Systems Physiology I
Cardiovascular, Respiratory, and Renal
Systems

Introduction Bioengineering 6000 CV Physiology

Quote of the Day (Week, or Semester)

“A mediocre person tells. A good person explains. A
superior person demonstrates. A great person inspires
others to see for themselves."

Harvey Mackay

Harvey Mackay (born 1932 in Saint Paul, Minnesota) is a businessman and columnist.
Mackay is perhaps best known as the author of five business bestsellers, including Swim
With the Sharks (Without Being Eaten Alive), Beware the Naked Man Who Offers You His
Shirt and Dig Your Well Before You're Thirsty. He is a nationally syndicated columnist,
and one of America's most popular business speakers. He is also founder, Chairman and
CEO of Mackay Envelope Corporation, whose story he tells in anecdotes sprinkled
throughout his books.
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Organization

Instructors: Rob MacLeod (macleod@cvrti.utah.edu)
TA: Josh Silvernagel
(Joshua.Silvernagel@carma.utah.edu)

Web page:
http://www.sci.utah.edu/~macleod/be6000

Canvas page:
https://utah.instructure.com/courses/220933
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Web Site

Bioengineering/Physiology 6000:
System Physiology I: Cardiovascular,
il Respiratory, and Renal Systems

> for submission of all
assignments.

Spring 2013 Deadlines and Dates

Here are the cumrent (and past) deadlines for the class.

« Monday, January 7: first day of class

« Monday, January 21: Martin Luther King Holiday
« Friday, January 25: Lab report #1 (dissection) due
« Monday, February 18: Presidents' Day Holiday

Important Course Information

If you have questions about the course please contact Rob Macl eod for any questions.

« Note: this class makes heavy use of nvas for submlsswn of all assignments.
e S ghtly ys-dy S ,(PDF Acrobat format).

. | hedule (al: j han

. i Please check here to see which day you signed up for which lab.

. MMMM included as a zipped archive file that will create a LaTeX subdirectory with all the files necessary.
« College of Engineering Course Guidelines.

Course Lecture Notes

¢ Lecture block 1 (Rob MacLeod): Introduction
o Lecture slides in PDF format (3.8 MB)

o Lecture block 2 (Rob MacLeod): Experimental Methods
o Lecture slides in PDF format (3.5 MB)
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Course Goals: The goal of this course is for students to deepen their
Syllabus understanding and appreciation of integrated cardiovascular €ckert e
physiology, including the heart, vasculature, respiratory system, and ANIMA!: )
lungs. The course builds on basic knowledge of systems physiology PHYSf‘ LOG F J
and provides instruction at the intermediate level with heavy 5 ‘Y \
emphasis on quantitative and engineering aspects of the field. The
course applies engineering principles to understanding the
Conferences physiological systems and especially control and regulation. Then
. the course includes examples of engineering technology that is both
Collaborations applied to the study of physiology but also derived from the
Settings principles and mechanisms of physiology.

Course Management: Canvas will provide a site for uploading
reports, grading, and distributing results while the Class web site &2
will provide course materials. All notes, assignments, and lab information will be present on this site.
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Lecture Syllabus

Cardiac electrophysiology/mechanics
— Membrane and cellular structure/function
— Action potentials
— Cardiac tissue and bioelectricity
— Cardiac mechanics
Cardiovascular structure/function
— Vascular system
— Hemodynamics, transport, regulation
Respiration
— Gases and gas transport
— Ventilation
— Regulation
Renal function
— Osmotic regulation
— Renal transport
— Regulation
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» Sessions:

ECG

Simulation

Lab Syllabus

Pulmonary function

* TA: Josh Silvernagel
(Joshua.Silvernagel@carma.utah.edu)

Introduction

Dissection of CV system (bovine heart)
Regulation of cardiac function (frog)
Exercise and blood pressure

Bioengineering 6000 CV Physiology

# Date

Inst

Schedule

Topic

2013

1 Mon, Jan 7, 2013
2 Wed, Jan 9, 2013
3 Fri, Jan 11, 2013

LAB 1 Fri, Jan 11, 2013
4 Mon, Jan 14, 2013
LAB1 Mon, Jan 14, 2013
5 Wed, Jan 16, 2013
6 Fri, Jan 18, 2013
Mon, Jan 21, 2013

7 Wed, Jan 23, 2013
8 Fri, Jan 25, 2013
9 Mon, Jan 28, 2013
10 Wed, Jan 30, 2013
1 Fri, Feb 1, 2013
12 Mon, Feb 4, 2013
13 Wed, Feb 6, 2013
14 Fri, Feb 8, 2013
LAB 2 Fri, Feb 8, 2013
15 Mon, Feb 11, 2013
LAB2 Mon, Feb 11,2013
16 Wed, Feb 13, 2013
17 Fri, Feb 15, 2013
Mon, Feb 18, 2013

18 Wed, Feb 20, 2013
Fri, Feb 22, 2013

LAB 3 Fri, Feb 22, 2013
19 Mon, Feb 25, 2013
LAB3 Mon, Feb 25, 2013
20 Wed, Feb 27, 2013
21 Fri, Mar 1, 2013
22 Mon, Mar 4, 2013
23 Wed, Mar 6, 2013
24 Fri, Mar 8, 2013
LAB 4 Fri, Mar 8, 2013

March 12-17

;I IW’:‘L y

RM
RM
RM

RM
RM

RM
RM
RM
RM
RM
RM
RM
RM

RM

RM
RM

RM

RM

RM
RM
RM
RM
RM

logy 6000 Schedul

Introduction to course and animal physiology
Everest video/Extreme Physiology
Intro to animal physiology Il
Dissection of the bovine heart/lungs
Lab Review \ experimental methods
Dissection of the bovine heart/lungs
Experimental methods
lon transport and Resting potentials
Martin Luther King Jr. Day Holiday
Action potentials |
Action potentials Il
Action potentials IIl
Pacemakers, Control of heart rate
Simulation of cell action potential
Review of first lab report
Tissue Electrophysiology
Arrhythmias
Regulation of heart rate and contraction (frog)
Electrocardiogram |
Regulation of heart rate and contraction (frog)
Electrocardiogram Il
EC Coupling
President’s Day Holiday
Heart as a Pump | + Lab Prep
Midterm #1
ECG Lab
Heart as a Pump Il
ECG Lab
Overview of CV System
Hemodynamics
Arterial System
Arterial System
Capillaries and microcirculation
A

Spring Break

Introduction

Reading Assignments/Tests

1:1-14/LB 1
1:7-14/LB 1
2:17-39/LB 2

2:17-39/LB 2
4:99-109, 5:118-132/LB 3

5:132-153, 12:479-480/LB 3
5:132-153, 12:479-480/LB 3
5:132-153, 12:477-479/LB 3
5:136-137/LB 4

Notes

12:479-480/LB 5

LB5

12:479-480/LB 6

12:479-480/LB 6

12:478-486/LB 7

12:478-486/LB 7
Midterm #1

12:478-486/LB 7

12:473-477/LB 8
12:495-505/LB 9
12:495-505/LB 10
12:495-505/LB 10
12:506-511/LB 11

March 12, Lab 3 Report
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Resource Material

» Class web page :
— www.sci.utah.edu/~macleod/be6000

 Text: Eckert Animal Physiology, Randall, Burggren, &
French

* Notes: available before most lectures on the web site
in pdf format.

 Study topic list: prepared before each major test
 Additional references (see web site):
— Human Physiology: An Integrated Approach by Silverthorn
— Physiology by Berne and Levy;

— Mathematical Physiology by Keener and Sneyd
— Cardiovascular Physiology by Mohrman and Heller.
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Labs

» Goals:
— Put theory into practice
— Get exposure to real biological data
— Encourage sound analysis and interpretation
— Develop/improve writing and organizational skills
— Explore Design of Experiments

* Guidelines:

— Generally two lab days per lab (Friday/Monday, Friday/Tuesday,
Wed/Friday)

— Sign up for the lab Doodle Poll: see web site
— Review lab instructions and associated web sites for Friday
— Start of lab time: 12:00 on Friday, 1:00 pm Monday
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Lab Reports

Writing/presentation is important!

Format varies with the lab

Emphasis on results and discussion

Requirement of clear, logical, concise scientific writing
Plentiful feedback (our job)

Resubmissions allowed (on first two labs)
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My Expectations

Students should:

 Already possess a basic understanding of human
physiology, e.g., Human Physiology: in Integrated
Approach, by Silverthorn

 Already have a working knowledge of MATLAB

Immediately check Canvas: see web site for
instructions

Already have previous experience with writing lab
reports

Plan to read the text (during the semester)
Plan to read some literature
» Ask questions and participate
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Our Deliverables

We will offer:

* Intermediate level coverage of cardiovascular
physiology

Generalized approach to physiological systems
Lab experiences that integrate class material
Design of experiments

Feedback and a chance to act on that feedback
Flexible syllabus based on class interest
Answers to the Why Should We Care? question at any
time

» Experiment with peer learning

 Accessibility: after class and by email are best

AN_/\ Introduction Bioengineering 6000 CV Physiology

Death Zone Video

Motivation and background for semester project
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Lab Review

What did you see?

Tips for second group?

Introduction Bioengineering 6000 CV Physiology

Excellent Photo Example

A . S 1 - >
\/"\) f LA ANG/A LS

Figure 4: External anatomy of the bovine heart. Frame A on the left
shows the anterior face of the heart, frame B the posterior.

—J I} Lab #1 Review Bioengineering 6000 CV Physiology




And Another

O S tium

o
/ p, % B
Rulmonarysveins g \Vena ¢
. vl A \
Figure 5: Major vessels of the bovine heart.

Pericardial tissue obscures the pulmonary artery in
this photo. It is located almost directly above the right

most pulmonary vein.
Lab #1 Review Bioengineering 6000 CV Physiology

Lessons for Next Time?

Cuts are irreversible; make them carefully
Take more/better photos

— backup for measurements

— provide flexibility in subsequent description

— allow selection of best from a larger set

Include scale and context, e.g., ruler in photos

Bring camera for all experiments

— makes photos for report

— record connections, settings, etc from the lab

Be curious! Feel free to do more than what is in the
description

— e.g., dissecting a valve leaflet or measuring tensile strength of
chordae tendinae

—‘ " Lab #1 Review Bioengineering 6000 CV Physiology




Exams: 3 * 15%

Gradi

— Types of questions
+ True/false with explanation
* Describe a mechanism
» Explain an observation

* Interpret data

Labs: 30%

— 6 labs with written reports,

Semester project: 20%

ing

= 45% of total grade

— Written exploration of extreme physiology

» Homework:

5%

— 3-4 homework assignments
— Simulations, calculations

Introduction
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Learning Approach:

Classic Peanuts/Charles M. Schulz

Problem Identifying

"A subject at rest, breathing at
12 breaths per min and a tidal
volume of 500 ml, was found to
have PCO2 of 40 mm Hg for
alveslar air and 30 mm Hg for
/e mixed expired.”

"During a task of mild exercise
the some subject had a respira-
tory rate of 16 breaths per min
and a tidal volume of BOG ml.
What was the subject's alveolar
ventilation rate durina exercise?”

Introduction

b\wamrmsmmn ne.

l‘f

HELP

Bioengineering 6000 CV Physiology




Learning Approach: Problem Solving

Problem Solving i Pmblem-Solving Cyck
Steps N
List
P:;E’; o essential
Isolate Problem oTeiss ques:gns to
+ sentence. o icrod]
Determine How does it Where will you What
Information relate to look for this resources
MNeeded problem? information? will you use?
More o "
Brsinstomn solutions are alldexs Me Dunitha
Solutions better - ptanil oo
R solutions. judgmental.
o Eliminate
. Weigh prof
Choose a Solution on ol tht_)s_e not
fitting.
: Observe Does solution Do youneed
Test Solution Eaolton what to change
PoRpnae happens. modification? solutions?
Did final solution What did you
Evaluste leam?
expectations? :
Introduction

Learning Approach: Motivation

By Force?

Introduction Bioengineering 6000 CV Physiology




Learning Approach:
Finding Good Questions

Leading Causes of Death for All Males and Females
United States: 1966 Mortality

506,530
500

453 297
400

300

200

Deaths In Thousands

100

A B C D E A B D E F

B oles B Fomales
I A TotalCVD D Chrenic Obstructve E  Pneumonia/influenza
B Cancer Pulmonary Disease F Diabetes Mslitus
C Accidents

Source: CDC/NCHS and the American Heart Assoclation,
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Peer Learning

The Learning Pyramid

/ Practice by Doing \ 75%

1 y Teach Others \ 90%

National Training Laboratories, Bethel Maine

3%

“Peer learning is based in real work: sharing
what one is doing with others, asking for
support, questions and answers and

feedback.”

wiki.sos.wa.gov/PeerLearning
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Pon't meworize

Ask Good Questions!

So what are some good questions?

H Introduction Bioengineering 6000 CV Physiology

Lab Logistics

 Lab time: Friday at 12:00 and Monday at 1:00 PM
* First lab: Friday, Jan 11 (this week!!)

* Lab materials
— Camera (one per team)
— Tolerant, comfortable clothes

v Introduction Bioengineering 6000 CV Physiology




Why Animal Physiology?

Scientific curiosity

— animals can do things humans
cannot!

Insights into human
physiology
— source of experimental models

— similarities and differences
important to know

Bioengineering strategies
— “Bio-based” approach
Commercial/agricultural
applications

— veterinary medicine

— genetically modified/cloned
apimals
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Physiological Has Central Themes

1.Structure/function relationships

2.Methods of change: Adaptation, acclimatization, and acclimation
3.Homeostasis

4.Conformity and regulation

5.Feedback control systems

AN_/\ Introduction Bioengineering 6000 CV Physiology

1. Structure/Function Relationships

* Function follows from

structure, e.qg., different Cellutar %..
muscle forms have ="
different function Seletal
| I
— skeletal Macromolecular level D
— smooth Sliding filament model of muscle contraction
— cardiac " p—— . o
* Present across scales Act]:
filament .
Myosin
filament
Mole-
QW ' . | cular
Bt 7 level J
Actin Myosin

molecules molecule
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2. Mechanisms of Change

Optimality
Interactions
with human Altered DNA
immune i passed on
system to offspring
Encounters with
body chemistry
of mosquito
q Good Enough
Dyann Wirth

Adaptation
» Adaptation

— passed by genetic material, slow, not reversible
— occur by mutation, selected by environment

— can be difficult to determine, must bring survival advantages, e.g., same
response to same stress across different species

Introduction Bioengineering 6000 CV Physiology

2. Mechanisms of Change

Franz and Manfred - Acclimatization Chart
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www.aconcaguaexpeditions.com

» Acclimatization
— change in response to exposure to environment
— relatively rapid and reversible
— e.g., response to change in altitude
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Biomass change with CO, enrichment (%)

2. Mechanlsms of Change

— l’ho(m\ \/ sour orang
e== Chesapeake Bay, MD S(npm
== Duke, NC Pinus

=== Oak Ridge, TN Liquidambar
w== Switzerland, mixed deciduous
=== Jasper Ridge, CA grassland

80

40

V_ | | | Bloom (2010) Global Climate Change:

0 4 ] 12 Convergence of Disciplines. Sinauer
Associates.

Year of treatment

 Acclimation
— same as acclimatization but induced by investigator

Introduction Bioengineering 6000 CV Physiology

Causality and Teleology

T USED 0 THINK, THEN I TOCK A | | SouNDS LIkE THE
CORRELATION mpueo STATISTICS CLASS. cmss HELPED.

CAUSATION. Now I GONT WELL, MAYBE ; Don't Dr ink & Park
f\ % 5 % ﬁ % _ ccidents Canse People S

 Teleology:

—“Athing, process or action is teleological when it is for the sake
of an end, i.e., a telos or final cause.”

— “The use of ultimate purpose or design as a means of
explaining phenomena.”

« Example (from lab report):

— “One initial observation is that the right lung is much larger than
the left lung. This makes sense physiologically since the heart is
generally located on the left side of the body; therefore to
optimize lung capacity, the right lung has more room inside of
the body to grow.”

http://www.answers.com/topic/teleology
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3. Homeostasis

Large external fluctuations

e N o

Small internal fluctuations
+ System to remove or attenuate

response to external changes
* Produces constant internal

== Changes over time of a physicochemical variable environment
such as oxygen concentration « E.g., body temperature

« Effective across scales

+ Different animals respond differently
to same stress

Introduction Bioengineering 6000 CV Physiology

4. Conformity and Regulation

(a) Conformer (b) Regulator

E ..qc-_; [ ] ./
Q2 £ e
O C °

© O SR y
TS / -

> C °
w— O °

o (_U [ ] ana
Qc . . _ « Zone of stability
<& ,— Line of conformity . where homeostasis
> c - s is maintained

Value of variable in external environment ——

* Internal = external * Internal != external
+ E.g., starfish (salinity) * E.g., crustations (oxygen)
annelid worms (oxygen) mammals (temperature, etc.)

Introduction Bioengineering 6000 CV Physiology




5. Feedback control

» Central to all physiology Current source
* Mechanism for e UL Ly

homeostasis 7con<
» Positive versus negative /’—é
feedback ) 50°

. V)
» Set point
» Gain ——
T ' :
1}
(@ I
Disturbance Negative feedback Cold ) J'\\ Hot
Ye ()
) \\/ /A :
Controlled Sensor |_ErTor Inverting \\:—:«{//‘\ Bimetal
system [ Output signal amplifier gl spiral
1
Set-point adjustment k / /
Heating coll
Introduction Bioengineering 6000 CV Physiology

Features of Cardiovascular Physiology

(Why engineers might hate physiology)

— Blood is thicker than water (it is a suspension of particles)

— Blood vessels are not pipes (walls are elastic, contractile)

— The heart is a "permissive" pump (follows rather than leads)

— Most heart failure is electrical not mechanical in origin
(Why engineers should love physiology)

— Physiology is physics (just complicated physics)

— Homeostasis = control

v Introduction Bioengineering 6000 CV Physiology




Overall Causes of Death

Leading Causes of Death for All Males and Females
United States: 1956 Montality

506,830
00 Fm 257
o 400
i
3 300
2
-
£ 200
-
3 100
Q
A B C D E A B D E F
B vales B Fomales
A Total CVD D Chronic Obstructve E  Pneumonia/influenza
B Cancer Pulmonary Disease F Diabetes Melitus
C Accldents

Source: CDC/NCHS and the American Heart Assoclation,
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Men Ages 35-74

Hussian Federabon (95)
Bulgaria (94)

Hungary (95)

Romania (95)

Czech Repubic (95)
Paland (95)

Argentina (93)

Scotland (95)

Iraland (93)

Northern Ireland (95)
Fnland (95)
England'Wales (95)
Neaw Zealand (93)
Auslria (95)

Denmark (95)

United States (96)
Germmany (95)
Urban (84)
Colombia (94)
Norway (94)
China — Rural (94)
Puerto Hico (95)
Portugal (95)
Netherlands (95)
Sweden (95)

lsraed (95)

China

Greece (95)
Belgium (92)
Australia (94)
Canada (95)
Haly (93)
Maxico (95)
Swatzerland (94)
Spain (94)
France (94)
Japan (94)

World CV Death rates (men)

CV Diseases All Causes

Rate per 100,000 Population®

1000

2000 2500 3000
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Women Ages 36-74

Russian Federation (95)
Homania (95)
Bulgaria (94)
Hungary (95)
Czech Republic (96)
Poland (95)

China — Urban {94)
Calombia (94)
Scofand (95)

China — Aural (94)
Argenting (93)
Northern Iredand (95)
Iredand (93)

New Zealand (93)
EnglandWales (95}
United States (96)
Denmark (95}
Mexico (95)

Israel {95)

Puerto Rico (95)
Austria (95)
Germany (95)
Portugal (95)
Greace (95)
Findand (95)
Netherdands (95)
Noeway (94)
Belgum (92)
Australia (94)
Canada (95}
Sweden (95)

Ity {93}

Spain (94)
Switzerand (94)
Japan (94)

France (94)

World CV Death rates (women)

CV Diseases All Causes

Rate per 100,000 Popudaticn®

g

1000 1500 2000 2500 3000
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CHD

CV Disease Rates: US

1993-95 Coronary Heart Disease Age-Adjusted Death Rates (2000) by State

Death Rates Per
100,000 Population

D 115910 161.8
. 162310 1815
D 185.1 o 202.0
.smamm?

Stroke

Rank: Low to High

#1: New Mexico
#52: New York
Utah: #3

1993-95 Stroke Age-Adjusted Death Rates (2000) by State

Death Rates Per
100,000 Population

D 46010594
.ﬁr-uo.a?w
D 6410674
. 6850876

#1: New York
#52: S. Carolina
Utah: #11

Introduction Bioengineering 6000 CV Physiology




The Updated Trends

—

Deaths in Thousands

1200 ™ peaths from Cardiovascular Disease
United States: 1900-2006
1000 |- ; \\/\
800 |-
600 -
400
200 |-
0 1 1 1 1 1 1 1 1 1 1 1 J
00 10 20 30 40 50 60 70 80 90 (0 06
Years
Source: NCHS.

Note: Cardiovascular disease does not include congenital heart disease.

Introduction

Cardiovascular Disease Mortality Trends
for Males and Females
United States: 1979-96 Mortality

520
500

440

Deaths in Thousands

1979 ® ar 88 87 a 9N a3 95 1908
Years

I vees [ Femakes

Source: COC/NCHS and the American Hearl Associalion
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Update and Breakdown

0 | 0=
Prevale_nce of Coronary Prevalence of Stroke
He:r; Disease by Age 36.7 by Age and Sex
| \_ and Sex
% NHANES: 2003-06
30— 15 =
1
§ 5 Il ven [l vomen E [l ven [l women
;E. 20— Sl
S Source: NCHS and NHLBI. s
e -
o 4
g E Source: NCHS and NHLBI
10 5
5
20-39 40-59 60-79 80+ 0
20-39 40-59 60-79 80+
I Heart Disease and Stroke Statistics — 2010 Update, American Heart Association
e

V- Introduction
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Hypertension

Prevalence of High Blood Pressure
in Adults Age 20 and Older
8@~ by Age and Sex*

NHANES: 2003-06

70 -
80 =
5 - .Men .Women
. . . 83
« HBP is associated with shorter g
overall life expectancy as well as L
shorter life expectancy free of g

s

cardiovascular disease (CVD) and
more years lived with CVD.

» At age 50, total life expectancy is

5.1 years longer for men with e
normal blood pressure, and 4.9 .
years longer for women with normal 2% BU G BH BT T
blood pressure, than in those with *Hypertension is defined as systolic BP >140 mm Hg or diastolic
. BP =90 mm Hg, taking antihypertensive medication, or being told
ype rtension. twice by a physician or other professional that one has hypertension.
Source: NCHS and NHLBI.
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Cardiovascular System Overview

The plumbing: circulation systems in the body
The wiring: cardiac electrophysiology

The pump: the heart as a pump

The flow: blood and hemodynamics

The control: brain/hormonal/local, feedback

v Introduction Bioengineering 6000 CV Physiology




Cardiovascular System Regulation

Arterial Pressure

AN-/\ Introduction

Goal: adequate flow
Process: pump and flow

Regulation: parallel
circuit with valves

Sensors?
Feedback?

Bioen

gineering 6000 CV Physiology




