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1
Preventive Medicine


LEARNING OBJECTIVES

[image: image] Describe appropriate screening methods as they apply to neoplasms of the colon, breast, cervix, and lung

[image: image] Describe epidemiological data related to incidence and prevention of common infectious disease, chronic illness, trauma, smoking, and travel risks



SCREENINGS

Screenings are tests which detect potential health disorders in those without symptoms. They help to identify those at increased risk of disease or those with disease but no symptoms. The goal is early detection, so that the impact of disease can be reduced.


NOTE

Remember, if tests are used on individuals with symptoms, they are not screening tests.



For a screening test to be recommended for regular use in clinical medicine, it must have been extensively studied and must meet the following requirements:


	Must be valid, i.e., must have proven in trials to decrease overall mortality

	Must have an effective intervention

	Must have a course of events that is acceptable to patient if a positive test result is received



Even if a screening test is available, however, that does not mean it should always be used to screen for a particular disease. That is because tests may:


	Have adverse (and possibly iatrogenic) effects (e.g., large bowel perforation secondary to a colonoscopy)

	Be expensive, unpleasant, and/or inconvenient

	Lead to ineffective, undesirable, or even harmful treatment



Cancer Screening


A 39-year-old woman comes to the clinic very concerned about her risk of developing cancer. Her father was diagnosed with colon cancer at age 43, and her mother was diagnosed with breast cancer at age 52. She is sexually active with multiple partners and has not seen a physician since a car accident 15 years ago. She denies any symptoms at this time, and her physical examination is normal. She asks what is recommended for a woman her age.



The 4 malignancies for which regular screening is recommended are cancers of the colon, breast, cervix, and lung.

For prostate cancer, there is insufficient evidence to assess the benefits/risks of screening in men age <70 (as per the USPSTF). In men age >70, no screening is recommended. For the exam, do not screen for prostate cancer.

Colorectal Cancer


	
If there is no significant family history of colorectal cancer, screen everyone starting age 50 (Grade A recommendation) or age 45 (Grade B recommendation).

	
Stool-based: guiac-based fecal occult blood test (gFOBT) every 1 year; fecal immunochemical test (FIT) every 1 year; multitargeted stool DNA test (FIT-DNA) every 1–3 years

	
Direct-visualization: colonoscopy every 10 years (preferred); CT colonography every 5 years; flexible sigmoidoscopy every 5 years





	
If there is a single first-degree relative diagnosed with colorectal cancer age <60 (or multiple first-degree relatives diagnosed of any age), screen with colonoscopy starting age 40 or 10 years before the age at which the youngest affected relative was diagnosed, whichever age occurs earlier. Repeat the colonoscopy every 5 years.



For older adults the U.S. Preventive Services Task Force (USPSTF) has the following recommendations:


	
Age 76–85: screening should be an individual decision, based on patient’s overall health and prior screening history

	
Age 86+: no routine screening is recommended



Breast Cancer


NOTE

Self-breast exam by itself is not recommended as a screening tool.



Mammography plus manual breast exam are used to screen for breast cancer.


	Mammography every 1–2 years from age 50–74

	If there is a very strong family history of breast cancer (i.e., multiple first-degree relatives)

	Prophylactic tamoxifen should be considered (prevents cancer by 50% in those with >1 family member with breast cancer)

	Genetic counseling with or without genetic testing







Cervical Cancer

The screening test of choice for the early detection of cervical cancer is the Papanicolaou smear (the “Pap” test).


	In average risk women

	Starting age 21 (regardless of onset of sexual activity), Pap smear every 3 years until age 65

	Alternatively, Pap smear + HPV testing every 5 years, age 30–65





	In higher risk women, e.g., HIV, more frequent screening or screening age >65 may be required



Lung Cancer


NOTE

A pack year is smoking an average of 1 pack of cigarettes per day for 1 year. A patient with a smoking history of 30 pack years is considered a heavy smoker.



Current recommendations for lung cancer screening are as follows:


	
For adults age 50–80 with a 20-pack-year smoking history and currently smoke or have quit within 15 years: screen every 1 year with low-dose CT

	
For those who have not smoked for the past 15 years; age >80; or who have another medical problem that significantly limits life expectancy or the ability to undergo surgery: no screening is needed




Clinical Recall

Which of the following patients is undergoing an inappropriate method of screening as recommended by the USPSTF?


	A 50-year-old man gets his first screening for colon cancer via colonoscopy

	A 50-year-old woman gets her first screening for breast cancer via mammography

	A 17-year-old woman is screened for HPV via a Pap smear after her first sexual encounter

	A 65-year-old man with a 30-pack-year smoking history gets a low-dose CT

	A 21-year-old woman with a high risk of developing breast cancer is given tamoxifen



Answer: C



Osteoporosis Screening

A bone density test uses x-rays to measure how many grams of calcium and other bone minerals are packed into a segment of bone. The bones typically tested are the spine, hip, and forearm.


	All women age >65 should receive screening with a DEXA bone density scan.

	Women age <65 with increased risk of osteoporosis (parental history of hip fracture, smoking, alcohol use, or low body weight) should receive early screening.



Bone density test (DEXA) results are reported in 2 numbers.


	The T-score compares the patient’s bone density to the bone density of a healthy young adult. It is the number of standard deviations (SDs) that bone density is above (+) or below (−) the average. If a 74-year-old woman has T-score −3.1 in the right hip, that means her bone density is more than 3 SDs below that of a healthy young adult (and consistent with osteoporosis). T-score +1 to −1 SD is normal, while −1 to −2.5 SD is low bone density (osteopenia), and −2.5 SD or lower is osteoporosis. When there is a diagnosis of osteoporosis by DEXA scan, start treatment with bisphosphonates, oral daily calcium supplementation, and vitamin D to reduce risk of fracture.

	The Z-score compares the condition of the patient’s bones with those of an average person the same age and body size. It is the number of SDs above or below what is normally expected for someone of the same age, sex, and weight. Z-score −2 or below may suggest that something other than aging is causing abnormal bone loss (consider drugs causing osteoporosis such as corticosteroids). The goal here is to identify the underlying problem.




NOTE

Low bone density is very common among older adults, so Z-score can be misleading. Use Z-score (not T-score) for children/teens/women of childbearing age/younger men, where routine bone density screening is not recommended, and a diagnosis of osteoporosis is not based on bone density test alone.



Hypertension, Diabetes Mellitus, and Hypercholesterolemia


A 45-year-old man comes to the physician anxious about his health. Five years ago his mother was diagnosed with diabetes and high cholesterol. He is worried about his health and risk for heart disease. Physical examination is within normal limits.




NOTE

Symptoms of diabetes include frequent urination; extreme thirst/dry mouth; fatigue; increased appetite; and unexplained weight loss.



Cholesterol screening recommendations are as follows. Management should not be determined by an isolated reading because cholesterol levels may fluctuate between measurements.


	
Men with no risk factors for coronary artery disease: commence screening at age 35

	
Both men and women with risk factors: screen routinely after age 20

	
Low-risk individuals: repeat in 5 years



Diabetes mellitus (DM) is diagnosed with either of the following results:


	Two fasting glucose measurements >125 mg/dL, HbA1c >6.5%

	Random glucose >200 mg/dL accompanied by symptoms



Screening for diabetes mellitus should be performed as follows:


	Asymptomatic individuals age 35–70 who are overweight/obese

	Asymptomatic individuals with hypertension, hyperlipidemia and a first degree relative with diabetes

	Those age >18 with elevated blood pressure (at every visit)



Screening is not recommended for carotid artery stenosis with duplex.

Abdominal Aortic Aneurysm

U/S should be done once in men age 65–75 who have ever smoked. There are no screening recommendations for male nonsmokers and women, regardless of smoking history.

TRAVEL MEDICINE


A 44-year-old man comes to the clinic before traveling to Thailand for business. He has no significant past medical history and is here only because it is required by his company. The patient appears agitated and demands the physician’s recommendation immediately.



It is important to set up a pretravel counseling session 4–6 weeks before the patient’s departure.


NOTE

Hepatitis A infection is the most common vaccine-preventable disease in travelers. It can occur wherever there is fecal contamination of food/drinking water.



Recommendations are as follows:


	
Hepatitis A vaccination: recommended for all travelers to developing nations

	If patient is departing within 2 weeks of being seen, give both the vaccine and immune serum globulin

	Give booster shot 6 months later (provides immunity for up to 10 yrs)





	
Hepatitis B vaccination: recommended for people traveling to areas of high prevalence, and who plan to receive medical/dental care while there (including tattoos, acupuncture)

	
Malaria vaccination

	Mefloquine is the agent of choice for malaria prophylaxis (given 1x/week); side effects include neuropsychiatric effects such as hallucinations, depression, and unusual behavior

	Doxycycline is an acceptable alternative; side effects include photosensitivity

	Chloroquine is the preferred regimen for prophylaxis in pregnancy





	
Rabies vaccination is recommended for those traveling to areas where rabies is common among domesticated animals (India, Asia, Mexico). It is not considered a routine vaccine for most travelers.

	
Typhoid vaccination is recommended for those traveling to developing nations, who may have prolonged exposure to contaminated food and water; side effects include irritation at the injection site and rarely headache and fever.

	Live attenuated form: 4 doses given orally (needs refrigeration; contraindicated for HIV patients); repeat every 5 years

	Capsular polysaccharide form (preferred): given intramuscularly 1x (needs no refrigeration; safe for HIV patients; well-tolerated); repeat every 1-2 years








NOTE

The global health approach to disease prophylaxis is to provide treatment to travelers whose destination is an area where the disease is endemic.


	
COVID-19 vaccine questions are likely to appear on the exam only when guidelines are more consistent. As of this printing, guidelines are still in flux.

	Country-specific questions are not likely to appear on the exam because disease distribution shifts over time.





Polio vaccination is recommended for those traveling to developing nations.


	If patient has not previously received a polio vaccine, give 3 doses of the inactivated polio vaccine.

	If patient has previously been immunized, give a one-time booster.



The live attenuated polio vaccine is no longer recommended because of the risk of vaccine-associated disease.

Other general travel recommendations are as follows:


	
Polysaccharide vaccination is recommended for those traveling to areas where meningococcal meningitis is endemic or epidemic (Nepal, sub-Saharan Africa, northern India).

	Meningococcal vaccine is now routinely administered at age 11 with booster at age 16

	Immunize those with functional (or actual) asplenia and those with terminal complement deficiencies





	To prevent traveler’s diarrhea, patients should be advised to avoid raw salad, unwashed fruit, and tap/ice water. For those who experience mild loose stools without fever, loperamide can be taken safely. Azithromycin, rifaximin, or rifamycin (favored over fluoroquinolones) is reserved for moderate/severe symptoms.



IMMUNIZATIONS


A 52-year-old man comes to the clinic for a health maintenance evaluation. His recent colonoscopy showed no evidence of carcinoma. Recent serum fasting glucose, serum cholesterol, and blood pressure are all within normal limits. The patient has a history of smoking and continues to smoke 2 packs per day. He was diagnosed with COPD 3 years ago.



Immunization is the best method available for preventing serious infectious disease. Excluding coronavirus infection, tens of thousands of adults die every year from vaccine-preventable infectious disease (influenza, invasive pneumococcal disease, and hepatitis B).


NOTE

Live, attenuated vaccines contain a version of the living virus that has been weakened.



Surveys have shown that among patients who have an indication for any vaccination (pneumococcal, hepatitis B, influenza), fewer than 50% actually receive it. For this reason, health care providers should regularly review patients’ immunization status and risk factors for specific vaccines.

Tdap Vaccine

Most patients received a primary immunization against tetanus, diphtheria, and pertussis as a child. For those adults who did not, give 3 doses.


	First 2 doses 1–2 months apart (first dose should be Tdap, second dose should be Td or Tdap)

	Third dose 6–12 months later (Td or Tdap)

	Booster Td or Tdap vaccine every 10 years for life



Tdap is preferred for patients who did not previously receive Tdap or if Tdap history is not known. Additionally, if patient obtains a dirty wound, revaccinate after 5 years.

Influenza Vaccine


	Recommended annually for all adults, regardless of age

	Recommended for pregnant women who will be in their second or third trimester during the influenza season



Those who will see the greatest benefit from a yearly influenza vaccine include patients with a history of cardiopulmonary disease, DM, or hemoglobinopathy, and those age 50+ living in a chronic-care facility.

Pneumococcal Vaccine


NOTE

Patients should get Pneumovax, meningococcal, and Haemophilus vaccines 2 weeks before a splenectomy.



Pneumococcal vaccine is indicated for all adults age ≥65. Additionally, patients with the following conditions receive the vaccine regardless of age:


	History of sickle-cell disease or asplenia

	History of cardiopulmonary disease, cirrhosis, diabetes, alcoholism, cigarette smoking

	Immunocompromised status (e.g., hematologic malignancies, chronic renal failure, or nephrotic syndrome, HIV-positive)



Revaccination should be performed in healthy patients who received their initial vaccination age <65 and were age <60 at the time of primary vaccination. Patients with a high risk of fatal infection (chronic kidney disease patients, asplenic patients, immunocompromised patients) should be revaccinated 1x after 5 years. No one gets more than 1 booster shot per lifetime.

Hepatitis B Vaccine

Hepatitis B vaccine is recommended when there is a history of IV drug abuse; HIV infection; male-to-male sexual contact; household or sexual contact with hepatitis B carriers; frequent exposure to blood products; or history of chronic liver disease.

It is recommended for the following individuals as well:


	All children through age 18

	Those with STIs

	Those who are sexually active but not monogamous

	Workers with occupational exposure to blood

	Prison inmates

	Travelers to countries with endemic hepatitis B



Immunity is confirmed serologically (presence of HBsAb).

Hepatitis A Vaccine

The hepatitis A vaccine protects against the virus in >95% of cases. There are 2 types of hepatitis vaccine, both of which stimulate active immunity against a future infection: inactivated hepatitis A virus and live but attenuated virus.

For the best protection, give the vaccine in 2 doses: initial dose and then a booster 6–12 months later. Protection against hepatitis A begins ~2–4 weeks after the initial vaccination.


NOTE

mRNA vaccines are a new technology, seen with the recent emergence of COVID. Scientists are currently evaluating the benefits of mRNA vaccines versus the more traditional antigen-type vaccines.



In the United States, the vaccine is strongly recommended for all children age 12–23 months in an attempt to eradicate the virus nationwide. It is recommended for the following populations as well:


	All children age >1 year

	Those whose sexual or occupational activity puts them at risk

	Those with chronic liver disease, HIV infection, or drug use

	Those who are being treated with clotting factor concentrates

	Those who live in communities where an outbreak is present

	Those who are traveling to areas where the virus is common (Indian subcontinent, Africa, Central America, South America, the Far East, and Eastern Europe)



Varicella Vaccine


NOTE

Live, attenuated vaccines should not be given to those who are immunocompromised or pregnant.



The varicella vaccine is a live, attenuated vaccine recommended for all adults who lack a history of childhood infection with varicella virus. Varicella zoster (shingles) vaccine is recommended for those age ≥50, which has been shown to reduce the risk of zoster and its associated pain (post-herpetic neuralgia). It is indicated regardless of whether there is a history of shingles, as it is possible to have a second herpes zoster infection.

Those who are immunocompromised, HIV-positive when symptomatic (or CD4 <200), or pregnant should not be vaccinated.

Measles, Mumps, Rubella Vaccine

The measles, mumps, rubella (MMR) vaccine is a live, attenuated vaccine usually given in childhood. It is recommended for the following individuals:


	Healthy adults born after 1956 (1 dose)

	Patients who are HIV-positive but asymptomatic (CD4 should be >200)



Pregnant women and immunocompromised patients should not be vaccinated.

Meningococcal Vaccine

The meningococcal vaccine is recommended for everyone at age 11. It is also recommended for young adults living in dormitories or barracks, people exposed to outbreaks, those with asplenia or terminal complement deficiencies, those who travel to endemic regions, and those exposed to Neisseria meningitidis.

Human Papillomavirus (HPV) Vaccine

The HPV vaccine is recommended for women age 9-26, regardless of sexual activity. The regimen is in 3 doses: 0, 2, and 6 months.

Do not administer the HPV vaccine in pregnancy.

Herpes Zoster Vaccine

The zoster vaccine is a live vaccine that has been shown to reduce the incidence of shingles by 50%. It has also been shown to reduce the number of cases of post-herpetic neuralgia, as well as the severity and duration of pain/discomfort associated with shingles.

The shingles vaccine (Zostavax), a live vaccine given as a single injection, is recommended for adults age ≥60, whether they have already had shingles or not. Some people report a chickenpox-like rash after receiving it.


NOTE

The herpes zoster vaccines is basically a larger-than-normal dose of the chickenpox vaccine, as both shingles and chickenpox are caused by the same virus, varicella zoster virus (VZV).



The vaccine should not be given to the those with the following conditions:


	Weakened immune system due to HIV/AIDS or drugs such as steroids

	Neoplasia, e.g., leukemia, which affects the bone marrow or lymphatic system



Recombinant zoster vaccine (Shingrix) (preferred over Zostavax by the CDC) is a newer vaccine for healthy adults age ≥50 (with no maximum age). It is not indicated for the prevention of primary varicella infection (chickenpox).

Shingrix is given in 2 doses, 2-6 months apart. Side effects include skin rash, joint pain, flu-like symptoms, headaches, and fatigue.

Patients can receive Shingrix even if they have had shingles, have already received Zostavax vaccine, or are not sure if they have ever had chickenpox.

COVID-19 Vaccine

In response to the COVID-19 pandemic, several vaccine types have been developed. The goal is to get the body to generate an immune response and create antibodies that will fight COVID-19. The more conventional vaccine types used in the United States are as follows:


	Vaccines that use RNA to stimulate production of viral antigens in the recipient (messenger RNA)

	Adenovirus vector vaccines that carry DNA to facilitate viral antigen production



As of this printing, the topic of COVID-19 prevention is not likely to be seen on the exam, as recommendations are evolving.


Clinical Recall

In which of the following patients will vaccination have the greatest benefit?


	Routine hepatitis A vaccine in a 2-month-old infant

	Influenza vaccine in a 16-year-old asymptomatic high school student

	VZV vaccine in an AIDS patient with CD4 count 100

	Pneumococcal vaccine in a 48-year-old male COPD patient

	HBV vaccine in a heart failure patient



Answer: D



LIFESTYLE MEDICINE

Alcohol

Physicians should screen for alcohol abuse by using the CAGE questionnaire.


	Have you ever felt the need to Cut down on your drinking?

	Have you ever felt Annoyed by criticism of your drinking?

	Have you ever felt Guilty about your drinking?

	Have you ever felt the need to take a morning drink (Eye opener)?



Two positive “yes” answers means a positive screen. One “yes” should raise the possibility of alcohol abuse.

Smoking

Smoking is responsible for 1 in every 5 deaths in the United States. Physicians can take the following steps to assist:


	
ASK about smoking at every visit.

	
ADVISE all smokers to quit at every visit.

	
ATTEMPT to identify those smokers willing to quit.

	
ASSIST smokers by setting a quit date (usually within 2 weeks) and using nicotine patches/gum, the oral antidepressant bupropion or varenicline as supportive therapy (more effective than patches).

	
ARRANGE follow-up. If the quit attempt was successful, then provide positive reinforcement. If it was not successful, then determine why the patient smoked and elicit a recommitment to smoking cessation. Most patients require several attempts before being successful.



Monotherapy treatment for smoking cessation includes nicotine replacement therapy (NRT), which delivers nicotine in place of tobacco, which helps to reduce the urge to smoke. NRT includes transdermal nicotine patches (which deliver nicotine throughout the day), gum, lozenges, and inhalers.


NOTE

Do not use varenicline in patients with a history of psychiatric disease.



Bupropion and varenicline are newer medications that reduce cravings for nicotine without providing a nicotine substitute.


	Bupropion lowers the seizure threshold so do not use in cases of alcohol abuse.

	Varenicline causes an increased rate of suicidal thoughts, so first screen for depression.



Place a follow-up call 1–2 weeks after quit date. The use of pharmacotherapy doubles the effect of any tobacco cessation intervention.

Violence and Injury


A 27-year-old woman presents to the ED with right-arm pain. When asked how she sustained the injury, she states that she fell down the steps in front of her house. The patient appears anxious and nervous. On physical examination there are various 2 cm wide lacerations on her buttocks.



Injuries are the most common cause of death in those age <65. The role of the physician is to advise patients about safety practices that can prevent injury, e.g., using seat belts, wearing bicycle helmets, and not driving after drinking alcohol.

Identifying women who are at increased risk of physical or sexual abuse is an essential role for a physician. Simply asking them if they have been hit, kicked, or physically hurt can increase identification by >10%.


Clinical Recall

Which of the following is indicated in a 65-year-old male smoker?


	Digital rectal examination with prostatic specific antigen level

	Meningococcal vaccination

	Varicella-zoster vaccination

	Varicella-zoster vaccination and hepatitis A vaccination

	Varicella-zoster vaccination and abdominal ultrasound



Answer: E







2
Endocrinology


LEARNING OBJECTIVES

[image: image] List presenting signs and therapeutic approaches to disease of the anterior pituitary, posterior pituitary, thyroid, parathyroid, and adrenal glands

[image: image] Describe disorders that cause hypogonadism or affect the testes

[image: image] Describe disorders of carbohydrate metabolism



DISEASES OF THE PITUITARY GLAND

The pituitary is surrounded by the sphenoid bone and covered by the sellar diaphragm, an extension from the dura mater. It lies in the sella turcica near the hypothalamus underneath the optic chiasm.

The pituitary is divided into 2 lobes:


	Adenohypophysis (anterior lobe) (80% of pituitary)

	Neurohypophysis (posterior lobe) (20%)

	Stores hormones produced by neurosecretory neurons (supraoptic and paraventricular nuclei) within the hypothalamus

	Hypothalamus secretes ADH (antidiuretic hormone or vasopressin) and oxytocin








NOTE


	The posterior lobe does not actually produce hormones.

	It stores and secretes hormones produced by the hypothalamus.





There is a close relationship between the hypothalamus and the pituitary.


	The hypothalamus regulates the release of hormones from the anterior pituitary by different hypothalamic releasing and inhibiting hormones (hypothalamic–pituitary axis).

	The hypothalamus secretes releasing factors for each respective pituitary stimulatory hormone.

	Each pituitary hormone stimulates release of the active hormone from the final target gland.

	The active hormones then inhibit release of releasing factors and stimulatory hormones from the hypothalamus and pituitary gland, respectively.



This is feedback inhibition, and it leads to a steady state of both respective hormones involved in the axis.


[image: Image]
Figure 2-1. Pituitary Gland



Clinically, note the following when diagnosing disease:


	Disease states involving overproduction of target hormones lead to suppressed levels of pituitary hormones.

	Disease states involving underproduction of target hormones lead to increased levels of pituitary hormones.




[image: Image]
Figure 2-2. Summary of Action



Anterior Pituitary

Syndromes causing excess production of hormones usually arise from benign tumors of a single cell type.


	
Microadenomas (more common) are <1 cm in diameter.

	
Macroadenomas (less common) are >1 cm in diameter; larger tumors sometimes compress the optic chiasm and cause visual defects.



The frequency of pituitary adenomas by function is as follows.


	Prolactin: 50–60%

	Growth hormone (GH): 15–20%

	ACTH: 10–15%

	Gonadotroph: 10–15%

	Non-functional pituitary adenoma (15%)

	Most commonly caused by gonadotroph adenoma, which does not produce active LH or FSH but only some fragments of these hormones (↓ LH, ↓ FSH)

	Possible effect of non-functioning adenoma is a compression of other cells, decrease of appropriate hormone, and compression of the pituitary stalk, leading to disruption of dopamine transport and thus a small increase of prolactin secretion







Hyperprolactinemia


A 32-year-old woman presents with milk-like discharge from her breasts for the past 4 weeks. She explains that she has not menstruated in 2 months. Physical examination is normal with the exception of galactorrhea.



Excess prolactin secretion causes the syndrome of galactorrhea-amenorrhea. The amenorrhea appears to be caused by inhibition of hypothalamic release of gonadotropin-releasing hormone (GnRH), with a decrease in luteinizing hormone (LH) and follicle-stimulating hormone (FSH) secretion. Prolactin inhibits the LH surge that causes ovulation. The LH/FSH-producing cells are not destroyed, just suppressed.


NOTE

Gynecomastia, and especially galactorrhea, are much rarer in men than is hyperprolactinemia. The most common presenting symptoms of hyperprolactinemia in men are erectile dysfunction and decreased libido.



Hyperprolactinemia can be caused by the following conditions:


	Natural physiologic states such as pregnancy, early nursing, hypoglycemia, seizure, exercise, stress, sleep, cirrhosis, nipple stimulation, and chronic renal failure (due to PRL clearance)

	Pituitary adenomas: autonomous production of prolactin (“prolactinomas”) are the most common functioning pituitary adenomas (60% of all pituitary tumors)

	In men, usually macroadenomas (often present with visual field deficits)

	In women, usually microadenomas (just due to early diagnosis)





	Other tumors such as craniopharyngioma/meningioma/dysgerminoma; empty sella; and trauma

	Decreased inhibitory action of dopamine, seen in dopamine-blocking agents (phenothiazines, metoclopramide) and dopamine-depleting agents (α-methyldopa, reserpine)

	Tricyclic antidepressants, narcotics, cocaine, CCBs, protease inhibitors, SSRIs, risperidone

	Primary hypothyroidism causing increased thyrotropin-releasing hormone (TRH) and subsequent increased prolactin release



Clinical Presentation.


NOTE

Always check TSH in patients with elevated prolactin.




	Galactorrhea (mostly women)

	Menstrual abnormalities amenorrhea/oligomenorrhea (results in earlier detection in women; thus, microadenomas are more common in women)

	Osteopenia and osteoporosis (in chronic cases)

	Infertility

	Gynecomastia

	Hypogonadism, erectile dysfunction, decreased libido (men)



Diagnosis. To diagnose, first exclude pregnancy, lactation, hypothyroidism, and medication.


	Prolactin level is a good indicator of possible cause of hyperprolactinemia:

	3–25 ng/mL: normal


	25–100 ng/mL: pituitary stalk lesion/compression


	100–200 ng/mL: microprolactinoma


	200–500 ng/mL and higher: macroprolactinoma








Treatment. Dopamine normally inhibits prolactin release.


NOTE

A basal, fasting, morning PRL >100–200 mg/L (normal <20 mg/L) in a nonpregnant woman indicates a need for a pituitary MRI.




	Treat initially with dopamine-agonists (cabergoline [preferred] or bromocriptine), which will reduce prolactin level to <10% of pretreatment level (90% success rate)

	Dopamine-agonists are always first line, even when there are mass effects compressing the optic chiasm or invasion of cavernous sinus or vessels.

	Cabergoline has fewer side effects than bromocriptine, so is preferred for hyperprolactinemia.





	If no response to cabergoline or bromocriptine, or if significant compressive neurologic effects, consider surgery (trans-sphenoidal microsurgery).

	For microadenoma, success rate ~85%

	For macroadenoma, success rate ~30%





	If no response to drug therapy or surgery, consider radiation (success rate 50-60%)




Clinical Recall

Which of the following options is most appropriate in the treatment of prolactinoma?


	Somatostatin

	Surgical resection

	Transsphenoidal resection

	Radiation therapy

	Cabergoline



Answer: E



Acromegaly

Acromegaly is a syndrome of excessive secretion of GH. It is an insidious, chronic debilitating disease associated with bony and soft tissue overgrowth, and increased mortality.
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Figure 2-3. Acromegaly Facial Features



Acromegaly is caused by a pituitary adenoma that produces GH. Rarely, it is caused by an ectopic tumor that produces growth hormone-releasing hormone (GHRH). Less than 1% of cases are malignant. GH is produced by 20% of pituitary tumors.

Clinical Findings. GH excess occurs most frequently around decades 3–5. The following symptoms may be seen.


	Enlarged hands/feet, coarsened facial features, and thickened skin folds (increased shoe/hat/ring size)

	Enlarged nose and mandible (prognathism and separation of teeth), sometimes causing underbite

	Deeper voice

	Increased sweating

	Obstructive sleep apnea

	Enlarged internal organs, including heart, lung, spleen, liver, and kidneys

	Interstitial edema, osteoarthritis, and entrapment neuropathy (carpal tunnel syndrome)

	Menstrual problems (common) due to co-secretion of prolactin by GH-producing tumor

	Cardiac anomalies (10–20%) such as hypertension, arrhythmia, hypertrophic cardiomyopathy, and accelerated atherosclerosis

	Metabolic changes, i.e., impaired glucose tolerance (80%) and diabetes (13–20%)

	Hypertension (35%)

	Headaches and visual field loss



Diagnosis. Patients with acromegaly have symptoms for ~9 years before the diagnosis is made. Measurement of insulin-like growth factor (IGF) or somatomedin correlates with disease activity.


NOTE

The most common cause of death in acromegaly is cardiovascular mortality.




	Significantly elevated IGF-1 (best initial test)

	Confirmatory test is GH measurement (after 100 g of glucose is given orally)

	If GH remains high (>5 ng/mL), it is positive and suggests acromegaly.

	Normally, glucose load should completely suppress levels of GH.





	MRI (preferred; highly diagnostic) and CT to localize the tumor, but only after GH excess is documented biochemically



Treatment. The goals of treatment are to decrease GH levels to normal, stabilize/decrease tumor size, and preserve normal pituitary function (hypopituitarism is a side effect in 10–20% of cases).


	Transsphenoidal surgery provides a rapid response (first-line)

	Somatostatin analogues (drugs of choice)

	Octreotide (preferred) and lanreotide reduce GH (70% success rate) and cause partial tumor regression (20–50% success rate).

	Main side effect is cholestasis, leading to cholecystitis





	If surgery is not curative, dopamine-agonists such as cabergoline (success rate 30%)

	Pegvisomant (second-line), a GH analogue that antagonizes endogenic GH by blocking peripheral GH binding to its receptor in the liver

	If surgery and drug therapy are not curative, radiotherapy can slow be used (successful in 60–80%), but GH may not return to normal until 10–15 years after therapy



Complications of acromegaly include pressure of the tumor on the surrounding structures or invasion of the tumor into the brain or sinuses; cardiac failure (most common cause of death), DM, cord compression, and visual field defects.

Hypopituitarism

Hypopituitarism is partial/complete loss of anterior pituitary function resulting from any lesion that destroys the pituitary or hypothalamus or interferes with the delivery of releasing and inhibiting hormones to the anterior pituitary. GH and gonadotropins (FSH, LH) are typically lost early.

Causes include:


	Large pituitary tumors or cysts

	Hypothalamic tumors (craniopharyngiomas, meningiomas, gliomas)

	Pituitary adenomas (most common cause of panhypopituitarism); the mass compresses the gland, causing pressure, trauma, and necrosis

	Pituitary apoplexy (medical emergency), a syndrome associated with acute hemorrhagic infarction of a preexisting pituitary adenoma; symptoms include severe headache, nausea/vomiting, and depression of consciousness

	Granulomatous disease (sarcoidosis, TB, syphilis), eosinophilic granuloma, and autoimmune lymphocytic hypophysitis (usually associated with other autoimmune diseases such as Hashimoto thyroiditis and gastric atrophy)

	Trauma, radiation, surgery, infections, and hypoxia, which may damage both the pituitary and hypothalamus

	Vascular disease such as Sheehan postpartum necrosis (initial sign is the inability to lactate) and infiltrative diseases, e.g., hemochromatosis and amyloidosis

	Stroke, which can cause central diabetes insipidus (DI) due to damage of hypothalamus and/or posterior pituitary



Clinical Findings. The following hormones appear in the order in which they are lost in hypopituitarism.


	Gonadotropin deficiency (LH and FSH) can occur in women and lead to amenorrhea, genital atrophy, infertility, decreased libido, and loss of axillary and pubic hair.

	In men, decreased LH and FSH results in impotence, testicular atrophy, infertility, decreased libido, and loss of axillary and pubic hair.

	GH deficiency occurs next.

	Not clinically detectable in adults, though it may manifest as fine wrinkles and increased sensitivity to insulin (hypoglycemia)

	Causes an asymptomatic increase in lipid levels and a decrease in muscle, bone, and heart mass

	May accelerate atherosclerosis

	Increases visceral obesity

	In children, results in growth failure and short stature





	TSH deficiency results in hypothyroidism with fatigue, weakness, hyperlipidemia, cold intolerance, and puffy skin without goiter.

	Adrenocorticotropin hormone (ACTH) deficiency occurs last. It causes secondary adrenal insufficiency, which results in fatigue, reduced appetite/weight loss, decreased skin/nipple pigment, and decreased response to stress. Hypotension, hyponatremia, and hypokalemia are also common.



Electrolyte changes like hyperkalemia and salt loss are minimal in secondary adrenal insufficiency because aldosterone production is mainly dependent on the renin-angiotensin system.

Diagnosis. The first step in diagnosing pituitary insufficiency is to measure GH, TSH, LH, and IGF-1.


NOTE

Random GH and IGF levels are not sensitive enough to diagnose GH deficiency, which is why a provocative test is used.




	To diagnose GH deficiency, the most reliable stimulus for GH secretion is insulin-induced hypoglycemia.

	After injecting 0.1 U/kg of regular insulin, blood glucose declines to <40 mg/dL (in normal conditions that will stimulate GH levels to >10 mg/L and exclude GH deficiency).

	Arginine infusion can also stimulate GH release. Measure GH after infusing arginine. This is less dangerous because it does not cause hypoglycemia.





	To diagnose ACTH deficiency, basal cortisol levels may be normal (the problem could be only in response to stress). Insulin tolerance test is diagnostic (give 0.05–0.1 U/kg of regular insulin and measure serum cortisol); plasma cortisol should increase to >19 mcg/dL. Metyrapone tests for decreased ACTH production.

	Metyrapone blocks cortisol production, which should increase ACTH. Failure of ACTH to increase after metyrapone administration would indicate pituitary insufficiency.

	Cosyntropin (ACTH) stimulation may give abnormally low cortisol output if pituitary insufficiency has led to adrenal atrophy.





	To diagnose gonadotropin deficiency

	LH, FSH, and estrogen (women)

	LH, FSH, and testosterone (men)





	To diagnose TSH deficiency, measure serum thyroxine (T4), which is low, with a low TSH.



Treatment. Treat the underlying cause. Multiple hormones must be replaced, the most important of which is cortisol.


NOTE


	In primary hypothyroidism, TSH will always be elevated due to loss of negative feedback inhibition.

	In secondary hypothyroidism, TSH can be normal.






	Cortisol must be given before T4; otherwise an adrenal crisis can occur.

	Cosyntropin stimulation test must be done before T4 to rule out adrenal insufficiency if secondary hypothyroidism is suspected (risk factors include radiation to the head, sarcoidosis, hemochromatosis, Sheehan syndrome, or TSH that is not elevated).



Empty Sella Syndrome (ESS)

ESS is in the differential diagnosis of enlarged sella caused by pituitary tumors. In ESS, the sella has no bony erosion. It is caused by herniation of the suprasellar subarachnoid space through an incomplete diaphragma sellae.

The syndrome can be primary (idiopathic) and is also associated with head trauma and radiation therapy.

Most patients are obese, multiparous women. Symptoms include:


	Headaches (common)

	Hypertension (30% of patients)

	Endocrine symptoms are absent.

	No pituitary gland is visible on CT or MRI.



Treatment is reassurance.
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Figure 2-4. Empty Sella Syndrome




Clinical Recall

What is the best initial test to diagnose acromegaly?


	100 g oral glucose tolerance test

	Insulin-like growth factor-1 levels

	MRI of the brain

	Pituitary biopsy

	Adrenal venous sampling



Answer: B



Posterior Pituitary

Vasopressin (or ADH) and oxytocin are synthesized in neurons of the supraoptic and paraventricular nuclei in the hypothalamus, then transported to the posterior pituitary lobe to be released into the circulatory system.


	ADH deficiency will cause DI.

	ADH excess will cause syndrome of inappropriate secretion of ADH (SIADH).



Diabetes Insipidus


	
Central DI is a disorder of the neurohypophyseal system caused by partial or total deficiency of ADH. It leads to excessive, dilute urine and increased thirst associated with hypernatremia.

	Causes include neoplastic or infiltrative lesions of the hypothalamus or pituitary (60% also have partial or complete loss of anterior pituitary function); in the hypothalamus these lesions can be secondary to adenoma, craniopharyngioma, etc.; in the pituitary gland, adenoma, leukemia, or sarcoid histiocytosis can lead to DI

	Other causes include pituitary or hypothalamic surgery, radiotherapy, severe head injuries, anoxia, hypertension, meningitis

	Idiopathic DI starts in childhood

	Encephalitis, TB, and syphilis may affect the pituitary as well





	
Nephrogenic DI is caused by renal resistance to the action of vasopressin. It can be idiopathic or it can be secondary to hypercalcemia, hypokalemia, sickle cell disease, amyloidosis, myeloma, pyelonephritis, sarcoidosis, or Sjögren’s syndrome.

	Causes include drugs (lithium, demeclocycline, colchicine, amphotericin B)







Clinical Findings. Clinical findings of DI include polyuria, excessive thirst, polydipsia (16–20 L/d), hypernatremia with high serum osmolarity and coexisting low urine osmolarity and urine specific gravity <1.010. Nocturia is expected.
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Figure 2-5. Water Deprivation Test



Diagnosis. The water deprivation test demonstrates the change in urine osmolality during water deprivation and then after the administration of desmopressin.


	In a healthy person, the response to fluid restriction is increased urine osmolality to the maximum level (900–1200 mOsm/L). Desmopressin administration does not affect this process, because the level of ADH is already very high.

	In a person with DI (urine osmolarity stays below 300 mOsm/L)

	
Central DI: desmopressin administration will significantly increase urine osmolarity at least 50% (often to 600-800 mOsm/L)

	
Nephrogenic DI: desmopressin administration will have no effect on urine osmolarity





	In a person with primary polydipsia, urine osmolality will increase during water deprivation up to about 600 mOsm/kg and is not influenced by desmopressin.



The differential diagnosis of DI includes primary disorders of water intake (psychogenic polydipsia, drug-induced polydipsia from chlorpromazine, anticholinergic drugs, or thioridazine) and hypothalamic diseases.

Treatment.


	Hormone replacement with desmopressin (vasopressin analogue highly selective for the V2 receptors) subcutaneously, orally, or intranasally

	Drugs to stimulate the secretion of ADH or increase release (chlorpropamide, clofibrate, or carbamazepine)

	Thiazide diuretics (for congenital nephrogenic DI) to enhance the reabsorption of fluid from proximal tubule

	Amiloride (in case of lithium-induced nephrogenic DI) to decrease lithium entrance into cells in the distal tubule



Excessive release of ADH from the neurohypophysis is associated with drugs or diseases (SIADH).

Syndrome of Inappropriate Antidiuretic Hormone


NOTE

Syndromes associated with an excess of ADH involve a mechanism of defense against hypovolemia or hypotension such as adrenal insufficiency, excessive fluid loss, fluid deprivation, and probably positive-pressure respiration. Excessive release of ADH from the neurohypophysis is associated with drugs or diseases e.g., SIADH.



Causes include:


	Malignancy, e.g., small cell carcinoma, carcinoma of the pancreas, ectopic ADH secretion

	Nonmalignant pulmonary disease, e.g., TB, pneumonia, lung abscess

	CNS disorder, e.g., head injury, cerebral vascular accident, encephalitis

	Drugs, e.g., chlorpropamide, clofibrate, vincristine, vinblastine, cyclophosphamide



In general, increased ADH causes water retention and extracellular fluid volume expansion without edema or hypertension, owing to natriuresis. Symptoms include:


	Hyponatremia (key feature in SIADH) as a result of water retention and sodium loss

	Concentrated urine (Uosm >300 mOsm/L)

	If hyponatremia is severe (sodium <120 mOsm/L) or acute in onset, symptoms of cerebral edema will be seen: irritability, confusion, seizures, coma





	No signs of edema or dehydration



Diagnosis. Lab findings in SIADH include:


	Hyponatremia <130 mEq/L (possible causes include hypothyroidism and adrenal insufficiency)

	Posm <270 mOsm/kg

	Urine sodium concentration >20 mEq/L (inappropriate natriuresis)

	Urine osmolality >300 mOsm/kg

	Euvolemia (normal volume) on physical exam

	Suppression of renin–angiotensin system

	Low blood urea nitrate (BUN), low creatinine, low serum uric acid, and low albumin



Management. Treat underlying causes.


	Restrict fluid to 800–1,000 mL/d to increase serum sodium

	For chronic SIADH: loop diuretics and oral salt tablets or demeclocycline, which inhibits ADH action at the collecting duct (V2 receptors)

	For moderate/severe SIADH: V2 receptor blockers conivaptan and tolvaptan

	For severe symptoms (severe confusion, convulsions, coma): IV hypertonic saline (3%) 200–300 mL in 3–4 h (if acute, increase by 2.0–4.0 mEq/L)



Never correct sodium >10 mEq/L/24 hrs, which could lead to osmotic demyelination syndrome (central pontine myelinolysis). If correction has been too rapid, give desmopressin and IV 5 % dextrose in water.


Clinical Recall

Which of the following lab findings is suggestive of central DI?


	Increased serum osmolarity, decreased urine osmolarity, decreased ADH

	Decreased serum osmolarity, increased urine osmolarity, increased ADH

	Increased serum osmolarity, decreased urine osmolarity, increased ADH

	Increased serum osmolarity, increased urine osmolarity, increased ADH

	Decreased serum osmolarity, decreased urine osmolarity, decreased ADH



Answer: A



DISEASES OF THE THYROID GLAND

The normal function of the thyroid gland is directed toward the secretion of thyroxine (T4) and triiodothyronine (T3), which influence a diversity of metabolic processes.

Diseases of the thyroid can be quantitative or qualitative alterations in hormone secretion, enlargement of thyroid (goiter), or both.


	Insufficient hormone secretion will lead to hypothyroidism.

	Excess hormone secretion will lead to hyperthyroidism.

	Generalized enlargement can be associated with increased, normal, or decreased function of the gland, depending on the underlying cause.

	Focal enlargement of the thyroid can be associated with tumors (benign or malignant).



The most sensitive test in thyroid diseases is the TSH. If TSH is normal, then the patient is euthyroid.


NOTE

Always check free T4 to assess thyroid function.



Total T4 and T3, however, does not always reflect actual thyroid function.


	
Elevated thyroid-binding globulin (TBG) is seen in pregnancy and with the use of oral contraceptives. Total T4 will increase but free or active T4 level will be normal.

	
Decreased TBG is seen in nephrotic syndrome and with the use of androgens. Total T4 will decrease but free or active T4 will be normal, with the patient being euthyroid.
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Figure 2-6. Pathways for Synthesis and Secretion of Thyroid Hormones



RAIU (radioactive iodine uptake) varies directly with the functional state of the thyroid. After 24 hours, normal uptake is 5–30% of administered dose.


	RAIU is increased in Graves disease and toxic nodule.

	RAIU is decreased in thyroiditis and surreptitious ingestion of thyroid hormone.



Table 2-1. Evaluating Thyroid Function









	Thyroid Hormones and TSH
	RAI Uptake Scan
	Diagnosis





	

	Decreased TSH

	Increased T4; increased T3





	Increased RAIU
	De novo synthesis of hormone (primary hyperthyroidism)



	

	Decreased TSH

	Increased T4; increased T3





	Decreased RAIU
	Factitious hyperthyroidism or inflammation/destruction of the gland releasing preformed hormone into the circulation (subacute thyroiditis)



	

	Decreased TSH

	Decreased T4; decreased T3





	Decreased RAIU
	Secondary or tertiary hypothyroidism





Other tests include antimicrosomal and antithyroglobulin antibodies, which are detected in Hashimoto thyroiditis. In Graves disease, thyroid-stimulating immunoglobulin (TSI) is found. Serum thyroglobulin concentration can be used to assess the adequacy of treatment and follow-up of thyroid cancer, and to confirm the diagnosis of thyrotoxicosis factitia.


NOTE

Factitious use of thyroid hormone will suppress thyroglobulin levels.



Hyperthyroidism (Thyrotoxicosis)

Graves disease (toxic diffuse goiter) (most common cause of hyperthyroidism) is often seen in patients age <50. Women > men.

Graves is an autoimmune disorder that causes the production of antibodies (TSI). Autoantibodies bind to the TSH receptor in thyroid cell membranes, stimulating the thyroid to hypersecrete T4 and T3.


	Significant genetic component, i.e., a person is more likely to be affected if they have family member with the disease

	Commonly triggered by stress, infection, and pregnancy

	Risk factors include having another autoimmune disease such as type 1 diabetes or pernicious anemia and smoking
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Figure 2-7. Pretibial Myxedema
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Figure 2-8. Proptosis and Lid Retraction




NOTE

For treatment purposes, it is important to distinguish primary hyperthyroidism (Graves disease or toxic adenoma) from thyroiditis.



Clinical Findings. Graves is associated clinically with diffuse painless enlargement of the thyroid. Additionally:


	Nervous symptoms (younger patients)

	Cardiovascular and myopathic symptoms (older patients)

	Atrial fibrillation

	Emotional lability, inability to sleep, tremors

	Frequent bowel movements

	Excessive sweating and heat intolerance

	Weight loss (despite increased appetite) and loss of strength

	Proximal muscle weakness (prominent symptom in many patients, and the primary reason why they see a physician)

	Dyspnea, palpitations, angina, and possible cardiac failure

	Warm and moist skin

	Palmar erythema, along with fine and silky hair in hyperthyroidism

	Ocular signs such as staring, infrequent blinking, and lid lag

	Menstrual irregularity such as oligomenorrhea

	Osteoporosis and hypercalcemia, as a result of increases in osteoclast activity

	Dermopathy (rare but hallmark sign)

	Proptosis (protrusion of the eyes), pretibial myxedema (specific to Graves)




CLINICAL CORRELATE


	In pregnancy, use propylthiouracil only during the first trimester.

	Use methimazole after the first trimester and for nursing mothers.





Diagnosis of Graves is made on history and physical exam. Lab studies include the following:


	Decreased TSH (but elevated TSH in secondary hyperthyroidism)

	High serum free T4 and T3

	Elevated RAIU (but decreased RAIU in subacute thyroiditis and factitious hyperthyroidism)

	Elevated TSI, antithyroglobulin, and antimicrosomal antibodies



Treatment of Graves is relief of symptoms and correction of the thyrotoxic state.


	Beta-adrenergic blockade (propranolol) for adrenergic hyperfunction

	Anti-thyroid medication (methimazole (preferred) or propylthiouracil) for high thyroid levels (blocks the synthesis of thyroid hormones and/or by treatment with radioactive iodine)

	
Methimazole: long half-life, few side effects; taken 1x/day (often given before radioactive iodine treatment)

	
Propylthiouracil: severe side effects (potential liver damage); taken 2–3x/day (use only when methimazole is not appropriate)





	Radioactive iodine (most commonly used ‘permanent’ treatment): indications for its use (overusing antithyroid agents alone) include large thyroid gland; multiple symptoms of thyrotoxicosis; elevated thyroxine; and high titers of TSI

	Subtotal thyroidectomy (and rarely, total thyroidectomy), only in pregnancy (second trimester); in children; and when thyroid is so large that there are compressive symptoms




NOTE


	Because of the high relapse rate (>50%) associated with antithyroid treatment, many clinicians prefer to use radioactive iodine as first-line therapy. Patients currently taking antithyroid drugs must discontinue the medication at least 2 days prior to taking the radiopharmaceutical, since pretreatment with antithyroid drugs reduces the cure rate of radioiodine therapy in hyperthyroid diseases.

	With radioactive iodine, the desired result is hypothyroidism due to destruction of the gland, which usually occurs 2–3 months post-administration, after which hormone replacement treatment is indicated.





To monitor response to treatment, check free T4 and T3—not TSH—because it will be suppressed for a very long time and is not a reliable marker of treatment response.

Other causes of hyperthyroidism include:


	Hyperfunctioning adenoma (toxic adenoma)

	Toxic multinodular goiter (Plummer disease, a non-autoimmune disease of the elderly associated commonly with arrhythmia and CHF)

	Simple goiter

	Subacute thyroiditis (painful) or lymphocytic thyroiditis (painless, postpartum), which can cause transient hyperthyroidism

	Drugs such as amiodarone, alpha interferon, and lithium, which can induce thyrotoxicosis

	Excess iodine (as with expectorants or an iodine-containing contrast agent for imaging)

	Extrathyroid source of hormones, i.e., thyrotoxicosis factitia and ectopic thyroid tissue (struma ovarii, functioning follicular carcinoma)

	Excess production of TSH (secondary hyperthyroidism) (rare)



Thyroid Storm

Thyroid storm is an extreme form of thyrotoxicosis, and an endocrine emergency. It is precipitated by stress, infection, surgery, or trauma. It manifests with extreme irritability, delirium, coma, tachycardia, restlessness, vomiting, jaundice, diarrhea, hypertension, dehydration, and high fever.


CLINICAL CORRELATE

When large quantities of iodide are ingested by patients with hyperthyroidism, the result is thyroid hormone suppression (Wolff-Chaikoff effect).



Treatment is supportive therapy with saline and glucose hydration, glucocorticoids, and an oxygen cooling blanket. Treatment for hyperthyroidism is also used (in the following order):


	Propranolol to control arrhythmias and T4 to T3 conversion

	PTU to block hormone synthesis and T4 to T3 conversion

	Potassium iodide to slow the hormone release

	Hydrocortisone or prednisolone to decrease T4 to T3 conversion and to decrease the autoimmune process in Grave’s disease



Stop the antithyroid drugs 1–2 weeks before and after the RAI treatment since they block the uptake of the radioactive iodine.

Subacute Thyroiditis

Thyroiditis includes disorders of different etiologies characterized by inflammation of the thyroid. Each has a different clinical course and can be associated at one time or another with euthyroid, thyrotoxic, or hypothyroid state.

Subacute thyroiditis, most likely viral in origin, includes granulomatous, giant cell, or de Quervain thyroiditis. It is commonly seen in decades 4 and 5.


	Follows upper respiratory infection symptoms, e.g., malaise, fever, pain over the thyroid, and pain referred to the lower jaw, ears, neck, or arms

	Thyroid gland is enlarged and firm

	Lab findings include elevated erythrocyte sedimentation rate, decreased radioactive iodine uptake, initial elevation in T4 and T3 (due to leak of hormone from the gland) followed by hypothyroidism as the hormone is depleted

	Differential diagnosis includes mostly Graves disease



Treatment is symptomatic with NSAIDs, prednisone, and propranolol. The disorder may smolder for months but eventually subsides with return to normal function.


CLINICAL CORRELATE

Amiodarone is an antiarrhythmic drug used to treat ventricular and supraventricular tachyarrhythmia.


	Structurally similar to T4 and contains 40% iodine

	Highly lipid-soluble and concentrated in the adipose tissue, muscle, liver, lung, and thyroid gland

	Has a high elimination half-life (50–100 days) so total body iodine stores can remain increased for up to 9 months after drug is discontinued





Hypothyroidism

The far majority of hypothyroidism has a thyroid etiology (primary). Causes include:


	Chronic lymphocytic thyroiditis (Hashimoto disease) (most common cause of goitrous hypothyroidism; associated with antimicrosomal antibodies), a chronic inflammatory process of the thyroid with lymphocytic infiltration of the gland

	Commonly seen in middle-aged women; in children, is the most common cause of sporadic goiter

	Most likely caused by autoimmune factors, as evidenced by lymphocytic infiltration, increased immunoglobulin, and antibodies against components of thyroid tissue (antithyroglobulin Abs)

	Symptoms include a painless, rubbery, sometimes asymmetric goiter (hallmark feature); diagnosis is suggested by finding a firm, nontoxic goiter on examination

	Lab findings include metabolically normal values in early stages, then increased TSH and decreased T3 and T4; high titers of antithyroid antibodies, namely antimicrosomal antibodies, are found





	Postablative surgery or radioactive iodine, heritable biosynthetic defects, and iodine deficiency

	Drugs such as lithium and acetylsalicylic acid

	Suprathyroid causes of hypothyroidism include pituitary induced (secondary hypothyroidism) or hypothalamic induced (tertiary hypothyroidism)

	Amiodarone-induced thyrotoxicosis (rare), caused by excess iodine (type 1) and amiodarone-induced thyroiditis with release of stored hormones in the bloodstream (type 2)



Clinical Findings.


NOTE


	In primary hypothyroidism, TSH will always be elevated due to loss of negative feedback inhibition.

	If TSH is normal with low T4 or T3, that is secondary (pituitary-induced) hypothyroidism, not primary!






	In the newborn, cretinism (in 1/5,000 neonates) and juvenile hypothyroidism; persistent physiologic jaundice, hoarse cry, constipation, somnolence, and feeding problems

	In later months, delayed milestones and dwarfism, coarse features, protruding tongue, broad flat nose, widely set eyes, sparse hair, dry skin, protuberant abdomen, potbelly with umbilical hernia, impaired mental development, retarded bone age, and delayed dentition

	In the adult, there are stages:

	
Early stages may include lethargy; constipation; cold intolerance; stiffness/cramping of muscles; carpal tunnel syndrome; menorrhagia

	
Later stages may include slowing intellectual and motor activity; decreased appetite; weight gain, dry hair/skin, deeper, hoarse voice; deafness; elevated cholesterol and slow, deep tendon reflexes; hyponatremia and anemia

	
Ultimately, myxedema (expressionless face, sparse hair, periorbital puffiness, large tongue, and pale, cool skin that feels rough and doughy)





	Hypercholesterolemia and diastolic hypertension (increase in vascular resistance) (common)

	Myositis (very common) (everyone with myopathy should have TSH checked, even if on a statin)

	Weakness, cramps, and myalgias

	Elevated serum CK

	Increased CPK, AST, hyponatremia, and LDH (associated with 10% pernicious anemia)



Diagnosis of hypothyroidism is made with symptoms and physical findings. Lab tests confirm diagnosis.

Table 2-2. Confirmation of Hypothyroid Diagnosis








	Primary Hypothyroidism
	Secondary or Tertiary Hypothyroidism





	Increased TSH
	Normal or decreased TSH



	Decreased T4 and FT4

	Decreased T4 and FT4




	Mildly decreased T3

	Decreased secretion of other hormones





Treatment. The goal with hypothyroidism is to restore the metabolic state with T4.


NOTE

Increase T4 dose by 30–50% during pregnancy.




	In the elderly and those with CAD, this should be done gradually: start with 25–50 mcg and slowly increase.

	In young patients without CAD, start with a weight-based dose of T4, ~100 mcg/d.

	Monitor TSH, T3, and T4 (it takes 6 weeks to equilibrate).

	T4 must be taken on an empty stomach with no other drugs or vitamins (e.g., calcium, iron, PPIs), as they can decrease its absorption.





	If there is a strong suspicion of suprathyroid hypothyroidism with a hypothalamic or pituitary origin, give hydrocortisone with thyroid hormones. If there is known suprathyroid hypothyroidism, use T4 level—not TSH—to guide treatment.

	If patients require very high doses of T4 and still have elevated TSH, they have malabsorption, so look for celiac sprue.

	During pregnancy, demand for thyroid hormones may increase, so monitor closely. Treat hypothyroidism with T4 (may need 30–50% increase), and target TSH in the lower reference range. Measure TSH at 4–6 weeks’ gestation, then every 4–6 weeks until 20 weeks’ gestation.



Subclinical Hypothyroidism

Subclincal hypothyroidism is an early, mild form of hypothyroidism, with increased TSH and normal T4.

Treat when TSH >10 uU/mL, patient has difficulty conceiving, or there are symptoms of hypothyroidism. Repeat TSH in 6–8 weeks to confirm.

Myxedema Coma

Myxedema coma can result if severe, chronic hypothyroidism is left untreated. It is precipitated by cold exposure, trauma, infections, and CNS depressants. It is associated with respiratory depression (CO2 retention), hypotension, bradycardia, hypoglycemia, and hyponatremia.

Patients develop a hypothermic, stuporous state that is frequently fatal.

Treatment is high dose of T4 (300-400 mcg daily, give intravenously), plus T3 (5 mcg) every 6 hours if clinical response is suboptimal after a few days. Signs of improvement are a rise of body temperature and return to normal cerebral and respiratory function.

Lymphocytic Thyroiditis

Lymphocytic thyroiditis (silent, painless, or postpartum thyroiditis) is a self-limiting episode of thyrotoxicosis associated with chronic lymphocytic thyroiditis. It is common in women of any age. Familial history and lithium administration contribute to the development of disease.


	Thyroid is nontender, firm, symmetric, and slightly enlarged.

	Characteristic sequence of symptoms is hyperthyroidism, followed by hypothyroidism, and then recovery.

	Lab findings include elevated T3/T4, low RAIU, and normal ESR. (If antithyroid antibodies are present, they are only in low titer.)

	May last for 2–5 months and be recurrent (as in postpartum thyroiditis)

	Treatment: propranolol during hyperthyroid phase to treat the symptoms of tremor, palpitations, and nervousness



Reidel Thyroiditis


NOTE

Euthyroid sick syndrome will cause acutely ill patients to have low free T4, low TSH, and very low T3. The condition will normalize in 4–8 weeks. No treatment is needed.



Reidel thyroiditis results from intense fibrosis of the thyroid and surrounding structures (including mediastinal and retroperitoneal fibrosis).

Treatment is prednisolone.

Neoplasia of the Thyroid


NOTE

Estrogen increases liver production of TBG, while testosterone reduces liver production of TBG.




	
Papillary carcinoma (most common thyroid cancer, nearly 70%) is associated with history of radiation exposure. Women > men by 2–3x.

	Bimodal frequency: peaks occur in decades 2 and 3, and then again later in life

	Slow-growing; spreads via lymphatics after many years

	Treatment: surgery (for low risk pathology); surgery plus radioiodine therapy (for intermediate/high risk pathology) and levothyroxine for life





	
Follicular carcinoma (15–20% of all thyroid cancers) is common in the elderly. Women > men.

	More malignant than papillary carcinoma

	Spreads hematogenously with distant metastasis to the lung and bone

	Treatment is near total thyroidectomy with postoperative radioiodine ablation





	
Medullary carcinoma (5% of all thyroid cancers) occurs as a sporadic form or familial form. It arises from parafollicular cells of the thyroid.

	More malignant than follicular carcinoma

	In familial form, families have no other associated endocrine dysfunctions

	Produces calcitonin (used as a marker)

	Familial form is caused by RET mutation and presents as 2 types of MEN (multiple endocrine neoplasia)

	In MEN type 2A (Sipple syndrome), pheochromocytoma, medullary thyroid carcinoma, and parathyroid hyperplasia occur.

	In MEN type 2B, pheochromocytoma, medullary carcinoma, and neuromas occur.









	
Thyroid adenoma (benign tumor) may be nonfunctioning or hyperfunctioning.

	Categorized as follicular (most common; highly differentiated, autonomous nodule), papillary, or Hürthle.

	Slow-growing

	Treatment for hyperfunctioning adenoma is ablation containing radioactive iodine.








NOTE

Calcitonin can be elevated with cancer of the lung, pancreas, breast, and colon. However, of the thyroid cancers, calcitonin is elevated only with medullary carcinoma.




CLINICAL CORRELATE

RET mutations are the mutations associated with MEN2 and familial medullary thyroid carcinomas.



Thyroid carcinoma should be suspected with the following:


	Recent growth of thyroid or mass with no tenderness or hoarseness

	History of radiation to the head, neck, or upper mediastinum in childhood (takes ~30 years to develop thyroid cancer)

	Presence of a solitary nodule or calcitonin production

	Calcifications on x-ray such as psammoma bodies suggest papillary carcinoma.

	Do thyroid function tests first; cancer is never hyperfunctioning.

	Increased density on x-ray suggest medullary carcinoma.




NOTE

Thyroglobulin is secreted by papillary and follicular carcinoma and is a marker for recurrent/persistent disease. After thyroidectomy, check thyroglobulin at 6 months and then annually.



For a solitary nonfunctioning nodule, diagnostic tests include:


	TSH; if normal, then proceed to fine-needle aspiration (FNA)

	FNA for cytology in most cases

	Nonfunctioning thyroid nodules are malignant in a small number of cases.

	Functioning nodules are very seldom malignant (determined by RAIU)





	U/S to distinguish cysts from solid nodules




Clinical Recall

Which of the following is the best initial step (most sensitive test) for the diagnosis of suspected hyperthyroidism?


	RAIU scan

	Free T4 level

	Free T3 level

	TSH level

	TSI including antithyroglobulin and antimicrosomal Ab



Answer: D



PARATHYROID GLANDS

The function of parathyroid hormone (PTH) is to maintain extracellular fluid calcium concentration.


	Acts directly on the bone and kidney, and indirectly on intestine (through its effects on synthesis of 1,25-dihydroxycholecalciferol [1,25(OH)2D3]) to increase serum calcium

	Is closely regulated by the concentration of serum-ionized calcium

	Increases osteoclast activity, which releases calcium

	Inhibits phosphate reabsorption in the kidney tubule, also favoring bone dissolution and calcium release from bones

	Activates vitamin D, which increases the GI absorption of calcium



Calcium regulation involves the following:


	
Three tissues: bone, kidney, intestine

	
Three hormones: PTH (hypercalcemic), calcitonin (hypocalcemic), and activated vitamin D (hypercalcemic)



Hypocalcemia

Hypocalcemia is insufficient calcium in the blood. Causes include:


	Hypoparathyroidism (the parathyroid glands secrete insufficient amounts of PTH, leading to hyperphosphatemia [causes phosphate to elevate because PTH is essential for renal excretion of phosphate])

	Surgical removal of the thyroid (most common cause of hypoparathyroidism)

	Hereditary hypoparathyroidism (DiGeorge syndrome)





	Hypomagnesemia (magnesium deficiency, seen with decreased GI absorption and alcoholism; prevents release of PTH from the gland)

	Autosomal dominant hypocalcemia, a genetic disorder with an activating mutation in the CaS receptors (CaSR)

	Usually when CaSRs are activated by calcium, PTH is suppressed (negative feedback inhibition)

	When there is an activating mutation of the CaSRs, it is always activated, so PTH is always suppressed, leading to low calcium and hyperphosphatemia







Hypocalcemia is also seen in:


	Renal failure (hyperphosphatemia, elevated PTH, and low 1,25-dihydroxyvitamin D)

	Vitamin D deficiency (hypophosphatemia) (vitamin D is needed for intestinal absorption of calcium and phosphate)

	Drugs such as loop diuretics, phenytoin, alendronate, and foscarnet

	Pseudohypoparathyroidism (resistance to PTH), elevated PTH, and hyperphosphatemia

	Massive blood transfusion, due to binding of the calcium to the citrate in the transfused blood

	Alkalosis, decreasing free calcium by causing increased binding of calcium to albumin

	Pseudo hypocalcemia, which occurs with low albumin; normal free calcium, and decreased total calcium



Clinical Findings. Hypocalcemia results in increased neural hyperexcitability. Symptoms depend on the level of calcium, duration, acid-base disorder, and age at onset.


	Neuromuscular irritability: tetany, laryngospasm, cramping, seizures, impaired memory function

	Possible positive Chvostek sign (percussion of the facial nerve in front of ear, which elicits a contraction of facial muscles and upper lip)

	Possible positive Trousseau sign (inflation of a BP cuff on the arm to a pressure higher than patient’s systolic BP for 3 min elicits flexion of the metacarpophalangeal joints and extension of interphalangeal joints)

	Ocular findings: cataracts, soft tissue calcifications

	Possible cardiovascular effects: QT prolongation, refractory CHF, and/or hypotension



Diagnosis is suggested when serum calcium is low; it is important to check albumin and make the correction in calcium level.


	Low calcium may be due to low albumin; for a 1.0 g/dL drop in albumin, total calcium will decrease by 0.8 mg/dL. It is better to measure ionized calcium.

	PTH can be low (hypoparathyroidism) or high.

	
Low calcium + high phosphorous can be due to renal failure, massive tissue destruction, hypoparathyroidism, or pseudohypoparathyroidism. Low calcium + low phosphorous can be due to absent/ineffective vitamin D.



Treatment.


	Acute disease: IV calcium gluconate

	Chronic disease

	Kidney failure: calcitriol (1,25-dihydroxyvitamin D)

	Liver failure: 25-hydroxycholecalciferol and calcium

	Vitamin D deficiency: high dose cholecalciferol (D3) or ergocalciferol (D2) and calcium

	Hypoparathyroidism: calcitriol and calcium







Correct hypomagnesemia if present. Overtreatment can cause kidney stones.

Hypercalcemia


NOTE

In granulomas, macrophages have their own 25-vitamin D hydroxylation, producing active 1,25 vitamin D (high-yield fact).



Hypercalcemia is elevated total or free calcium in the blood. Causes include:


	Primary hyperparathyroidism (most common), usually asymptomatic and found on routine testing

	Malignancy

	Humoral hypercalcemia of malignancy (HHM) (80% of hypercalcemia of malignancy) is associated with the production of PTHrP (parathyroid hormone-related peptide) seen in several non-metastatic solid tumors (squamous cell carcinomas [lung/head/neck]) or renal, bladder, breast, or ovarian carcinomas are most common).

	Osteolytic metastases (20% hypercalcemia of malignancy). Presents with solid tumors with bone metastases, multiple myeloma, and lymphoma/leukemia (less often). Osteolytic action is mediated by osteoclasts.

	Increased production of calcitriol (vitamin D) in cases of Hodgkin and non-Hodgkin lymphoma. The mechanism is PTH-independent extrarenal production of vitamin D by malignant lymphocytes or macrophages.





	Granulomatous disease (sarcoidosis), TB, berylliosis, histoplasmosis, coccidioidomycosis, or lymphoma

	Vitamin D intoxication, thiazide diuretics, lithium, and Paget disease, as well as prolonged immobilization (all rare)

	Hyperthyroidism, due to a partial effect of thyroid hormone on osteoclasts

	Acidosis, due to increased free calcium (because albumin buffers acidosis, and increased binding of hydrogen ions to albumin results in the displacement of calcium from albumin)




NOTE


	FHH cause both hypercalcemia and hypocalciuria.

	In all other causes of hypercalcemia, elevated blood calcium is correlated with elevated urine calcium (as a properly sensing kidney works to excrete calcium).





Clinical Presentation.


	Neurologic: decreased mental activity such as lethargy and confusion

	GI: decreased bowel activity such as constipation and anorexia but also possible nausea and vomiting; pancreatitis due to precipitation of calcium in the pancreas

	Possible ulcer disease (unclear reasons)

	Renal: polyuria and polydipsia due induction of NDI; calcium precipitation in the kidney, causing kidney stones and nephrolithiasis

	Cardiovascular: hypertension (30–50% of patients); ECG will show a short QT




NOTE

While pancreatitis is associated with hypercalcemia, severe pancreatitis is associated with hypocalcemia because calcium binds to malabsorbed fat in the intestine.
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Figure 2-9. Calcium Regulation



Treatment. For severe, life-threatening hypercalcemia:


	Vigorous fluid replacement with normal or half-normal saline

	IV bisphosphonate (e.g., zoledronate or pamidronate) to inhibit osteoclasts and stimulate osteoblasts (maximum effect in 2–3 days)

	Calcitonin if fluid replacement and diuretics do not lower the calcium level quickly enough and you cannot wait 2 days for the bisphosphonates to work

	Calcitonin inhibits osteoclasts.

	After 48 hours, calcitonin can cause tachyphylaxis.





	Prednisone for elevated 1,25-di-hydroxyvitamin D (granulomas or lymphoma), or multiple myeloma

	Hemodialysis for severe hypercalcemia and oliguric renal failure




NOTE

With hypercalcemia:


	Calcitonin is an intermediary measure while waiting for IV bisphosphonate to act.

	Bisphosphonates cannot be used with renal failure.





Loop diuretics are not recommended for hypercalcemia unless the patient has heart failure, renal failure, or volume-overload after aggressive IVFs.


Familial hypocalciuric hypercalcemia (FHH)

FHH is a benign form of hypercalcemia. Most patients have a family history of hypercalcemia.


	Presents with mild hypercalcemia, urine calcium to creatinine ratio <0.01, and urine calcium <200 mg/day (hypocalciuria)

	Associated with a loss of function mutations in the CaSR gene, which encodes a calcium-sensing receptor (expressed in kidney and parathyroid tissue); the perceived lack of calcium level by the parathyroid leads to elevated parathyroid hormone

	Indicated by the presence of both hypercalcemia and hypocalciuria

	Treatment is not needed, since patients usually asymptomatic





Hyperparathyroidism


NOTE


	Think of vitamin D deficiency in cases of low phosphate and low calcium.

	To diagnose, test 25-hydroxy-vitamin D (not 1,25-di-hydroxy-vitamin D) for the following reasons:

	Most total body stores of vitamin D are in the form of 25-hydroxy-vitamin D (with a very small amount activated).

	25-hydroxy-vitamin D has a longer half-life than 1,25-di.









There are 3 types of hyperparathyroidism.


	
Primary hyperparathyroidism (most common condition of mild hypercalcemia) is caused by a hyperfunction of the parathyroid glands.

	Most commonly, the oversecretion of PTH is caused by a parathyroid adenoma of one gland (hyperplasia of all 4 glands is a less common cause, and parathyroid cancer is a rare cause).

	Elevated PTH then causes elevated serum calcium and low serum phosphate.

	Can be seen with MEN

	In MEN type I, hyperparathyroidism, pituitary tumors (3 “Ps”), and pancreatic tumors are seen.

	In MEN type II, hyperparathyroidism, pheochromocytoma, and medullary carcinoma of the thyroid are seen.









	
Secondary hyperparathyroidism is due to physiologic (i.e., appropriate) secretion of PTH by the parathyroid glands in response to hypocalcemia caused by vitamin D deficiency or chronic kidney disease.

	
Vitamin D deficiency (seen in intestinal malabsorption of vitamin D) will inhibit calcium reabsorption in the intestine and kidney, which will result in low serum calcium and hence, elevated PTH. Serum phosphate is low because of the inhibitory effect of increased PTH on the phosphate reabsorption in the kidney. To diagnose, test 25-hydroxy-vitamin D; level <30 mg/mL is consistent with deficiency.

	
Chronic kidney disease and anuria will elevate serum phosphate (the kidney is unable to ‘trash’ phosphate). By binding calcium, increased serum phosphate will decrease free serum calcium and, as a result, cause an elevated PTH. Additionally, the declining activation of vitamin D in the failed kidney contributes to the decreased serum calcium.

	Osteodystrophy (osteomalacia, bone pain/muscle weakness, fractures) will be seen.





	
Tertiary hyperparathyroidism is seen with long-term secondary hyperparathyroidism, which can lead to hyperplasia of the parathyroid glands and a loss of response to serum calcium levels.

	Most commonly seen in patients with chronic renal failure.

	Is an autonomous activity of the parathyroid glands.

	Hypercalcemia and hyperphosphatemia will be seen.

	Treatment is surgical removal.








CLINICAL CORRELATE

Prolonged vitamin D deficiency can also lead to elevated PTH (seen in intestinal malabsorption and vitamin D-dependent rickets, type II). Symptoms include osteomalacia, bone pain/muscle weakness, and fractures. Calcitriol (activated vitamin D) increases intestinal absorption of calcium and phosphate. To diagnose, test 25-hydroxy-vitamin D (not 1,25-di-hydroxy-vitamin D) because most total body stores of vitamin D are in the form of 25-hydroxy-vitamin D, with a very small amount activated. Also, 25-hydroxy-vitamin D has a longer half-life. Level <30 mg/mL is consistent with deficiency.



Clinical Findings. About 50% of patients with hyperparathyroidism are asymptomatic. When symptoms do occur, they include:


	Osteitis fibrosa cystica due to increased rate of osteoclastic bone resorption; will cause bone pain, fractures, swelling, deformity, areas of demineralization, bone cysts, and brown tumors (punched-out lesions producing a salt-and-pepper-like appearance)

	Urinary tract manifestations, including polyuria, polydipsia, stones, and nephrocalcinosis with renal failure (the polyuria and polydipsia are from NDI)

	Neurologic manifestations, including CNS problems, mild personality disturbance, severe psychiatric disorders, mental obtundation or coma, neuromuscular weakness, easy fatigability, and atrophy of muscles

	GI manifestations, including anorexia/weight loss, constipation, nausea/vomiting, thirst, abdominal pain with pancreatitis, and peptic ulcer disease

	Cardiovascular findings, including hypertension and arrhythmias (short QT)



Diagnosis.


	Serum calcium >10.5 mg/dL

	Elevated PTH

	Elevated urine calcium (80%) (but some patients have normal level due to the calcium-reabsorbing action of PTH)

	Low serum phosphate (<2.5 mg/dL)




NOTE

In every other cause of hypercalcemia, the PTH level will be low. In primary hyperparathyroidism, PTH is always elevated.



Imaging studies such as CT, MRI, sonography, and nuclear scan are not used to diagnose hyperparathyroidism. A nuclear parathyroid scan (sestamibi) can be used to localize the adenoma. When combined with a neck sonogram, specificity rises significantly.

Treatment.


NOTE

Calcitonin is an intermediary measure while waiting for IV bisphosphonate to act.



Primary hyperparathyroidism.


	Surgery (those age <50)

	Indications include symptoms of hypercalcemia; serum calcium >1 mg/dL above normal; GFR <60 mL/min; T-score <-2.5; kidney stones; and 24-hour urine calcium >400 mg/day.

	Before surgery, do sestamibi scan to look for an adenoma; also check 25-hydroxyvitamin D level; if a deficiency exists, correct before surgery, as vitamin D deficiency increases the risk of hungry bone syndrome.

	Hungry bone syndrome is severe hypocalcemia after parathyroidectomy due to relative hypoparathyroidism and reduced PTH-mediated production of activated vitamin D culminating in rapid influx of calcium into bone.





	If surgery is not needed

	Calcium, creatinine, and GFR measurement every year

	BMD measurement every 2 years





	If surgery is contraindicated

	Medical treatment with bisphosphonates (pamidronate)

	Reduced dietary calcium to 400 mg/d

	Oral hydration with 2–3 L of fluid; phosphate supplementation with phospho-soda







Secondary hyperparathyroidism.


NOTE

Half of all patients with primary hyperparathyroidism also have vitamin D deficiency, and serum calcium will be even higher after that deficiency is corrected. Check vitamin D in all patients with primary hyperparathyroidism.




	Check for and correct vitamin D

	Correct hyperphosphatemia first with a phosphate-binder such as calcium acetate or sevelamer and lanthanum

	If still no response to PTH level, give calcitriol

	Activated vitamin D suppresses PTH release by negative feedback inhibition on the parathyroid glands.

	Phosphate must be <5.5 mg/dL before giving calcitriol because it can increase intestinal absorption of phosphate.





	Cinacalcet, a calcimimetic agent which shuts off the parathyroids, will increase the sensitivity of calcium-sensing receptors to calcium (basolateral membrane potential) on the parathyroid and suppress PTH secretion (side effects include hypocalcemia); it is used only for select circumstances:

	Patients on hemodialysis

	Hypercalcemia in patients with parathyroid carcinoma

	Patients with moderate-to-severe primary hyperparathyroidism unamenable to surgery








NOTE

Hyperparathyroidism can cause pseudogout (look for chondrocalcinosis).



Hypoparathyroidism

See section on Hypocalcemia.


Clinical Recall

Which of the following is a clear indication for surgery in a patient with primary hyperparathyroidism?


	Calcium level 10.5 mg/dL

	Creatinine level 1.0 mg/dL

	ECG showing prolonged QT interval

	Male gender, age 38

	DEXA T-score +1.0



Answer: D



Osteoporosis

Osteoporosis is a disease of decreased bone mass leading to increase fractures. Causes include:


	Estrogen deficiency in women (most common)

	Secondary causes (high yield)

	Testosterone deficiency (any man with osteoporosis should have testosterone level checked)

	Hyperthyroidism

	Hyperparathyroidism

	Cushing syndrome

	Cirrhosis

	Malabsorption (celiac, Crohn disease)

	Rheumatoid arthritis

	Chronic kidney disease

	Vitamin D deficiency

	Medications (steroids, excessive thyroid hormone, phenytoin, phenobarbital, thiazolidinediones, PPI)

	Multiple myeloma







Diagnosis is made with the following:


	BMD test with DEXA scan for women age ≥65 and premenopausal women at increased risk (i.e., RA, glucocorticoid use, hyperparathyroidism, malabsorption/celiac sprue).

	
Osteopenia: DEXA T-score –1.0 to –2.4

	
Osteoporosis: DEXA T-score <–2.5





	History of fragility fracture (fall from standing height or lower)



All patients diagnosed with osteoporosis should have the following checked:


	CBC, TSH, LFTs

	Calcium, phosphorous

	Creatinine

	25-hydroxy-vitamin D

	tTG antibodies (if celiac is suspected)

	Cushing work-up if there are features of Cushing syndrome



Treatment. Start with smoking cessation, alcohol reduction, resistance exercises, and supplemental calcium/vitamin D. Medical therapy includes:


	Bisphosphonates: alendronate or risedronate (first-line)

	Oral bisphosphonates can lead to pill esophagitis.

	IV bisphosphonates and denosumab can cause osteonecrosis of the jaw.





	Denosumab (monoclonal antibody that inhibits RANK-L and decreases osteoclast activity) in stage 4 CKD and intolerant/incomplete response to bisphosphonates

	Teriparatide (synthetic PTH) increases bone formation and bone mass

	Calcitonin for pain from fractures

	Teriparatide is associated with osteosarcoma; use for 2 years at most



For osteoporosis, do not use the following:


	Estrogen replacement

	Combination teriparatide + a bisphosphonate

	Combination bisphosphate + CKD (use denosumab instead) and hypocalcemia



Osteomalacia

Osteomalacia is a metabolic bone disease resulting from failure of organic matrix of bone to mineralize because of lack of calcium or phosphorus.

Symptoms and signs include:


	Bone pain, fatigability

	Proximal muscle weakness

	Hypocalcemia and hypophosphatemia

	Elevated alkaline phosphatase



Diagnosis is made with vitamin D testing.

Treatment is high-dose ergocalciferol or cholecalciferol.

Paget Disease of the Bone

Paget is increased bone remodeling, leading to accelerated rates of bone turnover and disruption of the normal architecture of bone and deformities of bone (enlargement of the skull, bowing of the femur). Most patients are asymptomatic and will have incidental x-ray findings or elevated alkaline phosphatase on routine labs.

Symptoms and signs include bone pain; fractures; high-output cardiac failure (most common cause of death); cranial nerve compression; and spinal stenosis.

Diagnosis is made with the following:


	Elevated alkaline phosphatase

	X-ray showing focal osteolysis with coarsening of the trabecular pattern (sclerotic bone), cotton wool skull and cortical thickening (bone scan must be ordered to evaluate extent of disease)

	Calcium and PTH are usually normal



Treatment is bisphosphonates if there is bone pain, radiculopathy, or involvement of a weight-bearing bone.

DISEASES OF THE ENDOCRINE PANCREAS

Diabetes Mellitus

Diabetes mellitus (DM) is a disorder of carbohydrate metabolism, affecting 20% of patients age >65 in the United States. Causes include:


	Relative or absolute deficiency of insulin

	Hyperglycemia

	End-organ complications (e.g., nephropathy, retinopathy, neuropathy, accelerated atherosclerosis)



There are 2 types of DM, but type 2 is far more common.


	
Type 1 Diabetes Mellitus (5–10% of diabetes worldwide, most likely autoimmune)

	Males = females

	Age of onset usually age <30

	Genetically, <10% of first-degree relatives are affected with a 50% occurrence in identical twins

	Increased prevalence of autoantibodies to islet cells

	Associated with HLA-DR3 and HLA-DR4

	Body build usually lean

	Patients prone to ketosis owing to absent insulin production

	By the time the condition appears, most of the beta cells in the pancreas destroyed

	High prevalence of other autoimmune disorders, such as celiac disease, Graves, hypothyroidism, Addison, pernicious anemia, vertigo





	
Type 2 Diabetes Mellitus (90% of cases)

	Males > females

	Age of onset age >40

	Genetically >20% of first-degree relatives are affected with 90–100% occurrence in identical twins

	Body build usually obese (most are >15% above ideal body weight)

	Patients are ketosis-resistant, and insulin levels may be high, normal, or low

	Two clear physiologic defects: abnormal insulin secretion and resistance to insulin action in target tissues

	Progresses because beta-cells burn out, not because insulin resistance gets worse







Clinical Findings. Symptoms vary by patient, but commonly hyperglycemia, polyuria, polydipsia, polyphagia, ketonuria, and weight loss are seen.


NOTE

Type 2 diabetes progresses because of loss of beta-cells, not because of worsening inulin-resistance.




	First event may be an acute metabolic decompensation, resulting in coma (ketoacidosis for type 1 DM and hyperosmolar coma for type 2 DM)

	Occasionally, initial symptom of DM is a degenerative complication like neuropathy



Diagnosis.


	In asymptomatic patients: elevated plasma or urine glucose during routine screening does not establish diagnosis but indicates a need for further evaluation.

	In symptomatic patients: polyuria, polydipsia, ketonuria, and weight loss.

	Plasma glucose >200 mg/dL is sufficient for diagnosis with no further testing needed; random glucose >200 mg/dL is diagnostic

	Fasting plasma glucose ≥126 mg/dL on 2 occasions; DM is diagnosed when plasma glucose ≥200 mg/dL at 2 h and on at least one of the earlier samples

	HbA1c >6.5% is diagnostic of diabetes







If 2 separate tests are done and one is normal, repeat the abnormal test:


	A1C is falsely low in hemolytic anemia, chronic kidney disease. Use finger sticks for more accurate measurements.

	A1C is falsely high in iron deficiency due to increased proportion of older erythrocytes.



Glycosylated hemoglobin A1c (HbA1c) is produced by nonenzymatic condensation of glucose molecules with free amino groups on the globin component of hemoglobin. It is used both for diagnosis and to follow compliance of the treatment and glucose control in diabetic patients. HbA1c is high in diabetics with chronic hyperglycemia during the preceding 8–12 weeks.


	In young patients, goal A1C is 7%.

	In older patients and young patients with long-term complications (ie, renal failure, blind), goal A1C is 8%.




NOTE

Oral glucose tolerance test is rarely required in DM.



Treatment. The objectives of diabetic therapy are to control symptoms, prevent acute complications, and limit long-term complications. The goal is HbA1c <7%. Patient education is essential.


CLINICAL CORRELATE

Exercise lowers glucose level:


	Exercising muscle needs no insulin for glucose to enter.

	Resting muscle needs insulin for glucose entry.



The effects of diet, exercise, and weight loss can last for years.




	Weight loss, low-fat diet, exercise (up to 25% success rate with this alone): reduction of as little as 4–7% body fat has an enormous effect on peripheral insulin sensitivity and on reduction of postprandial hyperglycemia

	When diet and exercise do not keep HbA1c <7%, medications are introduced.

	Oral hypoglycemic should be used for all patients with type 2 DM

	Metformin (first-line) and lifestyle intervention should be used for all newly diagnosed patients

	Metformin is safe and should be used in moderate renal failure (do not use if GFR <30 mL/min and use lower dose if 30–45 mL/min)

	Does not cause hypoglycemia or weight gain

	Start at a low dose and slowly increase to avoid GI side effects

	Side effects include vitamin B12 deficiency and lactic acidosis (very rare)











In all cases, metformin is the best initial treatment for type 2 DM. After metformin, add-on drugs include:


	Incretin mimetics (exenatide, liraglutide), direct analogues of GLP-1 except their actions last much longer; given by subcutaneous injection

	
First-line for obese patients to promote weight loss; augment the naturally occurring hormones secreted from GI tract in response to food (when food enters the intestine, incretins are released)

	Proven to reduce HbA1c up to 2%

	Slow gastric motility (nausea and vomiting are main side effects); may increase risk of pancreatitis so do not use if history of pancreatitis

	Increase the release of insulin from the pancreas in a glucose-dependent matter, i.e., only if there is hyperglycemia (very rarely cause hypoglycemia)

	Inhibit glucagon release

	Liraglutide significantly reduces cardiovascular death and all-cause mortality; use on anyone with diabetes and cardiovascular disease





	Dipeptidyl peptidase IV (DPP-IV) inhibitors (sitagliptin, saxagliptin, linagliptin, alogliptin): inhibit the metabolism of the incretins GIP and GLP-1; given orally

	Increase insulin release from the pancreas and slow stomach emptying

	Weight-neutral

	Less effective than GLP-1 analogs (GLP-1 analogs are preferred in young, obese patients and those with CAD)

	Safe in renal failure





	Sodium-glucose co-transporter 2 (SGLT2) inhibitors (canagliflozin, dapagliflozin, empagliflozin, all equal in efficacy) inhibit reabsorption of glucose in the proximal tubules, leading to increased renal excretion of glucose; given orally

	Cause weight loss 2–3 kg

	Lower BP and can lead to orthostatic hypotension

	Use for DM with urine albumin >300 or if GFR >30 ml/minute

	Side effects include increased risk of genital candida infections, UTI, euglycemic DKA





	Empagliflozin significantly reduces rates of death by CVD, all-cause mortality, and hospitalization for HF (and is FDA-approved for reduction of CV death in adults with type 2 DM and CVD). Also reduces progression of nephropathy (defined as progression to macroalbuminuria, doubling of serum creatinine, initiation of renal replacement therapy, or death from renal disease).

	Canagliflozin is associated with increased risk of amputation (do not use if history of PVD, previous amputations, diabetic ulcer, or neuropathy)

	Thiazolidinediones (rosiglitazone, pioglitazone) can worsen CHF. They are thought to act by decreasing the resistance of tissues to insulin. Side effects include weight gain and osteoporosis. Pioglitazone may be linked to bladder cancer.

	Sulfonylureas (glyburide, glipizide, glimepiride) cause insulin secretion from beta-cells. Side effects include weight gain and hypoglycemia. They are used less commonly because of their side effects and lack of proven CVD benefit that is seen in the other agents.

	
Insulin regimen can be started anytime (will cause weight gain)

	Start with basal insulin only. If HbA1c is high but fasting is at goal (80–130), check postprandial 2 hours after a meal. Goal postprandial is <180. Add bolus insulin or meglitinides to control postprandial.

	Add metformin, GLP-1 analogs, and SGLT2 inhibitors to insulin (leads to better glycemic control and weight loss)

	When starting insulin, divide 50% into long-acting and 50% into pre-meal short-acting.

	Usually given as glargine insulin 1x/day injection + 2–3×/day ultra short-acting insulin such as lispro or aspart before meals

	Glargine causes fewer episodes of hypoglycemia than NPH

	Detemir is newer, long-acting insulin, lasting 16–18 hours












NOTE

If weight loss is desired, use GLP-1 analogs, pramlintide, or SGLT2 inhibitors.



Table 2-3. Oral Hypoglycemic Drugs








	Class
	Generic Name





	Sulfonylureas
	Glyburide, glipizide, glimepiride



	Biguanides
	Metformin



	Thiazolidinediones
	Rosiglitazone, pioglitazone



	Glucosidase inhibitors
	Acarbose, miglitol



	Meglitinides
	Repaglinide, nateglinide



	DPP-IV inhibitors
	Sitagliptin, saxagliptin, linagliptin



	Subcutaneous agents



	GLP-1
	Exenatide, liraglutide



	SGLT2 inhibitors
	Canagliflozin, dapagliflozin, empagliflozin



	Amylin mimetic
	Pramlintide (suppresses plasma glucagon secretion; slows gastric emptying and promotes satiety; decreases postprandial glucose rise; and causes weight loss)





Table 2-4. Insulin Preparations









	Type
	Peak Action (Hours)
	Duration of Action (Hours)





	Ultra-short-acting
	
	



	Insulin lispro
Insulin aspart
	30–60 min
20–30 min
	4–6
3–5



	
Rapid (given 5-15 min before meals)
	
	



	Regular
Semilente
Glulisine (given 30 min before meals)
	2–4
2–6
	6–8
10–12



	Intermediate
	
	



	NPH
Lente
	6–12
6–12
	12–18
12–18



	Long-acting
	
	



	Glargine
Detemir
Degludec
	2
18–24
	24
36






Clinical Recall

Which of the following is the best initial drug to start in a patient with newly diagnosed non-insulin-dependent DM?


	PO glyburide

	PO chlorpropamide

	PO acarbose

	IM insulin glargine

	PO metformin



Answer: E



Bariatric procedures should be considered in obese patients.

Untreated DM can lead to several important complications.


	
Acute complications

	
Diabetic ketoacidosis (DKA) (seen in type 1 DM) is a result of severe insulin insufficiency and may be the presenting manifestation. Precipitating factors include insufficient or interrupted insulin therapy, infection, emotional stress, and excessive alcohol ingestion.

	Symptoms include anorexia, nausea/vomiting, abdominal pain, rapid breathing (Kussmaul respiration), “fruity” breath odor of acetone, signs of dehydration, and altered consciousness to coma. Acidosis can result in fatal rhythm disturbance.

	Diagnosis is made with elevated blood glucose, increased serum acetoacetate, acetone, hydroxybutyrate, metabolic acidosis (low serum bicarbonate and low blood pH), and increased anion gap (sodium – [bicarbonate + chloride])

	Treatment is insulin, fluids, and electrolyte replacement, with normal saline in high volumes. Bolus with 5–10 units of regular insulin.

	Acutely, DKA is associated with hyperkalemia. The total body level of potassium is depleted because of the urinary loss of potassium. As soon as potassium level falls to ≤5 mEq/L, give potassium replacement. Start with IV insulin, then switch to subcutaneous insulin (overlap them both for 6–8 hours) when anion gap normalizes and serum bicarbonate is normal. Add 5% dextrose to the normal saline as blood glucose reaches 200–250 mg/dL and continue IV insulin until the anion gap normalizes. Check potassium before starting IV insulin; if normal (3.3–5.5 mEq/L, start potassium with inulin, but if <3.3 mEq/L, hold insulin and give potassium first).

	The Somogyi effect is rebound hyperglycemia in the morning because of counterregulatory hormone release after an episode of hypoglycemia during the night.

	The dawn phenomenon is an early morning rise in plasma glucose secondary to a rise in counter-regulatory hormones cortisol, epinephrine, and GH requiring increased amounts of insulin to maintain euglycemia.

	If someone has morning hyperglycemia, check glucose at 2 AM to determine if the cause is Somogyi effect or dawn phenomenon.





	
Hyperosmolar hyperglycemic state (HHS) (seen in type 2 DM) is characterized by severe hyperglycemia in the absence of ketosis. Pathophysiology involved is profound dehydration resulting from a sustained hyperglycemic diuresis. Clinical findings are weakness, polyuria, polydipsia, lethargy, confusion, convulsions, and coma.

	Precipitating factors include noncompliance of treatment; inability to drink sufficient water to keep up with urinary losses (common in elderly diabetics living in nursing homes); infections; stroke; steroids; immunosuppressant agents; and diuretics.

	Can result after a therapeutic procedure such as peritoneal/hemodialysis, tube feeding of high-protein formulas, or high-carbohydrate infusion.

	Diagnosis is made with elevated blood glucose (typically ≥700 mg/dL) and extremely high serum osmolality.

	Treatment is high-volume fluids, electrolyte replacement, and insulin.









	
Chronic complications

	
Microvascular disease of diabetes includes diabetic nephropathy, neuropathy, and retinopathy (glycemic control shows far greater effect on morbidity and mortality).

	Diabetic nephropathy

	Hyperproliferation, proteinuria, and end-stage renal disease can develop.

	The pathology is commonly diffuse and leads to widening of glomerular basement membrane and mesangial thickening. Nodular pathology can occur and results in hyalinization of afferent glomerular arterioles (Kimmelstiel-Wilson syndrome).

	Treatment is strict control of diabetes, ACE inhibitors, and dialysis or renal transplantation.





	Diabetic neuropathy

	
Peripheral neuropathy (most common) is symmetrical, with symptoms of numbness, paresthesia, and pain. Physical exam reveals absent reflexes and loss of vibratory sense.

	
Mononeuropathy—vascular in origin—affects a single nerve or nerve trunk (mononeuritis multiplex); symptoms include sudden foot drop, wrist drop, or paralysis of CN III, IV, or VI.

	
Autonomic neuropathy can be devastating; most common symptoms include orthostatic hypotension and syncope. Other symptoms include difficulty swallowing, delayed gastric emptying (gastroparesis), constipation, or diarrhea. Diagnosis of gastroparesis is the gastric emptying scintigraphy study. Bladder dysfunction or paralysis can lead to urinary retention. Impotence and retrograde ejaculation can occur (erectile dysfunction is as high as 50% in patients with 10 years of diabetes).

	Prevention of neuropathy in diabetes is with tight glycemic control. Treatment once it occurs depends on the type. For peripheral neuropathy, use gabapentin, pregabalin, amitriptyline (avoid in CAD, as it increases CVD mortality), venlafaxine, duloxetine, capsaicin cream. For autonomic neuropathy, use sildenafil for erectile dysfunction and metoclopramide or erythromycin for gastroparesis.





	Diabetic retinopathy (most common cause of blindness in middle-aged patients)

	Retina is affected; simple or proliferative (microaneurysms, hemorrhages, exudates, retinal edema), where damage can occur

	Proliferative retinopathy (PDR) is the presence of vitreous hemorrhages or neovascularization (treatment is laser photocoagulation), while nonproliferative (NPDR), or background retinopathy, can only be prevented with tight glucose control

	Panretinal laser photocoagulation for PDR and severe NPDR

	Intraocular infection of bevacizumab (VEGF inhibitor) or ranibizumab for PDR or severe NPDR









	
Macrovascular disease of diabetes (very common) includes CAD, peripheral arterial disease, and stroke (glycemic control shows far less effect on morbidity and mortality).

	Central pathological mechanism is atherosclerosis, which leads to narrowing of arterial walls throughout the body; atherosclerosis is thought to result from chronic inflammation and injury to the arterial wall in the peripheral or coronary vascular system

	Lipid management includes lipid testing in those with diabetes at least annually goal BP <130/80 mm Hg, and a statin for all those with DM age >40 (regardless of LDL)

	Risk for death using ASCVD risk score. For high risk (10-year ASCVD score ≥7.5%), give high intensity statin, i.e., high-dose atorvastatin or rosuvastatin (except for CKD or age >75 due to risk of rhabdomyolysis). For moderate risk (10-year ASCVD risk score <7.5%), give moderate intensity statin, i.e., every other statin or low-dose atorvastatin/rosuvastatin.

	Do coronary artery bypass in a diabetic patient even if there is only 2-vessel coronary disease.












Diabetes

Most Common Cause of End-Stage Renal Disease in United States


	Screen all diabetics annually for proteinuria (detectable on standard dipstick when >300 mg/24 hrs.

	Microalbuminuria is defined as 30–300 mg.

	All those with proteinuria should receive treatment with an ACE inhibitor or ARB.
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Figure 2-10. Pathophysiology of DKA
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Figure 2-11. Diabetic Foot Ulcer




NOTE

On the exam, you will be provided with the ASCVD risk score and will not have to calculate.




NOTE

Macrovascular complications are the most common cause of death in patients with DM. About 75% of deaths result from myocardial infarction, congestive failure, or stroke.




NOTE

The most common pattern of dyslipidemia in patients with type 2 diabetes is elevated triglyceride and decreased HDL cholesterol.



Hypoglycemia

Glucose is the primary energy source of the brain. Symptoms of low glucose can result from excessive secretion of epinephrine, leading to sweating, tremor, tachycardia, anxiety, and hunger. Hypoglycemia can also result from dysfunction of the CNS, leading to dizziness, headache, clouding vision, blunted mental activity, loss of fine motor skills, convulsions, and loss of consciousness.

There is no uniform correlation between a given level of blood sugar and symptoms. Major symptoms in normal persons may not be seen until blood sugar 20 mg/dL.


	
Postprandial hypoglycemia (reactive) can be secondary to alimentary hyperinsulinism (after gastrectomy, gastrojejunostomy, pyloroplasty, or vagotomy), idiopathic, and galactosemia.

	
Fasting hypoglycemia, caused by:

	Conditions related to the underproduction of glucose, such as hormone deficiencies (panhypopituitarism, adrenal insufficiency), enzyme defects, substrate deficiency (severe malnutrition, late pregnancy), acquired liver disease, or drugs (propranolol, salicylates)

	Conditions related to overutilization of glucose: hyperinsulinism (which can occur secondary to insulinoma, exogenous insulin, sulfonylureas, drugs [quinine], endotoxic shock, and immune disease with insulin receptor antibodies) and conditions where insulin levels are appropriate, such as extrapancreatic tumors and rare enzyme deficiencies





	
Hypoglycemia caused by insulinoma (pancreatic B-cell tumor): 90% of these tumors are single and benign. Symptoms include findings of subacute or chronic hypoglycemia, e.g., blurred vision, headache, slurred speech, and weakness. Symptoms occur in the early morning or late afternoon or after fasting or exercise.

	Factitious hyperinsulinism (common) is caused by self-administration of insulin or ingestion. Most often, patients work in a health profession or have access to drugs through a diabetic family member. A triad of hypoglycemia, high immunoreactivity, insulin, and suppressed plasma C-peptide is pathognomonic of exogenous insulin administration.

	Ethanol-induced hypoglycemia can occur with prolonged starvation, when glycogen reserves become depleted in 18–24 hours and hepatic glucose output depends completely on gluconeogenesis. Ethanol at a concentration of 45 mg/dL can induce hypoglycemia by blocking gluconeogenesis.








NOTE

A sulfonylurea screen must be checked before insulinoma can be diagnosed.



Diagnosis is made with serum insulin ≥8 mg/mL in the presence of blood glucose <40 mg/dL (i.e., inappropriately high serum insulin level when glucose is low), noted spontaneously or during a prolonged fast (72 hours). CT scan, U/S, and arteriography may be useful for detecting the tumor(s).

Treatment is surgery, diet, and medical therapy.

Table 2-5. Differential Diagnosis of Insulinoma and Factitious Hyperinsulinism










	Test
	Insulinoma
	Exogenous Insulin
	Sulfonylureas





	Plasma insulin
	High (usually <200 µU/mL)
	Very high (usually >1,000 µU/mL)
	High



	Proinsulin
	Increased
	Normal or low
	Normal



	C peptide
	Increased
	Normal or low
	Increased



	Insulin antibodies
	Absent
	+/– Present
	Absent



	Plasma or urine sulfonylurea
	Absent
	Absent
	Present






Clinical Recall

Which of the following medications is contraindicated in patients with acute pulmonary edema with an ejection fraction of 25%?


	Glyburide

	Metformin

	Rosiglitazone

	Exenatide

	Sitagliptin



Answer: C



DISEASES OF THE ADRENAL GLAND

The adrenal gland is divided into 2 areas: the cortex and medulla.


	
Cortex

	
Outer zone (glomerulosa), the site of aldosterone synthesis

	
Central zone (fasciculata), the site of cortisol synthesis

	
Inner zone (reticularis), the site of androgen biosynthesis





	Medulla



The disorders of hyperfunction of the gland are associated with specific hormones:


	
Cushing syndrome: increased cortisol

	
Hyperaldosteronism: increased aldosterone

	
Virilization in women: increased adrenal androgens




[image: Image]
Figure 2-12. Adrenal Cortex Regions



Hyperfunctioning of the Gland

Cushing Syndrome

Cushing syndrome results from prolonged exposure to increased cortisol or related corticosteroids. The most common causes are exogenous, iatrogenic, and those secondary to the prolonged use of glucocorticoids. Etiologies include:


	
ACTH-dependent

	ACTH-secreting pituitary adenomas (Cushing syndrome)

	Ectopic ACTH-secreting carcinoma (small cell lung carcinoma, bronchial carcinoid, pheochromocytoma, medullary thyroid carcinoma)





	
ACTH-independent

	Adrenal adenoma

	Adrenal carcinoma







Clinical Findings.


	Deposition of adipose tissue in characteristic sites such as upper fat, moon facies; interscapular buffalo hump; and mesenteric bed, truncal obesity

	Hypertension, muscle weakness, and fatigability related to mobilization of peripheral supportive tissue

	Osteoporosis caused by increased bone catabolism

	Cutaneous striae and easy bruisability

	Acne, hirsutism, oligomenorrhea, and amenorrhea (women) due to increased adrenal androgen secretion

	Glucose intolerance (common, with 20% of patients having diabetes)

	Hypokalemia (due to the mineralocorticoid effect of the steroids; usually not clinically significant) and leukocytosis

	Renal calculi from increased calcium

	Glaucoma

	Increased susceptibility to infections



Diagnosis. If there are clinical manifestations of cortisol excess, do low-dose DXM suppression test (1 mg of oral DXM at bedtime and test early AM). Cortisol suppressed to <5 μg/dL is normal.


	If cortisol >5.0μg/dL, confirm with 24-hr urine free cortisol (more sensitive).

	Upon confirmation, do high-dose DXM suppression test (8 mg oral DXM)

	Cortisol >50% suppression suggests pituitary Cushing disease; confirm with pituitary MRI

	Cortisol <50% suppression suggests ectopic or adrenal Cushing; test ACTH level to differentiate

	Decreased ACTH suggests adrenal Cushing (adenoma, hyperplasia, tumor); confirm with adrenal CT

	Increased ACTH suggests ectopic Cushing (paraneoplastic condition); confirm with chest CT












NOTE

A single, random cortisol level is not reliable.


	
High plasma ACTH suggests a pituitary or ectopic source.

	
Low plasma ACTH suggests an adrenal tumor or hyperplasia.





Treatment.


	Medical therapy (not long-term solution) in preparation for surgery or after unsuccessful surgery

	Hypertension: eplerenone, spironolactone (potassium-sparing diuretics)

	Adrenal steroidogenesis inhibitor (mitotane, a steroidogenesis inhibitor and cytostatic antineoplastic) and ketoconazole (blocks SCC, 17α, 17,20, 11β) or metyrapone (blocks 11β) to block cortisol production if mitotane is not recommended

	Mifepristone to block cortisol and progesterone receptors

	Somatostatin analog (pasireotide) to reduce ACTH

	Dopamine-receptor agonist (cabergoline)





	Surgery

	
Pituitary Cushing: trans-sphenoidal microadenomectomy (nearly 70% success rate with no other pituitary hormonal deficiency)

	
Adrenal Cushing: adrenalectomy (glucocorticoid and mineralocorticoid replacement)

	
Ectopic Cushing: treat neuroendocrine tumor








[image: Image]
Figure 2-13. Diagnosis and Management for Cushing Syndrome



Hyperaldosteronism

Hyperaldosteronism is associated with hypersecretion of the major adrenal mineralocorticoid, aldosterone. The normal function of aldosterone is to reabsorb sodium and excrete potassium and acid (H+). There are 2 types of disease:


	
Primary aldosteronism, in which the excessive aldosterone is produced by adrenal adenoma (70%) or adrenal hyperplasia (30%)

	
Secondary aldosteronism, in which the stimulus is extraadrenal

	Elevated renin level, caused by a low effective circulating volume

	Seen in renal artery stenosis because there is low blood flow into the kidney; also seen in cirrhosis and CHF

	Edema








[image: Image]
Figure 2-14. Mechanism of Hyperaldosteronism



Clinical Presentation.


	
Primary hyperaldosteronism

	Hypertension and low potassium

	Muscle weakness, polyuria, and polydipsia due to the hypokalemia

	Metabolic alkalosis due to increased hydrogen ion (H+) excretion (aldosterone causes alkalosis)

	Edema (rare because of sodium release into the urine)





	
Secondary hyperaldosteronism

	Edema and ascites

	Volume-overload, but the effective circulating volume is low, leading to elevated secretion of renin







Table 2-6. Clinical Findings in Primary and Secondary Aldosteronism









	
	Primary Aldosteronism
	Secondary Aldosteronism





	Diastolic hypertension
	+
	–



	Muscle weakness
	+
	+/–



	Polyuria, polydipsia
	+
	+/–



	Edema
	–
	+/–



	Hypokalemia
	+
	+



	Hypernatremia
	+
	–



	Metabolic alkalosis
	+
	+





Diagnosis.


	Preliminary screen with plasma aldosterone concentration (PAC) and plasma renin activity (PRA): a positive screen is PAC/PRA ratio >20:1 and PAC >15 ng/dL


	Confirmatory screen with an NaCl challenge via normal saline, NaCl tabs, or fludrocortisone: if PAC is still elevated, this confirms the diagnosis

	CT or MRI to evaluate the adrenal glands

	Bilateral adrenal venous sampling (done before surgery even if CT reveals an adrenal mass)

	Can be an incidental finding, and there may be bilateral adrenal hyperplasia

	If both adrenal veins have high secretion of aldosterone, do not remove the adrenal mass; the diagnosis is bilateral adrenal hyperplasia and the mass is an incidental finding








NOTE

Half of patients with primary hyperaldosteronism do not have hypokalemia. Think of this diagnosis when BP is difficult to control or patient is very young.



Bartter syndrome (a cause of secondary hyperaldosteronism without edema or hypertension) is caused by a defect in the loop of Henle, in which it loses NaCl. The etiology is a defect in the Na-K-2Cl cotransporter, and the result is due to the chronic ingestion of furosemide Symptoms include juxtaglomerular hyperplasia, normal to low BP (but no edema), severe hypokalemic alkalosis, defects in renal conservation of sodium or chloride, and renal loss of sodium—all of which stimulate renin secretion and aldosterone production.


NOTE

Testing can be done on patients who are taking any antihypertensive agent, except for spironolactone and eplerenone.



Treatment.


	Surgical removal for adenomas

	Spironolactone or eplerenone for bilateral hyperplasia, to block aldosterone



Syndromes of Adrenal Androgen Excess

Syndromes of adrenal androgen excess result from excess production of dehydroepiandrosterone (DHEA) and androstenedione, which are converted to testosterone in extraglandular tissues. The elevated testosterone accounts for most androgenic effects.

Hirsutism, oligomenorrhea, acne, and virilization and common symptoms.

The etiology includes congenital adrenal hyperplasia, adrenal adenomas (rare), and adrenal carcinomas.

Congenital Adrenal Hyperplasia

Congenital adrenal hyperplasia (CAH) (most common adrenal disorder of infancy and childhood) is associated with increased adrenal androgen production due to enzymatic defects. It is the result of autosomal recessive mutations, which produce deficiencies of enzymes needed for cortisol synthesis.


	21-hydroxylase deficiency (21-OHD) (95% of cases)

	11 beta-hydroxylase deficiency: the mineralocorticoid manifestations can be ‘biphasic’

	In early infancy, despite having excessive mineralocorticoid hormones, patients may present with relative ‘salt-wasting’ (aldosterone deficiency). That is because some infants have inefficient salt conservation as well as immature aldosterone production. During this phase, infants can present with hypotension and hyperkalemia (similar to 21 hydroxylase deficiency).

	Later in life, there is a better ability to hold onto salt, so patients develop typical 11 beta-hydroxylase deficiency syndrome (hypertension and hypokalemia).





	17-alpha-hydroxylase deficiency, characterized by hypogonadism, hypokalemia, and hypertension resulting from increased production of 11-deoxycorticosterone

	Reduced aldosterone secretion (35% of cases)

	Adrenal virilization, with or without an associated salt-losing tendency, owing to aldosterone deficiency, which leads to hyponatremia, hyperkalemia, dehydration, and hypotension



Females with CAH are born with ambiguous external genitalia (female pseudohermaphroditism), enlarged clitoris, and partial or complete fusion of the labia.

Postnatally, CAH is associated with virilization. Patients may be male at birth with macrogenitosomia; postnatally this is associated with precocious puberty.

Diagnosis. CAH should be considered in all infants exhibiting failure to thrive, especially those with episodes of acute adrenal insufficiency, salt wasting, or hypertension. Testing includes serum testosterone, androstenedione, dehydroepiandrosterone, 17-hydroxyprogesterone, urinary 17-ketosteroid, and pregnanetriol.

Treatment is glucocorticoid (hydrocortisone) replacement.


NOTE

The ‘biphasic’ presentation is rare. When you think about 11 deficiency, think mineralocorticoid excess (hypertension and hypokalemia) with low cortisol production (remember you need C-11 for the final step in converting to cortisol).




Clinical Recall

An elderly, obese, diabetic patient presents with LDL 150 mg/dL. Which medication should be given at this time?


	Niacin

	Atorvastatin

	Gemfibrozil

	Lisinopril

	Gabapentin



Answer: B



Adrenal Incidentaloma

Adrenal incidentaloma is an incidental adrenal mass found on abdominal CT that has been done for an unrelated reason (e.g., abdominal pain). The first step is to determine if it is malignant:


	Irregular borders

	Size >4 cm

	Hounsfield units >10 (hyper density)



If it appears malignant, treatment is surgical removal. If it is benign (smooth borders, <4 cm, <10 HU), treatment is biochemical testing:


	If BP is normal, do a 1 mg dexamethasone suppression test to evaluate for subclinical Cushing syndrome and a 24-hr urine metanephrine and catecholamine test to evaluate for pheochromocytoma.

	If there is hypertension or hypokalemia, do all of the following tests:

	Plasma aldosterone-plasma renin ratio (to look for primary hyperaldosteronism)

	1 mg dexamethasone suppression test (to look for subclinical Cushing syndrome)

	24-hr urine metanephrine and catecholamine (to look for pheochromocytoma)



Hypofunctioning of the Gland

Adrenal Insufficiency

Adrenal insufficiency can be divided into primary adrenocortical insufficiency and secondary failure in the elaboration of ACTH.


NOTE

Half of patients with autoimmune adrenal insufficiency will have other autoimmune disorders, e.g., type I DM, pernicious anemia, celiac sprue, and vitiligo.




	
Primary adrenocortical insufficiency (Addison disease) is a slow, usually progressive disease due to adrenocorticoid hypofunction. The etiology can be secondary to anatomic destruction of the gland (chronic and acute). Autoimmune destruction accounts for 80% of cases.

	Idiopathic atrophy is the most common cause of anatomic destruction, and autoimmune mechanisms are probably responsible.

	Anatomic destruction can also be secondary to surgical removal, infection (TB, fungal, cytomegalovirus), hemorrhagic, trauma, and metastatic invasion.

	Metabolic failure in hormone production can also lead to Addison disease and can be secondary to CAH, enzyme inhibitors, and cytotoxic agents (mitotane).





	
Secondary adrenal insufficiency is caused by a lack of ACTH from a pituitary source (commonly a discontinuation of exogenous glucocorticoid therapy).




NOTE

Adrenal crisis may occur in the following situations:


	Previously undiagnosed patient with adrenal insufficiency who has undergone surgery/serious infection/major stress

	Bilateral adrenal infarction or hemorrhage

	Patient who is abruptly withdrawn from chronic glucocorticoid therapy





Clinical Findings.


	
Primary: weakness, paresthesias, cramping, intolerance to stress, and personality changes such as irritability and restlessness

	Chronic disease: small heart; weight loss; sparse axillary hair; hyperpigmentation of the skin (as diffuse brown, tan, or bronze darkening of both exposed and unexposed body parts); arterial hypotension (often orthostatic owing to lack of effect of cortisol on vascular tone); abnormalities of GI function (from mild anorexia with weight loss to vomiting/diarrhea and abdominal pain)

	Acute disease: fever; hypotension; low sodium with high potassium; mild acidosis





	
Secondary: similar symptoms to primary, but with the following exceptions

	No hyperkalemia because ACTH has no control of aldosterone secretion (angiotensin II and serum potassium do)

	No hyperpigmentation because ACTH levels will be low








NOTE

A healthy person should show a brisk rise in cortisol level after ACTH administration.



In severe adrenal insufficiency (adrenal crisis), fever, vomiting, abdominal pain, altered mental status, and vascular collapse may occur.

Diagnosis.


	Rapid ACTH administration and cortisol measurement (obtain cortisol before ACTH)

	WBC count with moderate neutropenia, lymphocytosis, and eosinophilia

	Elevated serum potassium and urea nitrogen

	Low sodium

	Low blood glucose

	Low morning plasma cortisol




[image: Image]
Figure 2-15. Diagnosis of Adrenal Insufficiency



Treatment is hydrocortisone to replace glucocorticoids and fludrocortisone to replace mineralocorticoids (only for primary, not secondary). In high stress states such as sepsis and MI, increase the hydrocortisone dose significantly.

With adrenal crisis, get a cortisol level and then rapidly administer fluids and hydrocortisone.

Pheochromocytoma

Pheochromocytoma is a rare, usually benign, tumor that arises from the chromaffin cells of the sympathetic nervous system. It occurs in ~0.1% of the hypertensive population.


NOTE

Remember the rule of 10% with pheochromocytoma.


	10% extraadrenal

	10% malignant

	10% in children

	10% bilateral or multiple (> right side)

	10% not associated with hypertension






	Familial pheochromocytoma (5% of cases) is transmitted as an autosomal dominant trait alone or in combination with MEN type IIa or IIb, von Recklinghausen neurofibromatosis, or von Hippel-[Lindau retinal cerebellar hemangioblastomatosis.

	Secretion of dopamine occurs more in familial syndromes and is not associated with hypertension.

	Secretion of epinephrine causes tachycardia, sweating, flushing, and hypertension.

	Norepinephrine is secreted by all extraadrenal tumors.



Clinical Findings.


	Paroxysms or crisis (>50% of patients)

	Headache, profuse sweating, palpitations, and apprehension (common)

	Pain in the chest or abdomen, associated with nausea/vomiting

	Elevated BP with tachycardia in crisis (40% of patients have elevated BP only during the attack and 60% have stable hypertension)

	Anxiety, tremor

	Weight loss

	Orthostatic hypotension

	Mild hyperglycemia (30% of patients)

	Death prior to diagnosis, often due to cardiac arrhythmia and stroke (>33% of cases)



Characteristic lesions include:


	
Adults: unilateral, solitary lesion (80%) with 10% bilateral and 10% extraadrenal

	Solitary lesions favor the right side.

	Extraadrenal pheochromocytomas are mostly located within the abdomen and near the celiac, superior mesenteric, and inferior mesenteric ganglia.





	
Children: 25% bilateral and 25% extraadrenal



Diagnosis is made with the following testing:


	
When pre-test probability is low (e.g., lack of symptoms or adrenal mass without typical [e.g., vascular] radiographic findings): 24-hour urinary catecholamines, metanephrines, VMA

	
When clinical suspicion is high: plasma metanephrine (but false-positives are common)

	
Best test overall: 24-hour urinary metanephrines

	If catecholamines or metanephrines are abnormal, confirm the tumor with CT or MRI; if location of pheochromocytoma is still not revealed, do an MIBG scan




[image: Image]
Figure 2-16. Pheochromocytoma



The differential diagnosis of pheochromocytoma includes essential hypertension, anxiety attacks, factitious crisis, intracranial lesions, and autonomic epilepsy.

Treatment.


	Alpha-adrenergic blockade, phentolamine, and/or phenoxybenzamine to control BP and prevent a hypertensive crisis (since high circulating catecholamine levels stimulate alpha receptors on blood vessels and cause vasoconstriction)

	Beta blockers if significant tachycardia occurs after alpha blockade

	Do not give beta blockers until adequate alpha blockade has been established, since unopposed alpha-adrenergic receptor stimulation can precipitate a hypertensive crisis.

	Noncardioselective beta blockers (propranolol, nadolol) are the usual choice, though cardioselective agents (atenolol, metoprolol) may be used.

	Labetalol has been associated with paradoxic episodes of hypertension; thought to be secondary to incomplete alpha blockade.





	Surgical removal of the pheochromocytoma (curative) only after BP has been stabilized; to control BP during surgery, use IV phentolamine—a rapid-acting alpha-adrenergic antagonist.
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