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Notice

Medicine is an ever-changing science. As new research and clinical exp erience broaden our knowledge, changes in treatment and drug therapy are required. The authors
and the publisher of this work have checked with sources believed to be reliable in their efforts to provide information that is complete and generally in accord with the
standards accepted at the time of publication. However, in view of the possibility of human error or changes in medical sciences, neither the authors nor the publisher
nor any other party who has been involved in the preparation or publication of this work warrants that the information contained herein is in every respect accurate or
complete, and they disclaim all responsibility for any errors or omissions or for the results obtained from use of the information contained in this work. Readers are
encouraged to confirm the information contained herein with other sources. For example and in particular, readers are advised to check the product information sheet
included in the package of each drug they plan to administer to be certain that the information contained in this work is accurate and that changes have not been made
in the recommended dose or in the contraindications for administration. This recommendation is of particular importance in connection with new or infrequently used
drugs.
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Introduction

Each PreTest " Self-Assessment and Review is designed to allow allopathic and osteopathic medical students, as well as international medical graduates, a
comprehensive and convenient way to assess and review their knowledge of a particular medical science, in this instance, physiology. The 500 questions have been

organized to parallel the Content Outline for the United States M edical Licensing Examination (USM LETM) Step 1

(http://www.usmle.org/Examinations/step 1/step1_content.html). By familiarizing y ourself with the Step 1 Content Outline, you will get a more accurate idea of the
subject areas covered in each section. For example, acid-base and electrolyte balance and high-altitude physiology are topics covered under General Principles:
Multisystem Processes and oxy gen and carbon dioxide transport are covered in the chapter on the Physiology of the Hematopoietic and Lymphoreticular Systems,
rather than under Renal or Respiratory Physiology, respectively, where you likely learned them during y our medical school education. In addition to guiding y our
preparation for Step 1, the value of organizing the questions according to the Step 1 Content Outline is that the National Board of M edical Examiners (NBM E) score
reports that are given to each examinee provide relative performance in each of the various areas tested by the USMLE Step 1. Thus, when you eventually find out
how you performed in each category, you will have a more accurate understanding of your areas of strength and weakness.

Physiology: PreTest" has been updated to include more two-step questions that require test-takers to not only make a diagnosis based on the clinical vignette

presented, but also demonstrate their knowledge of the physiology /pathophysiology of the disorder. In this way, the questions in Physiology PreT est more closely
parallel the length and the degree of difficulty of the questions that you should expect to find on the USMLE Step 1.

Physiology: PreTest" will also be a valuable resource for osteopathic medical students studying for the Comprehensive Osteopathic M edical Licensing Examination
(COMLEX)-USA. Similar to Step 1 of the USMLE, Level 1 of the COM LEX-USA, administered by the National Board of Osteopathic M edical Examiners, Inc.,
emphasizes an understanding of the basic science mechanisms underly ing health and disease, and is constructed with clinical presentations in the context of medical
problem solving (http:/www.nbome.org).

Each question in Physiology: PreTest is followed by multiple answer options. For each question, select the one best answer from the choices given. The Question
section of each chapter is followed by an Answers section that provides the correct answer for each question, along with an explanation. The explanation provides the
reason why the correct answer is correct and, in most cases, the reasons why the wrong answers are wrong. The explanations also provide additional information
relevant to the clinical vignette and its underlying basic and clinical science. The references accompany ing each question are from excellent physiology,
pathophysiology, internal medicine, and Step 1 preparation textbooks. Step 1 is the first of three exams required for medical licensure in the United States. Although it
is a test that examines knowledge of the basic sciences, the expectation is that you can apply the basic knowledge in clinical problem solving. By using clinical
vignettes and clinical reference texts, our hope is that your preparation for the USMLE Step 1 (and/or COMLEX-USA Level 1) will also serve to enhance your ability
to function competently in the clinical environment. The material in the referenced pages will provide a more expansive description of the subject matter covered by
the question.

One effective way to use the PreT est is to use it as a review for each topic area. Start by reading the High-Yield Facts on a selected topic found at the beginning of
the book. The High-Yield Facts are not meant to be a complete list of all of the important facts, concepts, and equations necessary for understanding physiology.
Those that are included, however, offer a solid foundation and should be included in y our review of physiology in preparation for a class test or for the USM LE Step
1. Once you’ve completed your reading on a topic, answer the questions for that chapter. As you check your answers, be sure to read the explanations, as they are
designed to reinforce and expand on the material covered by the questions. If you are still unsure of why the correct answer is correct, you should also read the

referenced text pages. PreTest can also be used as a practice testing session. Set aside two-and-a-half hours, and answer 150 of the questions, writing the answers on
a separate sheet of paper. Once you have completed all 150, then you can go back and compare your answers to the ones provided in the book. This exercise will help
you assess your level of competence and confidence prior to taking the USMLE Step 1. Whichever way you use PreTest , an important part of your review can be
found in the explanations.

We wish you the very best on your examination, your clinical training, and y our medical career. Keep in mind that there is a PreTest " available for the other basic

sciences, as well as in each of the required clinical disciplines, so you are encouraged to make the PreTesf series your review books of choice throughout the
preclinical and clinical portions of the medical school curriculum, as well as during y our preparation for Step 1 and Step 2 Clinical Knowledge (CK) of the USM LE or
for the COMLEXUSA Level 1 and Level 2-Cognitive Evaluation (CE).
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http://www.nbome.org
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High-Yield Facts in Physiology

GENERAL PRINCIPLES: CELLULAR PHYSIOLOGY
(References: Barrett et al., pp 7-10, 35-66. Le et al., pp. 226, 230-231. Widmaier et al., pp 12-13, 45-56, 95-134.)

Membrane Transport Mechanisms

The transport of ions, gases, nutrients, and waste products through biological membranes is essential for many cellular processes. M embrane transp ort mechanisms
can be classified as passive (do not require energy input, as with simple diffusion or facilitated diffusion) and active transport (requires energy input). M embrane
transport mechanisms can also be classified as either simple diffusion (does not require a membrane transporter, eg, diffusion through the lipid bilayer or diffusion
through ion channels) or mediated transport (requiring an integral membrane protein transporter, as with facilitated diffusion or active transport).

Diffusion is defined as the net flux of a substance from an area of higher concentration to an area of lower concentration from movement solely by random thermal
motion, which does not require energy input.

Facilitated diffusion is a type of mediated transport, but it is a passive process in which carrier proteins move substances in the direction of their electrochemical
gradients (eg, glucose transport in adipose tissue and muscle).

Active transport is a carrier-mediated transport process that requires energy to transport substances against their electrochemical gradients. The most important

primary active transporter in mammalian cells is the Na+ 7K+ pump, which generates energy from the hydrolysis of ATP. Secondary active transport processes derive

their energy from ion gradients. One example is the glucose transporter, which uses energy derived from the Na+ electrochemical gradient.

Table 1 summarizes the major characteristics of the various membrane transport processes. Note that nonpolar substances, such as oxy gen, carbon dioxide, and
fatty acids, are transported by simple diffusion through the lipid bilayer of biological membranes. Ions and hydrophilic solutes, which do not readily cross the lipid
bilayer, utilize an integral membrane protein to cross the membrane either via diffusion through a protein channel or via a carrier-mediated transport process.

TABLE 1. MAJOR CHARACTERISTICS OF MEMBRANE TRANSPORT MECHANISMS

Diffusion Diffusion Primary Secondary
Through Lipid  Through lon Facilitated Active Active
Bilayer Channel Diffusion Transport Transport

Direction of net flux

High-to-low

High-to-low

High-to-low

Low-to-high

Low-to-high

concentration concentration ~ concentration concentration  concentration
Use of energy, No, passive No, passive No, passive Yes, ATP Yes, ion gradient
energy source
Equilibrium or steady G=G =iy G=0 GG Ca2 G
state
Uses integral membrane ~ No Yes Yes Yes Yes
protein
Exhibits saturation No No Yes, mediated Yes, mediated  Yes, mediated
kinetics transport transport transport
Chemical specificity No Yes Yes Yes Yes
Typical molecules using ~ Nonpolar: O, lons: Na", Polar: glucose  ons: Na”, Polar: amino
pathway CO,, fattyacids ~ K*, Ca** K. Ca H acids, glucose,

some 10ns

“In the presence of a membrane potential, the intracellular and extracellular ion concentrations will not be equal at equilibrium.
(Modified, with permission, from Widmaier EP. Raft H, Strang KT. Vander’s Human Physiology: The Mechanisms of Body Function. 11th ed. New York, NY:
MecGraw-Hill; 2008:108.)

The kinetics of diffusion versus carrier-mediated transport processes vary, as depicted in Figure 1.
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Figure 1

Simple diffusion of a substance is described by the Fick equation, as follows:
Net flux = A x ([S1] = [52]) x D/d

where
A is the area available for diffusion,
[S;]1— [S,] is the concentration gradient of the substance across the membrane,
d is the distance for diffusion,
D is the diffusion coefficient of the substance,

= solubility coefficient/vgram molecular weight of the substance.

According to the Fick equation, substances will diffuse more rapidly if the substance has a smaller mass, if the surface area for diffusion is increased, and if the
concentration of the substance in one region greatly exceeds the concentration in the other region. For diffusion across membranes, the magnitude of the net flux is also
directly proportional to the membrane permeability coefficient for the molecule.

Mediated transport exhibits saturation kinetics described by the Michaelis—M enten equation, as follows:
Net flux=V__, X [SI/K_ + [9]

where V. is the maximal rate of transport, [S] is the concentration of the transported substance, and K, is the concentration required for half-maximal transport of
the substance.

Osmosis is a term given to the passive diffusion of water across a semip ermeable membrane from a compartment in which the chemical potential of water is higher
(solute concentration is lower) to a compartment in which the chemical potential of water is lower (solute concentration is higher), as depicted in Figure 2. A
semip ermeable membrane is permeable to water but impermeable to solutes.
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Figure 2

Diagrammatic representation of osmosis. Water molecules are the open circles, and solute molecules are the closed circles. Osmosis is the passive flow of water
molecules across a semip ermeable membrane from a compartment in which the chemical potential of water is higher (solute concentration is lower) to a compartment
in which the chemical potential of water is lower (solute concentration is higher). (Reproduced, with permission, from Ganong WF. Review of Medical Physiology.
22nd ed. New York, NY: M cGraw-Hill; 2005:5.)

The flow of water through membranes by osmosis is described by the osmotic flow equation:



Flow=0 XL % {®; — I,

where o is the reflection coefficient, L is the hydraulic conductivity, and m; — m, is the osmotic pressure difference across membrane.

The reflection coefficient (o) is an index of the membrane’s permeability to a solute and varies between 0 and 1. Particles that are impermeable to the membrane
have a reflection coefficient of 1. Particles that are freely permeable to the membrane have a reflection coefficient of 0.

The osmotic pressure (m) of a solution is the pressure necessary to prevent solute migration. The osmotic pressure (in units of mm Hg) is calculated with the van’t
Hoff equation:

=R T (gic)

where R is the ideal gas constant, T is the absolute temperature, ¢ is the osmotic coefficient, i is the number of ions formed by the dissociation of a molecule, ¢ is the
molar concentration of solute, and (ic) is the osmolarity of the solution.

The value of i is 1 for nonionic substances such as glucose and urea; 2 for substances such as HC1, NaCl, KCI, NH, Cl, NaHCO3, and M gSO,; and 3 for
compounds such as CaCl, and M gCl,.

A value of 1 is often used as an approximate value of ¢. Thus, the osmolarity and osmotic pressure of 1 M CaCl, > 1 M NaCl > 1 M glucose. Similarly, a 1 M
solution of glucose has approximately the same osmolarity and osmotic pressure as 0.5 M NaHCO; or 0.33 M M gCl,.

One osmol is equal to 1 mol of solute particles. The osmolarity is the number of osmoles per liter of solution, whereas the osmolality is the number of osmoles per
kilogram of solvent. In the body, osmolal concentrations are expressed as osmoles per kilogram of water.

The plasma membranes of most cells are relatively impermeable to many of the solutes of the extracellular fluid (ECF) but are highly permeable to water. Thus, the
movement of water by osmosis leads to swelling or shrinking of cells.

The term tonicity is used to describe the osmolarity of a solution of nonpenetrating substances relative to plasma. Solutions of nonpenetrating solutes that have the
same osmolarity as plasma (~300 mOsm/L) are isotonic; solutions containing greater than 300 mOsm of nonpenetrating solutes are hypertonic; and those containing
less than 300 mOsm of non-penetrating solutes are hypotonic.

As shown in Figure 3, cells shrink when placed in hypertonic solutions and swell when placed in hypotonic solutions.
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Figure 3

Cell volume changes with hypertonic, isotonic, and hypotonic solutions. (Reproduced, with permission, from Widmaier EP, Raff H, Strang KT. Vander’s Human
Physiology: The Mechanisms of Body Function. 11th ed. New York, NY: M cGraw-Hill; 2008:111.)

The steady -state volume of a cell can be calculated as follows:
Tnitial X Vinitial = Thnat X Vinal
Isotonic solutions are commonly used for intravenous fluid administration and as drug diluents because administration of an isotonic solution does not produce
changes in cell volume, that is, no net water movement. Isotonic saline has a concentration of 154 mM NaCl, containing 154 x 2 or 308 mM of osmotically active

particles. An isotonic solution of glucose is a 5% dextrose solution.

Another set of terms—isosmotic, hyperosmotic, and hypoosmotic— denotes the osmolarity of a solution relative to that of normal ECF independent of whether

the solute is penetrating or nonpenetrating. For example, a solution containing 150 mOsm each of nonpenetrating Na+ and Cl and 100 mOsm of the penetrating solute
urea, which can readily cross cell membranes, would have a total osmolarity of 400 mOsm (hyperosmotic), but a tonicity of 300 mOsm (isotonic), and thus there
would be no net change in the volume of a cell immersed in the solution.

Intercellular Connections and Communication

Two types of connections form between the cells comprising a tissue. One type of junction serves to fasten the cells to one another and to surrounding tissues.
Examples of fastening junctions that lend strength and stability to tissues include tight junctions or zona occludens, desmosomes, and zona adherens, as well as
hemidesmosomes and focal adhesions, which attach cells to their basal laminas.

The other type of connection between cells serves the purpose of transferring ions and other molecules from cell to cell, as well as the rapid propagation of
electrical activity. This type of intercellular connection, called a gap junction, is a dodecameric structure formed by the alignment of units called connexons in the
membranes of each cell. Each connexon is made up of six protein subunits called connexins, each of which has four membrane-spanning regions. Connexin mutations
are now known to cause almost 20 different human diseases, including X-linked Charcot—M arie-Tooth disease (Cx32), skin disorders such as Clouston syndrome
(Cx30) and erythrokeratoderma variabilis (Cx30.3 and Cx31), inherited deafness (Cx26, Cx30, and Cx31), cataracts (Cx46 and Cx50), and predisposition to my oclonic
epilepsy (Cx36) and arteriosclerosis (Cx37).

In addition to the direct cell-to-cell communication via gap junctions, cells communicate with each other via chemical messengers in the ECF by a number of
processes, including neural, endocrine, and paracrine communication.

In the case of intercellular communication mediated by chemical messengers in the ECF, there are generally “first messengers,” which constitute the extracellular
ligands that bind to receptors in the cell membrane, and “second messengers,” which are the intracellular mediators that bring about the changes in cell function
produced by binding of the “first messenger.” The principal mechanisms by which chemical messengers exert their intra-cellular effects are summarized in Table 2.

TABLE 2. PRINCIPAL MECHANISMS FOR INTRACELLULAR EFFECTS OF CHEMICAL MESSENG ERS



Mechanism

Examples

1. Open or close ion channels in cell
membrane

Acetylcholine on nicotinic
cholinergic receptor
Norepinephrine on cardiac K*

channel

. Act via cytoplasmic or nuclear
receptors to Increase transcription

of selected mRNAs

Thyroid hormones
Steroid hormones
Retinoic acid

1,25-dihydroxycholecalciferol

. Gy-mediated activation of
phospholipase C with intracellular
production of diacylglycerol
(DAG) (which activates

protein kinase C) and inositol
triphosphate (IP;) (which increases
intracellular [Ca*] in smooth
muscle)

Acetylcholine acting on M; and M,
receptors

Angiotensin II

Histamine via H, receptor
Norepinephrine via o,-adrenergic
receptor

Vasopressin via V, receptor

. Gs-mediated activation of adenylyl
cyclase, causing increased
intracellular production of
cyclic AMP with corresponding
activation of protein kinase A,
which increases intracellular [Ca
in heart and myosin light-chain

2+]

kinase in smooth muscle

Dopamine via D, receptor
Histamine via H, receptor
Norepinephrine via B, and f3,
adrenergic receptors
Vasopressin via V, receptor




5. Gy-mediated inhibition of adenylyl * Acetylcholine acting on M, receptor

cyclase, causing decreased * Dopamine via D, receptor
intracellular production of * Norepinephrine via o;-adrenergic
cyclic AMP with corresponding receptor

inactivation of protein kinase

A, which decreases intracellular
[Ca**] in heart and myosin light-
chain kinase in smooth muscle

6. Increase cyclic GMP in cell, which * Atrial natriuretic peptide
activates cGMP-dependent protein * Nitric oxide

kinase

7. Increase tyrosine kinase activity * Insulin
of cytoplasmic portions of » Growth factors (EGE PDGF)
transmembrane receptors * Monocyte colony-stimulating factor

8. Increase serine or threonine kinase « TGF-f
activity * Activins and inhibins

(Modified, with permission, from Barrett et al. Ganong’s Review of Medical Physiology. 24th ed.
MNew York, NY: McGraw-Hill; 2012:56 and Le et al. First Aid for the USMLE Step 1 2013. New York,
NY: McGraw-Hill; 2013:230-231.)

GENERAL PRINCIPLES: MULTISYSTEM PROCESSES

(References: Barrett et al., pp 3-8, 316-320, 650-651, 697-719. Kaufman et al., pp 239-256. Levitzky, pp 163-188. Longo et al., pp 341-373. Widmaier et al., pp 5-19,
28-29, 417-433, 454-460, 490-515, 569-585.)

Body Fluid Compartments

Water is the most abundant constituent in the body. Total body water (TBW) is approximately 60% of lean body mass. The percentage of water in the body is a
function of body fat. The greater the percentage of body fat, the lower the percentage of body water.

As shown in Figure 4, TBW is distributed between intracellular and extracellular fluid compartments.
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Figure 4

Body fluid compartments with approximate contribution to percentage body weight. Arrows represent fluid movement between compartments. (Reproduced, with
permission, from Barrett et al. Ganong’s Review of Medical Physiology. 24th ed. New York, NY: M cGraw-Hill; 2012:5.)

o Intracellular fluid (ICF) comprises about two-thirds of TBW (40% of body mass).
* ECF is one-third of TBW (20% of body mass). The ECF water is further divided into:

* Plasma (intravascular) water, which comprises approximately one-fourth of ECF or one-twelfth of TBW (5% of body mass), and

* Interstitial (extravascular) water, which comprises approximately three-fourths of ECF or one-fourth of TBW (15% of body mass).

The composition of the extracellular and intracellular fluids is shown in Table 3. The distribution of substances between the intracellular and extracellular fluid is
unequal due to the membrane potential and the presence of various transporters and ion channels in the plasma membrane.

TABLE 3. ECF AND ICF COMPOSITION



Extracellular Intracellular
Substance Concentration (mM) Concentration (mM)*®

Na* 150 15

K* 5 150

Ca?t 1 0.0001
Mg** 1i5 12

g 40 x 107 100 x 10°°
Gl 110 7

HCO; 24 10

B 2 40

Amino acids 7l 8

Glucose 3.6 1

ATP 0 4

Protein 0.2 4

*The intracellular concentrations differ slightly from one tissue to another, but the concentrations shown
above are typical of most cells. For Ca**, values represent free concentrations. Total calcium levels,
including the portion sequestered by proteins or in organelles, approach 2.5 mM (extracellular) and

1.5 mM (intracellular).

(Modified, with permission, from Widmaier EE, Raff H, Strang KT. Vanders Human Physiology: The
Mechanisms of Body Function. 12th ed. New York, NY: McGraw-Hill; 2011:106.)

The solute or particle concentration of a fluid is its osmolality. Water shifts between the ECF and ICF in order to maintain osmotic equilibrium between the two

compartments.

The normal range of plasma osmolality is 285 to 300 mOsnvkg, and the normal range of plasma osmolarity is 285 to 300 mOsm/L.

Because of the predominant role of the major solutes and the deviation of plasma from an ideal solution, plasma osmolarity can normally be estimated using the

following formula:

Osmolality (mOsm/L) = 2 [Na" in mEq/L] 4+ 0.055 [Glucose in mg/dL]

+ 0.36 [Blood urea nitrogen in mg/dL]

Fluid and Electrolyte Balance and Disorders

The extracellular osmolarity is controlled by antidiuretic hormone (ADH), also known as vasopressin. Increases in osmolarity stimulate the release of ADH from the
posterior pituitary gland. ADH returns osmolarity toward normal by decreasing the amount of water excreted by the kidney. When osmolarity is decreased, ADH
release is decreased and osmolarity is returned toward normal by increased water excretion. ADH is also secreted in response to low blood pressure. Under these
conditions, reabsorption of water by the kidneys can make the ECF hypotonic.

Plasma osmolality is elevated in:
* Dehydration

* Diabetes insipidus

* Hypernatremia

* Hyperglycemia

* Hypercalcemia

* Mannitol therapy

* Uremia

* Toxin ingestion (ethanol, methanol, ethylene glycol)

Plasma osmolality is decreased in:
* Addison disease

* Hyponatremia

* Hypothyroidism

* Syndrome of inappropriate antidiuretic hormone (SIADH)



* Overhydration

The extracellular volume is controlled by the NaCl content of the ECF. Hypovolemia, or volume depletion, generally refers to a state of combined salt and water

loss exceeding intake, leading to ECF volume contraction. The loss of Na may be renal or extrarenal (Table 4).

TABLE 4. CAUSES OF HYPOVOLEMIA

I. ECF volume contracted
A. Extrarenal Na* loss
1. Gastrointestinal (vomiting, nasogastric suction, drainage, fistula, diarrhea)
2. Skin/respiratory (insensible losses, sweat, burns)
3. Hemorrhage
B. Renal Na* and water loss
1. Diuretics
2. Osmotic dieresis
3. Hypoaldosteronism
4. Salt-wasting nephropathies
C. Renal water loss
1. Diabetes insipidus (central or nephrogenic)
I1. ECF volume normal or expanded
A. Decreased cardiac output
1. Myocardial, valvular, or pericardial disease
B. Redistribution
1. Hypoalbuminemia (hepatic cirrhosis, nephrotic syndrome)
2. Capillary leak (acute pancreatitis, ischemic bowel, rhabdomyolysis)
C. Increased venous capacitance
1. Sepsis

(Reproduced, with permission, from Fauci AS, Braunwald E, Kasper DL, et al. Harrison’s Principles of
Internal Medicine. 17th ed. New York: McGraw-Hill; 2008:276.)

NaCl content is controlled by aldosterone and atrial natriuretic peptide (ANP). Extracellular volume is monitored by low-pressure baroreceptors within the thoracic
venous vessels and the atria and by pressure receptors within the afferent arteriole of the kidneys. ANP release is controlled directly by stretch receptors within the
right atrium.

Aldosterone secretion is controlled by the renin—angiotensin system. Renin is released from the juxtaglomerular cells (JG cells) of the kidney in response to the
following:

* Decreased perfusion pressure within the afferent arteriole
 Sympathetic stimulation of the JG cells

* Decreased CI concentration in fluid bathing the macula densa

Renin catalyzes the conversion of angiotensinogen to angiotensin I. Angiotensin I is converted into angiotensin II by angiotensin-converting enzyme (ACE) located
within the lung. Angiotensin II stimulates aldosterone secretion from the adrenal cortex gland.

Hyponatremia, defined as a plasma sodium concentration <135 mEq/L, is a very common disorder occurring in more than 20% of hospitalized patients. The
disorder is almost always the result of an increase in circulating ADH and/or increased renal sensitivity to ADH. The underlying patho-physiology for the exaggerated
or inappropriate ADH response differs in hy ponatremic patients as a function of their ECF volume. Therefore, the causes of hyponatremia are subdivided into three
categories based on coexisting urine sodium and osmolarity and volume status (Table 5).

TABLE 5. CAUSES OF HYPONATREMIA



Urine Urine
Osmolality Sodium

Hypovolemic  Extrarenal: GI losses, skin losses, T l
lung losses, third spacing (fistula,
burns, vomiting, diarrhea,
Gl suction, edema, pancreatitis)
Renal: Diuretics, intrinsic renal T T
damage (including acute
tubular necrosis), partial urinary
tract obstruction, salt-wasting

nephropathies
Adrenal insufficiency (Addison) T T
[sovolemic Water intoxication d J
SIADH () i
Hypervolemic Congestive heart failure, liver G l

cirrhosis, and nephrotic syndrome

1 = decreased: T = increased.
(Reproduced, with permission, from Kaufman MS, Stead LG, Rusovici A. First Aid for the Medicine
Clerkship. 3rd ed. New York, NY: McGraw-Hill, 2010:246.)

Hypernatremia is defined as a serum sodium concentration greater than 145 mEq/L. The causes of hypernatremia are subdivided into three categories based on the
coexisting fluid status (Table 6).

TABLE 6. CAUSES OF HYPERNATREMIA



Urine
Osm

Urine
Sodium

Hypovolemic

Isovolemic
Hypervolemic

Renal loss: Osmotic diuresis
(glycosuria, urea), acute/chronic
renal failure, partial obstruction

Extrarenal loss: Hyperpnea,
excessive sweating

Extrarenal loss: Diarrhea, burns,
moderate sweating

latrogenic (bicarbonate, dialysis,
salt tablets)

Diabetes insipidus (from any cause)

Mineralocorticoid excess (eg, Conn
syndrome)

NA

— S5 S5 -

NA

7

— = o« =

N/

1 = decreased; T= increased; IN = normal.
(Reproduced, with permission, from Stead LG, Stead SM, Kaufman MS5, et al. First Aid for the Medicine
Clerkship. 2nd ed. New York, NY: McGraw-Hill; 2006:229.)

TABLE 7. CAUSES OF HYPOKALEMIA

+
Potassium is the major intracellular cation with a normal concentration of approximately 150 mmol/L (Table 3). Homeostatic mechanisms maintain plasma K
+ +
concentration between 3.5 and 5 mmol/L despite marked variations in dietary K intake. The ratio of intracellular to extracellular K (normally 38:1) is the principal

+ +
result of the resting membrane potential and is essential for normal neuromuscular function. Virtually all regulation of renal K excretion and total body K balance
occurs in the distal nephron. Potassium secretion is regulated by aldosterone. Aldosterone is secreted by the zona glomerulosa cells of the adrenal cortex in response to

+ + +
increases in extracellular K or angiotensin II, causing K secretion to increase. K transport into cells is increased by epinephrine and insulin.

The causes of hypokalemia, defined as a plasma K concentration less than 3.5 mEq/L, are shown in Table 7. The causes of hyperkalemia, defined as a plasma K’
concentration > 5 mEq/L, are shown in Table 8. Hypokalemia occurs in up to 20% of hospitalized patients, and is associated with a tenfold increase in in-hospital
mortality rates due to adverse effects on cardiac thythm. Hyperkalemia occurs in up to 10% of hospitalized patients; severe hyperkalemia (>6 mEq/L) occurs in
approximately 1% of patients and has a significantly increased risk of mortality.




I

1

Decreased intake of K*
A. Starvation
B. Clay ingestion
Redistribution of K* into cells
A. Metabolic alkalosis
B. Hormonal
1. Insulin
2. B,-Adrenergic agonists (endogenous or exogenous)
3. o-Adrenergic antagonists
C. Anabolic state
1. Vitamin By, or folic acid administration (red blood cell production)
2. Granulocyte-macrophage colony-stimulating factor (white blood cell
production)
3. Total parenteral nutrition
D. Other
1. Pseudohypokalemia
2. Hypothermia
3. Hypokalemic periodic paralysis
4. Barium toxicity

[1I. Increased loss of K*

A. Nonrenal
1. Gastrointestinal loss (diarrhea)
2. Integumentary loss (sweat)
B. Renal
1. Increased distal flow: diuretics, osmotic diuresis, salt-wasting
nephropathies




2. Increased secretion of potassium
a. Mineralocorticoid excess
i. Primary hyperaldosteronism (aldosterone-producing
adenomas; primary or unilateral adrenal hyperplasia;
idiopathic hyperaldosteronism due to bilateral adrenal
hyperplasia, adrenal carcinoma)
ii. Familial hyperaldosteronism (FH-I, FH-II, congenital adrenal
hyperplasia)
iii. Secondary hyperaldosteronism (malignant hypertension, renin-
secreting tumors, renal artery stenosis, hypovolemia)
iv. Cushing syndrome
v. Bartter syndrome
vi. Gitelman syndrome

b. Apparent mineralocorticoid excess

i. Genetic deficiency of 11B-dehydrogenase-2 (syndrome of
apparent mineralocorticoid excess)

ii. Inhibition of 11B-dehydrogenase-2 (carbenoxolone,
glycyrrhetinic/glycyrrhizic acid—a natural sweetener found in
licorice, chewing tobacco, and food products)

iii. Liddle syndrome (genetic activation of epithelial Na™ channels)

c. Distal delivery of non-reabsorbed anions

1. Vomiting, nasogastric suction

ii. Proximal renal tubular acidosis (type 2)

iii. Diabetic ketoacidosis

iv. Glue-sniffing (toluene abuse)

v. Penicillin derivatives

d. Magnesium deficiency

(Reproduced, with permission, from Longo DL, Kasper DL, Jameson JL, et al. Harrison's Principles of
Internal Medicine. 18th ed. New York, NY: McGraw-Hill; 2012:352.)

TABLE 8. CAUSES OF HYPERKALEMIA



[. Inadequate K* excretion
A. Advanced renal insufficiency: chronic kidney disease, end-stage renal
disease, acute oliguric kidney injury
B. Decreased distal fluid delivery (ie, decreased effective circulating fluid
volume)

Il
2

Congestive heart failure
Volume depletion

C. Hyporeninemic hypoaldosteronism

L
2.

5

%,

5.

Diabetes, diabetic nephropathy

Tubulointerstitial diseases: SLE, sickle cell anemia, obstructive
uropathy

Drugs: NSAIDs, COX-2 inhibitors, beta-blockers, cyclosporine,
taurine

Pseudohypoaldosteronism type 1I: defects in WNKI1 or WNK4
kinases

Chronic kidney disease, advanced age

D. Primary adrenal insufficiency

I
2

@ ) R Y

Autoimmune: Addison disease, polyglandular endocrinopathy
Hereditary: adrenal synthase deficiency, adrenal hypoplasia
congenita, congenital lipoid adrenal hyperplasia

. Infectious: HIV, cytomegalovirus, TB, disseminated fungal infection
. Infiltrative: amyloidosis, malignancy, metastatic cancer

. Drug associated: heparin, low-molecular-weight heparin

. Adrenal hemorrhage or infarction, including in antiphospholipid

syndrome




E. Renal resistance to mineralocorticoid
1. Tubulointerstitial diseases: SLE, amyloidosis, sickle cell anemia,
obstructive uropathy, post-acute tubular necrosis
2. Hereditary: Pseudohypoaldosteronism type I: defects in
mineralocorticoid receptor or ENaC
E Inhibition of the renin-angiotensin-aldosterone axis: T risk of
hyperkalemia with:
1. ACE inhibitors
2. Renin inhibitors
3. Angiotensin receptor blockers
4. Mineralocorticoid receptor blockade: spironolactone, eplerenone,
drospirenone
5. Blockade of ENaC: amiloride, triamterene, trimethoprim, pentamidine
II. Intra- to extracellular shift of K*
A. Acidosis
B. Hyperosmolality: radiocontrast, hypertonic dextrose, mannitol
C. Digoxin and related glycosides (bufadienolide)
D. Hyperkalemic periodic paralysis
E. B-Adrenergic antagonists (noncardioselective agents)
E Succinylcholine, thermal trauma, neuromuscular injury, disuse
atrophy, prolonged immobilization
G. Rapid tumor lysis
ITI. “Pseudo” hyperkalemia
A. Cellular efflux: thrombocytosis, erythrocytosis, leukocytosis, in vitro
hemolysis
B. Hereditary defects in red blood cell membrane transport

ACE, angiotensin-converting enzyme; HIV, human immunodeficiency virus; NSAIDs, nonsteroidal anti-
inflammatory drugs.

(Modified, with permission, from Longo DL, Kasper DL, Jameson JL, et al. Harrison’ Principles of Internal
Medicine. 18th ed. New Yorlk, NY: McGraw-Hill, 2012:356.)

Acid-Base Balance and Disorders

Each day, approximately 15,000 mmol of volatile acid (CO,) and 50 to 100 mEq of fixed acid (hy drochloric acid, lactic acid, phosphoric acid, sulfuric acid, etc) are
produced by metabolism. The pH of the ECF is maintained by buffering the acid as it is formed and excreting the acid over time. The kidneys require approximately 24
hours to excrete the fixed acids. CO, is rapidly excreted by the lungs.

When CO, is added to water, it forms carbonic acid (H, CO3), a reaction that is catalyzed by the enzyme carbonic anhydrase (CA). Once formed, carbonic acid
rapidly dissociates into H and HCOE
CA o
CO; + H,O0 «—=— H,CO; «—— H"+ HCOs

The pH of plasma is calculated using the Henderson—Hasselbalch equation:



pH = 6.1 + log [HCO5]/[dissolved CO4]
= 6.1 + log [HCO5]/(Pco; in mm Hg x 0.03 mEq/L/mm Hg).

Arterial Pco, is normally maintained at 40 mm Hg by the lungs and arterial [ Hi( {"JT] is normally maintained at 24 mEq/L by the kidneys. Thus, normally,

Arterial pH = 6.1 + log 24/(0.03 x 40) = 6.1 + log 20/1 = 7.40.

The normal ratio of [ H{ {'jf]/[dissolved CO,] = 20/1. The four primary acid—base disorders result from abnormalities that alter the normal 20/1 ratio of
[ & C{'j:]/[dissolved CO,], as summarized in Table 9.

TABLE 9. CHARACTERISTICS OF PRIMARY ACID-BASE DISORDERS

Compensatory

Disorder pH Primary Disturbance Response
Respiratory & TPaco, T [HCO;3]

acidosis (alveolar hypoventilation) (Trenal H* excretion)
Respiratory T  lPaco, L[HCO]]

alkalosis (alveolar hyperventilation)  (drenal H* excretion)
Metabolic T 1) [HCO;] T Paco,

alkalosis (gain of HCOx; loss of H") (alveolar hypoventilation)
Metabolic J J; [HCO;] d Paco,

acidosis (gain of H*; loss of HCO,) (alveolar hyperventilation)

| = decreased; T = increased.
Normal ranges: pH: 7.35-7.45; Paco,: 35-45 mm Hg; [HCO3]: 22-26 mEg/L.

Compensation for the acid—base disorders involves an attempt by the body to minimize the change in pH caused by the primary disorder by restoring the ratio of
[ HC {"j:]/[dissolved CO,] toward its normal value. In order to do so, if the primary disorder is a metabolic acid—base disturbance causing a change in the [ HC {'j:],

then the appropriate respiratory compensatory response will change the Paco,, and thus the [dissolved CO,] in the same direction.

If the primary disorder is respiratory in origin, causing a change in the denominator of the ratio, then there will be renal compensation geared toward changing the
[ HC {"JT] in the same direction as the primary change in Paco,.

The causes of the four primary acid-base disorders are listed in Tables 10 to 13.

TABLE 10. CAUSES OF METABOLIC ALKALOSIS



1. GI or renal loss of H*/retention of HCO,
A. Vomiting, nasogastric suction, gastric fistulas
B. Diuretic therapy
C. Severe magnesium or potassium deficiency
D. Excess mineralocorticoids
1. High renin: renal artery stenosis, accelerated hypertension, renin-
secreting tumor, estrogen therapy

2. Low renin: primary aldosteronism, Cushing syndrome or disease,
adrenal enzyme defects, ingestion of mineralocorticoids (licorice;
chewing tobacco)

E. Bartter syndrome (loss of function mutation of any of the five ion
transport proteins in the thick ascending limb of the Loop of Henle)

E Gitelman syndrome (loss of function mutation in Na*-CI~ cotransporter
in distal convoluted tubule)

G. Liddle syndrome (gain-of-function mutation of renal epithelial sodium
channel with ECFV expansion, hypertension, K* deficiency, and
hyporeninemic hypoaldosteronism)

I1. Ingestion or administration of excess bicarbonate or other bases

A. Intravenous bicarbonate

B. Ingestion of bicarbonate or other bases (eg, antacids)

(Modified, with permission, from Longo DL, Kasper DL, Jameson JL, et al. Harrison’s Principles of Internal
Medicine. 18th ed. New York, NY: McGraw-Hill; 2012:369.)

TABLE 11. CAUSES OF METABOLIC ACIDOSIS



Normal Anion Gap
(Hyperchloremic)

Increased Anion Gap
(Normochloremic)

[. Gastrointestinal loss of HCO,

1L.

I11.

A. Diarrhea
B. lleal loop conduit, jejunal
loop, ureterosigmoidostomy
C. External pancreatic or small
bowel drainage
D. Drugs
1. Calcium chloride
2. Magnesium sulfate
3. Cholestyramine
Renal inability to reabsorb HCO;
(GFR: 20—50 mL/min)
A. RTA (types 1, 2, and 4)
B. Carbonic anhydrase inhibitors
Drug-induced hyperkalemia
(with renal insufficiency)
A. ACE inhibitors and
angiotensin-receptor blockers
B. Potassium-sparing diuretics
(amiloride, triamterene,
spironolactone)
C. Trimethoprin
D. Pentamidine
E. NSAIDs
E Cyclosporine and tacrolimus

IV. Miscellaneous

A. Expansion acidosis (rapid
saline administration)

B. Acid loads (ammonium
chloride, hyperalimentation)

[. Increase in endogenous acid

1.

I11.

production
A. Lactic acidosis

1. Type A: Poor tissue
oxygenation (circulatory
insufficiency, severe anemia,
CO or CN" poisoning)

2. Type B: Aerobic disorders
(malignancies, nucleoside
analogue reverse
transcriptase inhibitors
in HIV, cholera, malaria,
seizures, renal or hepatic
failure, thiamine deficiency,
drugs/toxins

B. Ketoacidosis (diabetic,
starvation, and alcoholic)

Uremia (GFR < 20 mL/min)

A. Acute renal failure

B. Chronic renal failure

Drug/toxin-induced increases in

organic/inorganic acids

A. Ethylene glycol (metabolites:
oxalic acid and glycolic acid)

B. Salicylate (acetylsalicylic acid)

C. Methanol (metabolites: formic
acid and formaldehyde)

D. Paraldehyde

E. Isoniazid (causes lactic
acidosis)

GFR, glomerular filtration rate; NSAIDs, nonsteroidal anti-inflammatory drugs.
(Modified, with permission, from Longo DL, Kasper DL, Jameson JL, et al. Harrison’s Principles of Internal
Medicine. 18th ed. New Yorl, NY: McGraw-Hill: 2012:365, 368.)

TABLE 12. CAUSES OF RESPIRATORY ACIDOSIS (ALVEOLAR HYPOVENTILATION)



I. Airway obstruction
A. Chronic obstructive lung disease (emphysema and chronic bronchitis)
B. Severe asthma
C. Upper airway obstruction
D. Generalized bronchoconstriction (anaphylaxis, inhalational burn, toxin
injury)

I1. Restrictive parenchymal impairment
A. Pulmonary fibrosis
B. Sarcoidosis
C. Pneumoconiosis
D. Acute respiratory distress syndrome
E. Pneumothorax, pleural effusion
E Pneumonia
G. Pulmonary edema

ITI. Chest wall restriction
A. Kyphoscoliosis
B. Extreme obesity

IV. Respiratory center depression
A. Drugs (general anesthetics, morphine, sedatives)
B. Brain injury or disease (intracranial tumors [chronic], stroke)
C. Sleep-disordered breathing, including the primary alveolar and obesity-

hypoventilation syndromes
D. Severe hypercapnia, hypoxia
V. Neuromuscular disorders

A. Spinal cord injury
B. Phrenic nerve injury
C. Poliomyelitis
D. Myasthenia gravis
E. Guillain—Barré syndrome
E Administration of curare-like drugs
G. Muscular dystrophies and other respiratory muscle diseases

V1. Miscellaneous
A. Tatrogenic mechanical hypoventilation
B. Large increases in dead space (mechanical dead space, PEEP)

PEEF, positive end-expiratory pressure.

(Modified, with permission, from Levitzky MG. Pulmonary Physiology. Tth ed. New York, NY:
McGraw-Hill; 2007:173 and Longo DL, Kasper DL, Jameson JL, et al. Harrison’s Principles of Internal
Medicine. 18th ed. New York, NY: McGraw-Hill; 2012:371.)



TABLE 13. CAUSES OF RESPIRATORY ALKALOSIS (ALVEOLAR HYPERVENTILATION)

I. Respiratory center stimulation
A. Central nervous system
1. Hyperventilation syndrome
. Anxiety, psychosis
. Fever
. Stroke
. Meningitis, encephalitis
. Tumors
. Trauma
. Drugs
a. Salicylates (direct stimulation of medullary chemoreceptors)
b. Pregnancy, progesterone
c. Methylxanthines (theophylline and aminophylline)
B. Reflex hyperventilation
1. High altitude
2. Hypoxemia
3. Pulmonary embolism
4. Asthma
5. Fever
6. Flail chest
7. Congestive heart failure/interstitial pulmonary edema
I1. Miscellaneous
A. Gram-negative septicemia (before fever, hypoxemia, or hypotension
develop)
B. Hepatic failure
C. latrogenic mechanical hyperventilation

0 =1 O B L

(Modified, with permission, from Levitzky MG. Pulmonary Physiology. 7th ed. New York, NY: McGraw-
Hill; 2007:174 and Longo DL, Kasper DL, Jameson JL, et al. Harrison’s Principles of Internal Medicine.
18th ed. New York, NY: McGraw-Hill;: 2012:371.)

PHYSIOLOGY OF THE HEMATOPOIETIC AND LYMPHORETICULAR SYSTEMS
(References: Barrett et al., pp 555-570, 641-648. Levitzky, pp 142-162. Widmaier et al., pp 417-427, 454-459.)
Oxygen Transport in the Blood

Oxygen is transported in the blood in two forms: (1) dissolved in plasma and (2) chemically combined with hemoglobin. The concentration of a gas dissolved in a
liquid is proportional to its partial pressure and its solubility in the liquid. The solubility coefficient of oxygen in plasma at body temperature and pressure is 0.003
mL O,/100 mL blood/mm Hg. The concentration of O, combined with hemoglobin is determined by the following equation:

HbO; (mL/dL blood) = [Hb] (g/dL blood) x 1.34 mL O,/g Hb
* %0, saturation /100

As shown in Table 14, the total oxy gen content is the sum of the dissolved oxy gen and the oxyhemoglobin content. M ore than 98% of the oxy gen delivered to the
blood is bound to hemoglobin (HbO,), an amount 65 times greater than the amount dissolved in the arterial blood. Nonetheless, the dissolved oxy gen is critical because



it determines the amount of oxy gen that combines with hemoglobin, as depicted by the oxyhemoglobin dissociation curve (Figure 5).

TABLE 14. TOTAL O, CONTENT IN ARTERIAL AND VENOUS BLOOD

Dissolved O, HbO, Total

Arterial blood 0.3 mL O,/dL 19.5 mL O,/dL  19.8 mL O,/dL

(100 mm Hg PO,; 97%
O, sat; 15 g/dL Hb)
Venous blood DA aal.fidl. 15 Lfml.Oudl. .15 Xm0,
(40 mm Hg PO;;
75% O; sat; 15 g/dL Hb)
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Figure 5

Oxyhemoglobin dissociation curve. (Reproduced, with permission, from Levitzky M G. Pulmonary Physiology. 7Tth ed. New York, NY: M cGraw-Hill; 2007:146.)

Oxy gen delivery is the product of the cardiac output and the arterial oxy gen content.
Oxy gen extraction is the difference between the arterial and venous oxy gen contents (a-v O,).
According to the Fick equation, cardiac output (CO) can be calculated as the ratio of the oxy gen consumption (‘;,.'-’ O}_) and the oxy gen extraction.

Cardiac output (CO) = (Vo,)a-v O,

Reaction of Hemoglobin and Oxygen
Hemoglobin is a protein with four subunits, each of which has a heme moiety attached to a polypeptide chain (HbA: two a chains and two 3 chains). Heme is a
comp lex consisting of a porphyrin and one atom of a ferrous (Fe%) iron. Each of the four iron atoms can bind reversibly one molecule of O, (Hb, + O, = Hb,0,).
The plot of the four reversible reactions of hemoglobin and oxy gen is represented by the oxyhemoglobin dissociation curve, which shows the relationship between
the PO, of the plasma and the percent of hemoglobin saturated with oxy gen (Figure 5).
The oxyhemoglobin dissociation curve has a characteristic sigmoidal shape reflecting the increased affinity of hemoglobin for oxy gen as each additional molecule of
oxy gen binds to the four subunits of hemoglobin (cooperative binding). Conversely, dissociation of oxy gen from hemoglobin facilitates additional dissociation. As a
result, the slope of the curve decreases as one goes from low to high Po, values, with a plateau reached when the Po, is above approximately 80 mm Hg.

This is important physiologically because the S-shape facilitates oxy gen loading in the pulmonary capillaries and oxy gen unloading at the tissues. Also, there is an



important physiological safety factor because a patient with a relatively low arterial Po, still has a relatively high O, saturation (eg, 90% SO, at 60 mm Hg Po,).

A rightward shift of the oxyhemoglobin dissociation curve is indicative of a decrease in HbO, affinity with less oxygen uptake at the pulmonary capillaries but
greater release of oxy gen to the tissues. The Ps, that is, the PO, at which hemoglobin is 50% saturated with oxy gen, is increased above the normal value of
approximately 27 mm Hg, Factors that shift the oxyhemoglobin dissociation curve to the right include the following:

* Hyperthermia
* Increased Pco, or decreased pH (known as the Bohr effect)
* Increased erythrocyte [2,3-bisphosphoglycerate] (BPG, DPG, 2,3-BPG, 2,3-DPG)
A leftward shift of the oxy hemoglobin dissociation curve denotes a higher-than-normal HbO, affinity with greater oxy gen uptake at the pulmonary capillaries but

less oxy gen released at the tissue level. The Ps is lower than normal when affinity is increased. Factors that shift the oxyhemoglobin dissociation curve to the left
include the following:

* Hypothermia
* Alkalosis or decreased Pco, (Bohr effect)

* Decreased erythrocyte 2,3-BPG concentration

« Carbon monoxide

The Hb-O, curve for fetal Hb (HbF) is shifted to the left of that for normal adult hemoglobin (HbA) because there is poor binding of 2,3-BPG to the y-chains in
HbF compared with the f-chains in HbA.

There are hundreds of hemoglobin variants that have been described, most of which result from single-point mutations. Hb variants are often classified as high
affinity versus low affinity based on their P values.

CO, Transport in the Blood

The total CO, content in blood (~50 mL/dL) is much greater than total arterial O, content (~20 mL/dL). Like oxy gen, carbon dioxide can be physically dissolved in the
plasma or chemically combined with hemoglobin (carbaminohemoglobin). Approximately 5% of total CO, is dissolved. Carbaminohemoglobin constitutes
approximately 10% of total CO, in the blood, in contrast to oxy gen combined to hemoglobin. The majority of CO, in the blood (80%-90%) is transported as
bicarbonate, a product of the dissociation of carbonic acid from the CO, hydrolysis catalyzed by carbonic anhy drase.

There is no carbonic anhydrase in the plasma, so the CO, hydration equation proceeds very slowly in plasma. In contrast, the presence of carbonic anhydrase in
red blood cells results in most HCO; ™ being formed within erythrocytes. However, the HCO5 ™ then diffuses down its concentration gradient from RBCs into the

plasma in exchange for Cl, a process called the chloride shift, which is mediated by Band 3, a major membrane protein. Because of the chloride shift, the CI” content
of the red cells in the venous blood is greater than that in the arterial RBCs.

NEUROPHYSIOLOGY
(References: Barrett et al., pp 8-10, 83-96, 119-296. McPhee and Hammer, pp 141-181. Widmaier et al., pp 135-249, 292-310.)
Ionic Equilibria and Membrane Potentials

All cells have membrane potentials. The magnitude of the membrane potential is determined by the membrane permeability and the concentration gradient of the ions
that are permeable to the membrane.

+ +
In the resting state, the membrane is primarily permeable to K and, therefore, the resting membrane potential is close to the equilibrium potential for K .

The equilibrium potential (£) is calculated with Nernst equation:
Eion=61.5 10g Cou/Cin.

The equilibrium potential for K is ~90 mV, for Na is +60 mV, and for CI™ is —70 mV.
The resting membrane potential is calculated with the Goldman equation:

Em=—61.5 x log [(Py, X [Naw]) + (Px X [Kin] )/(Pa X [Nagu]) + (P X [Koue)]

+ +
Because neither Ex nor Ey, is at the Ey; of =70 mV, one would expect the cell to gradually gain Na and lose K if only passive electrical and chemical forces were
+ +
acting on the membrane. In other words, there is more K and less Na in the neurons than can be accounted for by electrochemical gradients. This condition is

maintained by the electrogenic Na+ —K+ pump, that is, Na+, K+ —ATPase, which pumps three Na+ out of the cell for every two K+ it pumps into the cell for each
molecule of ATP hydrolyzed.

Action Potential

If an axon is stimulated and the current has sufficient intensity, an action potential will be produced (Figure 6).
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Figure 6

Components of an action potential. (Reproduced with permission from Toy et al. Case Files ™. Neuroscience. www.accessmedicine.com. M cGraw-Hill.)
The action potential is said to be “all or none” because it will not occur if a stimulus is sub-threshold, and if a stimulus is at or above threshold, the action potential
occurs with a constant amplitude and forms regardless of the strength of the stimulus.
1. The action potential begins with an initial depolarization of about 10 to —15 mV from the resting p otential.
2. Once the impulse reaches threshold intensity at about —55 mV, an action potential is produced as characterized by a rapid upstroke that overshoots the zero
potential to approximately +35 mV.
3. After the overshoot, the potential reverses and rapidly repolarizes toward the resting level. The sharp rise and fall constitute the spike potential of the neuron,
which only lasts a millisecond or so.
4. After repolarization is approximately 70% complete, the rate of repolarization decreases for about 4 ms (called after-depolarization) and is followed by an

overshoot of the resting potential, called the affer-hyperpolarization, which is only 1 to 2 mV, but lasts about 40 ms.

Action potentials are produced by ionic fluxes controlled by voltage-gated ion channels.

conductance is brief.

+
During an action potential, depolarization is produced by activation of voltage-gated Na channels, which increases sodium conductance, that is, membrane
+ +
permeability to Na . The action potential moves toward the equilibrium potential for Na (+60 mV), but does not reach it, primarily because the increase in sodium

Repolarization occurs because

1. voltage-gated K+ channels open, which increases the membrane conductance to K+, resulting in K+ efflux from the cell. The opening of the K+ channels is slower and
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+ +
more prolonged than the opening of Na channels, and the slow return of the K channels to the closed state accounts for the after-hyperpolarization, as the
+
membrane approaches the equilibrium potential of K and
+
2.Na channels enter a closed or inactivated state before returning to the resting state.

Functions of Nerves

Neurons generally have four important functional areas:

1. A receptor or dendritic zone, where multiple local potentials generated by synaptic connections are integrated.

2. A site where propagated action potentials are generated, which is close to the receptor zone and includes the initial segment in spinal motor neurons and the initial
node of Ranvier in cutaneous sensory neurons.

3. An axonal process that transmits propagated impulses to nerve endings at various rates depending on whether the axons are myelinated or unmy elinated.

4. The nerve endings, where action potentials cause the secretion of synaptic transmitters.

Nerve fiber types are classified into A, B, and C groups based on the speed of conduction and fiber diameter (Table 15). A numerical classification is often used for
sensory neurons, as shown in Table 16.

TABLE 15. NERVE FIBER TYPES

Fiber Spike Absolute
Diameter ~ Conduction Duration  Refractory
Fiber Type Function (pm) Velocity (mls) (ms) Period (ms)
A (myelinated)
Aa Proprioception; somatic motor 12-20 70-120
AP Touch, pressure, motor 5-12 30-70 0.4-0.5 0.4-1
Ay Motor to muscle spindles 3-6 15-30
Ad Pain, cold, touch 2k 12-30
B (myelinated) Preganglionic autonomic <3 3-15 12 1.2
C (unmyelinated)
Dorsal root Pain, temperature, 0.4-1.2 0.5-2 2 2
mechanoreception reflex
Tesponses
Sympathetic Postganglionic sympathetic 03-1.3 0.7-2.3 2 2

(Reproduced, with permission, from Barrett et al. Ganong’s Review of Medical Physiology. 24th ed. New York, NY: McGraw-Hill; 2012:92.)

TABLE 16. CLASSIFICATION OF SENSORY NEURONS

Number Origin Fiber Type
la Muscle spindle, annulospiral ending Aa
Ib Golgi tendon organ Aa
11 Muscle spindle, flower-spray ending; touch, pressure A[3
111 Pain and cold receptors; some touch receptors Ad
IV Pain, temperature, and other receptors Dorsal root C

(Reproduced, with permission, from Ganong WE Review of Medical Physiology. 22nd ed. New York, NY:
MeGraw-Hill; 2005:61.)

Synaptic transmission is one mechanism used to transmit information from one cell to another. The synaptic transmitter, released from the presynaptic cell by
exocytosis, diffuses across a synaptic cleft and binds to a receptor on the postsynaptic cell.
The effect produced on the postsynaptic cell depends on both the synaptic transmitter and the receptor. After a neurotransmitter binds to its postsynaptic



receptor, it will activate a reaction, known as the second messenger. AcetyIcholine, which binds to the end plate of skeletal muscle cells, and glutamate and y-amino
butyric acid (GABA), which bind to the post-synaptic membranes of many central nervous system membranes, open ion-selective channels. Norepinephrine and
acety Icholine, which bind to the postsynaptic membranes of smooth muscle cells, produce their effect by activatinga G protein that, in turn, activates an enzyme-
mediated response.

Central and Peripheral Neurophysiology

A summary of the functions of the major parts of the brain is provided in Table 17.

TABLE 17. SUMMARY OF FUNCTIONS OF THE MAJOR PARTS OF THE BRAIN



I. Forebrain (cerebrum and diencephalon)
A. Cerebral hemispheres (major part of cerebrum)
1. Cerebral cortex
a. Perception
b. Generation of skilled movements
c. Reasoning, learning, and memory
2. Subcortical nuclei, including basal ganglia
a. Coordination of skeletal muscle activity, movement, and posture
3. Interconnecting fiber pathways
B. Thalamus (part of diencephalon)
1. Acts as a synaptic relay for sensory pathways on their way to the
cerebral cortex
2. Participates in control of skeletal muscle coordination
3. Plays key role in awareness
C. Hypothalamus (part of diencephalon)
Regulates anterior pituitary gland function
Participates in regulation of autonomic nervous system
Regulates eating and drinking behavior
Regulates water balance
Regulates reproductive system
Generates and regulates circadian rhythms
Regulates body temperature
. Participates in generation of emotional behavior
D. Limbic system
1. Participates in generation of emotions and emotional behavior

® N O U R W N

2. Plays essential role in most kinds of learning
Il. Cerebellum
A. Coordinates movements, including those for posture and balance
B. Participates in some forms of learning
[II. Brainstem (midbrain, pons, medulla oblongata)
A. Contains all fibers passing between spinal cord, forebrain, and
cerebellum
B. Contains the reticular formation and its various integrating centers,
including those for cardiovascular and respiratory activity
C. Contains nuclei for cranial nerves 111 through XII

(Moditied, with permission, from Widmaier EE, Raff H, Strang KT. Vanders Human Physiology: The
Mechanisms of Body Function. 12th ed. New York, NY: McGraw-Hill; 2011:171.)

Control of Movement

* Movement is initiated by the motor cortex. M otor commands reach the spinal cord through the pyramidal system (corticospinal tract) and the nonpyramidal sy stem
(corticoreticular and corticovestibular pathways). Lesions to the nonpyramidal system cause spasticity. The basal ganglia and cerebellum assist in the control of
movement.



* Lesions to the basal ganglia produce either paucity of movement (hypokinetic) or excessive, uncontrolled movements (hyperkinetic). Some basal ganglia movement
disorders are highlighted in Table 18.

TABLE 18. EXAMPLES OF BASAL GANGLIA DISEASES



Disease

Possible Cause

Clinical Manifestations |

Parkinson disease

Huntington
disease

Wilson disease
(hepatolenticular
degeneration)

Ballismus

Tardive dyskinesia

Degeneration of neurons
in the substantia
nigra with loss of
dopaminergic inhibition
and relative excess of
cholinergic activity.
Associated with Lewy
bodies (intracellular

inclusions of e-synuclein

and barkin)
Autosomal-dominant
trinucleotide (CAG)
repeat disorder with
degeneration of
GABAergic neurons
within the striatum

Rare disorder of copper
metabolism in which
there is degeneration

of the putamen, a part of

the lenticular nucleus
Lesion of the contralateral
subthalamic nucleus
(eg, lacunar stroke in
hypertension)
latrogenic basal ganglia
disease resulting from
administration of
dopamine antagonists
(phenothiazides,

haloperidol) in psychosis

Tremor at rest,
rigidity, akinesia (or
bradykinesia), postural
instability (TRAP),
shuffling gait with loss
of arm swing, masklike,
unemotional appearance

Rapid, jerky, purposeless
movements (chorea),
slow, writhing
movements (athetosis)
of proximal limbs and
trunk, slurred speech,
aggression, progressive
dementia followed by
death in 10-15 years
after onset of symptoms

Asterixis (wing-beating
tremor), dysartria,
unsteady gait, rigidity

Sudden, wild flailing of
1 arm +/- leg

Rapid, jerky movements
(chorea), slow, writhing
movements (athetosis)
of the face, tongue, and
limbs

* Lesions to the cerebellum produce uncoordinated movements, characterized by intention tremor; inability to start or stop movements quickly or easily; inability to




combine the movements of several joints into a single, smooth, coordinated movement; unstable posture; awkward gait; and difficulty in learning new motor skills.

Special Senses
Sight

Light is detected by the rods and cones contained in the retina of the eye. The retina contains five types of neurons:

1. Photoreceptors (rods and cones)
2. Bipolar cells

3. Ganglion cells

4. Horizontal cells

5. Amacrine cells

Light rays from distant objects are normally focused on the photo-receptors by the cornea and the relaxed lens. When objects are brought closer to the eye, they are
kept focused on the retina by the accommodation reflex, which causes the refractive power of the lens to increase. The photoreceptors contain photopigments, which
absorb light. There are four photopigments in the retina: rhodopsin, which is found in the rods, and one in each of the three cone types. Each photopigment contains
two components:

1. Opsin, a group of integral membrane proteins, which is different in each of the four photopigments and determines the wavelength of light absorbed.

2. A chromophore molecule, retinal, which is a derivative of vitamin A, is the same in each photopigment, and is the actual light-sensitive part of the photopigment
that undergoes isomerization by light.
The photoreceptors are unusual because they hyperpolarize when they are stimulated by light. When the rods and cones are not stimulated, they are depolarized by

the flow of Na+ into the cell through Na+ channels held in the open state by cGMP. The photoisomerization of retinal from its 11-cis form to its all- #rans form
activates rhodopsin and the other photopigments, which in turn activates a G protein called transducin. Activated transducin activates a cGM P phosphodiesterase.

N
Hydrolysis of cGMP causes Na channels on the rod and cone outer segments to close, which produces the membrane hyperpolarization (Figure 7).
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The photoreceptors. (See text for explanation.)

The neurotransmitter keeps the bipolar cells and, therefore, the ganglion cells in a polarized and relatively quiescent state. Hyperpolarization of the photoreceptors
stops the release of an inhibitory neurotransmitter, which in turn causes bipolar cells to depolarize. The bipolar cells stimulate ganglion cells, which in turn convey
information about the light stimulus to the visual cortex. The ganglion cells are the only cells in the retina to produce an action potential. Their axons form the optic
nerve.

Hearing

Sounds are detected by the hair cells within the organ of Corti of the inner ear. The organ of Corti consists of the hair cells and an overly ing membrane called the
tectorial membrane to which the cilia of the hair cells are attached. Sounds entering the outer ear cause the tympanic membrane to vibrate. Vibration of the tympanic
membrane causes the middle ear bones (malleus, incus, and stapes) to vibrate, which in turn causes the fluid within the inner ear to vibrate.

The inner ear is divided into three chambers (scala vestibuli, scala media, and scala tympani). The scala vestibuli is separated from the scala media by Reissner
membrane; the scala media and the scala tympani are separated by the basilar membrane. The scala tympani is separated from the middle ear by the round window.
The organ of Corti sits on the basilar membrane. The fluid within the scala vestibuli and scala tympani (perilymph) is similar to interstitial fluid, with a high

concentration of Na+. The fluid within the scala media (endolymph) resembles ICF, in that it contains a high concentration of K+.

Vibration of the stapes causes the fluid within the scala tympani to vibrate, which in turn causes the basilar membrane to vibrate. Vibration of the basilar membrane
+
causes the cilia to bend back and forth. Bending the stereocilia toward the kinocilium causes K channels on the hair cells to open; bending the stereocilia away from
+ + +
kinocilium causes K channels to close. Auditory hair cells are unusual because they are depolarized by the flow of K into the cell. K flows into the hair cells

.
because the endolymph surrounding the apical portions of the hair cells contains a high K concentration (Figure 8).



+80 mV

Stereocilia

Kinocilium +80mV Kinollium

Stereocilia, ks x4, 2
Cuticular plate JMW Cuticular plate

HAIR CELL HAIR CELL |  Driving force on K*

= Ey-Ex
(<130 mV) = (<90 mV)
-40 mV

0mv O omv

Figure 8

¥
The auditory hair cell and K channels.

The basilar membrane is most stiff at the base of the cochlea (near the middle ear) and most compliant at the apex of the cochlea. High-frequency sounds cause a
greater vibration of the stiff portion of the cochlea, and, therefore, the hair cells located near the base of the cochlea transmit information about high-frequency sounds

to the auditory cortex. Similarly, low-frequency sounds are transmitted to the auditory cortex by the hair cells near the apex of the cochlea, which are located on the
more comp liant portions of the basilar membrane.

Vestibular System

* The vestibular sy stem provides information about the position and movement of the head, coordinates head and ey e movements, and initiates reflexes that keep the
head and body erect.

* The vestibular system can be divided into the vestibular apparatus and central vestibular nuclei.
* The vestibular apparatus within the inner ear detects head motion and position and transduces this information to a neural signal.

* The vestibular nuclei are the cranial nuclei for the vestibular nerve. The vestibular nuclei are primarily concerned with maintaining the position of the head in space.
The tracts that descend from these nuclei mediate head-on-neck and head-on-body adjustments.

* Nystagmus, the characteristic jerky movement of the eye observed at the start and end of a period of rotation, can be used as a diagnostic indicator of the integrity of
the vestibular system.

* Nystagmus is a reflex that maintains visual fixation on stationary points while the body rotates. Nystagmus is not initiated by visual impulses and is present in blind
individuals. When rotation starts, the eyes move slowly in a direction opposite to the direction of rotation, maintaining visual fixation (vestibulo-ocular reflex). When
the limit of this movement is reached, the eyes quickly snap back to a new fixation point and then again move slowly in the other direction. The slow component is
initiated by impulses from the vestibular labyrinths; the quick component is triggered by a center in the brainstem.

» When nystagmus is seen at rest, it is a sign of a pathology. Lesions to the vestibular system result in nystagmus and loss of balance.

Olfaction
A diagram of the olfactory pathway is shown in Figure 9.
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The olfactory pathway. (Reproduced, with permission, from Barrett et al. Ganong’s Review of Medical Physiology. 24th ed. New York, NY: M cGraw-Hill;
2012:219.)

* Olfactory sensory neurons are located in the olfactory epithelium within the nasal cavity, and their dendrites are exposed to odorant molecules, which bind to
receptors and activate the neurons via G-proteins. The axons project through the cribriform plate, into the olfactory bulbs.

* Olfactory sensory information travels in the lateral olfactory stria to the olfactory cortex, including the anterior olfactory nucleus, olfactory tubercle, piriform cortex,
the amy gdala, and the entorhinal cortex.

» Anosmia may be associated with neurodegenerative diseases, including Parkinson disease and Alzheimer disease, as well as trauma, aging, and other factors.

* Decreased olfaction is also associated with hypogeusia (decreased taste).

Taste

* There are five basic types of taste: sweet, salty, bitter, sour, and umami. Umami was recently added, and has been described as savory (pleasant and sweet, but
different from the standard sweet taste).

+ 10,000 taste buds are organized into papillae on the tongue, pharynx, epiglottis, and palate.

* The anterior two-thirds of the tongue transmits taste information via the chorda tympani branch of the facial nerve (cranial nerve 7). The posterior tongue transmits
taste information via the glossopharyngeal nerve (cranial nerve 9). The vagus nerve (cranial nerve 10) carries taste information from other areas to the brainstem.

* The taste fibers mentioned above unite at the nucleus of the tractus solitaries in the medulla and ascend in the ipsilateral medial lemniscus to the ventrop osteromedial
nucleus of the thalamus, then to the insula and frontal operculum in the brain.

* Second messenger systems for transmitting taste information is via several mechanisms, including ion channels and G-proteins.

Autonomic Nervous System

The autonomic nervous system (ANS) is the part of the peripheral nervous system responsible for homeostasis. Innervation to all organs is supplied by the ANS,
except for skeletal muscle, which is innervated by the somatomotor nervous system. The ANS has two divisions—the sympathetic (thoracolumbar division) and the
parasympathetic (craniosacral division) nervous systems. In addition, the ANS includes the enteric nervous system within the gastrointestinal tract.

Table 19 summarizes the responses of some effector organs to autonomic nerve activity, as well as the types of autonomic receptors mediating the responses.
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Stomach and intestine
Motility and tone Increased o, O, Bs Decreased
Sphincters Relaxation o4y Contraction
Secretion Stimulation —
Gall bladder Contraction B, Relaxation
Adipose tissue — B, Lipolysis
Urinary bladder
Detrusor Contraction B, Relaxation
Sphincter Relaxation o, Contraction
Uterus (pregnant) — o/P Contraction/
Relaxation
Male sex organs Erection o, Ejaculation
Skin
Pilomotor muscles — ol Contraction
Sweat glands — M Secretion
Liver — o5 By Glycogenolysis
Pancreas
Acini Increased secretion o Decreased
secretion
Islet cells — o/ Decreased/
Increased
secretion
Salivary glands Profuse, watery on/P Thick, viscous
secretion secretion/
Amylase
secretion
Lacrimal glands Secretion —

1 = decreased; T = increased.

A dash means the target tissue is not innervated by this division of the autonomic nervous system.
(Reproduced, with permission, from Barrett et al. Ganong’s Review of Medical Physiology. 24th ed.
New York, NY: McGraw-Hill; 2012:260.)

MUSCULOSKELETAL PHYSIOLOGY
(References: Barrett et al., pp 97-117. Widmaier et al., pp 250-291.)

Three types of skeletal muscle fibers have been identified based upon their maximal shortening velocities and the predominant pathway used to form ATP, as
summarized in Table 20.

TABLE 20. SKELETAL MUSCLE FIBER TYPES



Fast-

Fast-Oxidative- Glycolytic
Slow-Oxidative Glycolytic Fibers
Fibers (Typel) Fibers (Type lla) (Type lIb)?
Primary source of Oxidative Oxidative Glycolysis
ATP production phosphorylation phosphorylation
Mitochondria Many Many Few
Capillaries Many Many Few
Myoglobin content ~ High (red High (red muscle) = Low (white
muscle) muscle)
Glycolytic enzyme Low Intermediate High
activity
Glycogen content Low Intermediate High
Rate of fatigue Slow Intermediate Fast
Myosin-ATPase Low High High
activity
Contraction velocity ~ Slow Fast Fast
Fiber diameter Small Intermediate Large
Motor unit size Small Intermediate Large
Size of motor neuron  Small Intermediate Large
innervating fiber

“Type 1Ib fibers are sometimes designated as type IIx in the human muscle physiology literature.
(Reproduced, with permission, from Widmaier EF, Raft H, Strang KT. Vander’s Human Physiology:
The Mechanisms of Body Function. 11th ed. New York, NY: McGraw-Hill; 2008:276.)

Muscle cells, like neurons, can be excited to produce an action potential that is transmitted along their cell membranes. The electrical events and underlying ionic
fluxes in skeletal muscle are similar to neurons. Unlike neurons, however, muscle action potentials initiate a contractile response. The process by which depolarization
of the muscle fiber initiates contraction is called excitation-contraction coupling.

Muscle contraction is produced by repetitive cycling of the myosin cross-bridges on thick filaments. The cross-bridges attach to actin molecules on the thin
filaments and cause the thin filaments to slide over the thick filaments toward the center of the sarcomere.

In striated muscle, excitation-contraction coupling is initiated when Ca" binds to troponin. Troponin causes tropomyosin to move, thereby exposing the actin-
binding site to myosin. In skeletal muscle, Ca?" is released from the sarcop lasmic reticulum (SR) when the muscle fiber depolarizes.

In cardiac muscle, Ca”" is released from the SR by the Ca?" that enters the cell during the cardiac action potential.

In smooth muscle, excitation-contraction coupling is initiated when Ca?* binds to calmodulin. The Ca*>*-calmodulin complex activates myosin light chain kinase
which, in turn, phosphorylates the 20,000-Da my osin light chains. Cross-bridge cy cling begins when the my osin light chains are phosphorylated. When
dephosphorylated, the cross-bridges stay attached (or cycle slowly). The attached, slowly cycling cross-bridges are called latch bridges. Latch bridges allow smooth
muscle to maintain force while minimizing energy expenditure.

A comparison of the properties of skeletal, cardiac, and smooth (single unit and multiunit) muscle is provided in Table 21.

TABLE 21. COMPARISON OF SKELETAL, SMOOTH, AND CARDIAC MUSCLE



Skeletal Single-Unit Multiunit
Characteristic Muscle Smooth Muscle  Smooth Muscle  Cardiac Muscle
Thick and thin filaments Yes Yes Yes Yes
Sarcomeres—banding pattern Yes No No Yes
Transverse tubules Yes No No Yes
Sarcoplasmic reticulum’ +tt+ - + ++
Gap junctions between cells No Yes Few Yes
Source of activating calcium SR SRand extracellular  SRand SR and
extracellular extracellular

Site of calcium regulation Troponin Myosin Myosin Troponin
Speed of contraction Fast-slow Very slow Very slow Slow
Spontaneous production of action No Yes No In some fibers, but

potentials by pacemakers most not spon-

taneously active

Tone (low levels of maintained tension  No Yes No No

in the absence of external stimuli)
Effect of nerve stimulation Excitaion ~ Excitation or Excitation or Excitation or

mhibition mhibition mhibition

Physiological effects of hormones on ~~ No Yes Yes Yes

excitability and contraction
Stretch of cell produces contraction ~ No Yes No No

“Number of plus signs (+) indicates the relative amount of sarcoplasmic reticulum present in a given muscle type.
(Reproduced, with permission, from Widmaier EP, Raff H, Strang KT. Vander’s Human Physiology: The Mechanisms of Body Function. 11th ed. New York,
NY:McGraw-Hill; 2008:202.)

RESPIRATORY PHYSIOLOGY
(References: Barrett et al., pp 647-697. Levitzky, pp 1-264. Kaufman et al., pp 272-301. Widmaier et al., pp 434-474.)

Partial Pressures
The primary function of the lungs is O, and CO, exchange. When gas exchange at sea level is optimal, the PO,, Pco,, and pH of arterial blood have normal values
(range) of 100 mm Hg (80—100 mm Hg), 40 mm Hg (35—45 mm Hg), and 7.40 (7.35-7.45), respectively.

Room air contains 21% O, and 0.04% CO,; the major constituent of the atmosphere is N, (~79%). According to Dalton’s law, the total pressure of a gaseous
mixture, such as the atmosphere, is equal to the sum of the partial pressures of the constituent gases. At standard temperature and pressure dry (STPD) (0°C, 760 mm
Hg, 0% H,O vapor), the partial pressure of a gas (Py,) is calculated as the product of the total pressure of the gas (ie, atmospheric pressure) and the fractional
concentration of the gas (Fig,,), that is, the percent concentration expressed as a decimal.

PE!.‘S = (Ptmalj(FIgas:] — (Ptmalj{%gaglgﬂ}

Once air is inspired, it becomes warmed and humidified within the respiratory tract. Thus, when determining partial pressures of the gases anywhere in the body
(body temperature and pressure, saturated [BTPS], 98.6°F [37°C], 760 mm Hg, 100% H,O vapor), that is, in tracheal (conducting airways), alveolar, and exhaled air
and in arterial and venous blood, the H, O vapor tension (PH, O at 98.6°F [37°C] is 47 mm Hg) must be subtracted from the total pressure of 760 mm Hg before
multiplying by the fractional concentration of a gas, as follows:

Ppos = (Pigwm — PH;O)(Figp)) = (P — 47 mm Hg)(%gas/100)



A summary of the partial pressures of the respiratory gases at sea level is presented in Table 22.

TABLE 22. PARTIAL PRESSURE OF RESPIRATORY GASES AT SEA LEVEL

(Barometric Pressure = 760 mm Hg)

Dry Inspired Air  Humidified Inspired ~ Alveolar Mixed Arterial  MixedVenous
Gases  (Atmospheric)  Air (Dead Space) Air ExpiredAir  Blood Blood

Po, 159 (20.93) 149 (20.93) 104 (14.6) 120 (16.8) 100 40
Pco, 0.3(0.04) 0.3 (0.04) 40 (5.6) 27 (3.8) 40 46
PN, 600 (79) 563 (79) 569 (79.8)  566(79.4) 573 573
PH,0 0.0 47 41 47 47 47
Total 760 760 760 760 760 706

Note I The partial pressures are given in mm Hg followed in parenthesis by the percentage concentration.

Note II: H,0 vapor is not expressed as a percentage of the total because the PH,0 is temperature dependent, not concentration dependent. The PH,0 at 98.6°F
(37°C) is 47 mm Hg. This value must be subtracted from the total pressure of 760 mm Hg before multiplying by the fractional concentration of a gas when
determining partial pressures of the gases anywhere in the body (BTPS), that is, in the humidified inspired air in the conducting airways (anatomic dead space),
alveolar air, and exhaled air. Only inspired atmospheric air is expressed under STPD.

Note III: In arterial and mixed venous blood, the respiratory gases are conventionally expressed in terms of their partial pressure. Therefore, the percentages are
not indicated.

The fractional concentration of the gases in the atmosphere does not change at high altitude, but as one ascends above sea level, the total barometric pressure
decreases as the weight of the air above the atmosphere decreases. As a result, the partial pressure of oxy gen and the other gases in the atmosphere decrease at high
altitude.

The average partial pressure of oxy gen in the alveoli is calculated using the alveolar gas equation:

P:'-"LDl = PIDl - (PaCD;fR},
where R is the respiratory gas exchange ratio {ETCDE / T,;TOE) Under normal circumstances, its value depends on metabolism and is equal to 0.8.

Ventilation

The air moving into the lung with each breath is called the tidal volume (V7). The amount of air moving into the lung per minute is called the minute ventilation |: VE) 3

which is calculated as the product of the tidal volume and the respiratory rate:
Ve (mL/min) = V;(mL) X respiratory rate (breaths/min)

Functionally, the respiratory tract consists of the conducting airways, which extend from the nose down to the terminal bronchioles, and the gas-exchanging
airways, which extend from the respiratory bronchioles to the alveoli.

The volume of the conducting airways is referred to as the anatomical dead space (V}), which can be estimated as 1 mL/lb of body weight. The conducting airways
do not participate in gas exchange because they are ventilated, but are perfused by systemic blood vessels, not by the pulmonary circulation.

Sometimes, there are also alveoli that are ventilated but not perfused, which comprise areas of alveolar dead space.

The physiological dead space is the sum of the anatomical and alveolar dead spaces. The ratio of the physiological dead space volume to the tidal volume (Vp/V7)
can be calculated using the Bohr equation, which takes advantage of the fact that any CO, present in the expired air (P;CO,) must have come from alveoli that are both
ventilated and perfused.

Vp/ V¢ = Paco, — Prcoy/Paco,

The dead space volume (V};) must be subtracted from the tidal volume to determine the volume of gas that enters the gas-exchanging airways with each breath. The
volume of gas going to the gas-exchanging airways each minute is called the alveolar ventilation (1':,?&), and is calculated as:

Alveolar ventilation (V) = (V1 — Vp) X respiratory rate
The average partial pressure of carbon dioxide in the alveoli is proportional to carbon dioxide production and inversely proportional to alveolar ventilation:

Paco, = VCO,/V,



Thus, at a constant rate of CO, production,
Normal alveolar ventilation = normal Paco, (35-45 mm Hg)
Hyperventilation = decreased Paco, (<35 mm Hg)

Hypoventilation = increased Paco, (<45 mm Hg)

Mechanics of Breathing
Air is moved in and out of the lungs by the movement of the diaphragm and chest. During inspiration, the diaphragm descends and the rib cage moves up and out.
Because the lungs are connected to the chest wall via the pleura, expansion of the chest wall expands the lungs. In accordance with Boyle’s law, expansion of the lungs
creates a sub-atmosp heric intra-alveolar pressure, which draws air into the alveoli as air moves down its pressure gradient from an area of higher to lower pressure.
Expiration is usually passive due to the elastic recoil of the lungs and chest wall when the inspiratory muscles cease contracting. Gas flow during expiration can be
increased by actively contracting the expiratory muscles, but the maximum expiratory flow is limited by airway compression.

The gas moving in and out of the lungs is measured with spirometry. The four primary lung volumes and the four lung capacities (sum of two or more lung
volumes) are shown in Figure 10.
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The four primary lung volumes (no overlap) are as follows:

. Tidal volume (V1) the volume of gas moving in and out of the lungs with each breath.
. Inspiratory reserve volume (IRV): the maximum amount of gas that can be inspired over and above the tidal volume.
. Expiratory reserve volume (ERV): the maximum amount of gas that can be expelled from the lungs after a normal tidal expiration.

AW N =

. Residual volume (RV): the amount of gas remaining in the lungs at the end of a maximum expiration.

The four lung capacities are as follows:

—_—

. Inspiratory capacity (IC = V1 + IRV): the maximum volume of gas that can be inspired from the resting expiratory level.

2. Functional residual capacity (FRC = ERV + RV): the volume of gas remaining in the lungs at the end of a quiet (tidal) expiration; the volume of gas present in the
lungs at the resting expiratory level.

3. Total lung capacity (TLC = V3 + IRV + ERV + RV): the volume of gas present in the lungs after a maximum inspiration, equal to the sum of the four primary lung
volumes.

4. Vital capacity (VC = V3 + IRV + ERV): the maximum amount of gas that can be exhaled from the lungs after a maximal inspiration.



Note that the RV cannot be measured by spirometry, and thus neither can the capacities that contain the RV, that is, FRC and TLC.

The lungs and chest wall are elastic structures. The lungs tend to recoil inward from the chest wall at all lung volumes, creating a sub-atmospheric intrap leural
pressure, which becomes more negative with increases in lung volume. Intrapleural pressure is normally about —5 cm H,O at FRC, and decreases to about —30 cm
H,O0 at TLC.

The factors contributing to the lung’s elastic recoil properties are elastic fibers and surfactant. The inverse of elastic recoil is comp liance, which is defined as AV/AP,
and represents the slope of a pressure—volume curve of the lung.

Lung compliance is increased (elastic recoil is decreased) with alveolar septal departitioning and loss of elastic fibers that occur in emphysema and as part of the
normal aging process.

Lung compliance is decreased (increased elastic recoil, “stiff” lungs, restrictive lung disease) when normal elastic fibers are replaced by scar tissue (pulmonary
interstitial fibrosis), in infiltrative diseases, when the lungs are filled with exudate or fluid, and when there is a deficiency of surfactant. Restrictive diseases are
characterized by a decrease in all of the lung volumes and capacities.

In addition to the elastic work of breathing, work is required to overcome the resistance to airflow offered by the airways. Airway resistance (R, ) is defined as the

driving pressure for airflow divided by the flow rate:

ﬂp PaLm_Pav-.CmHD
Rawz w_z l -

Flow rate, L/sec

R, can also be defined by Poiseuille law:
AP 8In
vV ot
where / is the length, 1 is the viscosity, and 7 is the radius.
M easurement of airway resistance requires a body plethysmograph to measure intrathoracic pressures. M ore frequently, airway resistance is assessed by changes
in expiratory flow rates.

An increase in airway resistance is the hallmark of obstructive lung disease. The effect of increased airway resistance (airway obstruction) is (1) to decrease
expiratory flow rates (peak flow, forced vital capacity [FVC], forced expiratory volume in 1 second [FEV,], and FEV,/FVC) and (2) to increase RV, FRC, and TLC.

The differences in pulmonary function findings in obstructive versus restrictive pulmonary impairment are summarized in Table 23.

TABLE 23. SUMMARY OF PF FINDING S IN OBSTRUCTIVE VERSUS RESTRICTIVE IMPAIRMENT

Obstructive Restrictive

PF Measurement Impairment Impairment
Residual volume, functional residual capacity T \’

Total lung capacity T &
Inspiratory reserve volume, Inspiratory N or 4 l

capacity

Forced vital capacity (FVC) A J
Forced expiratory volume in 1 second (FEV,) l \/
FEV/FVC ) Nor T
Airway resistance i N

Lung compliance T (emphysema) \’

N, normal; |, decreased: T, increased.

In restrictive diseases, FEV, and FVC are decreased because of the decrease in compliance and lower lung volumes, but the ratio of FEV/FVC is normal because
airway resistance is normal.

Obstructive and restrictive diseases also cause characteristic changes in the configuration of the maximal expiratory flow—volume curves of the lung as shown in
Figure 11.
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Figure 11

M aximal expiratory flow—volume curves representative of obstructive and restrictive pulmonary diseases. (Reproduced, with permission, from Levitzky M G.
Pulmonary Physiology. 7th ed. New York, NY: M cGraw-Hill; 2007:46.)

Hypoxia and Hypoxemia
The causes of tissue hypoxia can be classified into four groups: hypoxic hypoxia (hyp oxemia), anemic hypoxia, hypoperfusion or stagnant hypoxia, and histotoxic
hypoxia, as summarized in Table 24. There are also four different categories of hypoxemia.

TABLE 24. TYPES OF HYPOXIA



Hypoxic hypoxia

(hypoxemia)

Low alveolar Po, Low low N Low Low Low Yes
Diffusion N Low High Low Low Low Yes
Impairment

Right-to-left N Low High Low Low Low No
shunts

V/Q mismatch N Low High Low Low Low Yes
Anemic hypoxia

Anemia N N N Low Low Low

CO poisoning N N N Low Low Low

Hypopertusion N N N N Low Low
hypoxia

Histotoxic hypoxia N N N N High High

M, normal.
(Reproduced, with permission, from Levitzky MG. Pulmonary Physiology. 7th ed. New York, NY:
McGraw-Hill;, 2007:181.)

CARDIOVASCULAR PHYSIOLOGY
(References: Barrettetal., pp 110-114, 519-617. Kaufinan et al., pp 31-59. Le et al., pp 253-265. Widmaier et al., pp 353-433.)

Electrical Activity of the Heart

Action Potential

A schematic of the action potential of a cardiac muscle fiber is shown in Figure 12.
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Figure 12

Top: Action potential of a cardiac muscle fiber. Bottom: Diagrammatic summary of Na+, Ca?", and cumulative K+ currents during the action potential (inward current
down, outward current up). (Reproduced, with permission, from Ganong, WF. Review of Medical Physiology, 22nd ed. New York: M cGraw-Hill; 2005:80.)

Phase 0: The initial rapid depolarization and overshoot are produced by the activation of Na+ channels.
Phase 1: The initial repolarization is produced by inactivation of Na+ channels.
Phase 2: The plateau is caused primarily by the activation of Ca*>* channels.

+ +
Phase 3: The down stroke or final repolarization is caused by closure (inactivation) of the Ca>* channels and K efflux through various types of K channels.

Phase 4: Resting membrane potential.

The contractile response of cardiac muscle begins just after the start of depolarization and lasts about 1.5 times as long as the action potential. During phases 0 to 2
and a portion of phase 3, cardiac muscle cannot be excited again and, thus, is in the absolute refractory period. It remains in the relative refractory period until phase 4
(Figure 13). As such, tetanus does not occur like that seen in skeletal muscle.
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Figure 13

Action potentials and contractile response of mammalian cardiac muscle fiber plotted on the same time axis. ARP, absolute refractory period; RRP, relative refractory
period. (Reproduced, with permission, from Ganong, WF. Review of Medical Physiology, 22nd ed. New York: M cGraw-Hill; 2005:80.)

Electrocardiogram
Recording extracellularly, the electrocardiogram (ECG) represents the summed electrical activity of all of the cardiac muscle cells, as shown in Figure 14.
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Figure 14

The ECG waves and intervals. (Reproduced, with permission, from Barrett et al. Ganong’s Review of Medical Physiology. 24th ed. New York, NY: M cGraw-Hill;
2012:526.)

The components and normal duration of the ECG are as follows:

* The P wave is produced by atrial depolarization, and normally lasts <0.10 seconds. (Lack of P waves suggests a disorganized atrial rhy thm, a junctional rthythm, or a
ventricular rhy thm.)

* The QRS complex is produced by ventricular depolarization, and has a normal duration of <0.12 seconds. Normal sinus rhythm is usually a regular narrow-complex
rhythm with each QRS complex preceded by a P wave.

* The ST segment is the time from the end of ventricular depolarization to the start of ventricular repolarization.

* The T wave corresponds to ventricular repolarization.

* The PR interval is the time for atrial depolarization and conduction through the atrioventricular (AV) node. The normal PR interval is 0.12 to 0.20 seconds.

* The QT interval is the time for atrial depolarization and conduction through the AV node. The normal PR interval is 0.12 to 0.20 seconds.

The mean electrical axis of depolarization (mean QRS vector) can be determined from the standard bipolar and the unipolar limb leads, as seen in Figure 15.
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Figure 15

(Reproduced, with permission, from Stead, LG et al. First Aid for the Medicine Clerkship, 2nd ed. New York: M cGraw-Hill; 2006:7.)

Mechanical Events of the Cardiac Cycle

The cardiac action potential triggers a wave of contraction that spreads through the myocardium. The phases of the cardiac cycle are shown in Figure 16, and include
the following:
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Figure 16

Events of the cardiac cycle at a heart rate of 75 beats/min. The phases of the cardiac cycle identified by the numbers at the bottom are as follows: 1, atrial systole; 2,
isovolumetric ventricular contraction; 3, ventricular ejection; 4, isovolumetric ventricular relaxation; and 5, ventricular filling. Note that late in systole, aortic pressure
actually exceeds left ventricular pressure. However, the momentum of the blood keeps it flowing out of the ventricle for a short period. The pressure relationships in

the right ventricle and pulmonary artery are similar. Atr. syst, atrial systole; Ventric syst., ventricular systole. (Reproduced, with permission, from Ganong WF.
Review of Medical Physiology, 22nd ed. New York: M cGraw-Hill; 2005:567.)

* Atrial systole
* Ventricular systole, which comprises isovolumetric contraction, rapid ejection, and reduced ejection

* Ventricular relaxation, which includes isovolumetric relaxation, rapid ventricular filling, and reduced ventricular filling
Arterial Blood Pressure and Cardiac Output

The interaction of the factors controlling arterial blood pressure and cardiac output are summarized in Figure 17.
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Solid arrows indicate increases and the dashed arrow indicates a decrease. (Reproduced, with permission, from Ganong WF. Review of Medical Physiology, 22nd ed.
New York: M cGraw-Hill; 2005:572.)

The heart rate is controlled primarily by the autonomic innervation of the heart, with sympathetic stimulation increasing heart rate by increasing the rate of phase 4
depolarization in the sinoatrial node, and vagal stimulation decreasing heart rate. Blood pressure is maintained by the baroreceptor reflex. Baroreceptors located in the
carotid sinus and aortic arch respond to a decrease in blood pressure (eg, due to hemorrhage) by reflexly stimulating sympathetic activity to the heart and blood
vessels, which increases heart rate, cardiac contractility, total peripheral resistance (TPR), and decreases venous comp liance (Figure 18).
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Figure 18
(Reproduced, with permission, from Widmaier E, Hershel R, Strang K. Vander’s Human Physiology. 11th ed. New York, NY:M cGraw-Hill; 2008:410.)
Stroke volume (and thus cardiac output) is dependent on preload, afterload, and contractility. The relationship between preload (enddiastolic fiber length) and
stroke volume is known as the length—tension relationship, and is represented by a Starling curve. Increases in preload (as measured by such indices as ventricular end-
diastolic volume, ventricular end-diastolic pressure, atrial pressure, or central venous pressure) cause increases in the tension developed by cardiac muscle, which

increases the stroke volume and cardiac output. The Starling curve is shifted up and to the left by an increase in contractility or a decrease in afterload. The Starling
curve is shifted down and to the right by a decrease in contractility or an increase in afterload, as shown in Figure 19.
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Preload is dependent on blood volume, venous compliance, and TPR. The relationship between these variables is represented by a vascular function curve. Changes
in vascular volume or venous comp liance cause a parallel shift in the vascular function curves. Changes in TPR cause the slope of the vascular function curve to change,
as shown in Figure 20.
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Figure 20

The change in pressure and volume within the heart during one cardiac cycle can be represented by a pressure—volume loop. The work required to eject the blood is
called the stroke work. The stroke work is the product of mean left ventricular systolic pressure and stroke volume, and is equal to the area within the pressure—
volume curve.

The energy required to eject the blood is dependent on the stroke work and the wall stress (tension). According to Laplace’s law, wall stress (T) is proportional to
the systolic pressure (P) and the radius of the ventricle () and inversely proportional to the thickness of the ventricular wall (w):

T=PXxriw

Wall stress increases in heart failure because the preload increases to compensate for the decrease in contractility. The increased radius of the enlarged heart causes
wall stress to increase, and, therefore, more energy is required to eject blood (Figure 21). If the coronary circulation cannot provide the necessary oxy gen, ischemic pain
(angina) results.
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Blood pressure decreases as blood flows through the circulation. The magnitude of the decrease is proportional to the resistance of each segment of the circulation.
The greatest decrease occurs as blood flows through the arterioles. The segments of the circulation are in series with each other. The quantity of blood flowing into
each organ is inversely proportional to the relative resistance of each organ. For example, at rest, approximately 20% of the cardiac output flows through the skeletal
muscles. During exercise, when the resistance of the skeletal muscle vessels decreases, more than 80% of the cardiac output can flow through the skeletal muscles. The

organs in the body are in parallel with each other, with the exception of the lungs, whose blood flow is in series with the systemic circulation.

The velocity (v) of blood through a vessel is proportional to the flow of blood through the vessel (Qj and inversely proportional to the area of the vessel (4):

v=0/A

Increasing the velocity of blood can change flow from laminar (streamline) to turbulent (rapid, disorderly), as predicted by a Reynolds number that exceeds 2000.

Turbulent flow produces a sound called a murmur if it occurs in the heart or a bruit if it occurs in a blood vessel. Flow through stenotic or incompetent heart valves

produces cardiac murmurs. Occlusion of blood vessels by a sclerotic plaque, for example, will produce bruits.

Examples of cardiac murmurs are as follows:

Systolic murmurs:

1. Aortic stenosis

2. Pulmonic stenosis

3. Mitral regurgitation

4. Tricuspid regurgitation

5. Ventricular septal defect

Diastolic murmurs:

1. Aortic regurgitation

2. Pulmonic regurgitation
3. Mitral stenosis

4. Tricuspid stenosis

Capillary Fluid Balance

Fluid exchange across capillaries is dependent on the balance between the hy drostatic (P) and the osmotic () pressures between the capillaries and interstitial space,

and the permeability of the capillary wall (K, as predicted by the Starling law of capillary fluid balance:
Filtration = K; [(Peap + ) — (eep + Py
Excess filtration out of the capillaries causes fluid accumulation in the interstitial space, called edema. Edema can result from:

* An increase in capillary permeability (K, as during an inflammatory response

* A decrease in plasma proteins, as during malnutrition, which decreases 7.y,



* An increase in capillary hydrostatic pressure (P,y,), as in heart failure

* A decrease in interstitial hy drostatic pressure (P;) as with rapid evacuation of a pneumothorax

Normally, the fluid filtered from the capillaries is returned to the circulation by the lymphatic system, so blockage of the lymphatic circulation can also produce

edema.

Regional Circulations

The characteristics of the regional circulations are summarized in Table 25.

TABLE 25. CHARACTERISTICS OF THE REGIONAL CIRCULATIONS

Cardiac Primary Factors Auto-
Organ  Output (%) Unique Characteristics Regulating Blood Flow  regulation
Heart 5% Largest arteriovenous O, difference. O,  Local metabolites—0,, Yes, important
extraction is ~80% at rest, so adenosine, NO;
T 0, demand must be met by Physical—most coronary
i coronary blood flow; large capillary flow during diastole due
density facilitates O, diffusion into to systolic compression
myocardial cells
Bram  15% Organ that is least tolerant to ischemia ~ Local—CO, (1°), H, O,;  Yes, important

Kidneys  20-25%

Liver 25-30%

and hypoxia; redundancy of arterial
supply and venous drainage; blood-
brain barrier

Highest blood flow per gram of tissue;
lowest O, extraction (ie, arteriovenous
0, difference); two sets of arteriolar
vessels and two capillary beds arranged
in series; only organ in which a large
volume of fluid passes out of the
blood vessels into the interstitial space
(170 vs. 20 L/day in other areas)

Physical—nT intracranial but abolished
pressure (Cushing reflex) by T €O,

Myogenic autoregulation Yes—major
and tubuloglomerular regulatory

feedback: reflex activation/  mechanism
inhibition of sympathetic

vasoconstrictor fibers on

large arteries and afferent

arterioles

Dual blood supply via portal vein (~70%) ~Sympathetic vasoconstrictor  Yes, can be

and hepatic artery (~30%); organ with
greatest share of systemic cardiac output

nerves (direct and reflex demonstrated

activation/mhibition)




Skin 5-10%: Two types of resistance vessels: arterioles ~ Sympathetic Yes, in

10x lessif cold,  and AV anastomoses in fingertips, VaSOCONSITICLOT Nerves—  cutaneous
210xmorein  palms, toes, soles of feet, earlobes, basal tone and reflex arterioles
heat ranging nose, and lips; dense subdermal activation/mhibition but not AV
from 1 to capillary and venous plexusisablood by thermoreceptors, anastomoses
150 ml/ Teservolr baroreceptors

100 g/mmn
Skeletal  15-20% atrest;  Large range of blood flow due to great Neural control predominates  Yes, can be

muscle  upto 80% mass and variation in metabolic rate; at rest; local metabolic demonstrated:
during exercise ~ white muscle has lower basal and lower  vasodilation predominates  may be more
maximal flow rates than red muscle; during exercise—lactate, ~ avid during
blood volume is low at rest adenosine, K'; physical—  exercise
contraction compression
Lungs ~ 100% Hypoxia causes vasoconstriction so that  Passive factors (eg, No
only well-ventilated areas are perfused. ~ gravity; lung volume);
In other organs, hypoxia causes hypoxia causes active
vasodilation vasoconstriction

GASTROINTESTINAL PHYSIOLOGY
(Barrettetal., pp 453-518. Le at al., pp 319-323. Widmaier et al., pp 516-553.)

The first stage in the digestion and absorption of food is chewing and swallowing. Chewing and swallowing can be initiated voluntarily or involuntarily. Chewing
breaks food into small pieces and mixes them with salivary secretions including salivary a-amylase. Swallowing is coordinated by a swallowing center in the brain
stem. During the oral phase of swallowing, the tongue pushes the food into the pharynx. During the pharyngeal phase, peristaltic contractions and relaxation of the
upper esophageal sphincter allow the food to enter the esophagus. During the esophageal phase, the lower esophageal sphincter relaxes and the food is propelled into
the stomach by primary peristalsis. A secondary peristaltic wave, initiated by the presence of food in the smooth muscle, clears the esophagus of any food not
propelled into the stomach by primary peristalsis.

The stomach breaks food into small pieces and mixes the pieces with gastric secretions to produce a paste-like material called chyme. Liquids and chyme are forced
through the pylorus by arise in gastric pressure. Liquids empty from the stomach in one and a half hour. Solids cannot pass through the pyloric sphincter until they
are broken into small pieces (<1 mm’ ), and, therefore, emptying of solids takes from 1 to 3 hours.

Gastric emptyingis slowed by the enterogastric reflex and the release of inhibitory hormones. The reflex and the secretion of hormones are evoked by the presence
of acid or fats in the duodenum. The secretion of gastric acid by the parietal cells is regulated by paracrine (histamine), neural (vagus nerve), and hormonal (gastrin)
influences.

The intestine is responsible for the digestion and absorption of food and nutrients. During the digestive phase, food is slowly moved along the intestine by
segmentation. During the interdigestive phase, the intestine is cleared of any nonabsorbed particles by the migrating motor complex.

Carbohydrates, proteins, and fats are digested by several enzymes. Carbohydrate digestion is completed in the small intestine by pancreatic amylase and by
oligosaccharides such as maltase, lactase, sucrase, and trehalase, which are located in the brush border of the small intestine. Proteins are broken down in the small
intestine by enzymes from the pancreas (trypsin, chymotrypsin, elastase, and carboxypeptidase) and from aminopeptidase found in the intestinal brush border. Fat
digestion occurs via pancreatic lipase and colipase.

Bile is necessary for the digestion and absorption of fats. However, the amount of bile acids emptied into the proximal small intestine from the gallbladder is
insufficient for complete fat digestion and absorption. Receptor-mediated active transport of bile acids in the terminal ileum returns the bile acids via the portal blood
to the liver for secretion into the small intestine (this circulation of bile is called the enterohepatic circulation). Approximately 95% of the bile acid pool is recirculated
from the intestine and about 5% is lost in the stool.

Water absorption is caused by osmotic forces generated by sodium absorption. The source of water is both exogenous (oral input) and endogenous (gastrointestinal
tract secretion) and averages 8 to 10 L/day. Generally, less than 0.2 L/day is eliminated in the stool. The majority of water absorption occurs in the jejunum and ileum,
with less amounts of absorption occurring in the colon.

Some of the key functions of the stomach, small intestine, and colon are summarized below:



Stomach:

* Mucus secretion (mucus cells)

* Pepsinogen secretion (chief cells)

* HCl secretion (parietal cells)

« Intrinsic factor secretion (parietal cells)

* Gastrin secretion (G cells in antrum)

* Accommodation (receptive relaxation) and peristalsis

Small intestine:

* Iron absorption (duodenum)

* Folate absorption (duodenum)

* Bile acid absorption (ileum)

* Vitamin B, absorption (ileum)

* Water reabsorption

* Carbohydrate, protein, fat absorption

* Segmentation (digestive period) and migrating motor complex (interdigestive period)

Colon:

* Absorption of sodium and water

* Net secretion of potassium and bicarbonate
* Vitamin synthesis from colonic bacteria

* Segmentation and mass action contraction

RENAL AND URINARY PHYSIOLOGY
(Barrett et al., pp 671-696. Widmaier et al., pp 475-515.)

The kidney is responsible for maintaining the constancy and volume of the extracellular fluid. The functional unit of the kidney is the glomerulus and its associated
nephron. As depicted in Figure 22, the three basic components of renal function are:
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Basic components of renal function. (Reproduced with permission, from Widmaier EP et al. Vander’s Human Physiology: The Mechanism of Body Function, 10th ed.
New York: M cGraw-Hill; 2006:531.)

* Glomerular filtration
* Tubular reabsorption
* Tubular secretion



Each day, 160 to 180 L of fluid is filtered into the approximately 1 million nephrons in the human kidney. The glomerular filtration rate (GFR) is dependent on the
Starling forces between the glomerular capillaries (cap) and Bowman capsule (BC):

GFR = Kf [{Pcap + ﬂ:E.C.\.J — {ﬂ:cap gL PBC\J']

The amount of material filtered into the proximal tubule is called the filtered load. Approximately 20% of the plasma flowing through the glomerulus (renal plasma
flow, RPF) is filtered into the proximal tubule.

The relative quantity of material excreted by the kidney (the renal clearance) is expressed as the volume of plasma that is completely cleared of the material by the
kidney:

Renal clearance = (U, X VV/P,ope

where U, is the urinary concentration of material, P, is the plasma concentration of material, and Vis the urinary flow rate.

conc

If a material is filtered but not reabsorbed or secreted, its renal clearance will be equal to the GFR. The clearances of creatinine or inulin are used clinically to
measure GFR. If a material is completely cleared from the plasma during its passage through the kidney by a combination of filtration and secretion, its renal clearance
will be equal to the RPF. The clearance of the organic anion para-aminohippurate is used clinically to measure RPF:

Renal blood flow = RPF/(1 — hematocrit)
The proximal tubule is responsible for reabsorbing most of the material filtered from the glomerulus, as shown in Table 26.

TABLE 26. PROXIMAL TUBULE REABSORPTION

Material Reabsorbed (%) Mechanism

Na* 60-70 Na/H exchange Na-nutrient
cotransport diffusion
K', urea, CI” 60-70 Diffusion and solving drug

Glucose, amino acids 100 Na-nutrient cotransport
Phosphate 90 Na-nutrient cotransport
Bicarbonate 85 Indirectly via Na/H exchange

The loop of Henle is responsible for producing a dilute filtrate. It reabsorbs approximately 25% of the salt and 15% of the water filtered from the glomerulus. The
filtrate flowing from the loop of Henle to the distal convoluted tubule has a Na+ concentration of approximately 100 mEq/L.

The distal nephron is responsible for regulating salt and water balance. Na+ balance is regulated by aldosterone and atrial natriuretic peptide (ANP). Water balance is
regulated by antidiuretic hormone (ADH), which is also called arginine vasopressin. K balance is regulated by aldosterone.

Aldosterone increases Na. reabsorption and K’ secretion by the principal cells of the cortical and medullary collecting ducts. Aldosterone acts on the cell nucleus,
increasing Na+ conductance of the apical membrane (which, by allowing more Na+ to enter the cell, increases Na+ reabsorption), the number of Na+, K+ —ATPase
pump sites (which, by increasing intracellular K+ concentration, increases K+ secretion), and the concentration of mitochondrial enzymes.

ANP decreases Na_ reabsorption by the renal epithelial cells of the medullary collecting ducts.

ADH increases water reabsorption by the principal cells of the cortical and medullary collecting ducts. ADH upregulates the number of water channels on the apical
membrane of the epithelial cells by a cyclic adenosine monophosphate—dependent process.

Changes in renal hydrogen ion excretion are essential to the maintenance of acid—base balance in the body. The mechanisms of renal hydrogen ion excretion include:
* Bicarbonate ion reabsorption

N
« Titratable acid excretion (tubular secretion of H , which combines with filtered phosphate)

.
* Ammonium ion excretion (tubular secretion of H , which combines with filtered ammonia)

REPRODUCTIVE PHYSIOLOGY
(Barrett et al., pp 391-429. Widmaier et al., pp 586-631.)
Female Reproductive System
The reproductive system of women, unlike that of men, is characterized by regular cyclical changes in hormone secretion, ovarian function, and uterine events called

the menstrual cycle.
The key events of the menstrual cycle are summarized in Table 27.

TABLE 27. SUMMARY OF THE MENSTRUAL CYCLE



Day(s) Major Events

1-5 Estrogen and progesterone are low because the previous corpus luteum is regressing.
Therefore: (a) Endometrial lining sloughs.
(b) Secretion of FSH and LH is released from inhibition, and their plasma concentrations increase.
Therefore: Several growing follicles are stimulated to mature.
7 A single follicle (usually) becomes dominant.
7-12 Plasmaestrogen increases because of secretion by the dominant follicle.
Therefore: Endometrium is stimulated to proliferate.
7-12 LHand FSH decrease due to estrogen and inhibin negative feedback.
Therefore: Degeneration (atresia) of nondominant follicles occurs.
12-13  LH surge is induced by increasing plasma estrogen.
Therefore: (a) Oocyte is induced to complete its first meiotic division and undergo cytoplasmic maturation.
(b) Follicle is stimulated to secrete digestive enzymes and prostaglandins.
14 Ovulation is mediated by follicular enzymes and prostaglandins.
15-25  Corpus luteum forms and, under the influence of low but adequate levels of LH, secretes estrogen and
progesterone, increasing plasma concentrations of these hormones.
Therefore: (a) Secretory endometrium develops.
(b) Secretion of FSH and LH is inhibited, lowering their plasma concentrations.
Therefore: No new follicles develop.
25-28  Corpus luteum degenerates (if implantation of the conceptus does not occur).
Therefore: Plasma estrogen and progesterone concentrations decrease.
Therefore: Endometrium begins to slough at conclusion of day 28, and a new cycle begins.

(Reproduced, with permission, from Widmaer E, Hershel R, Strang K. Vander’s Human Physiology. 11th ed. New York, NY: McGraw-Hill; 2008:625.)

Male Reproductive System

* The testes (male gonads) have a dual function: the production of germ cells (spermatogenesis) and the secretion of sex hormones (principally testosterone).

*» Spermatogonia develop into mature spermatozoa in the seminiferous tubules via a process called spermatogenesis. This is a multistep process that includes
maturation of spermatogonia into primary spermatocytes, which undergo meiotic division, resulting in haploid secondary spermatocytes. Several further divisions
result in spermatids. Spermatids eventually mature into motile spermatozoa (sperm) to complete sp ermatogenesis; this last part of maturation is called
spermiogenesis.

* Germ cells lining the seminiferous tubules must stay in contact with Sertoli cells to survive. Sertoli cells are large gly cogen-containing cells that stretch from the basal
lamina to the lumen of the seminiferous tubule. Tight junctions between Sertoli cells form a blood—testis barrier.

« Testosterone is synthesized from cholesterol in Leydig cells and is under the control of luteinizing hormone. M ost testosterone is bound to albumin or to gonadal
steroid-binding globulin in the plasma.

* The actions of testosterone include inhibitory feedback on pituitary LH secretion and hypothalamic GnRH secretion; development and maintenance of male
secondary sex characteristics; protein-anabolic, growth-promoting effects; and, along with FSH, maintenance of spermatogenesis.

* Another hormone of testicular origin, inhibin B, is produced by the Sertoli cells and acts to inhibit FSH release from the anterior pituitary gland.

* Erection is initiated by dilation of the arterioles of the penis, which increases blood flow into the erectile tissue of the organ. The increased turgor of the penis also
results from compression of the veins, blocking the outflow of blood from the organ. Erections are produced by the release of nitric oxide (NO), which inhibits the
smooth muscle of the corpora cavernosa, allowing blood to fill the penis. NO is a potent vasodilator that acts by activating guanylyl cyclase, resulting in increased
production of the second messenger, cyclic GMP. Normally, erection is terminated by sympathetic vasoconstriction of the penile arterioles.

* Ejaculation is a spinal reflex consisting of two phases—(1) emission, the movement of semen from the prostate into the urethra in response to sympathetic
activation of the hypogastric nerves causing contraction of the smooth muscle of the vas deferens and seminal vesicles, and (2) ejaculation, the propulsion of the



semen out of the urethra by contraction of the bulbocavernosus muscle, a skeletal muscle, at the time of orgasm.

ENDOCRINE PHYSIOLOGY

(Barrett et al., pp 297-390, 431-45. Kacsoh, pp. Widmaier et al., pp 311-352, 554-631.)

The endocrine sy stem consists of endocrine glands, as well as hormone-secreting cells located in various organs, that which secrete hormones, that is, “chemical
messengers,” which are carried by the blood to their site of action (target cells).

The pituitary gland (hypophysis), often referred to as the master gland, controls the secretion of many endocrine hormones, and in turn is mediated by the
hypothalamus, as well as feedback control from peripheral hormones. The pituitary is divided into two parts based on its development. The posterior pituitary, or
neurohypophysis, is a collection of axons from neurons that originate in the paraventricular and supraoptic nuclei of the hypothalamus. These hypothalamic neurons
synthesize:

1. Oxytocin—responsible for milk ejection after childbirth, and uterine contraction during labor

2. Antidiuretic hormone also known as vasopressin increases water permeability of the renal collecting ducts, causing retention of water and increase in blood pressure.

The anterior pituitary, or the adenohypophysis, develops through evagination of Rathke’s pouch. The anterior pituitary secretes six major hormones. The
synthesis and release of these hormones are controlled by the hypothalamus. Six major hormones are secreted by the anterior pituitary under the control of the
hypothalamus. These hypothalamic releasing hormones are secreted into the superior hypophyseal arteries, which form the primary capillary plexus in the median
eminence. From the median eminence, the releasing hormones travel to the secondary plexus of the adenohypophysis via the long hypophyseal portal veins. At this
point, the releasing hormones diffuse to the anterior pituitary cells to regulate release of pituitary hormones in conjunction with peripheral hormone feedback.

Table 28 summarizes a number of other endocrine glands, the hormones produced by each, and the major function of each hormone.

TABLE 28. SOME ENDOCRINE GLANDS AND HORMONES



Site Produced

Hormone

Major Function/
Control of

Adrenal gland
Adrenal cortex

Adrenal medulla

Thyroid gland

Pancreas

B-Cells of
the islets of
Langerhans

o-Cells of
the islets of
Langerhans

Glucocorticoids (cortisol;
corticosterone)

Aldosterone

Androgens
(dehydroepiandrosterone;
androstenedione)

Catecholamines
(epinephrine;
norepinephrine)

Thyroxine (T4) and
triiodothyronine (T5)

[nsulin

Glucagon

Glucose metabolism;
body’s response to
stress; regulation
of immune system;
development

Na* and K* excretion by
kidneys; extracellular
water balance

Adrenarche; sex drive in
women

Organic metabolism;
cardiovascular function:
response to stress
(“fight-or-flight™)

Metabolic rate; stimulate
activity of Na™/K'-
ATPases throughout
the body (calorigenic
action); growth; brain
development and
function; permissive
effects on catecholamines

Increases cellular entry,
promotes storage, and
inhibits synthesis and
mobilization of glucose,
amino acids, and fatty
acids

Increases plasma glucose

(Modified, with permission, from Widmaier et al. Vanders Human Physiology: The Mechanism of Body
Function. 11th ed. New Yorle, NY: McGraw-Hill: 2011:314-315.)




One of the major functions of the endocrine system is to control growth. Growth is a complex process influenced not only by endocrine function but also by bone
growth, genetics, and a variety of environmental factors, including nutrition. At least a dozen hormones directly or indirectly influence growth. The major hormones
influencing growth and their principal actions are summarized in Table 29.

TABLE 29. MAJOR HORMONES INFLUENCING GROWTH

Hormone Principal Action

Growth Major stimulus of postnatal growth:
hormone » Induces precursor cells to differentiate and secrete insulin-
(GH) like growth factor 1 (IGF-1), which stimulates cell division

» Stimulates liver to secrete IGF-1
» Stimulates protein synthesis

Insulin  Stimulates fetal growth
» Stimulates postnatal growth by stimulating secretion of IGF-1
» Stimulates protein synthesis

Thyroid » Permissive for GH’s secretion and actions
hormones ¢ Permissive for CNS development

Testosterone  * Stimulates growth at puberty by stimulating GH secretion
» (Causes eventual epiphyseal closure
» Stimulates protein synthesis in males

Estrogen » Stimulates GH secretion at puberty
» Causes eventual epiphyseal closure

Cortisol * Inhibits growth
Stimulates protein catabolism

(Reproduced, with permission, from Widmaier E, Hershel R, Strang K. Vander’s Human Physiology.
12th ed. New York, NY: McGraw-Hill; 2011:344.)

Figure 23 presents a summary of overall target cell responses to (a) an increase in the plasma concentration of insulin, such as occurs in the absorptive state, and (b)
a decrease in the plasma concentration of insulin, such as occurs in the postabsorptive state. Glucagon’s effects oppose those of insulin.



(b)

Figure 23

Effects of insulin on organic metabolism. (Reproduced, with permission, from Widmaier E, Hershel R, Strang K. Vander’s Human Physiology. 11th ed. New York,
NY: McGraw-Hill; 2008:572.)

Calcium and phosphate concentrations in the body are controlled by parathyroid hormone (PTH), calcitonin, and vitamin D concentrations (Table 30). PTH is
essential for extracellular calcium homeostasis. Low levels of extracellular calcium, recognized by a G protein—coupled receptor, stimulate immediate PTH release.
Vitamin D, however, is more effective in maintaining steady-state calcium levels. Calcitonin has limited physiologic significance in calcium homeostasis, and is
typically more important as a tumor marker.



Parathyroid
hormone
(PTH)

Calcitonin

Vitamin D
(calcitriol)

Increase

Decrease

Increase

Decrease

Decrease

Increase

Bone—stimulates osteoclasts to
release calcium
Kidney—calcium reabsorption
and phosphate excretion, and
calcitriol formation
Bone—inhibits osteoclasts
Kidney—increase calcium and
phosphate excretion
Intestine—stimulates Ca*",
phosphate, and Mg** absorption
Bone—stimulates Ca** and

phosphate release with the help
of PTH

Kidney—decreases Ca** and
phosphate excretion




General Principles: Cellular Physiology

Questions

1. A 61-year-old man with erectile dysfunction asks his physician to prescribe Viagra® (sildenafil citrate; Pfizer Inc., Mission, KS, USA). Sildenafil produces its
physiological effects by blocking the enzyme that hydrolyzes the second messenger by which nitric oxide produces its physiological effects. Which of the following is
the second messenger?

a. Cyclic guanosine monophosphate (cGMP)

b. cGMP phosphodiesterase (PDE)

c. Diacylgly cerol

d. G protein

e. Guanylate cyclase

2. A 40-year-old male with acute promyelocytic leukemia is started on treatment with all-trans retinoic acid (ATRA). Which of the following characteristics of a
hydrophobic hormone that binds to nuclear receptors is most important in governing its diffusibility through a cell membrane?

a. Diameter

b. Electrical charge

c. Lipid solubility

d. Molecular weight

e. Three-dimensional shape

3. An 83-year-old woman with sepsis develops multiorgan failure. Based on her blood urea nitrogen of >100 mg/dL, she is placed on continuous venovenous
hemodialysis. Which of the following factors will increase the diffusive clearance of solutes across the semip ermeable dialysis membrane?

a. Area of the membrane increases

b. Concentration gradient for the solutes decreases

c. Lipid solubility of the solutes decreases

d. Size of the solute molecules increases

e. Thickness of the membrane increases

4. A 48-year-old woman with advanced breast cancer presents with severe nausea, vomiting, and dehydration. She is not undergoing chemo-therapy currently.
Laboratory findings reveal elevated serum-ionized calcium. Parathyroid hormone (PTH) levels are undetectable, but there is an increase in PTH-related peptide
(PTHTrP). The increased flow of calcium into the cell is an important component of the upstroke phase of the action potential in which of the following?

a. Cardiac ventricular muscle

b. Intestinal smooth muscle

c. Nerve cells

d. Presynaptic nerve terminals

e. Skeletal muscle

5. A 10-year-old boy sprains his ankle while running. History reveals that he has difficulty running, jumping, and keeping up with other children in races. His mother
reports that she is also clumsy. Physical examination demonstrates foot drop, weakness, sensory loss, and reduced reflexes. The boy is found to have a decrease in
nerve conduction velocity and an X-linked mutation of connexin 32, consistent with Charcot—M arie-Tooth (CM T) disease. The neuropathy and gait disorder result
because connexin is an important component of which of the following?

a. Gap junction

b. Microtubule

c. Sarcoplasmic reticulum

d. Sodium channel

e. Synaptic vesicle

6. A 2-day-old infant starts having brief tonic—clonic seizures throughout the day. His neurological function in between seizures is normal, and he has no other medical
or neurological problems. The history reveals no readily apparent causes for the seizures, though the mother recalled that her first baby also developed seizures

shortly after birth that only lasted for 2 weeks, with no subsequent episodes or developmental problems. Genetic analysis revealed a mutation of voltage-gated K+
channels consistent with a diagnosis of benign familial neonatal seizures. Which of the following would cause an immediate reduction in the amount of potassium
leaking out of a cell?

a. Decreasing the extracellular potassium concentration

b. Decreasing the extracellular sodium concentration

c. Hyperpolarizing the membrane potential

d. Increasing the permeability of the membrane to potassium

e. Reducing the activity of the sodium—potassium pump

7. A 42-year-old woman consults a dermatologist to evaluate and treat the frown lines on her forehead just above the nose. After the treatment options are explained to
her, the patient asks the dermatologist to administer botulinum type A (Botox). Botox smooths out glabellar lines by which of the following mechanisms?



a. Blocking the release of synaptic transmitter from o-motoneurons

b. Decreasing the amount of calcium released from the sarcoplasmic reticulum

c. Enhancing the enzymatic hydrolysis of acetylcholine at the neuromuscular junction
d. Increasing the flow of blood into facial muscles

e. Preventing the opening of sodium channels on muscle membranes

8. A 48-year-old executive was referred for a life insurance physical examination for his new corporation. His body mass index was 34, indicating clinical obesity, and
his blood pressure was 145/92 mm Hg. Blood tests showed hyperlipidemia and hypergly cemia with normal insulin levels, consistent with type 2 diabetes mellitus
(T2DM). T2DM adversely affects many cellular processes. Which of the following transport processes is a passive downhill process?

a. Calcium into the sarcoplasmic reticulum (SR)

b. Glucose into skeletal muscle and fat cells

c. Hydrogen into the lumen of canaliculi of the parietal cells of the stomach
d. Phosphate into epithelial cells lining the proximal tubule of the kidney

e. Sodium out of brain cells

9. A 54-year-old woman undergoes a colonoscopy to screen for colon cancer. Biopsy of a polyp removed during the procedure reveals epithelial cell metaplasia, with
some cells progressing toward malignant transformation. A high-fiber diet is prescribed to generate more short-chain fatty acids. The figure below illustrates the
concentration of protonated short-chain fatty acids on either side of a colonic epithelial cell membrane. If the concentration of fatty acids on the outside surface of the

cell doubles, the rate of diffusion of the short-term fatty acids will change from 10 mg/h to which of the following rates?

20 mg/L 10 mg/L

CHAMBER A CHAMBER B

a. 5 mgh

b. 10 mg/h

c. 15 mgh

d. 20 mg/h

e. 30 mgh

10. A 43-year-old pregnant woman develops preeclampsia at 32 weeks’ gestation. Intravenous labetalol is given to reduce blood pressure, and magnesium sulfate,
which blocks N-methyl-D-aspartate (NM DA) receptors in the central nervous system, is ordered for the prevention of eclamptic seizures until the fetus can be
delivered. Which of the following activates the NM DA receptor?

a. Acetylcholine

b. Gamma-aminobutyric acid (GABA)

c. Glutamate

d. Glycine

e. Kainate

11. A 56-year-old woman presents with fatigue and malaise. Hepatomegaly and mild jaundice are evident upon physical examination. Blood tests reveal an increase in

aspartate aminotransferase and the presence of anti-smooth muscle antibodies, suggestive of autoimmune hepatitis. Which of the steps in the chemical reactions that
occur during cross-bridge cycling in smooth muscle shown below is responsible for relaxation of contracted smooth muscle and the formation of latch bridges?



Unphosphorylated O E Phosphorylated
Myosin Light Chains Myosin Light Chains

Actomyosin without Actomyosin with
Phosphorylated Light Chains Phosphorylated Light Chains

a. Step 1
b. Step 2
c. Step 3
d. Step 4
e. Step 5

12. A 23-year-old man is brought to the emergency department after collapsing during basketball practice. On admission, he is lethargic and appears confused. His
coach reports that it was hot in the gym and he was drinking a lot of water during practice. An increase in which of the following is the most likely cause of his
symptoms?

a. Intracellular tonicity

b. Extracellular tonicity

c. Intracellular volume

d. Extracellular volume

e. Plasma volume

13. A 14-year-old adolescent girl reports blood in her urine 2 weeks after she had a sore throat. She has uremia and a blood pressure of 160/90 mm Hg with peripheral
edema, suggestive of volume expansion secondary to salt and water retention. Which of the following is the approximate extracellular fluid volume of a normal

individual?

a. 5% of body mass
b. 10% of body mass
c. 20% of body mass
d. 40% of body mass
e. 60% of body mass

14. A previously well 18-year-old woman is admitted to the ICU because of altered mental status. She does not respond to instructions and her arms are postured in a
flexor position. Laboratory data reveal a serum sodium concentration of 125 mmol/L. Her friends indicate that the patient had taken ecstasy at a party the night before,
and because she was extremely thirsty the next morning, she had consumed a lot of water in a short period of time. Assuming that the reduction in osmolarity is
entirely due to water consumption, that her initial weight was 60 kg, and that her initial osmolarity was 300 mOsm/L, which of the following is approximately the
quantity of water she would have drunk to produce the observed hyponatremia?

a.25L
b.35L
c.5L
d.6L
e.7L

15. A 49-year-old man in end-stage renal failure is able to perform peritoneal dialysis at home. The osmolality of the solution chosen for peritoneal dialysis will
determine the rate of ultrafiltration. Which of the following statements best characterizes a molecule whose osmolality is zero?

a. It will not permeate the membrane.

b. It can only cross the membrane through the lipid bilayer.
c. It causes water to flow across the membrane.

d. It is as diffusible through the membrane as water.

e. It is transported across the membrane by a carrier.

16. A 76-year-old woman with a history of uncontrolled hypertension presents in the emergency department with hypotension and shock-like symptoms. Her
daughter reports systolic blood pressure near 200 mm Hg earlier in the day and suspects a dissecting aneurysm, which is confirmed with a computed tomography
(CT) of the chest. Biopsy of the repaired aorta shows giant cell arteritis, and the woman is placed on a regimen of high-dose prednisone. The anti-inflammatory effect
of exogenous glucocorticoids is thought to be due to which of the following?

a. Activation of phospholipase A,



b. Increased capillary membrane permeability

c. Increased formation of leukotrienes

d. Increased release of interleukin-1 (pyrogen) from granulocytes
e. Inhibition of the activation of nuclear factor-xB (NF-«B)

17. A 62-year-old man presents to the emergency room with an acute onset of aphasia and hemiparesis. A CT scan reveals an increase in intracranial fluid. Which of
the following solutions will be most effective in reducing intracranial pressure (ICP) following a large hemispheric stroke?

a. 150 mmol sodium chloride
b. 250 mmol glycerol

¢. 250 mmol glucose

d. 350 mmol urea

e. 350 mmol mannitol



General Principles: Cellular Physiology

Answers

1. The answer is a. (Barrett, pp 62-63, 116, 151, 422-423, 596-597. Longo, pp 374-378.) Erection is initiated by dilation of the arterioles of the penis, which
increases blood flow into the erectile tissue of the organ. The increased turgor of the penis also results from compression of the veins, blocking the outflow of blood
from the organ. Erections are produced by the release of nitric oxide (NO), which inhibits the smooth muscle of the corpora cavernosa, allowing blood to fill the penis.

NO is a potent vasodilator that acts by activating guanylyl cyclase, resulting in increased production of the second messenger, cGMP. Sildenafil citrate (Viagra®) is an
effective and selective inhibitor of cGMP PDE. By blocking the breakdown of cGM P, sildenafil prolongs the action of NO and erections. Sildenafil is most active

against PDES, the type of PDE found in the corpora cavernosa. Other cGM P PDES inhibitors used in the treatment of erectile dysfunction include tadalafil (Cialis®;

Eli Lilly and Company, Indianapolis, IN, USA) and vardenafil (Levitra®; Bayer Pharmaceuticals Corporation, Leverkusen, North Rhine-Westphalia, Germany and
GlaxoSmithKline, Brentford, Middlesex, United Kingdom). Sildenafil is also a potent inhibitor of PDE6 found in the retina, which accounts for the transient blue-green
color weakness, one of the side effects of sildenafil. G proteins are coupling molecules that link various receptors to nearby effector molecules, which, in turn, generate
second messengers that mediate the hormone’s actions. Inositol triphosphate (IP;) is associated with the membrane phospholipid system for hormonal signal
transduction. G-protein activation of the membrane-bound enzyme phospholipase C breaks down membrane phospholipids into diacylgly cerol (DAG) and inositol
triphosphate. DAG is a potent activator of protein kinase C.

2. The answer is c. (Widmaier, pp 97-100.) M aterials that are not soluble in water can only diffuse across the membrane through the lipid bilayer. The most
important factor determining how well a substance can diffuse across the lipid bilayer is the substance’s lipid solubility. If two materials have the same lipid solubility,
then the permeability of the smaller particle will be greater. Signal transduction pathways differ between water-soluble and lipid-soluble messengers (hormones).
Lipid-soluble messengers, including steroid hormones, thyroid hormones, and vitamin derivatives such as retinoids (vitamin A) and vitamin D, interact with
intracellular nuclear receptors, in contrast to water-soluble amino acid derivatives and peptide hormones, which interact with cell-surface membrane receptors. In
promyelocytic leukemia, fusion of retinoic acid receptor alpha to other nuclear proteins causes aberrant gene silencing and prevents normal cellular differentiation.
Treatment with the hormone retinoic acid reverses this repression and allows cellular differentiation and apoptosis to occur.

3. The answer is a. (Barrett, p 7. Longo, pp 2322-2324. Widmaier, pp 96-100.) The rate of diffusion is described by the Fick equation, as follows:
Net flux= A x ([S;] — [S;]) x D/d

where 4 is the area available for diffusion, [S;] — [S,] is the concentration gradient of the substance across the membrane, d is the distance for diffusion, and D is the
diffusion coefficient of the substance, which is equal to solubility coefficient/square root of gram molecular weight of the substance.

In other words, the flux of a molecule across a membrane is directly proportional to the area of a membrane, the concentration difference of the particles on either
side of the membrane, and the lipid solubility of the particle. Net flux is inversely proportional to the thickness of the membrane and the size (specifically, the square
root of the gram molecular weight) of the molecule. During acute renal failure, dialysis is often used to support renal function until renal recovery occurs. Hemodialysis
relies on the effectiveness of solute diffusion across a semip ermeable membrane. There are various modalities of hemodialysis, including intermittent, slow, low-
efficiency dialysis, and continuous hemodialysis.

4. The answer is b. (Barrett, pp 114-117. McPhee and Hammer, pp 105, 467-470.) In intestinal smooth muscle, the upstroke of the action potential is caused by the
flow of calcium into the cell. In cells of the cardiac ventricular muscle, the plateau phase of the action potential, but not the upstroke, is accompanied by the flow of
calcium into the cells. Skeletal muscle fibers resemble nerve fibers. In both of these cells, the upstroke of the action potential is caused by the flow of sodium into the
cell. Hypercalcemia occurs in approximately 10% of all malignancies and is most commonly seen in solid tumors, particularly breast carcinoma, renal carcinoma, and
squamous cell carcinomas (eg, esophagus and lung). Solid tumors usually produce hypercalcemia by secreting PTHrP. The resulting humoral hy p er-calcemia mimics
primary hyperthyroidism, but with no elevation in PTH.

5. The answer is a. (Barrett, pp 43-45. Longo, pp 516-518, 3452-3455.) Connexin is a membrane-sp anning protein that is used to create gap junction channels. The
gap junction channel creates a cytoplasmic passage between two cells. Each cell membrane contains half of the channel. The channel, called a connexon, is constructed
from six connexin molecules that form a cylinder with a pore at its center. CM T disease comprises a heterogeneous group of inherited peripheral neuropathies.
Approximately 1 in 2500 persons has some form of CM T, making it one of the most frequently occurring inherited neuromuscular disorders. Demy elinating forms of
CMT are classified as CM T1 and axonal forms as CM T2. Transmission is most frequently autosomal dominant, but it may also be autosomal recessive or X-linked,
like the mutation affecting the connexin 32 (Cx32), located in the folds of the Schwann cell cytoplasm around the nodes of Ranvier. This localization suggests a role for
gap junctions composed of Cx32 in ion and nutrient transfer around and across the myelin sheath of peripheral nerves.

6. The answer is c. (Barrett, pp 9-10, 276-278. McPhee and Hammer, pp 169-171.) The amount of potassium moving out of the cell depends on its membrane

potential, its concentration gradient, and its membrane conductance. According to the Nernst equation, the electrical gradient for K+ is inward and the concentration
gradient is outward. Hyperpolarizing the membrane makes the inside of the cell more negative and therefore makes it more difficult for potassium to flow out of the
cell. Answer (a) is incorrect because decreasing the extracellular p otassium concentration would increase the flow of potassium out of the cell, as would increasing the
permeability of the membrane to potassium (answer d). Decreasing the activity of the sodium—potassium pump (answer e) has no immediate effect on potassium
efflux, but ultimately results in depolarization of the membrane, resulting in an increased flow of potassium out of the cell. Altering the extracellular sodium
concentration (answer b) has no immediate effect on the flow of potassium across the membrane. Seizures are paroxy smal disturbances in cerebral function caused by
an abnormal synchronous discharge of cortical neurons. The epilepsies are a group of disorders characterized by recurrent seizures. Benign familial neonatal seizures

+
constitute a rare type of idiopathic epilepsy linked to autosomal dominant mutations of voltage-gated K channels. The seizures are paroxysmal, generally appearing
within the first week to month of life, and generally resolve spontaneously within days to weeks after onset. The seizures are brief tonic—clonic seizures with little or
no postictal state. There are generally no resultant developmental problems, though there may be a predisposition to developing epilepsy later in life.



7. The answer is a. (Barrett, p. 123. Longo, pp 1200-1203, 1776-1778.) Botulinum toxin inhibits the release of acetylcholine from a-motoneurons by blocking one of
the proteins responsible for the fusion of the synaptic channel with the presynaptic membrane. Botulinum toxin also inhibits the release of acetylcholine from the
neurons of the autonomic nervous system. Botulinum toxins are used for a variety of cosmetic and therapeutic purposes. Generalized botulism-like weakness
(iatrogenic botulism) is a rare complication of these procedures. Botulinum and tetanus toxin are released from the same class of bacteria (Clostridium). lllness begins
with cranial nerve involvement and proceeds caudally to involve the extremities. Cases may be classified as food borne, wound botulism, and intestinal botulism.
Because of its extraordinary potency, botulinum toxin has also been used as an agent of bioterrorism or biological warfare that could be acquired by inhalation or
ingestion. Features of outbreaks suggesting deliberate release of botulinum toxin include infection with an unusual toxin type, outbreak of a large number of cases of
acute flaccid paralysis with prominent bulbar palsies with a common geograp hic factor but without a common dietary exposure, or multiple simultaneous outbreaks
without a common source. Tetanus toxin produces an increase in skeletal muscle contraction by blocking the release of inhibitory neurotransmitter from spinal
interneurons.

8. The answer is b. (Barrett, pp 50-54. Widmaier, pp 101-102, 106.) Glucose is transported into skeletal muscle and fat cells by facilitated diffusion and thus does not
require the direct or indirect use of energy. Several distinct transporters mediate the facilitated diffusion of glucose. Insulin increases the number of the glucose
transporters expressed in skeletal muscle and adipose tissue, and thereby increases the rate of diffusion of glucose, though insulin is not necessary for the diffusion. In
diabetes mellitus (DM ), when insulin is not available (type 1 DM) or when the cells are unresponsive to insulin (T2DM ), muscle and adip ose tissue cannot efficiently
transport glucose across their membranes, leading to the characteristic hyperglycemia that is the hallmark of DM. All of the answer choices describe transport systems

N
that require energy. Sodium is transported out of cells by Na 7K+—ATPase; calcium is transported into the SR by a Ca?"-ATPase; and hydrogen is transported from

the parietal cells of the stomach by a H+—K+-ATPase. All of these transporters use ATP directly in the transport process. The active transport of Na+ is often

coupled to the transport of other substances, a process called secondary active transport. In the proximal tubule, phosphate is transported into the luminal cells of the

proximal tubule by a Na*<} IPC.':_ secondary active transport system. Secondary active transport usually involves the transepithelial movement of ions and other
o = +

molecules in the gastrointestinal tract, pulmonary airways, renal tubules, and other structures.

9. The answer is e. (Barrett, p 7. Widmaier, pp 96-100, 115.) Absorption of protonated short-chain fatty acids into enterocytes occurs by simple diffusion. Fick law
states that the net rate of diffusional flux (J) of a substance is proportional to its concentration difference (Ac). Doubling the concentration of protonated short-chain
fatty acids outside of the enterocytes from 20 to 40 mg/L causes the concentration difference to increase by threefold from 10 to 30 mg/L. Therefore, the net rate of
diffusion would increase from 10 to 30 mg/h. Short-chain fatty acids are released by the action of the colonic microflora on dietary fiber. These short-chain fatty acids
promote survival of healthy colonic epithelium while inducing apoptosis in epithelial cells progressing toward malignant transformation.

10. The answer is c. (Barrett, pp 138-145. Longo, pp 55-56, 2058-2059.) Glutamate is the major neurotransmitter that mediates synaptic excitation in the central
nervous system, and glutamate receptors are also known as excitatory amino acid receptors. The NM DA (N-methyl-D-aspartate) receptor channel is one of the five

+
different classes of excitatory amino acid receptors. The NM DA receptor is a large channel permeable to Ca?", K, and Na . It is activated by glutamate, but unlike
other glutamate receptor channels, the NM DA channel is blocked by M g2+ in its resting state. Depolarization of the cell membrane to approximately —40 mV removes

the Mg2+ blockade. Therefore, the NM DA channel is only opened when the cell is depolarized by other excitatory neurotransmitters. The NM DA receptor is also
unique in that glycine binding to the receptor is essential for the receptor to respond to glutamate. Preeclampsia is the development of high blood pressure during
pregnancy. Other signs of preeclampsia include protein in the urine and severe edema (or swelling). The definitive treatment for preeclampsia is delivery of the baby,
which may mean a premature birth. In the interim, intravenous labetalol or hydralazine may be given to treat the maternal hy pertension, though the risk of drug-
induced maternal hypotension is reportedly less with labetalol. M agnesium sulfate is the treatment of choice for preventing and treating eclamptic seizures.

+ +
Acetylcholine binding to nicotinic acety Icholine receptors opens ion channels conductive to Na and K . Glycine and GABA are both inhibitory neurotransmitters

that act on glycine and GABA 4 receptors, respectively, which are ligand-gated Cl” channels. Binding of GABA to the metabotropic GABAp receptor activates a G-

+
protein, which leads to activation of K channels and inhibition of Ca?* channels. Kainate is another type of glutamate receptor.

11. The answer is d. (Barrett, pp 114-117. Widmaier, pp 280-282.) Smooth muscle relaxes when Ca?" is removed from the myoplasm and latch bridges detach from
actin. Latch bridges are unphosphorylated myosin cross-bridges that are bound to actin. These cross-bridges cycle very slowly or not at all and are responsible for the
ability of smooth muscle to maintain its tone for a long time without expending energy for cross-bridge cycling. The enzyme myosin light chain phosphatase is
responsible for dephosphorylating cross-bridges (Step 4). Cross-bridge cy cling in smooth muscle cannot begin until the myosin light chains are phosphorylated (Step
1). Phosphorylation is enzymatically stimulated by myosin light chain kinase.

Smooth muscle autoantibodies (SM As) are found in the sera of patients with autoimmune liver diseases, viral infections, certain cancers, heroin addicts, and female
infertility. SM As are classified according to their reactivity to microfilaments, microtubules, or intermediate filaments. Auto-antibodies to actin-like microfilaments
appear specific for autoimmune hepatitis; autoantibodies to microtubules occur in infectious mononucleosis; and autoantibodies to intermediate filaments occur in
infectious hepatitis, chickenp ox, measles, and mumps. Autoimmune hepatitis is positive for both SM A and antinuclear antibodies (ANAs), whereas systemic lupus
erythematosus is positive for ANA but not for SMA. A possible pathogenic role for SM As seems unlikely because the autoantibodies are in the serum and the
cytoskeletal antigens are in the cytoplasm. However, observations that serum autoimmune comp lexes may activate complement raise the possibility of antibody-
mediated tissue damage by complement lysis.

12. The answer is c. (Barrett, pp 7-9, 701-702. Kaufinan, p 387. Longo, pp 343-349.) Drinking water after losing a significant volume of water as sweat decreases the
osmolality of the extracellular fluid because the salt lost from the extracellular fluid in sweat is not replaced by the ingested water. When the extracellular osmolality is
decreased, water flows from the extracellular to the intracellular body compartment, causing intracellular volume to increase. The patient’s symptoms are caused by
swelling of the brain.

13. The answer is c. (Barrett, pp 1-3, 6-7. Kaufiman, pp 206, 26. Longo, pp 264, 341-343, 348-351, 2340.) Sixty percent of the body mass is water. Of this water,
one-third (20% of body mass) is extracellular and two-thirds (40% of body mass) is intracellular. The extracellular water is further divided into interstitial water (80%
of extracellular fluid, or 15% of body mass) and plasma water (20% of extracellular fluid, or 5% of body mass). The percentage of water in the body is a function of
body fat. The greater the percentage of body fat, the lower the percentage of body water. About three-fourths of the lean body mass (mass excluding fat) is water. The



distribution of extracellular and intracellular water is a function of the extracellular osmolality. If the osmolality of the extracellular fluid is above normal, the
proportion of water in the extracellular fluid, in comparison with that in the intracellular water, increases; hy potonicity of the extracellular water decreases the
proportion of water in the extracellular fluid. Poststreptococcal glomerulonephritis is an acute nephritic syndrome that typically affects children between the age of 2
and 14 years, although 10% of cases are patients older than 40. Throat infections with certain M-type streptococci antedate the glomerular disease by 1 to 3 weeks.
Findings include hematuria, proteinuria and pyuria, red blood cell casts, edema, hypertension, and oliguric renal failure. Antibiotic treatment for streptococcus should
be given to the patient and all cohabitants, as incidence in cohabitants is as high as 40%.

14. The answer is e. (Barrett, pp 3-9, 310-31. Widmaier, pp 105-109, 115.) After ingesting water, it is absorbed from the intestine, enters the plasma, and rapidly
achieves osmotic equilibrium with the interstitial and intra-cellular comp artments. Assuming that she had a normal osmolarity of 300 mOsm/L initially, at her initial
body weight of 60 kg, with 60% of body weight being water, her initial volume was 36 L. A sodium concentration of 125 mM is equivalent to an osmolarity of 250
mOsm/L. Assuming that her normal osmolarity of 300 mOsm was reduced to 250 mOsm by the ingestion of water, she drank approximately 7 L.

Osmolarity = mOsm/volume
300 mOsm/L = 60 kg x 60% x 300/initial volume
[nitial volume = 10,800 mOsm/300 mOsm/L =36 L
250 mOsm/L = 60 kg x 60% x 300/new volume
New volume = 10,800 mOsm/250 mOsm/L=43 L
Volume consumed = new volume — initial volume
=43 L-36L=T7L

The amount of water ingested by the patient was not likely this high because she probably lost significant amount of salt as sweat while under the influence of
ecstasy. Her signs and symptoms are due to the brain swelling caused by hypotonicity.

15. The answer is d. (Barrett, pp 7-8. Longo, pp 2325-2326. Widmaier, pp 105-107.) The osmolality of a substance is the number of osmoles per kg of solvent. One
osmole (Osm) equals the gram molecular weight of a substance divided by the number of free-moving particles that each molecule liberates in solution. Osmotically
active substances in the body are dissolved in water, and the density of water is 1. Thus, osmolar concentrations can be expressed as osmoles (or milliosmoles) per
liter of water. If the osmolality is zero, there are no free-moving particles and, thus, the molecule is as diffusible as water through the membrane. Dialysis is often used
for the treatment of either acute or chronic kidney disease. Commonly accepted criteria for initiating patients on maintenance dialysis include marked uremia and
reductions in glomerular filtration rate, hy perkalemia and/or acidosis that are unresponsive to medication, and persistent extravascular fluid expansion despite diuretic
therapy. Hemo-dialysis is used in more than 90% of patients with end-stage renal disease in the United States, but no large-scale clinical trials have been completed to
compare outcomes among patients randomized to either hemodialysis or peritoneal dialysis.

16. The answer is e. (Barrett, pp 80, 367. Longo, p 2796.) Evidence is accumulating that the transcription factor, NF-kB, plays a key role in the inflammatory
response. NF-«B is a heterodimer that normally exists in the cytoplasm of cells bound to IkBa, which renders it inactive. Stimuli such as viruses, cytokines, and
oxidants separate NF-kB from IkBa, and NF-kB moves to the nucleus where it binds to DNA of the genes for numerous inflammatory mediators, resulting in their
increased production and secretion. Glucocorticoids inhibit the activation of NF-kB by increasing the production of IxBa, and this is probably the main basis of their
anti-inflammatory action. The anti-inflammatory effects of exogenous glucocorticoids are due to their ability to decrease capillary membrane permeability and
probably also to their ability to stabilize lysosomal membranes and decrease the formation of bradykinin. Glucocorticoids inhibit the enzyme phospholipase A,; this
decreases the release of arachidonic acid and the variety of substances produced from it, such as leukotrienes, prostaglandins, thromboxanes, and prostacyclin. Cortisol
owes its fever-reducing action to the hormone’s ability to decrease the release of pyrogen (inter-leukin 1) from granulocytes. However, only in massive doses will the
hormone achieve the effects described. Endogenous cortisol does not exert a significant anti-inflammatory action.

17. The answer is e. (Barrett, pp 7-9, 304. Longo, pp 2254-2257.) Swelling or edema of the brain with a resultant elevation of ICP occurs with many types of brain
injury. Interventions to lower ICP are ideally based on the underly ing mechanism responsible for the elevated ICP. In head trauma, stroke, or brain metastases, use of
osmotic diuretics to treat cytotoxic edema becomes an appropriate early step. Rapid removal of fluid from the brain can be produced by the administration of a fluid
that increases the osmotic pressure difference between the brain and the cerebral vessels. The appropriate solution must have a higher-than-normal osmolarity (ie,
>300 mOsm) and be composed of a solute that is impermeable to the blood—brain barrier. Of the solutions listed, only urea and mannitol are hyperosmotic, and of
these, only mannitol is impermeable to the blood—brain barrier.



General Principles: Multisystem Processes

Questions

18. A 10-month-old, well-nourished, lethargic infant is brought to the emergency department with a history of vomiting and profuse watery diarrhea for 5 days. His
mother reports that he has also had a marked decrease in urine output. Laboratory test results are as follows:

Serum Na" = 190 mmol/L (normal range = 135-142 mmol/L)
Serum K' = 4.5 mmol/L (normal range = 3.5-5 mmol/L)
Urine Na* = 18 mmol/L (normal range = 20—40 mmol/L)
Urine osmolality = 75 mOsm/kg (normal = 100 mOsm/kg)

The infant is treated for gastroenteritis and a saline drip is started. After 3 days, he appears well and alert and his diarrhea and vomiting have subsided. However, he
still has hypernatremia, polyuria, and low urine sodium. These persistent clinical signs are most likely due to which of the following?

a. Diabetes insipidus
b. Diabetes mellitus

c. Hypothyroidism

d. Hyperaldosteronism

e. Renal failure

19. A 65-year-old man being treated with a beta-blocker and an angiotensin-converting enzyme (ACE) inhibitor for his heart failure presents to his cardiologist’s office
comp laining of fatigue, weakness, shortness of breath, and an irregular heartbeat. An electrocardiogram (ECG) reveals atrial fibrillation, so his cardiologist adds digoxin

+
to his treatment regimen, but tells the patient that he will need to get his blood drawn to check for low K on a regular basis. Hy p okalemia will increase the risk and
severity of digitalis toxicity because of which of the following?

a. Hypopolarization of cardiac muscle membranes

b. Increased amplitude of cardiac muscle action potentials

c. Increased excitability of cardiac muscle cells

d. Increased inhibition of the Na+ -K pump

N
e. Increased removal of cardiac cytosolic Ca®" via the Na — Ca®* exchanger

20. A man calls 911 after finding his 19-year-old son in a comatose condition. A blood sample drawn in the emergency department shows the following results:

Pao, = 105 mm Hg Na"= 135 mEqg/L BUN = 15 mg/dL

Paco, = 24 mm Hg K"=5 mEg/L Serum Cr = 1.2 mg/dL
pH=7.3 Cl~ = 100 mEg/L Blood glucose = 95 mg/dL
Sao, = 98% HCO; = 5 mEqg/L

Which of the following is the most likely diagnosis?
a. Carbon monoxide poisoning

b. Diabetes mellitus

c. Ethylene glycol ingestion

d. Renal tubular acidosis

e. Respiratory arrest

21. A 55-year-old obese man with type 2 diabetes mellitus presents for his annual checkup. Serum lipoprotein analysis done after a 12-hour fast shows elevated low-
density lipoprotein (LDL) and very low-density lipoproteins (VLDL), elevated trigly cerides, and decreased high-density lipo-protein cholesterol. What contributes to
the lipid abnormalities in type 2 diabetes mellitus?

a. Hypergly cemia increases trigly ceride uptake into adipose tissue.

b. Insulin resistance increases trigly ceride uptake into adipose tissue.

c. Insulin resistance and hypergly cemia decrease fatty acid flux to the liver and lipolysis.
d. Insufficient insulin action in adipose tissue decreases lipoprotein lipase activity.

e. Insufficient insulin action increases LDL receptor activity.

22. A 72-year-old woman with a history of hypertension presents to the emergency department with generalized weakness. Her medications include a potassium-
sparing diuretic and an ACE inhibitor. Serum creatinine and BUN are elevated. The ECG is shown below. Which of the following electrolyte disturbances should be
corrected to have the ECG return to normal?
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a. Hypocalcemia
b. Hypokalemia
c. Hypercalcemia
d. Hyperkalemia

e. Hypermagnesemia

23. The friends of a 26-y ear-old man plan a bachelor’s party for him in Las Vegas. After a round of golf, the group heads to the pool. They order several rounds of
drinks over the next 4 hours and also order lunch poolside. M ost of the group orders hamburgers and French fries, but the groom-to-be is watching his weight and opts
for a club sandwich and a side of coleslaw. Later that night, they go for dinner and to the casinos, where they imbibe some more. Early the next morning, the groom-to-
be becomes ill. He thinks it is just a hangover, but presents to the emergency department 36 hours later with persistent vomiting and orthostatic hypotension. Which
of the following metabolic abnormalities are most likely present in this patient?

a. Hypokalemia, hypochloremia, and metabolic alkalosis

b. Hypokalemia, hy pochloremia, and metabolic acidosis

c. Hyperkalemia, hyperchloremia, and metabolic alkalosis

d. Hyperkalemia, hyperchloremia, and metabolic acidosis

e. Normal serum electrolytes and acid—base balance

24. A 58-year-old man is transported to the emergency department due to impaired breathing and shortness of breath. Arterial blood gases show the following:
pH=7235
Pao, = 60 mm Hg
Paco, = 60 mm Hg
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[HCOS] = 31 mEq

Which of the following is the most likely diagnosis of this patient?

a. Alcoholic ketoacidosis

b. Anxiety-induced hyperventilation

c. Chronic obstructive pulmonary disease (COPD)
d. Narcotic overdose

e. Salicylate overdose

25. A 22-year-old female professional golfer collapses while waiting to tee off on the 16th hole of the LPGA Jamie Farr Classic Tournament. It was July in Toledo,
OH, with the temperature in the 90s and 85% humidity. When the emergency medical technicians and tournament physicians arrived in a mobile clinic, the patient had
arespiratory rate of 28 breaths per minute, heart rate of 120 beats per minute, blood pressure of 85/60, and temp erature of 99°F. Her pupils were reactive. Her caddy
reported that the golfer’s face was very red, sweating profusely, eating a lot of ice chips, and making frequent trips to the bathroom. A stat blood sample showed a pH
of 7.47, Paco, of 32 mm Hg, [ HC {'“JTI] of 22 mEq/L, and a normal anion gap. Which of the following is a likely diagnosis?

a. Diabetes mellitus
b. Diarrhea

c. Heat exhaustion
d. Heat stroke

e. Vomiting

26. A 28-year-old student goes to Cancun, M exico, for his spring break. After running on the beach the morning he was to return, he feels so thirsty that he takes a
drink of water from a garden hose at the hotel. After his return, the man presents in the Student M edical Center rep orting foul-smelling diarrhea and flatulence over the
past 5 days. Stool cultures confirm an infection with the protozoan Giardia lamblia. Which of the following arterial blood gases would be expected in this patient?

Paco, [HCO,;] Anion Gap
pH (mm Hg) (mEqg/L) (mEqg/L)

7.22 30 15 12
i.22 30 15 25
7.38 ar 23 16
7.8l 49 38 12
e 7.5l 25 22 25

27. A 48-year-old woman suffering from a severe tension headache is brought to the emergency department after her husband discovered her unresponsive and barely
breathing when he stopped at home from work during his lunch hour. A bottle of narcotic analgesic (Vicodin; Abbott Pharmaceuticals, Green Oaks, IL USA) was
found next to the bathroom sink. Which of the following arterial blood gases are most consistent with her clinical presentation?

pH = 7.02, Paco, = 60 mm Hg, [HCO;] = 15 mEq/L, anion gap = 12 mEq/L
pH=7.10, Paco, = 20 mm Hg, [HCO;] = 6 mEq/L, anion gap = 30 mEq/L

pH = 7.27, Paco, = 60 mm Hg, [HCO;] = 26 mEq/L, anion gap = 12 mEq/L
pH = 7.40, Paco; = 20 mm Hg, [HCO,] = 10 mEg/L, anion gap = 30 mEq/L
pH=7.51, Paco; = 49 mm Hg, [HCO;] = 38 mEqg/L, anion gap = 12 mEq/L

]
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28. A 22-year-old man is planning to run a marathon when he goes to visit his brother in Denver, CO. Because of the high altitude, he decides to leave early for Denver
to train for the event. While in Denver, he visits an urgent care center after experiencing extensive spasms and cramping in his calf muscles while running, symptoms
that he seldom experienced at sea level. Laboratory analysis reveals hy pocalcemia. Which of the following is the reason high altitude predisposes to tetany?

a. Low oxy gen tension causes a decrease in skeletal muscle blood flow
b. Low oxy gen tension causes an increase in skeletal muscle lactate

c. Plasma protein concentration is reduced by hypoxia

d. Plasma proteins are more ionized under alkalotic conditions, which provide more protein anion to bind with Ca?"

e. Stimulation of Na+/K+ adenosine triphosphatase (ATPase) reduces the plasma concentration of free ionized ca?t

29. A 64-year-old patient with COPD develops jugular venous distention, ascites, and peripheral edema. A chest X-ray reveals cardiomegaly with marked enlargement
of the right ventricle. A decrease in which of the following variables is the major cause of cor pulmonale in COPD?

a. Alveolar Pco,

b. Alveolar Po,

c. Arterial [H+]



d. Pulmonary artery pressure
e. Pulmonary vascular resistance

30. A 78-year-old woman recovering from a stroke is observed to have altered mental status. She is taken from the nursing home to the emergency department, where
physical examination shows signs of dehydration and laboratory test results show a blood glucose concentration of 600 mg/dL and plasma osmolarity of 340 mOsm/L.
Which of the following physiological variables is likely increased in this patient?

a. Arterial pH

b. Alveolar Paco,

c. Intracellular volume

d. Plasma sodium concentration

e. Urine volume

31. A 54-year-old man goes out to shovel the snow so that he can drive his wife to her doctor’s appointment. After getting some chest pain and feeling shortness of
breath, he thinks he better go in and rest for a while before finishing the task. When his wife comes downstairs, she finds him sitting with his head down on the
morning paper at the kitchen table. When the ambulance arrives, he is still responsive, but has a cardiac and respiratory arrest en route to the hospital. Which of the
following arterial blood gases would be expected given these findings?

a. pH=7.22, Paco,= 60 mm Hg, [HCO,] = 26 mEq/L, anion gap = 12 mEq/L
b. pH=7.05, Paco, = 60 mm Hg, [HCO,] = 15 mEqg/L, anion gap = 25 mEq/L
c. pH=7.10, Paco; =20 mm Hg, [HED: ] =6 mEg/L, anion gap = 30 mEqg/L

d. pH=7.51, Paco, =49 mm Hg, [HCO,] = 38 mEq/L, anion gap = 14 mEq/L
e. pH=7.40, Paco, =20 mm Hg, [HCO,] = 10 mEq/L, anion gap = 26 mEq/L

32. A 21-year-old woman is admitted to the emergency department after ingesting a large dose of aspirin to try to get rid of her headache. The patient is diap horetic
and has the following blood gases: pH of 7.45, Paco, of 17 mm Hg, and [ H( {“‘Jfl] of 13 mmol/L. Which of the following treatment options would be most deleterious
to this patient?

a. Gastric lavage

b. Intravenous glucose

¢. Decreasing alveolar ventilation

d. Increasing fluid volume

e. Administering activated charcoal

33. A child makes a blue slush drink using a container of windshield wiper fluid in the garage. At first he acted like he was drunk, but about 6 hours later, he
complained that he was having difficulty seeing. His parents rushed him to the poison control center at a nearby emergency department. Arterial blood gases shown
below indicate that the child has which of the following acid—base disturbances?

pH = 7.34
Paco, = 29 mm Hg
[HCO;] = 15 mEq/L
Anion gap = 28 mEq/L

a. Compensated metabolic acidosis

b. Compensated metabolic alkalosis

c. Compensated respiratory alkalosis

d. Respiratory and metabolic acidosis
e. Uncompensated respiratory acidosis

34. A patient with Guillain—Barré syndrome develops paralysis of the respiratory muscles that increases Paco, from 40 to 60 mm Hg and increases the concentration
of hydrogen ion in arterial blood from 40 mEq/L (pH 7.4) to 50 mEq/L (pH 7.3). As a result, which of the following would happen?

a. The plasma [ HC {“‘JTI] would decrease

b. The pH of the urine would increase

¢. The amount of ammonium excreted in the urine would decrease
d. The central chemoreceptors would be stimulated

e. The peripheral chemoreceptors would be inhibited

35. A 65-year-old man is admitted to the hospital because of profound muscle weakness. His blood glucose is 485 mg/dL, and his serum potassium is 8.2 mmol/L. He
is diagnosed with diabetic ketoacidosis and hyper-kalemia. In addition to the serum glucose and potassium, which of the following laboratory values would most likely
be above normal?

a. Anion gap

b. Arterial Pco,



¢. Blood volume
d. Plasma pH

e. Serum [H ()]

36. An 84-year-old woman presents with muscle weakness, cramping, irritability, and neuromuscular excitability. Electrolytes reveal hypokalemia and a higher-than-
normal plasma bicarbonate concentration. Which of the following conditions causes metabolic alkalosis?

a. Diarrhea

b. Hypoaldosteronism

c. Hypoxemia

d. Renal failure

e. Treatment with a loop diuretic

37. A 23-year-old woman is admitted to the hospital with a 3-month history of malaise and generalized muscle cramps. Laboratory results reveal serum sodium of 144
mmol/L, serum potassium of 2.0 mmol/L, serum bicarbonate of 40 mmol/L, and arterial pH of 7.5. Which of the following is the most likely cause of this patient’s
hypokalemic alkalemia?

a. Diabetes

b. Hyperaldosteronism
c. Hyperventilation

d. Persistent diarrhea
e. Renal failure

38. A 20-year-old woman goes to the emergency department due to symptoms of palpitations, dizziness, sweating, and paresthesia that have not resolved over the
past several days. Her history suggests an anxiety disorder, and blood gases and electrolytes are ordered. Her doctor prescribes benzodiazepine after positron emission
tomography scan shows increased perfusion in the anterior end of each temporal lobe. Which of the following blood gases would be expected at the time of admission
of this patient?

a. pH=7.28, Paco,= 20 mm Hg, [HCO;]
b. pH=7.28, Paco, = 60 mm Hg, [HCO,] = 26 mEq/L, anion gap = 12 mEq/L
c. pH=7.44, Paco,= 25 mm Hg, [HCO,] = 16 mEq/L, anion gap = 12 mEq/L
d. pH=7.51, Paco; = 20 mm Hg, [HCO;] = 24 mEqg/L, anion gap = 12 mEq/L
e. pH=7.51, Paco,=49 mm Hg, [HCO,] = 38 mEq/L, anion gap = 12 mEq/L

16 mEg/L, anion gap = 25 mEq/L

39. A 25-year-old man training for a 10-km race runs at a moderate level of approximately 25% of his maximal oxy gen consumption. During the increase in aerobic
metabolism in the exercising skeletal muscles, most of the volatile acid entering the blood is buffered by which of the following?

a. Bicarbonate

b. Hemoglobin

c. Lactate

d. Phosphates

e. Plasma proteins

40. A 64-year-old man with a long history of type 2 diabetes mellitus presents at his internist’s office with a chief complaint of weakness and fatigue. Serum

chemistries are as follows: Na+, 130 mEq/L; K+, 6.3 mEq/L; HCO;, 18 mEq/L; BUN, 43 mg/dL; creatinine, 2.9 mg/dL; and glucose, 198 mg/dL. The only medication
the patient is currently taking is 5 mg glyburide twice daily. These electrolyte and acid—base disturbances are most likely the result of which of the following?

a. Hyperreninemia

b. Hypoaldosteronism
c. Hypocalcemia

d. Hypoventilation

e. Hypovolemia

41. A 60-year-old man presents with symptoms of vitamin B, deficiency. Further diagnostic tests reveal that he has pernicious anemia. The underlying problem in
pernicious anemia is which of the following?

a. Autoimmune destruction of chief cells in the gastric mucosa
b. Gluten-induced enteropathy

c. Inadequate dietary intake of cy anocobalamin

d. Infection with Diphyllobothrium latum

e. Lack of intrinsic factor

42. An 89-year-old nursing home resident exhibits signs of vitamin deficiency. At concentrations present in the diet, which of the following vitamins is absorbed
primarily by diffusion?

a. Folate



b. Niacin
c. Vitamin By,
d. Vitamin C

e. Vitamin D

43. A 69-year-old man is brought to the emergency department by his wife after he blacks out and falls, hitting his head on the kitchen floor. She indicates that he has

N
been drinking beer all afternoon while watching the baseball game on television. M easurement of serum Na , glucose, BUN, and osmolality indicates an osmolar gap
between calculated and measured osmolarity. Which of the following changes in arterial blood gas values are consistent with a presentation of ethanol-induced coma?

pH Paco, Anion Gap

a. T T i
b. | T T
c. T T b

d v T

d.
e. T d A
44. A 65-year-old man with type 1 diabetes presents to the emergency department with impaired mental status and generalized muscle weakness. Laboratory tests

reveal a blood glucose concentration of 500 mg/dL, an anion gap of 22 mmol/L, and a bicarbonate ion concentration of 14 mmol/L. Other expected blood values in this
patient include an increase in which of the following?

a. Insulin
+
b.K
N
c.Na

d. Paco,
e.pH

45. A patient comes into the emergency department exhibiting signs of hyperkalemia. The extracellular p otassium of a hyperkalemic patient can be decreased by
administering which of the following drugs?

a. Atropine

b. Epinephrine

c. Glucagon

d. Isotonic saline

e. Lactic acid

46. A 22-year-old woman presents to the emergency department with nausea, abdominal pain, and vomiting, which has gotten progressively worse over the past 24
hours. On physical examination, her abdomen is soft and tender, but there is no guarding or rebound tenderness. Her temperature is 99.1°F, heart rate is 110 beats per
minute, respiratory rate is 16 breaths per minute, and blood pressure is 135/85 mm Hg when lying down and 112/70 mm Hg while standing. Laboratory findings are as
follows: WBC, 7.5; hemoglobin, 12 g/dL; Na+, 140 mEq/L; K+, 3.2 mEq/L; CI', 95 mEq/L; and HCO; ", 37 mEq/L. Which of the following Paco, and pH values are
consistent with these findings?

Paco,
(mm Hg) pH
a. 25 7.70
b. 47 1.52
£ 40 7.40
d. 28 32
e. 60 7.20

47. A 25-year-old man, who is a medical student living in Rochester, MN, decides to go backcountry skiing in Colorado over spring break. Which of the following
points on the graph below best represents the blood gas values obtained from the student 72 hours after his arrival in Aspen, CO (base altitude = 7945 ft)?
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48. A 49-year-old man is brought to the emergency department with weakness, confusion, and shortness of breath. The ECG reveals QRS complex widening and
flattened P waves typical of serum potassium concentrations exceeding 7.5 mEq/L. Which of the following conditions results in hyp erkalemia?

a. Adrenal medullary stimulation

b. Diuretic therapy

¢. Insulin administration

d. Metabolic alkalosis

e. Volume depletion

49. A 69-year-old man is brought to the emergency department by his son because of headache, nausea, and fatigue. The patient used to smoke two packs of cigarettes
a day for the past 50 years before stopping 1 year ago, when he was diagnosed with small cell carcinoma of the lung. Laboratory tests reveal the following result:
WBC, 8.3; blood glucose, 106 mg/dL; Na+, 122 mEq/L; K+, 4.1 mEq/L. His hyponatremia may be a result of excess secretion of which of the following?

a. Aldosterone

b. Arginine vasopressin

c. Atrial natriuretic hormone
d. Insulin

e. Norepinephrine

50. A 39-year-old man presents to the emergency room complaining of tingling in his hands and muscle twitching. On admission, the patient is alert and stable, with an
initial examination remarkable only for carpo-pedal spasm. Which of the following blood gas values will most likely be observed in this patient?

Paco, [HCO;]
(mm Hg) (mM)
50 40
60 20

oo

40 30
30 15
2 20 20

51. A 27-year-old patient with insulin-dependent diabetes mellitus tells his roommate that he cannot afford to refill his insulin prescription until he gets a pay check.
The roommate offers to get it for him, but the patient assures him that he can wait until the weekend. When the roommate returns from a weekend trip on Sunday
evening, he finds the man unresponsive on the couch. He calls 911. Which of the following arterial blood gases taken in the emergency department would be expected
in this diabetic coma patient?



pH=7.10, Paco; = 25 mm Hg, [HCO;] = 15 mEg/L, anion gap = 12 mEq/L
pH =7.10, Paco, = 25 mm Hg, [HCO;] = 15 mEg/L, anion gap = 30 mEq/L
pH =7.10, Paco; = 80 mm Hg, [HEE; | =25 mEq/L, anion gap = 12 mEq/L
pH = 7.45, Paco, = 25 mm Hg, [HCO;] = 15 mEq/L, anion gap = 12 mEq/L
pH = 7.45, Paco, = 50 mm Hg, [HCO;] = 40 mEq/L, anion gap = 30 mEq/L

P Rn Do

52. A 27-year-old man presents to the emergency department with asthmatic bronchitis that started 3 days ago. He is given an aerosolized bronchodilator treatment,
which relieves his symptoms. Arterial blood gases following bronchodilator therapy demonstrate metabolic acidosis with a normal anion gap. These findings can be
attributed to which of the following?

a. A decrease in plasma bicarbonate caused by renal compensation for the respiratory alkalosis that existed before treatment
b. A decrease in plasma chloride concentration resulting from the chloride shift after the treatment restored alveolar ventilation
¢. An increase in citrate from the vehicle used in the bronchodilator preparation

d. An increase in lactic acid secondary to the hypoxemia that existed before treatment

e. A laboratory error

53. A group of medical students in the Wilderness M edicine Club leave after their exam for a hiking trip in the Rocky M ountains. After spending the night in a hotel in
Denver, CO, they drive to the base camp (10,000 ft) the following day, where the guide decides to camp for the night to better acclimate to the altitude. Three of the
students grow impatient and announce that they are going ahead to Mt. Elbert, the highest mountain in Colorado (14,400-ft altitude, barometric pressure = 447 mm
Hg). About 3 hours later, one of the students returns in a panic to get medical help because his friends are disoriented, ataxic, short of breath, and vomiting. The guide
calls for the search and rescue helicopter, which locates the hikers and takes them to the nearest emergency department. A diagnostic workup will likely show a
decrease in which of the following values?

a. 2,3-Bisphosphogly cerate

b. Erythropoietin

c. Paco,

d.pH

e. Pulmonary vascular resistance

54. A 19-year-old man presents at the emergency department comp laining of shortness of breath. His oxyhemoglobin dissociation curve was shifted from that for
normal hemoglobin A depicted in curve A in the figure below to curve B. This finding is consistent with which of the following conditions?
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a. Carbon monoxide poisoning

b. Exercise

c. Hypoventilation

d. Increased body temperature

e. Recent transfusion with banked blood

55. A 28-year-old pregnant woman develops placental insufficiency at 27 weeks’ gestation. It is determined that a preterm caesarian section will be required. To
determine how soon the delivery can be done, a sample of amniotic fluid is aspirated. M easurement of the lecithin/sphingomyelin (L/S) ratio in amniotic fluid assesses



which of the following?

a. Fetal adrenal function

b. Fetal brain development
c. Fetal kidney development
d. Fetal lung maturity

e. Placenta gas exchange

56. A 25-year-old man, who is a fourth-year medical student at Louisiana State University School of Medicine in New Orleans, LA, enrolls in a month-long clinical

elective at the University of Colorado School of M edicine in Denver, CO. Which of the following values will return toward normal after the student has acclimatized to
the change in altitude?

a. Alveolar ventilation

b. Arterial oxy gen tension

c. Cardiac output

d. Hemoglobin concentration

e. Plasma bicarbonate concentration

57. A 27-year-old woman presents with nausea, vomiting, and tachypnea. Laboratory test results show the following:

Pao, = 105 mm Hg
Paco; = 30 mm Hg
pH=7.47

[HCO5] = 21 mEq/L
[Hb] = 14 g/dL

These findings are consistent with which of the following conditions?
a. Anemia

b. Compensated metabolic alkalosis

c. Exercise hyperpnea

d. Pregnancy

e. Too rapid of ascent to high altitude

58. An 86-year-old man waiting to see his doctor is sitting in an examination room in which the air temperature is 21°C (70°F). He is wearing only a thin gown that is
open in the back. The majority of his body heat will be lost by which of the following mechanisms?

a. Breathing

b. Cutaneous vasoconstriction
c. Horripilation

d. Radiation and conduction

e. Vaporization of sweat



General Principles: Multisystem Processes

Answers

18. The answer is a. (Barrett, pp 374-375, 437, 700. Kaufman, pp 79-80. Le, pp 301, 306, 574. Longo, pp 2904-2907. Widmaier, p 492.) Diabetes insipidus (DI) is a
disease caused by decreased release of antidiuretic hormone (ADH) from the posterior pituitary or the inability of the kidney to respond to ADH. It is characterized

by high serum Na+, polyuria, and low urine osmolarity. The low urine osmolarity in the presence of the volume depletion points to DI. The diagnosis is confirmed by
the persistent polyuria and low urine sodium after the baby’s volume is returned to normal. DI is either central (idiopathic, traumatic, and sy stemic) or nep hrogenic in
etiology. Nephrogenic DI can be either acquired (renal disease, drugs, hypokalemia, and hypercalcemia) or familial. Diabetes mellitus (choice b), which results from a
deficiency of the effects of insulin at the tissue level, is characterized by polyuria, hypergly cemia, and increased urine osmolarity from gly cosuria. Hy peraldosteronism
(choice d) is associated with hyponatremia and polyuria, and also hypokalemic alkalosis. Renal failure (choice e) is an inability to make urine. Hypothyroidism (choice
¢) is accompanied by constipation.

19. The answer is d. (Barrett, p 524. Le, pp 229, 282, 284. Longo, pp 353, 356, 967, 1883-1886, 1908-1911. Widmaier, p 413.) Digoxin is used to treat congestive
heart failure because it increases cardiac contractility. Digoxin is also used to treat atrial fibrillation because it increases vagal tone, which depresses the sinoatrial node

and slows conduction at the atrioventricular node. Digoxin produces its physiological effects by inhibiting Na+/K+-ATPase by blocking the K+-binding site on the
enzyme. As a result, intracellular Na+ concentration increases, which reverses the direction of the Na+/Ca2Jr exchanger, such that less Ca”" is removed from the cell and

+ + +
cytosolic [Ca%] increases, which increases cardiac contractility. When the extracellular K concentration is low, digoxin produces a greater inhibition of the Na — K
pump. Hypokalemia results in hyperpolarization of the cardiac membrane, which decreases excitability .

20. The answer is c. (Kaufinan, pp 240-242. Le, pp 487-488. Levitzky, pp 171-185. Longo, pp 363-368.) This patient has a high anion gap metabolic acidosis. The
anion gap is equal to the difference between the plasma concentration of sodium, the major cation in the plasma, and the sum of the concentrations of plasma chloride
and bicarbonate, the major measured anions in the plasma.

Anion gap = [Na'] — ([CI"] + [HCO3])
=135 mEq/L — (100 mEqg/L + 5mEq/L)
=30 mEqg/L

The normal anion gap is from 8 to 16 mEq/L. The anion gap is elevated when the concentration of unmeasured anions in the plasma increases. With antifreeze
ingestion, the high anion gap metabolic acidosis is caused by the accumulation of the metabolic by products of ethylene glycol, namely, oxalic and gly colic acid.
Diabetic ketoacidosis also causes a high anion gap metabolic acidosis, but the characteristic hypergly cemia is not present. Renal tubular acidosis results in a normal
anion gap metabolic acidosis. Renal failure with uremia is another cause of high anion gap metabolic acidosis, but renal function is normal in this patient. Carbon
monoxide poisoning and consequent lactic acidosis cause a high anion gap metabolic acidosis, but the requisite decline in oxy gen saturation is not present. Respiratory
arrest can be ruled out on the basis of the reduced Paco, and thus the absence of respiratory acidosis.

21. The answer is d. (Barrett, p 439. McPhee and Hammer, pp 511, 518. Widmaier, pp 32-33, 86-87, 555-560, 581-583.) Increased serum lipid levels may result from
increased production, decreased clearance, or both. The principal lipid abnormality in diabetes is hy pertrigly ceridemia, which is due to increased VLDLs. VLDL levels
are increased because of insufficient insulin action in adipose tissue, which results in decreased VLDL clearance as a result of decreased lipoprotein lipase activity.
Trigly ceride uptake into adipose tissue from plasma lipoproteins requires hydrolysis of trigly ceride to fatty acids and glycerol by lipoprotein lipase, which is bound
to the vascular endothelial surface. The activity of lipoprotein lipase varies in reciprocal fashion with that of cytoplasmic hormone-sensitive lipase, and thus is
enhanced by insulin and decreased by catecholamines. Lipoprotein lipase is present in nearly every tissue and acts at the capillary surface as it does in adipose tissue.

22. The answer is d. (Kaufiman, pp 250-251. Le, p 487. Longo, pp 351-362.) Several different types of drugs, most notably potassium-sparing diuretics and ACE
inhibitors, can cause hyperkalemia, which can produce significant changes in the ECG. In elderly persons, a decline in renal function may also lead to hyperkalemia.

Hyperkalemia can be a life-threatening emergency. Normal plasma [K+] is 3.5 to 5 mEqg/L. Mild hyperkalemia is 5 to 5.5 mEq/L. Severe hyperkalemia [K+] is =7
mEq/L. As the plasma K+ level rises, the first change on the ECG is the appearance of tall, peaked T waves. The peaked T waves are produced by an accelerated
repolarization of ventricular muscle. Potentially fatal hyperkalemia can be treated by administering insulin (along with glucose), which helps K+ transport into cells

and therefore lowers extracellular K+, but the effect is temporary. Calcium administration produces cardiac membrane stabilization within minutes, but is
contraindicated in patients on digoxin. Removal of potassium from the body can be accomplished with dialysis or with a cation exchange resin, such as sodium
polystyrene sulfonate (Kay exalate; SanofiAventis US, Bridgewater, NJ USA), but takes hours to work. Hypokalemia is associated with U waves. Hypocalcemia may
present with prolonged QT and ST intervals. Hypercalcemia is associated with a shortened QT interval and widened T waves. Hy permagnesemia presents with
prolonged QT and ST intervals and increased QRS duration.

23. The answer is a. (Kaufiman, pp 243-244, 249-250. Longo, pp 351-354, 369-371.) Analysis of serum electrolytes reveals low potassium (hypokalemia), low
chloride (hypochloremia), and metabolic alkalosis. These abnormalities arise from two sources. First, gastric juice contains hydrogen, potassium, and chloride in
concentrations higher than found in the plasma. Loss of gastric juice through vomiting or drainage leads to depletion of these electrolytes from the plasma. Second, the
metabolic abnormalities are exacerbated by the individual’s dehydration. Contraction of the vascular volume leads to orthostatic hypotension and the activation of
renal mechanisms important for conserving volume. As a result, water, sodium, and bicarbonate are reabsorbed at the expense of increased potassium and hydrogen
excretion.



24. The answer is c. (Kaufinan, pp 239-244. Levitzky, pp 171-181.) The interpretation of the arterial blood gas is compensated respiratory acidosis. The primary
disturbance is an elevation in arterial PCO, due to alveolar hypoventilation from the impaired mechanics of breathing in COPD. The hypercapnia lowers the ratio of
HCG; to dissolved CO, in the plasma, and thus lowers the pH according to the Henderson—Hasselbalch equation. To compensate for the acidosis, the kidneys

+ — . . . .
increase the net excretion of H , which increases the plasma H () 5 concentration, returning the pH back into the normal range. Narcotic overdose would be

associated with an acute, uncompensated respiratory acidosis. Anxiety-induced hyperventilation would lower arterial Pco, and increase arterial pH, characteristic of
respiratory alkalosis. Ketoacidosis secondary to excessive alcohol ingestion, starvation, or diabetes would cause a metabolic acidosis with a compensatory decrease in
arterial Pco,. Salicylate toxicity results in a combined respiratory alkalosis (due to direct stimulation of the medullary respiratory center) and metabolic acidosis (due
to accumulation of organic acid).

25. The answer is d. (Barrett, pp 316-321. Kaufman, p 387. Levitzky, pp 174-176, 180-181. Widmaier, pp 574-580.) Heat exhaustion is a state of collapse (fainting) in
a hot environment due to hypotension resulting from both a decrease in cardiac output (from depletion of plasma volume secondary to sweating) and a decrease in
peripheral vascular resistance (due to marked dilation of cutaneous blood vessels). In other words, heat exhaustion occurs as a direct consequence of heat-loss
mechanisms, which help to prevent increases in core temperature. Heat stroke results from a failure of thermoregulation and is associated with an increase in core body
temperature. When diabetes mellitus leads to ketoacidosis and a diabetic coma, pH decreases and the anion gap increases. Diarrhea causes a normal anion gap metabolic
acidosis. Vomiting causes metabolic alkalosis due to loss of acid.

26. The answer is a. (Kaufman, pp 143, 208.) Diarrhea causes a loss of bicarbonate, which increases plasma hydrogen ion concentration leading to metabolic acidosis,
as evidenced by a reduction in plasma bicarbonate and a reduction in pH. Respiratory compensation as a result of peripheral chemoreceptor stimulation by the

increased arterial [H+] causes the arterial Paco, to be decreased. Diarrhea is a normal anion gap type of metabolic acidosis because the loss of bicarbonate is replaced
by an increase in serum chloride concentration, with no increase in the concentration of unmeasured anions, which makes choice (a) the correct answer rather than the
high anion gap type of metabolic acidosis represented by choice (b), such that you might see in type 1 diabetes mellitus or lactic acidosis. Choice (d) is a metabolic
alkalosis with respiratory compensation, and the interpretation of choice (e) is respiratory alkalosis combined with high anion gap metabolic acidosis. Choice (c¢) is
normal acid—base status.

27. The answer is c. (Kaufinan, pp 239-243. Longo, pp 363-373.) Narcotics used for the treatment of severe headache may depress the medullary respiratory center
causing alveolar hypoventilation, as evidenced by an elevation in arterial PCo,. The hypercapnia lowers the ratio of HCD; to dissolved CO, in the plasma, and

thus lowers the pH according to the Henderson—Hasselbalch equation. Renal compensation for respiratory acidosis takes hours to start and days to be completed, and
thus there has not been sufficient time for the body’s compensatory mechanisms to take effect and for plasma HCG; to rise. Thus, the scenario is most consistent

4
with an acute, uncompensated respiratory acidosis. The slight rise in plasma bicarbonate concentration can be attributed to extracellular buffering of the excess H .

28. The answer is d. (Barrett, pp 377-378. Kaufman, pp 251-252. Levitzky, pp 172-173.) A decrease in extracellular Ca>” exerts a net excitatory effect on nerve and
muscle cells, leading to hypocalcemic tetany, which is characterized by extensive spasms of skeletal muscle. Symptoms of tetany appear at much higher total calcium
levels when pH is high, which occurs at high altitude due to hyperventilation. Plasma proteins are more ionized in an alkalotic environment, providing more protein
anion to bind with Ca?". The extent of Ca>* binding by plasma proteins is proportionate to the plasma protein level, so a decreased level of plasma proteins would

decrease binding and increase the extracellular Ca®>*. Low oxy gen tension leads to peripheral vasodilation and increased blood flow to skeletal muscle. An increase in
+ o+
lactate would lower pH. In heart but not skeletal muscle, Na /K ATPase indirectly affects Ca?* transport via an antiport in the cardiac muscle membranes, which

normally exchanges intracellular Ca®" for extracellular Na .

29. The answer is b. (Le, pp 273, 549, 580. Longo, pp 1834-1835, 1913-1915.) Cor pulmonale is defined as dilation and hypertrophy of the right ventricle in
response to diseases of the pulmonary vasculature and/or lung parenchyma that are sufficient to cause pulmonary hypertension. Pulmonary hypertension is an
increase in pulmonary artery pressure due to arise in pulmonary vascular resistance. The major cause of pulmonary hypertension in COPD is increased pulmonary
vasoconstriction due to alveolar hypoxia. Alveolar hypercapnia and acidosis in COPD also contribute to the development of pulmonary hypertension and cor
pulmonale. COPD accounts for approximately half of the cases of cor pulmonale in North America.

30. The answer is e. (Longo, pp 340, 2976-2981.) The increase in blood glucose concentration will result in a filtered load of glucose in excess of what the proximal
tubule is able to absorb. As a result, glucose will remain in the filtrate, where it will act as an osmotic diuretic increasing urinary flow. The excess blood glucose will
cause water to shift from the intracellular compartment to the extracellular compartment, causing a decrease in intracellular volume and, by dilution, a decrease in
plasma sodium concentration. The accompanying increase in ketoacid production will result in a metabolic acidosis (low pH) and a compensatory increase in alveolar
ventilation, lowering alveolar Pco,.

31. The answer is b. (Barrett, pp 637, 692, 731, 734. Kaufman, pp 222-223. Levitzky, pp 171-175, 180-183. Longo, pp 288-295.) A cardiac and respiratory arrest
generates a mixed acid—base disorder, with the coexistence of two primary acid—base disorders, namely, respiratory and metabolic acidosis. The respiratory acidosis is
due to the alveolar hypoventilation, which increases arterial Pco, and decreases pH. Cardiac arrest decreases cardiac output and thus oxy gen delivery to the tissues,
resulting in stagnant (hypoperfusion) hypoxia. The resultant increase in anaerobic gly colysis produces large amounts of lactic acid, which lowers plasma HCD;

and decreases pH. The normal anion gap of about 12 mEq/L, calculated as the difference between the concentration of Na and major plasma anions, CI” + HCD; i

increases due to the increase in the unmeasured organic anion, lac-tate. Because both independently existing disorders cause acidosis, mixed respiratory and metabolic
acidosis may cause dangerously low pH levels and a poor outcome.

32. The answer is c. (Barrett, pp 253, 614-615. Longo, pp 288-291.) Although reducing alveolar ventilation would increase Pco, toward its normal value, it is an
inappropriate therapy in this circumstance. Aspirin has a p Ka of 3.5 and will rapidly cross the blood—brain barrier when it is in an unionized state. The alkaline pH
resulting from the hyperventilation is keeping most of the aspirin in an ionized form, so it cannot easily cross the blood—brain barrier. If the patient is placed on a
ventilator to prevent muscle fatigue, it is important to maintain hypocapnic alkalosis or the aspirin will cross the blood—brain barrier and the situation may become far



worse. Gastric lavage with isotonic saline followed by administration of activated charcoal is indicated. Excessive insensible water loss from vaporization of sweat may
cause severe volume depletion, requiring fluid replacement. Glucose should be administered to prevent hypogly cemia.

33. The answer is a. (Kaufman, pp 240-242. Le, pp 487-488. Longo, pp 288-295.) The interpretation of the arterial blood gas is compensated metabolic acidosis. The
primary disturbance is a decrease in the plasma [ HC {“jf], which lowers the ratio of HCD; to dissolved CO, in the plasma, and thus lowers the pH according to
the Henderson—Hasselbalch equation. To compensate for the metabolic acidosis, the lungs increase the rate of alveolar ventilation, which decreases Paco, and also
dissolved CO, and returns the pH toward the normal range. The predicted respiratory compensation for a simple metabolic acidosis is 1.2 mm Hg decrease in Paco,
for every mEq/L decrease in [HCD;] or pﬂCDz =1.5 [HCOE] + 8 + 2 (Winter’s formula). The differential diagnosis of metabolic acidosis is
divided into high anion gap and normal anion gap (hyperchloremic) acidosis. The increased anion gap of 28 mEq/L compared with a normal value of approximately 12
mEq/L is consistent with an increase in formic acid, a metabolite of methanol, which is a constituent of windshield wiper fluid. After its initial effect of inebriation, the
metabolic products of methanol may cause metabolic acidosis, blindness, and death after a characteristic latent period of 6 to 30 hours.

34. The answer is d. (Levitzky, pp 171-180, 202-209. Longo, pp 371-372, 3473-3477.) Increasing arterial Paco, stimulates both the central and peripheral
chemoreceptors. In respiratory acidosis, the increase in CO, drives the CO, hydrolysis equation to the right, with dissociation of carbonic acid into H and HCD;
. The ratio of HCD; to dissolved CO, decreases, causing a fall in pH, but the absolute concentration of plasma HCD; increases slightly (1 mmol/L per 10 mm
Hg increase in Paco,) because some of the hydrogen ions are buffered by non-bicarbonate buffers. In renal compensation for the respiratory acidosis, the increased

+ + +
arterial hydrogen ion concentration increases H secretion by the distal tubule, lowering the pH of the urine and increasing NH, excretion. The excretion of H is
accompanied by the generation of new bicarbonate, causing the plasma bicarbonate ion concentration to increase to a greater extent (4 mmol/L per 10 mm Hg increase
in Paco,), which helps to return the pH toward normal.

35. The answer is a. (Kaufman, pp 63-68, 221-222.) In diabetic ketoacidosis, there is an increased production of acetoacetic and f-hy droxybutyric acids, which leads
to an increase in plasma concentration of hydrogen ion. These fixed acids are buffered by all body buffers but mainly by bicarbonate. The concentration of plasma
HCD; is therefore below normal. The consumption of bicarbonate and the addition of the anions of the fixed acids to the plasma cause an elevation of the anion

gap. The anion gap is equal to plasma [Na+] — (plasma HCD;] + plasma [C1 ]) and is normally about 12 mEq/L. The acidosis would stimulate the carotid body

chemoreceptors to cause an increase in ventilation, which decreases arterial Pco,. Although blood volume is not affected by metabolic acidosis, the osmotic diuresis
that accompanies untreated diabetes may lead to a loss of blood volume.

36. The answer is e. (Levitzky, pp 174-175. Longo, pp 369-371.) Loop diuretics, such as furosemide (Lasix; Sanofi-Aventis US, Bridgewater, NJ USA), act by
inhibiting the Na—K—2Cl symporter in the thick ascending limb of the loop of Henle. By inhibiting the transporter, loop diuretics reduce the reabsorption of NaCl and

+
thus water, and also promote K excretion. As a result, treatment with a loop diuretic causes hypokalemia and can cause metabolic alkalosis by inducing volume
depletion. Volume depletion activates the renin—angiotensin—aldosterone system. Angiotensin II increases bicarbonate reabsorption in the proximal tubule by

N
increasing Na/H exchange, and aldosterone increases distal bicarbonate reabsorption by promoting H secretion. Hypoaldosteronism would have the opposite effect.

Loop diuretic therapy also tends to generate alkalosis and hypokalemia by increasing distal tubule salt delivery, which stimulates both K+ and H+ secretion. Renal
failure, hypoxemia, and diarrhea all produce metabolic acidosis accompanied by a decreased plasma bicarbonate concentration.

37. The answer is b. (Barrett, pp 380-381. Kaufiman, pp 96-97. Longo, pp 280-284, 288-294.) Aldosterone promotes the loss of both H+ and K+, producing metabolic
alkalosis and hypokalemia. Persistent diarrhea will cause the loss of bicarbonate from the body, resulting in metabolic acidosis. Renal failure is often accompanied by

.
metabolic acidosis because of the inability to excrete H . Diabetes also causes metabolic acidosis because of the accumulation of ketoacids. Hyperventilation results in
arespiratory alkalosis, which is compensated for by a decreased bicarbonate concentration.

38. The answer is c. (Kaufinan, pp 243-244. Levitzky, pp 172-181. Longo, pp 371-373.) Anxiety causes hyperventilation, which lowers Paco, and increases arterial
pH, that is, respiratory alkalosis. Because the condition has persisted for several days, there has been adequate time for renal compensation to occur. To compensate
for the increased pH, the kidneys decrease the secretion of hydrogen ions and decrease bicarbonate reabsorption. The resultant decrease in plasma bicarbonate
concentration in compensated respiratory alkalosis helps to bring the pH back toward normal, making choice (¢) the correct answer over (d), which is acute,
uncompen-sated respiratory alkalosis. The anion gap is normal in acute and compensated respiratory alkalosis. Choice (e) is metabolic alkalosis. Choice (a) is
metabolic acidosis with respiratory compensation present. Choice (b) is an acute, uncompensated respiratory acidosis.

39. The answer is b. (Barrett, pp 730-734. Levitzky, pp 165-167. Longo, pp 287-288.) Aerobic metabolism produces 13,000 to 24,000 mmol of volatile acid (CO,)
per day. This yields close to that amount of H ions produced per day via the reaction ‘:Dz + ng FIRN H;CC@ « HY + HCO; The lungs

excrete almost all of the CO, as it is formed. At the tissues, CO, diffuses into the red blood cells, where the enzyme carbonic anhydrase accelerates the above reaction.
Non-bicarbonate buffers, primarily hemoglobin, buffer any CO, that accumulates in the blood. Phosphate, lactate, and plasma proteins are also non-bicarbonate
buffers, but they buffer only a small portion of the volatile acid dissolving in the blood. Bicarbonate is not an effective buffer of volatile acid (from CO,).

40. The answer is b. (Kaufinan, pp 89-91, 230-233. McPhee and Hammer, pp 598, 608-615, 621-622, 723.) This patient probably has hyporeninemic
hypoaldosteronism (type IV renal tubular acidosis), a disorder characterized by hyperkalemia and metabolic acidosis in association with mild chronic renal
insufficiency, as evidenced by the elevate BUN and serum creatinine. The syndrome is thought to be due to impairment of renin secretion by the juxtaglomerular
apparatus, associated with underly ing renal disease, a common sequel to diabetes. As a result of the decreased renin concentration, mineralocorticoid deficiency occurs.
The principal function of aldosterone is to increase sodium reabsorption in the distal tubule and collecting ducts, which causes secretion of potassium and hydrogen

N
ions. Hypoaldosteronism therefore results in a decrease in H secretion, which leads to the production of metabolic acidosis (and hyperkalemia and hyp onatremia).

+
Hypoventilation would produce respiratory, not metabolic, acidosis. Hypovolemia causes an increase in aldosterone secretion, which can lead to an increase in H



secretion and metabolic alkalosis. Hypocalcemia does not directly affect acid—base balance.

41. The answer is e. (Barrett, pp 457-461. Kaufman, pp 150-151. Longo, pp 866-868. Widmaier, pp 419, 527.) The etiology of vitamin B, (cobalamin) deficiency
includes vegan diet, ileal resection, tapeworm (Diphyllobothrium latum), autoimmune, megaloblastic anemia, inflammation of the terminal ileum (Crohn disease),
nitrous oxide, and bacterial overgrowth (vitamin B). The autoimmune cause of vitamin B, deficiency is called pernicious anemia, in which antibodies are made against
intrinsic factor and gastric parietal cells, resulting in impaired uptake of vitamin B,. Cobalamin is an essential vitamin found in such foods as liver, fish, and dairy
products, and thus vegans may have an inadequate dietary intake of the vitamin.

42. The answer is e. (Barrett, p 485. Kaufman, p 98. Longo, pp 3093-3095.) Absorption of vitamin D increases linearly as the intraluminal concentration increases,
suggesting absorption by a nonsaturable passive-diffusion mechanism. The term vitamin D refers to a family of essentially water-insoluble comp ounds involved
primarily in the regulation of calcium homeostasis. Water-soluble vitamins, including vitamin C, folate, niacin, and vitamin B ,, are a diverse group of organic
compounds that are essential for normal growth and development. At low concentrations present in the diet (1 to 100 nM), transport of the water-soluble vitamins
across the brush border occurs by specialized mechanisms, such as membrane carriers, active transport systems, and membrane-binding proteins and receptors specific
for a particular vitamin. The elderly and nursing home residents are particularly at risk for vitamin D deficiency because both the efficiency of vitamin D synthesis in
the skin and the absorption of vitamin D from the intestine decline with age. The hypocalcemia and hypophosphatemia that accompany vitamin D deficiency result in
osteomalacia, that is, impaired mineralization of bone matrix proteins, which increases skeletal fractures, a major contributor to mortality in the elderly.

43. The answer is d. (Kaufiman, pp 240-241. Levitzky, p 178. Longo, pp 366-367.) Alcoholic ketoacidosis is associated with a high anion gap metabolic acidosis with a
compensatory rise in alveolar ventilation, which lowers the arterial Pco,.

44. The answer is b. (Kaufinan, pp 63-65, 250-251. Le, pp 302-303.) Hyperkalemia is frequently observed in patients with uncontrolled diabetic ketoacidosis. The

hyperosmotic extracellular fluid draws water out of cells and K follows the water by solvent drag. In addition, the lack of insulin decreases the ability of K to enter
cells. The normal compensation for metabolic acidosis is hyperventilation and decreased Pco,.

45. The answer is b. (Kaufinan, pp 231-232. Le, p 487. Longo, pp 355-359, el5-1-el5-3.) The movement of K+ into cells is facilitated by the presence of insulin and
epinephrine. During exercise, epinephrine hastens the movement of K into muscle cells, preventing the accumulation of K in the extracellular space around active

.
muscle cells. In cases of life-threatening hyperkalemia, insulin is often injected (along with glucose) to reduce the plasma K concentration.

46. The answer is b. (Barrett, pp 647-648. Kaufman, pp 243-244. Le, pp 487-488. Levitzky, pp 175-180. Longo, pp 363, 369-371.) The patient likely has a viral
gastroenteritis with metabolic alkalosis (high bicarbonate, high pH) due to a loss of HCI from vomiting. There is also a higher than normal arterial Pco, (>45 mm Hg)
produced by respiratory compensation for the alkalemia. The orthostatic blood pressure changes are indicative of volume dep letion, which is a hallmark of saline-
sensitive metabolic alkalosis.

47. The answer is a. (Barrett, pp 649-651. Levitzky, pp 234-240.) As barometric pressure decreases with ascent to high altitude, the partial pressure of inspired
oxy gen decreases below normal (21% of lower barometric pressure). The resultant decrease in alveolar Po, leads to a decrease in arterial Po,, a condition classified as
hypoxic hypoxia or hypoxemia. Hy poxemia stimulates the peripheral chemoreceptors to increase ventilation, causing arterial Pco, to decrease and arterial pH to rise

+
(respiratory alkalosis). After 72 hours, renal compensation for the respiratory alkalosis causes a decrease in renal H excretion, which lowers plasma bicarbonate
concentration.

48. The answer is e. (Kaufiman, pp 250-251. Longo, pp 343-344, 355-359.) Hyperkalemia can result from an increased K+ load, decreased K+ excretion, or shift of K+
from the intra- to the extracellular fluid. Volume depletion decreases distal tubular flow and NaCl delivery to the distal tubule, which decreases K+ excretion, leading to
hyperkalemia. M etabolic acidosis, insulin administration, and elevated epinephrine levels from stimulation of the adrenal medulla all promote the movement of K+ into
cells, and thus hypokalemia. Diuretic therapy may be associated with hypokalemia as a result of increased K+ excretion, though K+-sp aring agents may maintain

normokalemia. The most common cause of elevated potassium in laboratory results is a laboratory error called pseudohyperkalemia, a falsely elevated measurement
due to hemolysis of the blood specimen with leakage of potassium from the lysed cells. The test should be repeated if you suspect pseudohyperkalemia.

49. The answer is b. (Barrett, p 700. Kaufinan, pp 299-300. Le, p 223.) Arginine vasopressin, also known as ADH, increases water reabsorption from the cortical and

medullary collecting ducts in the kidney. ADH is normally released in response to a rise in plasma Na+ concentration, and therefore the increased water reabsorption
appropriately restores extracellular osmolarity toward normal. When excess ADH is excreted, the water reabsorption dilutes the extracellular fluid, producinga
hypotonic hyponatremia accompanied by an increase in urinary sodium and urine osmolality. This condition is called the syndrome of inappropriate ADH secretion
(SIADH) and can be life threatening. The etiology of SIADH includes idiopathic overproduction associated with central nervous system disorders (head trauma,
stroke, and encephalitis) and pulmonary disease (tuberculosis and pneumonia), ectopic ADH production by malignant tumors (paraneop lastic syndrome), and drug-
induced stimulation of the hypothalamic—pituitary axis (vincristine, carbamazepine, and chlorprop-amide). Patients with SIADH usually improve with fluid
restriction.

50. The answer is e. (Barrett, pp 104-105. Kaufman, pp 283-284. Le, pp 487-488. Longo, pp 361-362, 3112-3114.) The patient’s condition is caused by a decrease in

the serum concentration of ionized calcium (Ca2 ), which increases nerve and muscle excitability, leading to spontaneous axonal discharges and muscle contractions,
called hypocalcemic tetany. Decreased serum-ionized calcium and thus the symptoms of tetany can appear at higher total calcium levels when respiratory alkalosis is

present because the H+ that dissociates from plasma proteins in the presence of a high pH is replaced by Ca*" Although both a Paco, of 30 mm Hg and a Paco, of 15
mm Hg are consistent with respiratory alkalosis, only the combination of a Paco, of 20 mm Hgand an HCD; of 20 mM produces an alkaline pH (7.6). The

combination of a Paco, of 30 mm Hg and an HCG; of 15 mM is metabolic acidosis.

51. The answer is b. (Kaufinan, pp 68-69, 239-242. Le, pp 303, 487-488. Longo, pp 363-366.) In untreated type 1 diabetes mellitus, the generation of ketoacids



produces metabolic acidosis. The primary disturbance is a decrease in the plasma [ HC {"jf], which lowers the ratio of HCD; to dissolved CO, in the plasma, and

thus lowers the pH according to the Henderson—Hasselbalch equation. To compensate for the metabolic acidosis, the lungs increase the rate of alveolar ventilation,
which decreases Paco, and also dissolved CO, and returns the pH toward the normal range. The body does not overcompensate for an acid—base disturbance, and thus
compensatory hyperventilation for metabolic acidosis would not increase pH above 7.4. The differential diagnosis of metabolic acidosis is divided into high anion gap
and normal anion gap (hyperchloremic) acidosis. The increased anion gap of 30 mEq/L compared with a normal value of approximately 12 mEq/L is consistent with an
increase in ketoacids, that is, acetoacetic acid and B-hy droxybutyric acid, in a diabetic patient.

52. The answer is a. (Levitzky, pp 172-181.) During the early stages of an asthmatic attack, patients often hyperventilate, producing a decrease in arterial CO,
concentration (hypocapnia) and an increase in pH (respiratory alkalosis). Over 3 days, the kidneys compensate for the respiratory alkalosis by lowering bicarbonate.
When the respiratory problem is resolved, the patient will be left with the decreased bicarbonate and a normal anion gap metabolic acidosis. Although hypoxemia may
produce lactic acidosis, that would be accompanied by an increased anion gap.

53. The answer is c. (Barrett, pp 647-651. Le, p 552. Levitzky, pp 234-239.) Hypoxemia at high altitude stimulates the peripheral chemoreceptors to increase
ventilation, causing arterial PCO, to decrease and arterial pH to rise (respiratory alkalosis). Tissue hypoxia also stimulates erythropoietin production, which increases
the number of red blood cells and the hemoglobin concentration, which increases arterial oxy gen content and thus tissue oxy gen delivery. Hypoxia also increases the
concentration of 2,3-bisphosphogly cerate, which decreases hemoglobin’s affinity for oxy gen, thereby increasing oxy gen release to the tissues. Alveolar hypoxia
constricts the pulmonary vessels at high altitude, causing an increase in pulmonary vascular resistance and pulmonary artery pressure (pulmonary hypertension).

54. The answer is e. (Barrett, pp 643-644. Le, pp 547-548. Levitzky, pp 145-155.) Bank blood is low in 2,3-bisphosphoglycerate, which results in a higher affinity of
hemoglobin for oxy gen and a shift in the oxyhemoglobin dissociation curve to the left. An increase in body temperature or an increase in Paco, resulting from

+
hypoventilation shifts the oxyhemoglobin dissociation to the right. During exercise, there is an increase in muscle temperature, carbon dioxide, and H , all of which
shift the oxy-hemoglobin curve to the right and enhance oxy gen release to the tissues. Although carbon monoxide shifts the curve to the left, the oxygen content (mL
0,/100 mL blood) would be less than normal because of a lower than normal % O, saturation.

55. The answer is d. (Barrett, pp 631-632. Le, p 555. Levitzky, pp 26-28.) The surface active component of the lung extract that is essential for stability of the lung
during extrauterine respiration is surfactant. Surfactant is a complex consisting of 10% to 15% proteins and 85% to 90% lipids, 85% of which is phospholipid
(lecithin) and approximately 75% of which is dipalmitoyIphosphatidylcholine. The synthesis of lecithin increases as the fetus matures and thus the measurement of
lecithin concentration in the amniotic fluid provides an index of fetal lung maturity. Sphingomyelin is another choline phospholipid found in a variety of tissues in the
fetus. The L/S ratio has been reported to provide a more accurate assessment of fetal lung maturity than lecithin concentration alone. An L/S ratio >2 is indicative of
biochemical maturation of the lung. Infants born with L/S ratios <2 have an increased incidence of respiratory distress syndrome of the newborn, also known as
hyaline membrane disease.

56. The answer is c. (Levitzky, pp 237-239.) Cardiac output, heart rate, and blood pressure initially increase upon ascent to high altitude, but return to normal after a
few days. The arterial Po, remains low at high altitude because of the low inspired and alveolar Po, levels. The hypoxemia stimulates alveolar ventilation, which
remains elevated at high altitude. To compensate for the respiratory alkalosis, plasma bicarbonate concentration decreases after several days at high altitude and
remains low. Hemoglobin concentration increases secondary to hypoxia-induced erythropoietin production.

57. The answer is d. (Barrett, p 444. Levitzky, pp 172-177. Longo, pp 372-373.) The alveolar and arterial PCo, are determined by the rate of CO, production (VCO,)
divided by the rate of alveolar ventilation. Thus, at any given metabolic rate, hyperventilation is by definition a decrease in Paco,. Pregnancy produces
hyperventilation because progesterone stimulates the brain stem respiratory centers to increase alveolar ventilation. The compensatory response to metabolic alkalosis
is a decrease in alveolar ventilation (increased Paco,). During most levels of exercise, alveolar ventilation increases in proportion to carbon dioxide production such that
the arterial Pco, remains normal; thus, the increased rate of alveolar ventilation in exercise is not hyperventilation, but it has been given a special term, exercise
hyperpnea. At high altitude, PaO, would be lower than normal.

58. The answer is d. (Barrett, pp 317-318. Widmaier, pp 575-578.) Radiation and conduction account for 70% of heat lost when the environmental temp erature is
below body temperature. Insensible water loss from the vaporization of sweat accounts for another 27% of heat loss under these conditions. The remaining heat is
normally lost by respiration (2%) and urination and defecation (1%). Cutaneous vasoconstriction would decrease heat loss.



Physiology of the Hematopoietic and Lymphoreticular Systems

Questions

59. A 21-year-old woman presents to her doctor’s office indicating that she has been feeling very tired for the past 2 weeks and has recently developed a sore throat
and fever. Urine output has been normal. Her temperature is 100.7°F (38.1°C) and blood pressure is 100/70 mm Hg. Lung fields are clear on auscultation, but there are
exudates on the pharynx, the posterior cervical nodes are enlarged and tender, and she has splenomegaly. The white blood cell count is 20,000/uL with lymphocytosis
and greater than 10% atypical lymphocytes. Rapid antigen testing for gram-negative bacteria is negative and serologic testing shows a positive reaction for heterophile
antibody. Based on these findings, which of the following is the most likely diagnosis?

a. B-Hemolytic Streptococcus infection

b. Hepatitis B

c. Infectious mononucleosis

d. Influenza

e. Toxic shock syndrome

60. A 27-year-old African American man who is HIV+ presents with fever, waxing and waning mental status, petechiae, and hematuria. Blood analy sis shows
thrombocytopenia with normal prothrombin time (PT) and activated partial thromboplastin time (aPTT). Schistocytes are seen on the blood smear. Which of the
following is the most likely basis for the pathogenesis of these findings?

a. Abnormal sequestration of platelets in the spleen

b. Decreased activity of the plasma metalloproteinase ADAMTSI13

c. Deficiency of von Willebrand factor (vVWF)

d. Drug-induced suppression of platelet production

e. Sickle cell anemia comorbidity

61. A 42-year-old patient is scheduled for surgery that will likely require a transfusion. Because the patient has a rare blood type, an autologous blood transfusion is
planned. Prior to surgery, 1500 mL of blood is collected. The collection tubes contain calcium citrate to prevent coagulation. Which of the following is the mechanism
for citrate’s anticoagulative action?

a. Activating plasminogen

b. Binding factor XII

¢. Binding vitamin K

d. Blocking thrombin

e. Chelating calcium

62. Preoperative evaluation of a 56-year-old man scheduled for knee replacement surgery reveals frequent bruising and a family history of a bleeding disorder, but no
bleeding problems himself. The patient is found to have a normal PT, increased aPTT, and a Factor VIII activity level of 40%. These findings are indicative of which of
the following conditions?

a. Bernard—Soulier syndrome

b. Glanzmann thrombasthenia

c. Hemophilia A

d. Hemophilia B

e. von Willebrand disease

63. A 44-year-old woman with a history of excessive menstrual bleeding and menstrual cycles that generally last over 7 days complains of increasing fatigue and cold
extremities. Laboratory results reveal a hemoglobin (Hb) concentration of 6 g/dL. In this patient with anemia, which of the following would be reduced?

a. Arterial PO,

b. Dissolved oxy gen content

c. Oxy gen extraction

d. Percent O, saturation in the arterial blood

e. Total arterial oxy gen content

64. A 48-year-old man presents to the emergency department with chest pain and shortness of breath. His ECG shows ST-segment elevation and cardiac enzymes are
elevated. After cardiac catheterization revealed 90% occlusion of his left anterior descending coronary artery, the patient is scheduled for coronary artery bypass graft
surgery . During surgery, his oxy gen saturation curve shifts from a to b, as shown in the figure below. Which of the following can best account for this shift?
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a. A change in Pco, from 40 to 46 mm Hg

b. A change in pH from 7.4 to 7.3

c. A decrease in core body temperature from 37°C to 32°C
d. An increase in erythrocyte [2,3-bisphosphogly cerate]

e. Transfusion of blood with a higher P5, than normal

65. A 24-year-old woman presents to her family physician with intractable hiccups. The patient is instructed to breathe into and out of a bag in order to rebreathe
exhaled CO,. In the blood, the majority of CO, is transported as which of the following forms?

a. Bicarbonate

b. Carbaminohemoglobin
c. Carbonic acid

d. Carboxyhemoglobin
e. Dissolved CO,

66. A 67-year-old woman with a history of venous thromboembolism is placed on warfarin (Coumadin; Bristol-Myers Squibb Company, New York, NY USA)
prophylactically. The blood concentration of Coumadin becomes too high and bleeding occurs. The bleeding can best be treated by the administration of which of the
following?

a. Fibrinogen

b. Platelets

c. Protein C

d. Thrombin

e. Vitamin K

67. A 37-year-old man presents with low exercise tolerance. Blood work shows a normal hematocrit and Hb concentration but a decreased P5,. Which would be true of

his oxyhemoglobin transport and dissociation?

a. Hb’s affinity for oxygen is increased

b. O, loading at the alveolar-capillary level is less than normal
c. O, saturation is lower than normal at any Pao,

d. O, unloading is increased at the tissue level

e. The differential diagnosis includes a point mutation resulting in increased binding of H+ to his Hb chains.

68. A 35-year-old woman presents to her family physician’s office with fatigue of at least 3 months’ duration. Her only explanation is that keeping up with her twin
4-year-olds really tires her out, and she does not even have enough energy to make nutritious meals for her and her husband. Vital signs and ECG are normal, but a
third heart sound is heard with auscultation and she is pale. Blood results are as follows: Hb, 8 g/dL; hematocrit, 30%; M CV, 115 {fL; WBC, 8000/uL; platelets,
200,000/uL. A deficiency of which of the following substances can most likely account for these findings?

a. Folate
b. Glucose-6-phosphatase

c. Iron



d. Niacin
e. Zinc

69. A 65-year-old slightly cyanotic man presents to his physician complaining of pruritus and nose bleeds. A blood test reveals a hematocrit of 62%, leading to the
diagnosis of polycythemia vera. Treatment includes aspirin to prevent thrombosis and periodic phlebotomy to reduce the hematocrit. The reduction in hematocrit is
beneficial because it does which of the following?

a. Decreases cardiac output

b. Increases arterial oxy gen content

c. Increases arterial oxy gen saturation

d. Reduces blood velocity

e. Reduces blood viscosity

70. A 65-year-old man with chronic bronchitis is admitted to the emergency department with cyanosis and shortness of breath. Arterial and venous blood samples
show the following:

Pao, 50 mm Hg
Paco, 67 mm Hg
Pvo, 30 mm Hg
Sao, 80%

Svo, 50%

Hb 20 g/dL

What do these data reveal about the patient’s gas exchange and transport?
a. Arteriovenous oxy gen content difference is lower than normal

b. Dissolved CO, content in the arterial blood is lower than normal

c. Dissolved O, content in the venous blood is higher than normal

d. Oxygen extraction is higher than normal

e. Oxyhemoglobin content in the arterial blood is lower than normal

71. A 23-year-old man with a ruddy complexion presents with chief complaints of headache, dizziness, and lethargy. Blood analysis shows erythrocytosis and a P5),
of 20 mm Hg. He denies any history of tobacco smoking and is unaware of any other exposure to carbon monoxide or nitrites. Which of the following is a probable
cause for these findings?

a. o-Thalassemia-2

b. B-Thalassemia major

c. High-O, affinity hemoglobinopathy

d. Low-O, affinity hemoglobinopathy

e. Sickle cell trait

72. A 42-year-old woman presents to her doctor’s office with heavy menstrual bleeding for up to 2 weeks’ duration for each of the past five cycles. She also reports
that she has a tendency to bruise easily, and has had several episodes of epistaxis over the past couple of months. Blood analysis shows: Hb, 8 g/dL; hematocrit, 24%;
MCYV, 70; platelet count, 230,000/uL. Which of the following is a likely cause of her bleeding disorder?

a. Aplastic anemia

b. Hemophilia

¢. Nonsteroidal anti-inflammatory drugs

d. Vitamin By, deficiency

e. von Willebrand disease

73. A 26-year-old woman presents at the obstetrician’s office for her second trimester evaluation. Which of the following values would normally be less in the fetus
than in the mother?

a. Affinity of Hb for oxygen

b. Cardiac glycogen content

c. Cardiac output/kg body weight

d. Erythrocyte binding of 2,3-bisphosphogly cerate

e. Hb concentration

74. A 61-year-old man presents to his family physician with the chief complaint of frequent diarrhea accompanied by weight loss. He reports a tendency to bruise
easily and laboratory data reveal a PT of 19 seconds (normal, 11-14 seconds). The bruising and prolonged PT can be explained by a decrease in which of the following



vitamins?
a. A
b.C
c.D
d.E
e. K

75. A 52-year-old man is brought to the emergency department with severe chest pain. Angiography demonstrates a severe coronary occlusion. A thrombolytic agent
is administered to reestablish perfusion. Which of the following does the thrombolytic agent activate?

a. Heparin

b. Kininogen

c. Plasminogen

d. Prothrombin

e. Thrombin

76. A 32-year-old woman presents to the emergency department with a chief complaint of acute shortness of breath and right-sided chest pain, which increases during
inspiration. She does not have a cough or fever, and does not have a history of asthma or other respiratory disease. She has not been ill or immobile, but reports having
taken oral contraceptives for 8 years until shortly before conceiving her first child about 2 years ago. The family history is notable for her mother who died of a
pulmonary embolism. Her respiratory rate is 25 breaths/min and her heart rate is 110 beats/min. Chest x-ray is normal, but a ventilation/perfusion scan reveals a
possible pulmonary embolism. Which of the following blood disorders is associated with a hypercoagulable state?

a. Activated protein C resistance

b. Antithrombin III (AT-III) excess

c. Disseminated intravascular coagulation (DIC)
d. Hypoprothrombinemia

e. Idiopathic thrombocytopenic purpura

77. A 9-year-old African American boy is brought to the emergency department by his mother who states that he was complaining of muscle aches and pain while
playing basketball, which became worse whenever he was running up and down the court. She reports that he was sick with a fever last week, but she thought he was
feeling better so she let him go to his summer basketball camp. Blood tests show anemia, increased reticulocyte count, and crescent-shaped cells. Hb electrophoresis
confirms the presence of HbS. The primary mechanism for the change in RBC shape during a sickle cell crisis is which of the following?

a. A decrease in erythrocyte volume during dehy dration

b. A rightward shift in the oxyhemoglobin dissociation curve of HbS compared with normal
c. Low levels of erythropoietin

d. Polymerization of HbS as it is deoxy genated

e. The presence of antibodies against the red blood cell membrane

78. A 67-year-old man with chronic bronchitis is brought to the emergency department exhibiting labored breathing and cyanosis. The presence of cyanosis is due to
which of the following?

a. Decreased O, unloading at the tissue capillary level

b. Decreased oxy hemoglobin content in the capillary blood

c. Decreased total arterial oxy gen content

d. Increased concentration of deoxy genated Hb

e. Increased hematocrit

79. A 26-year-old pregnant woman is diagnosed with placenta previa, which requires premature delivery of her fetus of 28-week gestation. A blood sample is taken
from both the mother and the newborn infant for determination of the oxy hemoglobin saturation curve. If curve N in the figure below is the oxyhemoglobin saturation
curve of the mother who has normal HbA, which of the curves is most likely obtained from the premature infant?
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Physiology of the Hematopoietic and Lymphoreticular Systems

Answers

59. The answer is c. (Kaufman, pp 156, 204-206, 366. Le, pp 156-157, 568-569. Longo, pp 263, 469, 1467-1471.) The diagnosis of infectious mononucleosis caused
by the Epstein—Barr virus depends primarily on the detection of antibodies to the DNA virus with a heterophile agglutination assay (monospot slide test).
Lymphocytosis with atypical lymphocytes is also a common laboratory finding in infectious mononucleosis. Millions visit primary care providers each year

comp laining of a sore throat. The overwhelming majority of patients with a recent-onset sore throat have acute pharyngitis of viral or bacterial etiology. The signs and
symptoms accompany ing acute pharyngitis are not reliable predictors of the etiologic agent, but the clinical presentation may be helpful in narrowing the possibilities.
The primary goal of diagnostic testing is to separate streptococcal pharyngitis from other etiologies so that antibiotics can be prescribed more efficiently and
judiciously.

60. The answer is b. (Kaufinan, p 162. Le, pp 95, 350-352. Longo, pp 965-973.) The classic pentad of the presentation of thrombotic thrombocytopenic purpura
(TTP) are fever, altered mental status, renal dy sfunction, thrombocytopenia, and microangiopathic hemolytic anemia, though not all signs and symptoms have to be
present. The pathogenesis of TTP is related to a deficiency of, or antibodies to, a plasma metalloproteinase, called ADAMTSI13, which cleaves the ultrahigh-
molecular-weight multi-mers of vVWF produced by endothelial cells into smaller multimers. The ultrahigh-molecular-weight multimers of vWF initiate platelet
aggregation and thrombosis. The etiology of TTP is infection (especially HIV and Escherichia coli O157:H7), pregnancy, malignancy, autoimmune disorders, and drug
induced (antiplatelet agents, chemotherapy agents, contraceptives). TTP is a life-threatening emergency with mortality approaching 90% if left untreated.
Plasmapheresis is the mainstay of treatment and transfusion with platelets is contraindicated. Fresh frozen plasma, which contains ADAM TS13, may help.
Thrombocytopenia may also be caused by abnormal sequestration of platelets in the spleen or drug-induced suppression of platelet production, but there would be
normal RBC morphology (not fragmented cells) in these conditions. A deficiency of vWF impairs hemostasis, but platelet count would be normal. Sickle cell anemia is
atype of hemolytic anemia, but the peripheral smear in sickle cell anemia shows sickled erythrocytes, not schistocytes (helmet cells) typical of the microangiopathic
hemolytic anemia in TTP or DIC. The presence of schistocytes with macroangiopathic anemia may be found with traumatic hemolysis from prosthetic metal heart
valves or aortic stenosis.

61. The answer is e. (Barrett, pp 542-544.) The citrate ion has three anionic carboxylate groups that avidly chelate calcium and reduce the concentration of free

calcium in blood. Because free calcium (Ca2") is required for multiple steps in both coagulation pathways, citrate is a useful anticoagulant in vitro. The citrate ion is
rapidly metabolized; thus, blood anticoagulated with citrate can be infused into the body without untoward effects. Oxalate, another calcium-chelating anticoagulant, is
toxic to cells.

62. The answer is c. (Kaufman, pp 159-161. Le, pp 348-349, 359-360. Mason, Chapter 230.) Hemophilia A is a disorder of coagulation caused by a deficiency of
Factor VIII and is the most common cause of hemophilia in the United States, affecting 1 in 10,000 males. Hemophilia B is caused by a deficiency of Factor IX and is
less common, affecting approximately 1 in 25,000 to 35,000 males. Together, these forms of hemophilia make up about 99% of patients with inherited coagulation
factor deficiencies. Hemophilia A and B are clinically indistinguishable from each other, and specific factor testing must be done to identify the specific type of
hemophilia. Both hemophilia A and B are X-linked disorders; therefore, this is overwhelmingly a disease of men, with women typically being asymptomatic carriers.
A third of new cases of hemophilia A arise from a spontaneous gene mutation. Patients with factor activity levels of 5% to 40% are classified as having mild disease.
They will usually bleed only after trauma, and those with factor activity levels of 25% to 50% may never be aware that they have hemophilia, or they might manifest
unusual bleeding only after major surgery or severe trauma. Treatment of patients with hemophilia relies on either the replacement of missing factors or, for those who
have mild Factor VIII deficiency, administering desmopressin, which is believed to cause release of vVWF from endothelial storage sites. The increased amount of vWF
is capable of carrying additional amounts of Factor VIII in the plasma. In patients with hemophilia, the PT, which measures the extrinsic coagulation cascade, is
normal, whereas the aPTT, which measures the intrinsic coagulation cascade, is usually elevated, though may be normal in mild hemophilia. von Willebrand disease is
the most common bleeding disorder, resulting from lack or functional defect of vVWF. Bernard—Soulier syndrome (GpIb deficiency) and Glanzmann thrombasthenia
(GplIb/Illa deficiency) are platelet disorders with impaired thrombogenesis.

63. The answer is e. (Kaufinan, pp 149, 272. Le, pp. 352-357. Levitzky, pp 153-154. Longo, pp 448-456.) Anemia from chronic blood loss presents most often as
iron-deficiency anemia. A reduction of iron stores decreases Hb synthesis. A reduction in the concentration of Hb reduces the oxy-hemoglobin content, and thus the
total arterial oxy gen content. Oxy gen extraction by the tissues increases to compensate for the reduced tissue oxy gen delivery. Arterial PO,, dissolved oxy gen content,
and the percent saturation of Hb with oxy gen are all normal in anemia.

64. The answer is c. (Le, pp 547-548. Levitzky, pp 146-152.) Hypothermia increases Hb’s affinity for oxy gen, causing the oxyhemoglobin dissociation curve to shift
to the left. With a leftward shift, the saturation of Hb with oxygen is greater than normal at any PO,, as denoted by a lower Ps,, value than normal. Acidosis,
hypercapnia (increased Pco,), and an increase in erythrocyte [2,3-bisphosphogly cerate] all cause rightward shifts of the oxyhemoglobin dissociation curve. Although
bank blood has decreased 2,3-bisphosphogly cerate, if the transfused blood has a higher P5, than normal, then one would expect no shift or a rightward shift.

65. The answer is a. (Barrett, pp 644-647.) CO, is transported in arterial blood in three forms: as physically dissolved CO, (about 5%), in combination with the
amino groups of Hb as carbaminohemoglobin (about 10%), and as bicarbonate ion, that is, HCD; (about 85%). The amount of CO, actually carried as carbonic

acid, H,COj3, is negligible. Carboxy hemoglobin refers to the combination of carbon monoxide (CO) and Hb.
66. The answer is e. (Kaufinan, p 160. Le, pp 95, 367, 553. Longo, pp 998, 2175.) Warfarin is a vitamin K antagonist often prescribed for patients at risk for
thromboembolic episodes. Vitamin K is necessary for the conversion of prothrombin to thrombin. Thrombin is an important intermediate in the coagulation cascade. It

converts fibrinogen to fibrin and is a powerful activator of platelets. Warfarin interferes with the activity of vitamin K, and therefore reduces the likelihood of clot
formation. Administering vitamin K can restore coagulation if warfarin therapy leads to excessive bleeding.

67. The answer is a. (Le, p 548. Levitzky, pp 148-156.) A decreased P5 denotes a leftward shift of the oxyhemoglobin dissociation curve and an increase in Hb’s



affinity for oxygen. A leftward shift indicates that more oxy gen is loaded at the alveolar-capillary level, and that there is less oxy gen unloading at the tissue level

because Hb binds the oxy gen more tightly than normal. With a decreased Ps, oxy gen saturation is higher than normal at any PO,. Increased HJr shifts the
oxy hemoglobin dissociation curve to the right.

68. The answer is a. (McPhee and Hammer, pp 119-120. Kaufman, pp 149-153. Le, p 354. Longo, pp 448-456.) This patient has a macrocytic anemia found with
folate or vitamin B;, deficiency. Iron-deficiency anemia, the most common type of anemia, and glucose-6-phosphate deficiency, the most common metabolic disorder
of red blood cells, are both associated with microcytosis (low M CV). Niacin (vitamin B3) and zinc deficiencies are causes of malabsorption. Niacin deficiency also
presents with pellagra.

69. The answer is e. (Kaufiman, pp 171-172. Le, p 366. Longo, pp 456, 898-900.) Polycythemia vera is a primary bone marrow disease in which an abnormally large
number of red blood cells are produced. Patients with poly cythemia vera often have high blood pressure (because of increased blood volume) and cyanosis (because of
increased oxy gen extraction from blood flowing slowly through capillaries). Reduction of the red cell mass by phlebotomy is the first principle of therapy in
polycythemia vera because it reduces blood viscosity, which removes a major source of complications and may also alleviate systemic hypertension, pruritus, and
splenomegaly.

70. The answer is d. (Levitzky, pp 146-147, 180-183.) The lower-than-normal levels of venous oxy gen tension and saturation indicate that the tissues have extracted
more oxy gen than normal. O, extraction is the arteriovenous oxy gen content difference, and can be calculated from the data given, though that would not be necessary
to answer this question. Total oxy gen content is the sum of the dissolved oxygen (PO, in mm Hg % 0.003 mL O,/100 mL blood/mm Hg PO,) and the oxy hemoglobin
content ([Hb] % 1.34 mL O,/g% Hb x % O, saturation). Arterial oxy gen content in this patient is therefore 21.6 mL O,/100 mL blood and venous oxy gen content is
13.5 mL O,/100 mL blood, with the a-v O, = 8.1 mL O,/100 mL blood, compared with a normal value of approximately 5 mL O,/100 mL blood.

71. The answer is c. (Le, pp 349, 360, 578. Levitzky, pp 142-156.) The P5 of the oxyhemoglobin curve is the oxy gen tension at which half of the Hb is saturated with
oxy gen. The normal P5, of HbA is 27 mm Hg. A decreased P5, of 20 mm Hg indicates a higher-than-normal affinity for O,, such as may occur with a number of
inherited variants of Hb. The thalassemia syndromes are inherited disorders of Hb’s globin chains. Severity is highly variable, but findings generally include
hypochromia and microcytosis with varying degrees of anemia. Persons with sickle cell trait inherit the gene for normal HbA from one parent and the abnormal gene
for HbS from the other parent. People with sickle cell trait generally have no manifestations of the disease, but can pass it on to their children.

72. The answer is e. (Kaufian, pp 148-152. Longo, pp 971-972. McPhee and Hammer, pp 117-121.) Because platelet count is normal, causes of thrombocytopenia,
including aplastic anemia, vitamin B;, deficiency, and nonsteroidal anti-inflammatory drugs, can be ruled out, whereas a defect in platelet function is a likely cause of
the bleeding disorder. von Willebrand disease is the most common inherited bleeding disorder. Hemophilia A is an X-linked recessive trait leading to a decrease in factor
VIII. Females with the trait generally have 50% of the normal amount of the factor with no bleeding problems.

73. The answer is d. (Barrett, p 559. Levitzky, pp 154-155.) Fetal Hb (HbF) is chemically different from adult Hb (HbA) in that it has two o and two y chains instead
of two a and two P chains. The y chains of HbF do not bind 2,3-bisphosphogly cerate, resulting in an increased affinity for oxygen, and a leftward shift of the oxy gen
dissociation curve of HbF. The greater affinity of Hb for oxy gen is advantageous in the placental exchange of O, from maternal blood (Pao, = 100 mm Hg) to fetal
blood (Pao, = 25 mm Hg). Despite the low arterial PO,, the fetus is not hypoxic. Oxy gen delivery in the fetus is enhanced by a higher Hb concentration than in the
adult and a cardiac output that is two to four times higher than in the adult on a milliliter per kilogram basis. The fetal heart is protected by an increased cardiac

gly cogen content.

74. The answer is e. (Barrett, pp 492-495. Kaufman, p 386. Le, pp 348, 359.) Vitamin K denotes a group of lipophilic, hy drophobic vitamins that are essential for
maintaining normal clotting of blood. Vitamin K is required for hepatic synthesis of seven proteins involved in blood coagulation (prothrombin [factor II], factors VII,
IX, X, proteins C, S, and Z). Vitamin K is involved in the carboxylation of certain glutamate residues in these proteins to form gamma carboxy glutamate (Gla) residues
that are involved in calcium binding. Vitamin K (phylloquinone) and vitamin K, (menaqui-none) are normally produced by bacteria in the large intestine. Common
causes of vitamin K deficiency include cholestasis and factors that limit fat absorption. Dietary deficiency is rare unless there is decreased production by normal flora,
as may be seen in broad-sp ectrum antibiotic use.

75. The answer is c. (Widmaier, pp 424-427.) Plasminogen is the inactive precursor of plasmin, the proteolytic enzy me involved in clot dissolution. An infusion of
tissue plasminogen activator soon after a heart attack (and possibly a thrombolytic stroke) can lessen the chances of permanent damage. Thrombin, the enzyme
ultimately responsible for the formation of fibrin monomers, is generated from prothrombin by activated factor X. Activation of factor X occurs via both extrinsic and
intrinsic pathways. Kininogens are enzy mes responsible for the production of peptides (kinins) associated with inflammation. Heparin is an anticlotting agent found
on endothelial cell surfaces.

76. The answer is a. (McPhee and Hammer, pp 117-118, 134-135.) Activated protein C resistance is the most common inherited hypercoagulable state. Up to 25%
of patients who have venous thrombosis without an inciting event are found to have activated protein C resistance. M ost of the cases are due to a single DNA base
pair mutation in the gene for factor V in the coagulation cascade, known as factor V Leiden. AT-III inhibits the coagulation cascade at a different site than protein C; a
deficiency of AT-III results in a hypercoagulable state due to an inability to inactivate factors II, IX, XI, and XII. Hyperprothrombinemia (not hypo) is the second
most common cause of hereditary hypercoagulable state and the only one known to cause an overproduction of procoagulant factors, rather than a lack of adequate
anticoagulation. DIC is an acquired coagulation defect that results in consumption of coagulation factors I, V, VIII, and XIII, causing bleeding and thrombosis. ITP is
another bleeding disorder due to immune-mediated thrombocytopenia of unknown etiology.

77. The answer is d. (Kaufman, pp 154-156. Le, pp 351, 356, 571. Longo, pp 854-857.) Persons with sickle cell anemia have a homozy gous substitution of valine for
glutamine in the sixth position of thef-hemoglobin chain. During periods of high oxy gen consumption, the abnormal HbS polymerizes and distorts the normal shape of
red blood cells. The sickled cells cause vaso-occlusion in multiple organs, leading to renal papillary necrosis and hematuria, acute chest syndrome, ischemic
retinopathy, and functional asplenism and splenomegaly .

78. The answer is d. (Le, pp 265, 578. Levitzky, p 156. Longo, pp 288-289.) Cyanosis refers to a bluish color of the skin and mucous membranes resulting from an



increased concentration of desaturated (deoxy genated) Hb or of methemoglobin or sulfhemoglobin. In general, cyanosis becomes apparent when the concentration of
reduced Hb in capillary blood exceeds 4 to 5 g/dL. The degree of cyanosis is modified by the color of the cutaneous pigment and the thickness of the skin, as well as
the state of the cutaneous capillaries. For a person with a normal Hb concentration of 15 g/100 mL, cyanosis appears when one-third of the blood is desaturated. For a
person with polycythemia (a higher-than-normal concentration of Hb), cyanosis may appear when only one-fourth of the Hb is desaturated (eg, if Hb concentration is
20 g/100 mL). In cyanotic, polycythemic patients, oxy-hemoglobin content and total oxy gen content in the arterial and capillary blood are actually higher than normal.
Thus, this individual may not be hypoxic. On the other hand, a person with anemia (a lower-than-normal concentration of Hb) may have a significant portion of the
Hb desaturated without displaying cyanosis. This individual will not appear cyanotic but may be hypoxic. Hematocrit is usually increased in chronic bronchitis, but
the increase in RBCs is not the cause of the cyanosis. Cyanosis may be subdivided into central and peripheral types, with the latter due to slowing of blood and
greater extraction of oxy gen from normally saturated arterial blood, such as may occur with exposure to cold air or water.

79. The answer is a. (Levitzky, pp 154-155.) The oxyhemoglobin (HbO,) dissociation curve represents the relationship between the partial pressure of oxygen and
the amount of oxy gen bound to Hb. Normal Hb is 50% saturated at a PO, of approximately 27 mm Hg (the Ps), 75% saturated at a PO, of 40 mm Hg (the normal
PO, of mixed venous blood), and 98% saturated at a PO, of 100 mm Hg (the normal arterial PO,). Fetal blood has a higher-than-normal oxy gen affinity and therefore
is represented by the curve labeled a. Increasing the affinity of Hb for O, shifts the HbO, saturation curve to the left and decreases the Ps,. HbA has two o and two f
globin chains, whereas HbF has two a chains and two y chains. The y chains in HbF do not bind 2,3-bisphosphogly cerate, which results in the higher affinity for

OXy gen.



Neurophysiology
Questions
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80. At which point on the action potential shown in the figure below is the membrane closest to the Na equilibrium potential?
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e. Point E

81. An 82-year-old woman with end-stage renal disease is brought to the emergency department comp laining of nausea, vomiting, muscle cramps, and generalized
weakness. Laboratory analysis reveals significant hy per-kalemia. Elevations of extracellular potassium ion concentration will have which of the following effects on
nerve membranes?

a. The activity of the Na+—K+ pump will decrease

b. The membrane potential will become more negative
¢. The membrane will become more excitable

d. Potassium conductance will increase

e. Sodium conductance will increase

82. A 16-year-old adolescent boy is brought to the emergency room by ambulance after suffering a concussion during a football game. When he awoke, he was able to
understand and follow commands, including rep eating language spoken to him, but he had difficulty with spelling, mild word-finding difficulty, and difficulty
understanding written language and pictures. His condition is most likely caused by damage to which of the following?

a. Angular gyrus in the categorical hemisphere

b. Arcuate fasciculus connecting Broca and Wernicke areas

c. Broca area in the frontal lobe

d. Hippocampus

e. Wernicke area at the posterior end of the superior temporal gyrus

83. A 13-year-old adolescent boy has no movement in his legs after falling out of a tree. Neurological examination shows the absence of both the myotatic (stretch) and
reverse my otatic reflexes in the lower extremities. Which of the following is the most important role of the y-motoneurons?

a. Detect the length of resting skeletal muscle

b. Generate activity in Ib afferent fibers

c. Maintain Ia afferent activity during contraction of muscle

d. Prevent muscles from producing too much force



e. Stimulate skeletal muscle fibers to contract

84. A 72-year-old man visits his physician because he finds it difficult to hold his hand steady when painting. Examination reveals a resting tremor and rigidity. The
symptoms are relieved by a single dose of levodopa. This patient’s neurological signs are most likely related to a lesion within which of the following?

a. Caudate nucleus and putamen

b. Cerebellum

c. Hippocampus

d. Premotor area

e. Substantia nigra

85. A 53-year-old man develops loss of pain and temperature sensation in his right leg and loss of proprioception in his left leg (Brown-Séquard syndrome). These
symptoms appear 6 weeks following total prostatectomy for prostate cancer. A bone CT scan reveals metastases compressing the patient’s left hemicord. His
urologist refers him to a neurologist who wishes to confirm normal proprioception in the left leg. Which figure below illustrates the train of action potentials normally
seen in a sensory nerve encoding the velocity of limb movement in response to sudden movement?
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86. A 72-year-old man develops selective loss of the large pyramidal cells in the precentral gyrus and degeneration of the corticospinal and corticobulbar projections.
Other neuronal systems are spared. He is told that the progression of the disease is variable, and that the worst prognosis is about a 3-year survival. The precentral
gyrus and corticospinal and corticobulbar tracts are essential for which of the following?

a. Auditory identification

b. Kinesthesia

c. Olfaction

d. Vision

e. Voluntary movement

87. A 62-year-old woman with a history of multiple head injuries in the past becomes progressively more confused, and develops urinary incontinence and a gait
disorder. An MRI of the brain (shown below) and lumbar puncture are performed. Intracranial pressure is found to be within normal limits. The patient’s symptoms
improved after ventriculoperitoneal shunting. Under normal conditions, which of the following statements correctly describes the cerebrospinal fluid (CSF)?



(MR image from Seeley WW, Miller BL. Dementia. In: Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo J, eds. Harrison’s Principles of Internal
Medicine. 18th ed. Retrieved October 13, 2012, from http:/www.accessmedicine.com/content.aspx?alD=9146233.)

a. It is absorbed into the choroid plexus

b. It circulates in the epidural space

c. It has a higher protein concentration than plasma
d. It has a lower glucose concentration than plasma

e. Its absorption is independent of CSF pressure

88. A 78-year-old man is evaluated by a physiatrist after a stroke. The patient is observed to suffer from dysmetria, ataxia, and an intention tremor. These neurological
signs are most likely related to a lesion within which of the following regions of the brain?

a. Basal ganglia

b. Cerebellum

c. Cortical motor strip

d. Eighth cranial nerve

e. Medulla

89. A 41-year-old man is seen by his physician complaining of “always feeling tired” and having “vivid dreams when he is sleeping” He is referred to the hospital’s
sleep center for evaluation. He is diagnosed with narcolepsy based on his clinical history and the presence of rapid eye movements (REM) as soon as he falls asleep.
Which of the following signs will be observed when the patient is exhibiting REM sleep?

a. High-amplitude electroencephalogram (EEG) waves

b. Hyperventilation

c. Low frequency EEG waves

d. Periods of loss of skeletal muscle tone

e. Slow but steady heart rate

90. A 43-year-old woman has a chief complaint of muscle weakness. The distribution of muscle weakness and the presence of hyperactive tendon reflexes is
consistent with pyramidal tract disease. Tapping the patella tendon elicits a reflex contraction of the quadriceps muscle. Which of the following occurs during the
contraction of the quadriceps muscle?

a. The a-motoneurons innervating the extrafusal muscle fibers decrease their rate of firing

b. The a-motoneurons to the antagonistic muscles increase their rate of firing

c. The y-motoneurons innervating the intrafusal muscle fibers increase their rate of firing

d. The Ia afferents from the muscle spindle increase their rate of firing

e. The Ib afferents from the Golgi tendon organ increase their rate of firing

91. A 64-year-old female patient is referred to a neurologist because her sister and brother both suffered recent strokes. She is diagnosed with an antiphospholipid
antibody syndrome, and placed on warfarin. Despite the anticoagulation therapy, she develops a thrombotic cerebral infarct, which leads to spasticity of her left wrist,
elbow, and knee. The infarction most likely affected which of the following?

a. [a afferent fibers

b. Corticoreticular fibers

c. Corticospinal fibers

d. Reticulospinal fibers


http://www.accessmedicine.com/content.aspx?aID=9146233

e. Vestibulospinal fibers

92. A 27-year-old patient with a chief complaint of mild vertigo of 3-month duration is seen by a neurologist. Examination reveals a positional (horizontal and vertical)
nystagmus that is bidirectional. The patient reports the absence of tinnitus. Which of the following is the most likely etiology of the vertigo?

a. Labyrinthitis

b. Lesion of the flocculonodular lobe of the cerebellum
c. Lesion of the spinocerebellum

d. M éniére syndrome

e. Psychogenic

93. A 16-year-old adolescent girl with epilepsy has an EEG recording done during a routine visit to her neurologist. The a-rhythm appearing on an EEG has which of
the following characteristics?

a. It disappears when a patient’s eyes open

b. It is associated with deep sleep

c. It is replaced by slower, larger waves during REM sleep

d. It produces 20 to 30 waves per second

e. It represents activity that is most pronounced in the frontal region of the brain

94. A 29-year-old woman presents at the ophthalmologist’s office complaining of slowly progressive loss of vision. Based on the visual field defect shown here, the
ophthalmologist determines that the patient has a right-sided homonymous hemianopia. She refers the patient to a neurologist who orders a CT scan of the head. The

CT scan demonstrates a high-density, space-occupying lesion, which is compressing which area of the brain?

DD

a. Left optic nerve

b. Left optic tract

c. Optic chiasm

d. Right lateral geniculate nucleus
e. Right visual cortex

For Questions 95 and 96
An 84-year-old woman presents to her cardiologist’s office comp laining of hemiparesis that has worsened over the past 3 days. She is on anticoagulant therapy for

atrial fibrillation. A noncontrast CT of the brain is shown below.

(CT image from Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo J, eds. Harrison’s Principles of Internal Medicine. 18th ed. New York: The
M cGraw-Hill Companies, Inc.; 2012, Fig. 378-3. http://www.accessmedicine.com/popup.aspx?alD=9147481.)
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95. The CT findings reveal:

a. Amyloid angiopathy

b. Cerebral edema

c. Cerebral infarction

d. Subarachnoid hemorrhage

e. Subdural hematoma

96. On physical examination, stroking the plantar surface of her foot produces a reflex extension of the large toe rather than the expected flexion, which indicates

damage to which of the following?

a. Basal ganglia

b. Brain stem

c. Cerebellum

d. Lower motoneurons
e. Upper motoneurons

97. A 59-year-old woman with an inherited neurodegenerative disease is admitted to the hospital because of agitation and aggression. Three years prior to admission,
her irregular, flinging movements had become so severe that she could not walk or assist in her own care. Within which of the following areas of the brain the neuronal

degeneration results in this presentation?

a. Anterior cerebellum
b. Limbic system

c. Striatum

d. Substantia nigra

e. Subthalamus

98. A 22-year-old woman presents at the student medical center with tachycardia and palpitations. She reports that she has been taking a diet supplement containing
ephedrine that she purchased from an Internet site. Activation of the sympathetic nervous system by ephedrine causes smooth muscle contraction in which of the

following?

a. Arterioles

b. Bronchioles
c. Ciliary bodies
d. Intestines

e. Pupils

99. A 27-year-old musician visits an otolaryngologist comp laining of ringing in his ear. An audiometry test reveals a high-frequency hearing loss in which the threshold
for hearing high-frequency sounds is raised by 1000 times. If a patient is unable to hear high-frequency sounds, the damage to the basilar membrane is closest to which

of the following structures?

a. Helicotrema

b. Modiolus

c¢. Oval window
d. Spiral ganglion

e. Stria vascularis

100. An 86-year-old woman develops unilateral vesicular eruption on the trunk in a Ty dermatomal pattern. Staining of the skin scrapings confirms a diagnosis of
herpes zoster. The woman complains of significant pain, as well as increased sensitivity to touch. Which of the following receptors is responsible for measuring the

intensity of a steady pressure on the skin surface?

a. Krause ending

b. Meissner corpuscle
c. Merkel disk

d. Pacinian corpuscle
e. Ruffini ending

101. A 41-year-old man complains to his physician about jet lag whenever he flies long distances to meetings. M elatonin is prescribed as a way to reset his circadian

rhythm. The circadian rhythm is controlled by which of the following nuclei?

a. Arcuate

b. Lateral

c. Paraventricular
d. Suprachiasmatic
e. Ventromedial

102. A 48-year-old woman with multiple sclerosis (M S) and increasing spasticity is treated with an intrathecal infusion of baclofen, a GABAg agonist that mediates



presynaptic inhibition. Presynaptic inhibition in the central nervous system (CNS) affects the firing rate of a-motoneurons by which of the following mechanisms?

a. Decreasing the frequency of action potentials by the presynaptic nerve ending

b. Decreasing the potassium permeability of the a-motoneuron

c. Hyperpolarizing the membrane potential of the a-motoneuron

d. Increasing the amount of the neurotransmitter released by the presynaptic nerve ending

e. Increasing the chloride permeability of the presynaptic nerve ending

103. A 62-year-old woman is referred to a neurologist by her family physician because of a recent loss of initiative, lethargy, memory problems, and a loss of vision.
She is diagnosed with primary hypothyroidism and an enlarged pituitary gland. She is referred to an endocrinologist for treatment of her thyroid problem and to a
neuro-op hthalmologist for visual field evaluation. Which of the following visual field defects is most likely to be found?
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104. A 24-year-old man complains of fatigue, increased daytime somnolence, and periodic sudden loss of muscle tone. Polysomnography confirms the diagnosis of

narcolepsy. Narcolepsy is associated with which of the following?

a. Decreased adenosine levels in the reticular formation

b. Hypothalamic dysfunction with decreased CSF levels of orexins
c. Increased discharge of noradrenergic neurons in the locus ceruleus
d. Increased discharge of serotonergic neurons in the midbrain Raphé

e. The presence of prions

105. A 17-year-old boy is admitted to the hospital with a traumatic brain injury, sustained when he fell off his motorcycle. He develops a fever of 102.2°F (39°C),
which is unrelated to an infection or inflammation. The fever is most likely due to a lesion of which of the following?

a. Anterior hypothalamus
b. Arcuate nucleus

c. Lateral hypothalamus
d. Paraventricular nucleus

e. Posterior nucleus

106. A medical student is working in a sensory physiology laboratory during the summer after her first year. She is responsible for conducting electrophysiologic
recordings from several types of sensory receptor cells. The intracellular recordings shown in the figure below were obtained from receptor cells in response to a
specific stimulus. From which of the following sensory receptors were these recordings obtained?
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(Photoreceptor recording from http ://www.massey eandear.org/research/op hthalmology /vision-research-landing-p age/retina/retinal-function/).

a. Auditory receptors
b. Photoreceptors
c. Smell receptors
d. Taste receptors

e. Touch receptors

107. A 34-year-old woman, who has been immobilized with a sprained ankle for the past 4 days, develops a throbbing pain that has spread to her entire left leg.
History reveals that she has been taking oral contraceptives for 15 years. Ischemic pain is associated with which of the following?

a. A beta (AP) sensory fibers

b. Afferent pathway in the neospinothalamic tract

c¢. Overstimulation of somatic touch receptors

d. Rapidly adapting receptors

e. Sensory fibers terminating within the substantia gelatinosa of the dorsal horn of the spinal cord

108. A 42-year-old man sees his ophthalmologist because it is becoming increasingly difficult for him to read the newspaper. His vision problem most likely results
from an inability to contract which of the following?

a. Ciliary body

b. Extraocular muscles

c. Iris

d. Pupils

e. Suspensory ligaments

109. At a first-grade parent—teacher conference, the teacher of a 6-year-old boy indicates that the boy seems to have difficulty hearing. His parents take him to the
pediatrician, who refers the boy to an otolaryngologist. The boy is found to have a significant hearing deficit accompanying a middle ear infection that also involves the
middle ear bones. Which of the following is the primary function of the middle ear bones?

a. Amp lifying sounds

b. Enhancing frequency discrimination
c. Filtering high-frequency sounds

d. Localizing sound

e. Protecting the ear from load sounds

110. The morning after a rock concert, a 20-y ear-old college student notices difficulty hearing his professor during lecture. The physician at the student health center
suspects possible damage to his hair cells by the loud music. Depolarization of the hair cells in the cochlea is caused primarily by the flow of which of the following?

a. Ca®" into the hair cell
b. CI out of the hair cell
c. K+ into the hair cell

d. K+ out of the hair cell

e. Na+ into the hair cell

111. A 62-year-old man with a history of hypertension and hyperlipidemia is admitted to the hospital for evaluation after demonstrating signs and symptoms of a
stroke. Subsequent CT scans, perceptual tests, and a neurological examination provide evidence for impairment of the otolith pathways. The otolith organs (utricle and
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saccule) are responsible for which of the following?

a. Detecting angular acceleration

b. Detecting the position of the head in space

c. Producing rotary nystagmus

d. Producing the stretch reflex

e. Producing the vestibulo-ocular reflex

112. A 27-year-old man with severe epilepsy, characterized by major convulsions and lapses of consciousness every few minutes, underwent exp erimental
neurosurgery to help relieve his seizures. The operation had a significant, beneficial effect on the epilepsy, but led to a devastating memory deficit. He had normal
procedural memory, maintained long-term memory for events that occurred prior to surgery, and his short-term memory was intact, but he could not commit new
events to long-term memory (loss of declarative memory). Which of the following areas of the brain was bilaterally resected in this patient?

a. Cerebral cortex
b. Cingulate gyrus
c. Hypothalamus

d. Parietal lobe

e. Temporal lobe

113. A 68-year-old man with avitaminosis A presents with a chief complaint of night blindness (nyctalopia). Which of the following reactions in the retinal rods is
caused directly by the absorption of light energy ?

a. Decomposition of scotopsin
b. Dissociation of scotopsin and metarhodopsin
c. Transformation of 11-cis retinal to all-trans retinal

d. Transformation of metarhodopsin to lumirhodopsin

e. Transformation of vitamin A to retinene
114. A 20-year-old boxer presents at a neurologist’s office complaining of dizziness and a problem with his balance. He indicates that in a recent match, he suffered
several blows to the ears. Which of the following normally happens when a person slowly rotates toward the right?

a. Both the left and right eyes deviate toward the left

b. The endolymph in the left and right horizontal semicircular canals moves in opposite directions

¢. The hair cells in the left horizontal semicircular canal become depolarized

d. The stereocilia on the hair cells in the right horizontal semicircular canal bend away from the kinocilium

e. The visual image on the retina becomes unfocused

115. A 58-year-old woman goes to her physician because she is having difficulty threading needles. An eye examination leads to the diagnosis of presbyopia (old

eyes). Her condition is most likely caused by which of the following?

a. Ciliary muscle paralysis

b. Clouding of the vitreous

c. Degeneration of the macula

d. Retinal detachment

e. Stiffening of the lens

116. An 8-year-old boy is hit in the head by a baseline drive during a little league game. His father, a doctor, rushes out on the field to do a neurological assessment,
including use of his penlight to check reactivity of the pupils. When light strikes the eye, which of the following normally increases?

a. The activity of transducin

b. The amount of transmitter released from the photoreceptors

c. The concentration of all-frans retinal within the photoreceptors
d. The concentration of calcium within the photoreceptors

e. The activity of guanylyl cyclase

117. A 59-year-old woman with bilateral glaucoma is treated with drops of the parasympathetic agent pilocarpine. Cholinergic stimulation of the pupil causes which

of the following?

a. Absence of the pupillary response to light

b. Inequality of pupil size

c. Pupillary constriction (miosis)

d. Pupillary dilation (mydriasis)

e. Tonic pupil (slow redilation after exposure to light)

118. A 20-year-old woman complains of altered taste following extraction of her wisdom teeth. Which of the following is the most likely cause of the dysgeusia?

a. A disturbed salivary milieu
b. Damage to the central gustatory pathways



c. Damage to the gustatory afferent nerves
d. Impaired transport of the tastant to the receptor cells in the taste bud
e. Injury to the taste receptor cells

119. A 52-year-old man has a motor vehicle accident and closed head injury, after which he notes decreased sense of smell. Anosmia after head injury is most likely
associated with which of the following?

a. Direct injury to the olfactory bulbs

b. Fractures of the cribriform plate

c. Low Glasgow coma scale

d. Recovery of olfaction over time to baseline

e. Shearing of the olfactory fila as they pass through the cribriform plate

120. A Jewish couple present at the pediatrician’s office with concerns about their 6-month-old child. They report that the infant was perfectly fine for the first few

months of life, but lately he is very easily startled by noise, he has difficulty swallowing, he can no longer hold his head up, and he had a seizure earlier in the day. On
physical examination, the doctor also notes “cherry-red” spots in the child’s eyes. These symptoms are due to the accumulation of harmful quantities of which of the

following substances in the brain?

a. Beta-amyloid

b. Beta-hexosaminidase A
c. Ganglioside GM2

d. Sphingomyelin

e. Tau protein

121. A 24-year-old male medical student develops apprehension, restlessness, tachy cardia, and tachypnea as he enters the testing center for his initial licensure

examination. Activation of which of the following receptors would be expected to decrease his anxiety ?

a. GABA

b. Glutamate

c. Histamine

d. Neurokinin 1 (NK-1, substance P)

e. Neuropeptide Y

122. A 26-year-old African American female medical student goes to the emergency department when she sees flashes of light, moving spots, and has reduced visual
acuity. An ophthalmology consult reveals that she is myopic, does not have eye pain, and has a scotoma in the peripheral vision field of her right eye. There is no

cherry red spot on the fovea. Which of the following is the most likely cause for her acute vision loss?

a. Central retinal artery embolism

b. Glaucoma

¢. Macular degeneration

d. Optic neuritis

e. Retinal detachment

123. After sitting with one leg crossed under the other for several hours while working on a document at her computer terminal, a 52-year-old woman tries to stand up,
but is unable to walk on the crossed leg, and feels tingling and pain. Which of the following explains the loss of motor function without the loss of pain sensation in the

peripheral nerves?

a. A fibers are more susceptible to local anesthetics than C fibers
b. AP fibers are more sensitive to pressure than C fibers

c. C fibers are more sensitive to pressure than Ap fibers

d. C fibers are more susceptible to hypoxia than B fibers

e. C fibers have higher conduction velocities than A fibers

124. Three weeks following a gastrointestinal (GI) infection with Campylobacter jejuni, a 60-y ear-old man develops weakness and tingling in his legs. Over the next
few days, his legs and face become paralyzed, and he is hospitalized for Guillain—Barré syndrome (GBS). Which of the following is the most likely underlying cause of

his motor paralysis?
a. Antibodies against nerve growth factor
b. Antibodies against oligodendrogliocytes
c. Demyelination of AP fibers
d. Demyelination of B fibers
e. Demyelination of C fibers
125. A 32-year-old woman from the IT department presents to the employee health clinic late in the afternoon comp laining of fatigue, muscular weakness, and double
vision. She indicates that the symptoms have been getting worse over the past 2 months and that she gets worse the longer she works at the computer screen. Cranial
nerve examination discloses impaired movement of the right eye and bilateral ptosis, which worsen with repetitive eye movements. An MRI of the chest shows
enlargement of the thymus gland. The neuropathy of this clinical presentation is most likely caused by antibodies against which of the following?



a. Acetylcholine

b. AcetyIcholinesterase

c. Postsynaptic muscarinic acetyIcholine receptors

d. Presynaptic nicotinic acetyIcholine receptors in autonomic ganglia

e. Postsynaptic nicotinic acety Icholine receptors on the motor end plate

126. A 26-year-old woman presents with unilateral facial weakness. She states that whenever she tries to close her eyes, the upper eyelid on the affected side rolls
upward. Electromyography on the affected side shows evidence of axonal degeneration. Which of the following characteristics of an axon is most dependent on its

diameter?

a. The magnitude of its resting p otential

b. The duration of its refractory period

c. The conduction velocity of its action potential

d. The overshoot of its action potential

e. The activity of its sodium—potassium pump

127. An 80-year-old farmer presented with complaints of weakness and fatigue, aching, orthostatic hypotension, constipation, and sleep disturbances. His family
physician told him that he was just getting old, and would have to get used to it. His bradykinesia worsened and he couldn’t pick up his feet when he walked. When he
was no longer able to plow his own fields, he got depressed, and his wife said he would just sit at the table and rub his thumb along his fingers. She called her son-in-
law, a neurologist, and asked him if he’d come out to the country to evaluate “Pops.” The pathophysiology of Parkinson disease can be attributed to a paucity of

which of the following neurotransmitters?

a. Acetylcholine

b. Dopamine

c. Glutamate

d. Neuropeptide Y

e. Serotonin

128. A 62-year-old man with COPD presents to the emergency room in respiratory distress. The attending physician uses succiny Icholine to produce skeletal muscle
relaxation prior to tracheal intubation. Soon after infusion of the succinylcholine, the patient develops a severe brady cardia. Which of the following drugs would

counteract the brady cardia without affecting muscle relaxation?

a. Acetylcholine

b. Atropine

c. Curare

d. Dopamine

e. Epinephrine

129. A fireman suffers extensive burns, resulting in a fluid and electrolyte imbalance. Which of the following electrolyte imbalances will produce a decrease in the

magnitude of a nerve membrane action potential?

a. Hyperkalemia

b. Hypernatremia

c. Hypocalcemia

d. Hypokalemia

e. Hyponatremia

130. A 19-year-old woman with a history of diplopia and paresthesia is diagnosed with M S. Immersion of an affected limb in a cold bath restores nerve conduction in
many M S patients. The explanation often cited for this effect is that cold increases the duration of the action potential. Which of the following best explains why

increasing the duration of the action potential can restore nerve conduction in patients with M S?

a. The amount of sodium entering the nerve with each action potential increases
b. The capacitance of the nerve fiber membrane is increased

c. The duration of the refractory period is increased

d. The potassium conductance of the membrane is increased

e. The membrane potential becomes more positive

131. A 37-year-old woman presents with severe migraine headaches that are accompanied by hemiparalysis. Genetic analysis confirms the suspicion of an inherited
channelopathy. The membrane potential will depolarize by the greatest amount if the membrane permeability increases for which of the following ions?

a. Chloride

b. Potassium

¢. Sodium

d. Chloride and potassium
e. Sodium and potassium

132. A 65-year-old postgastrectomy patient presents to his gastroenterologist’s office with fatigue, weakness in his legs, and frequent falls over the past several



months. His physical examination demonstrates increased deep tendon reflexes and decreased vibratory sense in his toes. Laboratory analysis reveals megaloblastic
anemia and vitamin By, deficiency. Which of the following mechanisms cause the neurological deficits characteristic of vitamin B, deficiency ?

a. Decreased folate concentration
b. Decreased myelin synthesis
+
¢. Decreased NalK pump activity
d. Increased hyperphosphorylated microtubule protein tau
e. Production of antinerve antibodies (ANA)

133. A 52-year-old man presents at the oral surgeon’s office with an abscessed tooth. Prior to surgery to extract the tooth, the patient is given a shot of procaine.

Preventing the inactivation of sodium channels by local anesthetics will decrease which of the following?

a. Downstroke velocity of nerve cell action potentials

b. Duration of nerve cell action potentials

¢. Magnitude of the overshoot in nerve cell action potentials

d. Relative refractory period of nerve cells

e. Upstroke velocity of nerve cell action potentials

134. A 13-year-old boy on the junior high wrestling team experienced attacks of proximal muscle weakness that lasted from 30 minutes to as long as 4 hours following
exercise and fasting. The trainer attributed it to the symptoms of fatigue, but his mother recalled having similar symptoms when she was on a diet and exercise regime.
Genetic testing revealed an inherited channelopathy. Electrically excitable gates are normally involved in which of the following?

a. Depolarization of the end-plate membrane by acetylcholine

b. Hyperpolarization of rods by light
c. Increase in nerve cell potassium conductance caused by membrane dep olarization

d. Release of calcium from ventricular muscle sarcop lasmic reticulum
e. Transport of glucose into cells by a sodium-dependent, secondary active transport system

135. A 58-year-old man with a history of hypertension and renal disease presents at his physician’s office with a complaint of headaches. His blood pressure is
190/115 mm Hg and laboratory results show an elevated plasma renin activity with hypernatremia. Which of the following best describes the sodium gradient across

the nerve cell membrane?

a. It is a result of the Donnan equilibrium

b. It is maintained by a Na /Ca?* exchanger

c. It is significantly changed during an action potential

d. It is the primary determinant of the resting membrane potential
e. It is used as a source of energy for the transport of other ions

136. A 19-year-old sexually active woman presents with lower abdominal pain for 1 week. Physical examination reveals a temperature of 101°F (38.33°C), tenderness
on pelvic examination, and a mucopurulent vaginal discharge. Synaptic transmission between pain fibers from the pelvis and spinal cord neurons is mediated by which

of the following?

a. Acetylcholine
b. Endorphins
c. Serotonin

d. Somatostatin
e. Substance P

137. A 16-year-old, highly allergic girl who is stung by a bee gives herself a shot of epinephrine prescribed by her physician. Because epinephrine activates -

adrenergic receptors, it will relieve the effects of the bee sting by decreasing which of the following?

a. Contraction of airway smooth muscle

b. Rate of depolarization in the SA node

c. Rate of glycogenolysis in the liver

d. Strength of ventricular muscle contraction

e. Transport of calcium into skeletal muscle fibers

138. A 10-year-old girl with type I diabetes develops a neuropathy of sensory neurons with free nerve endings. As a result, quantitative sensory testing will reveal

higher-than-normal thresholds for detection of which of the following stimuli?

a. Fine touch

b. Muscle length
c. Pressure

d. Temperature
e. Vibration

139. An 85-year-old man is brought to his doctor by his daughter. She reports that he has memory loss, is often confused, and has been having increasing difficulty



with routine activities that he used to do on his own, such as paying bills and going grocery shopping She wonders if this is just because of old age or a more serious
problem. Which of the following would provide the definitive diagnosis of Alzheimer disease?

a. Cerebral cortical atrophy on CT or MRI

b. Improved symptoms with cholinesterase inhibitors

c. Neuritic plaques containing A-beta (Af) amyloid bodies
d. Nonspecific slowing of the EEG

e. Presence of an apolipoprotein &4 allele on chromosome 19



Neurophysiology
Answers

80. The answer is a. (Barrett, pp 88-89.) The Na+ equilibrium potential is approximately +60 mV and is based on the ratio of the intracellular and extracellular Na+
concentrations. During an action potential, the peak of the action potential (point A) is close, but not equal, to the Na+ equilibrium potential. The membrane potential

+ + +
does not reach the Na equilibrium potential because the Na channels start to inactivate and the K channels begin to activate during the upstroke of the action
potential.

81. The answer is d. (Barrett, pp 88-89. Longo, pp 355-359.) Because the resting membrane potential is related to the ratio of ICF to ECF K+ concentration, an
increase in extracellular K+ partially depolarizes the cell membrane, that is, makes the membrane potential more positive. Depolarizing the membrane opens K+
channels, causing an increase in membrane conductance to potassium. Prolonged depolarization, whether caused by an increase in extracellular K or by an action
potential, inactivates Na+ channels and decreases the excitability of the nerve membrane, which manifests as weakness, and which may progress to flaccid paralysis.

The activity of the Na+7K+ pump is reduced in hypokalemia, not in hyperkalemia.

82. The answer is a. (Barrett, p 293. Le, p 420. Longo, pp 202-206.) Aphasias are language disorders in which a person is unable to properly express or understand
certain aspects of written or spoken language. Aphasias are caused by lesions to the language centers, which are located in the categorical hemisphere of the neocortex.
There are a number of different classifications of aphasias, but one divides them into fluent, nonfluent, and anomic aphasias. In this case, the boy developed an anomic
aphasia, in which he was able to understand and follow commands, but he had difficulty understanding written language and pictures. There may be mild word-finding
difficulty with this aphasia as well. Anomic aphasia is the single most common language disturbance seen in head trauma, metabolic encephalopathy, and Alzheimer
disease. Anomic aphasia can be caused by lesions anywhere within the language network, but often is caused by damage to the angular gyrus without damage to Broca
or Wernicke areas. A lesion in Broca area leads to nonfluent aphasia, and would have resulted in a severe impairment in expressive language. Fluent aphasias are due to
lesions in Wernicke area or to lesions in and around the auditory cortex. Language disorders caused by memory loss, which could be the result of a hippocampal lesion,
are not classified as aphasias, nor are language disorders caused by vision or hearing abnormalities or motor paralysis. Damage to the arcuate fasciculus would be
incorrect because the patient was able to verbally repeat language spoken to him.

83. The answer is c. (Barrett, pp 229-232.) The y-motoneurons innervate the intrafusal fibers of the muscle spindle. When a skeletal muscle contracts, the intrafusal
muscle fiber becomes slack and the Ia afferents stop firing. By stimulating the intrafusal muscle fibers during a contraction, the y-motoneurons prevent the intrafusal
muscle fibers from becoming slack and thus maintain la firing during the contraction. Golgi tendon organs generate Ib afferents, and prevent excessive force of
contraction. Alpha motoneurons cause skeletal muscle contraction.

84. The answer is e. (Barrett, pp 245-248. Le, pp 234, 416-417, 455-456, 569-571. Longo, pp 3317-3335.) These findings are consistent with the presence of
Parkinson disease, which is characterized by resting tremor rigidity and bradykinesia. It is caused by destruction of the dopa-mine-secreting neurons within the
substantia nigra pars compacta. Levo (L)-dopa is a precursor for dopamine. L-dopa, rather than dopamine, is administered because it can cross the blood—brain barrier,
but dopamine cannot. In contrast to the resting tremor of Parkinson disease, cerebellar disease is characterized by an intention tremor. In contrast to damage to the
nigrostriatal dopaminergic system in Parkinson disease, Huntington disease results in a loss of the intrastriatal GABAergic and cholinergic neurons in the caudate
nucleus and putamen of the basal ganglion, and is not responsive to treatment with L-dopa. Hippocampal lesions do not cause Parkinson disease.

85. The answer is b. (Barrett, pp 229-232. Le, p 430. Longo, pp 191, 3367.) The la afferents, which innervate the muscle spindles, have a phasic and tonic
component. B illustrates the response of la afferents to sudden movement of a limb. The high-frequency burst of action potentials encodes the velocity of the initial
movement, whereas the steady firing encodes the position of the limb when the movement is completed. A and E illustrate the behavior of a tonic receptor, which
discharges at the same rate for as long as the stimulus is present. The patterns of sensory loss are often indicative of the level of nervous system involvement. In the
spinal cord, segregation of fiber tracts and the somatotopic arrangement of fibers give rise to distinct patterns of sensory loss. Lesions that involve one-half of the
spinal cord lead to loss of proprioception on the ipsilateral side and loss of pain and temperature sensation on the contralateral side. This presentation is called Brown-
Séquard syndrome, which may be accompanied by contra-lateral hemiparesis with lesions in the high cervical spinal cord.

86. The answer is e. (Barrett, pp 236-237. Longo, p 3350.) The precentral gyrus is the motor area of the cortex that contains the cell bodies of the neurons that form
the corticospinal tract (also referred to as the pyramidal tract). The corticospinal tract contains axons that cross to the contralateral side of the brain within the
pyramids and end within the motor areas of the spinal cord. These structures are essential for the generation of fine voluntary movements. Kinesthesia, the sense of
movement and position of the limbs, is handled primarily by the Ia and Ib afferents that innervate the muscle spindles and Golgi tendon organs, respectively, and by
the parietal lobe. Olfaction is processed in the frontal lobe. Cortical localization of visual function is within the occipital lobes, and the optic tracts. Primary lateral
sclerosis (PLS) is a rare disorder arising sporadically in midto-late life. PLS is characterized clinically by progressive spastic weakness of the limbs, preceded or
followed by spastic dysarthria and dysphagia, indicating combined involvement of corticospinal and corticobulbar tracts. Sensory changes are absent and neither EM G
nor muscle biopsy shows denervation.

87. The answer is d. (Barrett, p 603. Le, p 426. Longo, p 3313.) The concentrations of glucose and protein within the CSF are much lower than those of plasma.
Changes in the CSF concentrations of these substances are help ful in detecting pathologic processes, such as tumor or infection, in which the blood—brain barrier is
disrupted. CSF, which is in osmotic equilibrium with the extracellular fluid of the brain and spinal cord, is formed primarily in the choroid plexus by an active
secretory process. It circulates through the subarachnoid space (not the epidural space) between the arachnoid mater and pia mater and is absorbed into the circulation
by the arachnoid villi. Disturbances in CSF circulation or absorption result in hy drocephalus. Normal pressure hy drocephalus is characterized by dementia, urinary
urgency and/or incontinence, and gait changes. It is important to recognize because it may be reversible with a removal of CSF via permanent shunt.



88. The answer is b. (Barrett, pp 251-252. Le, pp 415, 417. Longo, p 193.) Ataxia, dysmetria, and an intention tremor all are classic findings in a patient with a lesion
involving the cerebellum. Affected persons also exhibit adiadochokinesia, which is a loss of ability to accomplish a swift succession of oscillatory movements, such as
moving a finger rapidly up and down. Lesions in the basal ganglia more commonly present with a resting tremor, such as seen in Parkinson disease. Lesions in the
cortical motor strip would cause contralateral hemiparesis. Damage to the eighth (vestibulocochlear) nerve can result in symptoms such as hearing loss, ny stagmus, and
vertigo. Lesions in the medulla may compromise respiration and other autonomic functions.

89. The answer is d. (Barrett, pp 274-276. Le, pp 61-62. Longo, pp 213-223.) In a normal sleep cycle, a person passes through the three stages of non-REM sleep
before entering REM sleep. In narcolepsy, a person may pass directly from the waking state to REM sleep. REM sleep is characterized by irregular heartbeats and
respiration and atonia (loss of muscle tone). Hypoventilation is characteristic of both REM and non-REM sleep because sleep depresses the central chemoreceptors.
It is also the state of sleep in which dreaming occurs. High-amplitude EEG waves occur in the late stages of slow-wave sleep. EEG during REM sleep is low

amp litude, high frequency.

90 The answer is e. (Barrett, pp 229-232.) The Ib afferents innervating the quadriceps muscles are activated when the quadriceps contracts in response to tapping the
patella tendon. Stretching the patella tendon stretches the intrafusal muscle fibers within the quadriceps muscle and causes an increase in la afferent activity. The
increase in la afferent activity causes an increase in a-motoneuron activity, which results in contraction of the quadriceps muscle. When the muscle contracts, the
intrafusal muscle fibers are unloaded and the Ia afferent activity is reduced.

91. The answer is b. (Barrett, p 240. Le, p 428. Longo, pp 181-182.) Spasticity results from overactivity of the a-motoneurons innervating the skeletal musculature.
Under normal circumstances, these a-motoneurons are tonically stimulated by reticulospinal and vestibulospinal fibers originating in the brain stem. These brain stem
fibers are normally inhibited by fibers originating in the cortex. Cutting the corticoreticular fibers releases the brain stem fibers from inhibition and results in spasticity.
Cutting the fibers from the reticular formation, vestibular nuclei, or the Ia afferents will reduce the spasticity.

92. The answer is b. (Barrett, pp 212, 250. Le, p. 446. Longo, pp 4178-4179. Widmaier, pp 219-220.) The flocculonodular lobe, or vestibulocerebellum, is connected
to the vestibular nuclei and participates in the control of balance and eye movements, particularly changes in the vestibulo-ocular reflex, which serves to maintain
visual stability during head movement; a lesion of this area of the cerebellum may result in vertigo and nystagmus. In contrast, the spinocerebellum is involved in the
coordination of limb movement. Pathologic vertigo is generally classified as peripheral (labyrinthine) or central (brain stem or cerebellum). The clinical presentation in
this case is most consistent with central vertigo. Positional (especially horizontal) nystagmus (to-and-fro oscillation of the eyes) is common in vertigo of central origin,
but absent or uncommon in peripheral vertigo. The chronicity of the vertigo is characteristic of central vertigo, whereas the symptoms of peripheral vertigo generally
have a finite duration and may be recurring, Tinnitus and/or deafness is often present in peripheral vertigo, but absent in central vertigo. Labyrinthitis and M éniére
syndrome are examples of vertigo of peripheral origin. In psychogenic versus organic vertigo, ny stagmus is absent during a vertiginous episode.

93. The answer is a. (Barrett, pp 272-273. Le, p 445. Longo, pp e45-1-e45-3.) As shown in the EEG below, in a totally relaxed adult with eyes closed, the major
component of the EEG will be a regular pattern of 8 to 12 waves per second observed over the posterior (occipital) brain regions, called the a-rhythm or posterior
dominant rhythm. The o-rhythm disappears when the eyes are opened. It is most prominent in the occipital region. In deep sleep, the a-rhythm is replaced by larger,
slower waves called delta waves. In REM sleep, the EEG will show fast, irregular activity.

94. The answer is b. (Barrett, pp 189-191. Le, p 441.) The loss of vision on the right half of the visual field of both eyes (right-sided homony mous hemianopia)
occurs because neurons from the left half of each of the retinas do not reach the visual cortex. This would result from a lesion of the left visual pathway distal to the
optic chiasm, that is, the left optic tract, where the visual information from the nasal portion of the left retina (the right hemifield of the left eye’s visual field) and the
temporal portion of the right retina (the right hemifield of the right eye’s visual field) are carried within the same nerve tract.

95. The answer is e. (Le, p 424. Longo, pp 3290-3299, 3377-3380.) Intracranial hemorrhage is often discovered on noncontrast CT imaging of the brain, which is
preferred over routine M RI because CT is more sensitive for acute blood. Intracranial hemorrhages associated with anticoagulant therapy are often lobar or subdural.
The noncontrast CT scan reveals a hyperdense clot that has an irregular border with the brain, characteristic of a subdural hematoma. Edema and infarction are not
visible in the CT scan. Amyloid angiopathy is a degenerative disease of intracranial vessels seen in Alzheimer disease, which can cause lobar intracranial hemorrhage.
Subarachnoid hemorrhages are produced by trauma and rupture of intracranial aneury sms.

96. The answer is e. (Barrett, p 240. Le, p 432. Longo, pp 182, 3237.) The plantar reflex is a cutaneous reflex elicited by stroking the lateral surface of the sole of the
foot with a noxious stimulus such as a tongue blade, beginning near the end of the heel and moving across the ball of the foot to the great toe. The normal reflex consists
of plantar flexion of the toes. With upper motoneuron lesions above the S1 level of the spinal cord, a paradoxical extension of the toe is observed, associated with
fanning and extension of the other toes; this is termed an extensor plantar reflex or the Babinski sign. Other signs of pyramidal tract lesions include loss of the hopping
and placing reaction, the cremasteric reflex, and the abdominal scratch reflex. Damage confined to the pyramidal tract results in distal muscular weakness and loss of
fine motor control. Damage to other areas of the cortical motor control system is referred to as upper motoneuron disease and produces spasticity. Damage to the
basal ganglia produces a variety of signs, including dy stonia (striatum), ballism (subthalamic nucleus), and tremor at rest (substantia nigra). Damaging the cerebellum
causes uncoordinated movements (dy smetria, ataxia, intention tremor).

97. The answer is c. (Barrett, pp 5245-5246. Le, pp 417, 556. Longo, pp 3330-3331.) Huntington chorea is an inherited genetic defect leading to the degeneration of
neurons with the striatum (the caudate nucleus and putamen). It is progressive disease characterized by uncontrolled movements, irritability, depression, and
ultimately dementia and death. Lesions of the subthalamic nucleus produce wild flinging movements called ballism; those within the anterior cerebellum produce ataxia;
those within the substantia nigra produce Parkinson disease; and those within the limbic system yield emotional disorders.

98. The answer is a. (Barrett, pp 259-261.) The catecholamine, norepinephrine (and epinephrine), activates both o- and B-adrenergic receptors. When the a-
adrenergic receptors are stimulated, they activate a G protein, which in turn activates phospholipase C, which hydrolyzes PIP, and produces IP; and DAG. The IP;

causes the release of Ca® from the sarcop lasmic reticulum, which in turn increases muscle contraction. a,-Adrenergic receptors predominate on arteriolar smooth
muscle, so these muscles contract when stimulated with norepinephrine. Ephedrine is both a direct and indirectly acting sympathomimetic amine. Its direct action to
activate postsynaptic a-receptors and p-receptors is weak. Ephedrine’s actions are primarily due to its effects as an indirect sympathomimetic, which involves its
uptake into the presynaptic nerve terminal, where it is packaged and released with norepinephrine from the sympathetic nerve terminals. The effect of adding



ephedrine is to increase the number of vesicles released during each action potential and possibly to extend the duration of action of norepinephrine by prolonging its
inactivation via the neuronal reuptake process. Therefore, the actions of norepinephrine are enhanced in the presence of ephedrine. There are no o-receptors in the
bronchioles, pupils, or ciliary smooth muscles in the ciliary body of the eye, so norepinephrine does not cause contraction in these areas, but rather smooth muscle
relaxation caused by activation of B-receptors in these tissues. Intestinal smooth muscles have a,-adrenergic receptor, which mediates relaxation when bound to
norepinephrine.

99. The answer is c. (Barrett, pp 206-207. Longo, pp 248-250.) The portion of the basilar membrane vibrated by a sound depends on the frequency of the sound.
High-frequency sounds produce a vibration of the basilar membrane at the base of the cochlea (near the oval and round windows); low-frequency sounds produce a
vibration of the basilar membrane at the apex of the cochlea (near the helicotrema). The modiolus is the bony center of the cochlea from which the basilar membrane
emerges, the spiral ganglion contains the cell bodies of the auditory nerve fibers, and the stria vascularis is the vascular bed located on the outer wall of the scala media
of the cochlea responsible for endolymph secretion.

100. The answer is e. (Barrett, pp 158-160.) The Ruffini ending is a tonic receptor that produces a train of action potentials proportional to the intensity of pressure
applied to the skin. The Pacinian corpuscle is a very rapidly adapting receptor that fires once or twice in response to skin deformation, but can produce a continuous
train of action potentials if the stimulus is repetitively applied and withdrawn. Therefore, the Pacinian corpuscle is used to encode vibration.

101. The answer is d. (Barrett, p 309. Le, p 62. Longo, p 214.) A variety of physiological functions, such as alertness (the sleep—wake cycle), body temperature, and
secretion of hormones, exhibits cyclic activity that varies over a 24-hour period of time. These variations in activity are called circadian rhythms and are controlled by
the suprachiasmatic nucleus of the hypothalamus. The paraventricular nucleus secretes oxytocin and vasopressin, the ventromedial and lateral nuclei control food
intake, and the arcuate nucleus secretes gonadotropin-releasing hormone.

102. The answer is e. (Barrett, pp 126-127. Widmaier, p 161.) Presynaptic inhibition is caused by interneurons that secrete a transmitter that increases the C1~

conductance of the presynaptic nerve ending. The increase in Cl” conductance causes a partial depolarization of the presynaptic nerve ending and a decrease in the
magnitude of the action potential in the pre-synaptic nerve ending. Because the number of synaptic vesicles released from the presynaptic neuron is proportional to
the magnitude of the action potential, fewer vesicles are released and magnitude of the postsynaptic potential is reduced. Reducing the magnitude of the postsynaptic
potential decreases the probability that an action potential will be generated by the postsynaptic cell. Presynaptic inhibition does not change the membrane potential
of the a-motoneuron.

103. The answer is d. (Barrett, pp 189-191. Le, pp 436, 441. Longo, pp 227-228. McPhee and Hammer, pp 157-160. Widmaier, pp 208-210, 227.) Compression of
the optic chiasm by an enlarged pituitary gland, which may be caused by increased synthesis of thyroid-stimulating hormone (TSH) in response to decreased
circulating thy roxine, damages the nasal portion of each optic nerve, which produces a loss of vision in the temporal visual field of both eyes. This defect is referred to
as a bitemp oral hemianopia. Bitemp oral hemianopia resulting from symmetric compression of the optic chiasm may also occur with pituitary adenoma, meningioma,
glioma, or aneury sm. Homonymous hemianopia (B or E), in which the loss of vision is on the same half of the visual field of both eyes, results from lesions of the
contralateral optic tract. Loss of the medial half of both visual fields (C) is called binasal hemianopia; this visual field defect is uncommon, but may occur in glaucoma,
bitemporal retinal disease (eg, retinitis pigmentosa), or a tumor or aneury sm compressing both optic nerve