
© 2022 Indian Journal of Endocrinology and Metabolism | Published by Wolters Kluwer - Medknow428

Abstract

Review Article

IntRoductIon

Thyroid dysfunction is the second most common endocrine 
disorder after diabetes. The prevalence of hypothyroidism in 
India is reported to 10.95% and of subclinical hypothyroidism 
8.02%.[1] Hyperthyroidism is prevalent in 0.67% and subclinical 
hyperthyroidism in 1.27% of the general population.[1] Due 
to the multisystem effects of thyroid hormone, the effects 
of thyroid dysfunction are manifold and may complicate 
surgical procedures and postoperative recovery. The ideal 
way to mitigate excess perioperative surgical risk would be 
by rendering the patient euthyroid. However, in situations 
where emergent surgery needs to be performed, achieving 
euthyroidism may not be possible. Build‑up should begin 
as soon as surgery is planned and thyroid dysfunction is 
detected. Surgeons and anesthetists should be cognizant of the 
complications that may arise and choose the anesthetic agents 
and analgesics accordingly. This article will address the issues 
concerning the perioperative management of thyroid disease 
in patients with hypothyroidism and hyperthyroidism who are 
undergoing nonthyroid surgery.

PReoPeRAtIve scReenIng

Routine preoperative thyroid function testing is not 
recommended for all patients undergoing surgery but 

may be performed if there is a history of symptoms or 
clinical signs suggesting underlying thyroid disease. In 
patients with known hypothyroidism or hypothyroidism 
who have been undergoing treatment, a thyroid function 
test should be included in the preoperative assessment to 
determine the adequacy of treatment and to ensure that 
thyroid therapy is optimized before surgery. In patients 
with well‑compensated thyroid disease, if the patient is on a 
stable dose of medication and euthyroidism was documented 
within the past three to six months, additional testing before 
surgery is not necessary.[2] Thyroid function testing may 
also be useful in patients undergoing neurosurgery for 
sellar and even nonsellar masses due to a higher risk of 
central hypothyroidism. Central hypothyroidism may be 
more prevalent in patients with traumatic brain injury and 
cerebrovascular accidents and hence may be performed in 
this subset of patients irrespective of symptoms.[3]

Thyroid hormone exerts effects across all organ systems. Hence, patients with thyroid dysfunction are at a risk of numerous complications. The 
stresses encountered during the perioperative period may exacerbate underlying thyroid disorders, potentially precipitating decompensation, 
and even death. Thus, it is of the utmost importance for the clinician to comprehend the mechanisms by which thyroid disease may complicate 
surgery and postoperative recovery and to optimize the status of thyrotoxic and hypothyroid patients. This article describes the adverse effects 
of thyroid dysfunction in patients undergoing nonthyroid surgery and recommends treatment approaches aimed at appropriate build‑up to 
decrease perioperative risk.
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coMPlIcAtIons of hYPothYRoIdIsM

The cardiovascular concerns are among the most relevant in 
perioperative situations. Hypothyroidism decreases cardiac 
output by 30% to 50%, with both slowing of the pulse and 
decreased contractility.[4] Loss of direct vasodilatory effect 
of T3 on vascular smooth muscles leads to an increase in 
peripheral vascular resistance, resulting in an increase in 
diastolic pressure, increased cardiac afterload, and a decreased 
pulse pressure.[5,6] Hypothyroid patients have a depressed 
adrenergic tone, despite increased catecholamine levels due to 
downregulation of β‑adrenergic receptors.[7] A decreased cardiac 
output coupled with reduced baroreceptor responsiveness 
predisposes hypothyroid patients to develop hypotension 
under anesthesia. Perioperative major adverse cardiovascular 
events may occur, possibly due to increased cholesterol levels, 
prolonged half‑life of multiple coagulation factors, and anemia.
[8‑11] Nonspecific ST wave in electrocardiogram (ECG) changes 
and low voltage on electrocardiogram are observed and, less 
commonly, “torsade de pointes” ventricular tachycardia have 
been reported.[12]

In addition to the cardiovascular concerns, hypothyroid patients 
face additional challenges due to the ventilatory dysfunction 
associated with this condition. The presence of an enlarged 
tongue, relaxed oropharyngeal tissues, large goiter, or obesity 
creates airway management challenges making intubation 
difficult. Decreased hypoxic and hypercarbic ventilatory drive 
can increase sensitivity to sedatives and delay weaning in the 
postoperative period.[13] Effusions can occur due to extravascular 
fluid shifts. Impaired respiratory muscle function and reduced 
surfactant production worsen atelectasis and predispose to 
lung collapse and pneumonia in the postoperative period.[14,15] 
Extracellular Glycosaminoglycans (GAG) deposition worsens 
the coexisting hypoalbuminemia‑induced decreased oncotic 
pressure, with resultant extracellular fluid shifts. This 
decreases circulatory filling pressure and renal perfusion.[16] 
Furthermore, hypothyroidism‑induced increased antidiuretic 
hormone (ADH), decreased atrial natriuretic factor (ANF), 
and decreased activity of the renin‑angiotensin‑aldosterone 
system (RAAS) lead to hyponatremia.[17] Hyponatremia 
will depress sensorium and increase the effect of sedatives. 
Impaired renal clearance will prolong the action of anesthetics, 
opioids, and other drugs.[18,19] Hypothyroidism‑induced atony 
and hypomobility of the gastrointestinal tract will compound 
the surgery‑induced paralytic ileus and delay initiation of 
enteral nutrition.[20] Bowel wall edema also impairs absorption 
of amino acids and sugars. At times, megacolon can occur, 
with increased mortality.

Hypothyroidism is associated with several hematologic effects. 
Most commonly described is a normochromic, normocytic 
anemia.[10] However, because of the increased prevalence 
of pernicious anemia among patients with hypothyroidism, 
concomitant pernicious anemia may cause macrocytosis.[21] 
Microcytic anemia secondary to iron deficiency can also be 
seen if menorrhagia develops secondary to hypothyroidism. 

Coagulation defects include a decrease in factor VIII activity, 
prolonged partial thromboplastin time, and acquired von 
Willebrand disease.[22,23] This increases the risk of surgical site 
bleeding. On the other hand, half‑life of coagulation factors, 
such as factor II, VII, and X is prolonged.[24] This necessitates 
prolonged anticoagulation with heparin and a higher dose of 
warfarin for deep vein thrombosis prophylaxis in postsurgery. 
The most dreaded complication of surgery in hypothyroid 
patients is myxedema coma, associated with a high mortality 
up to 80%.[11] Myxedema coma is characterized by altered 
mental status, which may manifest as coma or seizure, and 
hypothermia, bradycardia, hyponatremia, heart failure, and 
hypopnea.

PeRIoPeRAtIve MAnAgeMent of hYPothYRoIdIsM

In elective surgeries, postpone surgery until euthyroidism 
is achieved. A full replacement dose of 1.6 µg/kg/day 
can be initiated except in the elderly or those with known 
coronary artery disease where the initial dose is usually 
25 µg daily, with a planned increase every 2 to 6 weeks until 
a euthyroid state is attained. For elderly, it is advisable to 
start at lower dose with gradual uptitration to target serum 
thyroid‑stimulating hormone (TSH) to 4‑6 mIU/L in persons 
aged more than 70‑80 years. Pregnant women with overt 
hypothyroidism should receive levothyroxine replacement 
therapy with the dose titrated to achieve a thyrotropin 

Table 1: Preferred anaesthetic agents during general 
anaesthesia in thyroid dysfunction[31]

Hypothyroidism Hyperthyroidism
Induction Agent Ketamine Sodium thiopental
Maintenance 
Agent

Nitrous oxide and short 
acting opioids/non‑
narcotic analgesics

Isoflurane

Intubation Rapid‑sequence 
induction with 
succinylcholine or 
rapid acting non‑
depolarizing muscle 
relaxants 

Succinylcholine or 
a non‑depolarizing 
muscle relaxant 

Reversal Glycopyrrolate 
preferred over 
atropine

Table 2: Rectal formulations of thionamides[31,46]

Methimazole Propylthiouracil
Suppository: Dissolve 1200 
mg methimazole in 12 mL 
of water and add to 52 mL 
cocoa butter containing two 
drops of polysorbate (Span) 
80. Stir mixture to form an 
emulsion and pour into 2.6 
mL suppository molds to 
cool.

Suppository: For Dissolve 200 mg 
of propylthiouracil in a polyethylene 
glycol base and put into suppository 
tablets.
Retention enema: Dissolve eight 50 
mg tablets of propylthiouracil in 60 
mL of mineral oil enema (eg, Fleet 
mineral oil) or in 60 mL of sodium 
phosphates enema solution* (eg, Fleet 
enema phospho soda)
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concentration within the trimester‑specific reference range. 
Pediatric dosage are age based, with newborns typically 
requiring 10 µg/kg/d, 1‑year‑old children 4‑6 µg/kg/d, and 
adolescents 2‑4 µg/kg/d, with transition to the average adult 
dose of 1.6 µg/kg/d. The treatment goals of hypothyroidism 
are the same for patients with psychosocial, behavioral, and 
mental health conditions, as for the general population. In 
patients with secondary hypothyroidism, treatment goal 
should be to maintain the serum‑free thyroxine values in the 
upper half of the reference range.[25] Consensus on treatment 
of subclinical hypothyroidism is variable. The American 
Thyroid Association guidelines for hypothyroidism in adults 
recommend starting thyroid hormone treatment when serum 
TSH is more than 10 mIU/L and considering treatment in those 
with increased cardiovascular disease risk when the serum TSH 
is 4.5‑10 mIU/L.[25] European thyroid association (ETA) 2013 
recommends replacement therapy with L‑thyroxine is 
recommended for younger patients (aged <65‑70 years) with 
serum TSH >10 mU/L and a trial in younger Subclinical 
hypothyroidism (SCH) patients (serum TSH <10 mU/L) 
with symptoms suggestive of hypothyroidism. In old 
patients (aged >80‑85 years) with elevated serum TSH ≤10 
mU/L, a wait‑and‑see strategy is recommended and local 
age‑specific reference range may be used.[26] The dose of 
L‑thyroxine is usually lower in subclinical hypothyroidism.

In cases of urgent surgery, proceedings with surgery may be 
fraught with complications discussed above. In a retrospective 
study,[27] 40 hypothyroid surgical patients, most of whom had 
mild to moderate severe hypothyroidism, were compared 
with 80 euthyroid surgical patients. Among those undergoing 
noncardiac surgery, intraoperative hypotension occurred at a 
higher rate in the hypothyroid group. For those undergoing 
cardiac surgery, heart failure was more prevalent in the 
hypothyroid group. Also, hypothyroid patients had a higher 
rate of gastrointestinal and neuropsychiatric complications. 
Hypothyroid patients were less likely to be febrile, although 
the rate of postoperative infection was similar in both the 
groups. No differences were noted in perioperative blood loss, 
duration of hospitalization, rates of arrhythmia, hypothermia, 
hyponatremia, delayed recovery from anesthesia, tissue 
integrity, wound healing, pulmonary complications, or death. 
Another retrospective study[28] compared the outcome of 
anesthesia and surgery in 59 hypothyroid patients with 50 
euthyroid patients. There were no differences in duration of 
surgery or anesthesia, lowest temperature and blood pressure 
recorded during surgery, need for vasopressors, time to 
extubation, fluid and electrolyte imbalances, incidence of 
arrhythmias, pulmonary or myocardial infarction, sepsis, 
need for postoperative respiratory assistance, bleeding 
complications, or time to hospital discharge. A subgroup 
analysis of patients based on their thyroxine levels (thyroxine 
level <1.0 µg/dL, 1.0 to <3.0 µg/dL, and ≥3.0 µg/dL) also 
revealed no differences in outcomes. The study concluded 
that in mild to moderate hypothyroidism, there is no 
evidence to justify deferring needed surgery, but in severe 

hypothyroidism, there is insufficient evidence to make a 
recommendation because there were only seven patients in 
the group with the lowest T4 concentration. In a prospective 
study[29] comparing postoperative outcomes in patients with 
subclinical hypothyroidism, undergoing coronary artery bypass 
grafting, there was an increase in the rate of postoperative 
atrial fibrillation in the subclinical hypothyroidism group. 
But no increase in major adverse cardiovascular events, 
wound problems, mediastinitis, leg infection, respiratory 
complications, delirium, or reoperation during the same 
hospitalization was noted.

To summarize, hypothyroid patients may be stratified 
on the basis of severity of hypothyroidism [Figure 1]. 
Mild hypothyroidism includes patients with subclinical 
hypothyroidism, defined biochemically as a normal serum‑free 
T4 concentration in the presence of an elevated serum TSH 
concentration. Moderate hypothyroidism includes all patients 
with overt hypothyroidism (elevated TSH, low free T4) without 
the features of severe hypothyroidism. Severe hypothyroidism 
includes patients with severe clinical symptoms of chronic 
hypothyroidism such as altered mentation, pericardial 
effusion, or heart failure, those with very low levels of total 
thyroxine (T4) (less than 1.0 mcg/dL) or free T4 (less than 
0.5 ng/dL) or myxedema coma. Mild and moderate hypothyroid 
patients may undergo urgent surgery without delay, with the 
knowledge that minor perioperative complications might 
develop. For severe hypothyroid, the patient should be treated as 
soon as the diagnosis is made. T4 is given in a loading dose of 200 
to 300 mcg intravenously (IV) followed by 50 mcg daily IV.[30] 
If there is concern about existing or precipitating myxedema 
coma, preferably treat patients with both triiodothyronine (T3) 
and T4 to rapidly normalize thyroid function. T3 is given 
simultaneously in a dose of 5 to 20 mcg IV followed by 2.5 
to 10 mcg every eight hours depending upon the patient’s age 
and coexistent cardiac risk factors. If the status of the pituitary 
adrenal axis is uncertain and deficiency is considered likely, 
patients should be given stress doses of corticosteroids until the 
integrity of the axis is ascertained.[31] If IV levothyroxine is not 
available, then oral LT4 regimen consisting of a loading dose 
of 300‑500 µg, followed by taper over the next 3‑5 days can be 
administered.[32] Patients who require cardiac revascularization 
are the only subset of patients who may not benefit from 
preoperative replacement of thyroid hormone. The risk of 
precipitating or worsening unstable coronary syndromes with 
thyroid hormones (by increasing myocardial oxygen demand) 
conflicts with the concern that untreated hypothyroidism might 
worsen heart failure or hypotension in the cardiac surgical 
patient. As retrospective and prospective studies of cardiac 
patients undergoing cardiac surgery or catheterization found no 
increase in the rate of adverse events in those patients whose 
hypothyroidism had not been treated, it is reasonable to proceed 
with the revascularization procedure before repleting thyroid 
hormone.[33,34]

During surgery, Ketamine may be the induction agent of 
choice because it increases sympathetic activity and is a 
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positive inotrope [Table 1].[31] Thiopental is not an optimal 
choice because of its effects on systemic vascular resistance 
and its antithyroid properties.[35] Rapid‑sequence induction 
with succinylcholine should be considered because of delayed 
gastric emptying. Rapid‑acting nondepolarizing muscle 
relaxants may also be used, but because of the potential for 
decreased metabolism and baseline muscle weakness, there 
may be prolonged paralysis. Anesthesia may be maintained 
with nitrous oxide and short‑acting opioid supplementation 
with or without volatile anesthetics.[31] During maintenance 
of anesthesia, particular vigilance must be paid to signs of 
cardiac depression, prolonged skeletal muscle paralysis, 
and hypothermia. Peripheral arterial catheterization and 
measurement of cardiac filling pressures are recommended for 
patients with severe hypothyroidism if surgery is expected to 
be of long duration or associated with significant blood loss. 
Non‑narcotic analgesics may be preferred over opioids because 
of prolonged effects.

Postoperatively, if oral intake cannot be resumed in five to 
seven days, then T4 should be given IV or intramuscularly. 

The dose should be approximately 70% to 80% of the patient’s 
usual oral dose because that is approximately the fraction of 
oral T4 that is absorbed. Patients who were receiving chronic 
T4 therapy and are unable to eat for several days need not be 
given T4 parenterally.[36] Another challenge in the postoperative 
period is the development of nonthyroidal illness syndrome/
low T3 syndrome, which is commonly seen following major 
surgeries such as coronary artery bypass grafting. Diagnosis 
should be considered in patients with low free T3 and/or free T4 
with normal/low TSH. There is no conclusive evidence to treat 
nonthyroidal illness syndrome, unless prolonged and severe 
which may then be treated with Thyrotropin releasing hormone 
(TRH). The only exception to this is patients with head injury 
where low T3 may be indicative of central hypothyroidism.[37]

hYPeRthYRoIdIsM

Cardiovascular effects have been particularly well documented 
and include increases in resting heart rate, stroke volume, and 
cardiac output by 50%‑300%.[38] Hyperthyroidism increases 
the risk of worsening high output heart failure. Surgical 

Figure 2: Approach to a patient with suspected or diagnosed thyrotoxicosis

Figure 1: Approach to a patient with suspected or diagnosed hypothyroidism
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stress can compound pre‑existing risk of atrial fibrillation, 
especially in older patients.[39] New onset arrhthymias 
together with an increased cardiac workload can worsen 
angina and even result in acute coronary event.[31,40] 
Metabolic derangements (hypokalemia) and the catabolic 
state associated with severe hyperthyroidism can cause 
weakness of respiratory muscles. This respiratory muscle 
weakness along with hypercarbia due to an increased basal 
oxygen consumption can result in prolonged mechanical 
ventilation. Increased calorigenesis, hyperthermia predisposes 
to dehydration. In addition, increased gut motility associated 
with hyperdefecation and malabsorption worsen the catabolic 
state during surgery.[31] Most sinistral complication is thyroid 
storm, characterized by cardiovascular, gastrointestinal, 
thermoregulatory, and central nervous system symptoms and 
a high mortality ranging from 10%‑30%.[41]

PeRIoPeRAtIve MAnAgeMent of hYPeRthYRoIdIsM

The severity of thyrotoxicosis may be described as 
mild (subclinical) hyperthyroidism defined as a low TSH 
with normal free T4 and T3 or overt, defined as a suppressed 
TSH with elevated free T4 and/or T3 concentrations [Figure 
2]. Patients scheduled for elective surgery should be made 
euthyroid before surgery (this usually requires weeks) and 
cardiovascular stability should be ensured. In case of urgent 
surgery, administer a beta blocker (e.g., atenolol 25 to 50 mg 
daily) preoperatively to older patients (aged >50 years), or 
younger patients with cardiovascular disease, especially 
atrial arrhythmias, and taper after recovery. For overtly 
thyrotoxic patients in whom surgery cannot be postponed, 
optimized treatment plan directed against hormone synthesis 
and secretion by thyroid gland (thionamides, iodine), against 
peripheral sympathetic effects of thyroxine (beta blockers, 
corticosteroids) and against systemic decompensation (fluids, 
nutrition), should be administered.[42,43] If hyperthyroidism is 
due to Graves’ disease, toxic adenoma, or multinodular goiter, 
thionamides should be initiated with the aim of controlling 
hyperthyroidism in the postoperative period. Thionamides 
block de novo thyroid hormone synthesis but have no effect 
upon the release of preformed hormone from the thyroid 
gland and will therefore not have a significant effect on 
thyroid hormone levels over only a few preoperative days.[43] 
Methimazole is usually preferred to propylthiouracil, except 
during the first trimester of pregnancy, because of its longer 
duration of action (allowing for single‑daily dosing) and a 
lesser degree of toxicity.[44] Dosing depends on the degree of 
hyperthyroidism (biochemical and clinical) and goiter size. 
Propylthiouracil (100 to 150 mg every six to eight hours) is 
preferred by some clinicians for the initial treatment of thyroid 
storm because it reduces T4‑to‑T3 conversion.[44] For patients 
who cannot take orally, rectal administration of thionamides, 
in the form of enema or suppository may be administered.[45‑47] 
Iodine is the only medication that inhibits the release of 
thyroid hormones and is very useful in the urgent treatment 
of thyrotoxicosis. However, iodine should be given only after 

antithyroid drugs (at least one hour later) to avoid a thyroid 
hormone surge. In patients with Graves’ disease, however, 
exogenous iodine is unlikely to exacerbate hyperthyroidism 
by acting as substrate and therefore can be used alone with 
beta blockers in patients with thionamide intolerance. But in 
patients with toxic adenoma or multinodular goiter, iodine 
can exacerbate hyperthyroidism unless iodine organification 
has been fully blocked by pretreatment with a thionamide. 
Thus, thionamide therapy should therefore be started first and 
continued without interruption, preferably in divided dosing. 
In the absence of contraindications, beta blockers should be 
administered. The longer‑acting beta blockers (e.g., atenolol) 
are preferred because an oral dose taken one hour before 
surgery will usually maintain adequate beta blockade until 
the patient is able to take oral medications postoperatively.[48] 
Start with atenolol 25 to 50 mg daily and increase the dose as 
needed to maintain the pulse rate less than 80 beats/minute; 
up to 200 mg daily may be needed for the symptomatic 
treatment of hyperthyroidism and control of tachycardia. IV 
propranolol (0.5 to 1 mg over 10 minutes followed by 1 to 
2 mg over 10 minutes every few hours) can be used to control 
fever, hypertension, and tachycardia intraoperatively.[49] Beta 
blockers should be continued until the patient’s thyroid disease 
is under control. Patients with relative contraindications to 
beta blockade may better tolerate beta‑1‑selective agents, 
such as atenolol or metoprolol.[48] Calcium channel blockers 
can also be used for rate control in patients in whom beta 
blockers are contraindicated. Glucocorticoids may also be 
given because these agents are thought to decrease the release 
and peripheral conversion of thyroid hormone.[50] Moreover, in 
the setting of thyrotoxicosis, glucocorticoids may be necessary 
to treat relative adrenal insufficiency. Cholestyramine is an 
additional modality that may be used to rapidly lower thyroid 
hormone levels in thyrotoxic patients by binding thyroid 
hormone in the intestine and decreasing its reabsorption. In 
cases of thyrotoxicosis due to exogenous thyroid hormone 
or thyroiditis, no specific targeted therapy is indicated other 
than β‑blockade or calcium channel blockade, as needed, to 
stabilize cardiovascular status, as the excess hormone will get 
metabolized with the passage of time.

During surgery, sodium thiopental may be a preferred 
induction agent because it has antithyroid activity [Table 
1].[35] Drugs such as ketamine and ephedrine that increase 
sympathetic tone should be avoided. Succinylcholine or a 
nondepolarizing muscle relaxant devoid of having deleterious 
cardiovascular effects is acceptable for facilitation of intubation 
after induction. When reversing neuromuscular blockade, 
anticholinergics (atropine or glycopyrrolate) may lead to 
exaggerated sympathetic responses, particularly profound 
tachycardia. Glycopyrrolate, which has less chronotropic effect 
than atropine, may be the preferred choice.[35]

Postoperatively, patients who are taking a thionamide 
preoperatively (whether chronic or recently started), who 
will not be able to take oral medications for longer than 
a day or two postoperatively, can be treated with rectal 
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preparations [Table 2]. The decision to use rectal methimazole 
postoperatively depends on the patient’s clinical status and the 
availability of rectal preparations.[46] Patients well controlled 
on long‑term methimazole therapy (TSH is normal), there is 
usually a delay of at least 7 to 10 days before patients develop 
recurrent hyperthyroidism after omission of treatment. In 
patients on long‑term treatment for more than 6 to 12 months, 
recurrence after stopping treatment may take weeks or months, 
especially if thyroid‑stimulating immunoglobulins are no 
longer elevated. If antipyretics are needed, aspirin must be 
avoided, because this may cause an increase in thyroid 
hormone bioavailability by causing displacement of T4 from 
thyroid‑binding globulin.[31] As thyroid storm can occur 
during surgery and postoperatively, its prevention, prompt 
identification, and management must be done to decrease 
mortality.

conclusIon

The ubiquitous effects of thyroid hormone on multiple organ 
systems predispose patients with either hypothyroidism or 
hypothyroidism to specific perioperative complications, 
some of which can be severe or even fatal. Thus, the goal 
of therapy in the perioperative patient should be to achieve 
a euthyroid state and when that is not feasible, to use other 
measures that will increase hemodynamic stability and prevent 
decompensation.
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