
caused by intrathoracic neoplasms.2 It typically presents 
with rapid clinical evolution due to high ACTH levels 
and the malignant nature of the neoplasm. Apart from the 
common features of Cushing’s syndrome, anorexia, 
weight loss and anemia may also be found. Hypokalemia 
occurs in up to 80% of EAS due to the mineralocorticoid 
effects of markedly elevated cortisol levels and the 
decreased activity of 11-hydroxysteroid dehydrogenase 
type 2.3 Cushing’s syndrome secondary to ectopic ACTH-
producing mediastinal paraganglioma is extremely rare. 
To date, less than 5 cases have been reported. Mediastinal 
paragangliomas arise from chromaffin tissue located in 
the para-aortic ganglia, with a tendency to invade 
bordering structures as observed in our patient. Fifty 
percent of patients are asymptomatic and incidentally 
diagnosed.4 Other manifestations include mass effects 
and hormonal hypersecretion. 
 
Surgical clearance of tumor is the only curative measure in 
EAS. In cases where surgery is not feasible, medical 
therapy to control hypercortisolemia is imperative. Other 
indications of medical therapy include severe biochemical 
disturbances, such as hypokalemia; immunosuppression; 
mental instability; or following radiotherapy. Bilateral 
adrenalectomy may be considered in patients with severe 
hypercortisolemia or intolerance to oral therapy.5 Surgical 
risks may be significantly reduced if cortisol levels are 
normalized preoperatively. Etomidate is a carboxylated 
imidazole which inhibits mitochondrial cytochrome P450-
dependent enzyme 11β-hydroxylase that catalyzes cortisol 
conversion from deoxycortisol. It was initially developed 
as an intravenous hypnotic non-barbiturate induction 
anesthetic agent, but was noted to increase mortality in 
critically unwell patients and cause low serum cortisol. 
The starting dose is 0.04 to 0.05 mg/kg/hour (2.5 to 3.0 
mg/hour). Etomidate initiation should be monitored in the 
ICU setting for close monitoring of plasma cortisol and 
potassium. Intravenous hydrocortisone may also be used 
in a “block and replace” strategy, with a serum cortisol 
target of 500 to 800 nmol/L.6 There is a clear delineation 
between higher anesthetic dose and lower doses which 
inhibits adrenal function. Schulte showed that etomidate 
only causes prominent sedation at the highest dose of 0.3 
mg/kg/hour. In their protocol, etomidate is started at 2.5 
mg/hour regardless of body weight, and titrated up to 4 
mg/hour according to cortisol level.7 Etomidate is an 
effective treatment for hypercortisolism, but is limited to 
short-term use. It is generally used to “buy time” while 
awaiting other definitive therapy. 
 

Our patient required a much lower dose of etomidate 
compared to other protocols. As with many other 
treatments, the dosages required by Asian patients tend to 
differ from their Caucasian counterparts. This is possibly 
due to ethnic differences in the metabolism of medications. 
From our own experience, we will continue to use a lower 
starting dose of etomidate on our patients in the future. 
Close clinical and biochemical monitoring of patients to 
enable appropriate dose adjustment is essential.  
 
CONCLUSION 
 
Low dose etomidate can be effectively used to control 
severe hypercortisolism. 
 
Ethical Consideration 
Informed consent has been taken before submission of the 
manuscript. 
 
Statement of Authorship 
All authors certified fulfillment of ICMJE authorship criteria. 
 
Author Disclosure 
The authors have declared no conflict of interest.  
 
Funding Source 
None. 
 
References 
1. Brown WH. A case of pluriglandular syndrome: Diabetes of bearded 

women. Lancet. 1928;2:1022-3. 
2. Salgado LR, Fragoso MCB, Knoepfelmacher M, et al. Ectopic ACTH 

syndrome: Our experience with 25 cases. Eur J Endocrinol. 
2006;155(5):725-33. https://doi.org/10.1530/eje.1.02278. 

3. Stewart PM, Walker BR, Holder G, O’Halloran D, Shackleton CH. 11-
beta hydroxysteroid dehydrogenase activity in Cushing’s syndrome: 
Explaining the mineralocorticoid excess state of ectopic ACTH 
syndrome. J Clin Endocrinol Metab. 1995;80(12):3617-20. 
https://doi.org/10.1210/jcem.80.12.8530609. 

4. Wald O, Shapira OM, Murar A, Izhar U. Paraganglioma of the 
mediastinum: Challenges in diagnosis and surgical management. J 
Cardiothorac Surg. 2010;5:19. https://doi.org/10.1186/1749-8090-5-19. 

5. Biller BM, Grossman AB, Stewart PM, et al. Treatment of 
adrenocorticotropin-dependent Cushing’s syndrome: a consensus 
statement. J Clin Endocrinol Metab. 2008;93(7):2454-62. PMID: 1841327. 
PMCID: PMC3214276. https://doi.org/10.1210/jc.2007-2734.  

6. Preda VA, Sen J, Karavitaki N, Grossman AB. Etomidate in the 
management of hypercortisolaemia in Cushing’s syndrome: A review. 
Eur J Endocrinol. 2012;167(2):137-43. https://doi.org/10.1530/EJE-12-0274. 

7. Schulte HM, Benker G, Reinwein D, Sippell WG, Allolio B. Infusion of 
low dose etomidate: Correction of hypercortisolemia in patients with 
Cushing’s syndrome and dose-response relationship in normal 
subjects. J Clin Endocrinol Metab. 1990;70(5):1426-30. https://doi.org/ 
10.1210/jcem-70-5-1426. 

 
 

 
Authors are required to accomplish, sign and submit scanned copies of the JAFES Author Form consisting of: (1) Authorship Certification, that all the requirements 
for authorship have been met by each author, and that the final version of the manuscript has been read and approved by all authors; (2) the Author Declaration, that 
the article represents original material that is not being considered for publication or has not been published or accepted for publication elsewhere; (3) the Statement 
of Copyright Transfer [accepted manuscripts become the permanent property of the JAFES and are licensed with an Attribution-Share Alike-Non-Commercial 
Creative Commons License. Articles may be shared and adapted for non-commercial purposes as long as they are properly cited]; and the ICMJE form for Disclosure 
of Potential Conflicts of Interest. For original articles, authors are required to submit a scanned copy of the Ethics Review Approval of their research as well as 
registration in trial registries as appropriate. For manuscripts reporting data from studies involving animals, authors are required to submit a scanned copy of the 
Institutional Animal Care and Use Committee approval. For Case Reports or Series, and Images in Endocrinology, consent forms, are required for the publication 
of information about patients; otherwise, authors declared that all means have been exhausted for securing such consent. Articles and any other material published in 
the JAFES represent the work of the author(s) and should not be construed to reflect the opinions of the Editors or the Publisher.

56 Ectopic ACTH  syndrome – Experience with Etomidate

www.asean-endocrinejournal.org Vol. 32 No. 1 May 2017

Chin Voon Tong, et al

ONLINE FIRST | April 21, 2017 | https://doi.org/10.15605/jafes.032.01.10

Ê

Ê

________________________________________  
ISSN 0857-1074 
Printed in the Philippines 
Copyright © 2017 by the JAFES 
Received: November 30, 2016. Accepted: April 3, 2017. 
Published online first: May 8, 2017.ÊÊ
https://doi.org/10.15605/jafes.032.01.11Ê

Corresponding author: Leh Teng Loh, MBBS(UM), MRCP(UK) 
Endocrinologist 
Hospital Sultanah Aminah Johor Bahru 
Jalan Persiaran Abu Bakar Sultan, 80100 Johor Bahru, Johor, Malaysia 
Tel. No.: 07-2257000 
E-Mail: lohlehteng@yahoo.com.my 
 

 

Metastatic Follicular Thyroid Carcinoma as a Cause of  
Low Serum Thyroxine with a Normal Thyroid Stimulating Hormone Level 

 
Leh Teng Loh¹ and Vivien Lim² 

 
¹Hospital Sultanah Aminah Johor Bahru, Malaysia 

²Gleneagles Hospital, Singapore 
 

Abstract 
 
Thyroid function is usually normal in differentiated thyroid carcinoma. We describe a case of a female patient who had 
metastatic follicular thyroid carcinoma (FTC) to the spine and lungs, who was clinically euthyroid but had very low free 
tetraiodothyronine (fT4) and normal thyroid stimulating hormone (TSH). Free triiodothyronine (fT3) and total T3 (TT3) 
were normal. Levothyroxine treatment increased fT4 marginally but caused a two- to three-fold rise in fT3 and TT3 
along with suppressed TSH.  This is likely due to hyperconversion of T4 to T3 from elevation in D2 deiodinase activity 
in the tumor. This phenomenon has been reported to occur in about 20% of metastatic FTC. 
 
KeyÊwords:ÊfollicularÊthyroidÊcarcinoma,ÊincreaseÊdeiodinaseÊactivityÊ

 
CASE 
 
A 46-year-old female presented to our hospital in 2008 
with gradual onset of paraparesis of both lower limbs. She 
had right hemi-thyroidectomy performed 12 years ago at 
another hospital. She did not monitor TSH, nor did she 
receive levothyroxine replacement at any time. Magnetic 
resonance imaging (MRI) of the spine showed multiple 
areas of abnormal marrow signals in the spine, involving 
the T4, T6, T7, T12, L2, L3 and S1 vertebrae.  Collapse of 
the T4 vertebra was seen with posterior cortical margin 
convexity and associated pre- and para-spinal and anterior 
epidural soft tissue components, causing compression on 
the thecal sac with moderate to severe secondary central 
canal stenosis (Figures 1A and B). Computed tomography 
(CT)-guided biopsy of the third lumbar spinal lesion 
revealed tumor cells which were positive for 
thyroglobulin immunohistochemistry, suggestive of 
metastatic follicular thyroid carcinoma.  
 
CT scan of the neck showed a remaining homogenous left 
thyroid gland with no abnormal calcification or nodule. A 
right-sided pleural effusion with collapse and 
consolidation of the right lower lobe of the lung was also 
present. Pleural fluid biochemistry was exudative, but 
cytology showed nonspecific staining of mesothelial cells 
and macrophages. It was most likely malignant in origin. 
Serum thyroglobulin was markedly elevated (3682 
mg/mL) and antithyroglobulin antibody was <4 IU/mL.   
 
She refused total thyroidectomy or any surgical 
intervention for her spinal compression. Local 

radiotherapy to the spine was then given. As radiotherapy 
was done in another hospital, we were not aware of the 
response to treatment. Bisphosphonate therapy was also 
not given. Due to the extent of disease, palliative care was 
offered. She defaulted clinic follow-up and was admitted 
several times for recurrent pleural effusion. The event 
leading to death 2 years ago was respiratory failure, which 
may have been due to pulmonary embolism due to 
chronic immobilization. 
 
Serial thyroid tests showed extremely low fT4 levels with 
normal fT3, TT3 and TSH.  Levothyroxine 100 mcg daily 
was started, which raised fT4 minimally but increased fT3 
to 1.5-fold the upper limit of normal and suppressed TSH 
even further (Table 1). Cortisol showed appropriate 
response to Synacthen®: baseline serum cortisol of 749 
nmol/L rose to 1236 nmol/L at 30 minutes and 1447 nmol/L 
at 60 minutes. Adrenocorticotropic hormone, follicular 
stimulating hormone, luteinizing hormone, estradiol and 
prolactin were normal. 
 
DISCUSSION 
 
Thyroid hormone production is regulated by both 
pituitary and peripheral factors. While the secretion of 
TSH is inhibited by T4 and T3, it is stimulated by 
thyrotropin releasing hormone. The thyroid follicular 
epithelial cell is responsible for the biosynthesis of thyroid 
hormones. As the main product of the thyroid gland, T4 
functions as a prohormone which is transformed into the 
biologically active hormone, T3. Extra-thyroidal 
conversion   of   T4   to   T3   is   regulated   by   nutritional,  
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Figure 1. Magnetic resonance imaging of the spine 
showing vertebral metastases (yellow arrow) on 
parasagittal (A) and sagittal (B) views.  
 
hormonal and illness-related factors. Approximately 80% 
of the T3 produced is formed by 5’-deiodination of T4 in 
extra-thyroidal tissue.1 Three iodothyronine deiodinases 
(D1, D2, D3) have been identified.  

T4 and TSH are usually undisturbed in thyroid carcinoma. 
However, in a minority of cases of metastatic follicular 
thyroid carcinoma, an elevated serum T3 to T4 ratio is 
seen. Several studies have evaluated the expression of 
deiodinase activity in thyroid neoplasms. D1 activity has 
been found to be reduced in papillary, follicular and 
anaplastic thyroid carcinomas. In contrast, a high level of 
D2 activity has been reported in metastatic follicular 
thyroid carcinoma, resulting in an increased fractional 
conversion of T4 to T3.2-4 
 
D1 and D2 activities were assayed in the tumor resected 
from a patient in a previous case report.2 The tumor D2 
converted 73 ± 3% of T4 to T3, compared to 26 ± 3% in the 
normal human thyroid. Most of these patients presented 
with either bulky primary tumors or metastatic disease. 
Akira et al., found that 20% of patients with massive 
metastatic follicular carcinoma had T3 thyrotoxicosis 
while on thyroxine treatment, whereas none of the 
patients with papillary or medullary thyroid carcinoma 
exhibited this phenomenon.5  
 
Our patient had very low serum fT4, in the range of 0.4 to 
0.7 pmol/L, with normal levels of TSH, fT3 and TT3. When 
exogenous thyroxine was started, fT4 increased 
marginally, with a consequent suppression of TSH and 
increase in fT3 and TT3. This is an indirect evidence of 
hyperconversion of T4 to T3, likely due to a high D2 
activity. However, the activity of deiodinase was not 
evaluated in the tumor tissue of our patient.  
 
In these patients, frequent monitoring of T3 levels along 
with fT4 and TSH should be done  to avoid overzealous 
treatment with exogenous thyroxine. Unfortunately, we 
were not able to titrate and optimize the dose of 
levothyroxine in this patient, as she defaulted follow-up 
and only returned later with other complications.  
 
CONCLUSIONS 
 
It is rational to consider elevated D2 deiodinase activity in 
follicular thyroid carcinoma as a cause of a low T4 with 
normal TSH.  This increases the conversion of T4 to 
triiodothyronine, making measured T3 levels normal. 
Thyroid suppression therapy should be titrated according 
to T3 and TSH levels to avoid T3 thyrotoxicosis.   
 

Table 1. Serial thyroid function test results 

Parameter Reference Value 
Date 

21 May 2013 23 July 2013 15 Oct 2013 20 Jan 2014 12 July 2014 5 Aug 2014 
TSHa, mIU/L 0.27-4.2 1.42 3.76 2.26 3.2 0.008 <0.005 
fT4b, pmol/L 12.0-22.0 0.4 0.8 0.7 0.7 0.3 2.3 
TT3c, nmol/L 0.90-2.60    1.73  4.03 
fT3d, pmol/L 3.5-6.0 4.2   5.3  9.4 
LT4e dose/day, mcg  N/A - - - - 100 100 
aTSH, thyroid stimulating hormone, determined using electrochemiluminescence immunoassay (ECLIA) using COBAS® E Immunoassay Analyzer 
bfT4, free tetraiodothyronine, determined using ECLIA using COBAS®  E Immunoassay Analyzer 
cTT3, total triiodothyronine, determined using chemiluminescent immunoassay using the Access® Immunoassay System 
dfT3, free triiodothyronine, determined using chemiluminescent immunoassay using the Access® Immunoassay System 
eLT4, levothyroxine 

A 
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Figure 1. Magnetic resonance imaging of the spine 
showing vertebral metastases (yellow arrow) on 
parasagittal (A) and sagittal (B) views.  
 
hormonal and illness-related factors. Approximately 80% 
of the T3 produced is formed by 5’-deiodination of T4 in 
extra-thyroidal tissue.1 Three iodothyronine deiodinases 
(D1, D2, D3) have been identified.  

T4 and TSH are usually undisturbed in thyroid carcinoma. 
However, in a minority of cases of metastatic follicular 
thyroid carcinoma, an elevated serum T3 to T4 ratio is 
seen. Several studies have evaluated the expression of 
deiodinase activity in thyroid neoplasms. D1 activity has 
been found to be reduced in papillary, follicular and 
anaplastic thyroid carcinomas. In contrast, a high level of 
D2 activity has been reported in metastatic follicular 
thyroid carcinoma, resulting in an increased fractional 
conversion of T4 to T3.2-4 
 
D1 and D2 activities were assayed in the tumor resected 
from a patient in a previous case report.2 The tumor D2 
converted 73 ± 3% of T4 to T3, compared to 26 ± 3% in the 
normal human thyroid. Most of these patients presented 
with either bulky primary tumors or metastatic disease. 
Akira et al., found that 20% of patients with massive 
metastatic follicular carcinoma had T3 thyrotoxicosis 
while on thyroxine treatment, whereas none of the 
patients with papillary or medullary thyroid carcinoma 
exhibited this phenomenon.5  
 
Our patient had very low serum fT4, in the range of 0.4 to 
0.7 pmol/L, with normal levels of TSH, fT3 and TT3. When 
exogenous thyroxine was started, fT4 increased 
marginally, with a consequent suppression of TSH and 
increase in fT3 and TT3. This is an indirect evidence of 
hyperconversion of T4 to T3, likely due to a high D2 
activity. However, the activity of deiodinase was not 
evaluated in the tumor tissue of our patient.  
 
In these patients, frequent monitoring of T3 levels along 
with fT4 and TSH should be done  to avoid overzealous 
treatment with exogenous thyroxine. Unfortunately, we 
were not able to titrate and optimize the dose of 
levothyroxine in this patient, as she defaulted follow-up 
and only returned later with other complications.  
 
CONCLUSIONS 
 
It is rational to consider elevated D2 deiodinase activity in 
follicular thyroid carcinoma as a cause of a low T4 with 
normal TSH.  This increases the conversion of T4 to 
triiodothyronine, making measured T3 levels normal. 
Thyroid suppression therapy should be titrated according 
to T3 and TSH levels to avoid T3 thyrotoxicosis.   
 

Table 1. Serial thyroid function test results 

Parameter Reference Value 
Date 

21 May 2013 23 July 2013 15 Oct 2013 20 Jan 2014 12 July 2014 5 Aug 2014 
TSHa, mIU/L 0.27-4.2 1.42 3.76 2.26 3.2 0.008 <0.005 
fT4b, pmol/L 12.0-22.0 0.4 0.8 0.7 0.7 0.3 2.3 
TT3c, nmol/L 0.90-2.60    1.73  4.03 
fT3d, pmol/L 3.5-6.0 4.2   5.3  9.4 
LT4e dose/day, mcg  N/A - - - - 100 100 
aTSH, thyroid stimulating hormone, determined using electrochemiluminescence immunoassay (ECLIA) using COBAS® E Immunoassay Analyzer 
bfT4, free tetraiodothyronine, determined using ECLIA using COBAS®  E Immunoassay Analyzer 
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