy-
per include those with nodular goiter containing autono-
mously functioning thyroid tissue and/or latent Graves’ 
disease. ICM-induced Hypo is predominantly found in 
regions with sufficient iodine supply and in patients with 
autoimmune thyroiditis.

In patients at high-risk for Hyper, diagnostically 
equivalent alternative imaging modalities, not requiring 
ICM should be considered, foremost ultrasound, or much 
less frequently scintigraphy, MRI, or unenhanced CT. 
Some centers suggest that the knowledge of an existing 
TD (at least serum TSH) prior to a contrast-enhanced 

study may be helpful, especially in the elderly with under-
lying cardiovascular diseases. However, the benefits of 
TSH screening in high-risk patients have not been dem-
onstrated so far. Moreover, a normal baseline thyroid 
function does not exclude the development of TD after 
ICM exposure [34]. It may be explained by the fact that 
many patients with autonomously functioning thyroid 
nodules may have a normal serum TSH value [35].

Recommendations
2. Prior to ICM exposure, we suggest a thorough case-

finding approach, based on identifying those persons 
most likely to have undiagnosed TD. 2, ØØOO

3. We suggest measurement of baseline serum TSH in 
high-risk patients for ICM-induced TD, especially in 
the elderly and subjects at risk for cardiovascular dis-
eases. If serum TSH is abnormal, thyroid hormones 
(T3 and/or T4) should be measured. 2, ØOOO

Is Baseline TD a Contraindication to ICM 
Administration?
OHyper is generally considered to be a contraindica-

tion to radiological examinations using ICM (as stated in 
the drug insert) and whenever possible the search for al-
ternative imaging modalities is recommended. In case of 
emergency/no alternative radiological modality is possi-
ble; treatment with antithyroid drug (ATD) should be ini-
tiated prior to radiological study using ICM (combina-
tion therapy with ATD and perchlorate may be consid-
ered in selected cases). The European Society of 
Urogenital Radiology questionnaire for ICM administra-
tion, which should be completed by the referring clini-
cian, includes a question about Hyper (http://www.esur.
org/esur-guidelines/). However, the effect of ICM admin-
istration in patients with untreated OHyper and in pa-
tients treated with ATD is unpredictable, and in severe 
cases, it may lead to life-threatening complications (on-
line suppl. Table 2) [36–38]. On the other hand, ICM ad-
ministration does not always lead to exacerbation of 
OHyper [30].

Patients with persistent endogenous SHyper should be 
diagnosed and managed according to the international/
local guidelines [25]. Establishing the etiology of persis-
tent SHyper is important in risk stratification of ICM-
induced Hyper. Patients with pre-existing functional thy-
roid autonomy by scintigraphy using Tc-99m-pertechne-
tate/iodine-123 are at risk of developing OHyper, 
whereas  patients with SHyper without thyroid autonomy 
have a negligible risk of ICM-induced Hyper [39]. Prior 
to both, elective and emergency radiological studies, an 



ICM-Induced Thyroid Dysfunction 273Eur Thyroid J 2021;10:269–284
DOI: 10.1159/000517175

endocrinologic consultation and initiation of preventive 
medication may be considered.

Baseline subclinical Hypo (SHypo) and OHypo are not 
a contraindication to ICM administration. Patients with 
OHypo and SHypo should be diagnosed and managed 
according to the local guidelines [21, 22]. Due to possible 
exacerbation of Hypo, close monitoring may be advised 
in selected patients after ICM administration.

Recommendations
4. We do not recommend radiological examinations us-

ing ICM in patients with OHyper. Alternative imaging 
procedures (e.g., ultrasound, MRI, noncontrast CT) 
should be considered. 1, ØØOO

5. Persistent endogenous SHyper is not a contraindica-
tion to radiological examinations using ICM. Prior to 
elective radiological studies, we recommend to estab-
lish the etiology of SHyper. Endocrine consultation 
may be advised. 1, ØØØO

6. Baseline untreated SHypo and OHypo are not a con-
traindication to ICM administration. Due to possible 
exacerbation of Hypo, close monitoring after ICM is 
suggested in selected patients. 2, ØØOO

7. Patients on thyroid hormone replacement are not at 
risk for ICM-induced TD and do not require specific 
management. 1, ØOOO

Table 2. Risk factors for iodine-induced thyroid dysfunction

Risk factor Comment

ICM-induced Hyper

Nontoxic nodular goiter The most common cause of ICM-induced Hyper is toxic multinodular goiter

Latent Graves’ disease Graves’ disease is a rare cause of ICM-induced Hyper [28]

Iodine deficient areas Europe is generally considered an iodine-deficient continent. Adults living in iodine-
deficient regions carry a high risk of goiter, thyroid nodules, and Hyper [82]

Persistent endogenous SHyper Patients with endogenous SHyper and detected thyroid functional autonomy by 
scintigraphy are at increased risk [39]

ICM-induced Hypo

Autoimmune thyroiditis The most common cause of ICM-induced Hypo

Fetus or neonate In the immature fetal and neonatal thyroid gland, the escape from the “Wolff-Chaikoff 
effect” can be delayed, leading to the development of Hypo [3, 68]

Iodine replete areas After the increase in iodine supply, a higher incidence of iodine-induced Hypo and a 
lower incidence of iodine-induced Hyper were observed [83]

Nontoxic nodular goiter The exact mechanism of the delayed effect of Hypo after ICM exposure in nontoxic 
MNG is not clearly understood [16]

History of postpartum lymphocytic 
thyroiditis or subacute thyroiditis history of 
type 2 amiodarone-induced thyrotoxicosis
History of interferon-α therapy

These patients may have permanent subtle intrinsic defect in thyroid hormone 
production and appear to be unusually sensitive to the inhibitory effects of iodide upon 
its own organification, leading to the development of ICM-induced Hypo [84]

History of partial thyroidectomy The cause of ICM-induced Hypo in patients after hemithyroidectomy for nodular 
disease is not known [85]

Thalassemia major in conjunction with 
repeated blood transfusions

Patients with thalassemia frequently develop primary Hypo and other endocrine 
disorders due to iron overload of the thyroid. An increased risk of Hypo after iodine 
administration was reported [86]

Renal failure Impaired iodine clearance and retention may play a role in the delayed escape from the 
Wolff-Chaikoff effect in patients with renal dysfunction leading to Hypo [87]

ICM, iodine-based contrast media; Hyper, hyperthyroidism; Hypo, hypothyroidism.
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Should High-Risk Patients for ICM-Induced Hyper 
Receive Prophylactic Treatment before a Radiological 
Examination?
The management of patients with a high risk for ICM-

induced Hyper (especially patients with persistent endog-
enous SHyper) remains controversial [20]. After ICM ad-
ministration, clinical symptoms of Hyper and/or thyroid 
function tests should be monitored. It is debated whether 
short-term pretreatment with ATDs (inhibition of thy-
roid hormone synthesis) and/or perchlorate (inhibition 
of iodine uptake) is justified to decrease the risk of inci-
dent thyrotoxicosis.

Only a few prospective studies (including only one 
randomized clinical trial) on efficacy of prophylactic 
treatment exist, most of these were performed in Germa-
ny and Austria. Short-term therapy with 60 mg of me-
thimazole and 1 g of sodium perchlorate (24 h before and 
on the day of coronary angiography) led to a reduced io-
dine load of the thyroid when monitored by scintigraphy 
and urine iodine excretion 4 and 12 weeks after angiog-
raphy. One of 27 (3.7%) treated patients versus 3 of 33 
(9%) control patients developed Hyper [40]. These results 
are in line with other findings [41] that intrathyroidal io-
dine concentration (by means of X-ray-fluorescence-
analysis) did not change in the group of volunteers on 
perchlorate medication after ICM administration. The 
protective effect of a monotherapy with either 20 mg of 
methimazole per day or 900 mg of perchlorate per day 
(starting 1 day before coronary angiography and lasting 
for 14 days) was studied in 51 patients with endogenous 
SHyper with functional thyroid autonomy [42]. Although 
mild OHyper occurred in both treatment and control 

groups (2 in the control group vs. one in each of the treat-
ed groups), the authors observed stable serum TSH, FT4, 
FT3 levels, normal iodine urine excretion, and normal 
thyroid uptake 30 days after ICM administration in the 
treated groups. These results were confirmed in 19 pa-
tients undergoing coronary angiography, with endoge-
nous SHyper and functional thyroid autonomy, who 
were treated with perchlorate alone (900 mg/day, divided 
into 3 doses, for 2 weeks) or combined with methimazole 
(20–60 mg for 1–2 weeks). Mild Hyper was observed in 2 
out of 19 patients, whereas in the remaining 17 patients, 
thyroid hormones (FT4 and FT3) levels decreased and 
TSH levels increased 28 days after coronary angiography 
[39].

The results of studies analyzing the prophylactic treat-
ment prior to ICM administration in high-risk patients 
are shown in Figure 1. The treatment may be effective in 
reducing iodine load of the thyroid, stabilizing the thy-
roid function, and blunting/preventing ICM-induced 
OHyper. On the other hand, both drugs (methimazole 
and perchlorate) have a significant rate of side effects. 
Unfortunately, the prophylactic treatment does not pre-
vent ICM-induced Hyper in all cases. Most importantly, 
an in-depth analysis of relevant short- and long-term 
clinical measures of therapeutical success besides surro-
gate markers (serum thyroid hormone levels, iodine urine 
excretion, and iodine thyroid uptake) is missing. There-
fore, the final decision should be individualized with re-
spect to pre-existing thyroid diseases, coexisting morbid-
ities (especially cardiovascular diseases), patient’s age, io-
dine intake, and the need to perform radioiodine 
(RAI)-based studies.

Possible positive effects:
• Stabilization in TSH, FT4 and 
 FT3 levels
• Faster normalization in iodine
 excretion and thyroid iodine uptake
• Blunting or preventing the 
 induction of ICM-induced
 hyperthyroidism

Unknown or negative effects:
• Possible side effects of
 methimazole and/or perchlorate
 prophylactic treatment

Possible modifiers:
Patient‘s age, health status and comorbidities (especially cardiovascular diseases);

emergency studies; the need to perform a radioactive iodine-based nuclear medicine
study or treatment; geographical location (iodine status)

Fig. 1. Prophylactic treatment in high-risk 
patients for ICM-induced Hyper. ICM, io-
dine-based contrast media; Hyper, hyper-
thyroidism.
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The published treatment protocols vary substantially. 
The Austrian Thyroid Association recommends using 
perchlorate as preventive treatment (600 mg prior to ex-
amination and continuation with 3 × 300 mg daily for 
7–14 days) in high-risk patients before emergency studies 
[43]. Prior to ICM exposure, a consultation in a Thyroid 
Clinic is advised. In many countries, the following ATD 
regimen is used: methimazole 20–30 mg daily, starting 
the day before ICM administration and continuing for 14 
days [2]. A few authors suggested that a combination 
therapy of methimazole and perchlorate may be more ef-
fective [34, 42].

Recommendations
8. We do not recommend prophylactic treatment in all 

patients at high-risk for developing ICM-induced Hy-
per. However, patients at risk for Hyper should be 
monitored after ICM injection. 1, ØØOO

9. We suggest considering prophylactic treatment with 
methimazole and/or perchlorate before emergency ra-
diological examinations in selected patients who are 
less tolerant to the effects of ICM-induced Hyper, for 
example, elderly with persistent endogenous SHyper 
and/or nodular goiter, and/or concomitant cardiovas-
cular disease, especially in areas of iodine deficiency. 
2, ØØOO

Monitoring of Patients after Radiological 
Examinations Using ICM
Does ICM Exposure Affect Thyroid Function Tests 
in Euthyroid Subjects?
The most rapid (hours to days) effect of pharmaco-

logic doses of iodine is to inhibit organification of iodide, 
thereby diminishing hormone biosynthesis (Wolff-Chai-
koff effect) and decreasing thyroglobulin proteolysis, 
thereby decreasing thyroid hormone secretion [3, 5]. The 
resulting small decrease in serum T4 and T3 levels causes 
a compensatory, transient increase in TSH concentra-
tions [44, 45]. After the acute phase, normal thyroid hor-
mone synthesis resumes, even with continued excess io-
dide exposure, a phenomenon described as the escape 
from the acute Wolff-Chaikoff effect. However, weeks af-
ter ICM exposure, several prospective observational stud-
ies revealed an increase or decrease in serum TSH, FT4, 
and FT3 levels, dependent probably on the iodine intake 
and pre-existing thyroid disease [46]. While these chang-
es are within the reference and in most untreated cases, 
they may interfere in the proper interpretation of thyroid 
function tests [47].

Recommendations
10. ICM administration may cause transient changes in 

serum TSH, T4, and T3 levels in healthy individuals, 
usually within the reference values. While interpreting 
thyroid function tests, we suggest taking ICM expo-
sure (within the last 1–3 months) into consideration. 
2, ØØØO

Should Thyroid Function Be Monitored after ICM 
Administration?
There is no indication for routine monitoring for 

ICM-induced TD because this would not be cost-effective 
[13, 14]. Therefore, all patients should be informed that 
signs and symptoms of Hyper or Hypo may occur after 
ICM administration and should be advised to alert the 
medical team if such develop.

Routine thyroid function testing is favored by a few 
experts in older patients with a high risk of ICM-induced 
Hyper and patients with an underlying unstable cardio-
vascular disease. In such cases, measurement of serum 
TSH (and if low,  T4 and T3) 3–4 weeks after ICM expo-
sure is advised. Routine screening for ICM-induced Hypo 
may be also considered in selected high-risk patients, es-
pecially in women planning pregnancy after hysterosal-
pingography with oil-soluble ICM and in neonates [48–
50].

Recommendations
11. We do not recommend routine TSH monitoring fol-

lowing ICM administration. 1, ØØØO
12. The exact timing of the ICM-TD is often unpredict-

able. We suggest advising patients to alert the medical 
team if they develop signs and symptoms of TD. 2, 
ØOOO

13. We suggest measuring thyroid function 3–4 weeks af-
ter ICM exposure in high-risk patients for ICM-in-
duced Hyper, especially in the elderly and/or those 
with an underlying unstable cardiovascular disease. 2, 
ØØOO

When can Isotope Imaging of the Thyroid or RAI 
Treatment Be Performed after ICM Exposure?
The administration of ICM is known to suppress thy-

roidal RAI uptake, lasting for several weeks [51]. Some 
studies on urinary iodine secretion after ICM administra-
tion for outpatient CT scans indicate that 75% of patients’ 
values returned to baseline within 5–6 weeks and 90% 
within 11 weeks [46, 52]. A study performed in post-thy-
roidectomy patients requiring RAI treatment demon-
strated that 1 month is sufficient for urinary iodine to 
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return to its baseline value after the use of ICM [53]. 
These results may be used to guide the timing of RAI 
treatment as well as diagnostic scintigraphy with radioac-
tive iodine or Tc-99m-pertechnetate following contrast 
exposure. The American Thyroid Association Manage-
ment Guidelines for Adult Patients with Thyroid Nodules 
and Differentiated Thyroid Cancer (2015) state that con-
cerns about iodine burden from IV contrast agents caus-
ing a clinically significant delay in subsequent whole-
body scans or RAI treatment post-thyroidectomy is gen-
erally unfounded [54]. In doubtful situations, a spot or 
24-h urinary iodine level may be checked before isotope 
studies. It should be remembered that oil-soluble ICM 
circulates for longer than other water-soluble media [48, 
55, 56].

Recommendations
14. We recommend avoiding isotope imaging of the thy-

roid and radioactive iodine treatment for one to 2 
months after ICM injection. 1, ØØØO

Diagnosis and Management of ICM-Induced Hyper
Establishing the Diagnosis and Etiology of  
ICM-Induced Hyper
Generally, the diagnosis of ICM-induced Hyper is 

based on: (i) the clinical manifestations of Hyper, (ii) lab-
oratory findings, and (iii) history of ICM exposure. Al-
though ICM-induced Hyper may occur up to 1 year after 
a radiological examination with ICM [13, 16], the major-
ity of patients develop symptoms and/or signs of Hyper 
within 3–10 weeks after exposure [30]. The severity of 
ICM-induced Hyper is unpredictable. The majority of 
patients remain oligo- or asymptomatic. However, the 
consequences of even mild ICM-induced Hyper should 
not be underestimated in geriatric patients and in pa-
tients with unstable cardiovascular status; it can aggravate 
pre-existing cardiac diseases leading to atrial fibrillation, 
congestive heart failure, worsening of angina pectoris, 
and thromboembolism [57–59, 92–98]. Finally in rare 
cases, ICM exposure may lead to thyroid storm [36–38] 
(online suppl. Table 2).

The diagnosis of Hyper is confirmed by thyroid func-
tion tests (TSH, FT4 and TT3 or FT3). In most patients, 
the history of ICM exposure is apparent. In doubtful situ-
ations, checking urinary iodine concentration (spot or 
24-h sampling) may be helpful to support iodine excess 
as the cause of Hyper and to monitor treatment.

ICM-induced Hyper is not a single etiological entity 
[3, 5]. It is generally accepted that ICM-induced Hyper 
can develop due to pre-existing areas of functional au-

tonomy within the thyroid. Upon exposure to excess io-
dine, the autonomous areas produce thyroid hormone in 
excess and independent of autoregulatory mechanisms 
(the Jod-Basedow phenomenon). The most important 
risk factors include nodular thyroid disease (most com-
mon cause), latent Graves’ disease, and long-standing io-
dine deficiency. Very rarely, ICM-induced Hyper has 
been reported in patients without underlying thyroid dis-
ease (ICM-induced thyroiditis) [60]. Moreover, other 
causes of Hyper must also be considered, since Hyper 
may not be related to the iodine exposure. Therefore, an 
evaluation to determine the etiology of Hyper is impor-
tant based on international/local guidelines [25, 27]. Di-
agnostic serological and imaging testing can include the 
following, depending on available expertise and resourc-
es: (i) measurement of TSH-receptor antibodies [61, 62], 
(ii) thyroid ultrasonography assessing nodularity, echo-
genicity of the parenchyma, and blood flow, and (iii) thy-
roid scintigraphy. The results of a RAI or 99m-pertech-
netate thyroid scan (which is in other clinical settings the 
gold standard for differential diagnosis between hyper-
functioning thyroid tissue and thyroid cell destruction) 
should be interpreted here with caution because a low 
isotope uptake may be seen up to 2 months after ICM ex-
posure. However, a single ICM exposure rarely reduces 
the uptake to <1% as it occurs in patients with destructive 
or painless thyroiditis [26, 63].

Recommendations
15. We recommend evaluating patients with newly diag-

nosed Hyper concerning possible previous radiologi-
cal examinations using ICM in the last 2–3 months, 
because it may influence diagnosis (e.g., interpretation 
of thyroid scintigraphy), prognosis, and treatment. 1, 
ØØØO

16. We recommend that serum TSH should be measured 
as an initial screening in patients with a suspicion of 
ICM-induced Hyper. If serum TSH is low, thyroid 
hormones (T4 and T3) should follow. 1, ØØØØ

17. If the diagnosis of ICM-induced Hyper is not appar-
ent based on the clinical presentation, we suggest ana-
lyzing urinary iodine concentration to support iodine 
excess as the cause of Hyper and to monitor treatment. 
2, ØØOO

18. We recommend determining the etiology of ICM-in-
duced Hyper. Diagnostic testing can include the fol-
lowing: measurement of TSH-receptor antibody, thy-
roid ultrasound, and/or thyroid scintigraphy. 1, 
ØØOO
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What Is the Management of ICM-Induced Hyper?
In the absence of prospective clinical trials on the man-

agement of ICM-induced Hyper, an individualized ap-
proach to treatment must be advised, based on: (i) the 
clinical symptoms, etiology, and severity of Hyper and (ii) 
patients’ age, concomitant diseases (especially cardiovas-
cular diseases), and clinical status. The clinical course of 
ICM-induced Hyper is unpredictable. It is most often 
mild and self-limited, but occasionally it may lead to clin-
ically significant thyrotoxicosis lasting more than 12 
months. Large toxic nodular goiter and Graves’ disease 
may be associated with a more severe course of disease.

Patients with oligo- or asymptomatic SHyper and 
OHyper should be treated according to local guidelines 
[23, 25]. Initial management includes close monitoring 
and avoidance of further excess iodine exposure. Thyroid 
function should be retested within 2–8 weeks to deter-
mine if the ICM-induced Hyper spontaneously resolves. 
The symptoms of adrenergic hyperactivity (tachycardia, 
palpitations, tremor, anxiety, etc.) may be improved 
through administration of β-blocking drugs (nonselec-
tive or cardio-selective depending on the clinical setting). 
Severe ICM-induced Hyper is best treated by ATD (me-
thimazole, carbimazole, or propylthiouracil) in addition 
to β-blocker. The iodine-loaded thyroid gland may be less 
responsive to ATD; in such cases, higher doses of ATD 
(in rare cases up to 40–60 mg/day of methimazole or 
equivalent doses of propylthiouracil) and/or sodium per-
chlorate (in rare cases up to 4 weeks course at doses not 
exceeding 1 g/day) may be useful in accelerating control 
of Hyper [26, 63]. Patients who develop severe iodine-
induced OHyper should be referred to endocrinologists 
because the management of this condition can be chal-
lenging. Many patients with underlying autonomous 
nodular thyroid disease are able to taper and discontinue 
ATD within 6–12 months. Urinary iodine may be moni-
tored to assess the rate of clearance of the iodine load. 
After resolution of the acute episode of ICM-induced Hy-
per, treatment of the underlying thyroid disease, if any, 
should be addressed.

Recommendations
19. We recommend an individualized approach to the 

treatment of ICM-induced Hyper, based on: (i) clini-
cal symptoms, etiology, and severity of Hyper and (ii) 
patients’ age, concomitant diseases (especially cardio-
vascular diseases), and clinical status. 1, ØØOO

20. In most mild cases, we recommend close monitoring, 
avoidance of further excess iodine exposure, and ad-
ministrating β-blocking drugs. 1, ØØOO

21. In severe cases, we recommend initiation of treatment 
with ATD (methimazole, carbimazole, or propylthio-
uracil). In cases of partial response to ATD, a combi-
nation with perchlorate is helpful to control Hyper. 1 
ØOOO

What Are the Recommendations for Geriatric 
Patients?
ICM-induced Hyper is particularly important in geri-

atric patients for several reasons:
• The prevalence of thyroid nodular disease increases 

with age, especially in regions with present or past io-
dine deficiency. In the elderly population, ICM-in-
duced Hyper may be the first presentation of a previ-
ously asymptomatic multinodular goiter.

• Nowadays, elderly patients are more often exposed to 
radiological studies using ICM than in the past be-
cause of major technological advances and increased 
longevity.

• Hyper in the elderly is more likely to be undiagnosed 
prior and after ICM-exposure due to the nonspecific 
nature of the rather few symptoms particularly in the 
presence of cognitive impairment.

• The number of clinical signs found in the older sub-
jects is significantly fewer than the number found in 
younger patients. The most common signs associated 
with thyrotoxicosis in older people include tachycar-
dia, apathy, fatigue, and weight loss [64, 65].

• Geriatric patients are less tolerant to the effects of thy-
rotoxicosis because of underlying heart disease. More-
over, symptoms and signs of heart failure and atrial 
fibrillation may dominate the clinical picture [25, 57, 
58, 66, 67].
Although randomized clinical trials are pending, in ge-

riatric patients a more aggressive approach pertaining to 
the prevention of ICM-induced Hyper, early diagnosis 
and treatment, especially in areas of iodine deficiency is 
suggested. Furthermore and in accordance with the ETA 
guidelines, even mild ICM-induced SHyper should be 
treated in patients over 65 years, particularly in the pres-
ence of comorbidity, for example, heart disease, diabetes, 
renal failure, and previous stroke [25].

Recommendations
22. We recommend that even mild ICM-induced Hyper 

should be treated in patients older than 65 years, par-
ticularly in the presence of comorbidity. 1, ØØØO
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Diagnosis and Management of ICM-Induced Hypo
Establishing the Diagnosis and Etiology of  
ICM-Induced Hypo
The diagnosis of ICM-induced Hypo is based upon: (i) 

the clinical manifestations of Hypo, (ii) laboratory find-
ings, and (iii) history of ICM exposure. The induction of 
OHypo appears to be rare and the exact timing of the 
event is unpredictable, ranging from days to up to 2 years 
after ICM exposure [13, 14, 17, 18]. Because of the wide 
vulnerable time window (from ICM exposure to develop-
ment of Hypo), general monitoring of thyroid function 
tests in high-risk patients for Hypo is not advisable. 
Therefore, all patients should be informed to alert the 
medical team if signs and symptoms of Hypo occur after 
ICM administration.

The diagnosis of SHypo and OHypo is confirmed by 
thyroid function tests (TSH and T4 ). The relationship 
between Hypo and ICM exposure may be difficult to 
demonstrate because the urine iodine concentration may 
be no longer increased.

ICM-induced Hypo is thought to result from a failure 
to escape the acute Wolff-Chaikoff effect [3, 5, 68]. It is 
predominantly found in iodine-replete regions. Although 
ICM-induced Hypo may occur in patients with an appar-
ently normal thyroid gland, most frequently it develops 
in patients with underlying autoimmune thyroiditis. 
However, a wide variety of thyroid and nonthyroid dis-
eases were associated with Hypo after ICM exposure (Ta-
ble 2), and the possible etiology of Hypo should be estab-
lished [21, 22]. Measurement of serum antithyroid per-
oxidase antibodies is the most sensitive serological test for 
the diagnosis of autoimmune thyroiditis.

Recommendations
23. We recommend that serum TSH should be measured 

as an initial screening test in patients with a suspicion 
of ICM-induced Hypo. If serum TSH is high, serum 
T4 levels should be measured. 1, ØØØØ

24. We recommend measurement of serum thyroid per-
oxidase antibodies if the etiology of ICM-induced 
Hypo is unclear. 1, ØØOO

25. We suggest evaluating patients with newly diagnosed 
Hypo concerning previous radiological examinations 
using ICM (in the last 1–2 years), since spontaneous 
remission might occur over time, without the need for 
lifelong temporary levothyroxine (LT4) treatment. 2, 
ØOOO

What Is the Management of ICM-Induced Hypo?
There are no prospective clinical trials on the manage-

ment of ICM-induced Hypo, which is usually self-limit-
ing [56, 68]. However, the time to recovery may vary from 
several weeks up to several months. Prolonged ICM-in-
duced Hypo may be observed in patients, in whom iodine 
excess is not rapidly eliminated from the body (e.g. re-
peated exposure to excess iodine, the use of oil-soluble 
ICM, and renal failure). In rare cases, ICM-induced Hypo 
may be permanent.

Most patients do not require thyroid hormone re-
placement and TSH should be retested after 4–8 weeks. 
LT4 treatment may be considered based on individual pa-
tient factors, including: younger age, symptoms of Hypo, 
presence of an autoimmune thyroid disease, and comor-
bidities. ICM-induced Hypo in pregnant women or 
women planning pregnancy should be treated as all other 
forms of Hypo [21]. After a few months, LT4 treatment 
may be tapered to determine if ICM-induced Hypo has 
resolved. However, patients with underlying thyroid dis-
ease, who develop transient ICM-induced Hypo, are at 
risk for permanent Hypo in the future.

Recommendations
26. We recommend an individualized approach to the 

treatment of ICM-induced Hypo, based on: (i) clinical 
symptoms, etiology and severity of Hypo, and (ii) pa-
tients’ age, concomitant diseases, and clinical status. 1, 
ØØOO

27. In most cases of ICM-induced Hypo, we suggest close 
monitoring without thyroid hormone replacement. 
Temporary LT4 treatment may be considered in 
younger patients with symptoms of Hypo, with an un-
derlying chronic autoimmune thyroiditis, and in 
women planning pregnancy. 2, ØØOO

What Are the Recommendations for the Elderly?
Old age was shown to be correlated with the risk of 

ICM-induced Hypo. High-risk elderly patients for ICM-
induced Hypo should be carefully evaluated after radio-
logical examination with ICM because OHypo in these 
patients is usually oligosymptomatic. Moreover, most 
common symptoms are nonspecific (e.g. tiredness, short-
ness of breath, depression, and cognitive changes), while 
the more classical Hypo-associated symptoms may be ab-
sent [69, 70]. On the other hand, elderly hypothyroid pa-
tients are also more sensitive to exogenous thyroid hor-
mones. If needed, LT4 replacement should be started at 
lower doses and titrated as per response to avoid over-
treatment [21, 22, 26].
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Table 3. Summary of recommendations

Question/topic Recommendation (strength of and level of evidence)

Recommendations before radiological examinations using ICM

Screening of baseline thyroid function 
prior to ICM exposure in the general 
population

1. We do not recommend baseline thyroid function testing of the general population before 
radiological examinations using ICM administration. 1, ØØOO

Screening of baseline thyroid function 
in high-risk patients for ICM-induced 
TD

2. Prior to ICM exposure, we suggest a thorough case-finding approach, based on identifying 
those persons most likely to have undiagnosed TD. 2, ØØOO

3. We suggest measurement of baseline serum TSH in high-risk patients for ICM-induced 
TD, especially in the elderly and subjects at risk for cardiovascular diseases. If serum TSH is 
abnormal, thyroid hormones (T3 and/or T4) should be measured. 2, ØOOO

Is baseline TD a contraindication to 
ICM administration?

4. We do not recommend radiological examinations using ICM in patients with OHyper. 
Alternative imaging procedures (e.g., ultrasound, MRI, and noncontrast CT) should be 
considered. 1, ØØOO

5. Persistent endogenous SHyper is not a contraindication to radiological examinations 
using ICM. Prior to elective radiological studies, we recommend to establish the etiology of 
SHyper. Endocrine consultation may be advised. 1, ØØØO

6. Baseline untreated SHypo and OHypo are not a contraindication to ICM administration. 
Due to possible exacerbation of Hypo, close monitoring after ICM is suggested in selected 
patients. 2, ØØOO

7. Patients on thyroid hormone replacement are not at risk for ICM-induced TD and do not 
require specific management. 1, ØOOO

Should high-risk patients for ICM-
induced Hyper receive prophylactic 
treatment before a radiological 
examination?

8. We do not recommend prophylactic treatment in all patients at high-risk for developing 
ICM-induced Hyper. However, patients at risk for Hyper should be monitored after ICM 
injection. 1, ØØOO

9. We suggest considering prophylactic treatment with methimazole and/or perchlorate 
before emergency radiological examinations in selected patients who are less tolerant to the 
effects of ICM-induced Hyper, for example, elderly with persistent endogenous SHyper and/
or nodular goiter, and/or concomitant cardiovascular disease, especially in areas of iodine 
deficiency. 2, ØØOO

Monitoring of patients after radiological examinations using ICM

Does ICM exposure affect thyroid 
function tests in euthyroid subjects?

10. ICM administration may cause transient changes in serum TSH, T4, and T3 levels in 
healthy individuals, usually within the reference values. While interpreting thyroid function 
tests, we suggest taking ICM exposure (within the last 1–3 months) into consideration. 2, 
ØØØO

Should thyroid function be monitored 
after ICM administration?

11. We do not recommend routine TSH monitoring following ICM administration. 1, 
ØØØO

12. The exact timing of the ICM-TD is often unpredictable. We suggest advising patients to 
alert the medical team if they develop signs and symptoms of TD. 2, ØOOO

13. We suggest measuring thyroid function 3–4 weeks after ICM exposure in high-risk 
patients for ICM-induced Hyper, especially in the elderly and/or those with an underlying 
unstable cardiovascular disease. 2, ØØOO

When can isotope imaging of the 
thyroid or RAI treatment be 
performed after ICM exposure?

14. We recommend avoiding isotope imaging of the thyroid and radioactive iodine 
treatment for one to 2 months after ICM injection. 1, ØØØO
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Question/topic Recommendation (strength of and level of evidence)

Diagnosis and management of ICM-induced Hyper

Establishing the diagnosis and etiology 
of ICM-induced Hyper

15. We recommend evaluating patients with newly diagnosed Hyper concerning possible 
previous radiological examinations using ICM in the last 2–3 months because it may 
influence diagnosis (e.g., interpretation of thyroid scintigraphy), prognosis, and treatment. 1, 
ØØØO

16. We recommend that serum TSH should be measured as an initial screening in patients 
with a suspicion of ICM-induced Hyper. If serum TSH is low, thyroid hormones (T4 and 
T3) should follow. 1, ØØØØ

17. If the diagnosis of ICM-induced Hyper is not apparent based on the clinical presentation, 
we suggest analyzing urinary iodine concentration to support iodine excess as the cause of 
Hyper and to monitor treatment. 2, ØØOO

18. We recommend determining the etiology of ICM-induced Hyper. Diagnostic testing can 
include the following: measurement of TSHR-Ab, thyroid ultrasound, and/or thyroid 
scintigraphy. 1, ØØOO

What is the management of ICM-
induced Hyper?

19. We recommend an individualized approach to the treatment of ICM-induced Hyper, 
based on: (i) clinical symptoms, etiology and severity of Hyper and (ii) patients’ age, 
concomitant diseases (especially cardiovascular diseases), and clinical status. 1, ØØOO

20. In most mild cases, we recommend close monitoring, avoidance of further excess iodine 
exposure, and administrating β-blocking drugs 1, ØØOO

21. In severe cases, we recommend initiation of treatment with ATD (methimazole, 
carbimazole, or propylthiouracil). In cases of partial response to ATD, a combination with 
perchlorate is helpful to control Hyper. 1 ØOOO

What are the recommendations for the 
elderly?

22. We recommend that even mild ICM-induced Hyper should be treated in patients older 
than 65 years, particularly in the presence of comorbidity. 1, ØØØO

Diagnosis and management of ICM-induced Hypo

Establishing the diagnosis and etiology 
of ICM-induced Hypo

23. We recommend that serum TSH should be measured as an initial screening test in 
patients with a suspicion of ICM-induced Hypo. If serum TSH is high, serum T4 levels 
should be measured. 1, ØØØØ

24. We recommend measurement of serum TPO-Ab if the etiology of ICM-induced Hypo is 
unclear. 1, ØØOO

25. We suggest evaluating patients with newly diagnosed Hypo concerning previous 
radiological examinations using ICM (in the last 1–2 years) since spontaneous remission 
might occur over time, without the need for lifelong LT4 treatment. 2, ØOOO

What is the management of ICM-
induced Hypo?

26. We recommend an individualized approach to the treatment of ICM-induced Hypo, 
based on: (i) Clinical symptoms, etiology, and severity of Hypo and (ii) patients’ age, 
concomitant diseases, and clinical status. 1, ØØOO

27. In most cases of ICM-induced Hypo, we suggest close monitoring without thyroid 
hormone replacement. LT4 treatment may be considered in younger patients with 
symptoms of Hypo, with an underlying chronic autoimmune thyroiditis and in women 
planning pregnancy. 2, ØØOO

What are the recommendations for the 
elderly?

28. Elderly patients with ICM-induced SHypo should be carefully followed, generally 
avoiding levothyroxine treatment. 2, ØØOO

What are the recommendations for 
infants?

29. We suggest careful monitoring of thyroid function tests in infants after maternal or 
neonatal ICM exposure, with a special attention to premature infants. 2, ØØOO

ICM, iodine-based contrast media; TD, thyroid dysfunction; Hyper, hyperthyroidism; Hypo, hypothyroidism; CT, computed 
tomography; SHyper, subclinical Hyper; SHypo, subclinical Hypo; ATD, antithyroid drug; RAI, radioiodine; TSHR-Ab, TSH-receptor 
antibody; TPO-Ab, thyroid peroxidase antibodies; LT4, levothyroxine.

Table 3 (continued)
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Recommendations
28. Elderly patients with ICM-induced SHypo should be 

carefully followed, generally avoiding levothyroxine 
treatment. 2, ØØOO

What Are the Recommendations for Infants?
Premature infants and neonates might be particularly 

susceptible to the development of ICM-induced Hypo be-
cause the immature gland may not be able to fully escape 
from the acute Wolff-Chaikoff effect [49]. In 2015, the US 
Food and Drug Administration issued a safety announce-
ment regarding 10 cases of ICM-induced Hypo in infants 
younger than 4 months, reported between 1969 and 2012. 
In all cases, the infants were either premature or had seri-
ous cardiac abnormalities. Hypo occurred within 1 month 
after receiving ICM. Four of the 10 infants received LT4 
treatment for up to 10 months, while others improved 
without treatment. Based on these observations, health-
care professionals were advised to use clinical judgment 
to determine whether testing for Hypo might be neces-
sary after ICM exposure (https://www.fda.gov/drugs/
drug-safety-and-availability/fda-drug-safety-communi-
cation-fda-advises-rare-cases-underactive-thyroid-in-
fants-given-iodine.)

However, prevalence, severity, and duration of ICM-in-
duced Hypo in neonates remain largely unknown. A sys-
temic review, including eleven studies (182 neonates) at-
tempted to determine the risk of Hypo after ICM exposure, 
found inconsistent results for term infants (one study did 
not show an increased risk, while another did find a trend 
towards increased TSH levels and decreased FT4 levels) 
[71]. In contrast, studies including premature infants found 
trends toward increased serum TSH, decreased T3 and FT4, 
and the need for LT4 treatment (8.3% of the term infants 
and 18.3% of the premature infants were treated for ICM-
induced Hypo). Unfortunately, all studies included in the 
systemic review were highly affected by bias [71]. In con-
trast, mild, transient, neonatal Hypo was seen following ex-
posure to iodine via caesarean section but not via exposure 
to contrast media [72]. Only one prospective randomized 
study has compared thyroid function tests in preterm neo-
nates exposed to ICM with controls after peripherally in-
serted central catheter (PICC) at day 14 post PICC insertion 
or on day 28 of life. The results suggested that 0.3 mL of 
iodine-containing contrast material could be administered 
to extreme preterm neonates for better PICC tip visualiza-
tion without causing Hypo [73].

The most frequently reported risk factors for ICM-in-
duced Hypo (especially in preterm neonates) are: under-
lying congenital cardiac malformations, impaired renal 

function, and multiple radiological examinations [74]. 
Clinically, significant OHypo may occur after various ra-
diological examinations using ICM [75–78]. In addition, 
there have been cases of transient fetal goiter or transient 
neonatal Hypo due to preconception or postnatal mater-
nal exposure to ICM [79, 80]. However, a recent retro-
spective study suggested that preconception hysterosal-
pingography did not influence the neonatal thyroid func-
tion [50].

Although ICM-induced Hypo is likely transient and of 
short duration, its effects on the developing neonatal 
brain may be harmful. Until more evidence is available, 
we suggest careful monitoring of thyroid function tests in 
infants after maternal or neonatal ICM exposure, with a 
special attention to premature infants. ICM-induced 
Hypo in newborns should be treated according to local 
guidelines [81].

Recommendations
29. We suggest careful monitoring of thyroid function 

tests in infants after maternal or neonatal ICM expo-
sure, with a special attention to premature infants. 2, 
ØØOO

Conclusions

Evidence in the field of ICM-induced TD is scarce, re-
sulting in the majority of cases in weak recommendations 
predominantly based on low or very low-quality evi-
dence, which are summarized in Table 3. Although most 
cases of ICM-induced Hyper are mild and transient, there 
is a small risk of severe thyrotoxicosis with serious cardio-
vascular complications, especially in elderly patients. On 
the other hand, the fetus and neonate may be susceptible 
to developing clinically significant Hypo after maternal 
or neonatal ICM exposure. An individualized approach 
to prevention and treatment of ICM-induced TD is ad-
vised, based on patient’s age, clinical symptoms of TD, 
pre-existing thyroid diseases, coexisting morbidities, and 
iodine intake. Additional clinical trials with clinically rel-
evant endpoints are warranted to further aid in clinical 
decision-making in patients with ICM-induced TD.
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