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Pre-clinical
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Diagnostic methods

= Functional lung evaluation - static (basic lung & Acid-base ballance = in arterial blood

volqmgs), dynamic (lung volumes, rows,. forced Sputum - neutrophiles, macrophages, T-
expiration curve, flow-volume curve, maximal Lo
lymphpcytes, epithelial cells

voluntary ventilation .
= Blood - secondary polycytemia in

= Radiodiagnostics — gas diffusion, lung circulation e COPD. leuk < of
= RTG - emphysema (overdistention, flattened Progressive , IBUKOCYIOSISI E1C.

diaphragm), bronchitis, pneumonia, lung edema, * ECG - right heart failure, ventricular
tumours ( soild masses) etc. hypertrophy, Cor pulmonare efc.

X ray scans

Mediastinoscopy

Thoracoscopic

‘ methods



Diagnostic methods [

Muco
purulent

= Sputum analysis: Gram's staining, especially the CB
type. Macrophages, neutrophils, T lymphocytes, and
epithelial cells are seen in greater numbers in patients
experiencing an exacerbation of the disease than they Purulent
are in patients whose condition remains stable.

# CBC - eosinophilia = asthmatic bronchitis; N
advanced CB or emphysema -> secondary (zelené)
polycythemia. COPD exacerbations =
leukocytosis™ left shift = superimposed acute

bronchitis or pneumonia.

Intenzita

Brown-
red

Haemorrhagic




Hemoptyza

Expectoration of blood
Haemoptysis

1. Bronchogenic Carcinoma (Lung Cancer): in older patients [N ding
or those with a significant smoking history. Krvacanie z nosa
2. Infectious Causes the most frequent triggers globally.

= Acute/Chronic Bronchitis: The #1 cause of mild
hemoptysis; small superficial vessel rupture

= Tuberculosis (TB): Historically the leading cause; it often
causes "cavitary" lesions in the upper lobes that erode into

(> NOSOVA DUTINA

Foreign body
blood vessels. ,
_ _ _ Tuberkuldza
= Pneumonia: Bacterial pneumonia can cause "rusty" or Tuberculosis
blood-streaked sputum. Burning

in a pre-existing lung cavity (I|ke one left by TB). It is
notorious for causing massive hemoptysis.

Adenoma l _, '

] Absces
2. Cardiovascular Causes [okima //
= Pulmonary Embolism (PE): "pulmonary infarction" Pneumonia Pulmonary//
] . . . e Epizodicky s vyraznym kaslom Cal’leV&SCUlar INE
= Mitral Stenosis: back-pressure into the pulmonary veins, « Zrazeniny + Gorsva kv (absces, TBC) | |« Epizodiky,edém pli

* Napenené ¢ervena sputum (infarkt, e Pruhované spitum

Left Heart Failure: pink, frothy sputum preumoia)




3. Autoimmune & Inflammatory (Diffuse Alveolar Hemorrhage)

Expectoration of blood

= Goodpasture Syndrome: an attack on both the lungs and kidneys.

« Granulomatosis with Polyangiitis (GPA): formerly Wegener's) small blood vessels.
« Systemic Lupus Erythematosus (SLE)
4. Miscellaneous Causes

« Trauma: Rib fractures, gunshot wounds, aggressive medical procedures (like a lung biopsy)
= Foreign Body: Inhaling an object (common in children) can traumatize the airway.

« Cocaine Use: Specifically "crack" lung, which causes direct alveolar damage.

« Anticoagulation: Being on blood thinners (like Warfarin or Apixaban) doesn't cause the
bleed, but it makes any minor irritation bleed much more profusely.

Feature

Hemoptysis (Lungs)

Hematemesis (Stomach)

Color

Bright red

Dark red / "Coffee grounds"

Consistency

Frothy (contains air bubbles)

Not frothy; may contain food

pH

Alkaline

Acidic

Associated
Symptoms

Cough, dyspnea

Nausea, vomiting, melena
(black stool)




Neuroanatomy of the cough reflex and common causes of chronic cough

Cortical input/ ‘ >

Cough

Trigeminal nerve Upper airway cough syndrome
. (28-41%) (vagal irritation)
Cough center

Protective reflex: various types; (spectral Vagusnere 2%

analysis of cough sound; laryngeal tracheal, , : (689
Receptors N“%/ %;ﬂ' : 3 :\«u 'f%:,-

Vagal. aff., NLR, NLS; RARs (larynx, trachea) e k==

Asthma
(24%-33%)

Phrenic nerve

Forms: produktive (COPD); dry, irritative,
(asthma, bronchitis); Cough hypersenzitive

GERD (mediated via vagal irritation)

® = Receptors (10%-21%)

syndrome

Causes:

& Upper airway syndromes (28-41%), e.g.
rhinitis, sinusitis, nasal dipping, laryngitis

& Non-pulmonary, e.g. fracture of ribcage,
GERD (10-21%)

& Lower airway synromes (24-33%) e.g.
acute chronic brongijitis, carcinoma, cystic

fibrosis, tuberculosis, lung edema,
bronchiectasia

Complications:
& urinary incontinence, syncopal states,
intracranial haemorrhage,

& ribcage fracture

Causes of chronic cough with abnormal chest radiograph

Ectatic

spaces

Carcinoma of lung

mucus-filled

Cystic fibrosis and bronchiectasis

Primary
complex—=

5 }/ -

Involved /S S~
nodes —= == AR
> é

'/” s v,.

¥ = anel S

# 7/
- A1)

Pulmonary tuberculosis

Causes of acute, subacute, and chronic cough with normal chest radiograph

Acute

P Upper respiratory tract infections
URIs (e.g., the common cold)

P Bacterial sinusitis

P Bordetella pertussis infection

P Exacerbations of asthma

and bronchitis

P Allergic rhinitis

P Environmental irritant rhinitis

Complications of cough

,,“\‘ ) )
{“ #1_— Coughing or

gats)  straining
L
ik Increased
\ intra-abdominal
(2 pressure

4

Urinary incontinence

Subacute

P Postinfectious cough
(e.g., Bordetella
pertussis infection)

P Bacterial sinusitis

p Exacerbation of asthma,

chronic bronchitis;
bronchiectasis (x-ray
may be abnormal)

Rib fracture

Chronic

P Upper airway cough syndrome
caused by a variety of
rhinosinus conditions

P Asthma

» Nonasthmatic eosinophilic
bronchitis

» GERD

P Chronic bronchitis

P Bronchiectasis (x-ray

may be abnormal)

Syncope




Bronchial endoscopy

Typical bronchoscopic views

'.(‘». N e
Vocal cords
visualized during
passage of
bronchoscope.
Anesthetic injected
at this point to
facilitate passage
through glottis

Tumor of
superior
segment of

left lower lobe.
Forceps about
to take biopsy

Mucus trap

Suction tube . Normal rig
i — 3 Normal right
upper lobe

}\ bronchus with Bronchogenic
\ Flexible bronchoscope X openings of tfr(lmr::?m
tube inserted via nostril ? apical, posterior, obstructing

A & S
and anterior bronchu
segmental bronchi

Light guide lens

Instrument channel outlet ————— == == Obiecti
jective Carcinoid Tracheal

lens tumor stenosis

To light source
or video tower

Adenoid
Broncholith cystic

; carcinoma
Working channel - :

Tip of scope —__




Dyspnoea

Pl

—
.—\_((

ZE1\
T,

“Tripod”

Exertional
dyspnoea

Namahove
dyspnoe

Kaslové

Cough
dyspnoe

dyspnoea

Dyspnoe

'Hypoxia, subj. pocit | ‘
‘nedostatku vzduchu|

Laryngospazmus -Laryng"it’is'
Laryngotracheitida Laryngospasm

(Foreign body, food

Tuberculosis
Atelectasis

Emphysema

dolllld
Pltucny
Infarction

DIMiannA

Fibrosis
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Pneumonia
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Diaphragm
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Basic breathing
patterns
& \esicular
& Bronchial
& Bronchovesicular
& Tracheal

Respiratory sounds

Breath sounds

Duration  Expiration Location

soft over the
low pitch  whole lungs

inspiratory
> expiratory

Brt}nchovesicular

"*.‘ inspiratory medium loud peristernal |
" | " “expiratory medium pitch interscapular |

Bronchial

—| expiratory |oud, strong above clavicle
“binspiratcry high pitched manumbrum &

Inspir Expir sterni

Tracheal

2N - oo

pir  Expir

very loud P
.';‘ |

_expiratory
“inspiratory

very loud
high pitched high pitched

d recodrs from: Bohadana, A. et al.: Fundaments 'ul of lung auscultation. N Eng



Basic breathing sounds and
modifications

3

Anterior : Wheezes

0. trachea Abnormal breathlﬂg sounds Frequencies: > 100-5000Hz (400)Hz
2. IJI.,-'\':'..'\.'L-'| r|I;|ht |J"|g field Soind reccrds from; Bohadana, A, ot al.: Fundamentals of lung suscultation, N, Engl. 1, Med. J0CETOCAY: F48-751, 2014 Senes of >80 ms :'"']”"tF":'C':':'I'II'I"II:'":'I"."I‘:"
1. upper left hing fisld Sound: high pitch; musical sound

4. middieright lung field Posterior 5. lower left lung field During: inspiration or expiration

Stridor 5. middieleft lung field 1. upper left lung field 6. lower rig nt lung field site: all lung fields
Frequencies: >500 Hz E. lower right lung field 2. upper rght lung field 7. left costphrenlc angle Cause: seversly narrowed Bronchus,
Sound: high pitch. distant 7. lower left lung field 3. middie left lung field 8. right costphrenic angle asthma, COPD, foreign body
Site: larvne, trachea, bronch 4 - :

. middie right lung field ____.---',F’ 1.0
Phase: inspiratory or expir. - 0.5
Cause: laryeal edema, epi- 0.0 ‘-’—
glositis, croup, tUmors, aspi- Ty ']3‘5:" e I .

ration, abscess

1 o e
0.0 1.0 2.0 3.0 4.0 5.0

- , Squawk  Uiiee-ut
1.0 ——— Frequency: =500 Hz
00 20 40 &0 : — . : About 200 ms sound burts
WHWH; - - b 3 Y i Cause. simiar o wheezes
i ‘3 f L 1.0
Rhonchi

Erequency: > 150 Hz
Series of > B0 ms bursts
Confinuous

Site; trachea, bronchi

|
05
bt
1.5

L'I.{I 1.0 2.0 3.0 40 50

Cause: Fluid, mucus in larger Pleural friction rib Crackles (rales) Sound; Discontinuous, high or low pitch
t.r.:,-;,:_Fi tl’t;Ll|enT: = Erequency: < 350 Hz Rapidly dampened waves fine, short, crackling; change with cough
Sound: coarse ratting, low Series of irregular > 15 ms bursts Site: lung h_as?_s : Cause: pneumncnia, pulmonary edema,
r)irr'-. cleared by muf;r-., Sound: grating, does not clear with cough Phase: Insratian, expiration tuberculosis, bronchitis
"blowing air through fluid" Phase: best in inspiration Fine crackles * Coarse crackles
Phase: mostly r-;xp'.r.-n ian Site; anterior lateral lung field in sitting FFEQ'-JF.‘F:EI&&: >650 Hz Freguencies: »350 Hz
i : Cause; inflammed pleura, tumors 1}5‘5”55 of 5 ms bursts Series 15 ms of bursts
1. 1.0+ I 1.0
&1 -t ool e 4 H ]
¥ & H & = . il 0.0 = u
- 054 | 0.5~
- L. ey | D= ] . 10 ey ) T A e
g 5 10 15 20 0 5 10 3 00 20 4 50 BD =
N AARA KA AR - " o o gt q ,’qu_




Test Symbol Method Interpretation

Pleural pressure (Ppl) is

estimated as esophageal S 100+ Static elastic recoil
EFeSSUI’E‘ measured with an ':| 80- of }ung is increased
Lung elasticity esophageal balloon catheter, - and static compliance
;ind qlveolar pressure (Palv) < 60- reduced in diseases
Static recoil pressure Pstat is estimated aw_ £ such as pulmonary
sure under conditions of No % 40 -1 fibrosis. Conversely,
Static compliance Cstat flow. m&tﬂmﬁmﬁ&& > static lung compliance
sure (Ptp) is the difference of 2 20+ is increased and elastic
E|a5t|c|ty Palv — Ppl. Ptp is recorded 2 recoil is reduced in
at different lung volumes 0 " ' n T emphvsema
. L 10 20 10 240 Py
during expiration from TLC.
Transpulmonary pressure (cm H,0O)
9 74 In obstructive lung disease airway
: , . & 0 resistance is increased. If obstruction
RES|Stence Ce|0te|0va p|ety2mografla i 5 /Obstructiﬂn involves 0n|y small air\,\yays (<2 mm
body plethysmograph 34 diamete) only minimal changes i
Airway resistance R L fietermmg alveolar = 3 Restriction restrictive disorders, resistance is
y aw pressure anh " S 24 often reduced because of increased
pneumotachograp z 14 }Normal traction on intrathoracic airway walls
to measure airflow % range
M O T PI ‘I T T T T
T2 3 4 5 6 7
lung val (1)
: - Q +100;
Muscle pressures MIP measured as maximal ~ MIP > =50 (F), =75 (M) cm H»0 = T ¥ier
Maximal inspiratory MIP pressure during inspiration  MEP > 80 (F), 100 (M) cm H,0 E 501
pressure from near RV. MEP ; 01
measured as maximal - Reduced muscle pressures indicate 2 0L _MIp
Maximal expiratory pressure during expiration  neuromuscular weakness or suboptimal effort. £-tooy
pressure from near TLC. 12345
Time (sec)

Spirometry before and
after 6-10 min of exercise
to increase heart rate to
>85% of predicted
maximum, or to increase 20
ventilation to 40-60% of

predicted MVV.

—_
(=]
=

Bronchial challenge

Positive response is decreased
in FEV, from baseline by >15%

Exercise

FEV,
(% baseline)
[=3]
=)

[~
-
rm
<

Spirometry before and after ‘g 100 .

serially increasing doses of =g 28 A Positive response is decreased
Methacholine pc2o | inhaled nebulized metha- T3 40 1 following albuterol in FEVy by 20% at a dose of

choline. PC20 = provo- £ 20 :/Pcm FEVA=2.2 mg/ml less than 8 mg/ml (PC20 <

cative concentration cau- 050 1.0 2.0 4.0 8.0 3 mg/ml)

sing a fall in FEV, bY 20%. Concentration (mg/ml)



Blood gas analysis

Test Method

Normal values
80 to 100 mm Hg breathing room
air at sea level. Falls slightly with

Gas exchange

Partial pressure of
O, in arterial blood

I:fé;ﬁaJ press%’“ﬁé’lf E Arterial blood is collected 36 to 44 mm Hg
-O; In arterial bloo anaerobically in § _

Y Pay ~ 158 mmHg
73510 7.45 pH [N URUILTY

PaO, ~ 90-100 mmHg

heparinized syringe

Arterial blood pH

Alveolar-arterial < 10 mm Hg breathing room air.
O, difference, Upper limit of normal
or A-a gradient approximated by (age/4) + 4

Dead space-tidal Determined from arterial
volume ratio and mixed expired Pco,

Elevation indicates i
systemic circulation
either because of sh
or perfusion of regio

Determined from Pag,

Shunt fraction after a period of
breathing 100% O,




Ergospirometry

Treadmill exercise, bicycle ergometry et different levels (Watts)

Cardiopulmonary exercise stress test (CPET) - treadmill, bicycle Wasserman
charts (gas exchange, FS, ventilation) VO, oxygen consumption; VO,

Max/Peak; drop =>heart failure, lung disease; VCO, (CO, production):
increases with VE (minute ventilation); VE/VCO, slope: marker of ventilatory
efficiency. high = pulmonary hypertension; heart failure.

Aerabic threshold (AT/VT1) when lactate begins to accumulate in the blood.
Anaerobic threshold (RCP/VT2) O, pulse" (VO,/HR) decrease -
ischemia,valvular problems. Respiratory exchange ratio (RER)

Cardiopulmonary exercise test
Maximal O, consumption

CO, production

Maximal predicted heart rate
Heart rate reserve

Oxygen pulse (VO,/heart rate)

Breathing reserve (BR)

Ventilatory equivalent for O,
(minute ventilation/VO,)
Ventilatory equivalent for CO,
(minute ventilation/VCO,)
Dead space

Arterial blood gases

Anaerobic threshold

VO, max
VCO,

HRmax
HRR
VO2/HR
MVV-Ve,

or
Ve/MVV

Ve/VO,

Ve/VCO,

Vd/VT
pH,
pCOZJ
PO2!
A-a
gradient
(A-ad)
AT

)
a7
a7 =
i)
-

F

Increasing work to
exhaustion measured
using a bicycle ergometer
or treadmill, with breath-
by-breath analysis and
monitoring of RR, TV,
HR, BP, ECG, pulse
oximetry.

t maximal exercise:
VO, max > 85% predicted (top left)

PaO, > 80 mmHg
A-aA < 35 mmHg (bottom, left)

AT > 40% max predicted VO, (top, middle)

b2

Cardiovascular limitation =
T HR reserve; 1 O, pulse

VO, VCO, HR
------- AT |Predmax iR
i
¥
1
|
Work VO, VO 5
VO,/HR Ve BR vd/vt
_______ MVV
----qk-
VO, VO, VO,
Pap, (mmHg)
VeVCO,
P (A-a) O,
(mmHg)
P Ve/VO,
Paco, (mmHg)
Rest Exer AT Max VO,



5800

' ! 4
IRC Forsirované ;
Inspiratory . exspirium For?e?_
reserve [
nspiratory i exptration
3000 mL capacity : :
End of normal IRV : :
inspiration 3000- vitat V€ ' FEVA1 Forced
Tidal 3300 mL capacity 4500- : expiratory:
;%'oumf 1 4680 mL 5000 mL . p y:
B T o B V10111 1| Y SRR
R e e L R R o
End of normal Expiratory TLC Forced
Volume | expiration reserve (5700- vital
(mL) volume 6200 mL) _ ;
A1 ot Functional CapaC|ty FEF \
1200 YL ERY e residual | 25-75%
(1000- capacity
Residual 1200 mL) FRC 01 2 3 4 5 6
1920{:3%?- RV L L L 1 L 1 1
[s]
1 A §
Volume — time curve -
Krivka prietok - ¢as (flow - time) Krivka objem - éas ( volume - time)
PEF )
Expiration FEF:0u _ : o=
i
FEFrss 0 E |
= f 1
= _§ 4 Fvc |
3 o gol | F !
e Volume T i :
] 1 1
Q 1 1
S 1 1
|- t 1 1 !
0 1 2 3 4 5 6 7
Inspiration Time [s]
PIF




Flow — volume curve Krivka prietok - objem

Flow (I/s)

Volume (I)

T T T T T T°1 4

o
m
S ) |

MEF 25%

A MEF 50%

. MEF 75% |

Volum (L) BTPS

Volume - time curve
Krivka objem - Cas

FEV1/FVC > 80%
(e.g. FVC =5L, FEV, = 4 L)
(4/5=0,8 = 80%) -

Spirometry

Flowl141/s) Bl

Flowivolume

1. Static Lung Volumes

= VC (Vital Capacity)

= RV (Residual Volume

= FRC (Functional Residual Capacity)

= TLC (Total Lung Capacity)

2. Dynamic Spirometry (Flow Rates)

= FEV1 (Forced Expiratory Volume in 1s)
= FEV1/VC (or FEV1/FVC) Ratio

= PEF (Peak Expiratory Flow)

= MEF (Mid-Expiratory Flows 25-75 % of expiration)




OBSTRUCTIVE DISORDERS

RESTRICTIVE DISORDERS

Flow (I/s)

Volume (1)

FV curve

volume decreases slowly (RV)
flow (PEF) is reduced profoundly

Volume (l) BTPS

VT curve

FVC,

. 4

flattening of éxpiratory
curve in the beginning

3 4 5 6 T 8 9 10
Time (s)

Flow (l/s)

Volume (l)

FV curve

profound reduction of volume (RV)
flow (PEF) is reduced minimally

R R

3 4
Volume (I) BTPS

VT curve

FVC,

flattening ofiexpiratory
curve throughout
1 1 1 i 1

|
4 5 6 7 8 |9 10
Time (s) e
K




Volume- flow curves In various
disorders

Floree




Obstructive disease

Flow

Flow

Expiration

RV Volume
' Objem ()

Prietok (I/s)

Prietok (I/s)

Inspiration

Exspirium

Expiration

£
2,
)
@)

Time

Restrictive disease

Flow

Exspirium

Volume
Objem (1)

Inspirium

Exspirium

\

Time

&=

Prietok (l/s)
1

Mixed disease

Exspirium

Volume
Objem (I)

Inspirium

Exspirium

FEV1

FVC
FEV1/FVC
PEFR
MVV

TLC

RV

DLCO

1 ] (<<80%)
Norma/ | (> 80%)
11 (<70%|

l

!

Norma/ 1
Norma/1
Norma

Variabilne (N/ ] /1)
| (< 80%)

Norma /| (>70%)
Norma/ 1
Norma/ |

| (< 80%)

|

Norma

1 (< 80%)

| (< 80%)

| (<70-80 %)
l

d

Variabilne (N/ ] /1)
Variabilne (N/ ] / 1)
Norma




Respiratory diseases

Obstructive diseases (OPD)
- restricted expiration

-4 FEV,

- T compliance, elasticity

€
€
€

B & & b

Chronic bronchitis
Emphysema

COPD ( chronic obstructive
pulmonary disease)

Asthma

Bronchiectasia

Cystic fibrosis

Atelectasis (not pure OPD)

Restrictive diseases (RPD)
- restricted inspiration + expiration
-l VvC
- 1 compliance, elasticity
& |Interstitial diseases: pneumonia

& Fibrosis of lungs —pneumoconiosis,
asbestosis, silicosis, beryliosis,
farmers lungs

& Restriction to breathing:

pneumothorax, ribcage
malformities, fracture, obesity



Abnormal
ventilation

Abnormal
diffusion

Abnormal
perfusion

Abnormal
regulation of breathing

Obstructive
lung diseases,
increased

flow resistance

Restrictive
lung diseases,
loss of tissue

Abnormal
oxygen transport




Diseases affecting respiration

& Muscular disorders

] & Neurom lar di
& Chest deformation euromuscular diseases

& Disorders of the diaphragm
& Nervous disorders

& Disorders of pleura

& Diseases of the lung tissue




Restrictive

disorders
Examples



Flow (l/s)

Volume ()

2
0

o = N W A G O ~

Findings In restrictive diseases

P FV curve

profound reduction of volume (RV)
flow (PEF) is reduced minimally

"

VT curve

FVC,

flattening ofiexpiratory
curve throughout

1. Static lung parameter (plethysmography)
1 VC, | RV (infibrosis), | FRC

| TLC < 80% predicted or Z-score < -1.645).
This is the definitive marker for restriction.

2. Dynamic lung parameters (spirometry)
| FEV1 (Forced Expiratory Volume in 1s):
N or 1 FEV1/VC (or FEV1/FVC) hallmark
N or | PEF (Peak Expiratory Flow)

N or 1 MEF (Mid-Expiratory Flows):

3. Mechanics and Resistance

1 | Compliance (C): lungs are "stiff."
Nor | Raw (Airway Resistance)

4. Other

| DLCO (Diffusing Capacity): Intrinsic dis. (fibrosis etc)..
1 A-a Gradient: (Intrinsic disease - fibrosis )




Restrictive disorders - Mechanisms

& Oppression and decreased mobility of |
lung tissue (restriction)
(R i
i AL
> Mediastinal Open pneumothorax

& Pleural effusion (pleuritis, hemotharax,
chylothorax)

@ Pneumothorax (air in the pleral cavity) ‘
@ Lung & pleural tumours, metastases;

& Deformities: kyphosis of the spine, pectus
excavatum, carinatum, M. Bechterey,

& Neuro-muscular dis.. poliomyelitis, myasthe-
nia gravis, diaphragmatic paresis etc.

L
b
I

Hole with
valve-lke effact

@ Loss of lung tissue, decreased lung
elasticity, impaired gas exchange

& Fibrosis of the lungs due to various
etiologies

& Pneumoconiosis

@& Pneumonia — lobar; atelectasis,

& Malignancy, oedema of lungs, etc.




W ECLAEINGLm J barsinom

Histologicks diagndza sa zakladi na Valkobunkovy anaplasticky
radiolegickych a makroskpickych nalezoch. karcinom v centralnej Cast
pravého homého lobu
4 Maly periférny nador F
v lavom laloku™

Rbzne lokality
wyskytu =
karcinomu

Large cell
Adenocarcinoma carcinoma

Tumor tvoriaci velke mnohojadrove
» bunky produkujice mucin [Servena).
T 8 R
= 1 ; @

4 § ’@ = - |
= e “"t W
|F|| .'- ";iﬁ %ﬁ*ﬂ?u
ﬁ "?“'aﬁ-"il' e kﬂﬁﬁ
=l é"’“*“’»"*-ﬁ - S

R : ’ < Atelekidza v prvavom hormom laloku e
Zlazovité utvary tvoriace mucin papildrne Gtvary

blenchu Karcingmam
Verbal description during the lecture




Pneumonia

= Def.: acute inflammatory changes of the lung parenchyma of infectious origin causing
oedematous overlap of tissue, gas diffusion disorders

= Forms: = according to lung distribution:
& bronchopneumonia - distal pathways and alveoli
& |obular pneumonia, part of the lobule; lobar pneumonia, whole lobe
= according to the infective agents:

@ bacterial Gram (-) or Gram (+), viral ( influenza), unspecified - pneumococcal, yeast,
nonspecific, nosocomial — resistent species hospitalization for other causes

& Signs/ Symptoms:
& Fatigue, malaise, fever - high continuos or intermittent, muscle tremors
& Exertional breathing (dyspnea), productive cough - sputum white or green
@ Fine crackles localized or more diffuse
& Pleural effusion, pain on breathing




Pneumonia

Lobar pneumonia Bronchopneumonia

Lobarna

pneumonia Bronchopneumonia

Bronchus

Bronchus v SN ) Ty [ ﬂ}* Disseminated

I_-_Io_rizonélna . ‘ ' J i > |nﬂammat|0n
Lung | = i7 -“?" b - I k _ SA R ) Zapal

. i . Lt T roztruseny
fIISS.UI'aS G \ ) ' . ‘ﬂ’; v plicach
fisara .

) Inflammatlon

f

‘ Restricted to a lobe \ Zapal obmedzeny

na jeden lalok (lobarny)

Verbal description during the lecture.



Pleural cavity

Def: Pneumotorax (PNO) — nahromadenie vzduchu v pleurainej dutine s kolpsom pltc
(GiastoCny/ Uplny) zrychlenie srdcovej frekvencie s poklesom krvného tlaku.

Epi: spontaneous - 7-18 m and 1.2 to 6 / 100,000 inhabitants; Typically: Long, thin men+
smokers

Types: a) a simple PNO - one side, without overpressure, without endangering life;

b) tension PNO - dangerous, valve moss. = increasing lung oppression = pressing and the
other side; vascular oppression = drop in blood pressure = acceleration of heart rat

Traumatic PNO - perforation of the chest wall from the outside, in fractures of the ribs, injuries
of the lip, bronchi, or fracture of the ribs.

Spontaneous PNO - atraumatic (bronchiectasis, tumor, etc.)

- primary idiopathic - otherwise healthy, tall young men; secondary - bronchiectasia, cystic
fibrosis, COPD, etc.)

latrogenic PNO - in invasive procedures (central veins cannulation (subklavia); transbronchial
lung biopsy, transparetal aspiration biopsy (between the ribs); injections, acupuncture, spine,
thoracic puncture, pressurized ventilation.

Other diseases: Chylothorax - lymphatic fluid in the pleural space; Hemothorax - disruption of
intrapleural blood vessels.




Pneumothorax

Ptg.: 1) an increase in transpulmonary pressure —>alveolar distension = rupture; 2) rupture of surface
alveoli, 3) respiratory infection > necrosis, inflammation; 3) rupture of central alveoli = perivascular

around bronchi towards visceral pleura = pneumomediastinum, subcutaneous emphysema event.
pneumoperitoneum.

Manif:. Small PNO <25% of hemitorax volume; in adults <2 cm the distance = normal physical finding.
Large PNO > 25% of the volume of hemithorax; coughing, dyspnoea, pleural pain, pricking.

Trauma

Bronchiectasias Bronchiektazie



Atelectasis — lung collapse

Def: airlessness of the lung tissue (both lungs, one wing, small, large part due to collapse
of the alveoli

Forms: a) Congenital (atelectasis) - (in a narrower sense) underdevelopment of the lungs
In newborns; b) Acquired, secondary (collapse) - in children, adults, etc. - the lungs were
already developed, but became airless secondarily)

Etio: 1) Immature newborns (insufficient surfactant formation); aspiration of amniotic fluid
2) Pulmonary ventilation disorders - central (central hypoventilation) in CNS damage;
peripheral - chest deformities, etc.;

Forms : 1) Obstructive collapse - bronchial stenosis / obstruction = air resorption behind
obstruction ( inhalation of body, asthma - secretion, tumor, lymph. nodules, aortic
aneurysm). 2) Compressive collapse - displacement of air from the lungs (pneumothorax)
lung-based pressure.

Pathol: splenisation (irreversible st. - the lungs are reddish-purple with a consistency
similar to spleen)

Manif.: onset often asymptomatic; increased susceptibility to infections; infections-
dystelectic pneumonia; secondary bronchiectasis.
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Restrictive disorders

Chest anomaly

Kyphoscoliosis

Pectus
#8 excavatum

Deformity ;
of rib cage B
in scoliosis ¥

erbal description during the lecture.




Developmental Pulmonary
disorders /% o e

pbronchial tree are absent. 71 f / Pl cuboidal
.\ Right iunﬁ is greatly enlarged I o 7 X : # N L L5 epithelium
\ with resultant shift of X 4 37 — = i of bronchial
mediastinum to left, - G g Y - | type

elevation of left diaphragm,
and approximation of ribs
on that side

Intrapulmonary cyst
communicating with
bronchial tree and
containing mucus

Aplasia of left lung.
Only rudimentary
bronchi on left side,
which end blindly

Pulmonary

agenesis gt : |

Verbal description during

Bronchogenic
(carinal) cyst
of mediastinum
compressing

. esophagus and
epithelium and containing mucous E%, 2r9) £ o x distorting
glands and cartilage A T & trachea

Hypoplasia
OP/Ieft lung

\J.{:’r Hypoplastic lung contains some
Y4 poorly developed bronchi but
no alveolar tissue

malformation of the lung, type 3.
Irregular, small airspaces lined
by cuboidal epithelium.

N > g_ 2
Cystic adenomatous malform-
ation of upper lobe of a lun




Pulmonary fibrosis

« Definition: Pulmonary Fibrosis is a form of interstitial lung disease (ILD) characterized by
chronic, progressive scarring of the lung parenchyma = "stiff" tissue. As the scar thickens, it
becomes increasingly difficult for oxygen to pass through the alveolar walls into the bloodstream.
balloon-like air sacs (alveoli) are replaced by thick, tough scar tissue, making the lungs lose their
elasticity.

« Epidemiology Idiopathic Pulmonary Fibrosis (IPF): The most common form; 50 - 70 years
old. men, Incidence: It is relatively rare but has a high mortality rate; the median survival for IPF
(without treatment) is often cited as 3-5 years post-diagnosis.

« Etiology: According to the insult:

& Environmental/Occupational: Long-term exposure to silica dust (silicosis), ashestos
(ashestosis), coal dust, or bird droppings (hypersensitivity pneumonitis).

& Medical Treatments: Certain medications (e.g., Amiodarone, Methotrexate, Bleomycin) or
radiation therapy to the chest.

& Autoimmune Diseases: Rheumatoid arthritis, Scleroderma, or Systemic Lupus Erythematosus
(SLE).

& |diopathic: In many cases, the cause is completely unknown (IPF).



Pulmonary fibrosis

= Pathogenesis: from "pure inflammation” to a wound-healing gone wrong model:

& Repeated Micro-injury: Tiny injuries occur to the alveolar epithelial cells (due to smoking,
pollutants, or unknown triggers).

& Abnormal Repair: Instead of healing cleanly, the body over-activates fibroblasts (cells that make
connective tissue).

& Extracellular Matrix Deposition: Excessive collagen is dumped into the alveolar walls.

@ Remodeling: The lung architecture is destroyed, leading to "honeycombing"—clusters of cystic
spaces that don't participate in gas exchange.

« Manifestations: The symptoms are often subtle at first, leading to delayed diagnosis.
- Progressive Dyspnea: Shortness of breath that starts with exertion but eventually occurs at rest.
- Dry, Non-productive Cough: A persistent "hacking" cough that doesn't bring up mucus.
- Physical Exam Signs:

- "Velcro" Crackles: Fine, dry inspiratory crackles heard at the lung bases (sounds like pulling apart
Velcro).

- Digital Clubbing: Bulbulous enlargement of the fingertips (seen in 25-50% of IPF patients).
- Cyanosis: A bluish tint to the skin/lips in advanced stages due to low oxygen ($SpO_29%).



Idiopathic pulmonary fibrosis
Manifestation of ILF small adjacent subpleural cystic structures (destruction

of lung parenchyma and loss of architecture)

e _
‘/r ?./ \ 7
Dyspnea ’ o)
N &

1 e

=

Cyanosis
Nonproductive, 2 4
hacking cough

Diffuse interstitial
opacities on chest
imaging studies;
restrictive pulmonary
function pattern

Bibasilar inspiratory
(“Velcro”) crackles

Weight loss Cor pulmonale
] (late)

Elevated diaphragm

Nail clubbing

phe

. $m P ) o

A low-power microscopic view that shows Patchy, subpleural The dense collagenou
patchy fibrosis with remodeling of the lung fibrosis consists of dense  fibrosis is juxtaposed
architecture and a predominantly subpleural collagenous scarring with multiple fibroblaj
distribution with remodeling of the foci (arrows) of loose
lung architecture and organizing connective

Verba.l d@SCI’IptIOﬂ dUI’Ing the |eCtUI‘e small cystic changes tissue

E




Pulmonary fibrosis

Laboratory Data & Diagnostics

Test

Role

Common Findings

Primary Diagnostic
Tool

Honeycombing, "ground-glass" opacities, and
reticular (net-like) shadowing.

Assess lung function.

Restrictive Pattern: Low Total Lung Capacity
(TLC) and low Forced Vital Capacity (FVC).

Measure gas exchange.

Decreased Diffusion Capacity (the lung’s
ability to move oxygen into the blood is
impaired).

Monitor oxygen levels.

Significant desaturation during a 6-minute
walk test.

If CT is inconclusive.

Histological pattern of UIP (Usual Interstitial
Pneumonia).




Pneumoconiosis

= Definition: Pneumoconiosis = general term for a group of interstitial lung diseases caused by the
inhalation of mineral (inorganic) or organic dust particles, which are then deposited in the lungs,
leading to a tissue reaction (usually inflammation and fibrosis).

= Epidemiology: (1) Occupational: workers exposed to specific dusts (miners, sandblasters,
construction workers, shipbuilders). public health problem in developing regions; long latency : often
10 — 30 y after the initial exposure.

= Etiology Silica: Sandblasting, quarrying, mining, ceramics, and glass making.Asbestos: Shipbuilding,
insulation, brake linings, and old building demolition.Coal Dust: Underground coal mining.Beryllium:
Aerospace and electronics industries (leads to Berylliosis, which mimics Sarcoidosis).

= Forms based on how the lung reacts to the dust:

(A) Fibrotic (The "Aggressive" Forms) permanent scarring and architectural destruction:
Silicosis: Caused by crystalline silica (the most common form).
Asbestosis: Caused by asbestos fibers.
Coal Worker's Pneumoconiosis (CWP): Also known as "Black Lung.,

(B) Non-Fibrotic (The "Benign™ Forms) These cause "dusty" lungs but typically minimal scarring:
Siderosis: Iron oxide inhalation (welders).
Stannosis: Tin oxide.Baritosis: Barium sulfate.




Coal worker lungs

Magnified detail of lung section
shows coal dust macules or nodules

Lung tissue section shows asbestosis, with interstitial
fibrosis and dust collections near small airways.
Several asbestos fibers and “ferruginous bodies”

can be seen (yellow arrows)

-5 Asbestosis — pulmonary
& fibrosis caused by
5 asbestos — demonstrates

7 extensive fibrosis with
a lower lung zone
predominance and
diffuse thickening
of both the visceral

e and parietal pleurae

Whole-lung thin section shows central
“progressive massive fibrosis” with black

carbon deposits, numerous smaller nodules,
and emphysematous changes

)

A microscopic section through a coal
nodule shows large amounts of black
coal dust with interspersed collagen
and fibrosis. The nodule surrounds

a pulmonary arteriole

A Sputum shows an “asbestos body”
L Now’ or “ferruginous body”, a long thin,
' straight fiber of an amphibole
asbestos decorated with clumps

Chest radiograph of a retired coal miner of iron-rich protein material

alhmraring waanscars saenrnar Tnlva lassmmms




Pneumoconliosis

» b J y
Fuller earth pneumoconiosis. “Fuller earth”
(montmorillonite, attapulgite, calcium
bentonite) is a fine clay used to absorb
grease and oils from wool, friction pads,
and other materials. Intense exposure
during the mining or milling of Fuller earth
may cause lung disease, likely caused by
quartz and other silicates that contaminate the
magnesium. Perivascular accumulations

of macrophages ladened with dust particles
are seen in microscopic lung sections

Pulmonary siderosis. Inhalation of iron oxide
ore in mining, shipping, and smelting produces
accumulation of the dust with brick-red
pigmentation of the lung. Mild fibrosis with
nodules and mild emphysema may result if

the are contains significant silica or silicates

Kaolinosis

Kaolin pneumoconiosis.

Whole-lung cross-section shows whorled fibrous
masses and smaller nodules. Inset microscopic section
shows alveoli filled with dust-ladened macrophages
containing kaolin (aluminum silicate) clay particles.
There is mild interstitial thickenine and fibrosi

1 Mixed metal
(. Mixed dust

Microscopic
section shows
fibrosis
surrounding
deposits of
carbon, iron
oxide, and
silica. These
lesions may be

pneumoconiosis.

found in welders,

dust

(JX’\"J('(‘(}’|(‘I1(‘

andnaners, | CObalt dust |

and others

Graphite depositions

Graphite pneumoconiosis. Black mineral particles
pack alveolar macrophages (inset) that fill alveoli
and coalesce to form dust macules with fibrosis

Hard metal disease (cobalt pneumoconiosis).
Giant cell interstitial pneumonitis is caused
by the immune inflammatory response to
cobalt used as a sintering agent for fusing
tungsten and carborundum (tungsten carbide)

Cadmium injury ute effects of
cadmium inhalation are seen as injury

or diamond dust in abrasives
" A 5 (]
o e
.

% 5 A

Cadmium injury.
Renal effects of
chronic cadmium
“Jpoisoning appear
sl as PAS-positive
“|material clogging
#the tubules

and metaplasia of the alveolar epithelium




Pneumoconiosis - Silicosis

Def.: Silicosis = chronic diffuse fibro no- dular
interstitial lung disease caused by inhalation of cry
stalline silica (silicon dio xide; SiO,) of size 0,2-
10 pm).

«Etio:Crystaline silica in form of quartz (beach
sand) or mixed in rock dust (granite 10 - 15%)
Exposure must be substantial and prolonged

I Glass = (amorphous noncrystalline silica) is
essentially nontoxic in crushed, powdered form.

Simple Silicosis Complicat_ed Silicosis

Pathology: Numerous small nodules in upper and
mid-lungs

Silica is cytotoxic — damages lysosomes after
phagocy-tosis by macrophages — NLRP3 inflamma
some — caspase-1— pro-IL-18 — IL-1f3, IL-18,
‘TNF-a — central driver of fibrosis IL-1B TGF-
B — fibroblast activation PDGF — fibroblast
proliferation Reactive oxygen species (ROS)




Pneumoconliosis

Hypersensitive pneumonitis

Farmers lungs

Farmer’s lung disease
results from the
inhalation of spores
from thermophilic
actinomycetes
growing in moldy hay

.

Saccharopolyspora rectivirgula |
Slide culture of Saccharopolyspora
rectivirgula (formerly Micropolyspora
faenae), a thermophilic actinomycete
bacteria that grows in moldy or decom
posing organic material and is the cause

of farmer’s lung,

and other forms of hypersensitivity
pneumonitis

mushroom picker’s lung,

Preciptin reactions in bagassosis: The patient’s
serum is in the central well, and extracts of bagasse
from various sources are in the peripheral wells
Samples 1 and 4 from fresh bagasse show no
reactions, but other samples from moldy bagasse
show lines of antigen-antibody precipitation

Chest radiograph of a dairy farmer 6 hours after exposure to
moldy hay shows bilateral patchy ground-glass opacities.
Acute shortness of breath, cough, and fever accompanied
the response

Bagassosis is a form of hypersensitivity pneumonitis
caused by inhaling spores from thermophilic
organisms that grow in moldy bagasse, the dried
leaves and chaff from sugar cane. Bagasse is used
to make wall board, paper, and containers or is
burned for fuel. It is not the fresh cane material

that causes the disease, but the bacteria, such as
Thermoactinomyces sacchari, growing in it

Chest radiograph of a woman with chronic
hypersensitivity pneumonitis attributed
to household basement mold exposure
shows patchy left lower lobe opacities

Chronic hypersensitivity pneumonitis shows extensive
subpleural and interstitial fibrosis with inflammatory
cell infiltrates and loosely formed granuloma-like

cell aggregates

CT scan shows patchy ground-glass opacities
particularly in the left lower lobe, with a
mosaic pattern and scattered subpleural

" g

Thermoacctimomyces

sacchari, the principal cause of bagassosis

‘@l»‘

Higher power inset shows
macrophages with vacuolated
cytoplasm filling the alveolar

spaces

In acute bagassosis, the alveolar walls are thickened with an

infiltrate of plasma cells and lymphocytes; edema fluid and

linear opacities - . -
Verbal description during

the lecture

desquamated alveolar epithelial cells fill the airspaces




Obstructive

disorders
Examples



Volume (I)

Findings In obstructive diseases

FV curve

volume decreases slowly (RV)
flow (PEF) is reduced profoundly

Volume (I) BTPS

VT curve

FVC,;

flattening of éxpiratory
curve in the beginning

1. Dynamic Spirometry (Main findings)

| FEV1 (Forced Expiratory Volume in 1s): < 80%

N or later | VC (Vital Capacity)

| FEVINVC (or FEV1/FVC) (< 0.70 or < LLN) hallmark
| | MEF (FEF 25-75): ,obstruction of small airways"

2. Static Lung Volumes ("Inflation" problem)

TRV (Residual Volume): air remains "trapped"” in the lungs
TFRC (Functional Residual Capacity): "resting" volume

N or 1 TLC (Total Lung Capacity): > 120%, (emphysema).

3. Mechanics and Resistance

T Raw (Airway Resistance) plethysmography

N or 1 Compliance (C): "springiness" (elasticity) (N:
Asthma/ Bronchitis; 1 Emphysema)

4, Other
1 I'N DLCO (Diffusing Capacity) N/1 in Asthma:
| Conductance (inverse of resistance = 1/Raw)



Patients with obstructive disorders

According to Americal Thoracic Society; Am.J.Respir.Crit.Care Med. 1995; 152: S77-121

Airflow obstruction

Chronic bronchitis
(asymptomatic — early)

CHRONIC
BRONCHI

COPD (most common)

Asthmatic bronchitis
asthma + components of
Bronchitis, emphysema : ASTHMA

Cystic fibrosis

Reversible asthma
Spastic bronchitis

Reactive airways syndrome Alpha- antitrypsin deficiency
(familiar emphysema)



Pathogenesis of obstructive diseases

Hyperplasia, metaplasia of mucous layer (chronic
bronchitis; most disorders)
Viscous sticky

Hyperproduction of mucus — voluminous (chronic ™ N P mucus
bronchitis, bronchiectasia); viscous (asthma), etc.) & ' T D b
Inflammatory exudate — Leu, Neu, Mo, Eo (asthma)

Thikening of muscle layer — spasms (asthma)

Airaway collapsibility — air-trapping; expiratory

limitation (marious methods in all cases)

Grossly reduced

aslaperReduced elasticity, o .
elasticity, copliance

" | . compliance .
ormo Impaired { P > Airway collapse

expiration ==, Voluminous
. YL ~(infected) mucus hypertrophy

-5 Weak muscle s R cast
L&ihypertrophy S E i
& A

~weak muscle

e
Emphysema ‘i

pny _ef‘}li-?--.s .
M b

-
o

Verbal description during the lecture.

Easy expiration due to Difficult expiration due to
normal elastic receil of decreased elastic recoil of

lveol d wed 1 1
ahveolus ond open bronchicle T Alr trapping




ASTHMA



Asthma

= Definition: Chronic inflammatory disease of bronchi leading to spasmatic occusion and
hyperproduction of viscous mucus

Causes: a)Alergic —type I, type Ill (allergens, infections) most often affects children and
young adults; allergic rhinitis, conjunctivitis, or eczema is common in response to
environmental and occupational allergens elevated IgE levels. history of

b) Non- allergic (neurogennic) psychogenic, neurogenic reasons (ANS) or infection
(respiratory tract i (Chlamydia pneumoniae; Mycoplasma spp.), comorbidities, chronic
sinusitis, obesity, gastroesophageal reflux etc.

& Pathomechanism:

& Mucosal hypertophy - hyperplasia of mucus producing cells ; Overproduction of very
VISCOus mucus

& Hypertrophy of smooth muscles — narrowing of the lumen
& Asthmatic crisis:
= Dyspnoea - difficulty of breathing, weezing, catching for air
= Cough - difficult expectoration, viscous mucus
« Cyanosis - blue — coloring of face



NONALLERGIC ASTHMA: CLINICAL FEATURES
Adult patient: age 35 years and older

Family No heredity

history tory
usually of eczema
negative in childhood

Attacks k) =%\ Chemicals

AtLLerGIC AsTHMA: CLINICAL FEATURES

Young patient: child or teenager H .
eredity

Family History of

histo arzema in

usually

positive Ecze m a

may pe present related to

/g# > infections, \
/ : exercise, 0 s
AtI'EaCkcIS A % 7 / other 1= L ; ;\;‘\‘%
related to £ % : her = ’ 3
specific '::{ 0 A”ergens stimuli § =
antigens : NO IgE )
Foods ~ Infectlon e
- L F : . '
: = Skin test results, - . = ﬁzlézltli};e t.\‘.. HI /’ gsoﬂr_]‘::]ie;so:ccgﬂigonal
-_-f:\! AL / usug]_]y '0\:.% :\ - s N S
—4) Dt Jf positive ‘Q\-\ =

Drugs Danders

Prick tests
_— Adult

NONALLERGIC /4
ASTHMA |

Child
Teenager

¥

.".
=/

ALLERGIC
~ ASTHMA




Asthma pathogenesis

Inducers - Triggers

i

Aspirin Sensitivity - triad of aspirin sensitivity, asthma, and nasal polyposis (Samter triad) in
5%; 20 min of ingestion of Asp (all cyclo-oxygenase (COX-1) inhibitors) ; very severe and
ccasionally life threatening. Acetaminophen and COX-2 inhibitors appear to be safe

Occupational asthma - common; more than 200 agents in the workplaces (animal dander,
wheat flour, psyllium, and enzymes, toluene diisocyanate),via IgE and non-IgE-mediated
mechanisms.

Exercise very common bronchoconstriction after exercise (10 - 20 min after the end of
exertion; resolves within 1 h). by the cooling and drying of the airways. prevented by
pretreatment with inhaled 32 -agonists 5 - 10 min before exercise.

Atmospheric pollutants - variety are asthma inciters; nitrogen dioxide (NO2 ), sulfur
dioxide;

Environmental allergens - 10 to 15 min after allergen inhalation, which usually resolves with
2 hours ; bronchoconstriction can recur between 3to 6 hlater more slowly (late asthmatic
response) and resolves within 24 h, but patients are left with increased airway
responsiveness, which may persist for more than 1 week.

Viral infections are important inducers of asthma in the first decade of life; exacerbations
(particularly rhinovirus); and inducing changes in airway physiology, including increasing
airway responsiveness.



A.
Infekcie

Virusové 5 v

infekcie

B. Pel: {
Inhalagéné travy, kvety |
alergény stromy . |}

D.
Alergény .
potrava

Miieko Vajcia

Nosové polypy

Strach

E
Psychika

Bronchitida
Bronchiolitida
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Prchavé Anestetika

|étky Aspirin

Irritants

Allergens — organic origin, proteins 3—-4 kDa
(inhalant allergens — pollen, dust, spores, dander,
food) Infections - viral, bacterial, fungal,
actinomycetes (community-acquired pneumonia,
rhinopharyngitis, acute bronchitis, recurrent
chronic bronchitis, pneumonia);

Allergic diseases — seasonal rhinitis (hay fever),
perennial rhinitis, allergic rhinosinusitis, nasal
polyps + Type | allergies (eczema, urticaria)

Irritants — smoke, toluene, diisocyanates, textile
dust, sawdust, fumes, gasoline, proteolytic
enzymes (detergents), Bacillus subtilis, nickel
salts, SO,, flour, chromium, etc.; approximately
400 substances)

Medications — PNC, aspirin (2-20%), indomethacin,
vasopressin, B-blockers, acetylcholine, non-
narcotic analgesics, iodides

Physical — cold air, cold-heat, humidity, wind

Psychogenic factors — anxiety, stress, chronic
fatigue syndrome, physical overwork



Phenotypes of asthma

Th

Asthma as a group of disorders with different pathogenesis yet similar manifestations

Lab

Klin

Target

IgE  IL-5

IL- 4/13 IL- 13 TSLP

Th2 * type of asthma

Eosinophile
asthma

IgE 30-700 Ul/ml
Eo+, Alergén+

Early onset m
asthma A)

Eosinophile
asthma
o++>3.10% ¢/l

A

Late onset
asthma (AERD)

-

IL17

IL8 / IL 23

Non - Th2

| Th17(+) subtyp  Th2(-)/Th17(-) subtyp
| , |

type of asthma |

Neutrophile
asthma

F

Paucigranulocyte
asthma

Very late onset |

asthma (VLOA)

o

Respiratory muscle
hypertrophy

cetma acne

nastupom

Aspirin exacerbated
respiratory disease (ARRD)

(VLOA)

Smoking
related asthma

Asthma associated

with obesity

Chilhood asthma

Verbal description during the lecture.

Adult asthma



h2 phenotype preference

Cytokine
upregulation
of adhesion
molecules

s »
'ff;i

/f“ E
Th2 Cytokines/  Activated
cell chemokines mast cell

Roconhil

Rrataine Eacingnhil ¢ a :
\ . ol z 7
Cytokine and chemokine e - . Smooth
recruitment and activation T — - muscle

of inflammatory cells

Inflammatory cell migration
5/

Disruption of epithelium by
eosinophil-derived proteins,

with loss of epithelial mediators
Allergen penetration
into submucosa via
desquamated area

contraction

Late asthmatic response characterized by inflammatory changes mediated by cytokines

Thickened basement membrane

Chronic inflammation

and chemokines, and epithelial disruption mediated by eosinophils and basophils

Chronic inflammation

results in airway
hyperreactivity

to a[luywc

roipeito ntc

Chronic asthma exhibits chronic
low-grade inflammation, which extends
beyond the muscularis, where it is less
susceptible to inhaled medications.
Thickening of basement membrane
occurs secondary to inflammation

Sensitization

B. Plasma cells in

Type | hypersensitivit

\_, P
;'.;l" Antigen 4

v

=]
lymphoid tissue |
of respiratory
mucosa release /
immune |
globulin E (IgE) '\,

A. Genetically atopic patient exposed to
specific antigen (ragweed pollen illustrated)

Light chain

Heavy chain

Disulfide bonds

—

J/ TF_ fragment
: \I

“ab fragment

C. Mast cells
and basophils
sensitized by
attachment
of IgE to cell
membrane

Allergic reaction

N
D. Reexposure to y»
same antigen

Histamine

Cysteinyl
leukotrienes

. <—Inflammatory
cytokines

<= Prostaglandins

Smooth muscle
contraction

m

Antigen reacts

with antibody (IgE)
on membrane of
sensitized mast cells
and/or basophils,
which respond by
secreting pharmacologic
mediators

Mucous gland
hypersecretion

Increased capillary
permeability and

Eosinophil inflammatory reaction

attraction

F. End-organ (airway) response

Leukocytes in the asthmatic response

Th2 p

henotype preference

Antigen
@
g O
Antigen- { 3
presenting C@oEﬂ@ —_
dendritic oo

cell _/ CD4+
T cell

After sensitization to allergen,
T-helper cells are skewed toward
a Ty,2 cytokine profile, resulting in
a humoral immune response
(production of IgE) and activation

of eosinophils and mast cells and mucus

secretion, all of which result in
airway inflammation and
airway narrowing

T
"
,

@

Helper \

T cells £
0

B cells

@9 —@ )@
&
IL-4, 1L-13 Y IgE antibodies

Plasma cells

IL-9

#E_:l (i\T\:}

y

Recruitment of easinophils Mast cells
Degranulation

(release of histamine,
heparin, serotonin)




Long-duration ast

Tenacious, viscid
mucous plugs
in airways

Atelectasis

Microscopic

'E N

’PAS-p()sitive matrix

Airway alterations

Blocked airway—"mucus plug”
Muscle hypertrophy

Thickened
basement membrane

i of
lectasis

Obstructed asthmatic airway*

Airway wall

Unstained smear of asthmatic sputum; schematic (low power)

hma findings

s »

an spirals

|— Macrophage
—— Charcot-Leyden crystals

— Polymorphonuclear
neutrophil

[~ Curschmann spirals

[— Eosinophils

—— Cluster of bronchial
epithelial cells
(Creola bodies)

[ Bronchial cast (gross)

Polymorphonuclear

Eosinophils —___|
Mucous 4 (‘Zhatrc]ol—Leyden
plug crystals — |
Curschmann
spirals

neutrophils — |

Cluster of
epithelial cells
(Creola body) —

Regional or diffuse
hyperinflation

Emplysema

Epithelial denudation —]

Hyaline thickening of basement membrane —

Hypertrophy of smooth muscle, e :

mucous glands, and goblet cells

Inflammatory exudate with eosinophils and edema

Engorged blood vessels

Eosinophils

Eosinophils in stained smear

Carcot-Leyden
crystals

Carcot-Leyden crystals, eosinophils,
and epithelial cell under high power




Skin testing for sensitizers

SKIN TESTING FOR ALLERGY

Spirometry findings

Syringe of epinephrine .
Array of commercially

= Tourniquet available test antigens
' - 8 :
Dy Predicted
—.‘- T 6 7
_l, -
! B =
£ 24 =
4 Predicted > T T i Y — £
_ : S 5 | 1 2 3 4 5 i = A. Scratch test:
= FVC e > 1. Single drops
g , Actual - 4 A of control and e -
5 < / : suspected antigens \{ s
O FEV; - 6 applied to volar - Sy
e g - surface of %
0 1/ ’ forearm (or other
: | ! ! : —10 4 nonhirsute skin
. 1
" 2 ) 4 5 6 12 - surface)
Time (ser)
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COPD



COPD

= Def.: Progressive disease state characterized by the presence of airflow obstruction,
hypoxia and/or hypercarbenia (dyspnoea) (60ties — 80ties 20 th century)

& Clinically state which may represent a mixture of 1 or 2 or even 3 obstructive diseases:
chronic bronchitis and emphysema (also certain asthmatic)

& Other: cystic fibrosis, alpha-1 antitrypsin deficiency, bronchiectasis, bullous lung diseases

= Each case of COPD is unigue in the blend of processes; 2 main types of the disease are
recognized

= Epi. : 4th leading cause of death; 480 mil. people globally (2020), 592 - 600 mil.(2050); 3
milions deaths yearly; more often in man than women (older than 40 y.)

= Path: Various, depending on phenotype (form)

@& COPD affects large (central) airways (chron. bronchitis) or the small pathways (chronic
bronchiolitis), alveolar ducts, alveoli (emphysema)

@& Predominance of neutrophils and peribronchial distribution of fibrotic changes; massive
purulent sputum (ChB), less opalescent sputum (Emph) destruction of alveolar septa)




causes

Etiology

Cigarette smoke
Smoke from burning

Occupational exposures
to dust and chemicals

Alpha-1 antitrypsin
deficiency

Chronic IV drug use

Mechanism(s)

Smoke - inflammatory response - macrophage + neutrophil
infiltration into the lungs - release of cytokines, chemokines,
elastase + ROS - damages the lung parenchyma.

Irritants = inflammation - damage to the alveoli.

Alpha-1 antitrypsin (serine protease inhibitor (SERPIN)
secreted by the liver into the blood; inhibits the enzyme
neutrophil elastase

Deficiency a-1 AT leads to elasteolysis (destruction of the
elastin fibers in alveolar walls) and development of early
emphysema (protease-antiprotease hypothesis of
emphysema development).

I\VV drug users of cocaine, methadone and heroin are at higher
risk for developing COPD; this is attributed to the vascular
damage induced by the insoluble filler (cornstarch, cellulose,
talc, fiber etc) found in IV drugs.



COPD - Phenotypes

& CB predominant in COPD
& Cough - persists, worsens after UAW infection
& Sputum - mucopurulent yellow, green, tan, or brown
& Paroxysms of coughing+ expiratory wheezes + splitting pus
& Cyanosis - carbon dioxide retention- advanced stages
of CB; ,blue bloaters" overweight + cyanosis
& Emphysema predominant
& Exertional breathlessness - insidious in onset, not prone to carbon dioxide retention.

& Barrel shaped chest, sounds are distant

& Exhalation - prolonged and the lips are pursed during expiration - "pink puffers."

& Endstage COPD

& Right heart failure (cor pulmonale); Cough - change in sputum character and volume,

& Breathlessness, wheeze, chest tightness can be triggered by cold, exposure to irritants, or high
concentrations of pollutants



COPD - Phenotypes

Pink puffer g 0 Blue bloater

Verbal description during the lecture.



COPD — Laboratory findings

Lab:

¥

Chest radiographs : chronic bronchitis (ChB): increased interstitial markings (but not
specific for COPD or ChB). In emphysema, is quite striking. Marked overdistention of
the lung fields, flattened diaphragms, and increased retrosternal space are the
obvious and classic findings.

Sputum analysis: Gram's staining ChB : Mo/Mf , Neu, T- Ly, Epi,

Blood - a secondary polycythemia (CB or emphysema) ; evidence of eosinophilia =
asthmatic bronchitis. During exacerbations, Leu and a left shift may indicate
superimposed acute bronchitis or pneumonia.

ECG - evidence of right atrial enlargement and/or right ventricular hypertrophy <
right axis deviation and a posterior axis deviation.




COPD — Laboratory findings

Spirometry - only criterion standard to demonstrate an obstructive defect -forced
expiratory volume in 1 second/forced vital capacity (FEV1/ FVC)

FEVL/FVC defect is largely ireversible, ~Staging of COPD

FEV1 fluctuates with bouts of FEV, actual/predicted Degree of obstructive defect
bronchospasm. >70% Mild

If ratio corrects with therapy, the diagnosis gos-70% Moderate

f "asth
o1 astiiiia, 50%-60%

34%-50%
<34%

overlap syndrome - features both asthma and CB
Histologically eosinophilic bronchitis
Clinically:

Moderately severe
Severe
Very severe

CB with astma features: exposure to tobacco + features of classic asthma, allergies, history of

childhood asthma.

Asthma w/o CB: lack of a smoking history. Irreversible chronic airflow obstruction



Chronic bronchitis

Badham (1808), Laennec (1827) classic description in early 19th century

presence of a chronic productive cough for 3 months during each of 2 consecutive
years

Occurence: Prevalence: 300 - 480 million cases globally;
Histology:

& Hypertrophy focal of the mucus-producing glands found in the mucosa of large
cartilaginous airways

& Airway smooth muscle hyperplasia, inflammation, and bronchial wall thickening
& squamous metaplasia, imobilisation of cilia + abnormalities,

& Neutrophilic infiltrates in the submucosa. Mononuclear inflammation in
bronchioles

Functional:

& Lumen narrowing - mucous plugging, goblet cell metaplasia, + airway distortion
due to fibrosis

& Airway trapping — expiratory airflow limitation
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Chronic bronchitis

# Classification: Causes
& Simple chronic bronchitis - mucoid sputum ~ # Cigarette smoking
production, & impairs ciliary movement, inhibits function of

alveolar macrophages, and leads to hypertrophy
and hyperplasia of mucus-secreting glands.

& also increases airway resistance via vagally
mediated smooth muscle constriction.

= Air pollution

& US (1990): 50,000 to 120,000 premature deaths
are associated with exposure to air pollutants."

& Ozone, carbon monoxide, sulfur dioxide etc.

& Chronic mucopurulent bronchitis -
persistent or recurrent purulent sputum
production in the absence of localized
suppurative disease, such as bronchiectasis,

& Chronic bronchitis with obstruction -
distinguished from chronic infective asthma
(long history of productive cough and late onset
of wheezing, in asthma - long history of
wheezing with late onset of productive cough).



Chronic bronchitis

Key indicators for considering COPD
Indicator Comments

Chronic Intermittentlyor every day; often
cough throughout the day, seldom only at night

Chronic Any pattern could suggest COPD
sputum Voluminous, often putrific

Acute Recurrent episodes of bacterial or viral
bronchitis infections superimposed on COPD

Dyspnea Persistent and progressive; worse after
URTI; exercise or activities limited

Risk factors  Tobacco use; pollution; occupational
dusts and fumes

Key: COPD, chronic obstructive pulmonary disease; URTI, upper respiratory tract infection.
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Emphysema

= Definition: pathoanatomical: abnormal, permanent enlargement and destruction of the air
spaces distal to the terminal bronchioles without obvious fibrosis, progressively lose
elasticity and eventual rupture of alveoli.
= Occurence: 2 million in US, most disabling pulmonary disease,more common in males than
females
= Etiology:
@ Inherited susceptibility - hereditary emphysema — antitrypsin deficiency
& Acquired in terminal stage of COPD - cigarette smoking
« Smoking - mortality 20 x greater than nonsmokers, reduced to 5 x in smokers who
have quit.
e Air Pollution — suphur, chlorine, CO, ozone
Pathogenesis: smoking -> damage of cilia in airways irritating agents stimulate chronic
inflammation -> loss of elestin in parenchyme
& Pathoanatomy:

« Panlobular (panacinar)- all lung fields, particularly the bases, loss of all portions of the
acinus from the respiratory bronchiole to the alveoli, typical for alpha-1-antitrypsin deficiency

e Centrilobular (centriacinar) - upper lobes, loss of bronchioles in the proximal portion of the
acinus, and alveolar ducts sparing of distal alveoli. in central portion of lungs, most typical
for smokers

dgy



Gonriacinar emphysoma
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Verbal description during the lecture.
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Emphysema
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Emphysema

& Signs and Symptoms

« Dyspnea (labored breathing into apical parts of
lungs, movement in the fossa above the clavicle,
wheezing) even in rest; cough, sputum

« Pursed lip to maximize ventilation

« Right heart failure- labored breathing, husky cough
and labored heart rate (less common)

e Hypoxia, resp. acidosis (T CO, ) (less common)

« Mental vagueness, headache, twitching of fingers
and eventual cyanosis (on exertion)

& Lab. Evaluation
e T TLV (Hyperinflation), TRV, T FRC, T FEV1
« Diaphragm extended downwards and flattened
e Respiratory muscles are weakened
e X-ray,m CT. barrel chest




Chronic bronchitis vs. emphysema

Ermphyserma
(Pink Puffer)
General Overweight, dusky, warm Thin, often emaciated
appearance extremities Pursued-lip breathing — accesory
muscles, anxious, cool extremities
Age onset 40-45y 50-75y
Symptoms Cough - very prominent Dyspnea, cought almost none
Sputum copious, dark yellow Sputum scanty, clear
Acute Recurrent infections common Occasional infections
exacerbations
Cardiovascular Cor pumonale; fast progress During exacerbation & terminal
changes into right heart failure, edema, illness cor pulmonale, prolonged

course,




Bronchiectasis

« Def.:Bronchiectasis = chronic pulmonary condition characterized by the permanent and
abnormal dilation of the bronchi and bronchioles € destruction of the elastic and muscular
components of the bronchial walls < cycle of chronic inflammation and recurrent infection.

= Epi:_ Prevalence: "neglected disease*;, elderly women (> 65).Geography: developing countries
(sequel to childhood infections - measles, pertussis, tuberculosis. In industrial countries:
associated with cystic Fibrosis or underlying immune deficiencies.

« Classification: Often split into two categories: CF-Bronchiectasis and Non-CF Bronchiectasis
= Forms (Morphological Types) Pathologists and radiologists 3 shapes depending on the severity

& Cylindrical (Tubular): The mildest form; bronchi are dilated but maintain a straight, regular
outline.

& Varicose: Bronchi are irregularly dilated, resembling varicose veins.

& Saccular (Cystic): The most severe form; bronchi end in large, blind sacs. This is where mucus
loves to pool and throw a "bacteria party."

= Etiology. anything that impairs lung defense or causes severe inflammation
& Post-Infectious: TB, pneumonia, pertussis (whooping cough), or fungal infections.

& Congenital/Genetic: Cystic Fibrosis (the most common cause in the US), Primary Ciliary
Dyskinesia (PCD), and Alpha-1 antitrypsin deficiency.




Bronchiectasis

& Immunodeficiency: Hypogammaglobulinemia (low antibody levels).

& Airway Obstruction: Foreign body aspiration, tumors, or enlarged lymph
nodes.Autoimmune/Systemic: Rheumatoid arthritis, Inflammatory Bowel Disease (IBD), or
Sjogren's syndrome.

= Pathogenesis: accepted model = Cole’s "Vicious Cycle" hypothesis of self-perpetuating loop: Initial
trigger - infection, genetic defect - impairs mucociliary clearance —> Stasis: = Infection:
Bacteria (Pseudomonas aeruginosa) colonize the stagnan mucus.l = nflammation: neutrophils
—> proteases / reactive oxygen species -> elastin degradation - bronchial wall weakens and
dilates —> harder to clear mucus out of bronchioles —> cycle repeats.

= Manifestations:

& Chronic Productive Cough: The hallmark symptom. Patients often cough up large amounts of
foul-smelling, purulent (pus-like) sputum.

& Hemoptysis: Coughing up blood due to the rupture of hypertrophied bronchial arteries
& Dyspnea: Shortness of breath and wheezing.




Bronchiectasis

= Physical Exam:
@ Crackles (Rales) and rhonchi on lung auscultation.

& Digital Clubbing: A rounding of the fingertips seen in chronic hypoxic states (though less
common now with better treatments).

Laboratory Data & Diagnostics

Test Findings

Signet Ring Sign (airway diameter > accompanying artery) and Tram
Tracks (parallel thickened walls).

High-Resolution CT (HRCT)

S ela EIgAST (e {el s WISl Usually an Obstructive pattern (low FEV1/FVC ratio).

Sputum Culture Common finds: H. influenzae, P. aeruginosa, S. aureus.

CBC Elevated White Blood Cell count (leukocytosis) during flare-ups.

Sweat Chloride Test Elevated chloride levels indicate CF.




Bronchiectasis

Simple localized form

eral form

=

Complicated bilat

Dilated and inflamed
airways throughout the
- lungs, which are filled
~ o with pus and
) retained
, secretions.

Section through dilated bronchus.
Epithelium is hyperplastic and lumen
contains cellular exudate. Peribronchial
area shows replacement by loase
connective tissue with many lymphocytes,
both disseminated and aggregated

into follicles

Extensive bronch-
iectasis in a patient
with rheumatoid
arthritis

Focal bronchiectasis. Saccular dilatations of bronchi, confined to
left lower lobe. Such limited pathology may be amenable to surgery



Bronchiectasis - Characteristics
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Cystic Fibrosis (CF)

= Def.: AR-inherited disease; Ch7q31.2 ; CRTF gene; ABC - chlodide/ bicarbonate transporter defect

« Occ: 1:2000-3000 living neonates; most common lethal genetic disease amongst children, Etiology:
genetic disese, affects exocrine gland function, alters chloride transport, thick mucus - bronchial
plugs, lung infections

« Etiology: defective production of CRTF trasporter (class 1-6)

« Manifestations:

& Viscous mucus depositions in lungs = obturation of airways + infections = bronchiectasis =
respiratory failure

& Obturation of pancreatic ducts + choledochus —> cholestasiis = maldigestion + malabsorption of fat;
fat-soluble vitamins; meconium ileus in neonates and kids —=> exocr. pancreatic insufficiency

& Reduced fertility (aspermia, defect of ductus def.); nasal polyps

@ Funct. eval.
& FEV1 levels drop below 80%
& FRC (functional reserve capacity) increase due to hyperinflation of lungs during inspiration.

« Treatment:
& replacement of pancreatic enzymes, antibiotics
& |ife expectancy can be increased from 12 years to over 30.




RADIOGRAPHIC AND GROSS ANATOMIC FINDINGS OF THE LUNG IN Cystic FiBrOSIS

PATHOPHYSI0LOGY AND CLINICAL MANIFESTATIONS OF CysTiC FIBROSIS
CFTR mutation classes

— Inflam-
mation

- Impaired
mucociliary
clearance

— Bacterial
infection

@®® —

Class IV
S ¢r—' 1.
Class VI

Class I Absent protein synthesis due to defective transcription; Class Il Defective protein maturation and degradation;
Class 11l Defective regulation; Class IV Defective chloride conductance; Class V Reduced protein synthesis due to
reduced transcription; Class VI Defective chloride channel stability

CFTR activity Clinical manifestations ﬁw
N iCa
3 M

o Pus-filled

J. Perkins bronchi
MS, MFA, CMI

No symptoms

Chronic sinusitis Nasal polyposis

Gross lung section.
Dilated bronchi filled with
pus and foci of consolidation .

Sweat glands
+ NacCl

50% _| | Rick for . Chronic obstructive
(heterozygote) o Focal biliary lung disease
pancreatiti citthoss - ;
- ¥ I Bronchiectasis
sinusitis, Portal
ang hypertension _ )
disease, Exocrine pancreatic
and ABPA Chd insufficiency
10% — — Congenital bilateral CF-rellle.ned diabetes
absence of vas Mme 1S i
deferens Rectal prolapse ceonilmilels
5%— —Abnormal Reduced fertility:
sweat chloride, Aspermia Bilateral, severe bronchit
lung disease (in males) seen on chest CT in a yo
1% — — Classic CF with Cervicitis patient with cystic fibros
Pan(;frgqtac (in females)
Pathogenesis insufficiency
: Infections
: Defective or ; f
Defective A Abnormal Depletion Impaired : ;
——deficient . : ;. = > b s, Mucus Bronchiectasis
CFTR CFTR chloride ofalr\n{ay_ mucociliary obstruction Lung insufficency
gene transport surface liquid clearance i

protein




Molecular defects
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