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TYPES OF BREATHING

* There are two types of breathing: abdominal and
costal.

e Abdominal breathing: is characterized by visible
movements of the abdomen, in which the abdomen
protrudes during inspiration and recoils during
expiration.

 Normally the abdominal type of breathing
predominates.

« Costal breathing; is characterized by pronounced rib
movements.

e During painful conditions of the abdomen such as
peritonitis costal breathing can predominate.

e During painful conditions of the thorax such as
pleuritis, abdominal breathing might be more apparent.



STATES OF BREATHING

« There are variations in breathing relating to the frequency of
breathing cycles, depth of inspiration, or both.

* Eupnea is the term used to describe normal quiet breathing, with
no deviation in frequency or depth.

« Dyspnea is difficult breathing, in which visible effort is required to |

breathe.

* Hyperpnea refers to
frequency, or both, an
* Polypnea is rapid sha
Polypnea is similar to

yreathing characterized by increased depth,
d is noticeable after physical exertion.

low breathing, somewhat similar to panting.

hyperpnea in regard to frequency, but is

unlike hyperpnea in regard to depth.
* Apnea refers to a cessation of breathing.
« Tachypnea is excessive rapidity of breathing, and
« Bradypnea is abnormal slowness of breathing.




Condition

Description

Causes

Eupnea
Tachypnea
Bradypnea

Apnea
Hyperpnea
Cheyne-Stokes

Biot's
Kussmaul's

Apneustic

Normal breathing rate and pattern
Increased respiratory rate
Decreased respiratory rate

Absence of breathing
Normal rate, but deep respirations

Gradual increases and decreases in
respirations with periods of apnea

Rapid, deep respirations (gasps)
with short pauses between sets

Tachypnea and hyperpnea

Prolonged inspiratory phase with
shortened expiratory phase

Fever, anxiety, exercise, shock

Sleep, drugs, metabolic disorder, head
injury, stroke

Deceased patient, head injury, stroke
Emotional stress, diabetic ketoacidosis

Increasing intracranial pressure, brain
stem injury

Spinal meningitis, many CNS causes,
head injury

Renal failure, metabolic acidosis,
diabetic ketoacidosis

Lesion in brain stem




RESPIRATORY FRELUENCY

* Respiratory frequency refers to the number of respiratory cycles
each minute.

e |tis an excellent indicator of health status

* |n addition to variations observed among species, respiratory frequency
can be affected by other factors:

* body size, age, exercise, excitement, environmental temperature,
pregnancy, degree of filling of the digestive tract and state of hiealth

« Pregnancy and digestive tract filling increase frequency because they
limit the excursion of the diaphragm during inspiration.

* When expansion of the lungs is restricted, adequate ventilation is
maintained by increased frequency.

* For example, when cattle lie down, the large rumen pushes against the
diaphragm and restricts its movement, and respiratory frequency is
Seen to increase.

« Respiratory frequency usually increases during disease




Animal No. of animals Condition Cycdles/min

Range Mean
Horse 15 Standing {at rest) 10-14 12
Dairy cow n Standing {at rest) 26-35 29
1 Sternal recumbency 24-50 34
Dairy calf (1 Standing (52 kg body weight, 3 weeks old) 18-22 20
b Lying down (52 kg body weight, 3 weeks old)  21-25 77
Pig 3 Lying down (23-27 kg body weight) 32-58 40
Dog 7 Sleeping (24°C) 18-25 2
3 Standing (at rest) 20-34 24
Cat 5 Sleeping 16-25 2}
(7 Lying down, awake 20-40 N
Sheep 5 Standing, ruminating, 1.3cm wodl, 18°C 20-34 25
5 Same sheep and condibons except 10°C 16-22 19

*Data from veterinary student laboratory assgnments.
Source: Reece, W.O. (2004) Respiration in mammals. In: Dukes” Physiology of Domestic Animals, 12th edn
(ed WO Reece). Comell University Press, lthaca, NY.

Human
Respiration rate
<1 year 30-40

25 - 35
25 -30

1 -2 years
2 — 5 years
20 - 25
12-20

5 - 12 years

>12 years



PULMONARY VOLUMES AND CAPACITIES

. Tidal volume is the amount of air breathed in or out Lot
during a respiratory cycle.

2.  Inspiratory reserve volume is the ampunt of air 5000 nepiratory
that can still be inspired after inhaling the tidal reserve volume
volume, o 3100 mi

3. Expiratory reserve volume is the amount of air that €
can still be expired after exhaling the tidal volume. £ 3000

4. Residual volume is the amount pf air remaining in = Tidal volume 500 mi
the |ungs after the most forceful expiration. 2000 Expiratory

» Because pf the remaining residual volume, excised lung T

sections float in water. 1000
» [onsolidation of lung tissue, as occurs in pneumonia, it L
causes them to sink. .




WHY IS RESIDUAL VOLUME IMPORTANT?

|. It prevents lungs from collapsing after each breath. Imagine a deflated balloon.

o |f you had the job of inflating it, how much effart would it take to overcome the initial resistance and blow just a
small amount of air in? The answer is A LOT of effort.

» The deflated balloon is analogous to a collapsed lung. If not for the residual volume, initiation of each breath would
require tremendous effort. Increased work of breathing would simultaneously increase the energy requirements.

2. The residual volume keeps lungs ventilated between consecutive breaths. Oxygen and carbon dioxide exchange
occurs between end of expiration and beginning of next inspiration.

* |t may seem unnecessary since the time |apse between consecutive breaths is hardly a second, but having
continuous gas exchange makes the respiratory system much more efficient.



PULMONARY VOLUMES AND CAPACITIES

o dometimes it is useful to combine two or more of these volumes. Such combinations are called capacities.
. Total lung capacity is the sum of all volumes.

2. \Vital capacity is the sum of all volumes over and above the residual volume; it is the maximum amount of air that can be
breathed in after the most forceful expiration.

3.  Inspiratory capacity is the sum of the tidal and inspiratory reserve volumes.

4. Functional residual capacity is the sum of the expiratory reserve volume and the residual volume. This is the lung volume that
is ventilated by the tidal volume.

* |t serves as the reservoir for air and helps to provide constancy to the blood concentrations of the respired gases.

|
5000
Inspiratory
raserve volume . ,
3100 mi Inspiratory capacity
4000 3600 mi )
= \Vital capacity
E 4800 mi
E 3000 Total
= 1 lung
E N Tidal volume 500 mi maﬁ“{
2000 Expiratory 6000 m
raserve volume
1200 mi Functional
1000 residual capacity
Residual volume 2400 mi
1200 mil
0

{a) Spirographic record for a male
Copyright @ 2001 Banjamin Gummings, an imprint of Addison Wesley Longman, Inc.



What have we |earned today?

o Ditferentiate between abdominal and costal breathing.
* What are some commonly referred to states of breathing?

nat is the difference between a lung volume subdivision and a lung capacity subdivision?

nen expansion of the lungs is restricted, how is adequate ventilation maintained?

nat are some factors that affect respiratory frequency?

nat is the difference between pulmonary volumes and pulmonary capacities?

nat is the definition of vital capacity?

== =E=E=E =

nat is the functional residual capacity?



Ventilation

- Ventilation is defined as the exchange of air between the ™/
atmosphere and alveoli.

e Minute ventilation is the tidal volume times the
respiratory rate, usually, al ml x |2 breaths/min =

BOOO mL/min.

e Dead space refers to airway volumes not participating in
gas exchange. Anatomic dead space includes air in the < Airin
mouth, trachea, and all but the smallest bronchioles,
usually about 150 mL.

o Alveolar minute ventilation is |ess than minute
ventilation and is calculated as ([tidal volume - dead

space] = respiratory rate) or ([o00 mlL - 130 mL] x 12
breaths/min) = 4200 mL/min.




Ventilation

e Like blood, air moves h]y bulk flow, trom a region of
high pressure to one of low pressure.

d F=AP/R
u F=(I:|alv-|:latm)/R
Flaw

A:P: Pressure difference between two points
R: Resistance

« For air flow into or out of the lungs, the relevant
Pressures are:

v'the gas pressure in the alveoli—the alveolar
pressure (/alv)

vand the gas pressure at the nose and mouth,
normally atmospheric pressure (/Aatm), the
pressure of the air surrounding the body

v F=(fatm - Alv)/ K
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Ventilation

e During ventilation, air moves into and out of
the lungs because the alveolar pressure is
alternately made less than and greater than
atmospheric pressure.

« These alveolar pressure changes are caused
by changes in the dimensions of the lungs.

©

Atmospheric
pressure

Inspiration Expiration

=Patm_Pahr

F



Ventilation

* How a change in lung dimensions causes a
change in alveolar pressure can be
. I
explained by Boyle's law.

At constant temperature: An increase in

the volume of the container decreases the

pressure of the gas and vice versa.
FixVy=FPyx ¥y

o [uring inspiration and expiration the
volume of the ‘container —the lungs—is
made to change,

o [hese changes then cause, the alveolar
pressure changes that drive air fow into
or out of the lungs

l
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Ventilation

e There are no muscles attached to the lung
surface to pull the lungs open or push them shut.

« The lungs are passive elastic structures and their
volume depends upon:

* (1) the differencein pressure between the inside
and the outside of the lungs termed the
transpulmonary pressure—;

e (2) how stretchable the lungs are - fung
compliance

Right bronchus

Trachea

Chest wall —
Parietal pleura —

Mediastinum

Pleural cavity —

HE

Left bronchus

Parietal pleura

Visceral pleura

Left pleural
bl — cavity

Diaphragm

Visceral pleura

Lung



Transpulmonary pressure

e The pressure inside the lungs is the air pressure inside the
alveoli (Palv),

« The pressure outside the |ungs is the pressure of the
intrapleural fluid surrounding the lungs (Pip).

e Thus, Ptp = Palv-Pip

e The muscles used in respiration are part of the chest wall.
When they contract or relax, they directly change the
dimensions of the z/est which causes the transpulmonary
pressure to change.

- Py [ 4 mmH

k 0 mmHg Pp = —4 mmHg ".
I




Transpulmonary pressure

e The change in transpulmonary pressure causes a change in
lung size,

> which causes changes in alveolar pressure and, thereby,

in the difference in pressure between the atmosphere
and the alveali

e |t is this difference in pressure that causes air flow into or
out of the lungs

Pay - Py [ 4 mmH

k 0 mmHg Pp = —4 mmHg ".
I




The Stable Balance between Breaths

« Between breaths when the respiratory muscles
are relaxed and no air is flowing:

e (Ahlv)is  mmHg; that is, it is the same as
atmospheric pressure.

* (Ap) is approximately 4 mmHg less than
atmospheric pressure = (-4 mmHg)

e Therefore, the transpulmaonary pressure 4
mmHag.




Intrapleural Pressure

 What has caused the intrapleural
pressure to be subatmospheric?

e As the lungs and the thoracic wall "try” to

move ever so slightly away from each other,
there occurs an infinitesimal enlargement of

the fluid-filled intrapleural space between
them.

e But fluid cannot expand the way air can, and

so even this tiny enlargement of the
intrapleural space drops the intrapleural
pressure below atmospheric pressure.

Trachea
Left bronchus

Right bronchus

Parietal pleura

Visceral pleura

Right pleural OO Right lung Left pleural
oLy \ \ 4 cavity
O ‘
O lh\ Diaphragm
O ‘f‘g o
y Mediastinum

Chest wall —
Parietal pleura | Visceral pleura
Pleural cavity ——Lung




Intrapleural Pressure

e During surgery or trauma, the chest wall
is pierced without damaging the lung.

o Atmospheric air rushes through the wound
into the intrapleural space
(pneumotharax), and the intrapleural
pressure goes from-4 mmHg to 0 mmHg.

e The transpulmaonary pressure acting to
hold the lung open is thus eliminated, and
the lung collapses.

e At the same time, the chest wall moves
outward since its elastic recoil is also no
longer opposed




The Stable Balance between Breaths

« Elastic recoil: tendency of an elastic
structure to oppose stretching or distortion.

Ptm=0mmHg
e [nherent elastic recoil tending to collapse the
lungs is exactly balanced by the et i
transpulmonary pressure tending to

Intrapleural
fluid

expand them, W_p y 4mmH “
e The volume of the lungs is stable at this paint. OmmHg ;pp_4mmHg }
|




Inspiration

By the end of inspiration, equilibrium
across the lungsis once again established
since the more inflated |ungs exert a
greater elastic recoil, which equals the
increased transpulmonary pressure.

Diaphragm and inspiratory intercostals contract

L

Thorax
Expands

L

P, becomes more subatmospheric

i

t Transpulmonary pressure

R 4

Lungs
Expand

L

P,;, becomes subatmospheric

)

Air flows into alveoli




Expiration

At the end of inspiration, the nerves to the
diaphragm and inspiratory intercostal

Atmospheric pressure

?
E
. . E
muscles decrease their firing, and so these s 2| [ Avedlar
muscles relax. = |
. . . 5 of--b-rd----
The chest wall is no longer hElﬂﬁ actweli/ o P PP
pulled outward and upward by the muscle RN - .- _—
contractions g i J"uiﬁp o
Jq . _ 8 _4l - Chest wall
It starts to recoil inward to its original = f o
smaller dimensions existing between breaths. 2| Aveoli
‘ol : . E Intrapleural \ @ ,
This immediately makes the intrapleural kb , , | |
pressure less subatmospheric and 05 | PyPo-(mmig >\ \  PuyPp=[ 7mA \
decreasesthe transpulmonary pressure. D | W””‘ Wp_p:mmg x,lll &mmg A—

Therefore, the transpulmonary pressure
actin? to expand the lungs is now smaller than
the elastic recoil, and the lungs passively
recail to their original dimensions.

Inspiration Expiration
s |
Time At end of expiration At end of inspiration

Breath volume (L)



ANY QUESTIONS?




	RESPIRATORY SYSTEM�WEEK 2
	TYPES OF BREATHING
	STATES OF BREATHING 
	Slayt Numarası 4
	RESPIRATORY FRQUENCY
	Slayt Numarası 6
	PULMONARY VOLUMES AND CAPACİTİES�
	WHY IS RESIDUAL VOLUME IMPORTANT?
	PULMONARY VOLUMES AND CAPACITIES�
	What have we learned today?
	Ventilation
	Ventilation
	Ventilation
	Ventilation
	Ventilation
	Transpulmonary pressure
	Transpulmonary pressure
	The Stable Balance between Breaths
	Intrapleural Pressure
	Intrapleural Pressure
	The Stable Balance between Breaths
	Inspiration
	Expiration
	ANY QUESTIONS?

