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Severe Hypothyroxinemia in a Young Adult with Carbimazole-Treated
T3-Predominant Graves’ Hyperthyroidism, Reversed with
L-Thyroxine Loading Immediately Post-Total Thyroidectomy
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Abstract

Patients with triiodothyronine (T3)-predominant Graves’ hyperthyroidism with markedly elevated serum thyroid stimulating
immunoglobulin (TSI) levels and massive goitre may display discordant hypothyroxinemia with eutriiodothyroninemia or
hypertriiodothyroninemia while on anti-thyroid drug therapy. A 25-year-old female with the above was started on oral
carbimazole therapy for 9 months before total thyroidectomy. Preoperatively, her serum free T4 was reduced to below
detection limit, and total T4 reduced to 11% of lower limit of normal, while T3 levels remained normal, and TSH remained
largely suppressed. Immediately after total-thyroidectomy, a loading dose of L-thyroxine (L-T4) was administered
intravenously. She was extubated without any postoperative complications. Serum free and total T4, and TSH normalized
within the next 24 hours. The peculiar thyroid axis dynamics and use of L-T4 postoperative loading in such a rare clinical

scenario are discussed.
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INTRODUCTION

Triiodothyronine (T3)-predominant Graves’ disease was
first described in 1984 and is defined by persistently elevated
serum free T3 levels associated with hypothyroxinemia
in Graves’ disease patients who are on anti-thyroid-
drug (ATD) therapy.' It occurs in about 5% of Graves’
thyrotoxic patients? and is most often found in patients
with higher thyroid stimulating immunoglobulin (TSI)
levels together with larger thyroid glands that are iodine
avid, have higher TPO activity and a lower thyroglobulin-
iodine content after treatment.’

CASE

Our patient is a 25-year-old, married female, who was
diagnosed with Graves’ disease at age 18 years. She had
completed a 3-year course of carbimazole (CMZ) abroad,
but suffered a relapse 6 months later, whereupon CMZ was
restarted by her doctor. Five months before presenting to
us, her thyroid function was normal on CMZ 5 mg every
other day. She presented with 8 kg weight loss, palpitations
and vomiting over the last 2 months, whilst compliant
on low dose CMZ. She was not trying to conceive. On
examination, she was alert with a GCS score of 15. Her
blood pressure was 131/79 mmHg, heart rate 135 beats/
min, regular. She weighed 40kg and her body mass index
was 17.5.m?% Her skin felt warm and sweaty, and she
had fine tremors on outstretched hands. She had a WHO
Grade 3 goitre, but signs of thyroid eye disease were
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absent. She denied any symptoms of dysphagia, difficulty
breathing nor change in her voice. Her serum fT4 measured
greater than 154.8 pmol/L (RR 8-21), fT3 greater than 30.8
pmol/L (RR 4.8-8.3) and thyroid stimulating hormone
(TSH) 0.01mIU/L (0.34-5.6). Her thyrotrophin receptor
antibody (TRADb) level was greater than 40 IU/L (<1.0).
Ultrasound thyroid scan revealed an enlarged thyroid
gland with very heterogenous parenchyma and increased
vascularity. The right lobe measured 10.9x5.0x5.5 cm,
left lobe 9.0x5.0x3.0 cm and isthmus 8.0x3.7x2.6 cm. No
thyroid nodules were seen on ultrasound.

Her dose of CMZ was increased to 100 mg daily for a week
then reduced to 30 mg daily. The course of her weight,
heart rate, thyroid function test (TFT) and CMZ daily
dosage are depicted in Figures 1A to C respectively. Over
a span of 7 months, her serum TSH showed inappropriate
suppressed or inappropriate normal levels when f{T4
was low and T3 normal, as well as transient appropriate
suppression due to T3 toxicosis (Figure 1B). She was
advised to take appropriate contraceptive measures
in view of her unstable TFTs, and scheduled for total
thyroidectomy as definitive therapy for T3-predominant
Graves’ disease. She was well and clinically euthyroid
on elective admission. Laboratory tests performed pre-
operatively showed serum free T4 less than 2 pmol/L (8-21),
total T4 10 nmo/L (70-140), free T3 4.0 pmol/L (4.8-8.3), total
T3 2.07 nmol/L (0.9-2.6), TSH 16.9 mIU/L (0.34-5.6), TRAD
>40 IU/L (<1.0), and TSI >5000% (<179).
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Pulse Rate and Weight Before And After Total Thyroidectomy (11/4/18)
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Figure 1. Serial (A) weight and heart rate; (B) thyroid function and TRAD titres and (C) daily dose of oral carbimazole (CMZ)
therapy, in a patient with T3-predominant Graves’ hyperthyroidism. TSH was suppressed from 11/9/17 to 6/11/17 (8 weeks
with low fT4 and normal fT3), further suppressed on 13/12/17 (T3 toxicosis) and went from suppressed to normal from 7/2/18

to 24/3/18 (6 weeks with low fT4 and normal T3).

In the operating theatre, immediately after her thyroid
was excised, in view of her severely depleted total T4,
intravenous L-thyroxine (L-T4) 500 mcg (10 mcg/kg)
was administered as a loading dose to quickly restore
her circulating T4 reservoir. Her perioperative thyroid
function tests in the first 24-hours post total-thyroidectomy
are depicted in Figure 2. Post-operatively, there was
no decreased ventilatory drive and she was extubated
successfully. Other hypothyroid signs and symptoms were
also absent. She was monitored closely for adverse effects
such as cardiac ischaemia and infarction, tachycardia and
palpitations. No immediate post-operative complications
were observed. Her resected thyroid gland weighed
231 grams.

www.asean-endocrinejournal.org

She was discharged well on the 3™ postoperative day.
She remained euthyroid (fT4 12-16 pmol/L, TSH 0.53-
4.34 mIU/L) on oral thyroxine replacement and conceived
21 months later. Her thyroxine dosage was optimized
throughout pregnancy. Her TRADb levels had reduced
to 3.2 IU/L at 34 weeks’ gestation and she gave birth to a
term healthy baby boy.

DISCUSSION

Normally, T4 and T3 are secreted by the thyroid in a
ratio of 11:1, with the rest of circulating T3 produced
extrathyroidally.* In Graves’ hyperthyroidism, there is
an increase in the intrathyroidal deiodination of T4 to
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Figure 2. Thyroid function profile before and within 24-hours after total thyroidectomy with intravenous levothyroxine 500

mcg loading.

T3.5 The higher levels of TSI in T3-predominant Graves’
disease result in greater stimulation and higher thyroid
peroxidase (TPO) activity levels, higher iodine turnover
and lower intrathyroidal iodine pool, and thus preferential
T3 production.®

When serum fT4 is low and serum fT3 normal,
hypothalamic-tancyte and pituitary-thyrotroph intra-
cellular T3 levels should decrease, due to decreased
availability of T4 for local conversion to T3 by type 2
iodothyronine deiodinase (DIO2).7? This should lead to an
increase in serum TSH by negative feedback. In this case,
serum TSH remained suppressed at times over a period of
24 weeks (Figure 1B). This is attributed to mild T3 toxicosis
with delayed TSH recovery. However, it is speculated that
besides driving high thyroidal iodine turnover, a high
TRADb level may downregulate pituitary TSH secretion
by an ultra-short negative feedback loop by acting on the
pituitary TSH receptor (TSHR).1' 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.”? As the
pituitary TSHR is also recognized by TSI, this interaction
plausibly explains the prolonged serum TSH suppression
despite serum fT4 being low and T3 being normal, until
central regulatory tissue T3 levels were low enough to
override the suppressive effect of TSI (Figure 1B). Chung
et al.’s retrospective study of Graves’ patients on long-
term ATD has provided some indirect evidence to support
this hypothesis. They showed that after both T4 and T3
had been normal for 3, 6 and 12 months whilst on ATD
therapy, serum TSH was inversely correlated with TRAb
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activities (r=-0.353, p<0.001 at 3 months; -0.317, 6 months;
and -0.297, 12 months)."

High levels of TSI on concomitant ATD treatment leads
to hypothyroxinemia with increased circulating T3 to
T4 ratios due to intrathyroidal iodine depletion."® The
intriguing dynamics poses a therapeutic challenge to the
clinician: should one aim to normalize TSH that would
entail hypothyroxinemia, or target normal T4 that would
entail T3 toxicosis (Figure 1B). In a seminal study by
Pedraza et al., rats were rendered hypothyroxinemic to
varying degrees by being fed different grades of iodine-
deficient diets. When plasma total T4 was decreased to
25% of normal, plasma TSH had increased 6-fold, whereas
plasma total T3 remained normal. When plasma total T4
was decreased to 5% of normal, plasma TSH had risen
10-fold, and plasma total T3 reduced to 46% of normal.
Intriguingly, tissue T3 levels were demonstrated to be
tissue specific, being normal in muscle and heart, elevated
inlung and ovary, but low in brain, pituitary and brown fat,
in the same animal.* Notably, tissues depending on plasma
T3 would have normal T3 concentrations, while tissues
that depend more on circulating T4 for the local generation
of T3 would be less protected from hypothyroidism.”'*
Moreover, Fonseca et al., have elegantly shown in a DIO2-
knockout mouse model that the hypothalamic-thyroid axis
is wired to maintain normal plasma T3 levels, through
coordination of T4-to-T3 conversion between thyrotrophs
and hypothalamus.”> Accordingly, we suggest that in the
present clinical context, the priority target for ATD dose
titration should be circulating fT3 level at upper normal.
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During early pregnancy, fetal brain development depends
more on circulating maternal T4 than T3."* When maternal
serum T4 levels are low and T3 levels are normal or
high, as seen in this case or when a patient is taking T3
supplements, fetal brain development might be adversely
affected. Conversely, treating to high normal maternal fT4
levels to avoid ATD-induced fetal hypothyroidism would
entail prolonged maternal T3 toxicosis. To avoid being
faced with such a therapeutic dilemma, we suggest that
reproductive-age female patients who present with large
goitre and very high TSI levels leading to T3-predominant
Graves’ hyperthyroidism, should undergo early definitive
therapy by total thyroidectomy followed by L-thyroxine
replacement, before trying to conceive. They should also
be advised to take appropriate contraceptive measures
before definitive surgical therapy.

Greater than 99.9% of circulating T4 is protein-bound.
When preoperative total T4 was very low at 9 nM (70-140),
starting our patient on daily maintenance doses of 75-100
mcg L-T4 after total thyroidectomy would have meant
a slow correction of fT4, as binding sites on thyroxine-
binding globulin, transthyretin and albumin are being
saturated. Extrapolating from early clinical studies of
patients with myxoedema coma where the mean thyroxine
deficit was estimated at 360 mcg, and assuming an
euthyroid daily T4 turnover of 80 mcg, a daily maintenance
dose of 100 mcg would take about 18 days to replete the
extrathyroidal T4 pool.” A study by Arlot et al., showed
that patients with myxoedema coma who were loaded
with oral L-T4 500 mcg followed by 100 ug daily, did not
achieve normal total T3 nor normal total T4 blood levels
within 14 days." In contrast, Ridgway et al., showed that
in 7 non-comatose hypothyroid patients with mean total
T4 11.6 nM (51-141), given IV L-T4 at mean loading dose
of 428 mcg and then 100 mcg daily, total T4 levels were
normalized within 24 hours, as in our case.'

Unlike the case studies mentioned above, our patient
was clinically euthyroid preoperatively, with normal T3
levels. However, her TSH had risen over 16 days from
3.37 mIU/L to 17.0 mIU/L at 24-hours before surgery, i.e.,
classic primary hypothyroid pattern. We were concerned
that starting with the usual daily maintenance L-T4
dose and the consequent slow correction of T4 would
adversely affect her postoperative recovery. Thyroid cancer
patients who were rendered short-term hypothyroid by
withdrawing both L-T4 and L-T3 therapy for 2-3 weeks
were shown to have normal baseline minute ventilation,
but depressed hypoxic® and hypercarbic ventilatory
drives that normalized after resuming thyroid hormone
replacement therapy. There was also a potential risk
of depressed cardiac function and increased systemic
vascular resistance post-thyroidectomy.?? Hence, we opted
to administer an intravenous loading dose of L-T4, with
no risk of aspiration, to quickly replete extrathyroidal T4
pool, and thereby allow maintenance of adequate T3 levels
by peripheral conversion as calorie intake resumed to
normal postoperatively (Figure 2).

As our patient was clinically euthyroid preoperatively,
with normal T3 levels, another option would have been
to give a loading dose of oral L-T4 after full recovery
from anaesthesia. It has been shown that within 2 to 3
hours of oral ingestion of either a weight-based® or 1000
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T3-PREDOMINANT GRAVES’ THYROTOXIC PATHOPHYSIOLOGY
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Figure 3. Proposed pathophysiology of T3-predominant
Graves’ thyrotoxicosis with discordant thyroid function.

mcg* of L-T4, significant rises of fT4 to adequate levels
may be attained. This is seen in a test setting to rule out
malabsorption in patients with medication nonadherence
who remain biochemically hypothyroid despite “taking”
high doses of L-T4. Moreover, Rajendran et al, have
described their institutional experience of successfully
treating 13 out of 14 patients with myxoedema coma using
oral L-T4 loading therapy.”

Our patient was young with no history of cardiovascular
diseases nor arrhythmias. If our patient was elderly or with
heart disease, one would be more circumspect about LT4
loading, to avoid precipitation of myocardial ischemia
and cardiac failure. Although total thyroidectomy would
have removed our patient’s thyroidal source of T3, we
did not start the patient on liothyronine as she was well
preoperatively and we did not expect any postoperative
complications nor prolonged reduced calorie intake that
might impair peripheral T4 to T3 conversion.

The pathophysiology of T3-predominant Graves’
thyrotoxicosis, including how a very high TSI level possibly
suppresses TSH in a short feedback loop that leads to
discordant thyroid function, is illustrated in Figure 3.

CONCLUSION

This case exemplifies how patients with T3-predominant
Graves’ hyperthyroidism characterised by markedly
elevated serum thyroid stimulating immunoglobulin (TSI)
levels and large goitre may display hypertriiodothyroni-
nemia followed by eutriiodothyroninemia with discordant
and severe hypothyroxinemia, as ATD therapy is titrated.
For the ensuing severe preoperative hypothyroxinemia,
we believe this is the first case report demonstrating its
safe correction with intravenous levothyroxine loading
therapy immediately following total thyroidectomy.
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