Prologue
What do you mean
I have to take
Physiology 101?

A nondescript
suburban medical
school with a
sprawling open
campus...

In the summer heat,
dazed students
stagger to their
classes.
Koujo
Medical School

They wander through
the maze of concrete
buildings like wayward
children.
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Next week's student
council–supported
marathon will wind
its way through the
vast campus.

Koujo Medical School
Student Council–Sponsored

M ar athon

It's a famous
event in the small
university town and
cause for much
celebration.

Ms. Karada,

adjunct
Lecturer Room

your dedication to
training for our summer
marathon is admirable,
but clearly you have
let it interfere with
your studies!

You’re the
only one in
my class who
failed!

I…I can't
believe it...

Physiology Lecturer
Mitsuro Itani
School of Nursing,
Koujo Medical School
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Prologue

Freshman
nursing student
Kumiko Karada
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Bu-but...

If you keep this
up, you're going
to wash out!

Professor
Iyami... Please...
I'll...

You can't become a
registered nurse
unless you learn
physiology.

The name is Itani!!!!

Despite your
foolishness, I
cannot give up
on you.
So, I guess I
should give you
a special makeup
exam.

mumble
Especially because my
own evaluation score
would suffer...
mumble

Tha-thank...
you.

Your makeup
exam will be
in ten days!

Memorize everything
in my ten famous
books!

Plo
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Prologue
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Hmm….
There's just
no way…

I won't be able
to do this. even
in high school, I
was always bad at
memorizing…

hrm…
Maybe I can find
some other job in
health care.
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Occupational
Therapist:
"Physiology"

I'm going
to have to
learn this no
matter what,
aren't I?!

Dental Hygienist:
"Physiology"

Click

Click
Click

Click
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Prologue

B
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Social Worker:
"Structure and functions
of the human body"

Everything
involves
physiology!
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The Circulatory System
Pumps Working in Harmony

I have to apologize
for that!
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The Electrical Conduction
System of the Heart

Your power of
concentration is
very impressive!

I’m embarrassed
to admit it, but
I’m now studying
hard for a makeup
exam and...

while totally
absorbed in that,
I somehow ended
up here...

what’s
your name?

Oh,
excuse me!

I'm Kumiko
Karada, a
freshman in
the School of
Nursing!

Ms. Karada,
is it?

Nice to meet
you. My name
is Kaisei.

Dep
N
a n d a r tm e n t E W !
H
ealth of Spo
R
ses eg iste
Scien rts
s io
ce
n c r f or s
ou
um
rse

s no m e r
w!

You’re
preparing
during summer
session?

Assistant Professor
Osamu Kaisei,
Department of
Sports and Health
Science
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I’m teaching a
new class this
year. I have to
get ready!
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So listen...

No, I
hate it...

Er, actually, I’m
just no good
at it!

You said you’re
taking a makeup
exam...is that
because you dislike
physiology?

I know a lot
about the body,
but...

Ha r u m

ph

I think a lot of
people feel the
same way.

I see...

Hmm…
Do you do
any kind of
sports?

I’m a little
fuzzy on
how it all
works
together.

Yeah.
I ran long
distance during
junior high and
high school.

Let’s have
Ms. Karada help
us out with our
preparations.

Indeed...

Right,
guys?

Teaching
Assistant
Toko
Yamada

Teaching
Assistant
Atsuro
Suzuki

The
The Manga Guide
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Well, er...
Since I have to study
for my test, I guess I’ll
be on my way.

W h oo s h

Sorry to trouble you.

W h oo s h

What’s going on?!

You
broke it...

...that
anatomical
model...

It cost a
million yen.*

You did...

ack!

a
number
on it.

But if you would just
help us for a few
hours each week, I’ll
consider your debt
repaid.

Really? Thank you,
Professor Kasai!

sigh

Eep.
10
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* more than $12,000
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Escape will be difficult if they'll be
guarding me the whole time...

The next morning

Icy
stare

Shall we
begin?

When you
said help
out...
Ah,
okay.

Yeah,
I need to
practice...

I'm teaching
a remedial class next
semester. Since your
physiology grades
were so bad, I thought
you'd be just the
right audience.

I'll cover
basic
physiology.

And you can
study for
your makeup
exam!

miffed

Thank you very much,
but I already
understand the basics!

did you just
mean I’ll
take lessons
from you?

Oh yeah?
Well then…
Explain the
basics of the
circulatory
system.

...
Huff
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The circulatory system includes organs
that circulate the blood within the body.
The electrical conduction system that
starts the contraction of the heart
transmits an electrical impulse, which is
a contraction
instruction, from
the sinoatrial
node to the
myocardium
cells of the
ventricle.
The sinoatrial
node,
the atrio
ventricular
node...um, er...

Stop!

Stop for a moment.
Do you understand
what’s coming out
of your mouth?

Pant		
pant

But he said that
physiology is
memorization.

Professor Itani
said that?

nod
nod

The circulatory
system includes
the heart and
blood vessels.

ahem

The heart is a
powerful pump
that sends
blood to your
body through a
network of blood
vessels that act
something like
pipes.

You’re really
going back
to basics,
aren’t you?

Circulatory
system
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Sure!
The blood’s job
is to transport
oxygen and
nutrients...

Nutrients

and if the blood
stops flowing, the
person will die.

Nu
en tr
ts i-

N ut
r
en its

our heart keeps
the blood flowing,
which is why it's
so vital to keeping
you alive.
Nutrients
Nutrients
N utrients

Man, I studied
the circulatory
organs a looong
time ago.

So...

There are
two circuits
of blood. One
circulates
through the
lungs and
the other
through the
entire body.

They’re called
pulmonary
circulation
and systemic
circulation,
right?

Yes, that’s
correct.

well,
well...

Let’s think about that
some more. The heart is
divided into two circuits,
the left heart and the
right heart.

The left heart contains
the left atrium and
left ventricle, and the
right heart contains the
right atrium and right
ventricle for a total of
four chambers.

She knows
that much
perfectly.

ThetoElectrical
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Nutrients

So...
Ms. Karada, why
don’t you try
drawing the
heart?

a
Sq ue

k
u
Sq

Er...

eak

Hee
hee

It’s
something
like this,
I think.
How did
I do?

Uh...

Alright.

Well...
At least your
heart is in the
right place...

er
snick ker
n
s ic
Right
atrium

Left
atrium
Ta- d
a

Right
ventricle

!

Kiss
kiss

Left
ventricle

Hmm...

Grr
rr

It seems like
you’re a real
artist in the
making.
But let me add a
little detail to
this, okay?

14
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Right Heart
Okay. Arteries
and veins are
connected like this
to the heart, which
has four chambers
and four valves.

The left and right
sides are roughly
divided into the
left heart and
right heart.

Left Heart

Vena cava

Pulmonary
vein

Right
atrium
Tricuspid
valve
Pulmonary
valve

Left
atrium

Right
ventricle

Mitral
valve

Left
ventricle

Pulmonary
artery

Aortic
valve
Aorta

By the way, the left heart
is the side that pumps
blood to the entire body.

Systemic circulation
circulates the blood
from the left ventricle
through the
entire body
to the right
atrium.

Systemic
Circulation
Vena cava

Right atrium
Left ventricle
Entire
body
Aorta

the left heart and
right heart are
“pumps,” and systemic
circulation and
pulmonary circulation
send blood through
a series of “pipes,”
right?

Pulmonary
Circulation
Pulmonary
vein
Left atrium
Right ventricle

Pulmonary
circulation circulates
it from the
right ventricle
through the
lungs to the
left atrium.

Lungs

Pulmonary artery

Well, let’s
move on.
maybe it's
not so basic,
after all.
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You know
that the heart
contracts and
expands with a
well-regulated
rhythm when the
muscle called
the myocardium
receives
electrical
stimuli.

Yeah, isn't this rhythm
of contraction and
expansion caused by
the electrical impulse
conduction system of
the heart?
So...
...you could
consider
the impulse
conduction system
something like a
soccer team!

What are you
talking about...?

That’s
right!

The person in charge
of the electrical
impulses, which are
the source of the
rhythm of the heart,
is the coach.

There is an
extremely high
degree of
coordination
between the
captain and team
members.

Coach

Sinoatrial
node

Atrioventric
ular node

Coach

Myocardium

Sinoatrial
node

Players

The impulses
are transmitted
to the captain...

Team
captain

and then are
transmitted to
the players.

The captain is
linked to each
and every team
member by
powerful
bonds.
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¡Ay-ayay!

Also, the coach
is listening for
instructions from
the team owner.
Owner

Brain

Sinoatrial node

If we show this in
a diagram of the
impulse conduction
system...

The owner is the brain.
The coach is the sinoatrial node.
The captain is the atrioventricular
node. The instructions from the
captain are transmitted through the
bundle of His, left bundle branch
or right bundle branch, and Purkinje
fibers. And the team members are
the myocardium.

Huh?

Brain
Get out
and win,
boys!

Sinoatrial
Node

Bundle
of His
ht
R ig d le
n
u
b nc h
br a

Lef t
le
bund h
br anc

Atrio
ventricular
Node

The brain initiates
an electrical
impulse in the
sinoatrial node,
which then
transmits the
impulse to the
atrioventricular
node, and then
finally to the
myocardial cells.

Today’s
the day!

Keep up the
pressure!

Let’s do
this!

Myocardium
Purkinje fibers

ThetoElectrical
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You know...

So the rhythm
instructions
are transmitted
in this way,
and the heart
contracts.

Heart movements
and waveforms
Really?

even
though
I’m the first
person to
listen to these
lectures, I think
I'm getting a
real sense of
what you’re
teaching
me.

Well
then...
You've
inspired me
to continue
on to
electro
cardiograms
and heart
movements.

An electrocardiogram
is a recording of
electrical activity
as it passes through
the heart.

Squeak
squeak

Right?
That’s right.

Everyone
has seen
this shape!

18
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Let’s consider
the relationship
between this wave
and the electrical
stimulation of
the heart.

I certainly
remember my
first electro
cardiogram.

First, stimuli are
transmitted from
the sinoatrial
node to the atrium,
causing the left
and right atria to
contract.

Coach
Atrium

Sinoatrial
node

That’s right. And
the contraction
of the atria sends
the blood that is
in the atria to the
ventricles.

Right
atrium

That made
the P wave,
right? It's
the littlest
bump.

Instructions from the
atrioventricular node
are then transmitted—
through the bundle of
His, left bundle branch,
right bundle branch, and
Purkinje fibers—to the
myocardium, stimulating
the left and right
ventricles.

This is
the QRS
complex.

Left
atrium
Contraction

Right ventricle Left ventricle

Right
atrium

Left
atrium

Right
Left
ventricle ventricle

Contraction
Electro
cardiogram

Electro
cardiogram
The QRS
complex Is
transmitted to
the ventricles
next, isn't it?

The ventricles
contract, and the
blood is sent to
the aorta and the
pulmonary
artery.
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Right.

And finally,
the T wave...

The stimulation
of the ventricles
ends here and the
ventricles relax.

Right
atrium

That should
give you a pretty
good idea of
what's going on!

Left
atrium
Ventricles
relax

Right
Left
ventricle ventricle

Got it!

Valves close
Electro
cardiogram

By the way,
do you
know what’s
happening
when you
hear your
heartbeat?

Isn't that
when the
valves
close?

That’s
right.

That’s all
for today.

Each valve inside the heart
makes a sound when it closes,
just like a castanet!

Remember, if you
want to help
patients and put
your knowledge
of physiology to
use, it will take
more than just
memorization. You
also have to see
the bigger picture
and understand
how each part
relates to
everything else!
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I think I got
all that….

Hey Kumiko!
Did you
hear?
You’re our
department's
representative for
the marathon race.

Obvious pick,
right?

You're the only
person with track
and field experience.

What?!

Come on,
I’ve got to
study for
my exam!

The Manga Guide to Physiology
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Even More About The Circulatory System!
The circulatory system consists of the organs that circulate blood, lymph, and other fluids
throughout the body. The heart, blood vessels, and lymph nodes transport oxygen, nutrients, hormones, and the like to tissues within the body while at the same time gathering
waste products from various parts of the body.
Let’s learn more about how the circulatory system works.

electrical activity in the heart
The muscle that forms the walls of the heart contracts when it receives electrical stimuli. The
impulse conduction system, shown in Figure 1-1, causes this contraction to occur.
Sinoatrial node

❶
●
❷
●

❸
●

❹
●

Left bundle branch

❺
●
Atrioventricular node

Purkinje fibers

Bundle of His
Right bundle branch
Figure 1-1: Flow of the impulse conduction system

Stimuli triggered from the sinoatrial node u spread like waves through the entire
atria, causing the atria to contract. The stimuli reach the atrioventricular node v, which
is located between the left and right atria, and are transmitted to the bundle of His w.
The bundle of His is divided into two branches x, the left bundle branch and right bundle
branch. The left bundle branch and right bundle branch are further divided into numerous finer branches in the left and right ventricles, respectively. These finer branches are
the Purkinje fibers y. The impulse conduction system resides in specialized muscle tissue
called cardiac muscle, or myocardium.
The sinoatrial node automatically generates the stimuli, right?

That’s right. It generates 60 to 80 stimuli per minute, even if it receives no instructions
from the central nervous system. In other words, the sinoatrial node generates the normal
heart rate and thereby acts as the heart’s natural pacemaker.
Stimuli are also generated by other cardiac fibers, such as those in the atrioventricular
node. However, the sinoatrial node normally controls the heart rate because it discharges
stimuli faster than does any other part of the heart. If the sinoatrial node malfunctions, the
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atrioventricular node becomes the pacemaker in its absence. But since the atrioventricular node generates stimuli at a slower pace, the heart rate decreases when stimulated by
that node.

How an Electrocardiogram works
An electrocardiogram is a visualization of the electrical stimuli transmitted to the entire
myocardium from the impulse conduction system. Normally, six electrodes are attached to
the chest, and a total of four electrodes are attached to both wrists and both ankles. (Electrodes connected to both wrists and one ankle take the electrocardiogram; the right ankle
is attached to a neutral, or ground, lead for grounding the circuit.) This lets us measure the
electrocardiogram using 12 leads (see Figure 1-2).

Limb Leads

Chest Leads

Electrodes recording at three locations
(right wrist, left wrist, and left ankle),
plus one grounding lead (right ankle)

Electrodes at six locations surrounding
the heart

Help doctors and nurses get a “view” of the
heart in the vertical plane (a coronal plane)

Help doctors and nurses get a “view” of the
heart in the horizontal plane (a transverse
plane)

The six leads
named I, II, III,
V , V , and aVF are
a R a L
called limb leads,
and the six leads
named V1 to V6 are
called chest leads.

Figure 1-2: A 12-lead electrocardiogram

Why are 12 leads required? That seems like a lot.

Consider the leads to be something like cameras viewing the heart from the sites where
the electrodes are attached. With that many camera angles on the scene, you’ve got the
complete, 3D picture, and not much can be missed.

How an Electrocardiogram works 23
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If there are well-regulated contractions of the heart, normal waveforms will appear
in a continuous loop. However, if there is an abnormality in the myocardium or impulse
conduction system, various changes will appear in the corresponding waveform of the
electrocardiogram. For example, if there are arrhythmias—heart contractions with unusual
timing—irregular waveforms will appear. Other types of arrhythmia are tachycardia, a heart
rate that is too high, and bradycardia, one that is too low.
So approximately how much blood do you think is sent to the aorta each time the heart
contracts?

Hmm . . . about a soda can's worth?

Whoa . . . wait a minute. The heart is about the size of a fist. There’s no way it holds
350 milliliters. The so-called stroke volume of the heart is approximately 70 milliliters.
That’s about the size of a small bottle of perfume or pudding cup.
We can calculate the cardiac output per minute as follows:
Cardiac Output (mL/min) = Stroke Volume (mL/beat) × Heart Rate (beats/min)
Did You Know?
The heart rate of an infant is faster than that of an adult; it slows as the child ages.
Most adults have a resting heart rate of about 60–80 beats per minute. An elderly
person tends to have a slightly slower heart rate than a young or middle-aged
adult.
Since the circulating blood volume in the human body is approximately
5 liters, all the blood circulates through the entire body in approximately
1 minute.

How The Nervous System Affects
the Circulatory System
Your heart rate increases when you’re surprised, speaking in front of an audience, playing sports, or in other stressful situations. This increase is caused by the activity of your
autonomic nervous system (see page 138). If more blood flow is required due to stress
or exertion, the sympathetic nervous system is excited, the sinoatrial node is stimulated,
and your heart rate increases. On the other hand, when you relax, your parasympathetic
nervous system reduces your heart rate.
But aren’t the stimuli from the sinoatrial node automatically generated without receiving
any instructions from the brain?
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That’s a good question! The sinoatrial node can certainly generate stimuli automatically,
but the frequency of those stimuli is regulated by the autonomic nervous system.
The autonomic nervous system controls physiological responses ranging from blood
pressure and heart rate to dilation of the pupils of the eyes. There are two branches of
the autonomic nervous system: the sympathetic branch (which generates the “fight or
flight” response) and the parasympathetic branch (which generates the “rest and digest”
response).
The sympathetic nervous system is responsible for increasing the heart rate and
causing blood vessel vasoconstriction (decreased diameter of blood vessels), both of which
contribute to an increase in blood pressure. Conversely, the parasympathetic system is
responsible for decreasing the heart rate, and the activation of the parasympathetic system leads to a decrease in blood pressure.

the Coronary Arteries
But before we begin talking about blood circulation, we should learn how the heart itself
acquires oxygen and nutrients. Do you know which blood vessels send oxygen and nutrients to the myocardium?

The coronary arteries?

That’s right. The coronary arteries are called that because they encircle the heart in a
crown shape. Just think about a coronation ceremony for a new queen, where she gets
her crown.
The coronary arteries are roughly divided into the right coronary artery and left
coronary artery (Figure 1-3). The smaller branches of the coronary arteries penetrate the
surface of the cardiac muscle mass and thus serve as the primary sources of oxygen and
nutrients for the myocardium.

Right coronary
artery

Left coronary
artery

Figure 1-3: The coronary arteries
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You’d think the heart would be able to get all the oxygen and nutrients it needs from
the blood it is constantly pumping through its chambers. But actually, it can absorb only a
minuscule amount of oxygen and nutrients that way, so the coronary arteries are needed
to deliver blood deep into the muscle tissue of the heart.
The arteries of most internal organs branch and reconnect (anastomose). Therefore,
even if a blood vessel is blocked at one location, the blood will flow along another route.
However, the coronary arteries surrounding the heart are called end arteries since they
are structured with no anastomoses between arterial branches (Figure 1-4). Therefore,
if there is a blockage somewhere, blood will cease flowing beyond that point, causing a
heart attack.
Artery

Anastomosis

End artery

Dead end.

Figure 1-4: End arteries branch with no points of anastomosis.

Did You Know?
The coronary arteries aren’t the only end arteries. Others are found in the
brain. A blockage (or vascular occlusion) in these end arteries in the brain is
very serious. A complete blockage will cause a stroke.

Blood Circulation
We learned that there are two circuits for blood circulation: pulmonary circulation and
systemic circulation. Do you think you can explain them properly?
Pulmonary circulation circulates from the right ventricle and through the lungs to capture
oxygen before returning to the left atrium, and systemic circulation circulates from the left
ventricle and through the entire body to send oxygen and nutrients to the body before
returning to the right atrium.
That’s exactly right! The pulmonary circulation and systemic circulation flows are depicted
in a rough diagram in Figure 1-5. Since this is basic information needed for studying each
of the internal organs later, make sure you understand this entire drawing.

26

Chapter 1

The Circulatory System
The Manga Guide to Physiology

© 2015 by Etsuro Tanaka, Keiko Koyama, and Becom Co., Ltd.

Blood Circulation Bus Route
Left
ventricle
Left
atrium

Aorta
Pulmonary
vein

Each part of
the body
Lung

Vena
cava
Pulmonary
artery

Right
atrium

Systemic circulation
Pulmonary circulation

Right
ventricle

Arterial blood
Venous blood

Let me show you
our route!

Blood vessels of the head
and neck or upper limbs

Right
atrium
Right lung

Left
atrium

Left
Right ventricle
ventricle

Left lung
Blood vessels of the liver

Kidney

Blood
vessels
of the
digestive
system

Arterial blood
contains lots of
oxygen, but there is
very little oxygen
in venous blood.*

Blood vessels of
the renal tubule
Urine

Blood vessels of the
thoracicoabdominal
region or lower limbs

* Generally, arterial (oxygenated) blood flows in arteries, and venous (low in oxygen) blood flows in veins. There are some
exceptions of course. Deoxygenated blood flows in the pulmonary artery from the heart to the lungs, and the pulmonary
veins carry oxygenated blood from the lungs back to the heart.
Figure 1-5: Blood circulation
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Blood Circulation
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We ought to also touch on arteries and veins here. Remember that arteries are blood
vessels carrying blood away from the heart and veins are blood vessels returning blood to
the heart via the capillaries.
Because arteries receive blood that is pushed out of the heart under great pressure,
the blood vessel walls are thick, and their elasticity and internal pressure are both high.
Veins have thin blood vessel walls with valves at various locations to prevent blood from
flowing backward. The internal pressure is low, and blood flow is assisted by surrounding
muscles. Some veins run just below the skin. These are called superficial veins. Blood is
often drawn from the median cubital vein on the inside of the elbow. This is also a superficial vein.
Although arteries often run deep within the body, they also pass through places
where it is easy to take a pulse (see Figure 1-6).
Temple
Neck
Upper arm
Inner elbow
Wrist

Temporal artery
Common carotid artery
Axillary artery
Brachial artery
Ulnar artery
Radial artery

Groin (inguinal region)
Femoral artery
Behind the knee
Popliteal artery
Top of the foot

Dorsal artery of foot

Figure 1-6: Locations for taking a pulse

These are arteries that run through locations that are relatively shallow, such as the wrist,
aren’t they?
That’s right. In a medical clinic, your pulse is often taken using the radial artery of your
wrist or the carotid artery of your neck.
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Blood Pressure
Blood pressure is the internal pressure inside blood vessels, but the term is usually used
to mean the pressure in large arteries near the heart, such as in the upper arm. What are
some factors that determine blood pressure?

Factors? Well, er, age and diet and . . .

Yes, blood pressure certainly tends to increase as a person becomes middle aged and
older, but let’s consider physiological factors here.
Three factors that determine blood pressure are the girth of the blood vessels, the
circulating blood volume, and the contractile force of the heart, or cardiac contractile force
(see Figure 1-7). For example, if the circulating blood volume (the total volume of blood in
the arteries) and the cardiac contractile force are fixed, then blood pressure will increase
if the blood vessels are smaller. Also, the blood pressure will drop if the blood volume
decreases because of a hemorrhage or if the contractile pressure of the heart decreases
because of a heart attack.
Expansion

Contraction
Drop

Blood pressure
is determined by
the girth of the
blood vessels,
circulating blood
volume, and cardiac
contractile force.

Rise

Girth of blood vessels
Increase

Reduction
Drop

Rise

Circulating blood volume
Reduction

Increase
Drop

Rise

Cardiac contractile force
Figure 1-7: Factors that determine blood pressure

The Manga Guide to Physiology
© 2015 by Etsuro Tanaka, Keiko Koyama, and Becom Co., Ltd.

Blood Pressure

29

Measuring Blood Pressure
You’ve studied the principles and techniques of blood pressure measurement, haven’t you?

Sure, I did that in basic nursing.

Blood pressure varies like a wave, getting higher when the ventricles contract and lower
when they relax. The maximum pressure is called the systolic pressure, and the minimum
is called the diastolic pressure.
You inflate the cuff that’s wrapped around the upper arm to restrict the blood flow.
Then you release the air in the cuff a little at a time while you listen to the artery through
a stethoscope. When you start to hear a tapping sound (called Korotkoff sounds), that is
the systolic pressure. You continue to release air, and when you no longer can hear any
sound, that is the diastolic pressure. The cuff’s pressure readings at these two points give
you the patient’s blood pressure (see Figure 1-8).
Pressure of the
inflatable cuff

Blood vessel
pressure

Korotkoff sounds
Systolic pressure

Cuff is tight:
no blood flows at all

When the cuff is tightened
with a higher pressure than
the systolic pressure, blood
flow is stopped, and no sound
can be heard.

Diastolic pressure

Systole-only blood flow

As the pressure in the cuff
dips below systolic pressure,
blood begins to “slip” through
the artery beneath the cuff
during the peak of systolic
pressure, and you begin to
hear Korotkoff sounds.

Unimpeded blood flow

Once the cuff’s pressure is
below diastolic pressure, the
cuff no longer does anything
to impede blood flow, and no
more Korotkoff sounds are
heard.

Figure 1-8: Blood pressure measurement by the auscultatory method

30

Chapter 1

The Circulatory System
The Manga Guide to Physiology

© 2015 by Etsuro Tanaka, Keiko Koyama, and Becom Co., Ltd.

Did You Know?
Blood pressure units are represented by mm Hg (millimeters of mercury). The
number of mm Hg indicates the number of millimeters that mercury would
be pressed upward in a tube by the pressure.

The Lymphatic System
The last part of the circulatory system is the lymphatic system, which recovers bodily fluids
that seep into tissues from capillaries and returns them to the heart. It also supports the
immune system. In this way, the lymphatic organs can be said to reside in both the circulatory system and the immune system. In peripheral tissue, interstitial fluid is exchanged
between capillaries and tissue, but some of the interstitial fluid is collected in the lymphatic vessels. The bodily fluid in the lymphatic vessels is called lymph. The lymph flow
rate is approximately 2 to 3 liters per day.
The lymphatic vessels start from lymphatic capillaries, which gradually come together
to form larger lymph vessels. After passing through many lymph nodes along the way,
they finally enter the left and right venous angles, which are confluence points of the
subclavian veins and internal jugular veins (see Figure 1-9). Valves are attached to the
interior of the lymphatic vessels to prevent the lymph flow from reversing direction.

Right internal jugular vein
Right subclavian vein

Left internal jugular vein
Left subclavian vein

Lymph reenters the circulatory system where the arrows point,
near the junction between the jugular vein and subclavian vein.
Figure 1-9: The lymphatic system

The Lymphatic System 31
The Manga Guide to Physiology
© 2015 by Etsuro Tanaka, Keiko Koyama, and Becom Co., Ltd.

The lymphatic vessels are not symmetrical on the left and right sides of the body.

Good eye! Notice the light and dark shading in Figure 1-9. The right lymphatic trunk, in
which the lymphatic vessels from the upper right half of the body are collected together,
enters into the right venous angle. The collected lymphatic vessels from the remaining
upper left half of the body and the entire lower half of the body enter into the left venous
angle.

Did You Know?
Cancer that starts in the lymph nodes is called lymphoma. More often, cancer starts
somewhere else and then spreads to lymph nodes. When cancer spreads or
metastasizes, it often is found in the lymph nodes.

32 Chapter 1

The Circulatory System
The Manga Guide to Physiology

© 2015 by Etsuro Tanaka, Keiko Koyama, and Becom Co., Ltd.

