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ABSTRACT

Our knowledge about thyroid function during pregnancy has made rapid strides in the recent past. However, there are
not much published reports in anesthesia literature regarding these newer developments. Even though an anesthesiologist
is not the primary care physician, he/she may occasionally encounter pregnant patients with thyroid dysfunction in
routine practice of anesthesia. This article aims to update anesthesiologists about recent developments in understanding
of thyroid physiology during pregnancy, effects of thyroid dysfunction on mother and fetus, interpretation of thyroid
function tests as well as treatment and anesthetic considerations.
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INTRODUCTION

The thyroid disorders are the second most common
endocrine abnormality during pregnancy and it is well
known that thyroid dysfunction during pregnancy can
have deleterious effects on both mother and fetus. Last
two decades have seen remarkable developments in this
field which ovetlaps both obstetrics and endoctinology.!
There are limited published data in the anesthesia
literature regarding these new developments in the
understanding of thyroid physiology during pregnancy,
interpretation of thyroid function testing, treatment and
its efficacy, monitoring of mother and fetus and anesthetic
implications.

Even though anesthesiologist is not the primary physician
for such patients, he/she may have to encounter these
patients coming for obstetric and non-obstetric surgery
during the course of pregnancy or labour analgesia
or intensive care management. This review aims to
summarise the recent developments, existing guidelines
for management of thyroid dysfunction during pregnancy
and their implications for the anethesiologist in day to day
anesthesia practice.

THYROID PHYSIOLOGY IN
PREGNANCY

It is the hypothalamic-pituitary-thyroid (HPT) axis, which
governs the thyroid physiology. The hypothalamus, via
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thyroid releasing hormone (TRH), stimulates the pituitary
which in turn produces thyroid stimulating hormone
(TSH). The levels of TSH are controlled by negative
feedback on hypothalamic pituitary axis by thyroxin (T)
and triiodothyronine (T,). TSH stimulates thyroid gland to
produce T, and T >

The physiological changes in the HPT axis during
pregnancy include;

1. Human chorionic gonadotropin (HCG) being similar
to TSH in having identical a subunits, stimulates release
of T, and T, and causes transient decrease in TSH via
negative pituitary feedback.'

2. Increased levels of estrogen results in two to three
fold increase in thyroid binding globulin (TBG), which
lowers free thyroid hormone and stimulates HPT axis.
Increased levels of TBG lead to increase in total T,
levels starting at 8 weeks of gestation, which reaches a

steady state by 16 weeks.!

3. In second and third trimester, placental deiodinases
converts T, to reverseT, thus enhancing the peripheral
metabolism of thyroid hormone. A small amount
of maternal T, and T, is also transferred to fetus via
placenta for growth of fetus.

4. Increased urinary iodine excretion due to increased
GFR, as well as increased thyroid hormone production
increases iodine requirement during pregnancy.
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HYPOTHYROIDISM AND PREGNANCY

Hypothyroidism is due to decreased production of thyroid
hormones. It is the second most common endoctine
disorder found in pregnancy. The incidence is 0.3%.*
Globally, iodine deficiency is the leading cause but in
developed countries Hashimoto thyroiditis ranks first.
* The vague symptoms of hypothyroidism ate similar to
pregnancy concerns including fatigue, cold intolerance,
constipation, muscle cramps, insomnia, weight gain, carpal
tunnel syndrome, hair loss, voice changes and slower
thinking.® Other findings may include dry skin, peri-otbital
edema and decreased deep tendon reflexes. There can be
physiological enlargement of thyroid due to increased
vascularity and glandular hyperplasia. The increase in
size is 10-15% and is not typically apparent on physical

examination.”®°

Subclinical hypothyroidism

The prevalence of subclinical hypothyroidism in our
population is about 14.3%. These patients manifest
clinically with vague and nonspecific symptoms. It has
been associated with hypercholesterolemia, atherosclerosis,
cardiovascular mortality, infertility, poor obstetric outcome,
neuropsychiatric

symptoms, unprovoked deep vein

thrombosis and common bile duct stones.!> !> 12

Isolated maternal hypothyroxinemia

Patients with isolated maternal hypothyroxinemia have a
normal TSH level but their free T, is less than 0.86 ng/dL.
In the first half of pregnancy, the prevalence is 1.3%. As
perinatal outcome is not much affected, treatment of these
patients is not warranted.®

Interaction with pregnancy

Hypothyroid women show decreased fertility rate due
to neuroendocrine and ovarian dysfunction and women
who conceive exhibit symptoms at a lower level of TSH.
Immunosuppression seen in pregnancy may improve
Hashimoto thyroiditis, albeit temporarily.® There can
be a greater risk of early and late obstetric complication
such as miscarriage, anaemia, gestational hypertension,
placental abruption, premature delivery and postpartum
haemorthage.” '* Ghalia eshoor et al., demonstrated an
association between increase in TSH to five times the
normal at 11 to 13 weeks of gestation and subsequent
development of late-PE. This association was independent
of autoimmune mechanisms.'®

As the presence of an autoimmune disease increases
the development of other autoimmune diseases, there
is a 5% to 8% prevalence of hypothyroidism in type I
diabetes mellitus; women who have type I diabetes are
at a 25% higher risk of developing postpartum thyroid
dysfunction.’
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Thyroid function tests in pregnancy

The physiological changes in pregnancy makes
interpretation of laboratory tests difficult. The increase in
TBG results in increase in total T, (TT,) and total T, (TT).
Free T, (F T,) and free T, (F T,), which reflect the thyroid

function in pregnancy may also be altered by TBG.

The free T, index (FT 1) is an indirect measure of FT, and
accounts for increase in TBG.

FT,I= TT,XRT,U
The reported reference value for FT I is 4.5-12.5mcg/dl.

The laboratory values associated with hypothyroidism are
increase in TSH, low FT,, FT I and variable presence of
thyroperoxidase antibodies (TPO). TSH and FT,/FT, are
used to assess and follow thyroid diseases in pregnancy.?
The reference range of TSH varies more in pregnancy as
compared to general population. As evidenced in several
studies it varies in accordance with gestational age, number
of foetuses, laboratory and testing methods."

Upper limit of TSH should be 2.5 mIU/L in 1st trimester
and 3mIU/L in 2nd and 3rd trimesters. The lower limit
could be 0.1 mIU/L in 1st trimester and 0.2 mIU/L in 2nd
and 3rd trimesters. Failure to apply these specific reference
ranges may result in underestimation of hypothyroidism
and overestimation of hyperthyroidism. The debate
regarding the pros and cons of universal screening is
ongoing and case finding approach is still recommended
although, few studies have shown that chances of missing
pregnant hypothyroid women amounts to one —third if

testing is done only for high risk groups.* '

Pregnant
women with history of thyroid disease, family history of
thyroid disease, known autoimmune disease, presence of
goitre, previous history of neck radiation and history of
medications which cause thyroid disturbances should be
screened. If the serum TSH is =23 mIU/L, tests have to
be repeated in different labs along with FT, and TPO.
Levothyroxine should be given awaiting the lab reports. If
reports suggest euthyroid state, then levothyroxin should
be stopped and patient is considered euthyroid. If TSH is
>3mlIU/L and FT4 is normal, then patient should be tested
petiodically throughout the pregnancy. If TSH >3mIU/L
along with low FT,, then levothyroxin is continued and the
dose is titrated to maintain TSH level in the range of 0.5-
2.5 mIU/ L. TSH level should be checked every 6 to 8

weeks in pregnancy®'"™'®

Medical management

In women with pre-existing hypothyroidism, there is 30-
50% increase in requirement of levothyroxine during the
first trimester. This is due to increased T, metabolism,
elevated TBG as well as inhibition of thyroid hormone
(TH) absorption from the gut by prenatal iron supplements.
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This can be minimized by administering iron supplements
and TH four hours apart. In women diagnosed with
hypothyroidism during pregnancy, levothyroxine should
be started at a dose of 1-2 mcg/kg/day. TSH levels should
be reassessed 4-6 weeks following the dose change with
treatment goal of TSH in the range of 0.5-2.5 mIU/ L.
In case of overt hypothyroidism diagnosed in pregnancy,
T, should be normalised as rapidly as possible by using
two to three times the estimated final daily dose. It is
important to monitor and treat the patient according to
biochemical values of the hormones rather than by clinical

judgement.>®1>!

Anesthetic management

Clinical
anesthetic

manifestations of hypothyroidism affecting

management are reversible myocardial
dysfunction, reversible defects in hypoxic and hypercarbic
ventilatory drives, obstructive sleep apnoea, paraesthesia,
increased cerebrospinal fluid protein concentration,
hyponatremia, anaemia, abnormal coagulation profile,
increased peripheral nociceptive thresholds and coronary

artery disease'”?

During pre operative preparation,
sedatives should be avoided. However, administration

anxiolytics and

of antihistamines like ranitidine and oral sodium citrate
solution along with metoclopramide are considered safe.
Severe hypothyroidism should be managed with IV T,/T,
but, if they are not available, oral T, is the mode of choice.”
Hypothermia should be prevented in the operation room
as well as in the post operative period.

Decreased intravascular volume, preload, cardiac output
and blunted baroreceptor response make the patient
sensitive to cardio depressant effects of anesthetics.”

During surgical stress, hydrocortisone should be given.'”

Regional anesthesia should be favoured over general
anesthesia. Nerve stimulators may not be useful clinically
due to abnormal response to the peripheral nerve
stimulator. Although hypothyroidism is associated with
qualitative platelet dysfunction, epidural hematoma is a
theoretical risk and presence of normal coagulation should
be confirmed before regional anesthesia.® Vasopressor
response is normal for epinephrine but, decreased for
phenylephrine.

Myxedema coma in pregnancy

Myxedema coma, is a life threatening form of
decompensated hypothyroidism. Most commonly it is
seen in older women but few case reports have confirmed
its occurrence in pregnancy. The extremely high mortality
rate (25-60%) makes it necessary for eatly recognition
and treatment. Although encountered rarely, a healthy
degree of suspicion of the ‘worst first’ mentality must be

maintained to prevent poor outcomes in these patients.
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Precipitating factors are hypothermia, infections and
septicaemia, cerebrovascular accidents, congestive heart
failure, gastrointestinal bleeding, trauma and fractures,
drugs
amiodarone, and lithium) and withdrawal of thyroid

(anesthetics, sedatives, tranquilizers, narcotics,

supplements.”

Clinically patient may present with mental status changes
includinglethargy, cognitivedysfunction,and evenpsychosis.
Hypothermia in spite of infection is the hallmark feature
of myxedema coma. Hyponatremia, hypoventilation, and
bradycardia can also occur. A high mortality rate, even
with appropriate treatment, mandates management in the
intensive care unit where proper ventilatory, electrolyte, and
hemodynamic support can be given. Passive rewarming,
broad spectrum antibiotic coverage and corticosteroids
may also be needed. The definitive treatment is thyroid
hormone replacement administered as IV T . 200 to 500
mcg as an initial bolus followed by 50-100 mcg daily. Few
centers suggest addition of IV Tz, 10-25 mcg every 8 hours
if available. Rapid thyroid hormone replacement may
precipitate myocardial infarction, hence caution should be
exercised in those with underlying ischemic heart disease.
Treatment of the precipitating cause like an infection is

critical for rapid recovery.”

HYPERTHYROIDISM

Hyperthyroidism occurs in 0.2% of pregnant women.
Hyperthyroidism is defined as excessive thyroid hormone
production by the thyroid gland.

Normal pregnancy is also associated with certain changes
in the HPT axis which favours increased thyroid hormone
production, though this does not produce clinical symptoms
and signs of thyrotoxicosis. HCG has some structural
homology with TSH and stimulates TSH receptors in the
thyroid tissue, thus increasing T, levels and suppressing
TSH by negative feedback from T,*" Increased estrogen
leads to higher level of TBG thus increasing total T, levels
to 150% above the normal non-pregnant reference levels.?

The causes of hyperthyroidism in pregnancy can be
divided into immune and non-immune catogaties.' The
most common cause of non-immune hyperthyroidism
is Gestational thyrotoxicosis. It is due to high levels of
HCG causing increase in serum FT, and suppressed or
undetectable TSH; usually associated with hyperemesis
gravidarum.®® It can also be caused by molar pregnancy
associated with very high levels of HCG.

Thecommonestcauseof hyperthyroidism during pregnancy
is Graves’ disease,” an autoimmune hyperthyroidism
disorder due to stimulation of thyroid gland by the thyroid
stimulating hormone receptor antibody (TSHRAb). Other
causes can be toxic solitary thyroid nodule, multinodular
goiter, exogenous thyroid hormone, drugs like amiodarone
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and subacute thyroiditis. The clinical course of Grave’s
disease varies throughout the pregnancy, with exacerbation
during first trimester and post partum period and
remission during second and third trimester due to general
immunosupptession of pregnancy.”

Both pregnancy and hyperthyroidism are associated with

increased metabolic rate. This causes difficultyin recognition
of Graves’ disease. Some of the symptoms of this disease
are similar to those presenting in normal pregnancy like heat
intolerance, shortness of breath, weakness, nervousness,
emotional liability and increased pulse rate. This makes
it difficult to diagnose hyperthyroidism in pregnancy.
Careful clinical examination may reveal presence of
goiter, opthalmopathy, pretibial myxoedema and clubbing
which are exclusive to Graves’ disease.® Thyroid function
testing is beneficial, but one must keep in mind the effect
of gestational age on TSH and T, as discussed earlier. It
is important not to misdiagnose hyperthroidism as TSH
levels are normally suppressed in pregnancy. According to
current evidence, subclinical hyperthyroidism (suppressed
TSH with normal T,) does not adversely affect pregnancy,
hence treatment is not advised.?

Interaction with pregnancy

Clinically and biochemically diagnosed hyperthyroidism
during pregnancy needs to be treated as it can have adverse
effects on both mother and fetus. Commonest clinical
sequaclae in mother are hypertension and preeclampsia; they
can also develop pulmonary edema and congestive cardiac
failure in late pregnancy.”’ Uncontrolled hyperthyroidism
can lead to preterm labor and delivery, placental abruption
and can rarely lead to thyroid storm. Adverse effects on
fetus include fetal tachycardia, small for gestational age
babies, accelerated bone maturation, prematurity, still births
and possibly congenital malformations. In Graves’ disease,
thyroid stimulating antibodies readily cross placenta and
stimulate fetal thyroid with the resultant fetal or neonatal
hyperthyroidism. Fortunately, this occurs only with very
high levels of thyroid antibodies.

Medical Management

Maintenance of euthyroid state in the mother cannot
be overemphasized. The mainstay of treatment of
hyperthyroidism in pregnant patient remains antithyroid

43132 Radioactive iodine treatment is contraindicated

drugs.
in pregnant women because of irreversible damage to the
fetal thyroid gland.™ Surgety- subtotal thyroidectomy- can
be considered as if patient is allergic to or not responding
adequately to antithyroid drugs, patient is noncompliant
to medications, or a large goiter is causing symptoms of
dysphagia or airway obstruction. It is done rarely during
pregnancy due to risks of both surgery and anesthesia to
the mother and fetus. The optimal timing for surgery is the
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second trimester. A case report recounts an incidence of
thyroidectomy because of acute respiratory failure due to
enlarged thyroid duting 20™ week of gestation, followed
by uneventful pregnancy.” Thete are also case repotrts of
cesarean section combined with thyroidectomy in patients
with sevete symptoms.”

Antithyroid medications cross the placenta in small amounts
and can decrease the fetal thyroid hormone production,
so the lowest possible dose to achieve adequate metabolic
control is preferred.””

Propylthiouracil (PTU) is the preferred drug during
pregnancy, because methimazole is associated with rare
teratogenicity resulting in aplasia cutis and choanal or
esophageal atresia. However, recently there have been
reports of severe hepatotoxicity with the use of PTU.
Therefore, it is suggested to start treatment with PTU
during the first trimester and switch over to methimazole
at the beginning of second trimester. The treatment
should begin with the lowest possible doses of antithyroid
drugs, so that free T, and T are in the high normal range.”
Maintaining the hormone levels in this range will minimize
the risk of fetal hypothyroidism and goiter. Thyroid
function tests should be assessed monthly and antithyroid
drug dose should be adjusted as required.

The initial recommended dose of PTU is 100-450 mg per
day, divided into three daily doses, depending on patient’s
symptoms and thyroid function test results. Methimazole
is prescribed at 10-20 mg per day in once daily dose. The
most common side effects of anti-thyroid drugs are mild
hypersensitivity skin reactions, transient leukopenia and
rarely, agranulocytosis and acute cholestatic hepatitis.

Beta blocking agents, such as propranalol, 10 — 40 mg
every four to six hours or 25- 50 mg daily, can be given
to treat hyperadrenergic symptoms. Short term use is
recommended as there are reports of impaired fetal growth
with long term use of beta blockers.

Even though there are advanced techniques for monitoring
of fetal thyroid gland, monitoring of maternal thyroid
status is a more clinically practical index of fetal thyroid
status. Serial fetal ultrasound examinations should be done.
They can reveal fetal goiter, fetal tachycardia (>170 bpm for
10 minutes), intrauterine growth retardation, features of
congestive cardiac failure, accelerated skeletal maturation
and fetal hydrops.™

Anesthetic considerations

It is a well known fact that any hyperthyroid patient
should be rendered ecuthyroid before elective surgery.
But anesthesiologists can encounter inadequately treated
patients during emergency situation, for example emergency
caesarean section. Such patients have hypermetabolic
and hyperdynamic states which need to be optimized

305



Thyroid disorders during pregnancy and anesthetic considerations

as far as possible with intravenous beta blockers and
antithyroid drugs. Even intravenous magnesium has been
used for its vasodilatory effect without depression of the
myocardium.”

Problems one need to keep in mind are: 1) hyperdynamic
circulation leading to high output cardiac failure 2) cardiac
dysrhythmias 3) difficult airway associated with huge goiter
and 4) thyroid storm.

In a pregnant patient presenting with goiter, airway can
be difficult because of accompanying pregnancy induced
changes like generalised weight gain, increase in breast
size, respiratory mucosal edema and increased risk of
pulmonary aspiration. Awake fiberoptic intubation can
be preferred choice of intubation in such patients.™
Hemodynamic responses to laryngoscopy and intubation
can be exaggerated and detrimental. Inadequate depth
during general anesthesia can lead to hypertensive crisis
and dysrhythmias which can cause considerable morbidity.

Regional anesthesia can be preferred for caesarean section
or other lower abdominal procedures; it is easier and
safer in such patients. It also avoids manipulation of a
potential difficult airway and cardiovascular problems due
to inadequate depth.

Thyroid storm and Heart failure

Pregnancy can be a potential precipitant of rare
complications like thyroid storm ot heatt failure.* Thyroid
storm is an acute, severe, life threatening hypermetabolic
state and is rare in pregnancy. Pulmonary hypertension and
cardiac failure due to thyroxine-induced cardiomyopathy
are relatively more common. Pregnant women with
uncontrolled hyperthyroidism have minimal cardiac
reserve and high output cardiac failure can be precipitated
by preeclampsia, anemia, sepsis or a combination of these

factors.

Treatment of both conditions should be cartried out in an
intensive care unit. In thyroid storm- along with supportive
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treatment- anti-thyroid drugs (PTU initially 1000 mg
orally or through nasogastric tube), iodine (5 drops of
super saturated potassium iodide every 8 hours or lugol’s
solution 10 drops every 8 hours), steroids (dexamethasone
2mg intravenously every 6 hours for four doses) and
beta blockers (propranalol/esmolol/labetalol 1mg/min
intravenously repeated untill tachycardia settles) should

#.42 Tn addition to above measures, diuretics can

be given.
be used in heart failure patients. Coexisting preeclampsia,
anemia or sepsis should be managed aggressively and

appropriately.

Post partum thyroiditis

Postpartum thyroiditis is an inflammation of thyroid gland
resulting in transient thyrotoxicosis followed usually by
hypothyroidism. It occurs in 4 to 10% of women during
first year postpartum.'”® It can often go undiagnosed as
symptoms resemble those of postpartum blues, so one
needs to be vigilant when diagnosing,

THYROID CANCER

Thyroid cancers are the most common endocrine
malignancies,* accounting for 1% of all cancers. Three out
of four tumors occur in women; half present during the
reproductive years. Therefore, for any solitary or dominant
nodule in the thyroid gland, FNAC is recommended and
is safe during pregnancy. Serum TSH and free T, levels
should be obtained and ultrasonography can be used to
characterize the lesion. A benign lesion can be followed
conservatively and re-aspirated if the cystic lesion enlarges
again. If a lesion is frankly malignant or suspicious for
papillary cancer, surgery should ensue at the earliest
safe period. Patients should be maintained on thyroid
replacement therapy with monitoring of TSH and FT,
levels every 8 weeks.?

Source of funding: none.

Conflict of interest: none.

ANAESTH, PAIN & INTENSIVE CARE; VOL 18(3) JUL-SEP 2014



REFERENCES

1.

10.

1.

12.

13.

14.

15.

Negro R and Mestman JH. Thyroid disease in
pregnancy. Best Pract & Res Clin Endocrinol &
Metab 201;25:927-43.

Fitzpatrick DL, Russell MA. Diagnosis
and management of thyroid disease in
pregnancy. Obstet Gynecol Clin  North
Am 2010;37:173-93,

Chopra 14, Baber K. Treatment of primary
hypothyroidism during pregnancy: is there
an increase in thyroxine dose requirement
in pregnancy? Metabolism 2003;52:122-8.

PubMed

Stagnaro-Green A, Pearce E. Thyroid
disorders in  pregnancy. Nat Rev
Endocrinol 2012;8:650-8.

DM Neale, AC Cootauco, G Burrow. Thyroid
disease in pregnancy. Clinics in Perinatology
2007;34:543- 57.

Dubbs SB, Spangler R. Hypothyroidism:
causes, killers, and life-saving treatments.
Emerg Med Clin North Am 2014;32:303-17.

PubMed
Cunningham FG, Leveno KT, Bloom SL,Hauth
JC, Rouse DJ, Spong CY. Thyroid and other
endocrine disorders. William'’s obstetrics. 23rd
ed. New York. Mc —Graw Hill 2010 p1126-40
Keely E, Casey BM. Thyroid diseases in
pregnancy. in Powrie RO, Greene MF,
Camann W (eds). De swiet's medical disorders
in obstetric practice. 5th ed. Chicester. Wiley-
Blackwell 2010. p 322-32.

Zaman MU. Management of thyroid diseases
in pregnancy. PJR. 2008;18;9-11.

Ravanbod M, Asadipooya K, Kalantarhormozi
M, Nabipour I, Omrani GR. Treatment of iron-
deficiency anemia in patients with subclinical
hypothyroidism. Am J Med 2013;126:420-4.
[PubMed]

Biondi B. Natural history, diagnosis and
management of subclinical thyroid dysfunction.
Best Pract Res Clin Endocrinol Metab
2012;26:431-46.

Hague WM. Pre existing endocrine disease in
relation to pregnancy. Curr Obstet Gynaecol
1999;9:62-8.

Glinoer D. The regulation of thyroid function
during normal pregnancy: importance of
the iodine nutrition status. Best Pract Res
Clin Endocrinol Metab 2004;18:133-152.
Wissler RN. Endocrine disorders. In: Chestnut
DH, editor. Obstetric Anesthesia; Principles
and Practice. 3rd ed. Philadelphia: Elsevier
Mosby;2004 p. 744-9.

Ashoor G, Maiz N, Rotas M, Kametas NA,
Nicolaides K. Maternal thyroid function at
11 to 13 weeks of gestation and subsequent
development of preeclampsia. Prenat Diagn

20.

21.

22.

23.

24,

25.

26.

27.

28.

2010;30:1032-8. [PubMed

. Vaidya B, Anthony S, Billous M, Shields B,

Drury J, Hutchison, et al. Detection of thyroid
dysfunction in early pregnancy: universal
screening or targeted high-risk case finding? J
Clin  Endocrinol Metab 2007;92:203-7.

PubMed

. Ramprasad M,  Bhattacharyya  SS,
Bhattacharyya ~ A.  Thyroid  disorders
in  pregnancy. Indian J  Endocrinol

Metab 2012;16:5167-70. [PubMed

. Stagnaro-Green A, Abalovich M, Alexander E,

Azizi F, Mestman J, Negro R, et al. Guidelines
of the American Thyroid Association for
the Diagnosis and Management of Thyroid
Disease During Pregnancy and Postpartum.
Thyroid  2011;21(10):1081-125.  [PubMed

. Bacuzzi A, Dionigi G, Bosco AD, Cantone G,

Sansone T, Losa ED, et al. Anesthesia for
thyroid surgery: Perioperative management. Int
J Surg 2008;6:82-5.

Hussain Z, Elahi S. Undetected hypothyroidism
and its anesthetic implications. Anaesth Pain
& Intensive Care 2012;16:205-10.
Venkatesan T, Thomas N, Ponniah M,
Khan D, Chacko AG, Rajshekhar V.
Oral triiodothyronine in the perioperative
management of central hypothyroidism.
Singapore Med J 2007;48:555-8.
Sudha P, Koshy RC, and Pillai VS. Undetected
hypothyroidism and unexpected anesthetic
complications. J Anaesthesiol Clin pharmacol
2012;28:276.

Bajwa SJ, Sehgal V. Anesthesia and thyroid
surgery: The never ending challenges. Indian J
Endocrinol Metab.2013;17:228-34,
Devdhar M, Ousman YH, Burman
KD. Hypothyroidism. Endocrin Metab Clin
2007;36:595.

Gaitonde DY, Rowley KD, Sweeney LB.
Hypothyroidism: an update. Am Fam Physician
2012;14:244-51. [PubMed]

Lee CH, Wira CR. Severe angioedema in
myxedema coma: a difficult airway in a rare
endocrine emergency. Am J Emerg Med
2009;27:1021.e1-2. [PubMed]

Cignini P, Cafa EV, Giorlandino C, Capriglione
S, Spata A, Dugo N. Thyroid physiology and
common diseases in pregnancy: Review
of literature. J Prenat Med 2012;6:64—
71. [PubMed]

Cooper DS, Lanbeg P, Hyperthyroidism
in pregnancy. Lancet diabetes endocrinol

%* % K * *

ANAESTH, PAIN & INTENSIVE CARE; VOL 18(3) JUL-SEP 2014

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

review article

2013;3:238-49.

El Baba KA, Azar ST. Thyroid function in
pregnancy. Int J Gen Med 2012;5:227- 30.
PubMed

B Meczekalski, A Czyzyk. Hyperthyroidism
in pregnancy. Diagnosis and Management.
Archives of perinatal medicine 2009:15;127-
35. [PubMed]

Afzal R. Thyroid disorders in pregnancy: An
overview of literature from Pakistan. Indian J

Endocrinol Metab 2013;17:943-45.
Shahid R. Pregnancy with hyperthyroidism. J
Coll Physicians Surg Pak 2003;13: 255-59.
[PubMed]

Girling JC. Thyroid disorders in pregnancy.
Curr Obstet and Gynaecol 2006:16;47-53.
Aloumanis K, Mavroudis K, Vassiliou |,
Arkadopoulos N, Smymiotis V, Kontoyannis
S, et al. Urgent thyroidectomy for acute airway
obstruction caused by a goiter in a euthyroid
pregnant woman. Thyroid. 2006;16:85-8.
[PubMed] [

Hendrie MA, Kumar MM. Airway obstruction,
caesarean section and thyroidectomy. Int J
Obstet Anesth. 2013:22; 340-45.
Chen YT, Khoo DH. Thyroid diseases in
pregnancy. Ann Acad Med Singapore 2002;
31:296-302.

De Groot L, Abalovich M, Alexander EK, Amino
N, Barbour L, Cobin RH, et al. Management
of thyroid dysfunction during pregnancy and
postpartum: an endocrine society clinical
practice guidelines. J Clin Endocrinol Metab
2012:97;2543-65.

Unnikrishnan AG, Bhosale S, Kalva S.
Obstetric controversies in thyroidology. Indian
J Endocr Metab 2007;17:529-31.

S Fyneface Ogan, PO Fiebai, Bl Obasuyi.
Anaesthetic challenges in an untreated grave’s
disease parturient undergoing emergency
caesarean section. Nigerian Health Journal
2013;11:126-9.

Yang MJ, Cheng MH. Pregnancy complicated
with pulmonary edemaduetohyperthyroidism.J
Chin Med Assoc 2005;68:336-8. [PubMed

Khoo CM, Lee KO. Endocrine emergencies
in pregnancy. Best Pract Res Clin Obstet
Gynaecol 2013:27;885-91.

Langley RW, Burch HB. Perioperative
management of the thyrotoxic patient.
Endocrinol Metab Clin North Am 2003;32:519-
3.

Gibelli B, Zamperini P, Proh M,Giugliano G.

Management and follow up of thyroid cancer
in pregnant women. Acta Otorhinolaryngol Ital

2011;31:358-65. [PubMed] [Free Full Text]

307


http://www.ncbi.nlm.nih.gov/pubmed/?term=1.%09Negro+R+and+Mestman+JH.+Thyroid+disease+in+pregnancy.+Best+Pract+%26+Res+Clin+Endocrinol+%26+Metab+201%3B25(6)%3A927%E2%80%9343.
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Fitzpatrick+DL%2C+Russell+MA.+Diagnosis+and+management+of+thyroid+disease+in+pregnancy.+Obstet++Gynecol+Clin++North+Am+2010%3B37(2)%3A173%E2%80%9393.
http://www.ncbi.nlm.nih.gov/pubmed/?term=3.%09Chopra+IJ%2C+Baber+K.+Treatment+of+primary+hypothyroidism+during+pregnancy%3A+is+there+an+increase+in+thyroxine+dose+requirement+in+pregnancy%3F+Metabolism+2003%3B52(1)%3A122-8.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stagnaro-Green+A%2C+Pearce+E.+Thyroid+disorders+in+pregnancy.+Nat+Rev+Endocrinol++2012%3B8(11)%3A650%E2%80%938.
http://www.ncbi.nlm.nih.gov/pubmed/?term=5.%09DM+Neale%2C+AC+Cootauco%2C+G+Burrow.+Thyroid+disease+in+pregnancy.+Clinics+in+Perinatology+2007%3B34(4)%3A543%E2%80%93+57.
http://www.ncbi.nlm.nih.gov/pubmed/?term=6.%09Dubbs+SB%2C+Spangler+R.+Hypothyroidism%3A+causes%2C+killers%2C+and+life-saving+treatments.+Emerg+Med+Clin+North+Am+2014%3B32%3A303-17.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ravanbod+M%2C+Asadipooya+K%2C++Kalantarhormozi+M%2C++Nabipour+I%2C++Omrani+GR.+Treatment+of+iron-deficiency+anemia+in+patients+with+subclinical+hypothyroidism.++Am+J+Med+2013%3B126(5)%3A420-4.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Biondi+B.+Natural+history%2C+diagnosis+and+management+of+subclinical+thyroid+dysfunction.+Best+Pract+Res+Clin+Endocrinol+Metab+2012%3B26(4)%3A431%E2%80%9346.
http://www.ncbi.nlm.nih.gov/pubmed/?term=13.%09Glinoer++D.+The+regulation+of+thyroid+function+during+normal+pregnancy%3A+importance+of+the+iodine+nutrition+status.+Best+Pract+Res+Clin+Endocrinol+Metab+2004%3B18%3A133%E2%80%93152.
http://www.ncbi.nlm.nih.gov/pubmed/?term=15.%09+Ashoor+G%2C+Maiz+N%2C+Rotas+M%2C+Kametas+NA%2C+Nicolaides+K.+Maternal+thyroid+function+at+11+to+13+weeks+of+gestation+and+subsequent+development+of+preeclampsia.+Prenat+Diagn+2010%3B30%3A1032%E2%80%938.
http://www.ncbi.nlm.nih.gov/pubmed/?term=15.+Ashoor+G%2C+Maiz+N%2C+Rotas+M%2C+Kametas+NA%2C+Nicolaides+K.+Maternal+thyroid+function+at+11+to+13+weeks+of+gestation+and+subsequent+development+of+preeclampsia.+Prenat+Diagn+2010%3B30%3A1032%E2%80%938.
http://www.ncbi.nlm.nih.gov/pubmed/?term=17.%09Ramprasad+M%2C+Bhattacharyya+SS%2C+Bhattacharyya+A.+Thyroid+disorders+in+pregnancy.+Indian+J+Endocrinol+Metab+2012%3B16%3AS167%E2%80%9370.
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/23565370/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/23565370/
http://www.ncbi.nlm.nih.gov/pubmed/?term=18.%09Stagnaro-Green+A%2C+Abalovich+M%2C+Alexander+E%2C++Azizi+F%2C++Mestman+J%2C++Negro+R%2C+et+al.+Guidelines+of+the+American+Thyroid+Association+for+the+Diagnosis+and+Management+of+Thyroid+Disease+During+Pregnancy+and+Postpartum.+Thyroid+2011%3B21(10)%3A1081-125.
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21787128/
http://www.ncbi.nlm.nih.gov/pubmed/?term=19.%09Bacuzzi+A%2C+Dionigi+G%2C+Bosco+AD%2C+Cantone+G%2C+Sansone+T%2C+Losa+ED%2C+et+al.+Anesthesia+for+thyroid+surgery%3A+Perioperative+management.+Int+J+Surg+2008%3B6%3A82%E2%80%935.
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.apicareonline.com%2F%3Fp%3D1321&ei=srBhVKndNsbePYu2gbgK&usg=AFQjCNGrtt0CTCKMa07S5eOMt9ON5JLdwg&sig2=G7EuMzYvosbYSxgibhIu8A&bvm=bv.
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.apicareonline.com%2F%3Fp%3D1321&ei=srBhVKndNsbePYu2gbgK&usg=AFQjCNGrtt0CTCKMa07S5eOMt9ON5JLdwg&sig2=G7EuMzYvosbYSxgibhIu8A&bvm=bv.
http://www.ncbi.nlm.nih.gov/pubmed/?term=21.%09Venkatesan+T%2C+Thomas+N%2C+Ponniah+M%2C+Khan+D%2C+Chacko+AG%2C+Rajshekhar+V.+Oral+triiodothyronine+in+the+perioperative+management+of+central+hypothyroidism.+Singapore+Med+J+2007%3B48%3A555%E2%80%938.
http://smj.sma.org.sg/4806/4806a11.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=22.%09Sudha+P%2C+Koshy+RC%2C+and++Pillai+VS.+Undetected+hypothyroidism+and+unexpected+anesthetic+complications.+J++Anaesthesiol+Clin+pharmacol+2012%3B28(2)%3A276.
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/22557772/
http://www.ncbi.nlm.nih.gov/pubmed/?term=23.%09Bajwa+SJ%2C+Sehgal+V.+Anesthesia+and+thyroid+surgery%3A+The+never+ending+challenges.+Indian+J+Endocrinol+Metab.2013%3B17(2)%3A228%E2%80%9334.
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/23776893/
http://www.ncbi.nlm.nih.gov/pubmed/?term=24.%09Devdhar+M%2C+Ousman+YH%2C+Burman+KD.++Hypothyroidism.+Endocrin+Metab+Clin+2007%3B36(3)%3A595.
http://www.ncbi.nlm.nih.gov/pubmed/?term=24.%09Devdhar+M%2C+Ousman+YH%2C+Burman+KD.++Hypothyroidism.+Endocrin+Metab+Clin+2007%3B36(3)%3A595.
http://www.ncbi.nlm.nih.gov/pubmed/?term=26.%09Lee+CH%2C+Wira+CR.+Severe+angioedema+in+myxedema+coma%3A+a+difficult+airway+in+a+rare+endocrine+emergency.+Am+J+Emerg+Med+2009%3B27(8)%3A1021.e1-2.
http://www.ncbi.nlm.nih.gov/pubmed/?term=27.%09Cignini+P%2C+Caf%C3%A0+EV%2C+Giorlandino+C%2C+Capriglione+S%2C+Spata+A%2C+Dugo+N.+Thyroid+physiology+and+common+diseases+in+pregnancy%3A+Review+of+literature.+J+Prenat+Med+2012%3B6%3A64%E2%80%9371.
http://www.ncbi.nlm.nih.gov/pubmed/?term=28.%09Cooper+DS%2C+Lanbeg+P%2C+Hyperthyroidism+in+pregnancy.+Lancet+diabetes+endocrinol+2013%3B3%3A238-49.
http://www.ncbi.nlm.nih.gov/pubmed/?term=El+Baba+KA%2C++Azar+ST.+Thyroid+function+in+pregnancy.+Int+J+Gen+Med+2012%3B5%3A227-+30.++30.
http://www.ncbi.nlm.nih.gov/pubmed/?term=31.%09Afzal+R.+Thyroid+disorders+in+pregnancy%3A+An+overview+of+literature+from+Pakistan.+Indian+J+Endocrinol+Metab+2013%3B17(5)%3A943%E2%80%9345.
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24083190/
http://www.ncbi.nlm.nih.gov/pubmed/?term=32.%09Shahid+R.+Pregnancy+with+hyperthyroidism.+J+Coll+Physicians+Surg+Pak+2003%3B13(5)%3A+255%E2%80%9359.
http://www.ncbi.nlm.nih.gov/pubmed/?term=34.%09Aloumanis+K%2C+Mavroudis+K%2C+Vassiliou+I%2C+Arkadopoulos+N%2C+Smyrniotis+V%2C+Kontoyannis+S%2C+et+al.+Urgent+thyroidectomy+for+acute+airway+obstruction+caused+by+a+goiter+in+a+euthyroid+pregnant+woman.+Thyroid.+2006%3B16%3A85-8.
v
http://www.ncbi.nlm.nih.gov/pubmed/?term=36.%09Chen+YT%2C+Khoo+DH.+Thyroid+diseases+in+pregnancy.+Ann+Acad+Med+Singapore+2002%3B+31(3)%3A296-302.
http://www.ncbi.nlm.nih.gov/pubmed/?term=37.%09De+Groot+L%2C+Abalovich+M%2C+Alexander+EK%2C+Amino+N%2C+Barbour+L%2C+Cobin+RH%2C+et+al.+Management+of+thyroid+dysfunction+during+pregnancy+and+postpartum%3A+an+endocrine+society+clinical+practice+guidelines.+J+Clin+Endocrinol+Metab+2012%3A97(8)%3B+2543-65.
http://www.ncbi.nlm.nih.gov/pubmed/?term=40.%09Yang+MJ%2C+Cheng+MH.+Pregnancy+complicated+with+pulmonary+edema+due+to+hyperthyroidism.+J++Chin+Med+Assoc+2005%3B68(7)%3A336-8.
http://www.ncbi.nlm.nih.gov/pubmed/?term=41.%09+Khoo+CM%2C+Lee+KO.+Endocrine+emergencies+in+pregnancy.+Best+Pract++Res+Clin+Obstet++Gynaecol+2013%3A27(6)%3B885-91.
http://www.ncbi.nlm.nih.gov/pubmed/?term=42.%09Langley+RW%2C+Burch+HB.+Perioperative+management+of+the+thyrotoxic+patient.+Endocrinol+Metab+Clin+North+Am+2003%3B32(2)%3A519%E2%80%9334.
http://www.ncbi.nlm.nih.gov/pubmed/?term=43.%09Gibelli+B%2C++Zamperini+P%2C+Proh+M%2CGiugliano+G.+Management+and+follow+up+of+thyroid+cancer+in+pregnant+women.+Acta+Otorhinolaryngol+Ital+2011%3B31%3A358-65
http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/22323846/

