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Whether you aspire to be a hospital-tased physician, a surgeon or a general practitioner,
respiratory medicine will play a pivotal part in your daily workload. However, first things first
and to pass the medical finals, which is every student's immediate aim, you are going fo need
to have a good grasp of respiratory medicine both factually and clinically.

As sfudents, we are partly assessed on how much factual information we can remember from
a wide diversity of specialities. Bearing this in mind, we have written Crash Course: Respiratory
Medicine with the aim of combining the core information of basic clinical skills with the
preclinical factual base, providing a fully infegrated basic review. Numerous illustrations, hints
and tips boxes, and comprehension check boxes at the end of each section, will hopefully
make things a little easier around exam time.

We hope that Crash Course: Respiratory Medicine proves to be most useful in the pre-exam
cramming period!

Angus Jefferies
Andrew Turley

Physiology and pathology of the respiratory system enter into all aspects of medicine. Lung
disease accounts for a large proportion of morbidity and mortality - asthma, emphysema,
chronic bronchitis and lung cancer all being common diseases. A patient cannot be safely
anaesthetised or ventilated without a good working knowledge of respiratory physiology, and
this knowledge can also be applied in other areas including sports medicine.

Crash Course: Respiratory System offers a succinct, yet comprehensive, coverage of respiratory
physiology and pathophysiology that is essential information for all medical students. It
contains many useful distillations of knowledge in the form of clinical algorithms, tables and
hints and tips boxes. There are also multiple-choice, short-answer and essay questions for you
to test your knowledge.

Diligent study of Crash Course: Respiratory Medicine will provide a core knowledge of
respiratory medicine that will be useful for a professional lifetime as well as ensuring success
in relevant examinations.
Simon Cross
Jacqueline Hardcastle
Faculty Advisors



OK, no-one ever said medicine was going to be easy, but the thing is, there are very few parts
of this enormous subject that are actually difficult to understand. The problem for most of us is
the sheer volume of information that must be absorbed before each round of exams. It's not
fun when time is getting short and you redlize that: a) you really should have done a bit more
work by now; and b) there are large gaps in your lecture notes that you meant to copy up but
never quite got round to.

This series has been designed and written by senior medical students and doctors with recent
experience of basic medical science exams. We've brought together all the information you
need into compact, manageable volumes that integrate basic science with clinical skills. There
is a consistent structure and layout across the series, and every title is checked for accuracy by
senior taculty members from medical schools across the UK.

I hope this book makes things a little easier!

Danny Horton-Szar
Series Editor (Basic Medical Sciences)
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Respiration
Respiration is considered to be the processes involved
in oxygen transport from the atmosphere to the body
tissues and the release and transportation of carbon
dioxide produced in the tissues to the atmosphere.
This book will not discuss the oxygen-requiring
biochemical reactions of tissue respiration, so for further
information see Crash Course, Metabolisrm and
Nutrition.
In addition, respiration is also concerned with:
* Regulation of the pH of body fluids.
* Regulation of body temperature.

Microorganisms rely on diffusion to and from their
environment for the supply of oxygen and removal of
carbon dioxide. Humans, however, are unable to rely
on diffusion because:
¢ Their surface area : volume ratio is too small.
* The diffusion distance from the surface of the body
to the cells is too large and the process would be far
too slow to be compatible with life.

Remember that diffusion time increases with the square
of the distance and as a result, the human body has
had to develop a specialized respiratory system to
overcome these problems. This system has two
components:

* A gas-exchange system that provides a large
surface area for the uptake of oxygen from, and the
release of carbon dioxide to, the environment. This
function is performed by the fungs.

A transport system that delivers oxygen to the
tissues from the lungs and carbon dioxide to the
lungs from the tissues. This function is carried out by
the cardiovascular system.

Structure

The respiratory system can be neatly divided info upper
respiratory tract (nasal and oral cavities, pharynx,
larynx, and trachea) and lower respiratory tract (main
bronchi and lungs) (Fig. 1.1).

Upper respiratory tract

The upper respiratory tract has a large surface areq, a
rich blood supply, and its epithelium (respiratory
epithelium) is covered by a mucous secretion. Within
the nose, hairs are present, which act as a filter. The
function of the upper respiratory tract is to warm,
moisten, and filter the air so that it is in a suitable
condition for gaseous exchange in the distal part of the
lower respiratory tract.

Lower respiratory fract

The lower respiratory tract consists of the lower part of
the tracheaq, the two primary bronchi, and the lungs.
These structures are contained within the thoracic
cavity.

Lungs

The lungs are the organs of gas exchange and act as
both a conduit for air flow (the airway} and a surface for
movement of oxygen into the blood and carbon dioxide
out of the blood (the alveola capillary membrane).

The lungs consist of airways, blood vessels, nerves,
and lymphatics, supported by parenchymat tissue.
Inside the lungs, the two main bronchi divide into
smalier and smaller airways until the end respiratory
unit {acinus) is reached (Fig. 1.2).

Acinus

The acinus is that part of the airway that is involved in
gaseous exchange (i.e. the passage of oxygen from the
lungs to the blood and carbon dioxide from the blood to
the lungs). The structure of the acinus is considered in
detail in Chapter 2.
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Fig. 1.1 A schematic diagram of the
respirafory tract.

Fig. 1.2 The acinus, or respiratory
unit. This part of the airway is
involved in gas exchange.



Pleurae

The lung, chest wall, and mediastinum are covered by
two continous layers of epithelium known as the
pleurae. The inner pleura covering the lung is the
visceral pleura and the outer pleura covering the chest
wall and mediastinum is the parietal pleura. These two
pleurae are closely opposed and are separated by only
a thin layer of liquid. The liquid acts as a lubricant and
aliows the two surface to slip over each cther during
breathing.

e T & R WA

The aim of breathing is to increase air flow into the
lungs so that gaseous exchange can occur befween the
alveoli and the blood.

Air flows from a high-pressure area to a low-
pressure area. We cannot change the local
atmospheric pressure around us to a level higher
than that inside our lungs; the only obvious alternative
is to lower the pressure within the lungs. We achieve
this pressure reduction by expanding the size of the
chest.

The main muscle of respiration is the diaphragm,
upon which the two lungs sit. The diaphragm is dome
shaped; contraction flattens the dome, increasing
intrathoracic volume. This is aided by the external
intercostal muscles, which raise the rib cage; this resuits
in a lowered pressure within the thoracic cavity and
hence the lungs, supplying the driving force for air flow
info the lungs.

Expiration is largely a result of elastic recoil of the
lung tissue. However, in forced expiration (e.g. during
coughing), the abdominal muscles increase intra-
abdominal pressure, forcing the contents of the
abdomen against the diaphragm. In addition, the
internal intercostal muscles lower the rib cage. These
actions greatly increase intrathoracic pressure and
enhance expiration.

Respiration must respond to the metabolic demands of
the body. This is achieved by a control system within the
brainstem {the respiratory centres—see Chapter 5, pp
83) which receives information from various sources in
the body where sensors monitor:

Summary of Respiratory Functions ) :

e Partial pressures of oxygen and carbon dioxide (PO,
and PCO,) in the blood.

+ pH of the extracellular fluid within the brain.

* Mechanical changes in the chest wall

On the basis of information they receive, the respiratory
centres modify ventilation to ensure that oxygen supply
and carbon dioxide removal from the tissues matches
their metabolic requirements. The actual mechanical
change to ventilation is carried out by the respiratory
muscles: these are known as the effectors of the control
system.

Respiration can also be modified by higher centres
{e.g. during speech, anxiety, emation, efc )
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The functions of the respiratory system can be
summarized as air flow, gaseous exchange, transport
of oxygen and carbon dioxide, control of breathing,
acid-base regulation, body temperature regulation,
metabolism, excretion, and hormonal activity.

Air flow
Air flow causes ventilation of the lungs

Gaseous exchange
Gaseous exchange of oxygen and carbon dioxide occurs
between the alveolar gas and pulmonary capillary blood.

Transport of oxygen and carbon dioxide
Oxygen and carbon dioxide are carried within the blood
stream to the tissues.

Control of breathing

Breathing is controlled to match pertusion and
ventilation with the body’s biochemical and behavioural
requirements.

Acid-base regulation
By controlling the partial pressure of carbon dioxide, pH
may be altered (see Chapter 4)

Body temperature regulation

Body temperature is achieved mainly by insensible heat
loss. Thus, by altering ventilation, body temperature
may be regulated.




Metabolism Hormonal activity

The lungs have a huge vascular supply and thus a large Hormones {e.g. steroids) act on the lungs. Insulin

number of endothelial celis. Hormones such as enhances glucose utilization and profein synthesis.
noradrenaline, prostagiandins, and 5-hydroxytryptamine  Angiotensin i is formed in the lungs from angiotensin |
are taken up by these cells and destroyed. Some (by angiotensin-converting enzyme). Damage to the
exogenous compounds are also taken up by the lungs lung fissue causes the release of prostacyclin PG I,,
and destroyed {e.g. amphetamine and imipromine). which prevents platelet aggregation.

Excretion

Carbon dioxide and some drugs (notably those
administered through the lungs; e.g. general
anaesthetics) are excreted by the lungs.

® Why have humans developed a respiratory system?
e Describe how breathing is brought about.
e List the main functions of the respiratory system.




Macroscopic structure of the upper
respiratory fract
Nasal cavities
The nose consists of an external part {the external nose)
and an internal part {the nasal cavities). The nose is
used for smelling and breathing. This book will be
concerned only with the internal nose (Figs 2.1 and 2.2)
and its function in breathing.

Blood and nerve supply, and lymphatic drainage
The nose is richly supplied with blood and nerve fibres.
Lymphatic vessels drain into the submandibular node,
then drain into deep cervical nodes.

Pharynx

The tube of the respiratory tract becomes common with

the alimentary tract in the middle part of the pharynx.

The pharynx lies anteriorly to the cervical vertebra and

is described as being divided into three parts: the

nasopharynx, oropharynx, and the laryngopharynx,

which open anteriorly into the nose, the mouth, and the

larynx, respectively (Fig. 2.3).

« Superiorly, the pharynx is attached to the base of the
skull, but opens anteriorly into the nasal cavities at
the choanae (posterior nares).

( frontal sinus

Y

)

sphenoid sphenoid bone
SinUS it rd

superior
turbinate

turbinate

\ this opening is
called the
posterior choana

infenor turbinate

Fig. 2.1 Lateral view of the nasal cavity showing the rich
blood and nerve supply

o Inferiorly, the pharynx is continuous with the
oesophagus at the level of the cricoid cartilage. At
this level, the pharynx also opens anteriorly into the
larynx below the epiglottis, which covers the opening
to the larynx during swallowing.

superior lurbinate
_ middle turbinate

inferior turbinate

infenor meatus

nasal septum maxillary sinus j

\

Fig. 2.2 Frontal view of the nasal cavity showing the
superior, middle and inferior turbinates and the air spaces
created by these: the superior, middle and inferior meatus
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