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Kespiratory: (lides 3 - 221) I- Interstitial Lung Disease: 124 - 150
1- Preumonia: 4 - 29 ®_ hethma 157 - 165
L= Lung Lancer: 30 -/ 7- Bronchiectasis: 166 - 178

3~ Pulmonary Embolism: 58 - 63 / |
A Respiratory Falure: 69 - 7 0- Pleural Effusion: 179 - 195

5 Obstructve Sleep Apnea: 78 - 10 1= Pulmonary function lest: 196 - 22/
6- LOPD- 117 - 123
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RESPIRATORT




PNEUMONIA




LOWER
RESPIRALORT AND
PLEURAL DISEASES

- Ry infections occur on many different levels, so it's important to distinguish them since
each type has a different treatment approach.
- Pneumonia is treated within 5-/ days

- Empyema is infection of pleural surfaces, requires 6 weeks of treatment.
- Any severe infection can progress and cause Lung Abscess, we start treatment with
Medications not drainage, if it fails then we remove it surgically



An inflammatory process resulting from infection of the lung parenchyma by pathogenic microorganisms
and usually associated with radiological evidence on LR

Patients present with rever, Altered qeneral well-being, along with Respiratory symptoms (Cough, Sputum
production, Dyspnea, Pleurtic pain, and Hemoptysis).

In elderly and immunocompromised patients, the signs and symptoms of pulmonary infection may be
muted and overshadowed by non-specific complaints

Un PE: Consolidation, Increased fremitus on affected side, Dullness, Bronchial breath sounds, Bronchophony
and Crackles

V4

PNEUMONIA



The most common types of pneumonia are Community-acquired pneurnonia and Nosocomial (Hospital-
acquired and Ventilator associated) pneumonia.

Community-acquired pneumonia: the most common type, imaging shows consolidation

CLAS S H:ICATION 0]‘: Hospital acquired and Ventilator associated pneumonia: seen in patients hospitalized for at least 43 hours in a
PNEUMONIA reqular room or ICU on ventilator

Pneuronia in immunocompromised patients: compromised to opportunistic organisms.

Atypical pneumonia: the types of bacteria that cause it tend to create less severe symptoms than those in
typical pneumania (C.pneumonia and M pneumonia), it has atypical imaging showing bilateral opacities rather
than consolidations.




PATHOLOGY AND
PATHOGENESLS OF
PNEUMON

PATHOLOGY AND PATHOGENESIS

Aspiration of oropharyngeal or nasopharyngeal secretions is the main mechanism of
contamination of lower airways by bacteria.

The oropharynx of healthy individuals is colonized by diverse microorganisms that vary in
their potential virulence.

For example, Streptococcus pneumoniae, which contains multiple adhesions, binds to the
receptor for platelet-activating factor on epithelial cells.

Other pathogens enter the lower respiratory tract by inhalation.

This interaction is enhanced by cigarette smoke, infection with respiratory viruses, and
particulate air pollutants.

Several mechanisms in the airways prevent adherence and colonization by potential
bacterial pathogens:

Epithelial cells synthesize and secrete peptides, termed defensins and cathelicidins, that
possess broad spectrum antimicrobial activity.

Pulmonary surfactant proteins A and C can inhibit bacterial binding to host cells and also
promote phagocytosis of selected bacteria.

The presence of complement and immunoglobulins (particularly immunoglobulin A [IgA])
Interactions between the virulence and quantity of aspirated or inhaled microorganisms and

the individual’s innate and adaptive immune responses determine whether pneumonia
develops.

Age , smoking , alcohol and comorbidity (resp. and non resp) all these factors increase risk
of pneumonia.

Geographic factors, seasonal timing, travel history, and occupational or unusual exposures
modify the risk of various microbial aetiologies of CAP.



INVESTIGATIONS

- (BC: Identifies bacterial infections- it shows left shift (increased WBC count), platelets

are also important prognostic factors (high platelets =2 poor prognosis).

- (RPand ESR = inflammatory markers

- Procalcitonin PCT: a marker of bacterial infection, if negative think of non-bacteria

infection.

- Wealso do KFT for medications adjustment, and LFT because L pneumophila can elevate

iver enzymes.

Kadiological UAR + (1

Laboratory: CBC + Serum Glucose + Electrolyte measurements
+ Pulse oximetry or ABG + CRP + Procalcitonin,

Microbiological Sputum Culture + Blood Culture.

Invasive Frocedures: Pleural Tap + Bronchoscopy ( has specific
indications, (ualitative and Quantitative cultures)

Antigen detection and serology markers: 3.pneumonia (Urine
antigen detection densitivity: g0—807,, specificity: 707, Pleural
ﬁuid antigen detection gensitivity and opecificity: almost
100%), L pneumophila serogroup T (vensitivity: 60-807,
opecificity: >75%, Only testing Serogroup 1), Antigens for many
common respiratory viruses (|nf?uenza virus, Ees iratory
syncytial virus, Adenovirus, Parainfluenza virus, g can be
detected by Direct Immunofluorescence or by Enzyme linked
Immunoassay), Some pathogens are detected by f\rucleic acid
Amplification tests (M.pneumonia, C.pneumonia, L.pneumaphila,
Bordetella Pertussis), derology test used to be done to establish
a microbiologic diagnosis for pneumonia caused by pathogens

that cannot be readily cultured



Respiratory rate > 30 breaths/mi

Pa02/FI02 ratio < 230 or arterial saturation <90% on room ai

CRHEMA TO CONSIDER Multlobar or bilateral radiographic involvement or pleural effusion
ADMISSION TO AN ICU Confl{sionor disorientetion

FOR PAHENTS WHH ijﬂ;;fi:t;;;?fﬁ% cellsll) or extreme leucocytosis >20,000 cells/dl.
COMMUNHY— AC QU IRED > Thrombocytopenia (platelet count < 100,000 cells/dL.

PNEUMONI A WHHOUT Hypothermia (core femperature < 36 C

SHOCK OR RESPIR A’[ORY Hypotension requiring aggressive fluid resusciation

FAHURE Adidosis (pH <7.30)

Hypoalbuminemia (albumin < 3.5 g/l

Hyponatremia (sodium < 130 mEq/|
Tachycardia (>125 /min



[Patient with community-acquired pneumonia]

[Not severely iII]«—[ Assess severity:—u—[Severe ly ill]
' i

DIAGNOSTIC
APPROACH 10 THE

P A’[ ENT WHO H AS No Blood culture Sputum examination |
1 microbiologic OR and sputum -
investigations examination Blood culture
+
COMMONITT- o
T -
AC QL RED Urine Legionella antigen
[Empiric antibiﬂtics]q— -
) Pleural fluid Gram/
NEUMONI l culture if present

4»[0rganism idenﬁfied]—q
'

( Specific antibioticsj

M,
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ACQUIRK
PNEUMONIA IN
PAIENTS WHO DON'T
REQUIRE
HOSPITALIZATION

)

COMMON CAUSES OF

[1-

Mycoplasma pneumoniae

Streptococcus pneumoniae
Chlamydophila pneumoniae
Haemophilus influenzae
Respiratory viruses



LOMMON CAUSES OF
LOMMUNITY-
ACQUIRED
PNEUMONIA N
PATIENTS WHO
REQUIRE
HOSPITALIZATION

Streptococcus pneumoniae
Mycoplasma pneumoniae
Chlamydophila pneumoniae
Haemophilus influenzae
Staphylococcus aureus
Mixed infections

Enteric gram-negative bacilli
Aspiration (anaerobes)
Respiratory viruses
Legionella species



Streptococcus pneumoniae

COMMON CAUSES OF Enteric gram-negative bacill

Staphylococcus aureus

SEVERE COMMUNHY‘ Legionella species
ACQUHQED > Mycoplasma pneumonice

Respiratory viruses
PNEUMONIA Pseudomonas aeruginosa (relative frequency determined by the
presence or absence of specific risk factors)




LOMM

ON CAUSES OF

LN

AL-ACQUIRED

PNEUMONIA

>

setting

2T0O 5 DAYS IN HOSPITAL
Mild to moderate pneumonic
Severe pneumonia “low-risk”

>5 DAYS IN HOSPITAL
Mild to moderate pneumonia

>5 DAYS IN HOSPITAL
Severe HAP “low risk”

>2 DAYS IN HOSPITAL
Severe HAP “high risk”

Recent abdominal surgery or witnessed aspiration

pathogen

Enterobacteriaceae
Streptococcus pneumonice
Haemophilus influenza
Methicillin-sensitive
Staphylococcus

as above

Pseudomonas aeruginosa
Enterobacter spp.
Acinetobacter spp.

as above

Anaerobes



HIGH RISK GROUPS
tOR HOSPITAL-
ACQUIRED
PNEUMONIA

CNS dysfunction (stroke,

Drug overdose, Coma,

Status Epilepticus)

Complicated
thoracoabdominal surgery

w
?




COMMON CAUSES OF
VENTILATOR

ASSUCIATED

PNEUMONIA

Pseudomonas

S. aureus(MRSA 56%)
Enterobacteriacea
Haemophilus spp.
Streptococcus spp.
Acinetobacter spp.

S. pneumoniae

Neisseria spp.
S. Maltophilia



LAUSES (F
NONRESPONDING
PNEUMONIA

INFECTIOUS

1.Resistant microorganisms

2.Community-acquired pneumonia (e.g., Streptococcus pneumoniae, Staphylococcus
aureus

3.Nosocomial pneumonia (e.g., Acinetobacter, methicillin-resistant Staphylococcus aureus,
Pseudomonas aeruginosa)

4.Uncommon microorganisms (e.g., Mycobacterium tuberculosis, Nocardia spp.,
fungi, Pneumocystis jirovecii)

5.Complications of pneumonia

6.Empyema

7.Abscess or necrotizing pneumonia

8.Metastatic infection

NONINFECTIOUS

1.Neoplasms

2.Pulmonary hemorrhage
3.Pulmonary embolism

4.Sarcoidosis

5.Eosinophilic pneumonia
6.Pulmonary edema

7.Acute respiratory distress syndrome
8.0rganizing pneumonia
9.Drug-induced pulmonary disease
10.Pulmonary vasculitis




[Patient with nosocomial pneumoniaj

(Sputum or tracheal aspirate + Blood culturej—

!

lEmpiric antibiotich
l B '
EFailure to respond |
l =

[Bronchoscopy + Protected specimen brush}

DIAGNOSTIC
APPROACH 10 [HE
PALIENT WHO HAS
NOSOCOMIAL
PNEUMONIA

-~
Bronchoalveolar lavage

' ' Y
[No pathogenj [Predominant pathogen]
= l S & '
Second-line empirical
antibiotics ESpecific antibioticsj
Review diagnosis )




FRONTAL CHEST X-
RAY - SPNEUMONIA
LOBAR PNELMONI A - The A-ray shows Homogenous increased opacity conforming to the shape of

the Rt Upper lobe, extending to the pleural surfaces, associated with air
bronchograms =2 Lobar Pneumonia (most commonly with §.pneumonia).
- Air Bronchograms: gas-filled bronchi surrounded by alveoli filled with fuid,

pus or other materials. It's a very useful sign because it's highly sensitive and
specific for the presence of lung consolidation (dense white area with Air
bronchograms - black lines-).



['YPICAL LOBAR
PNEUMONIA

LeamngRadiology.com (C
Al Righis Reserved

- Most seen with 3. pneumonia infection



FRONTAL CHEST £
RAT AND (T -
M PNEUMONIA

PNEUMONIA

- The CAR shows Rt lower lobe consolidation associated with several small nodular
opacities which is consistent with Acinar or Air Space nodules.
- Most seen with M.pneumonia infection.



LAR OF
M PNEUMONIA
PNEUMONIA

- Ihis radiograph shows patchy Rt Lower lobe consolidation consistent with
Bronchopneumonia.
- Mostly seen with M pneumonia infection



ATYPICAL
PNEUMONTA (1R ¢

- (AR showing bilateral opacities and infiltrates consistent with Atypical
Peumonia
- Mostly seen with M.pneumonia, L pneumophil



FRONTAL CAR -

L PNEUMOPHILA
PNEUMONIA AND
RESPIRALORY FAILURE

- This radiograph shows Left-greater-than-Right Multilobar consolidation.
- Most seen with L pneumaophila.



ABNORMAL CAR

- This radiograph shows Air-Fluid level in the left lung, which is suggestive of Lung

Abscess, Hydropneumothorax, or Diaphragmatic Hernic



LAR OF
K PNEUMONIA
PNEUMONIA

- This radiograph shows a Bulging fissure in the Rt Lung, suggestive of pneumania K pneumonia
infection



LURB-60 SCORING
oI5 [EM

CURBG5 | Gliical Feature

C Confusion 1

U Urea > 7 mmol/L 1

= RR > 30 1

B SBP <90 mm Hg OR 1
DBP < 60 mm Hg

65 Age > 65 1

o T

Low risk, consider home

S treatment
5 5 9.09% Probably. admission vs close
outpatient management
3-5 3 22% Admission, manage as severe

- This score is used to predict mortality from pneumonia



Brain complications

Delirium
Pulmonary and Pleural complications Mental status changes
Non-resolving pneumonia Stroke
Necrotizing pneumonia Dementia
Lung abscess
Parapneumonic pleural effusion Heart complications
Empyema " Acute coronary syndrome
Cavitary lung disease Arrhythmias
Respiratory failure Heart failure

Acute Respiratory Distress Syndrome X

Hematological complications
Leucopenia

A\

Thrombocytopenia
Thrombocytosis

COMPLICATIONS OF
PNEUMON

and water metabolism;

Endocrine complications
Hyperglycemia
Hypoglycemia
Adrenal insufficiency
Thyroid abnormalities

/ Kidney complications
Acute kidney injury and failure

Pneumonia :
Impaired gas exchange

response
acute kidney injury e
e mismatch l
— Bacterial/viral infection of v
myocardium/pericardium Hypoxaemia
» S theti tivati Jp——
Endothelial ympathetic activation > et
dysfunction
Intravenous
R W [ Procoagulant state ]H
administration —
l l Plaque instability and rupture I;;
P s :
e 4 P / .Myocard.lal. ) Non-ischaemic
d ischaemia/infarction myocardial/pericardial injury
A R
o
,/ \\
4 u &
> 0‘, ) :
: d) Arrhythmogenic drugs
4 Pulsatile — ; |
i vasoconstriction
ventricular K
afterload ~~_
e
“A;‘l VIR VS Y TR ) P S—
v v

Arrhythmia

Volume overload l

A

Heart failure



LUNG CANCER




NEUROLOGIC SIGNS
AND SYMPTOMS Ok
PARANEOPLASTIC
oI NDROME

I

—

M Ca

- _——— o o~ . - o ——

G ——

- In'the first picture we have normal muscle fiber. Repetitive stimulation of a normal muscle
fiber shows uniform strength

- The second figure =2 Lambert-Eaton myasthenic syndrome. Repetitive stimulation of a
muscle fiber in this case starts weak and becomes stronger

- The third fiqure = Myasthenia bravis. Repetitive stimulation of @ muscle fiber in this case

causes fatique in the muscle.
- Lambert-Eaton syndrome is a condition in which the body's immune system attacks the
connections between nerves and muscles



Figure
rin formation
Thrombin I§
\) Platelet activation

PATHOPHYSIOLOGY OF
HYPERCOAGULABILITY
e INMALIGNANCY

Inflammatory cytokines
Proangiogenic factors

Tumor cells
{ Tissue Factor A

T e e ore - Jumor cells can cause hypercoaqulable states due
to their ability in activating the coaqulation system

esion

on many levels



STDERIOR VENA
CATA STIOROME. [

- This figure shows severe SVC obstruction.

- SVC syndrome:

Patients present with sensation of fullness in the head and dyspnea. Cough, pain and dysphagia are
less frequent

(On PE: Dilated neck veins, Prominent venous pattern on the chest, Facial Edema, and a Plethoric

appearance.
The chest radiograph typically shows widening of the mediastinum or a Rt hilar mass
(T scan often identifies the cause, level of obstruction, and extent of collateral venous drainage.

SVC syndrome is more comman in SCLC than NSCLC.



FINGER CLUBBING

- (Ine of the common clinical manifestations of lung
cancer




PET OF A PALIENT

WITH LUNG CANCER

- The PFT shows an obstructive pattern (major airway obstruction).

Flow, L/sec

Expiration

Inspiration

= === Presentation

After YAG-laser
and external
radiation therapy

[ 1
5 6

Volume, L




Clinically: through History and PE.

(alcium elevation should prompt additional
imaging for bone metastasis and/or a work-up
for a paraneoplastic manifestation of the primary

tumor

Laboratory: CBL, Electrolytes, Calcium, Alkaline
phosphatase, ALT, AST, Total Bilirubin, Creatinine,
Albumin, and Lactate dehydrogenase

Hevation of alkaline phosphatase could be due to
iver of bone mets and should prompt
measurement Gama blutamy! Transpeptidase
(66T). When GGT is normal, an evaluation for
bone mets is indicated. When abnormal, an
evaluation of Liver mets is indicated

LFT abnormalities are possibly due to liver
metastasis, and we should prompt evaluation of
the liver with liver-directed imaging

- Radiographic: CAR, CT, PET scan, Integrated
PET/CT,

Y.

INITIAL EVALUATION OF LUNG CANCER




(YR OF A PATIENT
WITH LUNG CANCER

- Ihe radiograph shows a central mass with a possibility of Phrenic nerve

compression.
~ When the mass is central, it's usually SCLC or Squamous cell carcinoma.
- Adenocarcinoma is usually periphera



AR 0

i A PALLENT

WITH

NG CANCER

= Lanon Balls appearance Multiple metastasis, which can be either from the
lung itself (primary) or from distant sites (secondary).



(YR OF A PATIENT
WITH LUNG CANCER

a

- On this radiograph we can see that the diaphragm is elevated, and the tumor is
above it (white) and it could be invading the phrenic nerve causing diaphragmatic
paralysis

~ The Dark structure above the diaphragm is called Gastric bubble: a Radiolucent
rounded area generally nestled under the Left hemidiaphragm representing gas in
the fundus of the stomach.



PLEURAL EFFUSION

- Rt sided pleural effusion in a patient with Lung cancer
- In patients with history of malignancy, Pleural effusions could be
malignant indicating a otage 4 cancer



(I FINDINGS IN
PATTENTS WITH LUNG
CANCER

Large Lesion size (>15 mm) rreqular or Speculated borders

Upper lobe location Thick-walled cavitation

Presence or development of a solid
component within a ground glass
lesion

Detection of qrowth by follow-up
Imaging

The finding of multiple nodules in a
patient with a known or suspected

extra-thoracic malignancy strongly
suggests pulmonary metastasis




LI SCAN OF
PALIENT WITH
LUNG CANCER

- The yellow arrows are pointing towards a Central Tumor




L1 SCAN OF A
PALIENT WITH
LUNG CANCER

- Ihe yellow arrow is pointing towards a small nodule
- Nodules of this size won't show on CXR but will appear on CT.



L1 SCAN OF A
PALIENT WITH
LUNG CANCER

&

/

- The black arrow is pointing to a very small eftusion that

appears only on (T not CAR



L1 SCAN OF A
PALIENT WITH
LUNG CANCER

- The scan shows small metastatic lesions on the Liver



Although whole body PET scan is more accurate than C1 in detecting occult

disease, its use hasn't been shown to improve survival

False positives can occur with benign FDG-avid lesions such as infections,

inflammation, and granulomatous disease.

PET SC AN D6: Fluorodeoxyglucose, is taken up whether it's a tumor, infection, or

granulomatous disease.

False neqatives typically occur when there are microscopic foci of mefastasis,
and in non-enlarged lymph nodes (<10mm).

L] Scan isn't useful for brain mets since the brain cels are always active, ie. it

all ight up, so we use MR




PEL SCAN OF

A

PALIENT W
LUNG CANC

T
0




PET SCAN

e »




PEL SCAN OF

PALIENT W

A
[H

NG CANCER

- This scan shows multiple liver metastatic lesions.



PET SCAN OF

A

PALIENT W
LUNG CANC

T
0




INTEGRALED PET/CT
SLAN




INTEGRATED PE/CT
SLAN IN' A PATIENT
WITH LUNG CANCER

- This scan shows lung cancer with LN, Liver, and Adrenal involvement



5 £4 -

K, o
INTEGRATED PET/(T e
-

SCAN > -

- The yellow arrow in the CT scan shows a Lung cancer, while in the PET scan it shows Suprarenal
gland involvement




VERTEBRAL
METASTASIS SEEN
WITH MRI 7




BRAIN METS ON
MR




DIFFUSE BONE
METS ON PEI




PROGNOSLS OF SCLC

A]
100% 100% —
80% — . 80% | | 1
\ A
60% — 1 60% — g
A ¥
40% — o 40% —
§ £
20% — ¥ 20% — T
* %
= 11
0% T T 1 0%
0 24 48 72 0 2
Months Months
24 60 24 60
7th edition Events / N MST | month | month 8th edition Events / N MST | month | month
* 1A 1119/ 6303 NR 93% 82% * IA1 68 / 781 NR 97% 92%
118 768 | 2492 NR 85% 66% 1 1A2 505 / 3105 NR 94% 83%
A TIA 424 / 1008 66.0 74% 52% A IA3 546 / 2417 NR 90% 77%
° o
§ 11IA 44 ),0 § 11/ ‘ N
¥ IIIB 2101/ 2624 14.1 34% 19% ¥ IIB 605 / 1453 66.0 72% 53%
1V 664 / 882 8.8 17% 6% ¥ IIIA 2052 / 3200 29.3 55% 36%
f M
**
1M wva 336/ 484 11.5 23% 10%
AA TVE )8

- The higher the stage, the worse the prognosis



PULMONARY EMBOLISM




PULMONARY
EMBOLISM

Partial or complete occlusion of a ﬁu|m0nary arterial branch by
blood clot (thrombus or multiple thrombi).

DVT and PE are different presentations of the same underlying
ﬁathophysioloqicﬁ event, E/enous Thromboembolism (V1t) =

ypercoaqulable state (Vascular injury may cause a clot that
dislodges from the lower limb and qoes to the lunq causing PE)

Emboli Could be from a Thrombotic or Non-thrombotic sources.

Thrombotic emboli account for most cases, it originates in the lower
extremities and rarely from the lung itself, but it may happen.

Most thrombi originate in the deep veins of the calf and propagate
Eroxima“y to the popliteal vein = Femoral = lliac = V(=

ung.

We can insert a filter in the [VC that forms a barrier stopping DVT
from qoing to the lung

Emboli can also originate from atypical sites like upper extremity
thrombosis associated with central venous catheters or intravascular
cardiac devices or may be associated with thoracic outlet obstruction
or effort thrombosis.




Pulmonary embolism PE occurs when parts of the clot
detach and travel in the blood
to block vessels in the lungs

Migration Embolus

VIE: DVT AND P

As the venous clot
grows, it extends
along the vein

- (Jur aim is to prevent migration as the embolus ends up in the
lungs.



LAUSES OF NON-
[HROMBOTIC Pk

BOX 61-2 Causes of Nonthrombotic Pulmonary Emboli

Fat Embolism
Amniotic fluid embolism

Air Embolism
-Venous
- Arterial
Tumor embolism
Septic pulmonary embolism

- kat Embolism occurs mainly with fractures and the patients present with
sudden hypoxia and s0B

- Amniotic Hluid Embolism =2 in pregnant ladies.

- deptic Pulmonary Embolism =2 from infections



Strongriskfactors [ OR>10) Moderateriskfactors(OR2-9)

Facture fowerimb Arosoe o e
Autoimmune diseases
Previous VTE :
Blood transfusion
Spinl codinury Centra venouslines
Hosptalzationfor heartfalure or el llion futter (within predous 3 mnths| Intavenouscathters andeads
: Chemothera
Hip or knegreplacement 2
Congestive heart failure or respiratory failure
Harraum Erythropoiesis-stimulating agents
PRE D I SP 0 S IN G Myocadalinfarcton it reious 3 months Hormone replacement therapy (depends on formulaton)

FACIORS FOR VIE

Moderate riskfactors (cont'd) Weak riskfactors (OR<2)

Invitro fertiization Bed rest >3 days

Oral contraceptive therapy Diabetes melltus

Postpartum period Arterial hypertension

Infection (specifically pneumonia, urinary tract infection, and HIV) Immability due to sitting (.g.prolonged car or ir travel)
Inflammatory bowel disease Increasing age

Cancer (highest risk in metastatic disease) |aparoscopicsurgery (e.8.cholecystectomy)

Paralytic stroke Obesity

Superficial vein thrombosis Pregnancy

Thrombophilia Varicoseveins



nEMODINAMIC
LONSEQUENCES

Increased RV afterload

RV dilatation
TV insufficiency

RV Q, delivery
* RV wall tension *

RV coronary *

perfusion Cardiogenic Neurchormonal
activation
inflammation
Low CO RV O, demand4
LV pre-load " RV ischaemia

RV output * RV contractility *



Indicators of risk

Clinical

Elevated
Early mortalityrisk Haemo-  parameters of PE RV il
dynamic severity/ dysfunction on et
instability ~ comorbidity: PESI  TTE or CTPA e
[1-Vor sPESI21

e
CLASSIFICATION Ok  —_—

e N

level test to rule out RV dysfunction (in patients with Right heart failure,
the right side is larger than the left on imaging).

- Patients with low risk should be discharged to home with ord
anticoaqulants



U/ SUAN

W/O 1MIN W70 2HIN

The first row is the Ventilation scan
The second row is the Perfusion scan
The areas encircled with green circles are perfused areas but not ventilated = Mismatch indicating

PE



LI SCAN WITH
LONTRAST OF A
PALIENT WITH Pk

- The encircled structures are pulmonary arteries showing filling defects

- Hilling Defect: the clot s gray, and contrast is white.



LI SCAN OF A
PALIENT WIIH Pk

- A => (ot
- B = filling Defect

- [ => Pulmonary infarction
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- £Cbs are not diagnostic for PE, but it only gives hints
- The most common ECG finding here is Sinus Tachycardia
- (ther findings: Incomplete RBBE, 10313 pattern, and Inverted precordial

[ waves.
- Notice the presence of the pathologic 0l wave + | wave inversion



RESPIRALORT FAILURE




Respiratory dysfunction refers to the failure of qas exchange, i.e. decrease in arterial oxygen tension PallZ (<60 mm Hg -Hypoxemia-)

It may or may not accompany hypercapnia, a Pal0l2 >50 mm Hg (decreased COZ elimination)

Any Lung disease can cause Respiratory failure, and all patients with RF must have an ABG test (Pall2 <60 mm Hg, 02 dat <681, PalUZ >o0 mm Hy).

Type T RF {Hyper-hypoxic): Arterial oxygen tension PallZ <60 mm Hg with normal or low Arterial carbon dioxide tension PaC0Z (Pal0Z is equal to or less than 50 mm Hg)

Type £ RF (Hypercapnic): Hypercapnic Respiratory failure characterized by a PallZ >50 mm Hg and Arterial oxygen tension Palll <60 mm Hg

OF is further classified into Acute or Chronic.

Acute RF- characterized by life threatening derangements in ABbs and Acid-Base status

Acute Type 2 R develops over minutes to hours; therefore, pH is </3, and patient exhibits severe acidemia especially with decreased Level of consciousness

In Acute Type 1KF, patients are severely tachypneic and lToxic
-

Y

RESPIRATORT FAILURE



Chronic RF is less dramatic, since the patient get used to Hypoxia

Develops over several days or longer, allowing time for renal compensation and an increase in
bicarbonate concentration. Therefore, the pH usually is only slightly decreased

RESPIRATORY FAILURE

The dlinical markers of chronic hypoxemia, such as Polycythemia (as a response to chronic hypoxemia,
to compensate for hypoxia) or Cor-pulmonale (due to pulmonary HIN - vasoconstriction due to
hypoxemia- leading to Rt sided heart failure) suggest a long-standing disorder

In COPD => Long term 02 therapy improve survival in patient with COPD by preventing

Vasoconstriction and Pulmonary HTN and Cor-pulmonale.




PATHOPHYSIOLOGY
OF HYPOXEMIA

° Normal Lungs

Airways

Right
lung

- Brain
Spinal cord

Pulmonary arteries—
blood flow from heart
nto lungs

Heart is not shown

Left lung

Muscles that
control breathing:

- Ribs and
surrounding muscles

Diaphragm

©

Conditions Causing
Respiratory Failure

Condition that affects
the flow of blood
into the lungs:

Pulmonary
embolism -
blocks blood flow
and causes

lung damage

dystrophy
e G i g

R

Conditions that affect
the areas of the brain
that control breathing:

| Stroke
Drug/alcohol overdose

Conditions that affect
the flow of air in and
out of the lungs:




Cause

LAUSES (F
n{POXEMIA

Hypoventilation

Diffusion

Impairment

Shunt

? V/Q Mismatch

High Altitude

Pal0Z:

PaO,

Decreased

Decreased

Decreased

Decreased

Decreased

A-a

gradient

Normal

Increased

Increased

Increased

Normal

PaO, response to

supplemental oxygen

Increases

Increases

Does not increase,

Usually increases (depends on

V/Q mismatch type)

Increases

- lo differentiate between high altitude and hypoventilation hypoxemia, Check

1 PaC0Z s decreased = High Altitude Hyporemia
[t PaC0Z s increased =2 Hypoventilation Hypoxemia



MAIN 5YMPTOMS
OF C0Z TOXICITY

>

Volume %
in air

M -1%
W -3%
B -5%
M -38%

Respiratory
- Shortness
of breath

Muscular
- Tremor

Visual {
- Dimm;\
sight

AuditoryJ
- Reduced
hearing

»

J

~

7

Central

- Drowsiness

- Mild narcosis

- Dizziness

- Confusion

- Headache

- Unconsciousness

— Skin
- Sweating

Heart

- Increased
heart rate
and blood

pressure




Multiple sclerosis
Stroke
Arnold-Chiari malformation

a
v

Quadriplegia
Amyotrophic lateral sclerosis

Poliomyelitis
Spinal muscular atrophy
Syringomyelia

e
\

Guillain—Barré syndrome
Tumor compression
Neuralgic neuropathy
Critical-illness polyneuropathy
Chronic inflammatory

demyelinating polyneuropathy
Charcot—Marie-Tooth disease

ASES OFTIE? | o

Lambert—-Eaton syndrome

Botulism
Organophosphates
Drugs

Muscular dystrophies

Myositis (infectious,
inflammatory, metabolic)

Acid maltase deficiency / \

Glucocorticoids

Disuse atrophy

J \

N

Diaphragm

- All of the above causes lead to Hypoventilation



A rapidly progressive non-cardiogenic pulmonary edema (confirmed by normal capillary wedge pressure) that initially manifests a
Dyspnea, Tachypnea, and Hyporemia, then quickly evolves into RF.

s a very comman cause of mortality in ICUs

It occurs due to Infection, Inflammation, and Fluid accurnulation.

DI S TRE S S S YN DRO ME The criteria for the diagnosis are based on timing of symptom onset (within one week of known dlinical insult or new or worsening
( ARD S ) respiratory symptoms)

1~ The likely source of pulmonary edema (RF not fully explained by cardiac failure of fluid overload)

Mechanism of Hypoxia in ARDS: Shunting due to poor ventilation but well perfusion.

3~ Oxygenation as measured by the ratio of Partial pressure of arterial oxygen (Pall2) to fraction of inspired oxygen (F0Z) - normaly

P402 = 90 mm Ha, F0Z = .21, Oxygenation Ratio= 45 ) mm Hq-




LXR OF A PATIENT
WITH ARDS

- Note the bilateral air space opacification and lack of obvious vascular congestion
- Typical CAR findings in ARDS:

1- Right lung's mid and lower zones have white opacties and the Left side shows
infiltrations.

/- Heart size is normal (non-cardiogenic).



UBS[RUCTIVE SLEEP APNEA / OBESITY
RTPOVENTILATION SYNDROME




JoA

05A s characterized by repeated upper
airway obstruction (at the level of the
oropharynx behind the tonque) during
sleep causing acute disruptions to blood
oxyqen levels, heart rate, blood pressure,
intrathoracic pressure, and sleep quality
(Drop in 02 levels leading to Tachycardi,
lachypnea, Increased intrathoracic
pressure, and sleep quality is disturbed).



SLEEP APNEA

Sleep Apnea

Nasy Caviy

Shus creins

O cavity

Mard Pawe

\

Spughoemn
Soft Palste

Neasgdharyn

Normal Breathing Blocked Airways

£ 20100 Exsectinl Qe Books

- Normally during sleep, muscles of the oropharynx and nasopharynx are pulled

apart allowing breathing
~ In the case of 05, the airways become blocked only during sleep due to muscle

weakness (most importantly the tongue), aqing, etc.



oLEEP APNEA CYULE

Sleep Apnea Cycle

- dleep = (essation of breath =2» Hypoxia = Arousal due

to sympathetic activation against hypoxia = Ventilation =
Reoxygenation =2 dleep.




Pathologic Breathing Cycle of OSA

HEALTH EFFECTS OF
0oA

Wakefulness
Airway open

The instant you
fall asleep

and stable

N

—

Hyperventilation

sleep, decreased sleep time,

Intermittent hypoxia, fragmented
impaired glucose metabolism

Tasali, OSA and Type 2 Diabetes,
Interacting Epidemics. CHEST 133(2);2008

\\\‘ i |
Arousal,
disturbed sleep
& cardiopulmonary
STRESS!

1CO,/ 10,
Decreased
airway stability
Airway Oxygen drops;
collapse Carbon dioxide rises

1

Increased effort
to breathe

“Fight or Flight”

- Some patients may not be aware of arousals during sleep (mild
arousals).
- Signs of apnea that may awaken the patient from sleep:

1- Feeling suffocated.

[~ for frequent urination (due to the release of ANP)
3~ Not knowing why they wake up



RISK FACTOR FOR
0oA

- (besity (main risk factor), Being a mouth breather during sleep (may be due to
adenoid or tonsillar enlargement), Alcohol (relaxes upper airway muscles),

smoking (weakens the respiratory muscles), Male gender, Age >o0), Jaw structure
(small), Menopause, Drugs (sedatives + anti-epileptics), Hypothyroidism, and
Acromegaly.



MALLAMPAI]
SLURE

Mallampati Score to Predict Obstructive Sleep Apnea

Class | Class Il g Class Il Class IV

- The Mallampati score is a simple test that can be a qood predictor of U5A. The
assessment is performed with the patient sitting up straight, mouth open and
tongue maximally protruded, without speaking or saying "ahhhh”

- Class 0: Ability to see any part of the epiglottis upon mouth opening and
tonque protrusion.

(
(
-
(
(

dsS
dsS
dsS
dsS
dsS

- g0t palate, Fauces, Uvula, Pillars are all visible.
|- Soft palate, Fauces, Uvula are visible.
I: doft palate, base of Uvula are visible

V: Soft palate not visible at all
I'and [V are the worst, and patients are at most risk of developing 0SA.



Obstructive Sleep Apnea (OSA)
Common Sympioms & Associated Conditions

Symtoms of Sleep Apnea Prevalence of Sleep Apnea

Depression

COMMON 5TMPTOMS - o

1

AND ASSUCIATED
CONDITIONS

Gasping fo 49 D
o - - m ™~
Sore | a 2 \C =TLL
ST 3 —— e
~:I:_-, L 7 esh

606080000900
0000000000




» STOP Questionnaire  ® BANG

* Snornng * BMI>35
* Tiredness * Age>50
* Observed you * Neck circumference >40cm
stop breathing (»15.7")
S—[OP BANG * Blood Pressure + Gender male
QUESTIONNAIRE ? Highrisk: Yes to >3 items - Refer for sleep testing

- Used to assess the risk of sleep apnea, mainly pre-operatively




Polysymnography (Pab)
> bold Standara. ome slep est

DIAGNOSLS OF O5A
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- (omponents:

*“ tlectrodes on the head for £EG; to determine Sleep stages.

* Chin Microphone; for snoring.

* Nasal Canula; for the flow of air

* Belts around the chest and abdomen; to detect their movements during

breaths.

- Patients must not Drink coffee, take a nap at afternoon, or smoke.
- Patients can take medications to sleep =2 Benzodiazepine
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(Occipital, = Frontal).
LE06, REQG: Rt and Lt eye electrogram =2 used to detect when the patient enters REM and Non-REM sleep.

Chin: movement of Chin muscles.

MSnore: shows snoring.
THERM: for the nasal canula =2 determining air flow / waves , it's where apnea is shown.
THO, ABD: Thorax and Abdominal movements =2»Abdomen and Thorax are in-phase movements since they
move competitively
Regarding the above P30, we can tell that the patient is male since the abdomen is moving more than the thorax

during respiration

(3AZ, C4AT, 01/\2 0ZAT: EEG leads, each letter stands for where you put the electrode (C =2 central, 0 =

I»IZI



ABNORMAL WAVES
N PSG

In nasal/oral airflow waves, flat line means that no air entered or left there.

At the same time if you looked at the thoracic movement waves you can tell that during apnea thorax
movements persist (trying to resist) with abdominal paradoxical movements which supports
Obstructive dleep Apnea.

Also, there is Paradoxical abdominal movements with apnea (Jut of phase).

By the end of the apnea, 02 Sat is at its lowest = this is a feature of 0SA differentiating it from
Central Apnea.

In Central Apnea, (1 Sat returns to normal levels by the end of the event

During the phase of 07 desaturation there is Bradycardia.

Notice on the EEG waves that at the end of Apnea there is a phase of arousal for Ventilation and
reoxygenation.



Apnea: 70% or more reduction in air flow o
complete cessation of airflow for 10 seconds
(02 Desaturation is not a criteria).

Obstructive Apnea: Apnea with evidence of
continued respiratory effort, i.e. Chest
movement persists.

Central Apnea: Apnea with absent respiratory
effort, i.e. No chest movement (J flat lines,
no movement of Chest or Abdomen)

SLURING RESPIRATORY
EVENTS

Mixed Apnea: if inspiratory effort is absent at
the beginning of the event but resumes in
the second portion of the event




[YPES OF APNEA




AH = (# Apneas + # Hypopneas) / Sleep hours.

A <5 Normal
AHES - 75- Mild

AR5 - 29- Moderate

Al >30- Severe

Respiratory Disturbance/ Distress Index (RDI): a formula used in reporting polysomnography findings. Like the Apnea Hypapnea index, it reports on respiratory events during sleep, but unlike the AH, it also includes
respiratory-effort related arousals (RERAS)

RDI = (# Apneas + # Hypopneas + # RERAS] / Sleep hours.
L

V4

APNEA HYPOPNEA INDEX



UBSIRUCTIVE
APNEA
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The red arrow points towards a flat fine =2» No air entry.

Notice in this P3G we have twa lines for Airflow, one of them is using temperature
and the other is using pressure to measure airflow.

Chest movements persisted / Paradoxical abdominal movements =2 out of phase



UBSIRUCTIVE
APNEA

- Notice that we only have one flat line.

- Usually: 3 flat lines =2 Central

- Tlat and £ moving lines =2 Obstructive.

.................
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- P36 shows a very long period of apnea. In some cases, it can extend to 15
minutes.




ARTIFACT

- All readings disappeared =2 this is an artifact, the patient may have removed the

devices.,



UBSIRUCTIVE
APNEA
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- (rescendo decrescendo changes in tidal breathing which sandwich central apneas
- Note that the arousals occurred at the peak of hyperventilation. This contrasts with the
temporal association of arousals occurring at the termination of obstructive apnea

~ Notice that all the lines are flat.

- Notice how 02 sat decreased halfway through the event returning to normal at the end of it -
unlike 05A.




CENIRAL APNEA
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3 Flat Lines.

0 sat is normal by the end of the event.



CENIRAL APNEA
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- Reduction in flow followed by arousal
- Note that Sleep apnea and Hypopnea are different versions of the same sleep disorder. An Apnea
is the complete blockage of air, while Hypopnea is the partial blockage of air



CENIRAL APNEA
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HOME SLEEP STUDY

10030 AN
1 [ I 1 1 1
L |I| [ U

L, M

10700,
1 1 |

L5 l |
aﬁm WMW“ e %W W WW Wﬂ
B " U/WPW\ TR o

_!
‘M_

MM’WMMU’ Vel AMMM TobALL lwﬂj (! f\;’\f\mrﬁjvd\ﬂ AW MJJ W\AMU g \JW\I

LRRER S—
- -~

’W\/Wvwﬁv’vﬁf\/\/\w'\J\MﬂW\ﬂ/[W«rvwM& WA \/\ A WV\}V\MWM WWVWW\/M

a ”-.f = ;
] E oo
s P2op

L 8

E
190
g w?*.‘-‘-'-*":'.tz ESEEE

.......................
Ty 2 2 EeRERpprorrRREK="S"RREE=="SRE= ErRRrRERERRRR e R
£ R - T e T "

8 B

- Done without £EG recordings =2> not useful in cases of sever apnea.

- Do
(02 Sat, Abdomen, Chest, Canula flow from the nose, and a Microphon.



CONTINUOUS
POSITIVE ALRWAY
PRESSURE (CPAP)

- FHow generator with tubing and mask.
- |t takes air from the room and push it into the airways.
~ |t pushes air out under pressure which keeps airways open and non

collapsible



A combination of obesity (BMI >= 30 kq/m2) and Daytime Hypercapnla (PaC02 >=45 mm Hg) occurring in the absence of an
alternative neuromuscular mechanical or metabolic explanation for hypoventilation

It's worse than 0SA.

How to differentiate between 0SA and OHS? We do ABGs while the patient is awake = If PaC02 is normal: 0SA, I PaC0Z is

BESTT  —
HYPOVENTILATION S
STNDROME (OFS)

T Acute on top of chronic Type 2 RF.

1- Referral to respiratory clinic for: Suspected OSA, Unexplained Dyspnea, Pulmonary HTN.

3 They usually have HTN, DM, and other comorbidities.

- The prevalence of 03A is higher in men, while the prevalence of OHS is equal in Men and Women




)

Nearly /3% of the patients are misdiagnosed and treated for Obstructive lung disease =2 so do spirometry; it
there is no obstruction then it's UHY, if there is obstruction then exclude UHY.

Make sure that the patient has no obstructive lung disease and no musculoskeletal disease

Lriteria for UHY with sleep hypoventilation: Just knowing that these patients’ PallY elevates during sleep.

LU levels usually measured using Iranscutaneous carbon dioxide ([cUUZ).
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- Apnea associated with DAYTIME elevated PaC02




0H5 MANAGEMENT
o[ RATEGY

AHI 230

OHS

CPAP

Responders:
Adequate clinical and arterial
blood gases control
No or few hospital admissions
due to acute-on-chronic
respiratory failure

Maintain
CPAP

Non-responders:
Inadequate clinical or arterial
blood gases control or
hospital admissions due to
acute-on-chronic respiratory
failure

AHI <30

Switch to



L0PD




L0PD

A common (because smoking is common), preventable (by stopping smoking), and treatable disease.

The disease is characterized by persistent respiratory symptoms and airflow limitations that is due to
airway and/or alveolar abnormalities usually caused by significant exposure to noxious particles or gases.

The chronic airflow limitation that is characteristic of COPD is caused by a mixture of small airways disease
(e.q, obstructive bronchiolitis) and parenchymal destruction (emphysema).

,Mixed chronic bronchitis and emphysema with different involvement from patient to patient

Chronic bronchitis: defined in clinical terms as the presence of cough and sputum production for most days
over 3 months for 2 consecutive years (Pathology: Thickened, Inflamed, and more mucous in airways).

Emphysema: defined as enlargement of the airspaces distal to the terminal bronchioles, due to destruction
of the alveolar wall. Diagnosis mainly by Histopathological findings (Pathology: Loss of elasticity).
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Tobacco smoke (the most common Indoor air pollution: Biomass fuel
factor), including Cigarette, Pipe, used for cooking and heating in
Cigar, Water pipe. poorly ventilated dwellings

Uccupahona\ exposures: inorganic
dusts, chemical agents, fumes

benetic factors: usually younger age
with early presentation especially
with heavy smoking, Mainly with
Alpha T antitrypsin deficiency.

Outdoor air pollution. Age and Sex

RISK FACTORS

Lung growth and development: in

ewborns Socioeconomic Status Asthma and airway hyper-reactivity

Chronic bronchitis Infections




GOLD CLASSIFICATION
OF SEVERITY OF
AIRFLOW LIMITATION
1N COPD, BASED O
DST-
BRONCHODILATOR
PRV

In Patients with FEV,/FVC<0.70

GOLD 1: milg FEV, 2 B0% predicted
GOLD 2: moderate 50% < FEV, < B0% predicted
GOLD 3: severe 30% < FEV, « 50% predicted
COLD 4: very severe FEV, < 30% predicted

- FEVT/ VC <070 = means obstruction.
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MMRC DYSPNE A The Modified Medical Research Council (MMRC) Dyspnoea Scale

Grade of
SC ALE i Description
‘¥ ? 0 Not troubled by breathlessness except on strenuous exercise
VERY IMP ORT ANT - 1 Shortness of breath when hurrying on the level or walking up a slight hill
XK ) Walks slower than people of the same age on the level because of breathlessness

MEMORIZE IT— orhas to stop for breath when walking at own pace on the level
3 Stops for breath after walking about 100 m or after a few minutes on the level
4 Too breathless to leave the house or breathless when dressing or undressing




[HE REFINED ABCD
ASSESSMENT T00L

COPD:= persistent airway obstruction

THE REFINED ABCD ASSESSMENT TOOL

Spirometrically PRI Assessment of
c((i)‘nflrmc.d [:> airflow [imitaion [:> symptoms/r!sk of
iagnosis exacerbations
o ~ Exacerbation symptoms
FEV1 indicates level of obstruction ”_hl_sm_r.v_ | are important
FEV o220 1
Grade (o, pregicted) Lo |
- 21 leading ?
Post-bronchodilator GOLDT| =280 I hospita?! C | D
FEV,/[FVC < 0.7 GOLD2| 50-79 ’ admission ‘
means GOLD3|  30-49 i
. H r | |
obstruction GOLD4!| <0 i( it Ieading% | )
! to hospital | A ‘
| admission) -
TR S
admissions ' CAT<10 |1 CAT210 |
"""""""""""""""" CAT=COPD
Symptoms

assessement test



ABCD ASSESOMENT
1001

Consider two patients:
Both patients with FEV, < 30% of predicted
Both with CAT scores of 18

But, one with in the past year and the other
with in the past year.
Both would have been labelled in the prior classification
scheme.

With the new proposed scheme, the subject with 3 exacerbations in
the past year would be labelled

The other patient, who has had no exacerbations, would be
classified as

- Grouping oystems (MMRC and CAT) are important for treatment.
- The patient with ( exacerbations =2 broup B
- The other patient = broup

- Totally different prognosis and management.
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SHOWING AIRFLOW
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- # = Inspiration
- The picture on the left => Mild Airflow obstruction
- The picture on the Right => Severe Airflow obstruction
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ID: CSM4166 Date: 10/03/04 Gender: Male Age: 62

Weight(kg): 79.0 Height(cm): 184 BMI: 23.33
PB. 753 Temp: 23
Pre Pre Post Post FT(’)‘VT

Spirometry Ref  Meas % Ref Meas “Ref 4
FVC 486 448 92

T FEV, 338  (1.61) (48) T

SP ROMETRY FEV/FVC 70.0 (36.0) 12+

FEF;:.:% 311 (0.35) (11)

- PEF 902 543 60 |

- Lung Volumes 81
TLC 1

L RV i \'\

- RVITLC |

FRC PL T / H‘“r::::._
OBSTRUCTION TS
Ve N,
Resistance T
Raw -4+
sRaw
Diffusion
Dicg 81
Dico Va i
Va 121
1210 8 Voﬁnme 4

Comments:The patient could not fully expire during to FVC or SVC, therefore the results for both vital
capacities may be underestimated. See attached FV loops




AR 0

- A PALLENT

[TH COPD

- K-Ray isn't diagnostic but it may give hints
- This radiograph shows Hyperinflation (more obvious on lateral x-rays) + Flattening in Diaphragm +
Increased Intercostal Spaces = Suggestive of COPD.
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PALIENT WITH
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- Hyperinflated lung

- Hattened Diaphragm

- Increased Antero-posterior diameter (Barrel chest)



DIFFERENTIATING
L0BD FROM
ASTHMA

Onset

Etiology

Course
Clinical features

Pattern of Symptoms

Inflammatory cellsand
mediators

Responseto
Bronchodilators

Response tosteroids

Anytime (oftenchildhood
oryouth)
Allergic, family history

Intermittent

Wheeze, episodic dyspnea,
cough

Variable day to day, more
at night/earlymorning
Eosinophils, mast cells, Th-
2type

Largely reversible

Substantial

Later inlife

Smoking, othernoxious
exposures

Chronic progressive
Persistent dyspnea,
productivecough

Less variable, moreon
exertion

Neutrophils, macrophages,
Th-1type

Partially reversible or
irreversible

Partial



INTERSTITIAL LUNG DISEASE




Interstitial lung disease is any disease that affects the area between the alveoli (doesn't affect blood vessels and airways directly).

Characterized by excess production of fibroblasts (increased fibroblasts activity) which replaces the normal lung parenchyma causing damage to the alveoli and blood vessels and affecting gas exchange by producing fibrin, elastin, and collaen.

Patients are usually hypoxic, and present with (02 retention in advanced stages.

Patients also develop Pulmonary HTN due to Hypoxia that causes Vasoconstriction.

Pathophysiology: Repeated exposure to inflammatory agents or imperfect repair of damaged tissue leads to permanent damage.
Physiological impairment due to damage: V/Q mismatch, Shunt, Decreased DLCO, Decreased Lung compliance.

Patients present with Respiratory symptoms along with:

T- Radiologically diffuse infiltrates (on CAR + CT).

1 Histologically by distortion of the qas exchanging units.

3 Physiologcally by restriction of the lung volumes and impaired oxygenation.




SECONDARY
PULMONARY
LOBULES

Maormal Secondery Lotuler Anadomy

LR
Pprawm | Y
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Red Arrow =2 Pulmonary Artery

Blue Arrow = Pulmonary Vein

breen Arrow =2 Alveall

The area surrounding the alveoli is where disease starts and it's full of fibroblasts
Arrow = Interlobular septal lines, those separate decondary pulmonary

lobules (they become prominent when affected by ILD, usually it doesn't appear

ike this especially peripherally)



Interstitial lung disease

ILD Idiopathic Other forms of
of known causes Interstitial ILD
(drug, environ, CVD) Pneumonia (lIP) (LAM, HX)

Idiopathic Pulmonary
Fibrosis (IPF) |IP otherthan IPF
= UIP
Desquamative Respiratory bronchiolitis—
interstitial pneumonia associated interstitial lung disease

ATS / ERS ? Acute interstitial pneumonia | Cryptogenic °'93"i25”9
pneumonia

Nonspecific interstitial —_— Lymphocytic interstitial
pneumonia pneumonia

- We have 4 major classifications.

- HX stands for Histiocytosis X

- |diopathic Pulmonary fibrosis: the most common form of lung fibrosis.
- Usual interstitial Pneumonia (UIP) is a histological definition

- IPFis a disease that has UIP appearance =2 we refer the patients for biopsy after excluding other
causes (not every UIP is IPF)
~ 1P other that IPF is further classified depending on Histology,



History

*+ Age>70vears ... IPF(Idiopathic pulmonary fibrosis ).
* Exertional dyspnea and nonproductive cough
+ Rarely sputum production, hemoptysis, or wheezing
Duration :
Acute : AIP
Infection
Acute HP(hypersensitivity pneumonitis ), acute EP (eosinophilic pneumonia).
Drug reaction COP, CTD (e.g. acute lupus pneumonitis)
DAH (diffuse alveolar hemorrhage ).
? Chronic :IPF,
DIAGNOSIS OF ILD + Non respiratory symptoms related to disease complications .

+ Smoking related ILDs( Interstitial lung diseases).
+ Exposure and occupation .

Most patients are old, we rarely see the disease in young patients.
There is no airway involvement but in advanced stages there wil be Iraction
Bronchiectasis and patients will start producing sputum

I

Sputum production, Hemoptysis and Wheezing are rare symptoms.
FILD is Acute = Acute interstitial Pneumonia (AIP): Bilateral Infiltrate, ICU

admission, Very ill and sick patients and require Ventilatory Support.



JUCUPALL

RELALED [

|

KEEPOUT

? X AUTHORIZED
K ) PERSONNELONLV

/

RESPIRATORSAND 808
PROTECTIVE CLOTHING S
AREREQUIREDIN ~ [NSPIS
THISAREA. [

solation
Building
ndustry
** any occupation that involves Exposure to Asbestos

.......

--------




HYPERSENSITIVITY
PNEUMONITLS (P)

- Exposure to allergens in the environment (Birds, Cotton) not similar to Asthma

allergens.

- On PE: Chest = Increased Tactile and Vocal fremitus, Dull percussion note,
Bronchial breath sounds, Crackles usually fine end inspiratory, Pleural friction rub,
Whispered Pectoriloquy

Chest U5 = B lines
- The qold standard for the diagnosis is: High Resolution CT Scan.




HYPERSENSITIVITY
PNEUMONIIIS RS

- Spares lower lobes due to allergens (birds), since anything you inhale usually
qoes to the upper part of the lung

- Diseases affecting upper lobes: Sarcoidosis + Ankylosing Spondyitis+
Hypersensitivity Pneumonitis

- Diseases affecting lower lobes: Asbestosis + Connective tissue disorders +

IPF



VELCRO CRACKLES

- tine end inspiratory crackles.
- Indicates dcarring of the lung parenchyma



HERMANSEY
PUDLAK SYNDROME uP Pu W

- I hereditary type of Pulmonary fibrosis.
- ™ EXTRA™ Characterized by a condition called Oculocutaneous albinism, which causes
abnormal light coloring (pigmentation) of dkin, Hair, and Eyes.

- Presentation =2 young patients with white hair
~ Common in Puerto Rico
- |t causes diffuse fibrosis, Platelet dysfunction, and Albinism.



CONNECTIVE TISSUE
RELATED [LD

- Rash: indicates ILD when accompanied by respiratory symptoms

- A => Rash over the cheeks, sparing Nasolabial folds (LUPUY)
- B => Scleroderma (digtal ulcer).
- ( => Rheumatoid Arthritis.

- D => Oral ulcer in a patient with Lupus.
- £ => dderoderma with small mouth, peaked nose and very tight skin
-t => Digital lschemia in a patient with Scleroderma.



LAB TESIS

RF(rheumatoid factor)

ANA (ant1 nuclear antibody ).

Ant1 DS —=DNA( Double stranded DNA )
ENA (Extranuclear antibody ).



SARCOIDUSLS

“EXTRA™ a disease characterized by the growth of tiny collections of

inflammatory cells (Granulomas) in any part of our body

Accompanies Lung Fibrosis

Notice the redness of the sclera (Scleritis), as well as the rash on both upper
and lower limbs

Labs: derum ACEl Level + Hypercalcemia



SARCOIDUSLS

- (AR findings:

T- Symmetric Hilar and Mediastinal Lymphadenopathy.
1~ Reticulonodular opacities.

3- Nodules

4~ Pulmonary Fibrosis (mostly at upper and middle lung zones)



DERMATOMYOSITIS
/ DOLTMYOSITIS ¢

- A => Dottron's papules

- B => Digital Telangiectasia
- [ => Mechanics Hands

- D => Calcinosis

- b > Photosensitive rash in Dermatomyositis (Involves the Forehead and Nasolabial Areas
- > Vsign
- Labs: ANA (Antinuclear antibody) + ENA {Extranuclear antibody) + Myositis Panel.



IDIOPALHIC
PULMONARY
FIBROSIS (IPF)

- Histologically know as Usual Interstitial Peumaonia (UIP)

- The most common form of ILD

- Presentation: 0ld age man with progressive dyspnea (over 6 months), dry cough,
and digtal clubbing, No history of smoking,




GRANULOMALOSLS
WITH POLYANGILI]
(WEGENER'S
GRANL LOMATOSIS) - Atype of vasculitis with fibrosis

- A => Vocal cords; Subglottic Stenosis

- B => Saddle nose deformity (destruction of the nasal septum).
- (= Box Shape PFTs, due to impairment of inspiration and expiration.

2

- D => Digital Infarction
-t => Purpuric rash.

- Labs: ANCA (Anti neutrophilic cytoplasmic antibodies).



LYMPHANGIOLYOMYOMALOSLS

Rare cause of fibrosis, mainly enlargements of the smooth muscle of lymphatics wall

Mostly affects females with history of epilepsy, they wil develop thin cyst that when ruptures
leads to pneumothorax.
Presentation: Middle aged lady on 07 therapy with Pneumothorax and Angioma.

A => Pneumothorax

B => Problem in the brain (epilepsy)
Red Arrow =2 Angioma

[ => Thin cysts Variable in size

D => Skin lesions



LYMPHANGITLS
CARCINOMALUSIS




ASBESTOSLS

- A => Arrows show asbestos plaques deposits on pleura and diaphragm
- B => Plague on X-ray (in the lower zone)




CONGESTIVE HEARI
FAILURE

Chronic interstitial edema with Heart failure and edema in the lung

A => Bilateral pleural effusion
B => Pacemaker

[ => Red arrows are pointing towards B lines (a kind of comet-tail artifact indicating subpleural
interstitial edema)



HONEYCOMBING

~ A characteristic of IPF.

- Seen with any advanced Lung fibrosis.
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= In NSIP, we have Ground glass opacity instead of Honeycombing.
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DIAGNOSIS??

- fibrosis + Hiatus Hernia + Micro-aspirations / reflux




DR

b/ RADIATION

1

INDUCED [LD

- Diagnosed with proper History, and after excluding other causes




LUNG VOLUMES IN
ILD

e )
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i
- findings in Fibrosis:
1- Reduced Total Lung Capacity
1~ Low FVC
3~ Normal FEVT / FVC ratio

- Mainly Restrictive patterns.




ASTHMA




ASTHMA

it's a chronic disease characterized by recurrent attacks of shortness of breath and wheezing

Heterogenous disease, usually characterized by airway inflammation

History of respiratory symptoms such as Wheezes, Chest tightness, Cough, and SOB that vary over time and in
infensity; together with variable expiratory flow limitation

Usually is associated with airway hyperresponsiveness and inflammation, but these are not necessary or
sufficient to make a diagnosis

May become warse during physical activity or at night

It begins early in lfe

Risk factors: Atopic disease, Recurrent wheezing, parental history of asthma and smoking

Pathophysiology: Airway inflammation + Intermittent airflow obstruction + Bronchial Hyperresponsiveness.




Recognizable clusters of demographic, clinical and
pathophysiological characteristic are often called Asthma
Phenotypes.

ASTAMA PHENOTYPES These don't correlate strongly with specific pathological

processes or treatment responses.

Asthma Phenotypes: Allergic Asthma / Non-Allergic Asthma /
Adult-Onset Asthma / Asthma with Persistent Airway

Inflammation / Asthma with Obesity.



ASTHMA VS COPD
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COPD Asthma

Auce { nootn ) it
nna ) 1455
(oDI { ‘ ’
\ \ |
!
|
\“ |
! i
{
!
!
| j
\ { |
\
\ | g
\ | !
Aucus i ’
' nhypersecretior |
:)»‘-"AD'.(‘(’ HVeOiar
attachments (emphysemy :
|

- COPD => Obliterative Bronchiolitis + Mucous Hypersecretion + Emphysema
- ASTHMA = Increased mooth muscle mass + Inflammation + Luminal Narrowing




ASTHMA
CLASSIFICATION

CLASSIFY SEVERITY

Clinical Features before Treatment

Symptoms

STEP 4 Continuous
Severe Limited physical
Persistent activity

Nocturnal
Symptoms

Frequent

FEV, or PEF

< 60% predicted

STEP 3 Daily
Moderate
Persistent activity

STEP 2 > 1 time a week
WG RIS T but < 1 time a day

STEP 1 < 1 time a week
Intermittent
and normal PEF
between attacks

persistent / devere persistent,

exacerbations.

Variability > 30%
> 1 time week | 60 to 80%
Attacks affect predicted
Variability > 30%
> 2 times a > 80% predicted
month Variability 20 to
30%
<2timesa > 80% predicted
Asymptomatic month Variability < 20%

- The severity of Asthma is classified as: Intermittent / Mild persistent / Moderate
- Patients with asthma of any level of severity may have mild, moderate, or severe

- The presence of one severe feature is sufficient to diagnose severe persistent asthma.




LASE #1

History

40-year-old married lady , works as a teacher .
A known case of bronchial asthma on salbutamol PRN only!!.

Presented with S.0.B on exertion, chest tightness , wheezes that worse during night for the last 3
weeks.

Headache that worse on leaning forward, Mild feeling of hotness . no chills or rigor
She has nasal blockage , with no reflux symptom
Seasonal allergy , family history and social history un-remarkahle

Nonsmoker , no Pets

Physical exam

* HR:110 beats/min, RR 26 other vitals stable, 02% : 94

* Upon auscultation:
- Decrease air entry bilaterally
- Prolong expiration

- Bilateral expiratory and inspiratory wheezes, no other added sound



LASE #1 / PEI

i
:
g

5% B3NN &8

- Establish Asthma diagnosis

- Prior to initiating treatment

- Should include measurements before and after inhalation of short acting bronchodilator

- Reduced FEV T/ FVC => Airway obstruction

- Reversibility: Increase of 127 and 200 ml after the administration of Sort-acting
bronchodilator



LASE #1 / CAR

Reveals complications.
ormal or Hyperinflation

xclude Preumothorax or Pneumomediastinum.
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Management

= Educational :
- Explain to the patient about her diagnosis
- Inhaler education

- Asthma action plan
= Patient started on prednisone 50 mg P.O 1*1 for 5 days

* Budesonide/formoterol(160/4.5 2 puffs twice a day ) and PRN .

* Oral antibiotics to treat sinusitis

CASE #1/ £
MANAGEMET

* One week follow up, patient improved on treatment

* Continue on Budesonide/formoterol(160/4.5 2 puffs twice a
day ) and PRN for 3 months with follow up appointment




LASE #1 / POST-
[REATMENT PrT




History

* A 39 year old single female who is known case of resistant severe asthma for last

10 years on the following treatment :
1. Budesonide/formoterol(160/4.5 2 puffs 4 times a day )
2. Tiotropium caps once a day
3 Montelukast 10mg once a day
4. Theophylline SR 300 mg once a day
5. Omeprazole 40 p.o once a day
6. Multiple courses of oral prednisone (3-4 times a year)
* Still patient complains of attacks of S.0.B, wheezes and chest tightness

and not controlled on the above treatment.

LASE: #1

* She is also a known case of non-specific colitis (labeled as ulcerative colitis on
mesalamine )

- Symptoms partially controlled on treatment with exacerbation of her colitis .
- Sheis also a known case of hypertension(controlled on treatment )

And history of provoked DVT 2 years ago treated for 6 months.

= Recurrent visit to chest clinic because of uncontrolled symptoms .



LASE #2 1 WORK-
UP AND
MANAGEMENT

Work up and management

* Inhalers technique were checked

* Eosinophil count, IgE level, HRCT (no ABPA), bronchoscopy (no vocal cord
paralaysis or endobronchial lesion, connective tissue work up and ANCA were
negative.

* However, her spirometry stable!!!!

Should be treatment by asthma specialist
She has severe persistent asthma(5-10%)
Think of immunetherapy treatment

Anti IgE

Anti IL 5

Course of azithromysin

Anti TSLP (thymic stromal lymphopoietin) antibody



LASE #2 / P

- Remember that Asthma can have normal Spirometry



BRONCHIECTASLS




BRONCHIECTASIS

A chronic respiratory disease characterized by permanent and abnormal dilation of the bronchi and bronchioli (medium sized airways)
which destruct muscular and elastic components of bronchial walls (because of that, Dilation is permanent).

Can be caused by airway obstruction, host defenses, and drainage effects.

Causes of Airway Obstruction:

Congenital: Bronchomalacia + Tracheabronchomegaly

Acquired: Foreign body aspiration (with chronic cough) + Benign tumor + Hilar adenopathy (causes enlargement of Lymph nodes and
affects adjacent airways, e.q, 1B and Sarcoidosis) + Chronic bronchitis + Polychondrtis (inflammation of cartilage every where in the body
including the lungs) + Mucous impaction (ABPA)

Allergic Bronchopulmonary Aspergillosis (ABPA): hypersensitivity response to the fungus Aspergillus that affects the bronchi and
parenchyma of the lung. Diagnosed by very high serum IgE, presence of Aspergillus-specific IgE, Centrally located bronchiectasis, Finger in
qlove sign, and breen sputum. Occurs in patients with history of asthma. Suspected in people warking in Farms, Gardens, or with Black
mold on the walls




WILLTAMS-
el S o >
STNDROME

- Chest radiograph of bronchiectasis in Williams-Campbell syndrome

- Willams-Campbell syndrome: Generalized tracheabronchomegaly due to
deficiency of cartilage.

- Bronchomalacia: Abnormal dilation and weakness of bronchi




KARTAGENER'S
SINDROME

-

?Thls image shows Sl tus inversus, found in Kartagener s

- Kartagener's syndrome is a rare, Autosomal recessive ciliary disorder comprising the triad of Situs
inversus, Chronic dinusitis, and Bronchiectasis. The basic problem lies in the defective cilia
leading to recurrent chest infections, ear / nose / throat symptoms and infertility.

- Kartagener's syndrome is one of the causes of impaired drainage leading to Bronchiectasis.

- Other causes of impaired drainage: Cystic fibrosis (Autosomal recessive, mostly diagnosed in

childhood, Upper lobes are more affected, Diagnosis: Sweat chloride test should be positive twice
+ mutation analysis) + Joung's syndrome (a rare condition that is a combination of syndromes
such as bronchiectasis, rhinosinusitis, and reduced male fertility) + Primary clliary dyskinesia



DIAGNOSLS OF
BRONCHIECTASLS

>

Clinical suspicion
of bronchiectasis

v

Bronchiectasis » More diffuse

More localized diffus:
bronchiectasis confirmed by HRCT bronchiectasis

. "4 R

pOSt{:igzc;f;fu(:};gg L Diagnosis highly More specific biomarkers /
: suggestive by imagin diagnostics available
Chronic aspiration ggestuve Dy imaging gnosti

NTM lung disease” $ ‘

Mounier-Kuhn syndrome Cystic fibrosis
Williams-Campbell syndrome AAT deficiency
PCD with situs inversus PCD, ABPA
CVID
. ‘ NTM lung disease”

Remote TB in the nght lung
complicated by M. abscessus
infection, destroying the right lung.

Mounier-Kuhn syndrome with
tracheomegaly and tracheal
diverticulae

NTM lung disease in an adult
woman with cystic fibrosis with
five-lobe bronchiectasis and
diffuse tree-in-bud opacities.

The gold standard for the diagnosis is High resolution C1; it gives detailed lung
parenchyma facilitating classification

Nontuberculous mycobacterial lung disease is a serious infection caused by
bacteria that are common in the environment and can cause lung damage



LAB TESIS

1. CBC, differential BC
2. 1mmunoglobulin quantitation (levels of IgG, IgM, IgA)
3. Testing for cystic fibrosis:

Sweat chloride

mutation analysis of the cystic fibrosis
transmembrane conductance regulator (CFTR) gene

4. sputum culture (bact. / TBC / fungi)

* Specific aspergillus IgE and 1gG antibodies, total serum IgE level(
Allergic bronchopulmonary asperijillosis ) .

* |gG subclass levels .
* Alpha-1 antitrypsin level and/or genotype .
* Rheumatoid factor.



BRONCHIECTASIS
LAR




BRONCHIECTASIS
CHEST (1

- Bronchial Tapering: normal airways diminish in caliber as they extend towards the lung

periphery
> Normal side => Abnormal side

arrow = Vein, usually found alone
- A group of white filled circles =2 Arteries, found near airways (black circles).
- features of bronchiectasis:
T- Lack of tapering
1 Siqnet Ring appearance (- circles), normally artery to airway size 1.1, in bronchiectasis
the airways become larger forming a ring shape.
3 Tram Lines ("~ rectangle)
Advanced stages show Cystic changes



BRONCHIECTASIS
CHEST (1

- (ylindrical Bronchiectasis (Bronchi are enlarged and cylindrical).
- Three basic morphologic types of bronchiectasis that are recognized on (1
are Cylindrical, Varicose, and Cystic.




BRONCHIECTASIS
CHEST (1

- Varicose Bronchiectasis; irreqular or beaded bronchi
with alternating areas of dilation and constriction (narrow
and wide)




BRONCHIECTASIS
CHEST (1

- (ystic / daccular Bronchiectasis (vever); it has large cystic spaces and
honeycomb appearance.




BRONCHIECTASIS
CHEST (1

- Traction Bronchiectasis; it's the distortion of the airways secondary to mechanical
traction on the bronchi due to fibrosis of the surrounding lung parenchyma

- Although the airways may become dilated in this situation, the other manifestations
of bronchiectasis are lacking




Obstructive spirometry

PEL N

SRONCHIEL IAOLS Low FVC in advanced

disease; due to damaged
lung parenchyma.




PLEURAL EFFUSION




PLEURAL EFFUSION

It is the abnormal excess fluid (Blood -
Hemothorax -, Lymphatic fluid, Any Hluid)
that accumulates in the pleural space,
between the parietal and visceral pleura

The pleural fluid's main function is
Lubrication

Normal Pleural fluid volume = 01- 02
mi/kg (7 - 14 ml for a 70 kq person).

Normal Protein amount = 10 - 15

g/d

Normally, the pleural space contains a
small amount of fluid (sbout 15 ml).

Human body makes .01 mi/kg/h, most
reabsorbed into bronchial veins and lung
lymphatics

Normal Cell count = <1000 nucleated

cells/ L, Neutrophils - 22, Eosinaphils -

0%, Lymphocytes - /-11Z, Monocytes -
61-177, Mesothelial cells - 9-307.

Normal pH = 760 - 764




Exudative Pleural effusions: Caused by inflammation or injury to the lung / pleura, e.g. Infections (in complicated infections, patient needs 6 weeks of antibiotics), Neoplasm
(involvement of pleural space indicates stage 4 cancer), Pulmonary Embolism, Collagen vascular disease, Post-surgical, Uremia and Asbestos exposure.

I the fluid meets one of Light's criteria, then it's classified as exudate.

Usually, Exudate effusions causes are very serious, thus it's important to determine the type of effusion.

IF-you miss treatment of Exudative effusions for 1-2 days, patient may progress and become septic and die.

[RANSUDALE VS
EXUDALE

Light's criteria:

A~ Pleural Fluid total protein / Serum total protein > 0.5

B- Pleural Hluid LDH / Serum LDH > 0.6

(- Pleural Fluid LDH value > 2/3 upper limit of normal for serum normal values.

- Transudative Pleural effusions: Basicaly, caused by over production of water (patients usually respond to diuretics like Lasix and Spironolactone), e.q. CHF, Liver disease, Nephrotic
Syndrome, Urinothoras, Peritoneal dialysis, and Myredema




PLEURAL EFFUSION
- RADIOLOGICAL
EVALDATION ¢

- (R = AP and Laterdl

- Ultrasound => To differentiate small effusions V pleural thickening

- (T = Not routinely indicated but can evaluate Lung parenchyma / mass obscured
by effusion

- Lateral Decubitus = free flowing / Loculated.



PLEURAL EFFUSION
- AR




PLEURAL EFFUSION
- (1

- (Tis the qold standard and is very sensitive, but there is more radiation
exposure and is more expensive, thus it's easier to start with CAR



PLEURAL EFFUSION
- AR

Pleural Effusions

X AP sh T —" Lateral XR is more sensitive;
f,;ay needing only 50cc to show effusion
m

- (AR can also aid in determining the cause of the effusion (e.q. due to Hf,
Parapneumonic, Metastasis).



eedle into
leural space

THORACOCENTESIS ¢

“—H——Drainage bag

Diagram showing how a pleural effusion is drained
@ CancerHelp UK

- Drainage of the effusion, it can be both diagnostic and therapeutic.
- Any unexplained pleural effusion must be drained.

- Indicated in any pleural effusion of adequate size where there is no obvious
cause



PLEURAL FLUID
APPEARANCE

Color Suggested Diagnosis
Pale Yellow

Red/Bloody Malignancy, BAPE, PCIS, Pulmonary
infarction, Trauma

White/Milky Chylothorax/Cholesterol effusion

Brown Chronic bloody effusion, rupture of
amebic liver abscess

Black Aspergillus
Yellow-green Rheumatoid pleurisy

Color of tube Feeding tube/Catheter has reached
feeds/IVF pleural space

Characteristic
Water Like
Urine Like

us
Viscous
Debris
Turbid
AnNnchovy paste

Satin-like
sheen

Suggested Diagnosis
Duro-pleural fistula
Urinothorax

Empyema

Mesothelioma, Empyema
Rheumatoid pleurisy
nflammatory exudate or lipids
Amebic liver abscess rupture

Cholesterol effusion

Pus = |Empyema |

- Please note that color alone cannot help i differentiating Exudate from
[ransudate.

- White / Milky Pleural fluid = indicates the presence of Lipids inside the fluid




* Glucose * May be reduced in infections or

RA

* pH * May be reduced in infections,
malignancy, RA, esophageal

OTHER DIAGNOSTIC - ol

» Cultures Routine, AFB and fungal studies
ESTING - OR * Amylase » Elevated in esophageal rupture,
pancreadtitis, and malignancy
» Triglyceride * Elevated in chylothorax
* Adenosine deaminase » Elevated in tuberculous pleuritis,

ADA < 40 U/L excludes tuberculosis

blucose levels in Pleural effusions < 60 mg/d|
Cultures are done to rule out parapneumonic effusions / empyema .

|

Amylase levels in Pleural effusions = > 200 mg/d|
Triglyceride levels in pleural effusions = > 110 mq/d|

Adenosine Deaminase levels in Tuberculous Pleuritis = > 50 mg/dl



Cell Type Differential Dx

RBC >100,000 Malignancy, trauma, PE,

per mma3 parapneumonic effusion

Lymphocytes >50% Malignancy, PE, TB, Post CABG

>80% Post CABG, TB, Chylothorax, Yellow nail,
Sarcoid, Lymphoma, Acute Lung Rejection,
Chronic Rheumatoid Effusion

CELL COUNH-I ]:N >90% TB, Lymphoma
- Neutrophils >50% Parapneumonic effusion, PE, Abdominal
T disease, Acute tuberculous pleurisy (7%),
PLEURAL EFP JSION Malignancy (20%), Viral infection
Eosinophils >10% PTX, HTX, BAPE, Parasitic, Drug induced,

Fungal Disease, Churg-Strauss

- Normally, macrophages predominate, and lymphocytes are < 107
- Increased Lymphocytes usually indicates malignancy or chronic infections.

- Increased Neutrophils indicates an acute inflammation (Infection, Lymphome,

Parapneumonic effusions).

Any blood or air in the pleural space increases the eosinophils.



A 58-year old man is evaluated for dyspnea and is found to
have a moderate sized right-sided pleural effusion. He
undergoes a thoracentesis with the following findings.

Appearance Serosanguinous
pH 7.48
Protein 5.8g/dL(serum protfein Which of the
7.29/dlL) following is an
LDH 285 |U/L(serum LDH 320 unlikely cause of
IU/L) the pleural effusion
in this patiente
Glucose 66 mg/dL A Cimhosis
WBC 3800/mm? B. Lung cancer
RBC 24’000/mm3 C. Mesothelioma
D. Pulmonary
PMNs 10% embolism

Lymphocytes 80% E. Tuberculosis
Mesothelial cells 10%

Cytology Lymphocytosis with
chronic inflammmation
and no malignant cells
or organisms identified

- The answer is A- Cirthosis; because according to the labs, the effusion is
exudative, and in the case of cirrhosis the effusion is Transudate.



A 62 year-old woman is admitted to the
hospital with a community acquired
pneumonia with a 4-day history of fever,

cough, and right-sided pleuritic chest
pain. The admission chest x-ray identifies
a right lower and middle lobe infiltrate
with an associated effusion.

All of the following indicate a
complicated effusion that may
> require tube thoracostomy EXCEPT:

CASE #1

. Loculated flgidl

. Pleural fluid pHilesshcins "+

. Pleural fluid glucose greater than 60 mg/dL

. Positive Gram stain or culture of the pleural fluid
Frank pus on thoracentesis

- The Answer is (- Pleural Fluid blucose > 60 mg/d!.

- There are three types of Parapneumonic effusions: Uncomplicated / Simple
effusions + Complicated effusions + Empyema



Empyema-positive Gram stain of fluid ~ Treatment is drainage and
or gross pus noted on thoracentesis antibiotic therapy.

Multiple septations or loculations noted  Includes either repeat
INDIC ATORS OF on ultrasound or CT chest thoracentesis, percutaneous
catheter drainage, chest fube
pH <7.2 indicates complicated thoracostomy or possible surgical
COMPLIC ATED infection, < 7.0 will likely need decortication. Can use intrapleural
_ drainage/decortication thrombolytics to help facilitate

PARAPN“L MONIC Pleural fluid glucose < 60 mg/dL dmin.oge' b
EFFLSON Ea;|zgr;;:rzenflon improves

- (omplicated Parapneumanic effusions always require drainage.
- ™ A common exam question: What are the indications to drain abnormal fluid

in the setting of pneumoniaf?



RADIOLOGY (O
LOMPLICALED
PLEURAL EFFUSION

- ohows Pocket of fluid or mass
- (I shows split pleura with some contrast enhancement of the
parietal pleura

~ Ultrasound imaaes can show septations in the fluid



LASE #3

24 year old woman presents with several weeks of increasing cough and
dyspnea. She denies chest pain, fever or chills. She has noted some weight
loss but is unable to quantify it well. Physical exam reveals decreased
breath sounds over the right chest with dullness o percussion and
decreased tactile fremitus. A CXR reveals large mediastinal mass and right
sided pleural effusion. She has no previous history of any tfrauma or recent
surgery to the chest. She takes NSAIDS for dysmenorrhea. You perform a
thoracentesis revealing turbid fluid. Pleural fluid analysis shows triglycerides
of 600

The most likely diagnosis is
A. Drug induced pleural effusion
B. Bronchogenic carcinoma

C. Lymphoma

D. Empyema

E. Rheumatoid arthritis

- The Answer is



68 year old man, previously worked at a paper mill for 20 years where he
applied insulation to large industrial boilers, however, he stopped when
he was 50. presents with complaint of increased cough and dyspnea
over the past three months. He has also had some dull continuous chest
discomfort over the right side of his chest

Physical exam reveals decreased breath sounds and dullness to
percussion over the right chest
CT chest reveals- e =

Murray and Nadel’s Textbook of Respiratory Medicine

CASE #4 NMost likely diclosis:

AL Yellow Nail syndrome
B. Loculated empyemrnma
C. Tuberculous pleuritis
D. Chylothorax

E. Mesotheliorma

- The answer is t



PULMONARY FUNCTION TEST (PFT)




PEl

/ types of PFls;

1- Mechanical object: Volume, Flows, Bronchodilator response, airway hyperreactivity, Compliance,
Resistance, Maximum Respiratory pressure, Work of breathing

/- as Exchange object: PallZ, PaC02 P{A-a)012, Physiologic dead space ventilation, Diffusion capay

Indications: Evaluation of Pulmonary complaint or sign (diagnostic) + Quantification of impairment
severity and need to initiate treatment, evaluate response to treatment + Preoperative assessment,
for post op risk of complications, or tolerance of lung resection + Disabllity evaluation

Contraindications: Chest or Abdominal pain of any cause + Oral or facial pain exacerbated by
mouthpiece + dtress incontinence + Dementia or confusion state + Within T month of MI , or
during unstable anging, asthma attack or chest infection.



OP[ROMETRY

N

Readily available, inexpensive, and highly reproducible.

- Used to assess:
1- Forced Vital Capacity (FV()
2- FEV1 (volume exhaled in the first second of FVC)
3- FEVI / FVC ratio
Predicted normal values depend on: Age, Hight and weight, Sex, Ethnic origin.
Acceptability and reproducibility.
Acceptability criteria: Smooth continuous curve, Good start of test, Good end of test




Predicted Actual 26 predicted
values values

\ | |

Spirometry

Parame ter Units Ref Pre Yo Ref
v C | 1.48 1.61 109
FEV1 | V2T 1.61 127
FEV1 / FVC Yo SO ;C;(; :;:
FEF L/s 1.61 -

PEF%S‘VO 7= L/s 2.96 3.28 191
FET sec 1.06 «4+———
FIFsoog /s 1.87

FEFs096 / FIF5006 1.62
Spirometry

Parame ter Units RefT Pre %Y Ref
ARvC | . 1.70 2.24 132
FEWV 31 L 1.49 1.91 128
FEV1 / FVC Yo 87 8s o8
FEFSs506—75% L/s 1.80 2.05 114
PEFR L/s 3.09 3.87 125
FET sec 6.24

FIFsoos /s 1.48

FEFsooes / FIFsqogy 1.76

DROMETRY (7

- opirometry is a test used to assess how well the lungs are functioning by
measuring how much air is inhaled, how much is exhaled and how quick the
exhalation is after entering 4 factors, age, race, sex, and height; so that the
references values qet modeled based on them.

- Itis used to diagnose asthma, chronic obstructive pulmonary disease (COPD), and

other conditions that affect breathing



Inspect the flow volume loop for quality (good start, absence of artifact, >= 6 seconds effort, plateau).

Examine the FEV1 / FVC ratio. Diagnose Obstructive disease if the ratio is below lower limit of normal (LLN). Use </07% of LN is
unavailable.

brade severity of obstruction:

T- FEVT> 100 of predicted = Physiologic variant

INTERPRETATION OF  remepmmme
RE S U LTS 3= 102 > FEVT >= 607 of predicted = Moderate obstruction

4- 607 > FEVT >= 507 of predicted = Moderately severe obstruction

5- S0% > FEVT>= 357 of predicted => Severe obstruction

6- FEVT < 357 of predicted = Very severe obstruction

- Be cautious in interpreting obstructive defect if Both FEVT and/or FVC are above 100 even if the ratio is < LLN as this pattern can be
seen in young healthy subjects and athletes (SVC > FVC)




Forced Expiratory Time (FET): Checking the quality of the spirometry report is
the first step before interpretation. It should have the following properties: a
EOOd start, absence of artifact, >6s expiratory time, and a plateau. Expiratory
(ime s verified usin% the [abeled graph where it shows Forced expiratory time

t1) which should be >6s.

spirometry Data: The most common parameters measured in spirometry are
(what we will focus on):

PFT a- forced vital capacity (FVC): total volume of air expelled during forced expiration.

b- Forced expiratory volume (FEV1): forced expiratory volume in the first second.

c- FEVI/FVC: volume of air expelled in the first second with respect to the
maximum air that can be expired.

Spirometry pre- and post-bronchodilator are performed to examine the reversibility,
and effectiveness, of the bronchodilator (e.g. short-acting beta Z agonists) on the
breathing problem.

Significant bronchodilator reversibility is defined by a 12% and >200 ml increase in
either FEV1 or FVC {or both), which is diagnostic o¥ asthma.

Criteria for normal spirometry (assessed by looking at the values in the red square):
a- FEV1: Tpredicted >607

b- FVC: Zpredicted >807

c- FEVI/RVE: >10% (0.




FLOW VOLUME 100

Color Codes:

Large airways

Peak Expiratory
4= Flow Rate (PEFR) b
Small airways

Expiration

4
RV

TLC

2 1 0

1 |

0 | | 1

Volume
(Lirors)

Inspiration

- Starting from the Residual Volume (RV), the patient takes a deep breath =2
reaching 1LC =2 Forced Expiration starts expelling air from the large airways (e.g.
trachea), followed by the small airways, until reaching RV again =2 the patient
starts inspiration through taking deep breath again, which is affected by the
tunctional vocal cords.



OBSIRUCTIVE V3
RESIRICTIVE FLOW
VOLUME LOOPS
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Ubstructive Flow volume loop: Obstructive diseases are mostly due to small airways narrowing,
which shows on the graph, where everything is normal except that the small airways limb
requires more time to expel air (causing snooping or covering). The loop shifts to the left since
volumes are > than normal

estrictive Flow volume loop: In Restrictive Lung diseases, everything is normal except that the
total Vital capacity is decreased. The loop shifts to the right since volumes are < than normal.



Nm:ﬂ ohsiuctive {\ resirctive

(\ trachea, var infra fixed obstr

el W N atadnn
cords, var extra U L’\_""J

- A => Large and small airways are normal, vocal cords are abnormal (Wavy or Flat

OPIROMETRY PATTERNS
- FLOW VOLUME LOOPS

ines).

This is a case of Variable extra-thoracic obstruction, above the lung, e.g. Paradoxical
vocal cord dysfunction, where they don't open directly upon inspiration.

- B => Large airways are abnormal

This s a case of Intrathoracic obstruction, eq. Iracheal polyp. The inspiratory limb isn'
affected since the trachea normally dilates during inspiration.

- [ => Both inspiration and expiration are affected

This is mostly due to the presence of fixed obstruction where the trachea cannot dilate
even during inspiration, thus affecting both limbs, e.q. Wegener's qranuloma, Tumor,
Foreign objects.




FVC: TECHNIQUE

* The FVC begins with full lung inflation (TLC), followed by full
exhalation with full effort ( both maximum force and duration)
to achieve the highest flow rates, downto RV, and the a
rapid inhalation back up to TLC.

> * This effort can be shown graphically as a flow-volume
loop(FVL) , or volume -time curve (V-t curve) both represent
the same FVC maneuver .




rEV

+ Forced expiratory volume
In 1 second: (FEV/)

-~ Volume of air forcefully
expired from full inflation
(TLC) in the first second

- Measured in liters (L)

- Normal people can exhale
more than 75-80% of their
FVC in the first second;
thus the FEV1/FVC can be
utilized to characterize
lung disease




FLOW VOLUME
LURVE

Flow Volume Curve

Maximum
expiratory flow
(PEF)



ORMAL TRACE

HOWING FEVT

AND FWI

FEV, = 4L

FVC =5L
FEV./FVC = 0.8
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» Most common cause of inconsistent
readings is poor patient technique

v Sub-optimal inspiration

v Sub-maximal expiratory effort
SPIROMETRY ) v Delay in forced expiration
QUAUTY CONTROL v Shortened expiratory time

v Air leak around the mouthpiece

» Subjects must be observed and
encouraged throughout the procedure
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* Normal

SPIROGRIA\M * Obstructive
PAHERNS  Restrictive

* Mixed Obstructive and Restrictive




RITERIA HOR » FEV: % predicted > 80%
NORMAL POSI-

BRONCHUDILATOR * FVC: % predicted > 80%
o IRUMETRY

« FEV/FVC: > 0.7
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OBSTRUCHVE FEV,/FVC = 0.56
DISEASE

- it's typical when the lung's airways are narrowed in some conditions, such as COPD, Asthma
Narrowing means that the air flows out of the lungs more slowly with less than 707 of the total
amount in the first second

~ Low - Normal FVC, Lower FEVT, and Low FEVT / FVC




rLOW VOLUME CURVE

PALTERNS -

UBSIRUCTIVE AND
RESTRICTIVE

Reduced peak flow,
scooped out mid-
curve

Steeple pattern,
reduced peak flow,
rapid fall off

Normal shape,
normal peak flow,
reduced volume




OPIRUGRAM -
UBSIRUCTIVE

Pulmonary Function Test Resuits

Obeidah Masoudi MD. FCCP

Flow / Volume Loop and Volume / Time Curve

Al- Khalidi hospital St. Al yasmin Medical Center ) ERE
building 12 N 12 o 1
Pulmonary, Critical care &Sleep Medicine
10 2
Visit date 5/7/2016
Patient code WSP5380517840 Age 63 8
Surname Gender Female
Name Height, cm 164 8 4
Date of birth 51711 Weight, kg 60
Ethnic group Caucasian BMI 22.31 ) _
Smoke Pack-Year - .
Patient group ° @
32 62
Interpretation - A— — =
FvC FEV1 FEV1% 01 7
e R —— - .
Very Severe Obstruction - :
Best values from all loops
Parameters LLN ULN PRE %Pred Z-.score POST %Chg 5 10
FvC L 223 382 1.57 52 -3.01
FEVI L 178 3.07 0.71 29 440 11
FEV1% % 674 907 45.20 57 -4.81 ;
PEF  Us 309 837 158 28 .258 | e RS- Kpuadatin
T S T Ve 7 8
PRE Trial date 5/7/2016 6:15:35 PM
Parameters LLN ULN Pred PRE # 1 Y% Pred Z-score PRE # 2 PRE # 3 POST#1 %Pred %Chg
FvC L [ 2.23 | 3.82 3.02| 1.57 | 52| -3.01
FEV1 L 1.78 3.07 243 0.71 | 29 -4.40 ‘
FEV1I/FVC % 67.4 90.7 79.1; 45.2 | 57 -4.81 }
PEF Us [ 3.09 | 8.37 | 573 1.58 28 -2.58
ELA Years 63| 153 243| ‘ ‘ .
FEF2575  us 1.16 | 3.97 257 031 12| -264 | ‘
FET s [ 6,00! 5.50 1 92 [
FivC L ‘ 2.23 3.82 3.02 1.43 47| -3.30
FEVINC % 67.4 90.7 79.1| ‘ '
BTPS 1.092 25°C 77 °F
Quality Report D

Conclusion / Medical report




Age &2 Heghein) 67 Raie Cocasean Gendor: Mute  Wegtemy 181
":t_u- PULMONARY FUNCTION ANAL YSis
|
3l Spirometry
} Ret  prg Pre Post pow Post
ER) Moas % Ref Meas % Ref % Chyg
f Fve Litery 417 182 37
N FEVY Lhers 295 o064 22
. L5 FEVIFVC %, " 42
FEF25-78% Lisec 209 oM 12
] g CE L PEF Lsoc 790 277 a5
.. FET100% Sec am
.ql Five Liters 417 148 35
| FIF50% Lsec 2N
o A FVL ECode 111011
’ My Limin 129
ET 0o Voneel® 5 20
SPIRO - - Lung Volumes Lung Volumes
| LT Ve Wers 447 152 3
.' e Liters 598 440 74

OBSTRUCTIVE -! ol

Liters 14

Ref Moas Diftusion
o e oweo mUmmMgimin 207 105 s
o ‘ st DLAG  mUmmHgmin 207 108 5
o e VA Liters 658 384 sy
o DLCOWA 345 200 a4
[ DLVA Ag) mLmHg/mint, 290
""'"""-L""""'""“"‘ ve Litors 148

| PET. MIPs / MEPs

bt Pre P B



Restrictive \ Feyv. =1 9L

0
IS
3
3
>

FVC = 2.0L

SPIROMERY - | FEV,/FVC = 0.95
RESTRICTIVE 3 44
DISEASE

- The classic definition of a restrictive pattern on spirometry is low FVC in the presence of normal FEV1 /
FVC ratio. Restrictive lung disease is characterized by a decrease in Total Lung Capacity (TLC); causing all
volumes to decrease in proportion.

~ Low FEVT and FVC, Normal FEVT / FVC

Obstructive i | !
Restrictive ! l >80%



- Mixed lung disease has characteristics of
both obstructive and restrictive lung
diseases. Mixed lung disease most
commonly occurs in people with chronic
obstructive pulmonary disease (COPD), who
also have congestive heart failure. It

requires more functional tests to
investigate.

MIXED PATTERN
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¥ Al Istishari Hospital \Date: 09/21/16
; Respiratory Department 1’32 QZM
> ; ame! .
Pulmonary Function Test Lab y Oteldots Masoudi

Physician:
Technician: HAMAD ABA
Age: 74 Height(in): 69 Race: Gender: Male  Weight(lb): 165
Féow PULMONARY FUNCTION ANALYSIS
61 Spirometry
; Ref Pre Pre Post Post Post
4 Meas % Ref Meas % Ref % Chg
i FVC Liters 405 226 56 i
2 FEV1 Liters 267 2.01 7 -
FEV1/FVC % 68 89
FEF25-75% L/sec 240 2.66 111
Ot PEF L/isec 777 5.95 77
FET100% Sec 2.24
.2 FIvVC Liters 4.05 2.32 57
FIF50% L/sec 478
FVL ECode 111011
E: MVV L/min 118
1
0 Yaud 3 S

Lung Volumes Lung Volumes

T 25 Bre  ve Liters 4.05 2.32 57
TLC Liters 6.09 3.83 63
8 [Erv RV Liters 251 1.51 60
1 RV/TLC % 42 39

s FRCN2 Liters 361 219 61
Y. ERV Liters  1.39

a4

2

0! :

Meas Diffusion
” .
- 63 DLCO  mUmmHg/min 185 111 60

6 ’ 02 DL Adj mL/mmHg/min 185 111 60
il > NA Liters 3.44

| DLCONA mL/mHg/min/L 316 322 102
’] DL/VA Adj mL/mHg/min/L 3.22
R R R ke 10 12 14 16 Ive Liters 2.25

Meas % Ref Meas % Ref % Chg



OP[ROMETRY
INTERPRETATION:
UBSTRUCTIVE VS
RESIRICTIVE DEFKCT

v Obstructive Disorders * Restrictive Disorders

-FEV1 |
- FEF25-75% |

-TLCnlor ¢

-FEV1 |
- FEF 25-75% nlto +

- TLC |




MIXED
UBSIRUCTIVE AND
RESTRICTIVE

Volume, liters

Obstructive - Restrictiv

|
|

FEV, =0.5L

FVC =1.5L
FEV./FVC = 0.30




UBSIRUCTIVE
DEFECT

B TLO U A S Kace: Caucasian Gender: Male
riow PULMO
16 : NARY FUNCTION ANALYSIS
12 Spirometry
Ref Pre
8 Meas
FVvC Liters 5.40 4.28
4 FEV1 Liters 3.80 245
FEV1/FVC % 70 57
‘ PN FEF25-75% L/sec 3.46 1.34
O —+—7———"FH————  pEF L/sec 9.87 6.45
- ‘ FET100% Sec 4.34
Y FIvC Liters 540 4.41
FIF50% L/sec 5.74
8 FVL ECode 111011
MVvV L/min 160
-12
0 s & B
1 Lung Volumes Lung Volumes
fre ¢ Liters 540 4.41
TLC Liters 7.85 7.25
8 BeErv RV Liters 265 284
RV/TLC % 36 39
6 BRyY FRC N2 Liters 4.30 4.31
ERV Liters 1.82 0.31
4.
2+
ol — = =
Ref Meas Diffusion
o 95" DLCO  mUmmHgmin  27.8 1422
o \ 02 DLAdj mUmmHg/min 27.8 142
5 oo VA Liters 8.10 8.39
"~ DLCONA mL/mHg/min/L 354 1.70
. DL/VA Adj mL/mHg/min/L 1.70
od 2 3 '] TI*I" 10 12 14 1‘5 'VC Liters 3.74
PFT: MIPs / MEPs
% TLC Ref Pre  Pre
}O’g‘ - Meas % Ref
80 Pl max emH20 112 44 39
S . PE maxecmH20 209 68 32
20

R00200-1g9, 6 360 200 360

ERLRIE T

Weight(lb): 209

Pre

e

Post Post

OImIVIAL ADAL)

Post

% Ref Meas % Ref % Chg

79
64

39
65

82

82
107

100
17

Post
Meas

Post Post
% Ref % Chg



Age: 45
Diagnosis:
Dyspnea Rest: No

RESTRICTIVE
DEFECT

Persistent: No
Cigarettes: No

Height(in): 64 Race: Gender: Female Weight(lb): 229
Medication:
Dyspnea Exercise: No Cough: No ProducﬁveH
Smoker: No How Long(pk/yrs): Stopped(yrs):
Cigars: No Temp: 21 PBar: 688

PULMONARY FUNCTION ANALYSIS

Flow
8
6+ a Spirometry
I , \ Ref Pre Pre Post Post Post
4 foA Meas % Ref Meas % Ref % Chg
[\ FVC Liters 340 1.93 57
| \ FEV1 Liters 262 165 63
2 ' \ FEVI/FVC % 76 86
| \ FEF25-75% L/isec  3.03 2.21 73
0 4 ey — PEF Lsec 6.08 5095 98
\ } FET100% Sec 2.87
2 \ FIVC Liters 3.40 1.93 57
\ / FIF50%  L/sec 4.39
\. / FVL ECode 111011
41 Ny iia? MWV Umin 103
-6-11 0 2 3 4
bo!ume
Lung Volumes
10
= Lung Volumes
' BeRV  \C Liters 340 193 57
TLC Liters 497 3.34 67
6 EBry RV Liters 1.69 1.40 83
RVTLC % 34 42
FRCN2 Liters 211 178 85
ERV Liters  1.12
— Diffusion ; Hb:

% Ges DL.CO mUmmHg/min  27.3 149 55

Volume
8, — 03
| Hu
81 o —— 1041
41 0.0
2% S
o'.

e 2 4 C*’.iz“‘ﬂ

DL Adj mL/mmHg/min 27.3 14.9 55

VA - —Liters 293 0
DLCONA mU/mHg/min/L 382 5.10 133

DL/VA Adj mL/mHg/min/L 5.10

vC Liters 195




SUMMARY

Asms Assess Normal '"'9"
0B

Normal /
High

Obstruction Poss|ble Normal Lung
or Mixed Restriction Mechanics

- o interpret the spirometry report:

1- First, we check the quality: Good start, absence o artifact, >6s effort, and
plateau from the FET graph.

1~ Then, we examine FEVT / FVC ratio according to this figure

- Reqarding Possible restriction, we need to know the TLC to determine whether
it's restrictive lung disease, or due to other causes such as obesity or rib fracture.



Lung volumes are assessed using methods
such as [he Nitrogen washout, Helium

lechnique or Limb Plethysmography,

LUNG VOLUMES
|t can help in confirming spirometry
diagnosis of restriction ([LC < LLN) or <
807




A test of the diffusing capacity of the lungs for carbon monaxide (DLCO) is one of the most valuable tests of lung function. Diffusing capacity is measured using small volumes of carbon monaxide (C0) and measures the transfer of 0 across the alveolar-capillary
membrane.

Should corrected for Hgb or Het if available and should correct for carbon monoxide level if it's elevated. Abnormal if < LLN (o 80% of LLN unavailable).

Factors decreasing the DICO (< LLN or <807):

* Decreased total lung area, e.q. Restrictive lung disease (Fibrosis) + Pneumonia +Lung restriction.
* Decreased Alveoli Surface area, e.q. COPD (Emphysema) + Alveoliis.
* Damage to the capillary bed, e.q. Pulmonary embolism + Vascultis

DLCO is increased in the case of Polycythemia and Normal in Bronchial asthma

brade severity of decrease in Diffusing capacity:

T-> 607 = Mildly decreased

1- 40 - 60 7 = Moderately decreased

3- <407 => Severely decreased

Y

DIFFUSING CAPACITY
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