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Abstract

We characterize the clinical and laboratory characteristics of 5 patients with Graves’ thyrotoxicosis whose serum free 
thyroxine (fT4) concentration decreased unexpectedly to low levels on conventional doses of carbimazole (CMZ) 
therapy. The initial fT4 mean was 40.0 pM, range 25-69 pM. Thyroid volume by ultrasound measured as mean 11 ml, 
range 9.0-15.6 ml. Initial TSI levels measured 1487% to >4444%. Serum fT4 fell to low-normal or hypothyroid levels 
within 3.6 to 9.3 weeks of initiating CMZ 5 to 15 mg daily, and subsequently modulated by fine dosage adjustments. 
In one patient, serum fT4 fluctuated in a “yo-yo” pattern. There also emerged a pattern of low normal/low serum fT4 
levels associated with discordant low/mid normal serum TSH levels respectively, at normal serum fT3 levels. The long-
term daily-averaged CMZ maintenance dose ranged from 0.7 mg to 3.2 mg. Patients with newly diagnosed Graves' 
hyperthyroidism who have small thyroid glands and markedly elevated TSI titres appear to be “ATD dose sensitive.” Their 
TFT on ATD therapy may display a “central hypothyroid” pattern. We suggest finer CMZ dose titration at closer follow-up 
intervals to achieve biochemical euthyroidism.
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INTRODUCTION 

In patients with newly diagnosed Graves’ hyperthyroidism 
started on anti-thyroid drugs (ATDs), various factors 
affect the rate of decrease of serum free thyroxine (fT4) 
concentrations. Current guidelines recommend the initial 
starting dose of ATD to be based on a number of factors, 
such as initial serum fT4 concentration, thyroid gland 
size and triiodothyronine (T3) levels.1 In a retrospective 
multivariate analysis by Choi et al., of 99 patients with 
new onset Graves’ disease, high level of fT4, high thyroid 
stimulating hormone receptor antibody (TRAb) titre and 
absence of goiter were associated with rapid responsiveness 
to methimazole treatment.2 In their entire cohort, most 
patients showed normalization of free thyroxine within 
about 2 months, regardless of the initial free thyroxine level.

Dalan et al., had previously reported on a male patient 
with newly diagnosed agoitrous Graves’ hyperthyroidism 
who unexpectedly developed severe hypothyroxinemia 
within 3 weeks of starting anti-thyroid treatment, and 
rapidly rebounded back to hyperthyroidism within one 
week of ATD discontinuation.3 He demonstrated a highly 

elevated TRAb titre. Intriguingly, he also demonstrated a 
discordant profile of suppressed serum TSH level despite 
concomitantly low serum fT4 and low to normal serum fT3 
concentrations during the course of ATD treatment.3 A low 
serum fT4 may prompt the clinician to stop ATD therapy, 
which leads to rebound thyrotoxicosis. We report the 
biochemical and clinical features of a further 5 patients with 
rapid response to ATD. Early recognition of this phenotype 
can help to avoid swings between hypothyroidism and 
hyperthyroidism upon commencing and after adjusting 
ATD therapy.

CASES

Patients
We describe 5 patients referred for management of Graves’ 
hyperthyroidism from July 2008 to March 2017 at the 
Department of Endocrinology, Tan Tock Seng Hospital, 
Singapore, who developed hypothyroxinemia after 
starting oral carbimazole (CMZ). This case series has been 
approved for publication by our institutional review board 
(DSRB Ref 2014/00896). Serum TRAb, thyroid stimulating 
immunoglobulin (TSI), TSH, fT4 and fT3 concentrations, 
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spectrometry (Elan Dynamic Reaction Cell II; Perkin 
Elmer) in standard mode using tellurium (Te) as an 
internal standard. Urine (60 µL) was first diluted 1:25 in 
diluent (50 mcg/L Te and 10 mcg/L Rh in 1 % tetramethyl-
ammonium hydroxide) and then quantified using an 
aqueous acidic calibration. The analytical measuring range 
was 10-40,000 mcg/L. Urine creatinine was measured 
using Roche assay, based on the enzymatic conversion 
of creatinine by creatininase, creatinase, and sarcosine 
oxidase to glycine, formaldehyde and hydrogen peroxide. 
Catalyzed by peroxidase, the liberated hydrogen peroxide 
reacts with 4‑aminophenazone and HTIBa to form a 
quinone imine chromogen. The colour intensity of the 
quinone imine chromogen formed is directly proportional 
to the creatinine concentration in the reaction mixture, 
utilizing inductively coupled plasma mass spectrometry 
(ICP-MS) for iodine quantification in urine. This was 
normalized to urine creatinine, performed by enzymatic 
colorimetric assay (Roche).

Descriptive analysis 
The baseline clinical characteristics and initial thyroid 
function response from all 5 patients are tabulated together 
with the reference range of each test. When a serum result 
was expressed as greater or less than a numerical limit, 
that value of limit was utilized. For each patient, thyroid 
function (fT4, fT3, TSH), TRAb, TSI, anti-TPO Ab titre, 
and CMZ dose were summarised graphically across the 
follow-up calendar time. 

RESULTS 

Patients presented with typical symptoms such as weight 
loss, increased appetite, palpitations, heat intolerance, 
diarrhoea and tremors. Patients 1 and 4 presented with 
complications of atrial fibrillation and thyrocardiac failure. 
Baseline demographics, thyroid function, thyroid volume 
and echogenicity, starting CMZ dose and initial thyroid 
function response are shown in Table 1. In all 5 patients, 
CMZ was started at doses equivalent to, or below, the 
methimazole (MMI)-equivalent starting dose (CMZ 10 
mg equivalent to MMI 6 mg) suggested for the degree of 
fT4 elevation by the 2016 American Thyroid Association 
Guidelines.1 The initial free thyroxine mean was 41.5 pM, 
range 25-69 pM. The mean thyroid volume measured by 
ultrasound was 11.2 ml, range 9.0-15.6 ml. All patients 
remained clinically agoitrous throughout the course of 
follow-up. The range of initial TSI was 1487 % to >4444 
%. Serum fT4 plunged to low-normal or hypothyroid 
levels within 3.6 to 9.3 weeks of initiating oral CMZ 5 to 
15 mg daily and were subsequently modulated by fine 
adjustments in CMZ dosage. 

Our 5 patients’ follow-up ranged from 14.7 months to 121.7 
months (mean of 66.27 months, SD of 39.3 months). Their 
long-term biochemical course in response to CMZ treatment 
are shown in Figures 1-5. In all instances, the date of the 
dispensation of CMZ was verified to be the same as the date 
of prescription, suggesting patient compliance to therapy. 
In patients #1 and #2, whilst on ATD treatment, serum TSH 
was seen to remain inappropriately suppressed despite fT4 
decreasing to and remaining at low normal concentrations, 
whilst fT3 levels remained normal (Figures 1-2). In patient 
#2, TSH was seen to be restored to within the lower half 
of reference range (its suppression was overcome) at 

random spot urine iodine-creatinine ratio and thyroid 
size by ultrasound imaging, performed by our hospital 
radiology service, were measured. The volume of the 
thyroid gland was calculated as the sum of right and left 
thyroid lobes using ellipsoid formula 0.479 x length x 
depth x width. Low echogenicity in the thyroid gland was 
classified into 4 categories as previously described: Grade 
0, diffuse high-amplitude echoes throughout the whole 
thyroid lobe; Grade 1, low-amplitude non-uniform echoes 
in the whole or several regions of the thyroid; Grade 2, 
several sonolucent regions in the thyroid; and Grade 3, no 
apparent echoes or very low amplitude echoes throughout 
the whole thyroid.4

Laboratory analysis

Free thyroid hormones and TSH
Serum free T4 and free T3 were measured by Access® 
Thyroid kit in a 2-step competitive immunoassay on a 
Beckman CoulterTM automated platform. Serum TSH 
was measured by Access® HYPERsensitive (3rd generation) 
chemiluminescent sandwich immunoassay on a Beckman 
Coulter automated platform. 

TRAb Assay
TRAb was measured using a third generation M22-biotin 
based ELISA commercial kit (Euroimmun TRAb Fast 
ELISA IgG) on the Triturus Analyser. Measurements were 
performed according to the manufacturer's instructions. 
TBII is detected by inhibiting the binding of M22 to 
immobilized recombinant human TSHR. The calibration 
is standardized against WHO 1995 Standard 90/672 
(NIBSC 90/672).

Thyroid Stimulating Immunoglobulin (TSI)
The thyroid stimulating activity of TSH receptor antibodies 
is measured by their ability to stimulate susceptible 
cells to make thyroid adenylate cyclase (cAMP). The 
immunoglobulin (Ig) fraction of patients’ sera is precipitated 
with a 20 % solution of polyethylene glycol (PEG). 120 
µl of the reconstituted Ig fraction is then incubated with 
cloned JP-26 cells in a 96-well microtiter culture plate for 
two hours at 37 oC in 5 % CO2/95 % air atmosphere, using 
hypotonic buffer. The supernatants are then collected 
and assayed for cAMP contents in a radioimmunoassay. 
Results are expressed as percent increase in patient cAMP 
production as compared to normal human serum (NHS) 
cAMP production. The calculation formula for TSI results 
are expressed as %: (Patient’s cAMP / NHS’s cAMP) x 100 
% (Reference range of TSI=50 % to 179 %; >179 % indicate 
stimulating). Each sample is performed in duplicate and 
the results averaged. The estimated inter-assay coefficient 
of variation (CV) of the TSI assay is 10 % to 20 %.

Thyroid Peroxidase Antibody
TPO Ab was measured using the commercial kit 
(ORGENTEC Diagnostika GmbH ELISA IgG) on the Triturus 
Analyser. Measurements were performed according to the 
manufacturer's instructions. The calibration is standardized 
against the international reference preparation WHO 
MRC66/387 for anti-TPO antibodies as 1000 IU/ml.

Urine Iodine-Creatinine Ratio (UICR)
Specimens were sent to Mayo Laboratories. Urine iodine 
was analysed using inductively coupled plasma mass 
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Figure 1. Patient 1 clinical course (A) thyroid function; (B) serum TSH receptor antibody (TRAb) and thyroid stimulating 
immunoglobulin (TSI) levels; (C) carbimazole (CMZ) therapy-average daily dose. From 22.3.12-25.5.12 (9.4 weeks), serum 
TSH remained inappropriately suppressed or inappropriately normal in the presence of low serum fT4.

A

B

C
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Table 1. Baseline Clinical Characteristics and Initial Thyroid Function Response After Starting Oral Carbimazole (CMZ)

Patient Ethnicity,
Age/Gender

USS 
Thyroid 
volume 

Hypoecho-
genicity 
Gradea

Initial 
fT4

Initial 
TSH

Initial 
TRabT

Initial
TSI

Initial 
CMZ 
dose

Time from 
Starting 
CMZ to 

Next TFT

Next 
fT4

Next 
fT3 Next TSH

Random 
Urine 

Iodine/
Cr Ratio

(yrs) (cm3) (pM) (mIU/L) (IU/L) (%) (mg/d) (weeks) (pM) (pM) (mIU/L) (mcg/g)
1 Chinese / 56 / F 14.3 1 69 0.03 5.4 1487 15 9.3 6 3.7 0.02 167
2 Chinese / 81 / F 9.1 1 28 <0.01 >40.0 >4444 5 9.0 8 3.7 0.01 192
3 Chinese / 55 / F 7.2 1 49 0.02 >30.0 >4444 15 4.0 5 3.8 0.02 -
4 Chinese / 72 / M 15.6 1 25 0.06 34.3 >4000 10 3.6 6 4.6 0.06 145
5 Chinese / 82 / M 9.0 0 29 0.05 31.2 3160 10 5.3 6 3.8 0.18 108

Expected range < 15 8-21 0.34-5.64 <0.4 80-179 8-21 3.5-6.0 0.34-5.64 26-705
a Grade 0, diffuse high-amplitude echoes throughout the whole thyroid lobe; Grade 1, low-amplitude non-uniform echoes in the whole or several regions of 
the thyroid; Grade 2, several sonolucent regions in the thyroid; and Grade 3, no apparent echoes or very low amplitude echoes throughout the whole thyroid.



Figure 2. Patient 2 clinical course (A) thyroid function; (B) serum TSH receptor antibody (TRAb) and thyroid stimulating 
immunoglobulin (TSI) levels; (C) carbimazole (CMZ) therapy-average daily dose. Between 24.10.08 and 8.10.09, fT4 
showed a “yo-yo” pattern with small dose adjustments of CMZ. Between 25.11.10 and 30.06.15, TFT showed “central 
hypothyroid” pattern.

A

B

C

All our patients preferred and were maintained on 
prolonged low dose CMZ, in averaged daily doses ranging 
from 0.7 mg to 3.2 mg. Remarkably, in the long-term, 
patient #2 required the lowest dose of only CMZ 2.5 mg 

concomitant fT4 values that were below normal (Figure 2). 
These patterns resembled “central hypothyroid” patterns. 
As all patients were non-pregnant, dose of CMZ was 
adjusted to keep serum fT3 mid-normal as the first priority.
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Figure 3. Patient 3 clinical course (A) thyroid function; (B) serum TSH receptor antibody (TRAb) and thyroid stimulating 
immunoglobulin (TSI) levels; (C) carbimazole (CMZ) therapy-average daily dose. Patient received block and replace, followed 
by CMZ only therapy. Although TRAb levels demonstrated a downtrend, paired TSI activity remained discordantly elevated.

A

B

C

DISCUSSION 

We present 5 patients with newly diagnosed Graves' hyper-
thyroidism whose serum fT4 plunged to unexpectedly 

twice per week (averaged to 0.7 mg daily) to maintain 
euthyroidism, despite having persistently elevated TSI 
levels at 24 times above upper limit of normal (Figure 2). 
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Figure 5. Patient 5 thyroid function course in response to carbimazole (CMZ) therapy. On CMZ 10 mg od for 3.6 weeks, 
patient became hypothyroxinemic; CMZ was not stopped but decreased to 2.5 mg daily, to avoid rebound thyrotoxicosis.

Figure 4. Patient 4 clinical course (A) thyroid function, serum TSH receptor antibody (TRAb) and thyroid stimulating 
immunoglobulin (TSI) levels; (B) carbimazole (CMZ) therapy-average daily dose. On 7 weeks of CMZ 10 mg od, patient 
became primary hypothyroid. CMZ was stopped for 1 week, then resumed on 2.5 mg daily to avoid rebound thyrotoxicosis. 

A

B

elevated TRAb and TSI levels around the time of diagnosis. 
In a retrospective multivariate analysis by Choi et al., 
of 99 patients with new onset Graves’ disease, high level 
of fT4, high titre of TRAb and absence of goiter were 

low levels after commencing CMZ at doses equivalent to, 
or below, that suggested for the degree of fT4 elevation by 
the 2016 American Thyroid Association Guidelines.1 All 5 
patients demonstrated absence of goiter with remarkably 
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serum T4 and low-normal serum T3 levels. Remarkably, 
2 of these patients had non-elevated serum TSH levels. 

ATD may reversibly or irreversibly inhibit thyroid 
peroxidase (TPO) catalyzed iodination, depending on 
the relative intra-thyroidal concentrations of iodine and 
ATD.11-13 At low intrathyroidal iodine level, iodination 
inhibition by ATD is irreversible, but an increase in iodine 
concentration competitively overcomes the inhibition. It 
is considered that rapid responders with small thyroid 
volume and thus small intrathyroidal iodine pool 
require a markedly elevated TSI level and a fast iodine 
turnover rate to maintain elevated thyroid hormone 
levels. The high iodine turnover in turn, contributes to the 
small iodine pool. 

When relatively high doses of ATD are started, the intra-
thyroidal ATD to iodide concentration ratio is increased, 
almost complete blockage of iodide organification ensues, 
leading to a rapid decrease in serum fT4 relative to serum 
fT3. Intriguingly, Taurog observed from his animal 
experiments, that "the change from reversible to irreversible 
inhibition of iodination with both propylthiouracil and 
methimazole occurred with seemingly slight elevations 
in the concentrations of these drugs."12 Perhaps this 
relates clinically to the marked swing in fT4 levels with 
slight changes in ATD dose, seen initially for example, in 
patient 2 (Figure 2).

Azizi reported that Graves’ hyperthyroidism responds 
more rapidly to MMI in an iodine-deficient area (Teheran) 
compared with in an iodine-sufficient area (Boston), where 
urinary iodine/creatinine ratio above 50 g/g represented 
iodine-sufficiency.14 In a subsequent study he reported 
that less than the usual recommended doses of MMI or 
PTU caused a rapid decline of thyroid hormone indices 
in patients residing in Teheran.15 In opposite contrast, 
patients with type 1 amiodarone-induced thyrotoxicosis 
may require higher than usual doses of ATD, because of 
the drug-derived iodine load.

All four of our patients in whom we performed random 
urine iodine/creatine ratio had values above 100 µg/g 
(Mayo Lab lower reference value 70 µg/g), suggesting 
that the rapid-responder phenotype may also occur in the 
presence of adequate iodine intake, when small thyroid 
and markedly elevated TSI titre are concomitantly present.

Besides driving high thyroidal iodine turnover, it is 
speculated that a high TRAb level may downregulate 
pituitary TSH secretion by an ultra-short negative 
feedback loop by acting on the pituitary TSH receptor 
(TSHR).16,17 The pituitary TSHR, expressed in the human 
anterior pituitary on folliculo-stellate cells, lies outside 
the blood-brain barrier and is therefore accessible to these 
autoantibodies.18 As the pituitary TSHR is also recognized 
by TSI, this interaction plausibly explains the prolonged 
serum TSH suppression seen in patients with Graves’ 
subclinical hyperthyroidism.19

In the course of follow-up, our patients demonstrated 
a discordant pattern of prolonged suppressed or low-
normal TSH with corresponding low-normal or low fT4 
levels. The concomitant fT3 levels were normal, hence 
the inappropriately low TSH is not due to T3-toxicosis. 

associated with rapid responsiveness to methimazole 
treatment.2 Their study, together with our case series, 
suggest that Graves’ patients presenting with normal-sized 
thyroid glands and markedly elevated TSI levels predict 
a “rapid responder” phenotype to conventional doses of 
ATD. Moreover, we observed the perplexing profile of 
prolonged suppressed, or inappropriately normal, TSH 
despite concomitantly low-normal or low serum fT4 during 
the course of ATD treatment, when serum fT3 was low 
to normal. 

Dalan et al., reported on an agoitrous Graves’ patient 
with markedly elevated TRAb who rapidly became 
hypothyroxinemic 2 weeks after being treated with a 
conventional dose of CMZ (Appendix A, reproduced with 
permission).3 Presence of thyroid stimulating blocking 
antibody (TSBAb) was excluded. After CMZ therapy 
was discontinued for a week, a thyroid uptake scan 
demonstrated 63% uptake at 4 hours, and 42% uptake at 
24 hours, with 24-hr minus 4-hr delta RAIU of -21%, or 
remarkably high iodine turnover.

Similarly, Gemma et al., reported that the difference 
between 3-hour and 24-hour RAIU predicted rapidity 
of response to MMI therapy in Graves’ patients.5 They 
found that 24-hr minus 3-hr delta RAIU was significantly 
lower in rapid responders (TFT was normal or low within 
1 month) than gradual responders. Delta RAIU was 
negatively correlated with the reduction in serum fT4 level 
at two weeks after MMI initiation and positively correlated 
with the biological half-life of intrathyroidal iodine.

TSH and TSI drive thyroidal iodine turnover. In 1944, 
Astwood and Bissell demonstrated that when normal rats 
were administered blocking doses of propylthiouracil 
(PTU) that rendered them hypothyroid, severe thyroidal 
iodine depletion occurred within days despite adequate 
iodine intake.6 Upon discontinuing ATD, the thyroid 
gland’s ability to re-accumulate iodine after it had been 
depleted was suppressed by thyroxine treatment or 
hypophysectomy, presumably by preventing rise of TSH. 
When hypophesectomy was performed before PTU was 
given, or if thyroxine was concomitantly administered 
with PTU, thyroidal iodine loss was prevented or amelio-
rated in a graded manner.6 It is now well established that 
elevated serum TSH or TSI increases thyroidal iodide 
uptake, increases T3 formation relative to that of T4, and 
leads to increased iodine turnover via its return to the 
circulation as thyroid hormone, with relatively more T3 
than T4 secreted compared to normal.7-9 Hence a high 
serum TSI level may be regarded as a marker for increased 
iodine turnover.

The intra-thyroidal iodine pool seen in untreated and 
treated Graves’ thyroids are lower than those of normal 
thyroids.10,11 In 1975, Larsen compared the thyroidal 
iodine content of 13 patients with Graves’ disease who 
had undergone thyroidectomy to that of 11 normal human 
thyroid glands.10 He found that the mean thyroidal iodine 
content of 2 patients who had received only propranolol 
(450 µg/g wet weight of thyroid tissue) was lower than 
normal (630±60 µg/g), but those who had received specific 
ATD treatment prior to surgery had the lowest levels. 
In particular, 3 of these patients were found to have 
very low thyroidal iodine (100±26 µg/g) and markedly low 
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Thus, persistent highly elevated serum TRAb levels 
suppressing serum TSH by a short negative feedback loop 
on pituitary thyrotrophs, offers an alternative explanation 
to a “delayed recovery” of thyrotrophs, especially if 
serum TSH remains inappropriately low after 4-6 weeks 
of relief of endogenous or exogenous hyperthyroidism.20 
This short-loop suppression is conceivably overridden 
when serum fT4 decreases further consequent upon 
further increase in ATD dose, leading to a rise in serum 
TSH, i.e., classical biochemical primary hypothyroidism 
(Appendix B). 

Our cases demonstrate long-term maintenance of 
euthyroidism on low dose (patient #3) or ultra-low dose 
(patient #2) CMZ despite the presence of persistently and 
concurrently highly elevated TSI levels. We speculate that 
euthyroidism could be maintained on such low doses 
of CMZ because of low intrathyroidal iodine content, a 
mechanism also alluded to by Lauberg.21 From personal 
communication, Dalan’s case was subsequently maintained 
euthyroid on CMZ 2.5 mg on alternate days, and could 
not be weaned off CMZ because of thyrotoxic relapse. 

Our small case series together with Dalan’s case report 
suggest that Graves’ patients with rapid-responder 
phenotype require atypically lower initial ATD dosing. 
If started on conventional doses (10-20 mg CMZ or 
equivalent), they may become hypothyroxinemic in 4-6 
weeks. For such patients, we suggest the initial ATD 
dose should be lower than usually prescribed, and the 
follow-up interval shorter than usually arranged. When 
serum fT4 are at hypothyroid levels, the period of ATD 
discontinuation should not be too prolonged so as to avoid 
rebound thyrotoxicosis. 

Study Limitations
Our case series is limited by the small number of patients, 
although 4 of the patients had extended follow-up. 
Future prospective case-controlled studies examining 
clinical characteristics, therapy and monitoring of rapid-
responder Graves’ thyrotoxicosis should be undertaken, 
to accumulate experience and evidence.

CONCLUSION 

Patients with newly diagnosed Graves' hyperthyroidism 
who have small thyroid glands and markedly elevated TSI 
titres appear to be “ATD dose sensitive.” Free T4 may swing 
markedly with small dose adjustments of ATD, or a “central 
hypothyroid” pattern of TFT may be seen. We suggest 
finer ATD dose titration at closer follow-up intervals to 
achieve biochemical euthyroidism, guided by monitoring 
TFT, fT3 and TRAb or TSI.
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Appendix A. High-iodine-turnover Graves’ patient displaying (1) rapid response to low dose CMZ; (2) rapid rebound 
thyrotoxicosis after stopping CMZ; (3) “central hypothyroid” TFT pattern.

Appendix B. Proposed Schematic of Small Thyroid-High TSI Rapid-Responder Graves’ Pathophysiology.


