/’é\
wensInenuarnessssInen [/ ‘..‘g-l

Pathology and Pathophysiology \‘ },
B\ 2
Nima

_ J WENDINEN

TZUUNMILAUKNE T

SA.NE.AIINT USANWUFE



=
Wlann

= 5¥UUKNER
O1laseasvssuunala
[1A151YIN9UAITEUUMNE TR

= WENBINEN
Cssuumalagiuuy
C95UUTEUUMNEATARIUKNY

B SIUAURZAR LNUIANNRAUNA




AEIAIAADITEULNE T

lwsvaun -

drdandoviFgn 5 AU

naovIFgv

rHaoaaulrny

Kaoqauian

doaa1vao
\ t =) "
. _UJaaquivdrg

Kaoano NIILABIE sﬂa}

— ns:uvau

neLawrngla
#INANI



=
ANTLUIRIUVINIIUADITEUUKE TR

— L ) I )
o B {mummmﬂ}

sal
[ d21g 12 } o ,
[ Laynx ; Conducting
Respiratory | i Portion
Portion onch

—=.| Bronchi
' »fl.‘ ‘."‘V y .‘ AN .
Resgiratory & - = Broncio
Bronchicles / b ,,:../ :
N [ Aweclar Ducs N kY N\ g

lelelele




“ol

ANTLLRNLU{EUDNNEAO

Air 0 Air‘

' Ventilation : _
CO, diffuses out of O, diffuses into
alveolus t alveolus
CO, diffuses into 9 O, diffuses into
lung capillary lung capillary

1‘ Gas Exchange

O, diffuses out of body

CO, diffuses into body
capillary into cell

capillary out of cell

CO, is a product of . 9 0O, is a reactant for
aerobic cell respiration aerobic cell respiration

Cell Respiration
ATP energy + 6CO, + 6H,0 € C,H,,0, + O,
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Nasal congestion
* (edema, mucus,

Tonsillar and
adenoidal

Airway inflammation
(edema, mucus)
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o i \ Pharyngitis
Sinusitis ‘| b . pyogens

S. pneumonise

H influenzae / e \‘/ ‘\\_J(\ Coronavirus
M. caterrhalis Y e\ ~ \\ Adenovirus
Influenza virus

7 |
// \\ influenza virus
Rhinitis . /—>\ W s mrreremcnice

) v — \\\ Respirstory syncytial virus

s Coxsackie virus
.« V' |/ \ Humanbocavirus
\/ /

Nasopharyngitis \ gitis

Rhinovirus
Coronavirus \ ¢ Parai nﬂucnu virus 1-2
e ,‘ \ \‘\ / H influenzae
Inf 2 J —" M catarrhalis
( \' ({ \ S. sureus
Parsinfluenzs virus / 2,
\/ \*': _Group A and G streptococci

Tonsillitis A\ | ( c posumonise
S. pyogenes \". | M pneumonise
S. pneumonise | i

H influenzae Y \

S. sureus =
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1.Rhinitis ([ynanLau)

Middle ear infections (otitis media)

Coovriaht©2015 3MD

Rhinitis

Normal

Healthy clean nasal cavity. Sneezing, watery nose, itching and redness.

v Tugayn(Nasal cavity)

Sinus infection (sinusitis) Cold and flu Virus or Bacteria
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Rhinitis: &11146

Causes
1. Allergic rhinitis: allergens
2. Non allergic rhinitis:
- weather changes
- food
- medications
- chronic health conditions.
3. Rhinovirus

Symptoms
1Stuffy or Runny nose

1Persistent post-nasal drip
or an “itchy throat”

1EXxcessive sneezing
1Cough
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Nasal mucosa of AR

Mucociliary clearance'
disruption

Goblet cell hyperplasia

Mucus hypersecretion

Eosinophils infiltration

Eosinophils =" Fibroblast cells

Nasal mucosa of ARE

Mucus secretion

Ciliary disruption

Allergic

12



“ol

A LAAITANAIRRILUanldaau

Mechanism OF Allergic

0° Allergen

G

B-Cell

IgE

" Cytokines

Exposure to allergen

IgE prouduction,
attach to mast cell

Allergen attachment,

mast cell release histamines

shutterstock.com - 1345039274

(L

Ll

)

Allergic
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Allergen

S.aureus enterotoxin

Bacteria

disruption 2, Goblet cell hyperplasia

IL-1
IL-4,IL-13 T s

IL-8
IFNa/@

‘ ‘ IL-8, IL-17

TGF-B/SMAD
Wnt/B-catenin

f Hypoxia (HIF1a)

TGF-B TGF-B

= Type 2 inflammation
——— Non-type 2 inflammation
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Nasal Polyps (3a&739310)

Nasal Polyps

L

Enlarged
— Inferior
Turbinate
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Fungus Bacteria Dust mite

E-cadherin
a-SAM

Vimentin ﬁ l

Inflammatory
microenviroment

mitochondria

Macrophages

ndogeno
ROS r TGF-p1

P38/MAPK )7

Nasal polyp
formation

TGF-[SIOO .
_— \l
VY

Macrophages
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Sinus (Tws9ayn)
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Inaguanas

Sinusitis
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PNS
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Post-nasal drip

Sore
throat

Pharynagitis
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— ‘ RBC @) Neutrophil 3 Flow: smooth and fast
@ Plasma proteins @ Mast cells —> Flow: slow
f % Platelets @ Macrophage ~s» Flow: slow and irregular
Acute inflammatory
Injury Plasma leakage Edema exudate

RBC rouleaux
formation

h

D S

Basement  Endothelial Neutrophil
membrane  cell adherence / EE

————p ‘ W-- “":-- "‘*-

"‘*.
6". @ @..@

S RO & R0 & &0
e .®. ®'. —»‘.@ e —-9% @Q—»‘ @..

.
. 8
%w" ;»-v- “"‘5"' wcgu

A Normal B Injury and C Neutrophil D Neutrophil E Exudate
vasodilation adherence migration formation

— Under the Skin
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Aaaaant&u (Pharyngitis)

Disorders

Viral pharyngitis Bacterial pharyngitis
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Irritation of trachea, bronchi ,etc. Irritation of nasal mucosa

Vagus and glossopharyngeal nerves Trigeminal nerve

Closed glottis Opened glottis

Reflex, voluntary Reflex

23
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AR LANT9 1A

® Receptors
@ Cough Center
GN Glossopharyngeal nerve

PN Phrenic nerve

TN Trigeminal nerve
vN Vagus nerve
2N Cortical input

~~~~~~

PHASES OF COUGH
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Tonsillitis

Swollen

White
uvula ~_

- _ patches
~ or nodules

Red swollen
tonsils

Throat

redness By furty

tongue

healthy tonsils inflammation of the tonsils
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Inflamed larynx

(/": \f »

Nasopharynx

Tongue

Oropharynx

Epiglottis

Hypopharynx
Larynx ypopnary

(voice box)

_ Esophagus

<, T
[\
=,

Normal larynx Inflamed larynx

Trachea

Epiglottis

<
P

_
<

kW

5. Laryngitis (sasa&as/naadtdavdniay)

Causes

. Virus: rhinovirus,

parainfluenza virus,
respiratory syncytlal Vvirus,
coronavirus, adenovirus,
and influenza

Bacteria inactions

Exposed to tobacco smoke
Heavy drinker

Voice overuse
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Normal airway Sleep apnea
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Central compartment Large bronchus Ciliated cell

Mucous cell

N TTTTTT7T1

Neuro-endocrine
cell

Primary
bronchus

| |
Secondary Basal cell Basement membrane
bronchus

Tertiary
bronchus

Peripheral compartment

Respiratory bronchiole

Bronchiole

Terminal
bronchiole

Alveoli

Respiratory bronchiole

Clara cell

Respiratory
bronchi\(?\& é\ll}l&olar

(=)
Ciliated cell — @)
Basement -
membrane veolus
Interstitium —— Alveolus
Type | 20l
pneumocyte 633

Alveolus

Fig. 1.10
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Examples
Lower Respiratory Tract Infections

Trachea: Tracheitis S. aureus

M. pneumoniae
Bronchitis M. catarrhalis

S. pneumoniae

H. influenzae

Bronchus:
Bronchioles:

S. pneumoniae
H. influenzae
K. pneumoniae
M. pneumoniae
P. aeruginosa
S. aureus

Lung: Pneumonia

Lung: Abscesses Anaerobic bacteria:

Bacteroides
Fusobacterium

31
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1. anuAaldsnfnviaaun (Trachea)

1‘, ’ﬂ Voi %

ce Box ’“

swelling ~ 3. '
~#_- (Larynx) >

Healthy Croup
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= Foreign body aspiration

33



.
NRANAUNLRLU

BRONCHITIS
inflammation
and swelling of
the bronchi

inflammation

BRONCHIOLITIS

inflammation
and swelling of
the bronchioles

Healthy

Chronic Bronchitis

Inflammation
& excess mucus
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inflammation
neutrophils monocytes o
: s ciliated
=8 @ capiary Jeskage i hairs move
* . \O/ epithelial mucuealong these cells
> plasma cells make mucus
/ \\\ \ J.f,: o
NETosis bacteria W
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immunothrombosis coagulation activation [
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15AKau’ia (Asthma)
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inflammation

iectasis (1sariaananlilowav)

initial
infection
bronchial
7~ dilatation /
Y airway
1 k{ b destruction

scarred
and thickened

airway wall

microbial
colonization / infection:

impaired
mucociliary
clearance
airway mucus
hypersecretion and
obstruction

mucus plug
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Healthy lung

Normal bronchiole

Pneumonia

inflamed bronchiole
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Injury Inflammatory
medlators P
oo ®
. ® Macrophages <
\ . - e’ .O L 4 Resident Fibrocytes
/—\. ‘ ﬂbroblasts
Cytokines
Neutrophils Growth factors \ lEMT /
Epithelial calls Lymphocytes . @&
Platelet Myoﬂbroblasts
activation

Three steps of lung injury and healing

5 iy | i W

» Epithelial/endothelial cell * Cytokine, chemokine, growth factor release *  Wound contraction

damage * Fibroblast migration, proliferation, and activation * Re-epithelialization
» Platelet activation * EMT * Tissue remodeling
* (Clotting and coagulation * Fibrocyte recruitment
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Inflammatory
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= Aspiration pneumonia
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Tsadanadnigu “aadaaulu (Pneumonia)
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PNEUMCNLA HEALTHY LUNG ;
Bronchopneumaonia Lobar pnaumonia
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Normal Bronchial Tubes Bronchial Tube During Bronchiolitis

Necrosis and loss of

Normal epithelium by
1 epithelium

Normal tissue Mucus buildup —33

Smooth muscle tightening
around bronchial tubes

Inflamed tissue =%

Collapsed alveoli

Alveoli over-inflated
with trapped air

43
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1. Stage of congestion — vascular engorgement, heavy boggy lungs

2. Stage of Red hepatisation — red firm lungs, alveolar spaces with
neutrophils, red cells and fibrin

3. Stage of Grey hepatisation — grey brown firm lungs, alveolar spaces with
neutrophils, red cells disintegrate

4. Stage of Resolution — infected exudate coughed out, ingested by
macrophages or organized by fibrosis

45
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@ Stage of congestion @ Stage of Red hepatisation

Congested
capillaries in the —;Q' &
interstitium [ RBCs, bacteria and few oo
neutrophils in alveolar ——
" spaces ,° @
Alveoli filled with fluid, :@-} @‘
lined by pneumocytes O o

©) @archibhat3 O] @archibhat3
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@ Stage of Grey hepatisation @ Stage of Resolution

OO
OO

The alveolar spaces
Predominantly ', look nearly normal
neutrophils in— | h) now!
alveolar spaces ‘a

The RBCs undergo
disintegration .

(©) @archibhat3




-
AsAnLdaNgIaNla

Branch of pulmonary artery
‘ sl Normal alveolus

Bronchiole

Capillary network
L Normal

alveolar
flora

Branch of pulmonary vein

Alveolar

@
S5

Lymphocyte

Neutrophil

macrophage

» -
e —

Alveolus during CAP

8
s
=‘ Step 1: Amrival of pathogens in alveolar space

Streptococcus pneumoniae

o
X

Step 2: Uncontrolled multiplication
of pathogens

Step 3: Local production of cytokines
primarily by alveolar macrophages

Step 4: Recruitment of
MCERPOR neutrophils into the alveolar
space and introduction of
cytokines into systemic
circulation

| Step 5: Generation
of alveolar exudate

|Q®

LA
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Macrophage
. Destruction PEEP?T
&y Infiltrates ;
Neutrophil PaCFIO,|

Endotheliopathy

SARS-CoV-2

Branch of pulmonary artery
o

Bronchiole

Alveolus

A2 Capillary network
s Villi Damage
D e Stru Ctl O n 2, PEEPT Branch of pulmonary vein
\ ';““ pa0,/FiO,|
vy

S Edema

T4IN

Q12

34 B A

ytokinesT
Complement Ang-2T
Activation

Inflammation Thrombosis

Inflammation

Barrier Breakdown

Thro

Thrombosis
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(Pulmonary

Normal Early Disease

Pathological Findings

Mild mono-nuclear and giant -cell
inflammation within alveoli

Type-l pneumocyte
Proteinaceous &
fibrinous exudates

Focal Type-l pneumocyte damage

Ongoing repair

-Type Il pneumocyte hyperplasia
/ - Interstitial fibroblast proliferation
Vascular congestion & local edema

Endothelial cell

Fibrosis

Late Disease

Pathological Findings

Diffuse alveolar damage
(pneumocyte desquamation)

Cellular fibromyxoid exudates

Extensive mononuclear
(lymphocyte rich) inflammation

Multinucleated syncytial cells
Hyaline membrane formation
Proteinaceous & fibrinous exudates

Interstitial fibrosis

Vascular microthrombi

50
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TOBACCO

Reactive oxygen

species
'free radtcals )

Inactnvahon of
antiproteases
("functional” a,AT
dehcaency)

Neulrophnl
elastase

!

Congenital ay-AT
deficiency

Neutrophil

avauliwag
(Emphysema)
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Development of Tuberculosis (TB)

-'. J O
SN S Mycobacterium
) tuberculosis

Healthy lungs Lungs infected with tuberculosis (TB)
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SUB-TYPE

ORIGIN

NS
A

Lung Cancer

(LC)
|
| l
Small-cell Non-small cell
Lung Cancer Lung Cancer
SCLC NSCLC
(~15%) (~85%)
[ I
Lung Lung
Adenocarcinoma f§ Squamous-cell
LUAD Carcinoma
| LUSC
Neuroendocrine  Alveolar type |l Basal
cell Epithelial Cell  Epithelial Cell

Large-cell

Carcinoma
LEC

Various
Epithelial Cells
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CANCER DEVELOPMENT PROCESS

__ GENETIC CHANGES

@—@— @ —l

NORMAL CELL CANCER CELL DOUBLING

r-®
&F

MALIGNANT CANCER CELLS

(20%)

Lung Cancer Histopathology

large cell
carcinoma

adenocarcinoma

squamous cell
carcinoma
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TOBACCO SMOKING

~ INDUSTRIAL HAZARDS
CHRONIC SCARRING e
+ ARSENIC
+ OLD TB, CHRONIC + CHROMIUM
INTERSTITIAL FIBROSIS, OLD + URANIUM
INFARCT v + NICKLE
+ ADENOCARCINOMA +  VINYL CHLORIDE
+ MUSTARD GAS
ETIOLOGICAL FACTORS
/ - \ : =
DIETARY FACTORS | DELIREELION
+ AIR PARTICULATES
VIT A DEFICIENCY + RADON
MOLECULAR GENETIC

ABERRATIONS
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L Carcinogen J [ Carcinogen ]

l o

\/
NPWDN NN @ .
Genetic mutations | [ Fleasa ol

[ Genetic mutations ]
inflammatory

mediators

Tissue injury
and lesion

normal cells by

Replacement of
tumorigenic cells

Field of Cancerization

Field of Injury

[ Tumorigenesis ]
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