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Pneumoconiosis  414
Pneumonia  149, 437
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postherpetic neuralgia  150
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Postpartum thyroiditis  755
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poststreptococcal 
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Primary aldosteronism  735
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primary biliary cholangitis  570, 572
Primary hypocortisolism  736
Primary immune deficiencies  204
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pulmonary edema  411, 429
pulmonary embolism  264, 320, 428
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Relative adrenal insufficiency  737
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Respiratory syncytial virus  435
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Sarcomas  227
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Scoliosis  699
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Septic shock  314
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Shock  312
short bowel syndrome  527
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shunt  426
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sick sinus syndrome  352
Sickle cell disease   251
sickle cell trait  251
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small bowel obstruction  517
small cell carcinoma  227
somatopause  745
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Spinal muscular atrophy  640
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supraventricular tachycardia  352
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antidiuretic hormone 
secretion  731
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Tachyarrhythmias  352
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tendinosis  687
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Tension-type headache  644
teratoma  228
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tetralogy of Fallot  387
Thalassemia  252
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Thrombocytopenia  266
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toxic thyroid adenoma  755
Transfusion-associated circulatory 
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transposition of the great vessels  388
traumatic high spinal cord  
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TSH excess  731
tuberculosis (mycobacterium 

tuberculosis infection)  129
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Tumor lysis syndrome  233
Tumors of the brain  228
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Type 2 diabetes mellitus  809
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upper motor neuron lesions  624
urinary tract infection  150
variant angina  367
Varicose veins  318
vascular aneurysm  289
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venous thromboembolism  264
venous ulcers  326
ventilation/perfusion mismatch  425
ventricular fibrillation  355
ventricular septal defect  387
ventricular tachycardia  352
vesicoureteral reflux  480
viral gastroenteritis  533
Viral hepatitis  558
vitamin B12 deficiency anemia 

(macrocytic anemia)  254
von Willebrand disease  267
Wilms tumor  237
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Wolff–Parkinson–White syndrome  352
xeroderma pigmentosum  229
Zenker diverticulum  535
Zollinger–Ellison syndrome  511
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the talent and knowledge of Dr. Tkacs and her team. 
Adoption was an easy choice.

Ever evolving, the Second Edition increases concept 
comprehension and decreases cognitive load by provid-
ing the student with standardized templates for pediat-
ric and gerontological considerations for each chapter. 
Endocrinology content offers insight and understand-
ing of gender diversity and incorporates the physiology 
and pathophysiology of pregnancy for future clinicians 
caring for mothers and birthing persons. Social deter-
minants of health, including environmental exposures 
and the lasting effects of adverse childhood experi-
ences, are discussed where appropriate. Most impor-
tantly, the focus remains on conveying content to the 
future advanced practitioner that they can take into the 
clinic and apply today.

A professor and their students share a special rela-
tionship based on mutual trust. I have since welcomed 
Dr. Tkacs and her team into our small circle. Trust the 
content, trust the process, and trust that you have the 
finest advanced pathophysiology textbook available. 
Place your trust in Dr. Tkacs and her team. I do.

Joshua E. Faucett, DNP, MBA, FNP-BC, CNE
Assistant Professor, Advanced Pathophysiology,

Frontier Nursing University
Versailles, Kentucky

FOREWORD

In September 2020, I was handed the reins of an ad-
vanced pathophysiology course with an average enroll-
ment of 200 students per term, amounting to more 
than 800 students per year. Conventional wisdom is 
that the pathophysiology professor can rest on their lau-
rels because the human body and the disease processes 
that undermine normal function change slowly or not 
at all. Timely course updates concern the pharmacology 
professor or the disease management course faculty. 
The pathophysiology professor must only awaken from 
their slumber . . . should a global pandemic occur.

The textbook in the course I inherited was due to 
release a new edition. The time was right to evaluate 
textbook offerings from all major publishers. Within 2 
weeks, I had four copies of different advanced patho-
physiology textbooks and supplemental materials 
to consider. Almost immediately, one product stood 
clearly above all the other offerings. The organization 
was stellar, the content was crisp and clear, and the lan-
guage was purposely inclusive. Dr. Nancy Tkacs’s Ad-
vanced Physiology and Pathophysiology: Essentials for 
Clinical Practice was the textbook I would write if I had 
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HOW TO USE THIS BOOK

Physiology and pathophysiology are subjects that are loved by some students even as they scare others! These dis-
ciplines cover challenging topics that, while necessary for success in future clinical courses, can be seen as a painful 
rite of passage or as an enlightening journey to clinical competence. The features of the book were developed by 
master pathophysiology teachers and clinician faculty members with the goal of helping students to synthesize 
complex content and extend that synthesis to clinical application. The following features, recognizable by their 
easy-to-find design elements, appear consistently in the chapters to help reinforce the physiological and pathophys-
iological concepts discussed in this book.

THE CLINICAL CONTEXT
Each chapter begins with a short introduction that sets the stage for the con-
tent’s relevance to clinical practice. This section introduces the common disease 
states of that organ system, briefly highlighting their incidence and prevalence.

THE CLINICAL CONTEXT

Cardiovascular disease is the most common 
cause of adult morbidity and mortality, ac-

counting for about 32% of deaths worldwide, with 
over 75% of the deaths occurring in low- and mid-
dle-income countries.1 The most common form of 
cardiovascular disease is hypertension, affecting 
about 47% of adults in the United States, based 
on National Health And Nutrition Examination 
Survey (NHANES) data and using the most recent 
definition of hypertension.2

Complications of hypertension include accel-
erated atherosclerosis, myocardial infarction, 
stroke, kidney failure, and aneurysm. There is 
substantial overlap between hypertension and 
atherosclerosis, the second most common vascu-
lar disorder. Patients with atherosclerosis are at 
risk of developing ischemic heart disease (includ-
ing myocardial infarction), stroke, and peripheral 
arterial disease (PAD). In the United States, cor-
onary heart disease prevalence is 7.1% in adults 
over 20 years of age, and the prevalence of stroke 
is 3.3%.2 This chapter focuses on the structure, 
function, and diseases of the circulatory system, 
and Chapter 10, “Heart,” focuses on the heart.

THOUGHT QUESTIONS

In each chapter, major subtopics conclude with 
questions to improve student mastery of informa-
tion. These open-ended questions require students 
to pause and reflect on the section they have just 
read, to recall important facts, 
and often to use higher-level 
thinking to synthesize and apply 
what they have learned. 
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reduces fibroblast proliferation) and pirfenidone (an 
anti-inflammatory and antioxidant treatment that 
slows fibrosis progression). Evidence indicates that 
these medications may reduce progression of the 
disorder and delay death. Lung transplantation is 
another treatment, depending on patient character-
istics and donor availability. 10,11  

  CHEST WALL COMPLIANCE  
 Although not as common, changes to chest wall prop-
erties can also alter compliance of the lung–chest wall 
unit, resulting in compromised ventilation. Musculo-
skeletal conditions such as kyphosis and scoliosis can 
impinge on volume of the thoracic cavity, surgery and 
trauma to the chest wall can reduce mobility, and obe-
sity can decrease thoracic volume—in part due to in-
creased chest wall and abdominal fat deposition. In 
each of these cases, the presentation is as a restrictive 
defect, and treatment is based on management of the 
underlying cause of the disorder. 

  Thought Question  

4.  How does smoking-induced damage to lung 
tissue lead to emphysema? 

  AIRWAY RESISTANCE  

  OVERVIEW OF AIRWAY RESISTANCE  
 Movement of air or fl uid through a cylindrical tube is 
governed by the pressure diff erence between the infl ow 
and outfl ow, and the relative resistance of the tube. 
The resistance is inversely proportional to the fourth 
power of the tube’s radius; therefore, the smaller the 
tube, the greater the resistance. The movement of air 
during respiration is facilitated by the large number 
and large cross-sectional area of airways. Although 
the repeated branching pattern means that individ-
ual terminal airways have a very small radius, air can 
fl ow through so many paths that the total resistance 
to airfl ow is very low under normal conditions. The 
greatest degree of resistance is encountered in the 
upper airways—generations 1 to 8. Beyond generation 
8, total cross-sectional area increases, and resistance 
decreases rapidly. A major determinant of airway 
resistance is lung volume; from FRC up to TLC, dis-
tensible airways progressively fi ll and their radius in-
creases, reducing airway resistance. Therefore, at TLC, 
resistance is lowest, while expiration is associated with 
progressive increases in airway resistance that reaches 
a maximum at RV. 

  FORCED EXPIRATORY MANEUVERS ARE 
USED TO ASSESS AIRWAY RESISTANCE  
 During pulmonary function testing, the subject’s abil-
ity to deeply inspire and then forcefully expire a max-
imal breath is measured. The volume of air (in liters) 
inspired and then expired is measured, and the rate of 
airfl ow (in liters per minute) is determined. These data 
are then graphically displayed in two ways. One display 
shows the volume expired during the time of the forced 
expiration (volume/time analysis) and the other plots 
the rate of airfl ow during expiration relative to the vol-
ume of air remaining in the lungs (fl ow/volume analy-
sis). Volume/time analysis in a person without airway 
disease is shown in  Figure 11.17 . Beginning at TLC, 
close to 80% of the forced vital capacity (FVC) is ex-
pired within the fi rst second. This value is termed the 
forced expiratory volume in 1 second , or FEV 1 . Expira-
tion of the remaining volume, down to RV, occupies the 
remaining time. 

 Flow/volume analysis is shown in  Figure 11.18 . By 
convention, the airfl ow is plotted against the volume 
in the lungs from RV (on the right) to the TLC (on the 
left). Forced expiratory fl ow is associated with a charac-
teristic triangle-shaped fl ow/volume curve. Maximum 
expiratory fl ow (peak fl ow) is achieved at the begin-
ning of the maneuver, refl ecting the fact that airway 
resistance is lowest at TLC. From that point, airfl ow 
steadily decreases until RV is reached. Two factors can 
explain this decrement: First, as volume in the airways 
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   Figure 11.17  Plot of the volume of air expired over time 
during spirometry. The FEV1 represents the volume of air 
expired in the fi rst second of a forced expiratory maneuver. 
This corresponds to the time of minimal airway resistance as 
the maneuver begins at total lung capacity. FEV1 is generally 
75% to 85% of the FVC. FEV1, forced expiratory volume in 
1 second; FVC, forced vital capacity.  
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PEDIATRIC CONSIDERATIONS

These sections review embryology, prenatal, and postnatal development as it re-
lates to physiology and pathophysiology. The important new field of developmental 
origins of health and disease led to the inclusion of a new subsection “Prenatal and 
Postnatal Influences on Organ Function” within the system chapters. Congenital 
malformations and genetic conditions generally present at birth or in the pediatric 
population. Additionally, children metabolize therapeutic agents differently than 
adults—critical information to understand when treating children. All the system 
chapters as well as Chapter 3, Molecular Biology, Genetics, and Genetic Diseases, 
provide an in-depth look at the most common conditions, genetic disorders, and 
important treatment considerations related to this patient population.
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  PEDIATRIC CONSIDERATIONS  
  Randall L. Johnson      

 The lungs are unique in that they have little function 
during prenatal development, but are required to as-
sume their main physiological role of gas exchange im-
mediately after birth. Lung development occurs in both 
prenatal and postnatal periods, with most alveolar de-
velopment occurring postnatally. Lung function is very 
vulnerable to preterm birth; the earlier, the greater the 
risk of respiratory dysfunction. For the fi rst 5 years of 
life, airway diameter is small relative to that in older 
children and adults, increasing the risk of obstruction. 
Respiratory rate is high at birth (averaging about 40 
breaths/min), decreasing throughout childhood to ap-
proximate adult rates during the teen years. 

  LUNG DEVELOPMENT  

  LUNG EMBRYOLOGY AND STRUCTURAL 
CHANGES DURING DEVELOPMENT  
 Prenatal and early postnatal lung development is di-
vided into fi ve stages  (Figure 11.32 ) . During embry-
onic development from gestational ages 3 to 6 weeks, 
the trachea and esophagus are divisions of the foregut 
that soon diverge. The primordial trachea and lung 
buds begin to diff erentiate and begin airway branching 
by bifurcation into main bronchi. The main pulmo-
nary artery originates from the sixth pharyngeal arch 

Embryonic period Fetal period
Birth and
postnatal
growth

Embryonic
* → Formation of lung bud
* → Differentiation into
 trachea and bronchi

* → Formation of
 lung periphery
* → Increased
 vascularization
* → Type 1 pneumocytes
 appear
* → Air–blood
 interface formed

* → Branching of
 bronchial tree
* → Formation of
 respiratory parenchyma
* → Type II pneumocytes
 appear

* → Formation of
 alveolar saccules
* → Detectable surfactant
 in amniotic fluid

* → Formation of
 mature alveoli
* → Proliferation
 and expansion

Pseudoglandular Canalicular Saccular Alveolar

3–6 weeks 7–17 weeks 17–27 weeks 27–36 weeks 38 weeks
to 8 years

   Figure 11.32  Milestones of prenatal lung development. Note that surfactant production does not 
begin until 25 to 27 weeks, after which the level of surfactant production increases in parallel with 
alveolar saccule formation. Formation of alveoli begins late, at 36 weeks, and continues after birth.  
Source:  From Hameed A, Sherkheli MA, Hussain A, Ul-haq R. Molecular and physiological 
determinants of pulmonary developmental biology: a review.  Am J Biomed Res . 2013;1(1):13–24. 
https://doi.org/10.12691/ajbr-1-1-3. 

during the embryonic stage. During the pseudoglan-
dular phase (up to 16 to 17 weeks gestational age), 
airway branching is completed and cartilage forma-
tion occurs in the large airway walls. The vascular tree 
develops, following the structural development of the 
airways. In the canalicular phase (up to 27 weeks), gas 
exchange surfaces begin to form along the respiratory 
bronchioles and the vascular supply increases. Last-
ing until about 36 weeks gestational age, the saccular 
phase is associated with initial surfactant production 
and diff erentiation of alveolar saccules – the precur-
sor of alveoli. 53,54  Formation and expansion of the gas 
exchange surface area begins before birth and grows 
through childhood in the process of  alveolarization . At 
gestational age 32 to 36 weeks there are an estimated 
4 million alveoli, while it is estimated that 100 million 
alveoli are present in a full-term neonate, compared 
to approximately 500 million in an adult. Pulmonary 
vascular development parallels alveolar development, 
with the alveolar capillary bed continuously develop-
ing during childhood. 55  

  LUNG DEVELOPMENT PHYSIOLOGY 
AND THE BIRTH TRANSITION  
 During prenatal development, the lungs are fi lled with 
fl uid produced by airway cells. This fl uid expands the 
airways and developing alveoli and is critical for normal 
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GERONTOLOGICAL CONSIDERATIONS

Understanding how aging affects organ systems is imperative in providing com-
petent patient care. Healthy aging is inevitably associated with certain trends in 
organ function, for example, reduced liver biotransformation of drugs, decreased 
renal glomerular filtration, and other alterations that must be considered when 
assessing disease and planning management in older adults. Additionally, cer-
tain diseases are more prevalent in older adults, and phenomena such as frailty 
and complex comorbidities become more common with aging. All of these con-
siderations factor into the special care that must be taken when providing clini-
cal care to older adults. This section appears in all system chapters as well as in 
Chapter 4, Cell Physiology and Pathophysiology.
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Lung capacity is at its maximum in a person’s 
mid-twenties and can remain at that level for two de-
cades. Lung capacity starts to decline when a person is 
middle aged, and can occur prematurely in the setting of 
tobacco use and/or presence of underlying lung disease 
earlier in their lifetime.66 Respiratory changes in older 
adults include greater vulnerability to lung disease and 
decreased lung capacity (functional reserve) to adapt to 
challenges such as exercise, altitude, and disease pro-
cesses. Sustaining a lifetime of insults arriving with the 
inhaled air takes its toll from exposures to oxidative 
stress, smoking, occupational and other environmental 
hazards, and sporadic respiratory infections. Advancing 
age is associated with progressive changes to the struc-
tures of the lungs and the chest wall that alter compli-
ance, resistance, gas exchange, and neural control. In 
addition, the prevalence of many chronic and acute 
lung disorders—including COPD, pulmonary fibrosis, 
and pneumonia—increases with advancing age. Glob-
ally, mortality due to lung diseases (chronic obstructive 
pulmonary disease, asthma, interstitial lung disease/
sarcoidosis, and pneumoconiosis) increase markedly at 
age 70 and greater.67

ALTERATIONS OF THE LUNGS AND 
RESPIRATORY SYSTEM WITH AGE

STRUCTURAL CHANGES WITH AGE
Age-related changes in the lung and chest wall include 
greater diameter of terminal airway generations; de-
creased surface area of alveoli; and greater AP (an-
terior-posterior) diameter of the thorax.68 The chest 
wall becomes stiffer with aging from the calcification 
of the ribs and ossification of cartilage, inhibiting ex-
pansion during inspiration. These changes, along 
with vertebral distortion by kyphosis, can increase the 
anterior–posterior diameter, producing a characteris-
tic barrel-shaped thorax.

FUNCTIONAL CHANGES WITH AGE
Alveolar changes with aging are similar to those ob-
served in emphysema, but without the inflammatory in-
filtrate and elastin destruction, that can lead to reduced 
functional capacity. Pertinent age-related changes in-
clude increased alveolar size and modestly reduced al-
veolar elastic recoil. Increased lung compliance means 
that the chest wall can exert greater pull in the out-
ward direction, resulting in air space enlargement and 

greater TLC. Contrasting with the lung tissue’s greater 
compliance, decreased muscle strength and increased 
chest stiffness promote an overall decrease in TLC, 
whereas the loss of elastic recoil and alveolar enlarge-
ment promote increased TLC. The result in healthy 
aging is usually little change in TLC, accompanied by a 
decrease in VC.

Decreased elastic recoil and structural airway sup-
port contributes to a modest but progressive decline 
in airway patency. This is manifested as an increase 
in alveolar units that are distal to blocked airways, 
increasing RV and decreasing surface area for gas ex-
change. FEV1 is reduced and the expiratory flow/vol-
ume curve assumes more of the convex “scooped out” 
appearance associated with obstructive disorders (see 
Figure 11.21). With increased air trapping, FRC also in-
creases and FVC decreases. FEV1 decreases to a greater 
extent than FVC, so the FEV1/FVC ratio decreases with 
aging, consistent with a modest obstructive defect. Loss 
of alveolar surface area also changes the area of gas 
exchange, which decreases with aging and limits the 
overall diffusing capacity of the lungs.69 Structural and 
functional alterations in the pulmonary system with 
aging are summarized in Box 11.3 and Table 11.4.

There are moderate decreases in respiratory muscle 
strength with aging, but it appears that in healthy older 
adults the continuous activity of breathing maintains 
a good degree of overall respiratory muscle function. 
Age-related calcification and stiffening of the chest 
wall, ribs, and muscles, and kyphosis, may prevent full 
lung expansion with inspiration (because of decreased 
chest wall compliance), altering the curvature of the 
diaphragm, thereby inhibiting the diaphragm from 
having an optimal force of contraction. The respira-
tory system may function normally at rest but may be 
impaired in its ability to increase rate and depth of 
breathing to enable increased physical activity. Some of 
these structural changes can also impair the ability to 
efficiently expectorate and clear the airways during an 
acute or chronic infection.68,70

Neural control of breathing is somewhat impaired 
with aging, with decreased responsiveness to chemore-
ceptor activity signaling either hypoxemia or hypercap-
nia. Older adults are more likely to describe dyspnea 
at rest and particularly with exertion. In summary, 
age-related structural and functional changes may pro-
duce only modest reductions in lung function at rest. 
However, these alterations increase the risk of poor 
outcomes to challenges such as acute or chronic illness 
and exercise.66

GERONTOLOGICAL CONSIDERATIONS
Ingrid Deming, Alison Fife, and Courtney Davis
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CASE STUDIES

In each system chapter, one to three case studies help 
students apply concepts learned from the chapter to 
a patient scenario, setting the stage for the Bridge 
to Clinical Practice. Focusing primarily on common 
disorders managed in a primary care setting, the case 
studies detail a patient complaint, history and sys-
tem review, physical examination, and laboratory/
diagnostic findings. Application-based open-ended 
questions guide students through the underlying 
pathophysiology of the patient’s condition.
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  Patient Complaint:  A 45-year-old female states 
“Two days ago I started with a sore throat and 
today I feel like I have the worst cold I have 
ever had. I can’t catch my breath, and I have a 
terrible throbbing headache. I have been unable 
to do my usual workouts at the gym and all I 
want to do is sleep. I don’t have time to be sick. 
I work two jobs and have three kids. Can you 
help me?”

  History of Present Illness:  The patient is a 
45-year-old female who came to urgent care 
with cold-like symptoms. The patient appeared 
pale and diaphoretic. Over the counter cold 
medicine was taken with little relief, in 
addition to alternating acetaminophen and 
ibuprofen every 2 hours. During the interview, 
the patient was short of breath and had to lie 
down due to her headache. She had a runny 
nose and productive cough. She also stated 
she recently came home from a business trip 
and the next day her symptoms started. The 
patient denies any fever at home, chest pain, or 
palpitations. She admits to an overwhelming 
feeling of fatigue. 

  Past Medical History:  The patient is allergic to 
codeine and currently taking multivitamins 
and lorazepam for anxiety. She has a history 
of Stage 0 Breast Cancer 3 years ago that was 
treated with two lumpectomies and radiation. 
She has had shingles twice, one outbreak on 
her lumbar spine and one orally. There is a 
history of a L4-S1 lumbar discectomy for sacral 
nerve impingement 5 years ago. A positive 
COVID-19 test was revealed 12 months ago 

with minimum symptoms reported. The 
patient had the COVID-19 vaccine 2 years ago 
and the booster last year. She denies tobacco, 
drinks alcohol on the weekends, and exercises 
daily when feeling well. She has no history of 
migraines. She has had three vaginal deliveries 
each with spinal anesthesia. The patient works 
full time and lives with her husband and 
children. 

  Physical Examination:  Findings are as follows: 
Temperature of 98.5 F, Blood Pressure 132/88 
mm Hg, Heart Rate 78 beats/min, respiratory 
rate 24 breaths/min and pulse oximetry is 
90%. Throat examination showed redness in 
the posterior pharynx with discolored sputum 
noted. Lungs revealed an upper respiratory 
wheeze with diminished breath sounds in the 
bilateral bases. Heart tones are normal. Pupils 
are reactive and equal bilaterally. Patient 
complains of light sensitivity and painful eye 
movement. 

 Additional Testing: Nasopharyngeal and oro-
pharyngeal swabs were taken for PCR test for 
COVID-19 which returned positive results. Chest 
radiograph showed bilateral white opacities at the 
lung bases. 

  CASE STUDY 11.3 THOUGHT QUESTIONS  
1. What is the approximate partial pressure of 

oxygen in a person with 90% saturation by 
pulse oximetry? Is this level of oxygenation 
concerning?

2. What is the “worst case” scenario in a patient 
with COVID-19 infection demonstrating this 
level of lung dysfunction?

CASE STUDY 11.3: A WOMAN WITH COVID-19  , Stephanie Woodruff      
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  PRINCIPLES OF ASSESSMENT  
  HISTORY  
  Evaluate:  
• Constitutional symptoms:  fevers, pain (joint 

pain and other), weight loss, anorexia, fatigue 
• Potential exposures in suspected allergies:  pets, 

work environment, associations with food and 
drink 

• System-specifi c symptoms related to:
•  Allergic rhinitis: stuff y nose, runny nose, 

sneezing, itchy eyes, postnasal drip, and 
cough 

•  Asthma—chest tightness, dyspnea, cough, 
wheezing, worsening with exposures 

•  Atopic dermatitis—intense itching, infl am-
matory papules 

•  Rheumatoid arthritis—joint pain, swelling, 
and stiff ness, diffi  culties with activities of 
daily living, constitutional symptoms 

• Suggestive fi ndings in immune disorders:  pa-
tients may have more than one autoimmune 
or hypersensitivity disorder; family history is 
common; note history of exacerbations and re-
missions 

• History of drug allergies must focus on specifi c 
reactions:  nonspecifi c rash, nausea, and vom-
iting (less likely to be true allergy); hives, diffi  -
culty breathing (more likely to be true allergy) 

•  Recurrent infections may be a sign of immuno-
defi ciencies 

  Physical Examination  
 Findings may be specifi c to organ system: 

• ENT:  boggy nasal mucosa, red and watery eyes, 
erythema and  cobblestoning  of pharynx, nasal 
concha bluish and polypous 

• Asthma:  wheezing, use of accessory muscles of 
respiration, cyanosis if airfl ow severely limited 

• Arthritis:  swollen, deformed joints with red-
ness and warmth 

• Atopic dermatitis:  redness, papular rash, scaly, 
thickened skin 

  Diagnostic Tools  
•  Radiography for joint-related disorders can 

help distinguish between osteoarthritis and in-
fl ammatory arthritis 

•  MRI—can be used in multiple sclerosis to 
identify CNS plaques 

•  Tissue biopsy: histologic evaluation may reveal 
changes associated with chronic infl ammation 
as well as specifi c autoantibodies 

  Laboratory Evaluation  
•  CBC with diff erential 
•  C-reactive protein (acute phase protein): non-

specifi c indicator of infl ammation 
• ESR:  nonspecifi c indicator of infl ammation 
• Immunoassays of IgG, IgM (autoantibodies, 

vaccine titers):  specifi c antibodies are diagnos-
tic for certain autoimmune disorders 
•  Systemic lupus erythematosus—ANA 
•  Rheumatoid arthritis—rheumatoid factor 

and anticyclic citrullinated peptide antibodies 
•  Type 1 diabetes—anti-islet antibodies, an-

ti-glutamic acid decarboxylase (GAD) anti-
bodies 

•  Allergy skin testing 

  Major Drug Classes  
• Glucocorticoid steroids:  generally immuno-

suppressive, may be directly applied to target 
tissues (inhaled corticosteroids for asthma, 
topical corticosteroids for AD, intraarticu-
lar injection for joint disorders). Localized or 
short-term systemic use is preferable to avoid 
adverse eff ects of long-term administration 

• Antihistamines:  often used to reduce allergic 
responses 

• Nonsteroidal antiinfl ammatory drugs:  inhibit 
production of arachidonic acid metabolites 
prostaglandins and leukotrienes. Adverse ef-
fects can occur, particularly in older adults. 

• Disease-modifying antirheumatic drugs
(DMARDs) 

• Synthetic immunosuppressants:  methotrex-
ate, azathioprine, chloroquine, cyclophospha-
mide, cyclosporine, lefl unomide, sulfasalazine, 
tofacitinib 

• Biologics (monoclonal antibodies):  adalim-
umab, etanercept, infl iximab, rituximab, goli-
mumab 

• ANA, antinuclear antibodies; ENT, eyes/nose/
throat; ESR, erythrocyte sedimentation rate; 
GAD, glutamic acid decarboxylase; IgG, im-
munoglobulin G; IgM, immunoglobulin M.

  BRIDGE TO CLINICAL PRACTICE  , Ben Cocchiaro
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BRIDGE TO CLINICAL PRACTICE

This unique feature is designed to help students transition from the basic patho-
physiology covered in the chapter to the implications for the clinical role. For 
each system this section provides a succinct summary of system-specific aspects 
of the history and physical examination, the most common laboratory tests and 
diagnostic tools, major drug classes used for disorders of that system, and other 
commonly used nonpharmacologic modalities that students will encounter as 
they transition into clinical settings.



How to Use This Book xliii

KEY POINTS

This feature highlights the important takeaways for which students should be 
able to demonstrate an understanding at the conclusion of each chapter. These 
points are not intended as a comprehensive summary of the chapter; instead, 
they capture the main ideas conveyed throughout the chapter in short bullet 
points that students can reflect upon as they assess their mastery of the content.

28 Advanced Physiology and Pathophysiology: Essentials for Clinical Practice 2e

Thyroid hormones
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Protein synthesis
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Figure 2.28 Phenylalanine metabolism.

samples collected from NHANES participants.7 Over-
all, while a comprehensive and systematic risk assess-
ment of the compound effects that the exposome and 
xenobiotics have on health will surely be a challenging 
task, this emerging field could revolutionize our un-
derstanding of disease susceptibility and pathogene-
sis. More importantly, while genetic predisposition is 
mostly immutable, environmental exposures are mod-
ifiable and therefore studies on the exposome and xe-
nobiotics could potentially be leveraged and applied to 
preventive medicine in the future.

CONCLUSION: PHENYLKETONURIA 
REVISITED

This chapter lays the foundations for understanding 
the molecular underpinning of human disease. The 
opening clinical example describes PKU, a disease that 
is inherited in an autosomal-recessive fashion. In auto-
somal-recessive disorders, individuals who inherit two 
copies of the disease-conferring gene develop the dis-
ease. Patients with PKU carry a mutation in the gene 
coding for the enzyme phenylalanine hydroxylase. This 
enzyme is responsible for adding a hydroxyl group to 
phenylalanine, thereby converting it into tyrosine.

Patients with PKU develop hyperphenylalaninemia, 
which means they accumulate high levels of the amino 
acid phenylalanine. At the same time, patients may not 
have enough tyrosine; thus, all the metabolites down-
stream from this amino acid may be decreased. This 
explains the hypopigmentation seen in the child de-
scribed in the opening example. Melanin is produced 
from tyrosine. The excess phenylalanine is shunted into 
a secondary metabolic pathway that would normally 
have a minor role. This pathway converts phenylala-
nine into phenylpyruvate and then into phenylacetone 
and phenyllactate. These metabolites accumulate in the 
blood and are excreted in the urine, causing the mousy 
odor of the child’s urine.

Newborn screening for PKU became widely avail-
able in the 1960s in the United States and many other 
countries and it is currently mandatory in all 50 states, 
as well as in many other countries worldwide. In fact, 

PKU was one of the first disorders in the class of in-
born errors of metabolism to be identified and screened. 
Early intervention is key to improving outcomes, as in-
fants maintained on a low-protein/low-phenylalanine 
diet can avoid many of the cognitive delays that occur 
in undiagnosed infants prior to screening. People with 
PKU are normally treated with a strict dietary regimen 
that limits intake of foods containing phenylalanine 
to prevent hyperphenylalaninemia and the associated 
mental retardation. Addtionally, it is now well estab-
lished that adults have to follow the same dietary reg-
imen to avoid cognitive and behavioral disturbances 
caused by hyperphenylalaninemia, such as depression 
and anxiety.8,9 The mechanisms whereby hyperphenyl-
alaninemia causes mental retardation are still being 
elucidated. As the opening clinical example highlights, 
disease pathogenesis often is caused by events that take 
place at the level of the genes, with repercussions for 
metabolic pathways. Figure 2.28 illustrates this process 
in PKU.

KEY POINTS

• The body is composed of molecules that are 
made by chemical bonds between individual 
atoms. Properties of atoms depend on their 
atomic weight and structure. The nucleus of 
an atom is made up of protons and neutrons 
with a surrounding shell of electrons. Electrons 
are arranged in orbitals, and atomic properties 
depend on the extent to which the outermost 
orbital shell (the valence shell) is occupied by 
electrons.

• Biomolecules are formed when covalent bonds 
are made between atoms and molecules, build-
ing up from simple to very complex macromo-
lecular structures.

• The elements found in highest amounts in bio-
molecules are carbon, hydrogen, oxygen, and 
nitrogen. Several other elements are found in 
lesser amounts. Elements that are stabilized by 
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some of the data in the study were fabricated, the study 
design was faulty, and the publication was eventually 
retracted, the hype that the original publication gener-
ated led to some intense public mistrust of vaccination. 
Evidence for a link between the MMR vaccine and au-
tism has not been supported by large population stud-
ies.9 Studies of safety of all vaccines include continuous 
and ongoing monitoring of adverse events to ensure 
that the benefits of vaccine use far outweigh any risks.10

Despite these and other sources supporting vaccine 
safety and the greater danger of vaccine avoidance to 
the individual and population health, false information 
about the dangers of vaccination is widely available on 
the Internet, and social media enables the fast spread of 
this type of misinformation. This has been rife during 
the global coronavirus disease-19 (COVID-19) pan-
demic. It is therefore vital that healthcare professionals 
appreciate the real fears that parents and adults may 
have around vaccination, and take the time to explain 
the importance of vaccination for them and any chil-
dren, and how vaccination can be critical for preventing 
disease spread to vulnerable members of society.

HYPERSENSITIVITY
In a large and increasing proportion of individuals in 
developed countries, the immune system mistakenly 
generates an immune response to a harmless molecule 
from the environment, such as food or pollen. Re-ex-
posure to that molecule can lead to a strong inflamma-
tory response that causes varying degrees of discomfort 
and, in very severe cases, death. This type of reaction 
is known as hypersensitivity, atopy, or allergy. There 
are four types of hypersensitivity reaction (Figure 6.31).

Type 1: Immediate Hypersensitivity
Type 1 reactions are known as immediate hypersensitiv-
ity (Figures 6.31a and 6.32). This response is mediated 
by the production of IgE that recognizes an environ-
mental antigen (in this case, referred to as an allergen). 
Once synthesized and secreted by B cells, IgE circulates 
throughout the body and binds to high- affinity IgE re-
ceptors on the membranes of mast cells and basophils. 
Upon later exposures, the allergen binds to IgE, caus-
ing mast cell and basophil degranulation with imme-
diate release of histamine and development of allergic 
inflammation. The conditions that develop from type 
1 reactions include hives, eczema, allergic rhinocon-
junctivitis (hay fever, allergic rhinitis), allergic asthma, 
food allergy, and anaphylaxis. Although the initial al-
lergic reaction occurs immediately, late-stage reactions 
occur several hours after allergen exposure as newly 
synthesized effector molecules take effect. Sustained al-
lergic inflammation can occur, for example, in chronic 
asthma and eczema.

The pathogenesis of type 1 hypersensitivity is not 
completely understood. It is thought to involve an in-
teraction between genetic predisposition and environ-
mental exposures. There is a strong familial risk, with 

mRNA that encodes antigen, and inactivated toxins 
(toxoids). Live vaccines typically elicit a more robust 
immune response and greater protection than other 
types of vaccines. Live vaccines are able to replicate in 
the immunized individual and therefore amplify the 
antigen available. They also contain PAMPs that can 
elicit strong innate responses.

Non-live vaccines require the use of adjuvants, 
which potentiate the immune response by activating 
PRRs to drive an innate immune response alongside 
the adaptive response. Moreover, non-live vaccines 
often require more boosts than live vaccines. Boosting 
occurs when an individual is revaccinated to create a 
larger antigen specific memory B- and T-cell pool. Most 
vaccines require at least one boost to induce a protec-
tive memory immune response.

Vaccination has led to major strides in human health. 
The devastating lethal disease caused by infection with 
smallpox virus was eradicated through vaccination. 
Poliovirus, which causes a potentially deadly paralytic 
disease in some infected individuals, has been eradi-
cated in many countries through vaccination. In coun-
tries with strong immunization programs, diseases that 
were once commonplace, such as measles, diphtheria, 
mumps, rubella, and tetanus, are now very infrequent.

In addition to the global effort to develop new, im-
proved vaccines against SARS-CoV-2, vaccines are 
under development and in clinical  trials for other im-
portant infectious disease killers: tuberculosis, HIV, 
and malaria. Although the BCG vaccine already ex-
ists for tuberculosis and is used to protect neonates 
and young children in countries where the disease 
is endemic, it does not reliably protect adults against 
the disease. As new infectious diseases such as SARS-
CoV-2 or Zika virus emerge, or old threats reemerge 
such as the measles epidemic of 2019, developing new 
and better vaccines and ensuring robust vaccine uptake 
remains a global health priority.

Although vaccines are subject to rigorous clini-
cal testing for safety, very rarely they can have serious 
adverse effects. For example, some people may have a 
serious allergic response to a vaccine component, so 
careful monitoring immediately after vaccination is 
necessary. Immune-compromised individuals are cau-
tioned to avoid live vaccines, as there is a risk they can 
develop disease. Maintaining high levels of vaccina-
tion in healthy individuals is, therefore, very import-
ant to protect vulnerable individuals in the community 
through herd immunity. Among the very common mild 
adverse effects after vaccination are short-lived pain at 
the vaccination site, fever, and malaise.

Despite the great improvements in human health 
that vaccination has achieved, there is an increasing 
and very vocal resistance against it. This antivacci-
nation movement first gained momentum through a 
study published in 1998 in a reputable medical journal 
that falsely linked the early childhood vaccine for mea-
sles–mumps–rubella (MMR) with autism. Even though 
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 KEY DISORDERS 

All disorders reviewed in this book are 
highlighted within the text to facili-
tate quick identification and discovery. 
These disorders are also listed in the 
List of Disorders to help students locate 
content rapidly. Highlighted disorders 
appear throughout each chapter, in the 
main discussion as well as in the pediat-
ric and geriatric consideration sections.

Chapter 3 • Molecular Biology, Genetics, and Genetic Disorders 23

 The pathophysiological alterations associated with 
the mutations cause the phenotypic features of Marfan 
syndrome, which include tall stature, aortic dilation 
and dissection, scoliosis, joint hypermobility, arach-
nodactyly, pectus excavatum or pectus carinatum, and 
mitral valve prolapse. There is wide clinical variation in 
symptomology, although Marfan syndrome appears to 
exhibit 100% penetrance. The disorder shows no eth-
nic, racial, or gender preference and has an incidence 
of one in approximately 10,000 people. Marfan syn-
drome is the leading cause of aortic aneurysm in people 
younger than age 40 years. 

 Treatment of the disorder is based on frequent moni-
toring, particularly of the size of the aortic root as well as 
the rate of increase in size. The use of  β -adrenergic block-
ade may slow the rate of enlargement, and grafting of the 
aorta may be necessary. Treatment may also be neces-
sary for mitral valve regurgitation and dislocated ocular 
lenses (ectopia lentis) as well as other complications. 

Hereditary Breast and Ovarian Cancer  
 Mutations in the  BRCA1  and  BRCA2  genes form the ge-
netic basis for one monogenic form of  hereditary breast 
and ovarian cancer . Although mutations in  BRCA1  and 
BRCA2  genes impart a heightened lifetime risk for breast 
or ovarian cancer, the percentages of all breast or ovar-
ian cancers caused by these mutations remains relatively 
small—5% to 10% of breast cancers and 10% to 25% of 
ovarian cancers. The balance of these cancers are caused 
by sporadic mutations that are generally multifactorial. 

BRCA1  is found at 17q12-21, and more than 900 muta-
tions have been identifi ed in this gene.  BRCA2  is found at 
13q12-13 and is subject to a similar number of mutations. 
An aff ected individual receives one mutated allele from 
one parent, which increases the risk of developing cancer; 
but both alleles must be mutated for cancer to develop. 
What is inherited is the predisposition to develop cancer 
rather than cancer itself. Whether the individual with a 
mutated allele ultimately develops cancer or not depends 
on a spontaneous mutation occurring in the nonmutated 
allele, as described in Chapter 7, “Neoplasia.” Although 
risk estimates depend on the specifi c mutation and con-
tinue to evolve with additional studies, the lifetime breast 
cancer risk for women with a  BRCA1  mutation is 55% to 
65%, with a 40% risk of ovarian cancer. A  BRCA2  muta-
tion imparts a breast cancer risk of slightly less than 50%, 
with a 15% risk of ovarian cancer. The lifetime  BRCA -as-
sociated risk of breast cancer in men is 7%, with a 20% 
risk of prostate cancer. In addition to increasing lifetime 
risk of cancer, individuals with these mutations also tend 
to develop cancer at an earlier age. 

Coronary Artery Disease  
Coronary artery disease  (CAD) is an example of a mul-
tifactorial disorder and illustrates the complexity of 
understanding the genetic contribution to common or 

variants, and variability in related genes. Reduced pen-
etrance can occur in both autosomal dominant and au-
tosomal recessive disorders. Examples include subtypes 
of retinitis pigmentosa, long QT syndrome, hemochro-
matosis, and deafness. 

 Expressivity 
 Expressivity is defi ned as variability in the expression of 
the phenotype for individuals with the same genotype. 
Variable expressivity is caused by genetic variability in 
other genes that impact the condition or disorder-caus-
ing mutation, epigenetic factors such as micro-RNA 
stability, and sometimes environment. Although cystic 
fi brosis is 100% penetrant, it has variable expressivity. 
The signs and symptoms may diff er in terms of pathol-
ogy and severity depending on which specifi c  CFTR
mutations are present or other genetic variability, alter-
native RNA splicing, or other modifi er. Phenylketon-
uria (PKU), mentioned at the start of this chapter, is an 
excellent example of a disorder in which penetrance is 
modifi ed by gene–environment interaction. Although 
PKU is 100% penetrant, modifi cation of diet to main-
tain low phenylalanine intake thwarts the most severe 
phenotype, severe developmental delay, and intellec-
tual disability. Many single gene disorders are not mod-
ifi able by environmental infl uence, but others are quite 
modifi able. Complex disorders in which genes interact 
with one another and with the environment can exhibit 
variable penetrance and expressivity. 

 Examples of Single Gene and 
Multifactorial Diseases 
 Examples of both single gene and polygenic/multifacto-
rial disorders can illustrate the genomic/genetic principles 
discussed. The underlying genetic disease mechanisms 
are presented along with phenotypic features. 

Marfan Syndrome  
Marfan syndrome  is most often inherited as an autoso-
mal dominant condition, although approximately 25% 
of cases are due to sporadic mutations. As an autosomal 
dominant condition, Marfan syndrome occurs equally 
in males and females and tends to occur in every gener-
ation in aff ected families. Families in which unaff ected 
parents have an aff ected child are most likely to be 
cases of sporadic (de novo) mutation. 

 Marfan syndrome is due to mutation of the  FBN1
gene, which is located at 15q21.1. This gene codes for 
the protein fi brillin-1, which is involved in the forma-
tion of microfi brils necessary for the proper develop-
ment of connective tissue. The disorder also results 
in the excess activation of transforming growth factor 
beta (TGF- b ), which further destabilizes the connective 
tissue. More than 1,300 possible mutations have been 
identifi ed, most of which are missense mutations re-
sulting in a change in a single amino acid in the protein. 
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   GENETIC CONDITIONS

As the fields of molecular biology and genetics provide ever more un-
derstanding of the genetic basis of disease and disease risk factors, the 
book uses an easily identifiable icon next to all genetic conditions de-
scribed throughout the text for quick reference and discovery. These 
disorders are also included among the key disorders found in the List 
of Disorders.

SHARE YOUR FEEDBACK WITH DR. TKACS

The editors would like to hear your feedback on this book. If you would 
like to share your thoughts on potential additions, corrections, or 
updates that you believe should be incorporated into this book, please 
contact Nancy Tkacs at tkacs@nursing.upenn.edu.
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 In addition to mechanical and gas exchange impair-
ment, obese individuals have higher levels of infl am-
matory cytokines, produced by an increase in number 
and activation of macrophages in adipose tissue. 46,47

The overall cytokine-promoted proinfl ammatory state 
is a likely mechanism of asthma and reactive airway 
disease in persons with obesity. 

 Obese individuals are at greater risk for contracting 
COVID-19 and are at higher risk for hospitalization, 
ICU admission, mechanical ventilation, and death. 49

Obesity-associated respiratory impairments, including 
mechanical dysfunction, gas exchange impairment, 
and increased infl ammatory process, all can worsen 
the course and outcomes of COVID-19 infection. An 
international team of researchers found that individu-
als with obesity who contracted COVID-19 were 113% 
more likely than people who are a healthy weight to be 
hospitalized, 74% more likely to be admitted to an ICU, 
and 48% more likely to die. 50

  Thought Questions  

10.   What is the major mechanism di� erentiating 
heart failure–associated pulmonary edema 
and ARDS? 

11.   What is the e� ect of a relatively large 
pulmonary embolism on lung ventilation/
perfusion relationships? 

function are wide-ranging and include changes in 
lung mechanics, ventilation/perfusion matching, and 
airway responsivity. Lung dysfunction with obesity 
is more closely related to waist circumference than 
body mass index (BMI). 46  Obesity is a risk factor for 
asthma, exercise intolerance, obesity hypoventilation 
syndrome, obstructive sleep apnea, COPD, heart fail-
ure, and pulmonary hypertension. 

 Excess accumulation of adipose tissue in the ab-
dominal cavity and thorax signifi cantly alters the me-
chanical properties of the chest wall and lungs. Obese 
patients, particularly those with central (abdominal) 
obesity, demonstrate reduced lung volumes and ca-
pacities when compared to normal weight individ-
uals. The greatest reductions are seen in expiratory 
reserve volume and functional residual capacity. Re-
duced chest wall and lung compliance have also been 
reported. These mechanical changes can cause airway 
narrowing and closure, which can result in asthma, 
dyspnea, wheezing, and reactive airway disease. Obese 
persons are likely to have impaired gas exchange with 
ventilation-perfusion mismatch. In an upright obese 
individual, ventilation is distributed to the poorly per-
fused upper lung zone, and perfusion is greater in the 
poorly ventilated lower lung zones. Although this re-
fl ects the usual modest physiological mismatch, the 
e� ects are exaggerated in obese persons who have 
overall smaller lung volumes, reducing arterial oxy-
gen tension during normal breathing. Finally, obesity 
is associated with altered respiratory function in the 
form of obstructive sleep apnea and obesity hypoven-
tilation syndrome. 47,48  

  RARE DISEASE CASE VIGNETTE: LYMPHANGIOLEIOMYOMATOSIS    

 A 35-year-old woman has been experiencing mild shortness of breath for the past 5 years. She has never 
smoked. She fi rst noticed that her shortness of breath became worse at the time of her menstrual pe-

riods. She delivered her fi rst child 3 months prior to coming to the clinic, and noticed that her shortness of 
breath worsened considerably during pregnancy. Pulmonary function testing results are consistent with an 
obstructive defect and modest di� usion impairment. A lung CT scan shows multiple thin-walled air-fi lled 
areas (cysts) in both lungs. She is subsequently diagnosed with lymphangioleiomyomatosis (LAM). 

 LAM is a rare lung disease that primarily a� ects women. LAM is a low-grade neoplasm that is caused by 
mutations in one of the two known tuberous sclerosis complex (TSC) genes, TSC1 or TSC2. LAM can occur in 
patients with underlying TSC, an autosomal dominant condition characterized by germline mutations in the 
TSC genes that can cause abnormal tumors in multiple organ systems, or occur sporadically in women with-
out concomitant TSC. LAM is very rare and believed to a� ect four to eight women per million, although these 
numbers are almost certainly an underestimation. 

 Mutations in TSC genes drive abnormal growth and proliferation of neoplastic smooth muscle–like cells 
(LAM cells) via activation of the mechanistic target of rapamycin (mTOR) signaling pathway. The LAM cells 
arise from an unknown source and migrate via blood and lymphatics to reach the lungs where they progres-
sively destroy the normal lung tissue. In addition to dyspnea, patients with LAM often experience recurrent 
episodes of spontaneous pneumothorax (lung collapse), likely due to rupture of the air-fi lled cysts. In addition 
to activated mTOR signaling, female sex hormones, especially estrogen, are believed to play a role in the disease 
pathogenesis, as suggested by the female predominance of LAM, the worsening of disease during exposure to 

 RARE DISEASE CASE VIGNETTES

Chapters 11 and 16 each have a vignette describing a rare 
disorder. The purpose of including these rare conditions is 
to highlight the importance of considering an atypical cause 
when a patient presents with symptoms and signs that are not 
easily explained by a common diagnosis. In both of the con-
ditions highlighted, early diagnosis is key to preventing mis-
management.
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In disease states, one or more normal homeostatic 
mechanisms malfunction, and the organism increas-
ingly relies on compensatory mechanisms to maintain 
homeostasis. The clinician must know the principles of 
normal function, the alteration of these functions during 
disease states, and the benefits and risks of compensa-
tory mechanisms. In addition, one cannot study physi-
ology and pathophysiology in isolation: To understand 
the complex mechanisms of body function requires ap-
plication of fundamental principles from chemistry, ge-
netics, cell biology, and other basic sciences.

The data gathered during the clinical encounter in-
clude details from the history and physical examination, 
comprising both subjective and objective findings; re-
sults of laboratory studies; results of imaging studies; and 
other measurements. The clinician must then evaluate 
these data, consider the differential diagnosis, and formu-
late a plan. At each step, knowledge of pathophysiology is 
integral to the process. The aims of this book are to:

•	 Provide a foundation of core principles of physiology 
for each system and organ discussed.

•	 Link the pathophysiology of common and selected 
less common disorders to those core principles.

•	 Alternate discussion of each core principle with the 
clinical applications, sequencing the content to em-
phasize the application of those core principles and 
mechanisms.

•	 Present in-depth life-span considerations for each 
organ and system as developed by pediatric and geri-
atric content experts who

	❍ Emphasize developmental aspects of organ 
structure and function and their relationships to 
congenital defects and disorders commonly en-
countered in infants, children, and adolescents.

	❍ Describe organ and system structural and func-
tional alterations of normal healthy aging and 

PATHOPHYSIOLOGY AND THE PROCESS 
OF CLINICAL DECISION-MAKING

Clinicians’ ability to correctly identify disease processes 
and develop management plans with their patients 
relies on a deep knowledge of the pathophysiology of 
disease. This book was developed to meet that clinical 
need. Physiology seeks to understand the mechanisms 
of body function, and pathophysiology seeks to under-
stand the mechanisms of altered body function due to 
pathological states. People, whether patients or clini-
cians, often fail to appreciate the fine-tuned machine 
that is the human body until they experience alter-
ations in function that lead to signs and symptoms of 
disease. Pathophysiology can be viewed with the same 
lens: Studying the manifestations of body function loss 
can illuminate the exquisite and intricate functions of 
our organs that we do not even think about when we 
are healthy. For every physiological function, there is 
a pathophysiological consequence when that normal 
function goes awry. Clinicians-in-training are well po-
sitioned to reinforce their knowledge of normal physio-
logical principles when they are presented as the context 
for disease development, as we have in this book.

THE FOUNDATIONAL CONCEPTS 
OF CLINICAL PRACTICE

Nancy C. Tkacs, Linda L. Herrmann, and Joshua E. Faucett
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Pathophysiology and the Process of Clinical 
Decision-Making

Building From a Basic Science Foundation:  
Chapters 2 to 4

Advanced Physiology and Pathophysiology: 
Chapters 5 to 17

Connecting the Dots
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