Pulmonary Diagnostics tests

‘presented by : Dr. Alireza kashefizadeh

Assistant professor of pulmonology
at SBUM

T ——

The Evolution of Chest Imaging

Wilhelm Conrad Rontgen accidentally discovered X-
hjn!m 1895 ﬂ'tmfl'lg ﬁtﬂmd: ray tube experiments,
semumns the first-line tmaging modality for lung and







Technical Artifacts

Rotation, poor inspiration, skin folds,

snd shadows from medical i
1
COMpIomise image qf:

|

Distance Factors

Smaller distances between X-ray tube,
patient, end detector affect muge
mugnification and quality,




General performance of Chest X-ray

*Sensitivity: low-moderate

«Specificity: moderate—high

a Good as a sereening/initial test, poor 1o rule out disease

Sensitivity & specificity by common lung diseases
L. Pneumonia
=Sensitivity: ~-600-70%
=Specificity: ~70-85%
*Misses:
Early disease
Dielydration
[mmunocompromised patients
=CT is far more sensitive

L. Pulmoenary Tuberculosis
«Sensitivity: ~70-80%% (active TH)
*Specificity: ~60-T0%%

=Abnormal CXE # TB (many mimics)
Mormal CXE does NOT exclude THB

3. Lung Cancer
*Sensitivity: ~70-75% (large/central lesions)
=Specificity: ~-85-90%%
*Mdisses:
Small nodules (<1 cm)
Early adenocarcinoma

E_] Low-dose CT is preferred for screening

4. Interstitial Lung Discase (ILD)
*Sensitivity: ~600-70%%
=Specificity: B0

«Early LD often normal on CXR
H HRCT is mandatory



5. COPD / Emphysema

=Sensitivity: ~40-60%

=Specificity: -30-%0%

«Structural changes appear late

G Diagnosis is spirometric, not radiclogic

6. Pulmonary Edema (Heart fallure)
*Sensitivity: - T0-B0%

sSpecificity: ~20-90%

=Early interstitial edema may be missed

7. Pulmonary Embolism
*Sensitivity: -30-40%
*Specificitv: low

«Often normal

led Used to rule out alternatives. not PE

Chest X-ray vs Chest CT (summary table)

Feature Chest X-ray (CXR) Chest CT

Imaging Lype 2-0 projection Cross-sactional (3-T3)

A sbility Widely available | ess available

Cost Low High

lime Minutes Longer

Radiation dose Low (-~0.1 mSv) Higher (5 m&v: LDCT ~1-2 m5v)
Comlras! needed M Oten yes (depemding on indicatior
Sensitivity {lung disease) Low—moderate High

Specificity Moderate—high High

tarly disease detection Poor Excellent

Sp&llial resolution Limited Excellent

Crverlapy ol stroclurnes (e My



Spirometry

I
The pold standard for measurnng ng funchon I!II-."'.I:_'". ohjeciive, noRIVLS!Vie;and

reproduetble testing of expired and inspired air,

Key Spirometric Measures

FEVT/FVC RAatia

IEELX T e exchimlied Critecul disgnoestic mtw for obstriucton

PEF IVC

Peak expiratory flow - maximal flow rate Inspimatory vitel capadcaty after full expiration



Hemoptysis of unknown origin + Thoracic, abdominal.or cerebral ancurysms.
Unstable cardiovascular status *Adule nausea or vomiting
Recent M or pulmonary embolism *  Recent thoracic/abdominal surgery

Quality Criteria for Spirometry

(1) Explosive Sun

Exhaling =6 seconds with <30 mL in last 2 seconds.

(5 Reproducibility

Best two valiies within 5% or 150 mL of each other




Achieving Quality Results

Three acceptable maneuvers required per ATS/ERS guidelimes. If reprogducthility

critena not mel, continue testing up o eight maneuvers maxmmum.

Critical timing: Allow =30 seconds ’t'l:hi;c:n maneavers o prevenl
bronchoconstriction. Asthmatic patients may need several minutes hetween aile

Full mspiration can cause bronchodilation. so continue unti] ne further impra

Grours.







Spiiramelty
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Restriction

Characteristic Pattern Common Causes
. Reduced FVC * Pulmonary fibrosis
. Possibly relatively high PEF ] Meuromuscular disorders
. Preumonectomy
. Pulmonary edema
. Obesity

[ Cauntion: Many "restrictive" patterns result from farlure to reach end of expiration, falsely reducing FYC. Further testing may he needed.
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Tible 2 Atraionsn oy plethysmographic measresa chsenved n mlor s (e s i, 4,
i RV Il T
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DLCO Testing



K.CO Pattern

Mormul thiffusing capacity whien adjusted for KOO = DLOO m :mph:,'ﬁr::n.m"vasmlur diense,
volume, Cecurs-with mormal Jungs or lw VA KOO =DLCO m ILD. May be low, nommal, or

from: nén-pulmonnry cinkes: elevated m ILD.

Clinical Applications of DLCO

Adustment of DLCO and KOO for lung volume- in patients with Tow lung

volume vields better indication of gas exchonge shility

Similar o hemoglobin adjustment in anemin. volume adjustment accounts for

ion-pulmonary cawses of reduced lung capacity

Note: Newromuscular disease or chest wall deformity may cause atelectusis,

potentinlly reducing DACD




Methacholine
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Indications for Bronchial Cha




Label strength Take Add NacCl (0.9%) Obtain dilution

Example of a dilution schedule for quadrupling concentrations

100 mg 100 mg 625 mL A: 16 mg-mL™"
3 mL of dilution A 9mL B: 4 mg-mL™"’
3 mL of dilution B 9mL C: 1 mg:mL™"
3 mL of dilution C fmL D: 0.25 mg-mL™’
3 mL of dilution D 9 mL E: 0.0625 mg-mL~"
3 mL of dilution E 9 mL F: 0.015425 mg-mlL~"
Example of a dilution schedule for doubling doses
100 mg 100 mg 6.25 mL A: 16 mg-mL™"
3 mL of dilution A 3mL B: 8mg-mlL™!
3 mL of dilution B amL C: 4 mg-mL™"
3 mL of dilution C 3mL D: 2 mg-mL~"
3 mL of dilution D ImL E: 1 mg-mlL~"
3 mL of dilution E amL F: 0.5 mg-mL™"’
3 mL of dilution F 3mL G: 0.25 mg-mL™"
3 mL of dilution G ImL H: 0.125 mg-mL""'
3 mL of dilution H ImL I: 0.0625 mg-mL™"
3 mL of dilution | ImL J: 003125 mg-mL™"

Using a 100-mg vial of methacholine and NaCl [0.9%] for diluent, the table shows the range of
concentrations available to produce appropriate dose steps using examples of dilutions with guadrupling and
doubling increases. |f necessary, alternative concentrations can be produced from a different initial dilution
step. For example, adding 5 mL of diluent to 100 mg methacholine would produce dilution A of 20 mg-mL™"
and adding 8.3 mL of diluent te 100 mg methacholine would produce dilution A of 12 mg-mL™".
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Interpreting Methacholine Results

>16 High Variable

PC20 mg-mL MNegative Predictive Yalue Positive Predictive Value

Mormial fregative ) result effectively excludies Test 15 haghly sensitive - more useful for Positive resulis consistent with but mot
current asthma iFsvmploms present within exéluding asthoia than establishing diapnosis diagnostic of asthma. Musl interpret with
previcus fow disys, clineal conlext,

I .I|.\'l.'-|‘.l.-l|.l'-. e CouT insigniiicint proportaen of mnd viduals without asthma S IO I umlse-nmegalives rare Dul cin ocour i elile athletes.

Six-Minute Walk Test

Rest periad: 231 minuds betwesn ie-ilay sewas: Dulsibigsd puliens Yy nond




6MWT Track Requirements

|'" Al Vo il
| Track Layout Specifications Environment
Continuous {evel/rectangular) or point-to- Flat surfave, minimal blind turms or Comfortable ambient temperature and
‘ point track. Same layout for all patient ohstacles. Minimum 25m fength, marked hurnidity mamtamed for all tests.
lests, in metre increments.
| e A, O P

6MWT Predictive Equations

Females

EMWD{m} = 525 — (2,86 * age, yrs) +{2.71 * height, em) - (6.22 x
BMI)

Minimum Important Difference: 30 meters improvement (95% CL: 25-33 meters) indicates clinically significant change after pulmonary
rehahilitation.



Bronchos copy

Essential diagnostic and therapeutic tool for direct ainway visualization and tissue

Diagnostic Indications

H

r X

. =
&

Interstitial Discase
BAL for cellulur analysis, transbronchial biopsy




Therapeutic Applications

Stent Placement

Absolute Contraindications

Severe Hypoxemia Cardiovascular [Estabi lity

Refractory hypoxemin despite supplemental oxygen - mability to Becent ML mnn]:::Iginn, life-threstening arthythmins,
mamntuin adequate oxygenation hemadynamic mstahility or shock

Severe Coagulopathy Consent Issues

Uncorrectable bleeding disorder: platelets <20,000/uL (especially Patient refusal, inability 1o oblain informed consent, lack of airway
{or biopsy ). murkedly elevated [NR contral




Bronchoscopy Complications

Medication-Related edure-Related

| . Local anesthetic overdoge: CMNS toxicity, seizures, coma !
. Methemoglobmenmia
. Sedution effects: hypotension, bradyeard:a
+  Malignant hyperthermia (general anesthesia) Voecal cord truuma
. Preumomediastinunt-hyposis —

Types of Pulmonary Biopsies

Endobronehial Biopsy (EBB) +—{ 1
Wisible lesions within bronchial lumen, Best for central airway lesiond
anid endobronchial tumors.

Transbronchial Lung Biopsy (TBLE)

Small tissue samples via forceps. Best for diffuse or peribronchind
parencliymal disease, LD, infections.

CT-Guided Biopsy

Transthoracic needle biopsy. Bost Tor periphernl lesions not seaclable by

hronchogeopy.
Crvobiopsy P—&

Frivesing fechnigue for lnsucr samjabes, Alternative o surgical biopsy for
11D in high-risk paticnis.




Biopsy Selection Algorithm

Pemephernl Nodule

Biffuse Parerechyvnaal

Centml] Adrway

Central Airway Lesions

First Choice: Endobronchial biopsy (EBB) = Brushings"Washmgs
Typical Ddagposes;

sguamous cell cancimoma
Endobronchial wberculosis

Carcinoid tumor



Mediastinal Lymphadenopathy

1r
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Imaging EBUS-TBNA Applications
Enlurged lymph nodes on CT/PET scun | First choice for tissus disgnosis Lung cancer N staging, sarcoidosis,
Iymphoma sereening

[f EBUS unuvailable, conventional TBNA is altemative spproach,

Interstitial Lung Disease Approach

>

Step 3: Surgical Biopsy

: L BAL amphg VATS if previous steps nondiagnostic -
ST’EP & TBLE or Cryohi it Lizsue diagnosis gold standard but higher morbidity
Branchoalveolar lavage for infection. necded and expertise < ailable '

hemarrhage, cellular pattern analysis



Peripheral Lung Nodules

Mot Reachable by Bronchoscopy Main Complication

Approach: CT-guided perentaneous needle biopsy) Prenmothorax - most commen complication reguiring monitormng and

- Advantages; |

. Direct access to peripheral lesions
*  High diagnostic yield
+  Outpatient procedure

Exam High-Yield Points




Lung Cancer Staging & Sarcoidosis

BAL Clinical Utility o

Most Useful For: rﬂ_u_‘t Fwﬁﬂ For:

Solid wmor diagnosis - tissue hiopsy reguired for malignancy
mssessment




Key Takeaways

Location Determines Choice

ILD — BAL - TBLB/Cryobiopsy —
| Surgery
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