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There is a high prevalence of hypothyroidism in the elderly population, mainly among women. The most important cause is autoimmune thyroiditis, but also iodine deficiency, radioiodine ablation, and surgery may be responsible for hypothyroidism in elderly hospitalized patients. Thyroid-related symptoms are sometimes comparable to physiological manifestations of the aging process, and hypothyroidism may be related with many symptoms which can be present in critical patients, such as cognitive impairment, cardiovascular, gastrointestinal, and hematological alterations, and eventually myxedema coma which is a severe and life-threatening condition in older adults. Adequate thyroid hormone levels are required to achieve optimal outcomes from any kind of surgical intervention. However, only few randomized clinical trials investigated the association between non-thyroidal illness (or low-T3 syndrome), and adverse surgical outcomes, so far. The goal of this review is to discuss the role of thyroid function as a predictor of surgical outcomes in the elderly.
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KEY CONCEPTS

• The achievement of euthyroidism represents the goal before elective surgery, in order to prevent the risk of complications. In non-elective surgery, a careful risk-benefit evaluation in hypothyroid patients before surgical treatment is needed.

• The range of thyroid hormone levels in older patients may be different compared to that in younger subjects. Features of physiological aging may be occasionally confused with hypothyroidism in elderly patients.

• An adequate titration of LT4 in older patients is mandatory to attain appropriate serum TSH concentrations and avoid the risk of iatrogenic thyrotoxicosis.

INTRODUCTION

Primary hypothyroidism is the most frequent pathological hormone insufficiency; its prevalence is approximately 10 times higher in women compared to men, and its incidence raises with age (1) (Table 1). The UK Whickham cohort study showed a mean annual incidence of hypothyroidism of 35 cases per 10,000 surviving women and 6 cases per 10,000 surviving men, during a follow-up of 20 years (2). The overall prevalence of hypothyroidism in the Third National Health and Nutrition Examination Survey (NHANES III) cohort was 4.6% (3). In iodine-sufficient countries, the prevalence of hypothyroidism ranges from 1 to 2%, rising to 7% in subjects aged between 85 and 89 years (4). A 5-year study carried out in Australia highlighted a prevalence of subclinical hypothyroidism of 5.0% (5). Chronic lymphocytic thyroiditis (or Hashimoto's thyroiditis) represents the most common cause of primary hypothyroidism, accounting for around 50% of all cases. Other causes are iodine deficiency, radioiodine ablation, and surgery, that may be responsible for hypothyroidism in elderly hospitalized patients (6). Administration of amiodarone, antibacterial solutions or lithium can also be responsible for thyroid insufficiency (7).


Table 1. Major modifications in the aging thyroid.
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Hypothyroidism may be classified as overt or subclinical (increased TSH with normal FT4 and FT3 levels). Subclinical hypothyroidism is common in elderly subjects and is associated with a number of clinical manifestations ranging from tiredness to cognitive impairment and coronary heart disease (8). Older patients require reduced dosages of levothyroxine to attain euthyroidism compared to younger patients, probably as a result of modifications in body composition or endocrine status occurring with age (9). The recent Institute for Evidence-Based Medicine in Old Age (IEMO) 80-plus thyroid trial aimed to investigate the effects of levothyroxine for 145 patients over 80 years with subclinical hypothyroidism (TSH ≥4.6 and ≤19.9 mU/L and FT4 within laboratory reference ranges). The results of this randomized clinical trial are expected to shed light on the multimodal effects of levothyroxine treatment in 80-plus subjects, highlighting benefits and potential adverse effects (10). The normal reference range of serum TSH in adult subjects is 0.4–4.5 mIU/L (11). In primary hypothyroidism it is possible to observe high TSH, low total T4, low FT4, high cholesterol (due to a reduction in the synthesis of LDL receptors), high creatine kinase (CK) levels due to skeletal muscle involvement and thyroid antibodies in case of Hashimoto's disease (12, 13). Secondary (or central) hypothyroidism (SH) is caused by a dysfunction of the pituitary gland or the hypothalamus, and is characterized by both decreased TSH secretion and low levels of thyroid hormones (Figure 1). SH can be classified into secondary and tertiary according to a pituitary or hypothalamic origin, respectively. Possible causes of SH include pituitary adenomas, and the subsequent surgical and/or radiotherapic treatment (14–16).
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FIGURE 1. Age related changes in the hypothalamic-pituitary-thyroid axis.



Non-thyroidal illness (NTI), or low-T3 syndrome, is a condition that occurs during acute stress or critical illness, due to a block in the peripheral conversion of thyroxine. NTI is a well-recognized negative prognostic factor in patients with severe acute disease. A recent study showed an association between preoperative hypothyroidism and post-operative arrhythmias in older patients, thus suggesting the utility of preoperative T3 evaluation and preoperative supplementation (17, 18). Low T3 syndrome is very common in the hospitalized older population, emerging as an independent predictor of short-term survival, thus suggesting FT3 determination as mandatory in the workup of these patients (19). The aim of this review was to summarize the role of thyroid function as a predictor of surgical outcomes in the elderly.

MATERIALS AND METHODS

To retrieve the articles, an extensive literature search was performed using the databases of Medline through PubMed, Scopus, and Google Scholar from January 2000 to September 2018. The search terms were “elderly,” “older adults,” “hypothyroidism,” “thyroid surgery.” Particular emphasis was given to implications of hypothyroidism on the surgical risk in elderly subjects. Manual search was also performed on numerous textbooks of medicine, endocrinology, and critical care.

Clinical Features and Complications of Hypothyroidism in the Elderly

Thyroid-related symptoms are sometimes comparable to physiological manifestations of the aging process. In fact, signs, and symptoms of hypothyroidism are often less recognizable in elderly patients compared to younger subjects, thus posing diagnostic challenges (20). Nevertheless, hypothyroidism may be related with many symptoms which can be present in critical patients, such as cognitive impairment, cardiovascular, gastrointestinal, and hematological alterations, and eventually myxedema coma which is a severe and life-threatening condition in older adults. It is not possible to confirm a diagnosis of hypothyroidism based only on clinical symptoms, without TSH and FT4 assessment (21). In general, elderly subjects suffering from hypothyroidism may show classic symptoms, but complaints are often less specific than those described by younger hypothyroid patients (22). Doucet et al. compared the rate of 24 clinical symptoms of hypothyroidism between elderly patients and younger patients, and showed that fatigue and weakness were reported by more than 50% of the elderly patients, while increased sensitivity to cold, weight gain, paresthesiae, and muscle cramps were less common in the elderly (23). Carlè et al. compared the efficacy of hypothyroidism-associated symptoms in predicting overt hypothyroidism in different age groups, and observed that only dyspnea, fatigue and wheezing were more prevalent in elderly patients (24). Hearing loss, ataxia, and dysgeusia are neurological symptoms frequently described in hypothyroid older patients (25). Especially among elderly, neuropsychiatric symptoms such as memory loss or depression (26), dermatologic or rheumatologic disorders (27), are commonly described and it is difficult to related them to hypothyroidism. The list of signs in elderly with hypothyroidism may also comprise dry skin, hair loss, low heart rate, increased diastolic blood pression, pallor, and hoarseness (28). Cooper et al. observed that patients with subclinical hypothyroidism had a more elevated prevalence of symptoms as compared to controls with normal thyroid function (29). Another study by Kong et al. showed that the most common symptoms in women with subclinical hypothyroidism were fatigue (83%), weight gain (80%), and anxiety (50%) (30). Myxedema coma is a life-threatening condition due to hypothyroidism, which is characterized by a severe multiorgan failure (31). Myxedema coma is a rare disease, with an incidence of 0.22 per million per year in Europe (32). Most cases of myxedema coma occur in subjects 60 years and older (33) and are generally caused by precipitating factors that include exposure to cold, infections (i.e., pneumonia and urosepsis), withdrawal of thyroid supplements, and drugs (i.e., amiodarone or lithium) (34, 35). The diagnosis of myxedema coma is made on the combination of clinical manifestations and laboratory findings. The clinical presentation may include hypothermia, hypotension, bradycardia, congestive heart failure, hypoxaemia and hypercapnia, lethargy, and coma (36). Some patients show pericardial effusions, that are generally not hemodynamically significant. Laboratory assessment may show severe hypothyroidism, hypoglycemia, hyponatremia, and adrenal insufficiency (37). Myxedema coma represents an endocrine emergency with a mortality rate of nearly 40% (38). Major risk factors of mortality consist of older age, cardiovascular disease, and treatment with high-dose thyroid hormone (39).

Preoperative Screening and Treatment Considerations

The effects of thyroid dysfunction are various and may complicate surgical procedures and post-operative recovery. Currently, there is no recommendation for routine screening to detect thyroidal disease in patients with no previous history of thyroid dysfunction. A preoperative TSH assessment should be performed in subjects with suspected thyroid disease or with known hypothyroidism (or hyperthyrodism) to optimize treatment before surgery (40).

There is general consensus about the utility to post-pone elective surgery until adequate treatment with thyroid hormone has achieved euthyroidism. At the preoperative stage, LT4 should be administered in a titrated manner to normalize the thyroid function. The optimal preparation period before elective surgery should range from 2 to 4 weeks. Patients older than 60 years, especially with coronary disease, should not be given full dose of LT4 at the beginning (40). In such patients, the starting dose is generally 25 μg per day, which increases every 2–6 weeks until the achievement of euthyroidism. In patients unable to take LT4 orally for more than 5 days after surgery, intravenous levothyroxine should be given at a dose between 60 and 80% of the oral dose (41).

Implications of Hypothyroidism on the Surgical Risk

Preoperative recognition of hypothyroidism is crucial to reduce surgical and anesthesiological complications (41). Surgical trauma may influence the activity of the pituitary-thyroid axis, and thyroid hormones are secreted after surgery as a response to stress (42).

Anesthetic agents rather than surgical stress may be considered the main cause for the changes in plasma thyroid hormone concentrations during the intraoperative period (43). Many studies showed that adequate thyroid hormone levels are required to achieve optimal outcomes from any kind of surgical intervention (44). Correction of hypothyroidism, after replacement treatment, usually leads to the regression of pathophysiologic modifications due to low circulating thyroid hormone. Therefore, the achievement of euthyroidism represents the goal before elective surgery, in order to prevent the risk of complications. In non-elective surgery, a careful risk-benefit evaluation in hypothyroid patients before surgical treatment is needed. Only few randomized clinical trials investigated the association between NTI and adverse surgical outcomes so far (17) (Table 2).


Table 2. Main studies on the association between preoperative hypothyroidism and surgical outcomes.
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A study by Park et al. did not show significant differences between patients with subclinical hypothyroidism and euthyroid patients undergoing a cardiovascular surgery procedure, as regards respiratory and cardiovascular complications, wound problems, leg infection, mediastinitis, and delirium. It was noteworthy that in the subclinical hypothyroidism group there was an increase in the rate of post-operative atrial fibrillation (47). Another study reported an association between preoperative hypothyroidism and post-operative atrial fibrillation in young-old patients, thus suggesting that preoperative hypothyroidism could be helpful for selecting those patients who would take advantage from preoperative replacement therapy in the prevention of post-operative atrial fibrillation (18). Furthermore, it has been observed a strong association between NTI at admission and increased risk of post-operative myocardial dysfunction and death in subjects undergoing coronary artery by-pass grafting (46).

A study by Weinberg et al. reported the effects of anesthesia and surgery in 59 hypothyroid patients compared with 50 euthyroid patients. The two groups did not show significant differences as regards duration of surgery or anesthesia, lowest temperature and blood pressure recorded during surgery, time to extubation, incidence of arrhythmias, need for vasopressors, fluid and electrolyte imbalances, sepsis, pulmonary and myocardial infarction, bleeding complications, or time to hospital discharge. After the analysis of subsets of thyroxine levels (thyroxine level <1.0 μg/dL, 1.0 to <3.0 μg/dL, and >3.0 μg/dL), the authors concluded that there was no evidence to post-pone surgery until the correction of mild or moderate hypothyroidism, whereas there was poor evidence to make a recommendation for patients with severe hypothyroidism (49).

Patients with hypothyroidism show slower drug metabolism and are exposed to the risk of an overdose of anesthetics and other medications used during the surgical treatment (50). The anesthesiological management of hypothyroid patients may face important clinical challenges, such as the presence of impaired baro-receptor reflex mechanism, depressed myocardial function, depressed ventilatory drive, and low glycaemia (51). There is no general consensus about surgery planning time for mild or moderate hypothyroidism as concerns anesthesia practice (52). However, in hypothyroid patients low-dose regional anesthesia could represent an option for minor surgery procedures (52). There is evidence that spinal, epidural or thiopental anesthesia could have low effects on thyroid hormones compared to general anesthesia; thus these methods should be taken into account in patients with thyroid function disorders, according to the type of surgical intervention needed.

CONCLUSIONS

It is recommended to post-pone elective surgery in elderly patients with hypothyroidism until an euthyroid state is achieved. If patients need urgent or emergent surgery, it is recommended to proceed with surgery only if they have mild or moderate hypothyroidism. Replacement therapy should be started preoperatively and there should be growing attention to the possible occurrence of minor post-operative complications in hypothyroid patients. As suggested by the American Thyroid Association (ATA), the treatment in elderly patients should be initiated at low doses with slow titration based on serum TSH evaluation. Elderly patients show higher normal serum TSH ranges; thus, higher serum TSH targets may be necessary as a patient ages. The suggested target serum TSH in people age 70–80 years is 4–6 mIU/L (8). Further clinical trials assessing surgical management in older hypothyroid patients are firmly required.

AUTHOR CONTRIBUTIONS

MV, AMB, AB and FB conceived the review. MV and AMB wrote the manuscript and realized the figures and tables. SDS, SL, CB, RC and ESDV performed the literature search and critically revised the manuscript for important intellectual content.

REFERENCES

 1. Roberts CG, Ladenson PW. Hypothyroidism. Lancet. (2004) 363:793–803. doi: 10.1016/S0140-6736(04)15696-1

 2. Vanderpump MP, Tunbridge WM, French JM, Appleton D, Bates D, Clark F, et al. The incidence of thyroid disorders in the community: a twenty-year follow-up of the Whickham Survey. Clin Endocrinol. (1995) 43:55–68.

 3. Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW, Spencer CA, et al. Serum TSH, T(4), and thyroid antibodies in the United States population (1988 to 1994): National Health and Nutrition Examination Survey (NHANES III). J Clin Endocrinol Metab. (2002) 87:489–99. doi: 10.1210/jcem.87.2.8182

 4. Taylor PN, Albrecht D, Scholz A, Gutierrez-Buey G, Lazarus JH, Dayan CM, et al. Global epidemiology of hyperthyroidism and hypothyroidism. Nat Rev Endocrinol. (2018) 14:301–16. doi: 10.1038/nrendo.2018.18

 5. Walsh JP. Managing thyroid disease in general practice. Med J Aust. (2016) 205:179–184. doi: 10.5694/mja16.00545

 6. Kostoglou-Athanassiou I, Ntalles K. Hypothyroidism - new aspects of an old disease. Hippokratia. (2010) 14:82–87.

 7. Willlams CM. Using medications appropriately in older adults. Am Fam Phys. (2002) 66:1917–24.

 8. Garber JR, Cobin RH, Gharib H, Hennessey JV, Klein I, Mechanick JI, et al. Clinical practice guidelines for hypothyroidism in adults: cosponsored by the American Association of Clinical Endocrinologists and the American Thyroid Association. Endocr Pract. (2012) 18:988–1028. doi: 10.4158/EP12280.GL

 9. Devdhar M, Drooger R, Pehlivanova M, Singh G, Jonklaas J. Levothyroxine replacement doses are affected by gender and weight, but not age. Thyroid. (2011) 21:821–7. doi: 10.1089/thy.2011.0029

 10. Du Puy RS, Postmus I, Stott DJ, Blum MR, Poortvliet RKE, Den Elzen WPJ, et al. Study protocol: a randomised controlled trial on the clinical effects of levothyroxine treatment for subclinical hypothyroidism in people aged 80 years and over. BMC Endocr Disord. (2018) 18:67. doi: 10.1186/s12902-018-0285-8

 11. Carvalho GA, Perez CL, Ward LS. The clinical use of thyroid function tests. Arq Bras Endocrinol Metabol. (2013) 57:193–204. doi: 10.1590/S0004-27302013000300005

 12. Finsterer J, Stöllberger C, Grossegger C, Kroiss A. Hypothyroid myopathy with unusually high serum creatine kinase values. Horm Res. (1999) 52:205–208. doi: 10.1159/000023462

 13. Qari F. Hypothyroidism in clinical practice. J Family Med Prim Care. (2014) 3:98–101. doi: 10.4103/2249-4863.137609

 14. Chaker L, Bianco AC, Jonklaas J, Peeters RP. Hypothyroidism. Lancet. (2017) 390:1550–62. doi: 10.1016/S0140-6736(17)30703-1

 15. Ciuni R, Musmeci N, Di Giunta M, Basile F, Ciuni S. [Treatment of microcarcinoma and papillary carcinoma of the thyroid]. Ann Ital Chir. (2010) 81:115–9.

 16. Testini M, Gurrado A, Avenia N, Bellantone R, Biondi A, Brazzarola P, et al. Does mediastinal extension of the goiter increase morbidity of total thyroidectomy? A multicenter study of 19,662 patients. Ann Surg Oncol. (2011) 18:2251–9. doi: 10.1245/s10434-011-1596-4

 17. Aversa A, Fabbri A. Testicular and thyroid function as survival predictors in the elderly patient candidate to surgery. Monaldi Arch Chest Dis. (2017) 87:841. doi: 10.4081/monaldi.2017.841

 18. Worku B, Tortolani AJ, Gulkarov I, Isom OW, Klein I. Preoperative hypothyroidism is a risk factor for postoperative atrial fibrillation in cardiac surgical patients. J Card Surg. (2015) 30:307–12. doi: 10.1111/jocs.12513

 19. Tognini S, Marchini F, Dardano A, Polini A, Ferdeghini M, Castiglioni M, et al. Non-thyroidal illness syndrome and short-term survival in a hospitalised older population. Age Ageing. (2010) 39:46–50. doi: 10.1093/ageing/afp197

 20. Aggarwal N, Razvi S. Thyroid and aging or the aging thyroid? An evidence-based analysis of the literature. J Thyroid Res. (2013) 2013:481287. doi: 10.1155/2013/481287

 21. Bensenor IM, Olmos RD, Lotufo PA. Hypothyroidism in the elderly: diagnosis and management. Clin Interv Aging. (2012) 7:97–111. doi: 10.2147/CIA.S23966

 22. Kim MI. Hypothyroidism in the elderly. In De Groot LJ, Chrousos G, Dungan K, Feingold KR, Grossman A, Hershman JM, Koch C, Korbonits M, McLachlan R, New M, et al. Endotext. Dartmouth, MA: MDText.com, Inc. Available online at: http://www.ncbi.nlm.nih.gov/books/NBK279005/ (accessed October 3, 2018).

 23. Doucet J, Trivalle C, Chassagne P, Perol MB, Vuillermet P, Manchon ND, et al. Does age play a role in clinical presentation of hypothyroidism? J Am Geriatr Soc. (1994) 42:984–6.

 24. Carlé A, Pedersen IB, Knudsen N, Perrild H, Ovesen L, Andersen S, et al. Hypothyroid symptoms fail to predict thyroid insufficiency in old people: a Population-Based Case-Control Study. Am J Med. (2016) 129:1082–92. doi: 10.1016/j.amjmed.2016.06.013

 25. Kotwal SK, Kotwal S, Gupta R, Singh JB, Mahajan A. Cerebellar ataxia as presenting feature of hypothyroidism. Arch Endocrinol Metab. (2016) 60:183–5. doi: 10.1590/2359-3997000000121

 26. Kramer CK, von Mühlen D, Kritz-Silverstein D, Barrett-Connor E. Treated hypothyroidism, cognitive function, and depressed mood in old age: the Rancho Bernardo Study. Eur J Endocrinol. (2009) 161:917–21. doi: 10.1530/EJE-09-0606

 27. Mokshagundam S, Barzel US. Thyroid disease in the elderly. J Am Geriatr Soc. (1993) 41:1361–9.

 28. Tachman ML, Guthrie GP. Hypothyroidism: diversity of presentation. Endocr Rev. (1984) 5:456–65. doi: 10.1210/edrv-5-3-456

 29. Cooper DS, Halpern R, Wood LC, Levin AA, Ridgway EC. L-Thyroxine therapy in subclinical hypothyroidism. A double-blind, placebo-controlled trial. Ann Intern Med. (1984) 101:18–24.

 30. Kong WM, Sheikh MH, Lumb PJ, Naoumova RP, Freedman DB, Crook M, et al. A 6-month randomized trial of thyroxine treatment in women with mild subclinical hypothyroidism. Am J Med. (2002) 112:348–54.

 31. Wall CR. Myxedema coma: diagnosis and treatment. Am Fam Phys. (2000) 62:2485–90.

 32. Rodríguez I, Fluiters E, Pérez-Méndez LF, Luna R, Páramo C, García-Mayor RV. Factors associated with mortality of patients with myxoedema coma: prospective study in 11 cases treated in a single institution. J Endocrinol. (2004) 180:347–50. doi: 10.1677/joe.0.1800347

 33. Davis PJ, Davis FB. Hypothyroidism in the elderly. Compr Ther. (1984) 10:17–23.

 34. Mazonson PD, Williams ML, Cantley LK, Dalldorf FG, Utiger RD, Foster JR. Myxedema coma during long-term amiodarone therapy. Am J Med. (1984) 77:751–4.

 35. Waldman SA, Park D. Myxedema coma associated with lithium therapy. Am J Med. (1989) 87:355–6.

 36. Reinhardt W, Mann K. [Incidence, clinical picture and treatment of hypothyroid coma. Results of a survey]. Med Klin. (1997) 92:521–4.

 37. Mathew V, Misgar RA, Ghosh S, Mukhopadhyay P, Roychowdhury P, Pandit K, et al. Myxedema coma: a new look into an old crisis. J Thyroid Res. (2011) 2011:493462. doi: 10.4061/2011/493462

 38. Ono Y, Ono S, Yasunaga H, Matsui H, Fushimi K, Tanaka Y. Clinical characteristics and outcomes of myxedema coma: analysis of a national inpatient database in Japan. J Epidemiol. (2017) 27:117–22. doi: 10.1016/j.je.2016.04.002

 39. Yamamoto T, Fukuyama J, Fujiyoshi A. Factors associated with mortality of myxedema coma: report of eight cases and literature survey. Thyroid. (1999) 9:1167–74. doi: 10.1089/thy.1999.9.1167

 40. Palace MR. Perioperative management of thyroid dysfunction. Health Serv Insights. (2017) 10:1178632916689677. doi: 10.1177/1178632916689677

 41. Stathatos N, Wartofsky L. Perioperative management of patients with hypothyroidism. Endocrinol Metab Clin North Am. (2003) 32:503–18. doi: 10.1016/S0889-8529(03)00007-0

 42. Ilias I, Tzanela M, Mavrou I, Douka E, Kopterides P, Armaganidis A, et al. Thyroid function changes and cytokine alterations following major surgery. Neuroimmunomodulation. (2007) 14:243–7. doi: 10.1159/000112049

 43. Börner U, Klimek M, Schoengen H, Lynch J, Peschau C, Schicha H. The influence of various anesthetics on the release and metabolism of thyroid hormones: results of two clinical studies. Anesth Analg. (1995) 81:612–8.

 44. Vanderpump MPJ, Tunbridge WMG. Epidemiology and prevention of clinical and subclinical hypothyroidism. Thyroid. (2002) 12:839–47. doi: 10.1089/105072502761016458

 45. Klemperer JD, Klein I, Gomez M, Helm RE, Ojamaa K, Thomas SJ, et al. Thyroid hormone treatment after coronary-artery bypass surgery. N Engl J Med. (1995) 333:1522–7. doi: 10.1056/NEJM199512073332302

 46. Cerillo AG, Storti S, Kallushi E, Haxhiademi D, Miceli A, Murzi M, et al. The low triiodothyronine syndrome: a strong predictor of low cardiac output and death in patients undergoing coronary artery bypass grafting. Ann Thorac Surg. (2014) 97:2089–95. doi: 10.1016/j.athoracsur.2014.01.049

 47. Park YJ, Yoon JW, Kim KI, Lee YJ, Kim KW, Choi SH, et al. Subclinical hypothyroidism might increase the risk of transient atrial fibrillation after coronary artery bypass grafting. Ann Thorac Surg. (2009) 87:1846–52. doi: 10.1016/j.athoracsur.2009.03.032

 48. Jaimes MC, Torrado LAA, Reyes NFS, Mackenzie JC, Mallarino JPU. Hypothyroidism is a risk factor for atrial fibrillation after coronary artery bypass graft. Braz J Cardiovasc Surg. (2017) 32:475–80. doi: 10.21470/1678-9741-2017-0080

 49. Weinberg AD, Brennan MD, Gorman CA, Marsh HM, O'Fallon WM. Outcome of anesthesia and surgery in hypothyroid patients. Arch Intern Med. (1983) 143:893–7.

 50. Bajwa SJS, Sehgal V. Anesthesia and thyroid surgery: the never ending challenges. Indian J Endocrinol Metab. (2013) 17:228–34. doi: 10.4103/2230-8210.109671

 51. Rosato L, Avenia N, Bernante P, De Palma M, Gulino G, Nasi PG, et al. Complications of thyroid surgery: analysis of a multicentric study on 14,934 patients operated on in Italy over 5 years. World J Surg. (2004) 28:271–6. doi: 10.1007/s00268-003-6903-1

 52. Graham GW, Unger BP, Coursin DB. Perioperative management of selected endocrine disorders. Int Anesthesiol Clin. (2000) 38:31–67. doi: 10.1097/00004311-200010000-00004

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Vacante, Biondi, Basile, Ciuni, Luca, Di Saverio, Buscemi, Vicari and Borzì. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fendo-10-00258-t002.jpg
References

Klemperer et al. (45)

Worku et al. (18)

Cerillo et al. (46)

Park et al. (47)

Jaimes et al. (48)

Patients

142 patients undergoing CABG

821 patients undergoing cardiac surgery
Euthyroid n = 682 (Mean age 65.7 years)
Hypothyroid n = 77 (Mean age 63.9 years)
806 patients undergoing CABG

Mean age 67.5 + 9.6 years

260 patients undergoing CABG

Euthyroid n = 224 (Mean age 65.3 + 9.4 years)

SCH n = 36 (Mean age 65.4 & 11.4 years)
626 patients undergoing first-time isolated
myocardial revascularization surgery
Euthyroid n = 313 (Mean age 63 years)
Hypothyroid n = 313 (Mean age 68 years)

CABG, coronary artery bypass grafting; SCH, subclinical hypothyroidism.

Drug administration
Triiodothyronine n = 71 (Mean age 66 +
10 years)

or placebo n = 71

(Mean age 68 9 years)

None

None

None

None

Main results

‘cardiac output

Isystemic vascular resistance

No changes in post-operative mortality
and morbidity

Preoperative hypothyroidism was.
associated with post-operative atrial
fibrillation

Low T3 s a strong predictor of death
and low cardiac output in CABG patients
tpost-operative atrial fibrilation

Hypothyroidism s a risk factor for the
onset of post-operative fibrillation





OPS/images/fendo-10-00258-g001.gif
Hypoptyss
s Tk ot
i
oy






OPS/images/fendo-10-00258-t001.jpg
Structural modifications

Hormonal modifications

1Size microfolicles
+Colloid cysts
tLymphocytes infiltration
Number of nodules
tFibrosis

Normal FT4 levels (| secretion {degradation)
Low-limit range FT3 levels
1173 levels

1TSH levels (<6.0 wUl/mI, 97.5th percentike over 70
years; <7.5 pUl/ml, 97.5th percentile over 80 years)

Ibioactive TSH / immunoreactive TSH





OPS/images/cover.jpg
’ frontiers
in Endocrinology

Hypothyroidism as a Predictor of
Surgical Outcomes in the Elderly









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Endocrinology





