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Vapour Pressure 

of Water

O2 In O2 Out
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Humidification Mixing with 
dead space 

gas

Mixing with 
alveolar gas
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Minute Ventilation
L.min-1

Effect of MINUTE VENTILATION ON OXYGENATION
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Minute Ventilation
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Effect of MINUTE VENTILATION ON CO2
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THE BOHR EQUATION (PHYSIOLOGICAL DEAD SPACE)

VD

VT
=

Tidal 
Volume

FACO2 - FECO2

FACO2

Fraction of 
Alveolar CO2

Fraction of 
Alveolar CO2

Fraction of 
Expired CO2

Dead 
Space
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THE BOHR EQUATION (PHYSIOLOGICAL DEAD SPACE)

VT VD VA= +Tidal Volume Dead space Alveolar Volume= + i.e.

∴ VT VDVA = -
Expired CO2 can only come from alveolar volume (not dead space)

∴ VT =FECO2× VA FACO2×
Substitute Equation 1 into Equation 2

VT =FECO2× VT VD- FACO2×)(
VT =FECO2× VT VD-FACO2× )( FACO2× )(
VD FACO2× = VT FACO2× )( - VT FECO2× )( = VT ( FACO2 - FECO2 )
VD

VT

FACO2 - FECO2
=

FACO2



R
E

SP
IR

AT
O

R
Y

 F
U

N
CT

IO
N

FOWLER’S METHOD (ANATOMICAL DEAD SPACE)

Volume
ml

N2

%

1 2 3 4

Anatomical 
Dead space

Closing 
Capacity

A

B
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FOWLER’S METHOD (ANATOMICAL DEAD SPACE)

1 100% O2 Vital Capacity Breath

2 Exhale to Residual volume to measure 
N2 content & volume

3 Plot [N2] against Volume

Steps

Volume

N2

Anatomical 
Dead space

Closing 
Capacity

Pure Dead Space. 100% O2 as 
there is no gas exchange here

Mixture of O2 & N2 from 
alveolar units

Pure Alveolar Gas. Plateau 
phase.

Closing Capacity corresponds 
to sudden N2 increase

Measured & Derived Parameters

Closing Volume 
Closing Capacity 
Closing Volume : Vital Capacity Ratio 
Closing Capacity : Total Lung Capacity Ratio
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PULMONARY VASCULAR RESISTANCE

PVR =
MPAP - LAP

CO

Cardiac 
Output

Mean 
Pulmonary 

Artery 
Pressure

Le! Atrial 
Pressure

Pulmonary 
Vascular 

Resistance

× 80

Unit 
Conversion 
Coefficient



R
E

SP
IR

AT
O

R
Y

 F
U

N
CT

IO
N

PULMONARY VASCULAR RESISTANCE

Lung Volume
ml

P
V

R
dy

ne
s.

s-
1 .c

m
-5

FRC TLCRV

Pulmonary Vessels are 
compressed

Pulmonary Vessels are 
stretched & distorted
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WEST ZONES

Zone 1

Zone 2

Zone 3

PA > Pa > Pv

Pa > Pv > PA

Pa > PA > Pv

Lung Zone
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od
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ow

Zone 1 Zone 2 Zone 3

Top Bottom
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Lung Region
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THE CHLORIDE SHIFT

CO2 H2O

CO2

H2CO3 HCO3

-
H

+

Cl
-

H
+

HbO

O2

HHb

Carbonic Anhydrase

Band 3 Membrane 
Transporter

Red Blood Cell

H2O

Venous HCT > Arterial HCT!
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COMPLEMENT

Classical Pathway Alternative Pathway

C3 C3a

C3b Opsonisation

Inflammation

C5 C5a

C5b

Inflammation

MAC

C6 C7 C8 C9

Disrupts membrane phospholipids, causing osmotic cytolysis
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Omnipotent Stem Cell

Myeloid Lymphoid

LymphoblastErythrocyte Platelet Myeloblast

Granulocyte B Cell T Cell NK Cell

Eosinophil Basophil Neutrophil Monocyte

Mast Cell
Attack 

Helminths & 
Parasites

Phagocytosis & 
Inflammatory 

Mediators 
(60% of WCC)

Phagocytosis
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Intrinsic Pathway Extrinsic Pathway

12
12a

11

11a

9

9a 8

10 10a

Prothrombin Thrombin

Fibrinogen Fibrin

Tissue 
Factor

7

7a

105 Ca2+

13

13a

Stable 
Clot

APTT PT
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Plasminogen Plasmin

Fibrin Fibrin Degradation Products 
(e.g. D-Dimers)

Tissue 
Plasminogen 

Activator
11a 12aKallikrein Urokinase





Plasminogen Activator Inhibitor



α2-Antiplasmin

Thrombin-Actvated Fibrinolysis Inhibitor

Tranexamic 
Acid  

FIBRINOLYSIS
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THROMBOELASTOMETRY

Coagulation Fibrinolysis

R 
time

K 
time

α 
angle

MA LY30

30 mins
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H+

ADP + Pi ATP

ATP-Synthetase

H+

III

H+

IV

Q

H+

I

H+ + NAD+ NADH

II
Cyt 
C

Krebbs Cycle

FADH2

FAD

O2 H2O

e-

H+

H+

H+

H+

H+
H+

H+
H+

e-

Mitochondrion

Intermembrane 
Space

Mitochondrial 
Matrix

H+
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THYROID AXIS

Hypothalamus

Pituitary

Thyroid

Peripheral Conversion

T4 T3

TRH

TSH
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ADRENAL AXIS

Hypothalamus

Pituitary

Adrenal

Cortisol Aldosterone

CRH

ACTH
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THYROID HORMONE RELEASE

I-I-

I I

Thyroglobulin

(Mono-iodotyrosine)
MIT

I

(Di-iodotyrosine)
DIT

I2 +
Tyrosine

Thyroid Peroxidase

T3 T4

Lysosome

Coupling

Blood Follicle

Lysosomal enzymes cleave T3 & 
T4 from Thyroglobulin ready for 

release into the bloodstream

T3 T4
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CALCIUM

TOTAL 
BODY CA2+

1200g2.2 - 2.7 
mmol.L-1

NORMAL 
PLASMA CA2+

98%
SKELETAL

1%

EXTRACELLULAR 
FLUID

1%
TISSUES

50%
IONISED

10%
COMPLEXED

40%

PROTEIN-
BOUND

As hydroxyapetite 
(Calcium + Physophorus + Hydroxide)

(Especially Muscle)

“Free” Ion Couplets with Citrate, 
Bicarbonate, etc.

90% to Albumin 
10% to Globulins
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CALCIUM

AlbuminCa2+

Ca2+

Ca2+H+H+H+H+

H+H+H+H+

H+ Albumin has 12 Binding Sites 
Usually only  10-15% of them are used up by calcium

?Why does 
hyperventilation 
cause tingly 
fingers

If pH rises…
1) Less H+ can compete with Ca2+ 

for albumin binding-sites 
2) Albumin undergoes a 

conformational change 
3) HCO3- increases

Increased 
Calcium 
Binding 
reduces 
the Ionised 
Fraction

Reduced 
Plasma Ca2+ 
leads to 
increased 
excitability of 
peripheral 
nerve axons
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ADH VASOPRESSIN

Anterior 
Pituitary

Posterior 
Pituitary

Supraoptic Nucleus 
of Hypothalamus

ADH

V1R

V2R

ADH

ADH

Vascular Smooth 
Muscle

Collecting Duct 
(Basolateral Membrane)

Vasoconstriction

Renal Fluid Absorption 
(via aquaporins)

Angiotensin II

Sympathetic 
Nervous 
System

↑ Osmolality

Hypovolaemia

Hypotension

Receptors:
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CONTROL OF HORMONE RELEASE

PEPTIDES STEROIDS AMINO ACID DERIVATIVES

Examples

Insulin 
Glucagon 

ACTH 
Gastrin

Examples

Cortisol 
Aldosterone 
Testosterone 

Oestrogen

Examples

Thyroid Hormones 
Catecholamines 

Serotonin 
Melatonin

Key Points

Prohormones 
Vesicles 

Cell Membrane Release 
Fast Onset

Key Points

Cholesterol 
Not stored 

Carrier Proteins 
Intracellular Receptors 

Gene Expression 
Slow & Long-Acting

Key Points

T3 & T4 are protein-bound and 
have nuclear receptors

Adrenaline is polar 
Adrenaline is fast-acting & has 

membrane receptor
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HYPONATRAEMIA

LOW URINARY SODIUM

Dehydrated

HIGH URINARY SODIUM

DehydratedFluid Overloaded Fluid Overloaded

Replace salt & water Replace salt & waterFluid-restrict  
(+/- diuretic*)

Fluid-restrict  
& talk to Endocrine

THINK ABOUT THINK ABOUT THINK ABOUT THINK ABOUT

Vomiting / Diarrhoea 
Pancreatitis 

Exercise 
Haemorrhage

Oliguric / Osm > 100 
Cardiac Failure 

Nephrotic Syndrome 
Liver Cirrhosis 

Polyuric / Osm < 100 
(Excessive water intake)

Renal issues 
Diuretics 

Cerebral salt-wasting

SIADH 
Hypothyroidism 

Glucocorticoid Deficiency
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ADRENALINE SYNTHESIS

NH2

COOH

P
he

ny
la

la
ni

ne

NH2

COOHHO

Ty
ro

si
ne

NH2

COOHHO

HO

L-
D

O
PA

NH2

COOHHO

HO D
op

am
in

e

NH2

HO

HO

OH

N
or

ad
re

na
lin

e

NH

HO

HO

OH

CH3

A
dr

en
al

in
e

Phenylalanine 
Hydroxylase

Tyrosine 
Hydroxylase

L Amino Acid 
Decarboxylase

Dopamine β 
Hydroxylase

PNMT
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SACRUM

Filum Terminale

Dura & Arachnoid Mater
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TRIGEMINAL NERVE

Ophthalmic Division

Maxillary Division

Mandibular Division

Mesencephalic 
nucleus

Spinal nucleus 
of CNV

Chief sensory 
nucleus

Motor nucleus 
of CNV
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CIRCLE OF WILLIS

Pontine Arteries

Middle Cerebral Artery

Internal Carotid Artery

Vertebral Artery

Anterior Cerebral Artery

Anterior Communicating Artery

Posterior Communicating Artery

Posterior Cerebral Artery

Anterior Spinal Artery

Posterior Inferior Cerebellar Artery

Anterior Inferior Cerebellar Artery

Superior Cerebellar Artery


