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Ke y Points
 1 The major risk of anesthesia in the poorly controlled thyrotoxic 

patient is thyroid storm, which must be aggressively treated 
with β-blockers, iodide, and antithyroid drugs.

 2 Asymptomatic or mild hypothyroidism does not appear to 
significantly increase anesthetic risk and is not a contraindica-
tion to surgery. Moderate to severe hypothyroidism should be 
corrected before surgery to prevent multisystem complications.

 3 Patients who have received corticosteroids for >1 week in the 
past year may have adrenal suppression and should receive 
supplemental steroids in the perioperative period.

 4 Preoperative preparation of the pheochromocytoma patient with 
α-blockers decreases intraoperative hemodynamic instability.

 5 Pheochromocytoma manipulation is associated with severe hy-
pertension that should be treated aggressively with nitroprus-
side, phentolamine, or other rapidly acting vasodilators.

 6 The major perioperative risks to the diabetic patient come 
from coexisting disease, especially coronary artery disease. 
Coexisting disease must be aggressively sought and optimized.

 7 Very tight control of perioperative blood glucose levels appears 
to increase the risk of hypoglycemic complications without 
clearly reducing the risk of hyperglycemic complications.

 8 Endotracheal intubation may be unpredictably difficult in 
patients with acromegaly.

Mult imedia
 1 NIM Thyroid

 2 Vitamin D Metabolism

 3 Catecholamines

 4 Metabolism of Endogenous Catecholamines



 chapteR 46 Endocrine Function 1327

A
N

E
S
T
H

E
S
IA

 F
O

R
 S

U
R

G
IC

A
L
 

S
U

B
S
P
E
C

IA
LT

IE
S

THYROID gLAND

The thyroid gland secretes thyroid hormones, thyroxine (T4), 
and 3,3′,5-triiodothyronine (T3), which are the major regulators 
of cellular metabolic activity. Thyroid hormones exert a vari-
ety of actions by regulating the synthesis and activity of various 
proteins. They are necessary for proper cardiac, pulmonary, and 
neurologic function during both health and illness.

thyroid metabolism and function

The production of thyroid hormone is initiated by the active 
uptake and concentration of iodide in the thyroid gland 
(Fig. 46-1). Dietary iodine is reduced to iodide in the gastroin-
testinal (GI) tract. Circulating iodide is taken up by the thyroid 
gland, where it is then bound to tyrosine residues to form vari-
ous iodotyrosines. After organification, monoiodotyrosine or 
diiodotyrosine is coupled enzymatically by thyroid peroxidase 
to form either T3 or T4. These hormones are attached to the 
thyroglobulin protein and stored as colloid in the gland. The 
release of T3 and T4 from the gland is accomplished through 
proteolysis from the thyroglobulin and diffusion into the cir-
culation. Thyrotropin (thyroid-stimulating hormone [TSH]) is 
produced in the anterior pituitary gland, and its secretion is 
regulated by thyrotropin-releasing hormone produced in the 
hypothalamus. TSH is responsible for maintaining the uptake 
of iodide and proteolytic release of thyroid hormone. Excess 

iodide inhibits the synthesis and secretion of thyroid hor-
mone. Circulating thyroid hormone inhibits thyroid-releasing 
hormone and TSH secretion in a negative-feedback loop. The 
 thyroid gland is solely responsible for the daily secretion of T4 
(80 to 100 µg/day). The half-life of T4 in the circulation is 6 to 
7 days.

Approximately 80% of T3 is produced by the extrathyroidal 
deiodination of T4 and 20% is produced by direct thyroid secre-
tion. The half-life of T3 is 24 to 30 hours. Most of the effects of 
thyroid hormones are mediated by the more potent and less 
protein-bound T3. The degree to which these hormones are 
protein bound in the circulation is the major factor influenc-
ing their activity and degradation. T4 is metabolized by mono-
deiodination to either T3 or reverse T3 (rT3). T3 is biologically 
active, whereas rT3 is inactive. The major fraction of circulat-
ing hormone is bound to thyroxine-binding globulin (TBG), 
with a smaller fraction bound to albumin and transthyretin. 
Less than 0.1% is present as free, unbound hormone. Changes 
in serum-binding protein concentrations have a major effect 
on total T3 and T4 serum concentrations. The plasma normally 
contains 5 to 12 µg/dL of T4 and 60 to 180 ng/dL of T3. Many 
drugs can affect thyroid function, including amiodarone and 
dopamine.1

Although the thyroid hormone is important to many aspects 
of growth and function, the anesthesiologist is most often con-
cerned with the cardiovascular manifestations of thyroid dis-
ease.2 Thyroid hormones affect tissue responses to sympathetic 
stimuli and increase the intrinsic contractile state of cardiac 
muscle.

FIgURE 46-1. Thyroid hormone biosynthesis consists of four 
stages: (1) organification, (2) binding, (3) coupling, and (4) re-
lease. TSH, thyroid-stimulating hormone; T3, triiodothyronine; 
T4, thyroxine.
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β-adrenergic receptors are increased in number, and cardiac 
α-adrenergic receptors are decreased by thyroid hormone.3

tests of thyroid function

Serum thyroxine

The serum T4 assay is a standard test for evaluation of thyroid 
gland function (Table 46-1). The total T4 is elevated in approx-
imately 90% of patients with hyperthyroidism, and it is low in 
85% of those who are hypothyroid. The concentration of T4 is 
measured by radioimmunoassay (RIA). The serum T4 concentra-
tion is influenced by thyroid hormone protein–binding capacity. 
An increase or decrease in TBG levels or in protein binding may 
therefore alter the total T4 but not the concentration of the free 
T4. Because of the effect of TBG on circulating total T4, the T4 lev-
els should never be used alone to evaluate thyroid disease. Eleva-
tions in the TBG concentration are the most common cause of 
hyperthyroxinemia in euthyroid patients. Increases in TBG due 
to acute liver disease, pregnancy, or drugs (oral contraceptives, 
exogenous estrogens, clofibrate, opioids) may be the causative 
factor. Because a total T4 can be misleadingly high in euthyroid-
ism or normal in hypothyroidism, some measure of free thyroid 
hormone activity (free T4) must also be used.

Serum triiodothyronine

The serum T3 is also measured by RIA. Serum T3 levels are often 
determined to detect disease in patients with clinical evidence of 
hyperthyroidism in the absence of elevations of T4. T3 may be 
the only thyroid hormone produced in excess. T3 concentrations 
may be depressed by factors that impair the peripheral conver-
sion of T4 to T3 (sick euthyroid syndrome). In 50% of hypothy-
roid patients, the serum T3 concentration is low; in the remaining 
50%, it is normal.

tests for assessing thyroid hormone Binding

Because conventional assays measure total hormone levels, 
which can be affected by protein binding without affecting free 
hormone levels, it is necessary to find some measure of thyroid-
binding proteins to correctly interpret total thyroxine levels. A 
direct measurement of unbound T3 and T4 can be performed by 
equilibrium dialysis or by unbound immunoassays. Indirect mea-
surement of free hormone levels can be calculated by multiplying 
the total hormone level by the thyroid hormone binding ratio, 
which can be calculated from the T3-resin uptake. This product 
is the free T3 or T4 index. The T3 uptake test measures the ability 

of the patient’s serum to bind exogenously introduced T3 and 
reflects the amount of TBG and the extent of T3 saturation on 
TBG. The T3 uptake is inversely related to the degree of unsatura-
tion of TBG.

thyroid-Stimulating hormone

The radioimmunoassay for this hormone is sensitive and specific 
enough to become the first test in evaluating suspected thyroid 
dysfunction. It is often higher than 20 µIU/mL in primary hypo-
thyroidism (normal 0.4 to 4.5 µIU/mL). Hyperthyroidism can be 
suspected from depressed TSH levels. A condition characterized 
by elevated TSH and normal T4 may represent subclinical hypo-
thyroidism. A low TSH level in a clinically hypothyroid patient 
indicates disease at the pituitary or hypothalamic level. The goal 
of thyroid replacement therapy is to normalize TSH levels.3 Star-
vation, fever, stress, corticosteroids, and T3 or T4 can all depress 
TSH levels.

Radioactive iodine uptake

The thyroid gland has the ability to concentrate large amounts of 
inorganic iodide. The oral administration of radioactive iodine 
(131I) can be used to indicate thyroid gland activity. Thyroid 
uptake is elevated in hyperthyroidism unless the hyperthyroidism 
is caused by thyroiditis, in which case the uptake is low or absent. 
Because of overlap in values, it is difficult to distinguish euthy-
roid from hypothyroid people. Radioactive iodide uptake may 
be increased by a variety of factors, including dietary iodine defi-
ciency, renal failure, and congestive heart failure. Because uptake 
is under TSH control, elevated free T4 levels and corticosteroids 
decrease radioactive iodide uptake. Functioning (“hot”) thyroid 
tissue is rarely malignant. Nonfunctioning (“cold”) tissue may be 
malignant or benign.

hyperthyroidism

Hyperthyroidism results from the exposure of tissues to excessive 
amounts of thyroid hormone (Table 46-2). The most common 
cause is the multinodular diffuse goiter of Graves disease. This typ-
ically occurs between the ages of 20 and 40 years and is predomi-
nant in women. Most patients with this condition demonstrate a 
syndrome characterized by diffuse glandular enlargement, oph-
thalmopathy, dermopathy, and clubbing of the fingers. A thyroid-
stimulating autoantibody may be present. Thyroid adenoma is the 
second most common cause. Another cause of increased thyroid 
hormone synthesis is thyroiditis. Subacute thyroiditis frequently 

TAbLE 46-1. tests of thyroid gland funCtion

T4 T3 THBR TSH

Hyperthyroidism Elevated Elevated Elevated Normal or low

Primary hypothyroidism Low Low or normal Low Elevated

Secondary hypothyroidism Low Low Low Low

Sick euthyroidism (decreased 
peripheral conversion of T4 to T3)

Normal Low Normal Normal

Pregnancy Elevated Normal Low Normal

T4, total serum thyroxine; T3, serum triiodothyronine; THBR, thyroid hormone binding rate; TSH, thyroid-stimulating hormone.
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follows a respiratory illness and is characterized by a viral-like ill-
ness with a firm, painful gland. This type of thyroiditis is frequently 
treated with anti-inflammatory agents alone. Rarely, subacute thy-
roiditis may occur in a patient with a normal-sized painless gland. 
Hashimoto thyroiditis is a chronic autoimmune disease that 
usually produces hypothyroidism but may occasionally produce 
hyperthyroidism. Hyperthyroidism may also be associated with 
pregnancy, 131I therapy, thyroid carcinoma, trophoblastic tumors, 
or TSH-secreting pituitary adenomas. Iatrogenic hyperthyroid-
ism may follow thyroid hormone replacement or may occur after 
iodide exposure (angiographic contrast media) in patients with 
chronically low iodide intake (Jod-Basedow phenomenon). The 
antiarrhythmic agent amiodarone is iodine rich and is another 
cause of iodine-induced thyrotoxicosis.4

The major manifestations of hyperthyroidism are weight loss, 
diarrhea, skeletal muscle weakness and stiffness, warm and moist 
skin, heat intolerance, and nervousness. Cardiovascular manifes-
tations include increased left ventricular contractility and ejec-
tion fraction, tachycardia, elevated systolic blood pressure, and 
decreased diastolic blood pressure. Hypercalcemia, thrombo-
cytopenia, and a mild anemia may be present. Elderly patients 
may present with heart failure, atrial fibrillation, or other cardiac 
dysrhythmias. They may also present with apathetic hyperthy-
roidism characterized by depression and withdrawal, without the 
usual systemic signs or symptoms.

treatment and anesthetic considerations

The most important goal in managing the hyperthyroid patient is 
to make the patient euthyroid before any surgery, if possible. The 
drugs propylthiouracil and methimazole are thiourea derivatives 
that inhibit organification of iodide and the synthesis of thyroid 
hormone.5 Propylthiouracil also decreases the peripheral conver-
sion of T4 to T3. Normal thyroid glands usually contain a store of 
hormone that is large enough to maintain a euthyroid state for 
several months, even if synthesis is abolished. Therefore, hyper-
thyroid patients are unlikely to be regulated to a euthyroid state 
with antithyroid drugs alone in <6 to 8 weeks. Toxic reactions 
from these drugs are uncommon but include skin rash, nausea, 
fever, agranulocytosis, hepatitis, and arthralgias.

Inorganic iodide inhibits iodide organification and thyroid 
hormone release—the Wolff-Chaikoff effect. Iodide is also effec-
tive in reducing the size of the hyperplastic gland and has a role 
in the preparation of the patient for emergency thyroid surgery. 
Antithyroid drugs should be started before iodide treatment 
because of the possibility of worsening the thyrotoxicosis.

β-adrenergic antagonists are effective in attenuating the mani-
festations of excessive sympathetic activity and should be used 
in all hyperthyroid patients unless contraindicated. β-adrenergic 
blockade alone does not inhibit hormone synthesis, but specifi-
cally propranolol does impair the peripheral conversion of T4 
to T3 over 1 to 2 weeks. Propranolol given over 12 to 24 hours 
decreases tachycardia, heat intolerance, anxiety, and tremor. Any 
β-blocker may be used, and long-acting agents may be more 
convenient. The combination of propranolol (in doses titrated 
to effect) plus potassium iodide (2 to 5 drops every 8 hours) is 
frequently used before surgery to ameliorate cardiovascular 
symptoms and reduce circulating concentrations of T4 and T3. 
Preoperative preparation usually requires 7 to 14 days.

Heart failure secondary to poorly controlled paroxysmal atrial 
fibrillation may improve with slowing of the ventricular rate, but 
abnormalities of left ventricular function secondary to hyperthy-
roidism may not be corrected with the use of β-antagonists. If 
a hyperthyroid patient with clinically apparent disease requires 
emergency surgery, β-adrenergic blockade should be adminis-
tered to achieve a heart rate <90 beats per minute. β-blockers do 
not prevent thyroid storm. Glucocorticoids such as dexametha-
sone (8 to 12 mg/day) are used in the management of severe thy-
rotoxicosis because they reduce thyroid hormone secretion and 
the peripheral conversion of T4 to T3.

Iopanoic acid, a radiographic contrast agent that decreases 
peripheral conversion of T4 and releases iodine that inhibits 
synthesis, is useful for emergency preparation.

Radioactive iodine therapy is an effective treatment for some 
patients with thyrotoxicosis.6 However, it should not be adminis-
tered to patients who are pregnant because it crosses the placenta 
and may destroy the fetal thyroid. A side effect of radioiodine 
therapy is hypothyroidism; 10% to 60% of cases occur in the first 
year of therapy and an additional 2% occur per year thereafter.

A variety of anesthetic techniques and drugs have been used for 
hyperthyroid patients undergoing surgery. All antithyroid medi-
cations are continued through the morning of surgery. The goal 
of intraoperative management in the hyperthyroid patient is to 
achieve a depth of anesthesia that prevents an exaggerated sympa-
thetic response to surgical stimulation while avoiding the admin-
istration of medication that stimulates the sympathetic nervous 
system. Pancuronium should be avoided. It is best to avoid using 
ketamine, even when a patient is clinically euthyroid. Hypoten-
sion that occurs during surgery is best treated with direct-acting 
vasopressors rather than a medication that provokes the release of 
catecholamines. The incidence of myasthenia gravis is increased 
in hyperthyroid patients; thus, the initial dose of muscle relaxant 
should be reduced and a twitch monitor should be used to titrate 
subsequent doses. Regional anesthesia is an excellent alternative 
when appropriate; however, epinephrine-containing solutions 
should be avoided.

Thyroid storm is a life-threatening exacerbation of hyperthy-
roidism that most commonly develops in the undiagnosed or 
untreated hyperthyroid patient because of the stress of surgery or 
nonthyroid illness.7 Operating on an acutely hyperthyroid gland 
may provoke thyroid storm, although this is probably not due 
to mechanical release of hormone.8 Its manifestations include 
hyperthermia, tachycardia, dysrhythmias, myocardial ischemia, 
congestive heart failure, agitation, and confusion. It must be 
distinguished from, or considered with, pheochromocytoma, 

1

TAbLE 46-2. Causes of hyPerthyroidism

Intrinsic thyroid disease
Hyperfunctioning thyroid adenoma
Toxic multinodular goiter

Abnormal TSH stimulator
Graves disease
Trophoblastic tumor

Disorders of hormone storage or release
Thyroiditis

Excess production of TSH
Pituitary thyrotropin (rare)

Extrathyroidal source of hormone
Struma ovarii
Functioning follicular carcinoma

Exogenous thyroid
Iatrogenic
Iodine induced

TSH, thyroid-stimulating hormone.
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malignant hyperthermia, and light anesthesia. Although free T4 
levels are often markedly elevated, no laboratory test is diagnostic. 
Treatment involves large doses of propylthiouracil and support-
ive measures to control fever and restore intravascular volume. 
Hemodynamic monitoring (pulmonary artery catheter, arterial 
catheter) is especially useful in guiding the treatment of patients 
with significant left ventricular dysfunction (Table 46-3). Again, 
it is essential to remove or treat the precipitating event.

anesthesia for thyroid Surgery

Thyroidectomy as an alternative to prolonged medical therapy 
is used less frequently now than in the past. Indications include 
failed medical therapy, underlying cancer, and symptomatic goi-
ter. It is usually performed under general endotracheal anesthe-
sia, although the use of the laryngeal mask airway is increasing.9 
Use of a laryngeal mask airway allows real-time visualization of 
vocal cord function because the patient is allowed to breathe 
spontaneously. Limited thyroidectomy may also be performed 
under bilateral superficial cervical plexus block. The anesthe-
siologist must be prepared to manage an unexpected difficult 
intubation because the incidence of difficult intubation during 
goiter surgery is 5% to 8%.10 Thyroid cancer increases the risk, but 
the size of the goiter is not predictive. Large goiters, especially 
if associated with evidence of significant airway obstruction or 
tracheal deviation, may warrant securing the airway while the 
patient is awake. Large substernal goiters can behave as anterior 
mediastinal masses and cause intrathoracic airway obstruction 
after induction of general anesthesia. Computed tomography 
(CT) or magnetic resonance imaging (MRI) should be reviewed. 
The complications after thyroidectomy include recurrent laryn-
geal nerve (RLN) damage, tracheal compression secondary to 
hematoma or tracheomalacia, and hypoparathyroidism. Hypo-
parathyroidism secondary to the inadvertent surgical removal 
of parathyroid glands is most frequently seen after total thy-
roidectomy. The symptoms of hypocalcemia develop within 24 
to 96 hours after surgery11 (see Chapter 14). Laryngeal stridor 
progressing to laryngospasm may be one of the first indications 
of hypocalcemic tetany. Intravenous administration of calcium 
chloride or calcium gluconate is warranted in this situation. 
Magnesium levels should also be monitored and corrected if low. 
Bilateral RLN injury is an extremely rare injury and necessitates 
reintubation. Unilateral nerve injury is more common and is 
often transient.12 Unilateral damage to the RLN is characterized 
by hoarseness and a paralyzed vocal cord, whereas bilateral injury 
causes aphonia (see Chapter 27). It is wise to evaluate vocal cord 
function before and after surgery by laryngoscopy or by asking 

the patient to phonate by saying the sound for “E.” Routine post-
operative visualization of the vocal cords is not warranted. Some 
surgeons elect to monitor RLN function intraoperatively. A 
nerve stimulator may be used by the surgeon to stimulate suspi-
cious structures and contraction of the laryngeal muscles noted. 
Alternatively, the NIM (Nerve Integrity Monitor; Medtronic 
Xomed) endotracheal tube can be used. This endotracheal tube 
has two pairs of electrodes embedded in the shaft of the endo-
tracheal tube just above the cuff. When properly positioned, the 
electrodes will be in contact with the vocal cords and an electro-
myographic signal can be monitored. Muscle relaxants and topi-
cal laryngeal anesthesia must be avoided to obtain appropriate 
signals. Postoperative extubation of the trachea should be per-
formed under optimal conditions. Intraoperative laryngeal nerve 
injury or collapse of the tracheal rings from previous weakening 
may mandate emergency reintubation.

hypothyroidism

Hypothyroidism is a relatively common disease (0.3% to 5% of 
the adult population) that results from inadequate circulating 
levels of T4 or T3 or both.13 The development of hypothyroid-
ism is often slow and progressive, making the clinical diagnosis 
difficult, especially in more subtle cases. Hypofunctioning of the 
thyroid gland has many causes (Table 46-4). Primary failure of 
the thyroid gland refers to decreased production of thyroid hor-
mone, despite adequate TSH production, and accounts for 95% 
of all cases of thyroid dysfunction. The remainder of the cases 
are caused by either hypothalamic or pituitary disease (second-
ary hypothyroidism) and are associated with other pituitary 
deficiencies.

A lack of thyroid hormone produces a variety of signs and 
symptoms. These early findings are often nonspecific and difficult 
to recognize. A history of radioiodine therapy, external neck irra-
diation, or the presence of a goiter is helpful in diagnosis. There is 
a generalized reduction in metabolic activity, resulting in lethargy, 
slow mental functioning, cold intolerance, and slow movements. 
The cardiovascular manifestations of hypothyroidism reflect the 
importance of thyroid hormone for myocardial contractility 
and catecholamine function. These patients exhibit bradycardia, 
decreased cardiac output, and increased peripheral resistance.14 
The accumulation of a cholesterol-rich pericardial fluid produces 

1

TAbLE 46-3. management of thyroid storm

Administer IV fluids
Administer sodium iodide, 250 mg PO or IV q6h
Administer propylthiouracil, 200–400 mg PO or via NGT q6h
Administer hydrocortisone, 50–100 mg IV q6h
Administer propranolol, 10–40 mg PO q4–6h, or esmolol 

infusion to treat hyperadrenergic signs
Cooling blankets and acetaminophen and meperidine 

(25–50 mg) IV q4–6h may be used to prevent shivering
Use digoxin for heart failure especially in the presence of 

atrial fibrillation with rapid ventricular response

IV, intravenous(ly); PO, oral(ly); NGT, nasogastric tube.

TAbLE 46-4. Causes of hyPothyroidism

Primary hypothyroidism
Autoimmune
Irradiation to the neck
Previous 131I therapy
Surgical removal
Thyroiditis (Hashimoto disease)
Severe iodine depletion
Medications (iodines, propylthiouracil, methimazole)
Hereditary defects in biosynthesis
Congenital defects in gland development

Secondary or tertiary hypothyroidism
Pituitary
Hypothalamic

Reproduced from Petersdorf RG, ed. Harrison’s principles of internal medicine. 
10th ed. New York: McGraw-Hill; 1983, with permission.
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low voltage on the electrocardiogram (ECG). Heart failure only 
rarely occurs in the absence of coexisting heart disease. Angina 
pectoris itself is unusual in hypothyroidism but can appear when 
thyroid hormone treatment is initiated. Ventilatory responsive-
ness to hypoxia and hypercapnia is depressed in hypothyroid 
patients. This depression is potentiated by sedatives, opioids, and 
general anesthesia. Postoperative ventilatory failure requiring 
prolonged ventilation is rarely seen in hypothyroid patients in the 
absence of coexisting lung disease, obesity, or myxedema coma. 
Other abnormalities found in hypothyroidism include anemia, 
coagulopathy, hypothermia, sleep apnea, and impaired renal free 
water clearance with hyponatremia. Decreased GI motility can 
compound the effect of postoperative ileus. In long-standing or 
severe disease, the stress response may be blunted and adrenal 
depression may occur.

treatment and anesthetic considerations

Treatment of symptomatic hypothyroidism is with hormone 
replacement therapy.15 Controversy remains regarding the pre-
operative anesthetic management of the hypothyroid patient. 
Although it seems logical, given the multisystem effects of thyroid 
hormone, to recommend that all hypothyroid surgical candidates 
be restored to a euthyroid state before surgery, such a recommen-
dation is, in general, based on individual case reports. There have 
been few controlled studies to support the position that most 
hypothyroid patients are unusually sensitive to anesthetic drugs, 
have prolonged recovery times, or have a higher incidence of car-
diovascular instability or collapse.

No increase in serious complications in patients with mild 
or moderate hypothyroidism undergoing general anesthesia has 
been noted.16 One study noted a higher incidence of intraoperative 
hypotension and postoperative GI and neuropsychiatric compli-
cations in mild and moderately hypothyroid patients undergo-
ing noncardiac surgery, but still noted there were no compelling 
clinical reasons to postpone surgery in these patients.17 Surgery in 
severely hypothyroid patients should be postponed when possible 
until these patients are at least partially treated.

The management of hypothyroid patients with symptomatic 
coronary artery disease has been a subject of particular contro-
versy.18 The need for thyroid hormone replacement therapy must 
be weighed against the risk of precipitating myocardial ischemia. 
Several studies and a literature review found no differences in the 
frequency of intraoperative or postoperative complications when 
mild or moderately hypothyroid patients underwent cardiac sur-
gery. In symptomatic patients or unstable patients with cardiac 
ischemia, thyroid replacement should probably be delayed until 
after coronary revascularization.

There appears to be little reason to postpone elective sur-
gery in patients who have mild or moderate hypothyroidism. 
However, thyroid replacement therapy is indicated for patients 
with severe hypothyroidism or myxedema coma and for preg-
nant patients who are hypothyroid. Untreated hypothyroidism 
in pregnant patients is associated with an increased incidence of 
spontaneous abortion and mental and physical abnormalities in 
the offspring.

A number of anesthetic medications have been used with-
out difficulty in hypothyroid patients. Although ketamine has 
been proposed as the ideal induction agents, all intravenous 
induction agents have been used in the hypothyroid patient. 
The maintenance of anesthesia may be safely achieved with 
either intravenous or inhaled anesthetics. There appears to be 
little, if any, decrease in the minimum alveolar concentration 
for volatile agents. Regional anesthesia is a good choice in the 
hypothyroid patient, provided the intravascular volume is well 

2

maintained. Monitoring is directed toward the early recognition 
of hypotension, congestive heart failure, and hypothermia. Scru-
pulous attention should be paid to maintaining normal body 
temperature.

Myxedema coma represents a severe form of hypothyroidism 
characterized by stupor or coma, hypoventilation, hypothermia, 
hypotension, and hyponatremia. This is a medical emergency 
with a high mortality rate (25% to 50%) and, as such, requires 
aggressive therapy (Table 46-5). Only lifesaving surgery should 
proceed in the face of myxedema coma. Intravenous thyroid 
replacement is initiated as soon as the clinical diagnosis is made. 
An intravenous loading dose of T4 (sodium levothyroxine, 200 
to 300 µg) is given initially and followed by a maintenance dose 
of T4, 50 to 200 µg/day intravenously.19 Alternatively, T3 may be 
used because it has a more rapid onset. Improvements in heart 
rate, blood pressure, and body temperature may occur within 
24 hours. However, replacement therapy with either form of thy-
roid hormone may precipitate myocardial ischemia. There is also 
an increased likelihood of acute primary adrenal insufficiency 
in these patients, and they should receive stress doses of hydro-
cortisone. Steroid replacement continues until normal adrenal 
function can be confirmed.

pARATHYROID gLANDS

calcium physiology

The normal adult body contains approximately 1 to 2 kg of cal-
cium (Ca2+), of which 99% is in the skeleton.20 Plasma calcium 
is present in three forms: (a) a protein-bound fraction (50%), (b) 
an ionized fraction (45%), and (c) a diffusible but nonionized 
fraction (5%) that is complexed with phosphate, bicarbonate, 
and citrate (see Chapter 14). This division is interesting because 
it is the ionized fraction that is physiologically active and homeo-
statically regulated. The normal total serum calcium concentra-
tion is 8.8 to 10.4 mg/dL. Albumin binds approximately 90% 
of the protein-bound fraction of calcium, and total serum Ca2+ 
consequently depends on albumin levels. In general, an increase 
or decrease in albumin of 1 g/dL is associated with a parallel 
change in total serum Ca2+ of 0.8 mg/dL. The serum ionized Ca2+ 
concentration is affected by temperature and blood pH through 
alterations in Ca2+ protein binding to albumin. Acidosis decreases 
protein binding (increases ionized Ca2+), and alkalosis increases 
protein binding (decreases ionized Ca2+). The concentration of 
free Ca2+ ion is of critical importance in regulating skeletal muscle 
contraction, coagulation, neurotransmitter release, endocrine 
secretion, and a variety of other cellular functions. As a conse-
quence, the maintenance of serum Ca2+ concentration is subject 

TAbLE 46-5. management of myxedema

Tracheal intubation and controlled ventilation as needed
Levothyroxine, 200–300 µg IV over 5–10 min initially, and 

100 µg IV q24h
Hydrocortisone, 100 mg IV, then 25 mg IV q6h
Fluid and electrolyte therapy as indicated by serum 

electrolytes
Cover to conserve body heat; no warming blankets

IV, intravenous(ly).
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to tight hormonal control by parathyroid hormone (PTH) and 
vitamin D (Fig. 46-2).

PTH acts to maintain the extracellular fluid Ca2+ concentra-
tion through direct effects on bone resorption and renal Ca2+ 
resorption at the distal tubule and indirectly through its effects 
on the synthesis of 1,25-dihydroxyvitamin D. The renal effects 
of PTH include phosphaturia and bicarbonaturia, in addition to 
enhanced Ca2+ and magnesium resorption. Most evidence sug-
gests that rapid changes in blood Ca2+ levels are primarily the 
result of hormonal effects on bone and, to a lesser extent, to renal 
Ca2+ clearance, whereas maintenance of overall Ca2+ balance 
depends more on the indirect effects of the hormone on intestinal 
calcium absorption.

PTH secretion is primarily regulated by the serum ionized 
Ca2+ concentration. This negative-feedback mechanism is exqui-
sitely sensitive in maintaining calcium levels in a normal range. 
Release of PTH is also influenced by phosphate, magnesium, and 
catecholamine levels. Acute hypomagnesemia directly stimulates 
PTH release, whereas chronic magnesium depletion appears to 
inhibit proper functioning of the parathyroid gland. The plasma 
phosphate concentration has an indirect influence on PTH secre-
tion by causing reciprocal changes in the serum ionized Ca2+ 
concentration.

Vitamin D is absorbed from the GI tract and can be 
produced enzymatically by ultraviolet irradiation of the skin. 

2

FIgURE 46-2. Parathyroid hormone (PTH) and vitamin D metabolism and action. 25-OH, 25-hydroxycholecalciferol; 
1,25-(OH)2, 1,25-dihydroxycholecalciferol. (From McClatchey KD. Clinical laboratory medicine. 2nd ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2002.)
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Vitamin D (cholecalciferol) is made from cholesterol metabo-
lites and is inactive. Calciferol is hydroxylated in the liver to 
25-hydroxycholecalciferol (25-OHD) and in the kidney is further 
hydroxylated to 1,25-dihydroxycholecalciferol [1,25(OH)2D] or 
24,25-dihydroxycholecalciferol [24,25(OH)2D]. 25-OHD is the 
major circulating form of vitamin D. The synthesis of this hor-
mone is not regulated by a hormone or by Ca2+ or phosphate 
levels. 1,25(OH)2D and 24,25(OH)2D are the major active metab-
olites of vitamin D, and their production is reciprocally regulated 
at the kidney. Hypocalcemia and hypophosphatemia cause an 
increased production of 1,25(OH)2D and a decreased production 
of 24,25(OH)2D. 1,25(OH)2D stimulates bone, kidney, and intes-
tinal absorption of calcium and phosphate. Vitamin D deficiency 
can lead to decreased intestinal absorption of Ca2+ and secondary 
hyperparathyroidism.

hyperparathyroidism

Primary hyperparathyroidism is most commonly due to a benign 
parathyroid adenoma (90% of cases) or hyperplasia (9%) and 
very rarely to a parathyroid carcinoma.21 Primary hyperparathy-
roidism may also exist as part of a multiple endocrine neoplastic 
(MEN) syndrome. Hyperplasia usually involves all four glands. 
Although most patients with primary hyperparathyroidism are 
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hypercalcemic, most are asymptomatic at the time of diagnosis. 
When symptoms occur, they usually result from the hypercalce-
mia that accompanies the disease. Primary hyperparathyroidism 
occurring during pregnancy is associated with a high maternal 
and fetal morbidity rate (50%). The placenta allows the fetus to 
concentrate calcium, promoting fetal hypercalcemia and leading 
to hypoparathyroidism in the newborn. Pregnant women with 
primary hyperparathyroidism should generally be treated with 
surgery.

Hypercalcemia is responsible for a broad spectrum of signs 
and symptoms. Nephrolithiasis is the most common manifesta-
tion, occurring in 60% to 70% of patients. Polyuria and poly-
dipsia are also common complaints. An increase in bone turn-
over may lead to generalized demineralization and subperiosteal 
bone resorption; however, only a small group of patients (10% 
to 15%) have clinically significant bone disease. Patients may 
experience generalized skeletal muscle weakness and fatigabil-
ity, epigastric discomfort, peptic ulceration, and constipation. 
Psychiatric manifestations include depression, memory loss, 
confusion, or psychosis. Between 20% and 50% of patients are 
hypertensive, but this usually resolves with successful treatment 
of the disease. Cardiac function is enhanced in the early stages 
of hypercalcemia. Calcium flux into the cells is reflected in the 
plateau phase of the action potential (phase 2). As extracellular 
calcium increases, the inward flux is more rapid, and phase 2 is 
shortened (see Chapter 10). The corresponding ECG change is 
a shorter QT interval. Cardiac contractility may increase until 
a level between 15 and 20 mg/dL is reached. At this point, there 
is a prolongation of the PR segment and QRS complex that can 
result in heart block or bundle-branch block. Bradycardia also 
occurs.

An elevated serum Ca2+ concentration is a valuable diagnostic 
indicator of primary hyperparathyroidism. The serum phosphate 
concentration is nonspecific, with many patients having normal 
or near-normal levels. The reported incidence of hyperchloremic 
acidosis varies widely in primary hyperparathyroidism, but most 
patients usually have a serum chloride concentration in excess of 
102 mEq/L. Rarely does a patient with hypercalcemia secondary 
to ectopic PTH production (malignancy) present with hyperchlo-
remic acidosis. The definitive diagnosis of primary hyperparathy-
roidism is made by RIA demonstration of an elevation in PTH 
levels in the presence of hypercalcemia. An elevated nephrog-
enous cyclic adenosine monophosphate is noted in >90% of 
patients with primary hyperparathyroidism.

Hypercalcemia may also result from the ectopic produc-
tion of PTH or PTH-like substances from lung, genitourinary, 
breast, GI, and lymphoproliferative malignancies. Tumors may 
also produce hypercalcemia through direct bone resorption or 
the production of osteoclast-activating factor. In the absence 
of a clinically obvious neoplasm, there may be difficulty in dif-
ferentiating between PTH-producing malignancies and primary 
hyperparathyroidism. PTH fragments from malignant tissue dif-
fer from native PTH, so precise clinical identification may aid 
in distinguishing between ectopic PTH production and primary 
hyperparathyroidism.

Secondary hyperparathyroidism represents an increase in 
parathyroid function as a result of conditions that produce hypo-
calcemia or hyperphosphatemia. Chronic renal disease is a com-
mon cause of hyperphosphatemia (due to decreased phosphate 
excretion) and decreased vitamin D metabolism. The hypocal-
cemia that results leads to an increased production of PTH. GI 
disorders accompanied by malabsorption may also lead to a sec-
ondary increase in parathyroid activity. Tertiary hyperparathy-
roidism refers to the development of hypercalcemia in a patient 
who has had prolonged secondary hyperparathyroidism that 

has caused adenomatous changes in the parathyroid gland and 
unregulated PTH.

treatment and anesthetic considerations

Surgery is the treatment of choice for the patient with symp-
tomatic disease. However, there is considerable controversy 
surrounding the choice of treatment in the asymptomatic 
patient. It is not clear whether mild primary hyperparathyroid-
ism decreases longevity. Surgery is often chosen over medical 
therapy because it offers definitive treatment and is generally 
safe.

Preoperative preparation focuses on the correction of intra-
vascular volume and electrolyte irregularities. It is particularly 
important to evaluate the patient with chronic hypercalcemia for 
abnormalities of the renal, cardiac, or central nervous systems. 
Emergency treatment of hypercalcemia is undertaken before 
surgery when the serum Ca2+ concentration exceeds 15 mg/dL 
(7.5 mEq/L). Lowering of the serum Ca2+ concentration is initially 
accomplished by expanding the intravascular volume and estab-
lishing a sodium diuresis. This is achieved with the intravenous 
administration of normal saline and furosemide. Rehydration 
alone is capable of lowering the serum Ca2+ level by ≥2 mg/dL. 
Hydration dilutes the serum Ca2+, and sodium diuresis promotes 
Ca2+ excretion through an inhibition of sodium and Ca2+ resorp-
tion in the proximal tubule. Hypokalemia and hypomagnesemia 
may result.

Another element in the treatment of hypercalcemia is the 
correction of hypophosphatemia. Hypophosphatemia increases 
GI absorption of Ca2+, stimulates the breakdown of bone, and 
impairs the uptake of Ca2+ by bone. Low serum phosphate lev-
els impair cardiac contractility and may contribute to conges-
tive heart failure. Hypophosphatemia also causes skeletal muscle 
weakness, hemolysis, and platelet dysfunction.

Other medications that have a role in lowering the serum 
Ca2+ include bisphosphonates, mithramycin, calcitonin, and 
glucocorticoids. Bisphosphonates are pyrophosphate analogs 
that inhibit osteoclast action. They are the drugs of choice for 
severe hypercalcemia. Toxic effects include fever and hypo-
phosphatemia. Mithramycin, a cytotoxic agent, inhibits PTH-
induced osteoclast activity and can lower the serum Ca2+ levels 
by ≥2 mg/dL in 24 to 48 hours. Toxic effects include azotemia, 
hepatotoxicity, and thrombocytopenia. Calcitonin is useful in 
transiently lowering the serum Ca2+ level 2 to 4 mg/dL through 
direct inhibition of osteoclastic bone resorption. The advantages 
of calcitonin are the mild side effects (urticaria, nausea) and the 
rapid onset of activity. Calcitonin resistance usually develops 
within 24 to 48 hours. Glucocorticoids are effective in lowering 
the serum Ca2+ concentration in several conditions (sarcoidosis, 
some malignancies, hyperthyroidism, vitamin D intoxication) 
through their actions on osteoclast bone resorption, GI absorp-
tion of calcium, and the urinary excretion of calcium. Gluco-
corticoids are usually of no benefit in the treatment of primary 
hypercalcemia. Finally, hemodialysis or peritoneal dialysis can be 
used to lower the serum Ca2+ level when alternative regimens are 
ineffective or contraindicated.

There is no evidence that a specific anesthetic drug or tech-
nique has advantages over another. A thorough knowledge of 
the clinical manifestations attributable to hypercalcemia is of 
the greatest value in choosing an anesthetic technique. Special 
monitoring is usually not required. Because of the unpredictable 
response to neuromuscular blocking drugs in the hypercalce-
mic patient, a conservative approach to muscle paralysis makes 
sense. There is an increased requirement for vecuronium, and 
probably all nondepolarizing muscle relaxants, during onset of 
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neuromuscular blockade.22 Careful positioning of the osteopenic 
patient is necessary to avoid pathologic bone fractures.

anesthesia for parathyroid Surgery

General anesthesia is most commonly used for parathyroid sur-
gery. Minimally invasive parathyroidectomy is superior to con-
ventional bilateral cervical exploration in patients with sporadic 
primary hyperparathyroidism23 and can usually be performed 
under bilateral cervical plexus block.24 Some centers use an 
intraoperative rapid PTH assay to help determine when a hyper-
functioning gland has been removed. There is in vitro, but no 
clinical,25 evidence that propofol can interfere with the assay, so 
many surgeons prefer that propofol not be used within 15 min-
utes of an assay. Postoperative complications include RLN injury, 
bleeding, and transient or complete hypoparathyroidism. Unilat-
eral RLN is characterized by hoarseness and usually requires no 
intervention. Bilateral RLN injury is a rare complication, produc-
ing aphonia and requiring immediate tracheal intubation.

After successful parathyroidectomy, a decrease in the serum 
Ca2+ level should be observed within 24 hours. Patients with sig-
nificant preoperative bone disease may have hypocalcemia after 
removal of the PTH-secreting glands. This “hungry bone” syn-
drome comes as a result of the rapid remineralization of bone. 
Thus, serum Ca2+, magnesium, and phosphorus levels should 
be closely monitored until stable. The serum Ca2+ nadir usually 
occurs within 3 to 7 days.

hypoparathyroidism

An underproduction of PTH or resistance of the end-organ tis-
sues to PTH results in hypocalcemia (<8 mg/dL).26 The normal 
physiologic response to hypocalcemia is an increase in PTH secre-
tion and 1,25(OH)2D synthesis, with an increase in Ca2+ mobili-
zation from bone, GI absorption, and renal tubule reclamation. 
The most common cause of acquired PTH deficiency is inadver-
tent removal of the parathyroid glands during thyroid or para-
thyroid surgery. Other causes of acquired hypoparathyroidism 
include 131I therapy for thyroid disease, neck trauma, granuloma-
tous disease, or an infiltrating process (malignancy or amyloido-
sis). Severe hypomagnesemia (<0.8 mEq/L) from any cause can 
produce hypocalcemia by suppressing PTH secretion and inter-
fering with PTH action. Renal insufficiency leads to phosphorus 
retention and impaired 1,25(OH)2D synthesis, which results in 
hypocalcemia. These patients are commonly treated with vitamin 
D, which increases intestinal calcium absorption and suppresses 
secondary increases in PTH secretion. Hypocalcemia due to pan-
creatitis and burns results from the suppression of PTH and from 
the sequestration of calcium.

clinical features and treatment

The clinical features of hypoparathyroidism are a manifestation 
of hypocalcemia. Neuronal irritability and skeletal muscle spasms, 
tetany, or seizures reflect a reduced threshold of excitation. Latent 
tetany may be demonstrated by eliciting the Chvostek or Trousseau 
sign. Chvostek sign is a contracture of the facial muscle produced 
by tapping the facial nerve as it passes through the parotid gland. 
Trousseau sign is contraction of the fingers and wrist after appli-
cation of a blood pressure cuff inflated above the systolic blood 
pressure for approximately 3 minutes. Other common complaints 
of hypocalcemia include fatigue, depression, paresthesias, and 
skeletal muscle cramps. The acute onset of hypocalcemia after 
thyroid or parathyroid surgery may manifest as stridor and apnea. 

Cardiovascular manifestations of hypocalcemia include conges-
tive heart failure, hypotension, and a relative insensitivity to the 
effects of β-adrenergic agonists (see Chapter 10). Delayed ven-
tricular repolarization results in a prolonged QT interval on the 
ECG. Although prolongation of the QT interval may be a reliable 
sign of hypocalcemia in an individual patient, the ECG is relatively 
insensitive for the detection of hypocalcemia.

The treatment of hypoparathyroidism consists of electrolyte 
replacement. The objective is to have the patient’s clinical symp-
toms under control before anesthesia and surgery. Hypocalcemia 
caused by magnesium depletion is treated by correcting the magne-
sium deficit. Serum phosphate excess is corrected by the removal of 
phosphate from the diet and the oral administration of phosphate-
binding resins (aluminum hydroxide). The urinary excretion of 
phosphate can be increased with a saline volume infusion. Ca2+ 
deficiencies are corrected with Ca2+ supplements or vitamin D ana-
logs. Patients with severe symptomatic hypocalcemia are treated 
with intravenous calcium gluconate (10 to 20 mL of 10% solution) 
given over several minutes and followed by a continuous infusion 
(1 to 2 mg/kg/hour) of elemental Ca2+. The correction of serum 
Ca2+ levels should be monitored by measuring serum Ca2+ concen-
trations and following clinical symptoms. When oral or intrave-
nous calcium is inadequate to maintain a normal serum–ionized 
calcium level, vitamin D is added to the regimen.

ADRENAL CORTEx

The adrenal cortex functions to synthesize and secrete three types 
of hormones. Endogenous and dietary cholesterol is used in the 
adrenal biosynthesis of glucocorticoids (cortisol), mineralocorti-
coids (aldosterone and 11-deoxycorticosterone), and androgens 
(dehydroepiandrosterone). Cortisol and aldosterone are the two 
essential hormones, whereas adrenal androgens are of relatively 
minor physiologic significance in adults. The major biologic 
effects of adrenal cortical hyperfunction or hypofunction occur 
as a result of cortisol or aldosterone excess or deficiency. Abnor-
mal function of the adrenal cortex may render a patient unable to 
respond appropriately during a period of surgical stress or critical 
illness.

Glucocorticoid physiology

Cortisol (hydrocortisone) is the most potent endogenous 
glucocorticoid and is produced by the inner portions of the 
adrenal cortex. Cortisone is a glucocorticoid produced in small 
amounts. Cortisol is produced under the control of adrenocorti-
cotropic hormone (ACTH; corticotropin), a polypeptide synthe-
sized and released by the anterior pituitary gland. Glucocorticoids 
exert their biologic effects by diffusing into the cytoplasm of target 
cells and combining with specific high-affinity receptor proteins.

The daily production of endogenous cortisol is approxi-
mately 20 mg. The maximal output is 150 to 300 mg. Most of 
the circulating hormone is bound to the α-globulin cortisol-
binding globulin. It is the relatively small amount of free hor-
mone that exerts the biologic effects. Endogenous glucocorti-
coids are inactivated primarily by the liver and are excreted in 
the urine as 17-hydroxycorticosteroids. Cortisol is also filtered 
at the glomerulus and may be excreted unchanged in the urine. 
Although the rate of cortisol secretion is decreased by approxi-
mately 30% in the elderly patient, plasma cortisol levels remain 
in a normal range because of a corresponding decrease in 
hepatic and renal clearance.
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Cortisol secretion is directly controlled by ACTH, which in 
turn is regulated by the corticotropin-releasing factor from the 
hypothalamus. ACTH is synthesized in the pituitary gland from 
a precursor molecule that also produces β-lipotropin and β-
endorphin. The secretion of ACTH and corticotropin-releasing 
factor is governed chiefly by glucocorticoids, the sleep–wake cycle, 
and stress. Cortisol is the most potent regulator of ACTH secre-
tion, acting by a negative-feedback mechanism to maintain cor-
tisol levels in a physiologic range. ACTH release follows a diurnal 
pattern, with maximal activity occurring soon after awakening. 
This diurnal pattern of activity occurs in normal subjects and in 
those with adrenal insufficiency. Psychological or physical stress 
(trauma, surgery, intense exercise) also promotes ACTH release, 
regardless of the level of circulating cortisol or the time of day.

Cortisol has multiple effects on intermediate carbohydrate, 
protein, and fatty acid metabolism, as well as maintenance and 
regulation of immune and circulatory function. Glucocorticoids 
enhance gluconeogenesis, elevate blood glucose, and promote 
hepatic glycogen synthesis. The catabolic effect of glucocorticoids 
is partially blocked by insulin. The net effect on protein metab-
olism is enhanced degradation of muscle tissue and negative 
nitrogen balance. In supraphysiologic amounts, glucocorticoids 
suppress growth hormone secretion and impair somatic growth. 
The anti-inflammatory actions of cortisol relate to its effect in sta-
bilizing lysosomes and promoting capillary integrity. Cortisol also 
antagonizes leukocyte migration inhibition factor, thus reducing 
white cell adherence to vascular endothelium and diminishing 
leukocyte response to local inflammation. Phagocytic activity 
does not decrease, although the killing potential of macrophages 
and monocytes is diminished. Other diverse actions include the 
facilitation of free water clearance, maintenance of blood pres-
sure, a weak mineralocorticoid effect, promotion of appetite, 
stimulation of hematopoiesis, and induction of liver enzymes.

mineralocorticoid physiology

Aldosterone is the most potent mineralocorticoid produced by the 
adrenal gland. This hormone binds to receptors in sweat glands, 
the alimentary tract, and the distal convoluted tubule of the kid-
ney. Aldosterone is a major regulator of extracellular volume and 
potassium homeostasis through the resorption of sodium and the 
secretion of potassium by these tissues. The major regulators of 
aldosterone release are the renin–angiotensin system and serum 
potassium (Fig. 46-3). The juxtaglomerular apparatus that sur-
rounds the renal afferent arterioles produces renin in response 
to decreased perfusion pressures and sympathetic stimulation. 
Renin splits the hepatic precursor angiotensinogen to form the 
decapeptide, angiotensin I, which is then altered enzymatically by 
converting enzyme (primarily in the lung) to form the octapep-
tide angiotensin II. Angiotensin II is the most potent vasopressor 
produced in the body. It directly stimulates the adrenal cortex to 
produce aldosterone. The renin–angiotensin system is the body’s 
most important protector of volume status. Other stimuli that 
increase the production of aldosterone include hyperkalemia and, 
to a limited degree, hyponatremia, prostaglandin E, and ACTH.

Glucocorticoid excess (cushing Syndrome)

Cushing syndrome, caused by either overproduction of corti-
sol by the adrenal cortex or exogenous glucocorticoid therapy, 
results in a syndrome characterized by truncal obesity, hyperten-
sion, hyperglycemia, increased intravascular fluid volume, hypo-
kalemia, fatigability, abdominal striae, osteoporosis, and muscle 

weakness. Most cases of Cushing syndrome that occur spontane-
ously are due to bilateral adrenal hyperplasia secondary to ACTH 
produced by an anterior pituitary microadenoma or nonendo-
crine tumor (e.g., of the lung, kidney, or pancreas) (see Chapter 
36). The primary overproduction of cortisol and other adrenal 
steroids is caused by an adrenal neoplasm in approximately 20% 
to 25% of patients with Cushing syndrome. These tumors are 
usually unilateral, and approximately half are malignant. When 
Cushing syndrome occurs in patients older than 60 years of age, 
the most likely cause is an adrenal carcinoma or ectopic ACTH 
produced from a nonendocrine tumor. Finally, an increasingly 
common cause of Cushing syndrome is the prolonged adminis-
tration of exogenous glucocorticoids to treat a variety of illnesses.

The signs and symptoms of Cushing syndrome follow from 
the known actions of glucocorticoids. Truncal obesity and thin 
extremities reflect increased muscle wasting and a redistribution of 
fat in facial, cervical, and truncal areas. Impaired calcium absorp-
tion and a decrease in bone formation may result in osteopenia. 
Sixty percent of patients have hyperglycemia, but overt diabetes 
mellitus (DM) occurs in <20%. Hypertension and fluid retention 
are seen in most patients. Profound emotional changes, ranging 
from emotional lability to frank psychosis, may be present. An 
increased susceptibility to infection reflects the immunosuppres-
sive effects of corticosteroids. Hypokalemic alkalosis without dis-
tinctive physical findings is common when adrenal hyperplasia is 
caused by ectopic ACTH production from a nonendocrine tumor.

The laboratory diagnosis of hyperadrenocorticism is based on 
a variable elevation in plasma and urinary cortisol levels, urinary 
17-hydroxycorticosteroids, and plasma ACTH. Once the diagno-
sis is established, simultaneous measurement of plasma ACTH 
and cortisol levels can determine whether the Cushing syndrome 
is due to primary pituitary or adrenal disease.27

Alternatively, a dexamethasone suppression test can be used. 
Patients with pituitary adenomas frequently show depression in 
cortisol and 17-hydroxycorticosteroid levels when a high dose of 
dexamethasone is administered because the tumor retains some 
negative-feedback control, while adrenal tumors do not.

anesthetic management

General considerations for the preoperative preparation of the 
patient include treating hypertension and diabetes and normal-
izing intravascular fluid volume and electrolyte concentrations. 
Diuresis with the aldosterone antagonist spironolactone helps 
mobilize fluid and normalize potassium concentration. Care-
ful positioning of the osteopenic patient is important to avoid 

FIgURE 46-3. Interrelationship of the volume and potassium feedback 
loops on aldosterone secretion. (Reprinted from Petersdorf RG, ed. Har-
rison’s principles of internal medicine. 10th ed. New York: McGraw-Hill; 
1983, with permission.)
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fractures. Intraoperative monitoring is planned after evaluation 
of the patient’s cardiac reserve and consideration of the site and 
extent of the proposed surgery. When either unilateral or bilateral 
adrenalectomy is planned, glucocorticoid replacement therapy is 
initiated at a dose equal to full replacement of adrenal output dur-
ing periods of extreme stress (see “Steroid Replacement During 
the Perioperative Period”). The total dosage is reduced by approx-
imately 50% per day until a daily maintenance dose of steroids 
is achieved (20 to 30 mg/day). Hydrocortisone given in doses of 
this magnitude exerts significant mineralocorticoid activity, and 
additional exogenous mineralocorticoid is usually not necessary 
during the perioperative period. After bilateral adrenalectomy, 
most patients require 0.05 to 0.1 mg/day of fludrocortisone (9-α-
fluorohydrocortisone) starting around day 5 to provide mineralo-
corticoid activity. Slightly higher doses may be needed if predni-
sone is used for glucocorticoid maintenance because it has little 
intrinsic mineralocorticoid activity. The fludrocortisone dose is 
reduced if congestive heart failure, hypokalemia, or hypertension 
develops. For the patient with a solitary adrenal adenoma, unilat-
eral adrenalectomy may be followed by normalization of function 
in the contralateral gland over time. Treatment plans should there-
fore be individualized, and adjustments in dosage may be neces-
sary. The production of glucocorticoids or ACTH by a neoplasm 
may not be eliminated if the tumor is unresectable. These patients 
often need continuous medical therapy with steroid inhibitors 
such as metyrapone to control their symptoms.

There are no specific recommendations regarding the use of 
a particular anesthetic technique or medication in patients with 
hyperadrenocorticism. When significant skeletal muscle weakness 
is present, a conservative approach to the use of muscle relaxants 
is warranted. Etomidate has been used for temporizing medical 
treatment of severe Cushing syndrome because of its inhibition 
of steroid synthesis.

mineralocorticoid excess

Hypersecretion of the major adrenal mineralocorticoid aldoste-
rone increases the renal tubular exchange of sodium for potas-
sium and hydrogen ions. This leads to hypertension, hypokalemic 
alkalosis, skeletal muscle weakness, and fatigue. Possibly as many 
as 1% of unselected hypertensive patients have primary hyperaldo-
steronism. The increase in renal sodium reabsorption and extracel-
lular volume expansion is partly responsible for the high incidence 
of diastolic hypertension in these patients. Patients with primary 
hyperaldosteronism (Conn syndrome) characteristically do not 
have edema. Secondary aldosteronism results from an elevation in 
renin production. The diagnosis of primary or secondary hyper-
aldosteronism should be entertained in the nonedematous hyper-
tensive patient with persistent hypokalemia who is not receiving 
potassium-wasting diuretics. Hyposecretion of renin that fails to 
increase appropriately during volume depletion or salt restriction is 
an important finding in primary aldosteronism. The measurement 
of plasma renin levels is useful in distinguishing primary from sec-
ondary hyperaldosteronism. It is of limited value in differentiating 
patients with primary aldosteronism from those with other causes 
of hypertension because renin activity is also suppressed in approx-
imately 25% of patients with essential hypertension.

anesthetic considerations

Preoperative preparation for the patient with primary aldoste-
ronism is directed toward restoring the intravascular volume 
and the electrolyte concentrations to normal. Hypertension and 

hypokalemia may be controlled by restricting sodium intake and 
administration of the aldosterone antagonist spironolactone. 
This diuretic works slowly to produce an increase in potassium 
levels, with dosages in the range of 25 to 100 mg every 8 hours. 
Total-body potassium deficits are difficult to estimate and may 
be in excess of 300 mEq. Whenever possible, potassium should 
be replaced slowly to allow equilibration between intracellular 
and extracellular potassium stores. The usual complications of 
chronic hypertension need to be assessed.

adrenal insufficiency (addison disease)

The undersecretion of adrenal steroid hormones may develop as 
the result of a primary inability of the adrenal gland to elaborate 
sufficient quantities of hormone or as the result of a deficiency in 
the production of ACTH.

Clinically, primary adrenal insufficiency is usually not appar-
ent until at least 90% of the adrenal cortex has been destroyed. 
The predominant cause of primary adrenal insufficiency used 
to be tuberculosis; however, today, the most frequent cause of 
Addison disease is idiopathic adrenal insufficiency secondary to 
autoimmune destruction of the gland. Autoimmune destruction 
of the adrenal cortex causes both a glucocorticoid and a miner-
alocorticoid deficiency. A variety of other conditions presumed to 
have an autoimmune pathogenesis may also occur concomitantly 
with idiopathic Addison disease. Hashimoto thyroiditis in asso-
ciation with autoimmune adrenal insufficiency is termed Schmidt 
syndrome. Other possible causes of adrenal gland destruction 
include certain bacterial, fungal, and advanced human immuno-
deficiency virus infections; metastatic cancer; sepsis; and hemor-
rhage. Secondary adrenal insufficiency occurs when the anterior 
pituitary fails to secrete sufficient quantities of ACTH. Pituitary 
failure may result from tumor, infection, surgical ablation, or 
radiation therapy. Pituitary surgery may cause transient adrenal 
insufficiency requiring supplemental glucocorticoids.28

Patients receiving chronic corticosteroid therapy will not gener-
ally have frank adrenal insufficiency, but may have hypothalamic-
pituitary-adrenal (HPA) suppression and may develop acute 
adrenal insufficiency during the stress of the perioperative period. 
Relative adrenal insufficiency is a common finding in critically ill 
surgical patients with hypotension requiring vasopressors.29

clinical presentation

The cardinal symptoms of idiopathic Addison disease include 
chronic fatigue, muscle weakness, anorexia, weight loss, nau-
sea, vomiting, and diarrhea. Hypotension is almost always 
encountered in the disease process. Female patients may exhibit 
decreased axillary and pubic hair growth because of the loss of 
adrenal androgen secretion. An acute crisis can present as abdom-
inal pain, severe vomiting and diarrhea, hypotension, decreased 
consciousness, and shock. Diffuse hyperpigmentation occurs in 
most patients with primary adrenal insufficiency and is secondary 
to the compensatory increase in ACTH and β-lipotropin. These 
hormones stimulate an increase in melanocyte production. Min-
eralocorticoid deficiency is characteristically present in primary 
adrenal disease; as a result, there is a reduction in urine sodium 
conservation. Hyperkalemia may be a cause of life-threatening 
cardiac dysrhythmias. Adrenal insufficiency secondary to pitu-
itary disease is not associated with cutaneous hyperpigmentation 
or mineralocorticoid deficiency. Salt and water balance is usually 
maintained unless severe fluid and electrolyte losses overwhelm 
the subnormal aldosterone secretory capacity. Organic lesions of 
pituitary origin require a diligent search for coexisting hormone 
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deficiencies. Acute adrenal insufficiency from inadequate replace-
ment of steroids on chronic steroid therapy is rare and can pres-
ent as refractory, distributive shock. In critically ill patients, adre-
nal insufficiency may not present with classic symptoms. The 
clinical picture may resemble that of sepsis without a source of 
infection.30 A high degree of suspicion must be maintained if the 
patient has cardiovascular instability without a defined cause.31,32

diagnosis

The patient’s pituitary–adrenal responsiveness should be deter-
mined when the diagnosis of primary or secondary adrenal insuf-
ficiency is first suspected. Biochemical evidence of impaired 
adrenal or pituitary secretory reserve unequivocally confirms the 
diagnosis. Patients who are clinically stable may undergo testing 
before treatment is initiated. Those believed to have acute adrenal 
insufficiency should receive immediate therapy.

Plasma cortisol levels are measured before and 30 and  
60 minutes after the intravenous administration of 250 µg of syn-
thetic ACTH. There are multiple determinants for adequate adre-
nal reserve; usually the plasma cortisol rises at least 500 nmol/L 
60 minutes after the injection of the synthetic ACTH.33 Patients 
with adrenal insufficiency usually demonstrate little or no adrenal 
response.

treatment and anesthetic considerations

Normal adults secrete about 20 mg of cortisol (hydrocortisone) 
and 0.1 mg of aldosterone per day. Glucocorticoid therapy is 
usually given twice daily in sufficient dosage to meet physiologic 
requirements. A typical regimen in the unstressed patient may 
consist of prednisone, 5 mg in the morning and 2.5 mg in the eve-
ning, or hydrocortisone, 20 mg in the morning and 10 mg in the 
evening. The daily glucocorticoid dosage is typically 50% higher 
than basal adrenal output to cover the patient for mild stress. 
Replacement dosages are adjusted in response to the patient’s 
clinical symptoms or the occurrence of intercurrent illnesses. 
Mineralocorticoid replacement is also administered on a daily 
basis; most patients require 0.05 to 0.1 mg/day of fludrocortisone. 
The mineralocorticoid dose may be reduced if severe hypokale-
mia, hypertension, or congestive heart failure develops, or it may 
be increased if postural hypotension is demonstrated.

Secondary adrenal insufficiency often occurs in the presence 
of multiple hormone deficiencies. A decrease in ACTH produc-
tion results in the decreased secretion of cortisol and adrenal 
androgens, but aldosterone control by more dominant mecha-
nisms remains intact. A liberal salt diet is encouraged. Glucocorti-
coid substitution follows the same guidelines previously outlined 
for primary adrenal insufficiency.

Immediate therapy of acute adrenal insufficiency is manda-
tory, regardless of the etiology, and consists of electrolyte resus-
citation and steroid replacement (Table 46-6). Initial therapy 

begins with the rapid intravenous administration of an iso-
tonic crystalloid solution. A dose of 100 mg of hydrocortisone 
is administered as an intravenous bolus over several minutes. 
Steroid replacement is continued during the first 24 hours with 
100 mg of intravenous hydrocortisone given every 8 hours. If the 
patient is stable, the steroid dose is reduced starting on the second 
day. After adequate fluid resuscitation, if the patient continues to 
be hemodynamically unstable, inotropic support may be neces-
sary. Invasive monitoring is extremely valuable as a guide to both 
diagnosis and therapy. 

Steroid Replacement during the  
perioperative period

Perioperatively, patients with adrenal insufficiency and those with 
HPA suppression from chronic steroid use require additional 
corticosteroids to mimic the increased output of the normal 
adrenal gland during stress. The normal adrenal gland can secrete 
up to 100 mg/m2 of cortisol per day or more during the periop-
erative period.34 The pituitary–adrenal axis is usually considered 
to be intact if a plasma cortisol level of >19 µg/dL is measured 
during acute stress, but there is no precise threshold. The degree 
of adrenal responsiveness has been correlated with the duration 
of surgery and the extent of surgical trauma. The mean maximal 
plasma cortisol level measured during major surgery (colectomy, 
hip osteotomy) was 47 µg/dL. Minor surgical procedures (her-
niorrhaphy) resulted in mean maximal plasma cortisol levels of 
28 µg/dL. Adrenal activity may also be affected by the anesthetic 
technique used. Regional anesthesia is effective in postponing the 
elevation in cortisol levels during surgery of the lower abdomen 
and extremities.35 Deep general anesthesia may also suppress the 
elevation of stress hormones such as ACTH and cortisol during 
the surgical procedure.

Although symptoms indicative of clinically significant adrenal 
insufficiency have been reported during the perioperative period, 
these clinical findings have rarely been documented in direct 
association with glucocorticoid deficiency.36 There is evidence 
in adrenally suppressed primates that subphysiologic steroid 
replacement causes perioperative hemodynamic instability and 
increased mortality.

Identifying which patients require steroid supplementation 
can be difficult. Provocative testing with ACTH stimulation is 
too costly to justify compared with the risk of brief steroid sup-
plementation. HPA suppression can occur after 5 daily doses of 
prednisone ≥20 mg. Recovery of HPA function occurs gradually 
and can take up to 9 to 12 months. HPA suppression can occur 
with topical, regional, and inhaled steroids. Alternate-day therapy 
decreases the risk of HPA suppression.

The clinical problem is how much steroid to give. There is no 
proven optimal regimen for perioperative steroid replacement 
(Table 46-7). A low-dose cortisol replacement program using an 
intravenous infusion of 25 mg of cortisol before the induction 

3

TAbLE 46-6.  management of aCute 

adrenal insuffiCienCy

Hydrocortisone, 100 mg IV bolus, followed by 
hydrocortisone, 100 mg q6h for 24 h

Fluid and electrolyte replacement as indicated by vital 
signs, serum electrolytes, and serum glucose

IV, intravenous(ly).

TAbLE 46-7.  management oPtions for 

steroid rePlaCement in the 

PerioPerative Period

Hydrocortisone, 25 mg IV, at the time of induction followed 
by hydrocortisone infusion, 100 mg over 24 hours

Hydrocortisone, 100 mg IV, before, during, and after surgery

IV, intravenous(ly).
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of anesthesia, followed by a continuous infusion of cortisol (100 
mg) in the next 24 hours, has been advocated37 (Fig. 46-4). This 
low-dose cortisol replacement program was used in patients 
with proven adrenal insufficiency and resulted in plasma cortisol 
levels as high as those seen in healthy control subjects subjected 
to a similar operative stress. One study with a limited number 
of patients found no problems with cardiovascular instability if 
patients received their usual dose of steroids.38 An extensive review 
concluded that the best evidence was that patients should receive 
their usual daily dose but no supplementation.39 Although the 
low-dose approach appears logical, many clinicians are unwilling 
to adopt this regimen until further trials have been undertaken 
in patients receiving physiologic steroid replacement. A popular 
regimen calls for the administration of 200 to 300 mg of hydro-
cortisone per 70 kg body weight in divided doses on the day of 
surgery. The lower dose is adjusted upward for longer and more 
extensive surgical procedures. Patients who are using steroids at 
the time of surgery receive their usual dose on the morning of 
surgery and are supplemented at a level that is at least equivalent 
to the usual daily replacement. Glucocorticoid coverage is rapidly 
tapered to the patient’s normal maintenance dosage during the 
postoperative period. Although no conclusive evidence supports 
an increased incidence of infection or abnormal wound healing 
when supraphysiologic doses of supplemental steroids are used 
acutely, the goal of therapy is to use the minimal drug dosage nec-
essary to adequately protect the patient.

exogenous Glucocorticoid therapy

The therapeutic use of supraphysiologic doses of glucocorticoids 
has expanded, and the anesthesiologist should be familiar with 
the various preparations (Table 46-8). Dexamethasone, methyl-
prednisolone, and prednisone have less mineralocorticoid effect 
than cortisone or hydrocortisone. Prednisone and methylpred-
nisolone are precursors that must be metabolized by the liver 
before anti-inflammatory activity can occur and should be used 
cautiously in the presence of liver disease.

mineralocorticoid insufficiency

Isolated mineralocorticoid insufficiency has been reported as a 
congenital biosynthetic defect, after unilateral adrenalectomy for 
removal of an aldosterone-secreting adenoma, during protracted 

FIgURE 46-4. Plasma cortisol concentrations (mean ± SEM) were 
measured in three groups of patients undergoing elective surgery. 
Group I control patients, n = 8 (closed circles), had never received cor-
ticosteroids. Group II patients, n = 8 (open circles), received preopera-
tive corticosteroids with a normal response to preoperative adrenocor-
ticotropic hormone (ACTH; corticotropin) stimulation testing. These 
patients and control patients received no corticosteroid substitution 
during the perioperative period. Group III, n = 6 (closed diamonds), 
consisted of patients receiving long-term corticosteroid therapy with an 
abnormal response to ACTH stimulation testing during the periopera-
tive period. These patients (group III) received intravenous (IV) cortisol, 
25 mg, after the induction of anesthesia plus a continuous IV infusion 
of cortisol, 100 mg, during the next 24 hours. Plasma cortisol levels 
in group III were significantly lower than in the other two groups be-
fore the induction of anesthesia. After IV administration of cortisol to 
group III patients, plasma concentrations were significantly higher than 
in groups I and II for the next 2 hours (p <.01). Thereafter, the mean 
plasma concentrations were similar for all groups. There were no clini-
cal signs of circulatory insufficiency in any group. (Reprinted from Sym-
reng T, Karlberg BE, Kagedol B, et al. Physiological cortisol substitution 
of long-term steroid-treated patients undergoing major surgery. Br J 
Anaesth. 1981;53:949, with permission.)
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TAbLE 46-8. gluCoCortiCoid PreParations

Generic Name Anti-inflammatory Mineralocorticoid

Approximate Equivalent 

Dose (mg)

Short acting

Hydrocortisone  1.0 1.0 20.0
Cortisone  0.8 0.8 25.0

Prednisone  4.0 0.25 5.0

Prednisolone  4.0 0.25 5.0

Methylprednisolone  5.0 – 4.0

Intermediate acting

Triamcinolone  5.0 – 4.0

Long acting

Dexamethasone 30.0 – 0.75

Relative milligram comparisons with cortisol. The glucocorticoid and mineralocorticoid properties of cortisol are set as 1.0.
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physical and chemical properties of the extracellular fluid (hypo-
glycemia, hypotension). The adrenal medulla and sympathetic 
nervous system are often stimulated together in a generalized 
fashion, although many physiologic conditions exist in which 
they act independently.

pheochromocytoma

The only important disease process associated with the adrenal 
medulla is pheochromocytoma. These tumors produce, store, 
and secrete catecholamines. Most pheochromocytomas secrete 
both epinephrine and norepinephrine, with the percentage of 
secreted norepinephrine being greater than that secreted by the 
normal gland. Although pheochromocytomas occur in <0.2% of 
hypertensive patients, it is important to aggressively evaluate the 
patient with clinically suspect symptoms because surgical extirpa-
tion is curative in >90% of patients and complications are often 
lethal in undiagnosed cases.40 Postmortem series have reported 
high perioperative mortality rates in undiagnosed patients under-
going relatively minor surgical procedures. Most deaths are from 
cardiovascular causes. Perioperative morbidity is related to tumor 
size and the degree of catecholamine secretion.41

Most (85% to 90%) pheochromocytomas are solitary tumors 
localized to a single adrenal gland, usually the right. Approxi-
mately 10% of adults and 25% of children have bilateral tumors. 
The tumor may originate in extra-adrenal sites (10%), anywhere 
along the paravertebral sympathetic chain; however, 95% of the 
tumors are located in the abdomen, and a small percentage are 

FIgURE 46-5. Synthesis and metabolism of endogenous catechol-
amines. COMT, catechol-O-methyltransferase; MAO, monoamine oxi-
dase. (Reprinted from Stoelting RK, Dierdorf SF, eds. Anesthesia and 
co-existing disease. New York: Churchill-Livingstone; 1983, with per-
mission.)
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heparin therapy, and in patients with a deficiency in renin produc-
tion. This syndrome is commonly seen in patients with mild renal 
failure and long-standing DM. A feature common to all patients 
with hypoaldosteronism is a failure to increase aldosterone pro-
duction in response to salt restriction or volume contraction.

Most patients present with hypotension, hyperkalemia that may 
be life-threatening, and a metabolic acidosis that is out of propor-
tion to the degree of coexisting renal impairment. Patients with low 
renin secretion, hypoaldosteronism, and renal dysfunction respond 
to ACTH stimulation. Nonsteroidal anti-inflammatory drugs, 
which inhibit prostaglandin synthesis, may further inhibit renin 
release and exacerbate the condition. Patients with isolated hypoal-
dosteronism are given fludrocortisone orally in a dose of 0.05 to 
0.1 mg/day. Patients with low renin secretion usually require higher 
doses to correct the electrolyte abnormalities. Caution should be 
observed in patients with hypertension or congestive heart failure. 
An alternative approach in these patients is the administration of 
furosemide alone or in combination with mineralocorticoid.

ADRENAL MEDULLA

The adrenal medulla is derived embryologically from neuroec-
todermal cells. As a specialized part of the sympathetic nervous 
system, the adrenal medulla synthesizes and secretes the cat-
echolamines epinephrine (80%) and norepinephrine (20%). Pre-
ganglionic fibers of the sympathetic nervous system bypass the 
paravertebral ganglia and pass directly from the spinal cord to 
the adrenal medulla. The adrenal medulla is analogous to a post-
ganglionic neuron, although the catecholamines secreted by the 
medulla function as hormones, not as neurotransmitters.

The synthesis of norepinephrine begins with hydroxylation of 
tyrosine to dopa (Fig. 46-5). This rate-limiting step in catechol-
amine biosynthesis is regulated so synthesis is coupled to release. 
In the adrenal medulla and in those rare central neurons using 
epinephrine as a neurotransmitter, most of the norepinephrine 
is converted to epinephrine by the enzyme phenylethanolamine-
N-methyltransferase. It is likely that the capacity of the adrenal 
medulla to synthesize epinephrine is influenced by the flow of 
glucocorticoid-rich blood from the adrenal cortex through the 
intra-adrenal portal system because it is known that high concen-
trations of glucocorticoid are able to induce the enzyme phenyle-
thanolamine-N-methyltransferase.

In the adrenal medulla, catecholamines are stored in chromaf-
fin granules complexed with adenosine triphosphate and Ca2+. 
The normal adrenal releases epinephrine and norepinephrine 
by exocytosis in response to stimulation by preganglionic sym-
pathetic neurons. The circulatory half-life (10 to 30 seconds) 
of these catechols is considerably longer than the brief receptor 
activity of norepinephrine released as a neurotransmitter from 
postganglionic sympathetic nerve endings. Biotransformation 
of circulating norepinephrine and epinephrine is accomplished 
chiefly by the enzyme catechol-O-methyltransferase, located in 
the liver and kidney. Monoamine oxidase is of less importance in 
the metabolism of circulating catechols. Metanephrine and vanil-
lylmandelic acid are the major end products of catecholamine 
metabolism. These metabolites and a small amount of unchanged 
catecholamine (1%) appear in the urine.

The outflow of postganglionic sympathetic neurotransmitters 
and circulating catecholamine from the adrenal medulla is coor-
dinated by higher cortical centers connected to the brainstem. 
The intrinsic activity of the brainstem sympathetic areas is mod-
ulated by higher cortical functions, emotional reactions (anger, 
fear), and various physiologic stimuli, including changes in the 
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located in the thorax, urinary bladder, or neck. Malignant spread 
of these highly vascular tumors occurs in approximately 10% of 
cases.

In approximately 5% of cases, this tumor is inherited as a 
familial autosomal dominant trait. It may be part of the poly-
glandular syndrome referred to as multiple endocrine neoplasia 
(MEN) IIA or IIB. Type IIA includes medullary carcinoma of 
the thyroid, parathyroid hyperplasia, and pheochromocytoma; 
type IIB consists of medullary carcinoma of the thyroid, pheo-
chromocytoma, and neuromas of the oral mucosa. Pheochromo-
cytomas may also arise in association with von Recklinghausen 
neurofibromatosis or von Hippel-Lindau disease (retinal and 
cerebellar angiomatosis). The pheochromocytoma of the familial 
syndromes is rarely extra-adrenal or malignant. Bilateral tumors 
occur in approximately 75% of cases. When these patients pres-
ent with a single adrenal pheochromocytoma, the chances of sub-
sequent development of a second adrenal pheochromocytoma 
are sufficiently high that bilateral adrenalectomy should be con-
sidered. Every member of a MEN family should be considered at 
risk for pheochromocytoma.

clinical presentation

Pheochromocytoma may occur at any age, but it is most com-
mon in young to middle adult life. The clinical manifestations are 
mainly due to the pharmacologic effects of the catecholamines 
released from the tumor. These tumors are not innervated, and 
catecholamine release is independent of neurogenic control. 
Most patients have sustained hypertension, although occasion-
ally it is paroxysmal.42 When true paroxysms occur, the blood 
pressure may rise to alarmingly high levels, placing the patient 
at risk for cerebrovascular hemorrhage, heart failure, dysrhyth-

mias, or myocardial infarction. Headache, palpitations, tremor, 
profuse sweating, and either pallor or flushing may accompany an 
attack. Pheochromocytoma can masquerade as malignant hyper-
thermia. Physical examination of the patient with pheochromo-
cytoma may be unrevealing during the period between attacks, 
unless the patient presents with symptoms and signs of sequelae 
related to long-standing hypertension. A catecholamine-induced 
cardiomyopathy may be accompanied by heart failure and car-
diac dysrhythmias. Paroxysms are commonly not associated with 
clearly defined events, but may be precipitated by displacement 
of the abdominal contents or, in the case of a bladder tumor, by 
micturition.

diagnosis

Biochemical determination of free catecholamine concentration 
and catecholamine metabolites in the urine is the most common 
screening test used to establish the diagnosis of pheochromocy-
toma.43 Urinary vanillylmandelic acid and unconjugated norepi-
nephrine and epinephrine levels are measured in a 24-hour urine 
collection and are expressed as a function of the creatinine clear-
ance (Fig. 46-6). Excess production of catecholamines is diag-
nostic for pheochromocytoma. Free catecholamines represent 
<1% of the originally released hormone, and urinary levels are 
not always elevated to a significant degree. Hence, differentiation 
from normal subjects may be difficult. A change in the ratio of 
unconjugated epinephrine to norepinephrine may be the only 
biochemical finding. Certain drugs interfere with urinary assays, 
and some patients with paroxysmal hypertension have normal 
values between attacks.

Although routine laboratory data are unlikely to provide spe-
cific diagnostic insight, ECG, chest radiograph, and complete 

FIgURE 46-6. Catabolism of norepinephrine and epinephrine.
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blood cell count can provide valuable information to the clinician 
who entertains the diagnosis. Left ventricular hypertrophy and 
nonspecific T-wave changes are two of the more common ECG 
findings. Evidence of acute myocardial infarction or tachyar-
rhythmia has also been reported. The chest radiograph may reveal 
cardiomegaly, and the blood count often shows an elevated hema-
tocrit consistent with a reduced intravascular volume and hemo-
concentration. Standardized imaging methods such as CT and 
MRI are used in the noninvasive localization of these tumors.44 
Improvements in imaging may obviate the need for abdominal 
exploration or venous sampling to localize the tumor in selected 
patients.45 Ultrasound and MRI are especially useful in pregnant 
patients. 131I-Metaiodobenzylguanidine scintigraphy is also effec-
tive in localizing recurrent or extra-adrenal masses.

anesthetic considerations

Preoperative Preparation

The reduction in perioperative mortality rates from a high of 45% 
to between 0% and 3%, from excision of pheochromocytoma 
followed by the introduction of α-antagonists for preoperative 
therapy. Perioperative blood pressure fluctuations, myocardial 
infarction, congestive heart failure, cardiac dysrhythmias, and 
cerebral hemorrhage all appear to be reduced in frequency when 
the patient has been treated before surgery with α-blockers and 
the intravascular fluid compartment has been re-expanded. 
Extended treatment with α-antagonists is also effective in treating 
the clinical manifestations of catecholamine myocarditis. How-
ever, α-blocker therapy has never been studied in a controlled 
way, and there are some groups that question its necessity in light 
of the availability of potent titratable vasodilators for intraopera-
tive use.46 A list of drugs frequently used in the management of 
pheochromocytoma is given in Table 46-9.

α-adrenergic blockade is initiated once the diagnosis of pheo-
chromocytoma is established (see Chapter 15). Phenoxybenza-
mine, a long-acting (24 to 48 hours), noncompetitive presynaptic 
(α2) and postsynaptic (α1) blocker, has traditionally been used 
at doses of 10 mg every 8 hours. Increments are added until the 
blood pressure is controlled and paroxysms disappear. Most 
patients need between 80 and 200 mg/day. The absorption after 
oral administration is variable, and side effects are common. 
Certain cardiovascular reflexes such as the baroreceptor reflex 
are blunted, and postural hypotension is common. Selective 
competitive α1-blockers, such as doxazosin, terazosin, and pra-
zosin, have also been used effectively. Because postural hypoten-
sion can be pronounced with the commencement of therapy, the 
initial 1-mg dose is given at bedtime. Postural changes are also 
seen with maintenance therapy. A comparison of patients with 
pheochromocytoma receiving phenoxybenzamine or prazosin 
has shown both drugs to be equally effective in controlling blood 
pressure. Although the optimal period of preoperative treatment 
has not been established, most clinicians recommend beginning 
α-blockade therapy at least 10 to 14 days before the proposed sur-
gery; however, periods as short as 3 to 5 days have been used.47 
During this time, the contracted intravascular volume and hema-
tocrit return toward normal and the blood pressure is stabilized. 
Despite the real possibility of hypotension after vascular isola-
tion of the tumor, most clinicians continue α-blockers until the 
morning of surgery.

β-adrenergic blockade is occasionally added after α-blockade 
has been established. This addition is considered in patients with 
persistent tachycardia or cardiac dysrhythmias that may be caused 
by nonselective α-blockade or epinephrine-secreting tumors. β-
blockers should not be given until adequate α-blockade is ensured 
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to avoid the possibility of unopposed α-mediated vasoconstric-
tion. There is no clear preoperative advantage of one β-antagonist 
over another, although the short half-life of esmolol may allow 
better control of heart rate and arrhythmias in the periopera-
tive setting. Labetalol, a β-adrenergic antagonist with α-blocking 
activity, is effective as a second-line medication, but can increase 
blood pressure when this drug is used alone.

α-methyltyrosine is an agent that inhibits the enzyme tyrosine 
hydroxylase, the rate-limiting step in catecholamine biosynthesis. 
This medication is currently reserved for patients with metastatic 
disease or for situations in which surgery is contraindicated and 
long-term medical therapy is required. When α-methyltyrosine is 
used in combination with α-adrenergic–blocking agents, there is 
a significant reduction in catecholamine biosynthesis.

Unrecognized pheochromocytoma during pregnancy may be 
life-threatening to the mother and fetus. Although the safety of 
adrenergic-blocking agents during pregnancy has not been estab-
lished, these agents probably improve fetal survival in pregnant 
patients with pheochromocytoma. The trend is to perform sur-
gery during the first trimester or at the time of cesarean deliv-
ery. There is no reason to terminate an early pregnancy, but 
the patient should be aware of the risk of spontaneous abortion 
resulting from abdominal surgery to remove the tumor.48

Perioperative Anesthetic Management

Symptomatic patients continue to receive medical therapy until 
tachycardia, cardiac dysrhythmias, and paroxysmal elevations in 
blood pressure are well controlled. If it is not possible to initiate 
α-blocking therapy before surgery or if the patient has received 
<48 hours of intensive treatment, it may be necessary to infuse 
nitroprusside during the induction of anesthesia. A low-dose 
infusion is often initiated in anticipation of the marked blood 
pressure elevations that can occur with laryngoscopy and surgical 
stimulation.

Improvements in imaging now allow most patients with soli-
tary tumors without evidence of metastases or local invasion to 
undergo a laparoscopic retroperitoneal approach. If the surgeon 
needs to assess for bilateral disease or the dissection is too diffi-
cult, then the procedure can be converted to an open one. During 
laparoscopic surgery, creation of the pneumoperitoneum may 
cause release of catecholamines and large changes in hemody-
namics that can be controlled with a vasodilator.49

Although there is no clear advantage to one anesthetic tech-
nique over another, drugs that are known to liberate histamine 
are avoided. Because of the potential for ventricular irritability, 
halothane is not administered. A potent sedative hypnotic, in 
combination with an opioid analgesic, is used for induction. It 
is extremely important to achieve an adequate depth of anesthe-
sia before proceeding with laryngoscopy to minimize the sympa-
thetic nervous system response to this maneuver. Maintenance is 
provided with an opioid analgesic and a potent inhalation agent. 
Manipulation of the tumor may produce a marked elevation in 
blood pressure. Acute hypertensive crises are treated with intrave-
nous infusions of nitroprusside or phentolamine or any vasodila-
tor mentioned later. Phentolamine is a short-acting α-adrenergic 
antagonist that may be given as an intravenous bolus (2 to 5 mg) 
or by continuous infusion. Tachydysrhythmia is controlled 
with intravenous boluses of propranolol (1-mg increments) or 
by a continuous infusion of the ultrashort-acting selective β1-
adrenergic antagonist esmolol. The disadvantage of long-acting 
β-blockers may be persistence of bradycardia and hypotension 
after the tumor is removed. Even esmolol may be problematic 
because there are cases of cardiac arrest after clamping of the 
venous drainage in patients receiving large doses of esmolol. 

5
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TAbLE 46-9. drugs used in the management of PheoChromoCytoma

Drug Action

Preoperative Blood 

Pressure Control Pressor Crisis Comment

Phentolamine Nonselective α-
antagonist

– 1–5 mg IV; 0.5–1 mg/
minute IV

Short duration of action 
∼5 minute

Phenoxybenzamine Nonselective α-
antagonist

20 mg/day PO up to  
160 mg/day in divided 
doses

– Long half-life; may 
accumulate

Doxazosin (terazosin 
dosing similar)

Selective α1-antagonist 1 mg/day PO up to  
8 mg/day PO

– First-dose phenomena; 
may cause syncope

Propranolol Nonselective β-
antagonist

40 mg/day PO up to  
480 mg/day in divided 
doses to control 
tachycardia

1–2 mg IV bolus Should never be given 
without first creating 
α-blockade

Atenolol Selective β1-antagonist 50–100 mg/day PO – Long-acting drug 
eliminated unchanged 
by kidney

Esmolol Selective β1-antagonist – 250–500 µg/kg/minute 
IV loading followed 
by maintenance 
infusion 25–250 µg/
kg/minute

Short acting; elimination 
half-life ∼9 minute

Labetalol α-antagonist and β-
antagonist

200 mg/day PO in 
divided doses up to 
800 mg/day

10 mg IV bolus A much weaker 
α-blocker than 
β-blocker; may cause 
hypertensive response

Nitroprusside Direct vasodilator – 0.5–1.5 µg/kg/minute 
initially, increased 
to maximum of 
8 µg/kg/minute; 
titrate to effect

Powerful vasodilator; 
short acting

Magnesium sulfate Direct vasodilator and 
membrane stabilizer

– 2–4 g IV bolus 
followed by 1–2 g/
hour and additional 
1–2 g boluses as 
needed

May potentiate 
neuromuscular 
blockade

Nicardipine Calcium channel 
antagonist

– 1–2 µg/kg/min 
increased to 7.5 µg/
kg/minute; titrate 
to effect

–

α-methyltyrosine Inhibitor of 
biosynthesis of 
catecholamine

1–4 g/day PO in divided 
doses

– Suitable for patients not 
amenable to surgery; 
may be nephrotoxic

IV, intravenous(ly); PO, oral(ly).

Almost every vasodilator has been tried and recommended as 
an adjuvant to control hypertension. Magnesium sulfate given 
as an infusion with intermittent boluses has successfully con-
trolled blood pressure.50 Nicardipine, clevidipine,51 nitroglycerin, 
diltiazem, fenoldopam, and prostaglandin E1 have all been used 
anecdotally. The reduction in blood pressure that may occur after 
ligation of the tumor’s venous supply can be dangerously abrupt 
and should be anticipated through close communication with the 
surgical team. Restitution of any intravascular fluid deficit is the 
initial therapy in this situation. After replenishment of the intra-
vascular volume, if the patient remains hypotensive, phenyleph-
rine is administered. Norepinephrine or vasopressin may also be 
needed.51 After surgery, catecholamine levels return to normal 
over several days. Approximately 75% of patients become nor-

motensive within 10 days. Hypoglycemia must be watched for 
as insulin levels rise from loss of catecholamine-induced β-cell 
suppression.

DIAbETES MELLITUS

A fasting glucose level below 100 mg/dL is considered normal. 
Individuals with documented fasting glucose levels above 126 
mg/dL are considered diabetics, while those with levels between 
100 and 125 mg/dL are considered prediabetics.52 An estimated 
20.8 million Americans (7% of the U.S. population) have DM 
and about 40 million Americans have prediabetes. DM is the 
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most commonly occurring endocrine disease found in surgical 
patients, and 25% to 50% of diabetics will require surgery at some 
point in their lives. Although the most serious complications of 
DM are related to its character as a chronic disease, it can cause 
difficulties in the short-term management of acute illness. DM 
can remain clinically inapparent until exacerbated by the stress 
of trauma or surgery.53 Some observational studies report that 
hyperglycemia is present in 32% to 38% of patients in commu-
nity hospitals, 41% of critically ill patients with acute coronary 
syndromes, and 80% of patients after cardiac surgery.54 In these 
reports, approximately one-third of non-intensive care unit 
(ICU) patients and approximately 80% of ICU patients had no 
history of diabetes before admission.54

The principles of the treatment of DM will be easier to under-
stand if one reviews the physiology of glucose metabolism and the 
stress response and then considers some of the specific pathologic 
entities that comprise the clinical picture of DM.

classification

DM primarily manifests as a disease of glucose metabolism; how-
ever, it significantly affects lipid and protein metabolism and has 
an impact on a wide range of endocrinologic functions. Despite 
a variety of etiologic factors, its hallmark is a deficiency, either 
absolute or relative, in the amount of insulin effect to the tissues.

DM is classified into four broad types: type 1 diabetes, type 2 
diabetes, gestational DM, and diabetes due to other causes.52

Type 1 accounts for 5% to 10% of all DM cases and is dis-
tinguished from type 2, which accounts for the remaining 90% 
to 95% of all DM cases. The patient with type 1 DM typically 
experiences the onset of disease early in life. Consequently, this 
form was also referred to as juvenile-onset diabetes. In general, 
the patient with type 1 DM is not obese, has an abrupt onset of 
the disease, and has very low levels of circulating insulin. Disease 
in these patients cannot be controlled with diet or oral hypogly-
cemic agents; rather, it mandates treatment with insulin as there 
is an absolute deficiency of insulin due to destruction of β cells. 
It is difficult to maintain an optimal glucose level in patients with 
type 1 DM. They are more likely to become ketotic and sustain 
progressive end-organ complications of diabetes.52

Patients with type 2 DM, also called adult-onset diabetes, 
typically experience a gradual onset of the disease later in life. 
However, the milder type 2 form can occur in young people, and 
many older adults can acquire a severe and brittle form of type 
1. Because of the obesity epidemic, many adolescent and teenag-
ers are presenting more frequently with this disorder.52 Patients 
with type 2 DM are often obese, have resistance to the effects of 
insulin (commonly referred to as insulin resistance), and, hence, 
may have normal or even elevated levels of insulin. In milder 
forms, this version of diabetes can often be treated with diet, life-
style modifications, and oral hypoglycemic agents. Because these 
patients are relatively resistant to ketosis, their disease may not 
be clinically apparent until exacerbated by the stress of surgery or 
intercurrent illness.

Other types of DM can be a result of a disease that damages 
the pancreas and thus impairs insulin secretion. Pancreatic sur-
gery, chronic pancreatitis, cystic fibrosis, and hemochromatosis 
can damage the pancreas and impair insulin secretion sufficiently 
to produce clinical DM. DM can also result from one of the endo-
crine diseases that produces a hormone that opposes the action 
of insulin. Hence, a patient with a glucagonoma, pheochromocy-
toma, or acromegaly may be diabetic. An increased effect of glu-
cocorticoids, either from Cushing disease or steroid therapy, may 
also oppose the effect of insulin enough to elicit clinical diabetes 

and would certainly complicate the management of pre-existing 
diabetes. Treatment of human immunodeficiency virus/acquired 
immunodeficiency syndrome, genetic defects in β-cell function, 
and genetic defects in insulin action can also induce diabetes.52 
Gestational diabetes is a common medical problem of pregnancy 
and may presage future type 2 DM. Different diagnostic criteria 
are used to diagnose gestational diabetes.52

physiology

Insulin has multiple and complex interactions with lipid, protein, 
and glucose metabolism. It also has many nonmetabolic func-
tions.55 For our purposes, it is easiest to regard the effects of insu-
lin on glucose metabolism as primary and to view its effects on 
other metabolic functions only as they relate to glucose.

Insulin is a small protein produced by the β cells of the islets of 
Langerhans in the pancreas. The basal rate of insulin secretion is 
about 1 U/hour, which can increase by 5- to 10-fold after ingestion 
of food. Normal production in the adult human is approximately 
40 to 50 U/day. Insulin acts through its specific receptor on cells. 
The half-life of insulin in the circulation is 5 minutes. However, it 
may clinically appear to have a longer duration of action, due to 
delays in binding and release from the cellular receptors.56 These 
facts lead us to the important principle that once a high level of 
insulin saturates all the binding sites, insulin will not have a more 
potent effect, just a more long-lasting effect.

Insulin is metabolized in the liver and kidneys. In patients with 
hepatic dysfunction, the loss of gluconeogenesis and a prolonga-
tion of insulin effect increase the risk of hypoglycemia. Similarly, 
in patients with renal disease, the action of insulin is prolonged. 
They are more prone to hypoglycemia, and exogenous insulin 
should be administered judiciously in diabetic patients with renal 
disease.

Insulin release is related to a number of events. First is the 
direct effect of glucose and amino acids to stimulate insulin 
release. The mechanism involves interaction with hormones 
from the GI tract released during enteral feeding. The autonomic 
nervous system, also through vagal stimulation, increases insulin 
release, as does β-adrenergic stimulation and α-adrenergic block-
ade. Nitric oxide stimulates insulin secretion, and potassium 
depletion decreases insulin secretion.

The most fundamental action of insulin is to stimulate 
increased cellular uptake of glucose in skeletal muscle cells, adi-
pose tissue, and cardiac cells. This is particularly important in 
skeletal muscle cells, where muscle activity also increases glucose 
uptake and is an important variable in the management of the 
physically active diabetic patient. The brain, liver, and immune 
cells are exceptions, where insulin does not affect glucose trans-
port. Hence, the diabetic patient has hyperglycemia because of 
inadequate cellular uptake of glucose. Along with glucose, potas-
sium enters the cells under the influence of insulin, so the diabetic 
patient is also likely to have an imbalance of potassium concen-
trations across cell membranes.

Other important metabolic functions of insulin include the 
stimulation of glycogen formation, as well as the suppression 
of gluconeogenesis and lipolysis. The patient with insulin defi-
ciency has low glycogen stores and active gluconeogenesis. This 
implies that in the diabetic patient, because of an absence of gly-
cogen, protein must be broken down to make glucose. Insulin 
also increases the uptake of amino acids into muscle cells. Hence, 
an insulin deficiency leads to catabolism and negative nitrogen 
balance.

Fat metabolism is also abnormal in the diabetic state, with 
acceleration of lipid catabolism and increased formation of 
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ketone bodies. A deficiency of insulin leads to increased fatty 
acid liberation from adipose tissue. These fatty acids have mul-
tiple metabolic effects, including interference with carbohydrate 
phosphorylation in muscle, which leads to further hyperglycemia. 
Low concentrations of insulin, which may be inadequate to pre-
vent hyperglycemia, are often sufficient to block lipolysis. This 
effect explains the common clinical situation in which a patient is 
hyperglycemic without being ketotic.

Glucagon is a polypeptide released from the α cells of the 
pancreas and acts both to stimulate the release of insulin and 
to oppose some of the effects of insulin. It has both a direct and 
an indirect ability to increase circulating glucose levels. In some 
patients, after total pancreatic resection, glucose balance is not as 
poor as might be expected because of the concomitant absence of 
glucagon. Glucagon release is stimulated by hypoglycemia, epi-
nephrine, and cortisol and is suppressed by glucose ingestion.

The metabolic effects of stress are intricately involved with the 
same pathways as those involved in DM. During stress, elevations 
in the circulating levels of cortisol, glucagon, catecholamines, and 
growth hormone all act to cause hyperglycemia. In addition, glu-
cagon and adrenergic stimulation exert a suppressive effect on 
insulin release. Furthermore, inflammatory mediators released 
during stress enhance the release of the counter-regulatory hor-
mones and directly affect the intracellular signaling pathways of 
insulin, culminating in significant insulin resistance.57,58 Hence, 
mild hyperglycemia may occur in the stressed patient who does 
not have DM. In the diabetic patient, stress makes the hypergly-
cemia more difficult to control. In a patient with minimal or sub-
clinical DM before the stressful episode, the hyperglycemia may 
become difficult to manage during the stress-related event.

diagnosis

For decades, the diagnosis of diabetes was based on plasma glu-
cose criteria, either the fasting plasma glucose (FPG) or the 2-hour 
value in the 75-g oral glucose tolerance test (OGTT). Starting in 
2009, the criteria to diagnose DM was amended and now includes 
hemoglobin A1C (HbA1C) >6.5%.52 Correlation of HbA1C with 
average glucose levels is presented in Table 46-10. Other criteria 
for diagnosing DM are listed in Table 46-11. As with most diag-

nostic tests, a test result diagnostic of diabetes should be repeated 
to rule out laboratory error, unless the diagnosis is clear on clini-
cal grounds.59

treatment

Patients with type 1 DM require insulin to survive. Further, the 
risk of microvascular complications can be decreased if glyce-
mic control is maintained near normal levels of blood glucose 
(HbA1C <7%).52 Patients may be on a range of doses of short-
acting and long-acting insulin, with doses given 3 to 4 times per 
day, depending on the desire for tight control. In some clinical 
situations, an insulin pump may be used to administer a constant 
level of insulin.

Patients with type 2 DM may initially be treated with diet con-
trol, exercise, and metformin therapy.60 Metformin is a biguanide 
that decreases hepatic glucose output and enhances the sensitiv-
ity of both hepatic and peripheral tissues to insulin.61 If this fails 
to control glucose levels or the diabetes worsens, therapy with 
insulin and additional oral agents are indicated.52 The goal is to 
decrease HbA1C levels below 7% safely, without causing hypo-
glycemia. Each new class of noninsulin agents added to initial 
therapy is expected to reduce HbA1C by 0.9% to 1.1%.62 Selected 
properties of noninsulin glucose-lowering drugs are noted in 
Table 46-12. Sulfonylureas (glyburide, glipizide, glimepiride) 
and glinides (repaglinide, nateglinide) enhance β-cell insulin 
secretion. Rosiglitazone (Avandia) and pioglitazone (Actos) are 
thiazolidinediones that increase insulin sensitivity. α-glucosidase 
inhibitors (acarbose, miglitol) decrease postprandial glucose 
absorption. Amylin analogs (pramlinide [Symlin]) suppress 
glucagon secretion and slow gastric emptying. Incretin mimet-
ics (exenatide [Byetta]), as the name implies, immulate natural 
incretin hormones (glucagon-like peptide-1 [GLP-1], glucose-
dependent insulinotropic polypeptide [GIP]) and increase insu-
lin production, inhibit glucagon secretion, and decrease glucose 
absorption. Dipeptidyl-peptidase-4 inhibitors (sitagliptin [Janu-
via]) also slow degradation of incretin hormones and improve 
postprandial hyperglycemia. Bariatric surgery may be considered 
for adults with a body mass index >35 kg/m2 and type 2 diabetes, 
especially if the diabetes or associated comorbidities are difficult 
to control with lifestyle and pharmacologic therapy.52

TAbLE 46-10.  Correlation of hemoglobin 

a1C with average gluCose

Mean Plasma Glucose

A1C (%) mg/dL mmol/dL

 6 126 7.0

 7 154 8.6

 8 183 10.2

 9 212 11.8

10 240 13.4

11 269 14.9

12 298 16.5

These estimates are based on ADAG data of 2,700 glucose measurements over 
3 months per A1C measurement in 507 adults with type 1, type 2, and no 
diabetes. The correlation between A1C and average glucose was 0.92. (From 
Nathan DM, Kuenen J, Borg R, et al. A1c-derived average glucose study group. 
Translating the A1C assay into estimated average glucose values. Diabetes Care. 
2008;31:1473–1478.)

TAbLE 46-11.  Criteria for the diagnosis 

of diabetes

1. A1C ≥6.5%. The test should be performed in a laboratory 
using a method that is certified and standardized.a

2. Fasting plasma glucose ≥126 mg/dL (7 mmol/L). Fasting 
is defined as no caloric intake for at least 8 hours.a

3. Two-hour plasma glucose ≥200 mg/dL (11.1 mmol/L) 
during an oral glucose tolerance test (OGTT). The test 
should be performed as described by the World Health 
Organization, using a glucose load containing the 
equivalent of 75 g anhydrous glucose dissolved in water.a

4. In a patient with classic symptoms of hyperglycemia or 
hyperglycemic crisis, a random plasma glucose ≥200 mg/dL 
(11.1 mmol/L).

aIn the absence of unequivocal hyperglycemia, result should be confirmed by re-
peat testing. (Adapted from Surks MI, Sievert R. Drugs and thyroid function. N 
Engl J Med. 1995;333:1688–1694.)
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anesthetic management

Successful management of diabetic patients is as, or more 
dependent upon chronic complication management than acute  
glycemia.

preoperative

Preoperative evaluation and management has three important 
goals: One is determining end-organ complications of DM. This 
requires a thorough history and physical, a recent ECG, blood 
urea nitrogen, potassium, creatinine, glucose, and urinalysis. 
Second is determining the patient’s glucose-lowering regimen. 
Patients may be on different types of insulin regimens and oral 
hypoglycemic agents. Preoperative counseling has to be specific 
to the patient’s glucose-lowering regimen. The third goal is to 
determine patient glycemic control and the need for preoperative 
intervention to control glucose.

End-Organ Complications of Diabetes

Atherosclerosis develops earlier and is more widespread in dia-
betic patients compared with nondiabetics. Manifestations 
include coronary artery disease, peripheral vascular disease, 
cerebrovascular disease, and renovascular disease. The incidence 
of postoperative myocardial infarction is increased in diabetic 

6

patients, and the complication rate is higher. Coronary artery dis-
ease can manifest at a young age or atypically in type 1 diabetics. 
Silent myocardial ischemia and infarction occur more commonly 
in diabetic patients, perhaps because of sensory neuropathy of 
the visceral afferents to the heart. DM may be associated with a 
cardiomyopathy in the face of angiographically normal coronary 
arteries, possibly with diffuse disease in arteries too small to be 
visualized. The American College of Cardiology (ACC)/American 
Heart Association guidelines recognize DM as an intermediate 
risk factor when evaluating patients for noncardiac surgery.63 Pre-
operative hyperglycemia, as documented by increased HbA1C, 
has consistently been associated with poor perioperative out-
comes in a variety of clinical situations.56,64

Diabetic nephropathy occurs in 20% to 40% of patients 
with diabetes and is the leading cause of end-stage renal disease 
(ESRD). Albuminuria usually precedes a steady decline in renal 
function. Microalbuminuria (30 to 299 mg/24 hours) has been 
shown to be the earliest stage of diabetic nephropathy in type 1 
diabetes and a marker for development of nephropathy in type 2 
diabetes.52,65

Patients with diabetes can develop heterogeneous types of 
neuropathies with diverse clinical manifestations. Most common 
among the neuropathies are chronic sensorimotor distal symmet-
ric polyneuropathy and autonomic neuropathy.66 Cardiovascular 
autonomic neuropathy is clinically the most important. It pres-
ents as resting tachycardia, exercise intolerance, and orthostatic 
hypotension. Autonomic function may be tested by measuring 

TAbLE 46-12. ProPerties of seleCted gluCose-lowering drugs

Class Compounds Mechanism Actions

Biguanides Metformin Activate AMP-kinase Decrease hepatic glucose production
Decrease intestinal glucose absorption
Increase insulin action

Sulfonylureas (second 
generation)

Glibenclamide/Glyburide
Glipizide
Gliclazide
Glimepiride

Close KATP channels on β-cell 
plasma membranes

Increase insulin secretion

Meglitinides Repaglinide
Nateglinide

Close KATP channels on β-cell 
plasma membranes

Increase insulin secretion

Thiazolidinediones 
(Glitazones)

Pioglitazone
Rosiglitazone

Activate the nuclear transcription 
factor PPAR-γ

Increase peripheral insulin sensitivity

α-glucosidase inhibitors Acarbose
Miglitol

Inhibit intestinal α-glucosidase Intestinal carbohydrate digestion (and 
consequently, absorption is slowed)

GLP-1 receptor agonists 
(incretin mimetics)

Exenatide
Liraglutide

Activate GLP-1 receptors (β-cells/
endocrine pancreas; brain/
autonomous nervous system)

Increase insulin secretion (glucose 
dependent)

Decrease glucagon secretion (glucose 
dependent)

Slow gastric emptying
Increase satiety

DPP-4 inhibitors 
(incretin enhancers)

Sitagliptin
Vildagliptin
Saxagliptin
Linagliptin

Inhibit DPP-4 activity, prolong 
survival of endogenously 
released incretin hormones

Increase active GLP-1 concentration
Increase active GIP concentration
Increase insulin secretion
Decrease glucagon secretion

Bile acid sequestrants Colesevelam Bind bile acids/cholesterol Unknown

Dopamine-2 agonists Bromocriptine Activate dopaminergic receptors Alter hypothalamic regulation of 
metabolism

Increase insulin sensitivity

Adapted from Standards of medical care in diabetes–2012. Diabetes Care. 2012;35(Suppl 1):S11–S63.
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the beat-to-beat variation in heart rate during breathing, heart 
rate response to a Valsalva maneuver, and orthostatic changes 
in diastolic blood pressure and heart rate. Diabetic patients with 
autonomic neuropathy are at increased risk for intraoperative 
hypotension, requiring vasopressor support, and perioperative 
cardiorespiratory arrest.67–69 There may be an exaggerated pressor 
response to tracheal intubation.70 Autonomic neuropathy predis-
poses to intraoperative hypothermia.71

Diabetic patients may also have GI neuropathies (e.g., esoph-
ageal enteropathy, gastroparesis, constipation, diarrhea, fecal 
incontinence). They may have delayed gastric emptying, and 
therefore they may be at increased risk of pulmonary aspiration of 
gastric contents. Autonomic function tests can predict the pres-
ence of solid food particles in gastric contents, but not increased 
gastric volume or acidity. Metoclopramide or erythromycin may 
be useful in emptying the stomach of solid food.52

In up to 40% of juvenile patients with DM presenting for 
renal transplantation, laryngoscopy can be difficult.72 This may 
be due to diabetic stiff joint syndrome, a frequent complica-
tion of type 1 DM, leading to decreased mobility of the atlanto-
occipital joint. The “prayer sign,” an inability to approximate 
the palmar surfaces of the interphalangeal joints, is associated 
with stiff joint syndrome and may predict difficult laryngos-
copy. Diabetic patients are at an increased risk of cognitive 
decline, dementia, fractures, cancer, obstructive sleep apnea, 
and hearing disorders.52

Determining Glucose-Lowering Regimen and 
Preoperative Counseling

Though specific protocols vary from institution to institu-
tion, a typical protocol followed at our institution is as fol-
lows.73 Patients who are on oral antihyperglycemic medications 
are advised to discontinue their medications the night before 
surgery. No oral hypoglycemic medications are administered 
or advised on the morning of surgery. Medications are rein-
stituted after the patient has resumed a normal diet. Patients 
who are on sulfonylureas are particularly at risk for developing 
hypoglycemia. Metformin should be discontinued preopera-
tively because it has been associated with severe lactic acidosis 
during episodes of hypotension, poor perfusion, or hypoxia. 
However, similar perioperative outcomes have been reported 
in patients who have undergone surgery without discontinuing 
metformin.74

For patients who are taking short- or long-acting insulin 
preparations, adjustment of the insulin should take into account 
the timing of their insulin regimen. Patients who take both eve-
ning and morning doses of insulin should take their usual dose 
of evening short-acting insulin, but reduce their intermediate- 
or long-acting insulin dose by 20% the night before surgery. On 
the morning of surgery, they should omit their morning short-
acting insulin and reduce the intermediate- or long-acting dose 
by 50% (and take this only if the fasting glucose is >120 mg/dL). 
If patients are using a premixed insulin, they are instructed to 
reduce their evening dose prior to surgery by 20% and hold insu-
lin completely on the morning of the procedure.73 Patients with 
type 1 diabetes need some basal insulin at all times.

Preoperative Glycemic Control

It is axiomatic that the patient should attain the best possible 
preoperative metabolic control; however, no randomized control 
study has documented that achieving a certain glycemic range 
preoperatively for a certain period of time will improve periop-
erative outcome.75 Currently, no evidence-based guidelines exist 

regarding when to cancel a surgical procedure due to hypergly-
cemia. Given the multitude of patient factors involved as well 
as the variety of surgical procedures and procedure urgency, it 
is unlikely that recommendations based on outcomes will be 
forthcoming. Providers need to weigh several issues when con-
sidering this question. First, the urgency of surgery should be 
considered. Second, hyperglycemia could represent an unstable 
metabolic state, such as diabetic ketoacidosis, which should be 
rapidly assessed in the preoperative area. Elective surgery in an 
unstable metabolic state is not recommended (see “Emergen-
cies”). Furthermore, the chronic glycemic state of the patient 
should be considered. If the patient has chronically elevated glu-
cose values, this represents poor glucose control, as opposed to a 
new illness. In this situation, there are opportunities for providers 
to identify and address the problem prior to the patient arriv-
ing in the preoperative area. The value of canceling elective sur-
gery in this situation is unclear. Another consideration is that the 
hyperglycemia may be caused by the illness for which the patient 
presented for surgery (e.g., osteomyelitis), which would not be 
expected to improve until the patient undergoes surgery. Provid-
ers must therefore assess the patient for stability, the need for the 
procedure, the risks of the procedure, and the ability of the patient 
to achieve glucose control if the surgery is postponed. Some insti-
tutions have used a cutoff value of 300 mg/dL as a trigger in the 
preoperative area for evaluation for ketoacidosis via either urine 
ketone dipstick or whole blood chemistry. In other institutions it 
is left to the discretion of the physician.73 However, it is recom-
mended to postpone nonurgent or elective surgery if there is an 
acute rise in glucose to >400 mg/dL.73

intraoperative

The details of the anesthetic plan depend intimately on the end-
organ complications. Invasive monitoring may be indicated for 
the patient with heart disease, awake intubation may be necessary 
if a difficult intubation is predicted, fluid management and drug 
choices may depend on renal function, and aspiration must be 
considered if there is gastroparesis.

Blood glucose levels should be measured before and after sur-
gery. The need for additional measurements is determined by the 
duration and magnitude of surgery, as well as the brittleness of 
the diabetes. Hourly measurements are reasonable in high-risk 
patients, especially those receiving continuous insulin through 
either an insulin pump or infusion.

The standard glucose dosage for an adult patient is 5 to 10 g/
hour (100 to 200 mL of 5% dextrose solution hourly). Intraopera-
tive administration of glucose should be guided by the patient’s 
glucose level with the goal of preventing hypoglycemia or hyper-
glycemia. Routine administration of glucose-containing intrave-
nous fluids is not recommended. It is best to separately record 
dextrose administration and fluids given.

Monitoring of the patient who arrives in the operating room 
with significant metabolic impairment, such as diabetic ketoaci-
dosis, is similar to management in the medical ICU, including 
hourly determinations of blood glucose, arterial pH, electrolytes, 
and fluid balance. Frequent reassessments with medical consulta-
tion as necessary guide the use of fluids, electrolytes, especially 
potassium, insulin, phosphate, and glucose.

Another area of monitoring that is extremely important in 
the diabetic patient is positioning on the operating table. Injuries 
to the limbs or nerves are more likely in the patient who arrives 
in the operating room already compromised by diabetic periph-
eral vascular disease or neuropathy. The peripheral nerves may 
already be partly ischemic and therefore particularly vulnerable 
to pressure or stretch injuries.76
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hyperglycemia and perioperative outcomes

Prior to the past decade, little attention was paid to the control of 
hyperglycemia in the perioperative period or in the acute phase of 
critical illness managed in the ICU. Permissive or stress-induced 
hyperglycemia was generally accepted as the norm. Stress-induced 
hyperglycemia is defined as a transient response to the stress of 
an acute injury or illness.54 Observational studies have reported 
significant prevalence of hyperglycemia in hospitalized patients. 
Seventy percent of diabetic patients with acute coronary syn-
drome and 80% of cardiac surgery patients in the perioperative 
period may develop hyperglycemia.60 Hyperglycemia in a hospital 
setting is defined as any blood glucose >140 mg/dL.77 Hypergly-
cemia significantly impairs chemotaxis, phagocytosis, generation 
of reactive oxygen species, and intracellular killing of bacteria.78 
Vascular reactivity is also decreased by hyperglycemia and is pro-
posed to be related to decreased nitric oxide production. Acute 
hyperglycemia has also been shown to lead to poor outcomes in 
the setting of myocardial infarction and stroke.78 There is evi-
dence that hyperglycemia in hospitalized patients leads directly to 
adverse consequences.78

In surgical patients, postoperative hyperglycemia is associated 
with an increased risk of infection, renal and pulmonary compli-
cations, and also mortality (Fig. 46-7).56,79–83 Many studies have 
addressed the effects of hyperglycemia perioperatively and con-
firmed similar associations.75,84–86 One study demonstrated that 
for every 20 mg/dL increase in the mean intraoperative glucose, 
the risk of an adverse outcome increased by more than 30%.84

Two other glycemic factors are also associated with poor peri-
operative outcomes. Hypoglycemia is a rare occurrence com-
pared to hyperglycemia, but it is the principal factor limiting 
optimization of glycemic control and is associated with increased 
mortality.87,88 Finally, glucose variability (changes in the mea-
sured level of blood glucose) is an independent predictor of 
mortality.89 This indicates that measures of glycemia, other than 
glucose concentration, may be important in the pathophysiol-
ogy of hyperglycemia. Three different methods of expression of 
glucose variability are utilized: standard deviation (SD) of glu-
cose, the mean amplitude of glycemic excursions (MAGE), and 
the glycemic lability index (GLI). MAGE is the mean of absolute 
values of any ∆ glucose (consecutive values) that are >1 SD of the 
entire set of glucose values. GLI is the squared difference between 
consecutive glucose measures per unit of actual time between 
those samples. Of these three methods, the GLI may be the best 
discriminator for mortality.90 However, no prospective trials have 
determined whether decreased glucose variability with insulin 
results improved perioperative outcomes.

perioperative Glycemic control

Many factors influence the glucose levels in the perioperative 
period (Fig. 46-8). Endogenous insulin secretions, exogenous 
insulin administration, insulin resistance, endogenous glucose 
production, exogenous glucose administration, and overall glu-
cose consumption are some of the key factors that determine 
glucose levels in a patient.

Insulin secretion can be decreased because of the direct effects 
of anesthetics, while significant insulin resistance develops post-
operatively. Degree of insulin resistance is directly related to 
surgical trauma (Fig. 46-9). Insulin resistance can not only be 
modified by the stress of surgery and the inflammatory state but 
it may also be affected by nutritional intake and level of activity. 
Postoperative ambulation and physical activity can alter glucose 

consumption acutely. Intraoperative and postoperative hyper-
glycemia are predicable in patients who present for cardiac and 
high-risk noncardiac surgery and/or have poor glycemic control 
preoperatively (e.g., diabetics, or patients who have an ongoing 
metabolic insult secondary to trauma or sepsis).56

Glycemic Goals

In 2001, van den Berghe et al. published a landmark paper91 
that demonstrated a mortality benefit of tight glucose control in 
critically ill patients in the surgical ICU. From this study origi-
nated the concept of intensive insulin therapy (IIT) as a means 
of normalizing elevated glucose levels in critically ill patients. IIT 
was defined by a target glucose range of 80 to 110 mg/dL, and 
standard care implied a target glucose range of 180 to 200 mg/
dL.91 Although the study van den Berghe et al. was a single-center, 
nonblinded trial, other retrospective studies also supported their 

FIgURE 46-7. Relation among perioperative injury, hyperglycemia, 
and outcomes. (Reproduced from Akhtar S, Barash PG, Inzucchi SE. 
Scientiic principles and clinical implications of perioperative glucose 
regulation and control. Anesth Analg. 2010;110(2):478–497, with per-
mission.)

PERIOPERATIVE INJURY

HYPERGLYCEMIA

Increased hormonal stress

Inhalational anesthetics
Decreased level of activity
Glucocorticoid therapy
Continuous enteral nutrition
Parenteral nutrition

Increased epinephrine
Increased cortisol
Increased inflammatory mediators

Decreased immune function
Increased oxidative stress
Endothelial dysfunction
Increased inflammatory factors
Procoagulant state
Increased mitogen levels
Fluid shifts
Electrolyte fluxes

Delayed wound healing
Increased infections
Delayed recovery
Potential end-organ dysfunction

Myocardial injury
Cerebral injury
Renal injury



1348 Section Vii Anesthesia for Surgical Subspecialties

FIgURE 46-8. Modulators of perioperative hyperglycemia. (Reproduced from Akhtar S, Barash PG, 
Inzucchi SE. Scientiic principles and clinical implications of perioperative glucose regulation and control. 
Anesth Analg. 2010;110(2):478–497, with permission.)
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FIgURE 46-9. Time course for postoperative insulin resistance in 
patients undergoing open cholecystectomy. Relative insulin sensitivity 
represented as a percentage that is calculated as postoperative insulin 
sensitivity/perioperative insulin sensitivity × 100. Insulin sensitivity was 
determined within 5 days preoperatively and at days 1 (n = 9), 5, 9, and 
20 (n = 5) postoperatively. *Statistically significant difference. Op, day 
of the operation. (Reproduced from Thorell A, Efendic S, Gutnaik M,  
et al. Insulin resistance after abdominal surgery. Br J Surg. 1994;81: 
59–63, with permission.)

Postoperative days

R
el

at
iv

e 
in

su
lin

 s
en

si
tiv

ity
 (

%
)

Op 2
0

20

40

60

80

100

4 6 8 10 12 14 16 18 20

findings and many centers adopted IIT protocols for manage-
ment of hyperglycemia in the ICU. Furthermore, numerous stud-
ies documented clinical benefit of glycemic control in patients 
who underwent cardiac surgery.56 However, most of the evidence 
was from prospective observational or retrospective studies. Over 
the course of the next few years, several studies comparing IIT to 
standard care failed to demonstrate a difference with respect to 
mortality. The IIT groups also demonstrated high incidences of 
hypoglycemia (8% to 28%), which was 6 times higher than the 
control group.92–95

The largest study to date, the NICE-SUGAR study, a multi-
center, multinational randomized controlled trial, compared 
the effect of intensive glycemic control (target 81 to 108 mg/dL, 
mean blood glucose attained 115 mg/dL) to standard glycemic 
control (target 144 to 180 mg/dL, mean blood glucose attained 
144 mg/dL) on outcomes among 6,104 critically ill participants, 
almost all of whom required mechanical ventilation.96 Surpris-
ingly, 90-day mortality was significantly higher in the intensive 
versus the conventional group in both surgical and medical 
patients, as was mortality from cardiovascular causes. Severe 
hypoglycemia was also more common in the intensively treated 
group (6.8% vs. 0.5%). The results of this study were in stark con-
trast to the van den Berghe et al. study, which reported a 42% rel-
ative reduction in ICU mortality in critically ill surgical patients 
treated to a target blood glucose of 80 to 110 mg/dL.

One situation where tight glucose control with insulin may 
be beneficial is in patients who are administered exogenous glu-
cose via total parenteral nutrition.97 This was the case in van den 
Berghe et al. study where patients received significant exogenous 
glucose early in the ICU. Furthermore, the control group in 
NICE-SUGAR trial had reasonably good blood glucose manage-
ment and was maintained at a mean glucose of 144 mg/dL, only 
29 mg/dL above the intensively managed patients. Accordingly, 
this study’s findings do not negate the concept that glycemic con-
trol in the ICU is important. However, they do strongly suggest 
that it may not be necessary to target blood glucose values to a 
highly stringent target of <110 mg/dL, and that it may actually be 
dangerous to control glucose too tightly.

Several studies published subsequent to the NICE-SUGAR 
trial underscored the findings of that investigation. Annane 
et al.98 found no reduction in mortality and increased hypoglyce-
mia in a randomized controlled trial of IIT with glucocorticoids 
in the treatment of septic shock. The control group was given 
standard insulin therapy plus glucocorticoids. Three recent meta-
analyses of randomized trials investigating IIT demonstrated no 
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overall effect on mortality and increased hypoglycemia rates in 
the IIT groups compared with controls.97,99,100 An observational 
cohort study published prior to the NICE-SUGAR trial compared 
outcomes before and after institution of an IIT policy. Hypogly-
cemia was increased and no survival benefit was noted with the 
institution of IIT.101

In summary, association between perioperative hyperglyce-
mia and poor outcomes is strong. Though hyperglycemia devel-
ops frequently in patients who undergo cardiac or high-risk 
noncardiac surgery, the value of controlling glucose levels tightly 
intraoperatively has not been proven conclusively. Poor glycemic 
control is probably a marker of significant metabolic perturba-
tion, which is beyond the regulatory capacity of the body. Given 
that in the NICE-SUGAR trial the standard insulin therapy con-
trol group (140 to 180 mg/dL range) had similar outcomes (if not 
better) than the IIT group, the 140 to 180 mg/dL range is now 
generally accepted as the new goal. In 2009, the American Asso-
ciation of Clinical Endocrinologists and the American Diabetes 
Association (AACE/ADA) released formal recommendations for 
the management of hyperglycemia in the ICU.102 The recom-
mended threshold to initiate an insulin infusion is no higher than 
180 mg/dL. Once insulin therapy has been initiated, the 140 to 
180 mg/dL goal range is targeted.

In addition to the AACE/ADA, various other professional 
organizations have published guidelines for the management of 
glucose levels in the ICU. The Surviving Sepsis Campaign targets 
a blood glucose level of 150 mg/dL while maintaining glucose lev-
els <180 mg/dL; the Institute for Healthcare Improvement target 
is <180 mg/dL; the 2009 European Society of Cardiology guide-
lines for perioperative cardiac management in noncardiac surgery 
patients do take into account the results of the NICE-SUGAR 
study and recommend maintaining glucose levels <180 mg/dL 
in postsurgery patients.103 The ACC/American Heart Association 
targets 110 to 180 mg/dL in patients undergoing noncardiac sur-
gery53; however, this predates the NICE-SUGAR trial. The Society 
of Thoracic Surgeons (for cardiac surgery) targets 150 to 180 mg/
dL, while the most recent guidelines from the American College 
of Physicians recommend keeping glucose <180 mg/dL in criti-
cally ill patients104 (Table 46-13).

In noncritically ill hospitalized patients, the goal is to keep 
the fasting premeal glucose <140 mg/dL and random glucose 
<180 mg/dL. This should ideally be achieved by basal plus bolus 
insulin dosing rather than sliding-scale insulin. Practitioners 
should also keep in mind that target glucose levels for terminally 
ill, elderly, frail, and nursing home patients have not been estab-
lished. There is general consensus that in these populations, the 

risk of hypoglycemia outweighs the risk of hyperglycemia and less 
stringent targets may be more appropriate.52,105

management of perioperative 
hyperglycemia

In view of the complex nature of glycemic control in the periop-
erative period, maintaining glucose levels within a specific range 
can be demanding. The narrower the desired glycemic range, the 
more resource intensive the protocol will be.

There are multiple insulin preparations, with varying duration 
of actions, that can be administered in many different ways.106 
The simplest way is to administer short-acting insulin subcutane-
ously. Only a few studies have adopted this route and have not 
been very successful in maintaining glucose in the desired range 
(40% to 60% of the time) and achieving it in a timely manner. 
In the perioperative setting, the state of peripheral perfusion is 
extremely variable and vasoconstriction is very common, often 
secondary to hypovolemia or hypothermia. Hence, absorption of 
any drug administered subcutaneously can be erratic and unre-
liable. Similarly, sliding-scale protocols have also been disap-
pointing. Most study protocols that have demonstrated desirable 
glycemic control in the acute care setting have used continuous 
intravenous insulin infusion combined with intravenous bolus 
injections. Targeted glucose levels are achieved successfully 
and timely using these dynamic scale protocols combined with 
frequent blood glucose determinations. Once a certain require-
ment of insulin in a 24-hour period is known, the patient can 
be transitioned to basal–bolus insulin protocol. This requires 
giving a certain amount of long-acting insulin (which provides 
a fraction of basal insulin requirement), supplemented by 3 to 
4 doses of short-acting insulin bolus based on blood glucose 
measurements.54

Blood glucose can be determined by central laboratory, 
blood–gas analysis machines, or various point-of-care test-
ing devices that use capillary blood (fingerstick). Point-of-care 
devices are most commonly used in many acute care areas for 
glucose monitoring and management. Practitioners should keep 
in mind that the accuracy of these handheld meters can vary by 
20%.107 Glucose meter analysis (arterial and capillary blood) may 
provide higher glucose values, whereas blood–gas meter analysis 
of arterial blood may yield lower glucose values compared with 
central laboratory values. The hemodynamic state of the patient 
may also affect the accuracy of the blood glucose measurement 
by the point-of-care devices. Furthermore, whole blood glucose 

TAbLE 46-13. Current reCommendations for glyCemiC Control in CritiCally ill Patients

Organization Year Patient Population

Treatment 

Threshold (mg/dL)

Target Glucose Level 

(mg/dL)

American Heart Association 2009 Patients undergoing noncardiac surgery 180 110–180

American Heart Association 2009 Patients with acute coronary syndrome 180 <140

Society of Thoracic Surgeons 2009 Cardiac surgery in ICU 150 150–180

European Society of Cardiology 2009 Patients after major noncardiac surgery 180 140–180

Surviving Sepsis Campaign 2009 ICU patients 180 <150

Institute for Healthcare 
Improvement

2009 ICU patients 180 <180

American Diabetes Association 2011 ICU patients 180 140–180

American College of Physicians 2011 ICU patients 180 140–180



1350 Section Vii Anesthesia for Surgical Subspecialties

values and plasma glucose values are different, and the same is 
true for arterial and venous blood. Therefore, a real possibil-
ity exists of overdosing or underdosing a patient with insulin. 
Hence, aberrant glucose values should be verified by central 
laboratory measurements, and practitioners should be aware 
of the performance of the point-of-care devices used in their 
institutions.108

type 1 diabetes

Type 1 diabetics require insulin or they will rapidly develop keto-
acidosis and its complications. This can be given by administering 
one-half to two-thirds of the patient’s usual intermediate-acting 
insulin subcutaneously on the morning of surgery. In addition 
to this basal insulin, a regular insulin sliding scale (RISS) can be 
added and titrated to blood glucose measurement.109 Alterna-
tively, an insulin infusion of 0.5 to 2 U/hour (100 U regular insu-
lin in 1,000 mL normal saline at 5 to 20 mL/hour) can meet basal 
metabolic needs and be adjusted to maintain blood glucose at the 
desired level.106 With either method, a slow glucose infusion (5% 
dextrose in water at 75 to 125 mL/hour) will prevent hypoglyce-
mia while the patient is fasting.

type 2 diabetes

Patients who are on oral antihyperglycemic medications are 
advised to discontinue their medications the night before surgery. 
No oral hypoglycemic medications are administered or advised 
on the morning of surgery. Patients on chronic insulin are treated 
based on their insulin regimen. Perioperative glucose control can 
be achieved by insulin infusion titrated to blood glucose (typically 
in the ICUs) or basal long-acting insulin supplemented by a RISS. 
The use of a RISS as the sole method of control is to be discour-
aged, because it can predispose to wide glucose variations.54

Postoperatively, as the patient resumes oral intake, therapy 
can be transitioned to the patient’s chronic regimen. Type 2 dia-
betics who have had a gastric bypass procedure can have rapid 
resolution of their glucose intolerance and will often need their 
oral agents and insulin reduced or even discontinued in the post-
operative period. This effect appears to be due to changes in the 
incretin hormones such as GIP and GLP-1, rather than weight 
loss.110

emergencies

Patients may present with metabolic instability, or it may develop 
perioperatively. Stress, trauma, and infection may all lead to 
increased insulin requirements and insulin resistance.111

hyperosmolar nonketotic coma

An occasional elderly patient with minimal or mild DM may 
present with remarkably high blood glucose levels (>600 mg/dL) 
and profound dehydration. Such patients usually have enough 
endogenous insulin activity to prevent ketosis; even with blood 
sugar concentrations of 1,000 mg/dL, they are not in ketoacidosis. 
Presumably, it is the combination of an impaired thirst response 
and mild renal insufficiency that allows the hyperglycemia to 
develop. The marked hyperosmolarity may lead to coma and sei-
zures, with the increased plasma viscosity producing a tendency 
to intravascular thrombosis. It is characteristic of this syndrome 
that the metabolic disturbance responds quickly to rehydration 
and small doses of insulin. If there are no cardiovascular contra-
indications, 1 to 2 L of normal saline, or equivalent, should be 

infused over 1 to 2 hours. Insulin, by bolus or infusion, should 
be administered. With rapid correction of the hyperosmolarity, 
cerebral edema is a risk, and recovery of mental acuity may be 
delayed after the blood glucose level and circulating volume have 
been normalized.

diabetic Ketoacidosis

Diabetic ketoacidosis is defined by the biochemical triad of 
ketonemia, hyperglycemia, and acidemia.112 If the diabetic 
patient has insufficient insulin effect to block the mobilization 
and metabolism of free fatty acids, the metabolic by-products 
acetoacetate and β-hydroxybutyrate accumulate. These ketone 
bodies are organic acids and cause a metabolic acidosis with 
an increased unmeasured anion gap. Clinically, the patient 
often presents because of intercurrent illness, trauma, or the 
untoward cessation of insulin therapy. Although hyperglyce-
mia is almost always present, the degree of hyperglycemia does 
not correlate with the severity of acidosis. Blood sugar levels 
are often in the 250 to 500 mg/dL range. The patient is always 
dehydrated because of the combination of the hyperglycemia-
induced osmotic diuresis and the nausea and vomiting typical of 
this syndrome. Because leukocytosis, abdominal pain, GI ileus, 
and mildly elevated amylase levels are all common in ketoaci-
dosis, an occasional patient is misdiagnosed as having an intra-
abdominal surgical problem.

Diagnostic criteria for diabetic ketoacidosis include (a) keto-
nemia or significant ketonuria; (b) blood glucose >250 mg/dL or 
known DM; and (c) serum bicarbonate below 18 mmol/L and/or 
arterial pH <7.3.113 Treatment of diabetic ketoacidosis includes 
insulin administration and fluid and electrolyte replacement 
(Table 46-14). Route of administration of insulin is determined 
by the severity of diabetic ketoacidosis. Mild to moderate diabetic 
ketoacidosis can be treated with subcutaneously administered 
insulin analogs. However, severe diabetic ketoacidosis requires 
intravenous insulin administration. Typically a continuous 
infusion is started at 0.14 U/kg/hour. If the blood glucose does 
not fall by 10% in the first hour, a bolus of 0.14 U/kg is admin-
istered. Another alternative is to administer 0.1 U/kg as a bolus 
followed by an infusion at 0.1 U/kg/hour. When blood glucose 
levels decrease below 250 mg/dL, glucose should be added to the 
intravenous fluid while insulin therapy continues. Fluid require-
ments can be marked; 1 to 2 L of normal saline, or equivalent, 
should be given over 1 to 2 hours. After the first hour, they may 
need to be continued at 500 mL/hour. Further deficits can be 
replaced more gradually. Potassium replacement is a key concern 

TAbLE 46-14.  management of diabetiC 

KetoaCidosis

• Regular insulin, 10 U IV bolus, followed by an insulin 
infusion nominally at (blood glucose/150) U/h

• Isotonic IV fluids as guided by vital signs and urine 
output; anticipate 4–10 L deficit

• When urine output is >0.5 mL/kg/hour, give potassium 
chloride, 10–40 mEq/hour (with continuous ECG 
monitoring when the rate is >10 mEq/hour)

• When serum glucose is decreased to 250 mg/dL, add 
dextrose 5% at 100 mL/hour

• Consider sodium bicarbonate to correct pH <6.9

IV, intravenous(ly); ECG, electrocardiogram.
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in patients with diabetic ketoacidosis. Because of the diuresis, the 
total-body potassium stores are reduced. However, acidosis by 
itself causes a shift of potassium ions out of the cell. Thus, the 
serum potassium concentration may be normal or even slightly 
elevated while the patient is acidotic. As soon as the metabolic 
acidosis is corrected, the potassium ions shift back into the cells. 
Consequently, the serum potassium concentration can decline 
acutely. Therefore, early and vigorous potassium replacement is 
required in these patients, with the exception of those patients in 
renal failure. Hypophosphatemia also occurs with the correction 
of the acidosis and, if severe, may cause impairment of ventila-
tion, resulting from skeletal muscle weakness in the vulnerable 
patient. Instead of diabetic ketoacidosis, the diabetic patient with 
a metabolic acidosis may have lactic acidosis, which results from 
poor tissue perfusion or sepsis. It is diagnosed by the presence 
of an increased serum lactate concentration without an elevated 
ketone concentration.

Diabetic ketoacidosis must also be distinguished from the 
syndrome of alcoholic ketoacidosis. This typically occurs in 
the poorly nourished alcoholic patient after acute intoxication. 
Except for the presence of chemical ketoacidosis, alcoholic keto-
acidosis is not clinically related in any way to DM. The alcoholic 
patient may be hypoglycemic or mildly hyperglycemic. The pre-
dominant ketone in this syndrome is β-hydroxybutyrate, which 
tends to react less sensitively in the standard laboratory nitroprus-
side reaction measurement of ketones. Hence, the diagnosis may 
be obscured. Administration of dextrose and parenteral fluids is 
the specific treatment for alcoholic ketoacidosis; insulin is not 
indicated (except in the rare circumstance in which the patient 
also has clear-cut DM).

hypoglycemia

Hypoglycemia is the clinical occurrence most feared in the man-
agement of diabetic patients. The precise level at which symptom-
atic hypoglycemia occurs is variable. The normal, fasted patient 
may have blood sugar levels ≤50 mg/dL without symptoms. How-
ever, the diabetic patient who has a chronically elevated blood 
sugar level may be symptomatic at levels significantly above this 
glucose concentration. Hypoglycemia is almost impossible to 
diagnose clinically in the unconscious patient.

Clinically significant hypoglycemia is defined by Whipple’s 
triad: (a) symptoms of neuroglycopenia, (b) simultaneous 
blood glucose concentration <40 mg/dL, and (c) relief of symp-
toms with glucose administration. Although a subclinical stress 
response may be initiated at glucose levels <70 mg/dL, a blood 
glucose level of approximately 55 mg/dL results in activation 
of the sympathetic nervous system and autonomic symptoms, 
which include sweating, palpitations, tremor, and hunger. 
Neuroglycopenic symptoms occur with blood glucose levels of 
approximately 45 mg/dL, and include behavioral and cognitive 
impairment, drowsiness, speech difficulty, blurred vision, sei-
zures, coma, and death. Many of the autonomic as well as the 
early neurologic symptoms are notably absent in the intubated, 
sedated, critically ill, or anesthetized patient. In the anesthetized 
patient, these signs of sympathetic hyperactivity can easily be 
misinterpreted as inadequate or “light” anesthesia. In the anes-
thetized, sedated, or seriously ill patient, the mental changes of 
hypoglycemia are also unrecognizable. Furthermore, in patients 
being treated with β-adrenergic–blocking agents or in patients 
with advanced diabetic autonomic neuropathy, the sympathetic 
hyperactivity of hypoglycemia may be obscured. Thus, the clini-
cal diagnosis of hypoglycemia in the surgical patient may be dif-
ficult to make, and only a high degree of suspicion and frequent 
blood glucose checks can prevent this complication. Treatment 

is with 25 g of intravenous dextrose (50 mL of dextrose 50% in 
water) or 1 mg of intramuscular glucagon if the patient is not 
alert, and 8 oz of juice if the patient is alert. The goal is to achieve 
a blood glucose level >100 mg/dL.

Hypoglycemia is more likely to occur in the diabetic surgical 
patient if insulin or sulfonylureas are given without supplemental 
glucose. With renal insufficiency, the action of insulin and oral 
hypoglycemic agents is prolonged.

pITUITARY gLAND

The pituitary gland is located below the base of the brain in a 
bony structure called the sella turcica. The pituitary gland and 
the hypothalamus together form a central unit that regulates 
the release of various hormones. The pituitary gland is divided 
into two components. The anterior pituitary (adenohypophysis) 
secretes prolactin, growth hormone, gonadotropins (luteinizing 
hormone and follicle-stimulating hormone), TSH, and ACTH. 
The posterior pituitary (neurohypophysis) secretes the hormones 
vasopressin and oxytocin. Hormone release from the anterior 
and posterior pituitary is regulated by the hypothalamus. Regu-
latory peptides or preformed hormones from the hypothalamus 
are transported to the pituitary gland through vascular or tissue 
connections.

anterior pituitary

Hyposecretion of anterior pituitary hormones is usually due 
to compression of the gland by tumor. This may begin as an 
isolated deficiency, but it usually develops into multiglandular 
dysfunction. Male impotence or secondary amenorrhea in the 
woman is an early manifestation of panhypopituitarism. Pan-
hypopituitarism after postpartum hemorrhagic shock (Shee-
han syndrome) is due to necrosis of the anterior pituitary 
gland. Radiation therapy delivered to the sella turcica or nearby 
structures and surgical hypophysectomy are other causes of 
panhypopituitarism. Panhypopituitarism is treated with spe-
cific hormone replacement therapy, which should be continued 
in the perioperative period. Stress doses of corticosteroids are 
necessary for patients receiving steroid replacement because of 
inadequate ACTH.

The hypersecretion of various anterior pituitary hormones is 
usually caused by an adenoma. Excess prolactin secretion with 
galactorrhea is a common hormonal abnormality associated 
with pituitary adenoma. Cushing disease may occur secondary 
to excess ACTH production, and gigantism or acromegaly may 
occur as a consequence of excess growth hormone production 
in the child or adult, respectively. Excessive secretion of TSH is 
rare.

Acromegaly in the adult patient may pose several problems for 
the anesthesiologist.114 Hypertrophy occurs in skeletal, connec-
tive, and soft tissues.115 The tongue and epiglottis are enlarged, 
making the patient susceptible to upper airway obstruction. The 
incidence of difficult intubation is 20% to 30% and may be clini-
cally unpredictable.116 Hoarseness may reflect thickening of the 
vocal cords or paralysis of an RLN due to stretching. Dyspnea or 
stridor is associated with subglottic narrowing. Peripheral nerve 
or artery entrapment, hypertension, and DM are other common 
findings. The anesthetic management of these patients is com-
plicated by distortion of the facial anatomy and upper airway. 
Induction of general anesthesia may put the patient at increased 
risk if mask fit is improper or vocal cord visualization is impaired. 

8
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When the preoperative history suggests upper airway or vocal 
cord involvement, it is prudent to consider intubation of the tra-
chea while the patient is awake.

posterior pituitary

The posterior pituitary, or neurohypophysis, is composed of ter-
minal nerve endings that extend from the ventral hypothalamus. 
Vasopressin (antidiuretic hormone [ADH]) and oxytocin are the 
two principal hormones secreted by the posterior pituitary. Both 
hormones are synthesized in the supraoptic and paraventricular 
nuclei of the hypothalamus. They are bound to inactive carrier pro-
teins, neurophysins, and transported by axons to membrane-bound 
storage vesicles located in the posterior pituitary. ADH is a nona-
peptide that circulates as a free peptide after its release. The primary 
functions of ADH are maintenance of extracellular fluid volume 
and regulation of plasma osmolality. Oxytocin elicits contraction of 
the uterus and promotes milk secretion and ejection by the mam-
mary glands.

Vasopressin

ADH promotes resorption of solute-free water by increasing 
cell membrane permeability to water alone. The target sites for 
ADH are the collecting tubules of the kidneys. A decrease in free 
water clearance causes a decrease in serum osmolality and a cor-
responding increase in circulating blood volume. Under normal 
conditions, the primary stimulus for the release of ADH is an 
increase in serum osmolality.

Osmoreceptors located in the hypothalamus are sensitive to 
changes in the normal serum osmolality of as little as 1% (nor-
mal osmolality is approximately 285 mOsm/L). Stretch recep-
tors in the left atrium and perhaps pulmonary veins, which 
are sensitive to moderate reductions in the blood volume, are 
also capable of stimulating ADH secretion. The need to restore 
plasma volume may at times override osmotic inhibition of 
ADH release. Various physiologic and pharmacologic stimuli 
also influence the secretion of ADH. Positive-pressure venti-
lation of the lungs, stress, anxiety, hyperthermia, β-adrenergic 
stimulation, and any histamine-releasing stimulus can promote 
the release of ADH.

ADH also has other actions. It can increase blood pressure 
by constricting vascular smooth muscle (see Chapter 38). This 
activity is most significant in the splanchnic, renal, and coro-
nary vascular beds, and provides the rationale for administering 
exogenous vasopressin in the management of hemorrhage due 
to esophageal varices. Caution must be taken when this drug is 
used in patients with coronary artery disease. ADH (even in small 
doses) can precipitate myocardial ischemia through vasoconstric-
tion of the coronary arteries. It is unclear whether selective arte-
rial infusion is safer than systemic administration with regard to 
cardiac and vascular side effects. ADH is also often used in vaso-
dilatory shock as an adjuvant to other pressor agents.

ADH also promotes hemostasis through an increase in the 
level of circulating von Willebrand factor and factor VIII. Des-
mopressin (DDAVP), an analog of ADH, is commonly used to 
treat some types of von Willebrand disease (see Chapter 16). 
DDAVP is also frequently used to reverse the coagulopathy of 
renal failure.

diabetes insipidus

Diabetes insipidus results from inadequate secretion of ADH 
or resistance on the part of the renal tubules to ADH (nephro-

genic diabetes insipidus). Failure to secrete adequate amounts of 
ADH results in polydipsia, hypernatremia, and a high output of 
poorly concentrated urine. Hypovolemia and hypernatremia may 
become so severe as to be life-threatening. This disorder usu-
ally occurs after destruction of the pituitary gland by intracranial 
trauma, infiltrating lesions, or surgery117 (see Chapter 36). Patients 
in whom diabetes insipidus develops secondary to severe head 
trauma or subarachnoid hemorrhage often have impending brain 
death. Treatment of diabetes insipidus depends on the extent of 
the hormonal deficiency. During surgery, the patient with com-
plete diabetes insipidus receives an intravenous infusion of aque-
ous ADH (100 to 200 mU/hour), combined with administration 
of an isotonic crystalloid solution. The serum sodium and plasma 
osmolality are measured on a regular basis and therapeutic changes 
are made accordingly. ADH may also be given intramuscularly (as 
vasopressin tannate in oil). DDAVP administered intranasally has 
prolonged antidiuretic activity (12 to 24 hours) and is associated 
with a low incidence of pressor effects. As a consequence of the 
large outpouring of ADH in response to surgical stress, patients 
with a residually functioning gland usually do not need parenteral 
ADH during the perioperative period unless the plasma osmolality 
rises above 290 mOsm/L. Nonhormonal agents that have efficacy 
in the treatment of incomplete diabetes insipidus include the oral 
hypoglycemic chlorpropamide (200 to 500 mg/day). This drug 
stimulates the release of ADH and sensitizes the renal tubules to 
the hormone. Hypoglycemia is a serious side effect that limits the 
usefulness of the drug. Clofibrate, a hypolipidemic agent, is also 
capable of stimulating ADH release and has been used in the outpa-
tient setting. None of these medications are effective in the patient 
with nephrogenic diabetes insipidus. Paradoxically, the thiazide 
diuretics exert an antidiuretic action in patients with this disorder.

inappropriate Secretion of  
antidiuretic hormone

Inappropriate and excessive secretion of ADH may occur in 
association with a number of diverse pathologic processes, 
including head injuries, intracranial tumors, pulmonary infec-
tions, small cell carcinoma of the lung, and hypothyroidism 
(see Chapter 36). The clinical manifestations occur as a result 
of a dilutional hyponatremia, decreased serum osmolality, and 
a reduced urine output with a high osmolality. Weight gain, 
skeletal muscle weakness, and mental confusion or convulsions 
are presenting symptoms. Peripheral edema and hypertension 
are rare. The diagnosis of the syndrome of inappropriate ADH 
secretion is one of exclusion, and other causes of hyponatremia 
must be ruled out first. The prognosis is related to the underlying 
cause of the syndrome.

The treatment for patients with mild or moderate water 
intoxication is restriction of fluid intake to 800 mL/day. Patients 
with severe water intoxication associated with hyponatremia and 
mental confusion may require more aggressive therapy, with the 
intravenous administration of a hypertonic saline solution. This 
may be administered in conjunction with furosemide. Caution 
must be observed in patients with poor left ventricular function. 
Isotonic saline is substituted for hypertonic solutions once the 
serum sodium is brought into a safe range. Too-rapid correction of 
hyponatremia may induce central pontine myelinolysis and cause 
permanent brain damage. Serum sodium should not be raised by 
more than 12 mEq/L in 24 hours. Other drugs that may be used in 
the patient with syndrome of inappropriate ADH are demeclocy-
cline and lithium. Demeclocycline interferes with the ability of the 
renal tubules to concentrate urine and is frequently used in outpa-
tients. Lithium is usually not used because of the high incidence of 
toxicity.
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ENDOCRINE RESpONSE TO  

SURgICAL STRESS

Anesthesia, surgery, and trauma elicit a generalized endocrine meta-
bolic response characterized by an increase in the plasma levels of 
cortisol, ADH, renin, catecholamines, and endorphins and by meta-
bolic changes such as hyperglycemia and a negative nitrogen bal-
ance.118,119 Various neural and humoral factors (e.g., pain, anxiety, 
acidosis, local tissue factors, hypoxia) play a role in activating this 
stress response. There is an acute response to critical illness that is 
characterized by normal pituitary function, but targets organ insen-
sitivity. During the chronic phase of critical illness, there is general-
ized endocrine hypofunction probably of a hypothalamic origin.120

The induction of anesthesia increases the levels of circulat-
ing catecholamines and is a form of metabolic stress. Regional 
anesthesia may block part of the metabolic stress response dur-
ing surgery, probably by blockade of the neural communication 
from the surgical area. It is theorized that the persistently high 
levels of circulating catecholamines in trauma and critical illness 
lead to stress hyperglycemia through a direct inhibition of insulin 
release. Bypass of the gut hormonal actions in patients receiving 
intravenous glucose feedings, especially if given in large amounts, 
contributes to the impairment of insulin release during illness 
and can create a particularly difficult management problem for 
diabetic patients.

Endorphins are a group of endogenous peptides with opioid 
activity that have been isolated from the central nervous system. 
It is well documented that β-endorphin is released from the 
anterior pituitary, where it is contained as part of β-lipoprotein, 
a 91-chain amino acid, which is a cleavage product of the pre-
cursor peptide for ACTH. Large increases in the central nervous 
system and plasma concentrations of endorphins in response to 
emotional or surgical stimuli suggest that these substances play a 
role in the body’s response to stress. These substances modulate 
painful stimuli by binding to opiate receptors located throughout 
the brain and spinal cord.

Numerous experiments have focused on the stress response 
and its relation to the depth of anesthesia. Regional anesthesia 
and general anesthesia appear to blunt the release of various stress 
hormones during the period of surgical stimulation in a dose-
dependent fashion. Historically, anesthesiologists have relied 
on the indirect measurement of hemodynamic variables such as 
blood pressure and heart rate to evaluate the level of autonomic 
activity in response to anesthesia and surgery. It is assumed that 
the physiologic manifestations of stress are potentially harm-
ful, especially in patients with limited functional reserve. As 
such, anesthetic techniques and pain management strategies are 
designed to limit this neurohormonal response in the hope of 
providing the patient with some benefit. Further investigations 
are needed to assess the impact of these efforts on perioperative 
morbidity and mortality.
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