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Case-based study of pulmonary concepts --

pulmonary function and clinical correlation

« Spirometry (with flow-volume loop)
* Lung volume
* Diffusing capacity

. ldiopathic pulmonary fibrosis (IPF)
. Asthma

A
B
C. Tracheal stenosis due to prolonged intubation
D. Alpha l-antitrypsin deficiency

E

. Relapsing polychondritis
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Spirometry
(“measurement of breathing”)
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Figure 39-4. A spirometer.
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Spirometry
(“measurement of breathing™)
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Spirometry
(“measurement of breathing”)
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Spirometry: Interpretation

FVC = forced vital capacity

FEV1 = forced expiratory volume in first second

Liters

Time (sec)

1 second

FEV1/FVC < 5! percentile of predicted value = definition of obstruction

TLC (total lung capacity) < 51" percentile predicted = definition of restriction
Low vital capacity suggests but does not diagnose restriction!

Mixed pattern = both FEV1/FVC and TLC are below 5™ percentile predicted
Eur Respir J 2005; 26: 948-968
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Severity in PFT’s

» 2005 Guidelines « 2021 Guidelines
Severity of Lung Function Impairment Severity of Lung Function Impairment
e Using FEV (includes obstruction or e For all measures use z-score:

restriction): o Mild=-1.65t0-2.5
o Mild = FEV; > 70% predicted o Mod=-2.51to-4.0
o Mod = 60-69% predicted o Severe =>4
o Mod-Severe = 50-59% predicted
o Severe = 35-49% predicted
o Very severe = < 35% predicted

Severity ratings are useful mostly for research and epidemiology
— not as useful clinically.

Eur Respir J 2005; 26: 948-968 Eur Respir J 2022; 60: 2101499
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Spirometry: Interpretation

* Bronchodilator response

— FEV1 or FVC increases > 10% of predicted
value = positive bronchodilator response

— “The absence of bronchodilator response in the
laboratory does not preclude a clinical response
to bronchodilator therapy”

Intensive Review of Internal Medicine Eur Respir J 2005; 26: 948-968 7 Cleveland Clinic



63-year-old man with mild shortness of breath,
persistent cough & wheeze; former smoker

(L) (% of predicted)

TLC 9.07 127% Control

RV 4.62 216% Bronchodilator
RV/TLC  50.9 170%

FVC 3.74 74% 479 +28%

FEV, 1.93 50% 2.81 +46%

FEV,/FVC 51.6

DLCO 50 176%

SPO, 95% — 93% (w/ exercise)

Idiopathic pulmonary fibrosis (IPF)

Asthma

Tracheal stenosis due to prolonged intubation
Alpha 1-antitrypsin deficiency

Relapsing polychondritis
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63-year-old man with mild shortness of breath,
persistent cough & wheeze; former smoker

(L) (% of predicted)

TLC 9.07 127%
RV 4.62 216%
RV/TLC  50.9 170%
FVC 3.74 74%
FEV, 1.93 50%
FEV,/FVC 51.6

DLCO 50 176%

4.79 +28%
2.81 +46%

SPO, 95% — 93% (w/ exercise)

Asthma

mooOw>
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Idiopathic pulmonary fibrosis (IPF)

Control
Bronchodilator

Moderate obstruction with large
bronchodilator response,
Hyperinflation and air trapping

Huge diffusing capacity

Tracheal stenosis due to prolonged intubation
Alpha 1-antitrypsin deficiency
Relapsing polychondritis
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GINA 2021: Stepwise Treatment Approach

Increasing asthma severity

Mild Moderate Severe
Adults and step 5
adolescents
with asthma L O AN
Step 4 Refer for
J Ste phenotypic
p3
sip2 wedtum-doso | sement
PREFERRED | Step1 Lowsdcss maintenance ;JER glﬂ,ﬂ-lL-dH-
: ¥
CONTROLLER | As-needed,  As-needed low-dose ICS- ICS- :::'“mm. Consider high-
:;g'dﬂﬂ formoterol formoterol dm
formoterol Ic e
Other| Low-dose Medium- or
controller | ICS taken Low-dose high-dose
options | whenever maintenance  maintenance
SABA taken Low-dose maintenance ICS IC5-LABA ICS-LABA
:E E;;E:.E . As-needed, low-dose ICS-formoterol” As-needed, low-dose ICS-formoterolt
Other reliever As-needed SABA
options

FDA = U5 Food and Drug Administration; ICS = inhaled corticosteroid; 1g = immunoglobulin; IL = interieukin; CTLABA = long-acting f2-agonist;
LTRA = leukatriene receptor antagonist, OCS = oral corticosteroid, SABA = short-acting p2-agonist.

Adapted from GINA. Global Strategy for Asthma Management and Prevention. Updated 2021
(hitps:iiginasthma. ongfwp-contenbiuploads 202 1/05/GINA-Main-Repori-202 1-V2-WhMS. pdf). Accessed 72521,

Intensive Review of Internal Medicine E: Cleveland Clinic



Long-acting Beta Agonists (LABA’s @

« SMART trial suggested « Consensus

increased mortality with — LABA’s still recommended
use of LABA’s but only when combined with
— Negative trial for Inhaled steroids
primary endpoint — Only use when necessary to
(respiratory deaths) control asthma symptoms
— Uncontrolled for Occurrence of Asthma-related Deaths
Inhaled steroid use by Phase and Study Year

(although randomized)

— Mortality higher in
African American
patients (posthoc
subgroup)

e

7

m Salmeterol
m Placebo

3

00 00 Io 00 00

0
1996 1997 1998 1999 2000 2001 2002 2003
Phase 1 Year Phase 2

Number of asthma-related deaths

Intensive Review of Internal Medicine Chest 2006; 129:15-26



/0-year-old woman with mild shortness
of breath; only smoked 7 years

TLC 2.28 49%

RV 0.86 43%

RV/TLC  37.7 87%

FVC 1.21 46% 1.28 +6%
FEV, 1.06 50% 1.10 +4%
FEV,/FVC 87.5

MVV 64 75%

DLCO 9.0 46%

SPO, 96%—>86% (w/ exercise)

A. Idiopathic pulmonary fibrosis (IPF)

B. Asthma

C. Tracheal stenosis due to prolonged intubation
D. Alpha l-antitrypsin deficiency

E. Relapsing polychondritis
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/0-year-old woman with mild shortness
of breath; only smoked 7 years

TLC 2.28 49%

RV 086 43% et
RV/TLC  37.7 87%

FVC 1.21 46% 1.28 +6% Classic restrictive pattern
FEV,  1.06 50%  1.10 +4% Ioaired gas exchange.
FEV,/FVC 87.5 (low diffusing capacity)
MVV 64 75%

DLCO 9.0 46%

SPO, 96%—>86% (w/ exercise)

Idiopathic pulmonary fibrosis (IPF)

Asthma

Tracheal stenosis due to prolonged intubation
Alpha 1-antitrypsin deficiency

Relapsing polychondritis

Intensive Review of Internal Medicine E] Cleveland Clinic
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ldiopathic Pulmonary Fibrosis:
Clinical Presentation

* Prototypical “interstitial lung disease”
 Middle-aged to elderly patients

- Slowly progressive dyspnea and cough
 Bibasilar “Velcro” crackles; + clubbing

* PFT: restrictive with decreased diffusing capacity
 Median survival: 3 yrs

Intensive Review of Internal Medicine E: Cleveland Clinic



IPF on CT Imaging

Subpleural septal
thickening (fibrosis)
Basilar predominance
Traction bronchiectasis
Honeycomb change

Intensive Review of Internal Medicine E] Cleveland Clinic



Usual Interstitial Pneumonia

* Heterogeneous with * Idiopathic (IPF)
alternating zones of normal . Known cause or underlying disease:
lung, active fibrosis — Connective tissue diseases

(fibroblastic foci), and
honeycomb change

* Most pronounced in the
subpleural regions

— Chronic hypersensitivity
pneumonitis

— Asbestosis
— Drugs (bleomycin, nitrofurantoin,...)
— Other (radiation, aspiration, etc)
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Nintedanib

B. Changein FVC

B INPULSIS-1 0
50+
w;g 0 = - N U S R N A
o E Nintedanib, 150 mg twice daily -100
£¥ =
oo -50
E
-§ £ N
@ -100-
_‘Z’ % 1 Placebo % -200
ol
o & -150- T c
©
3 <E> Adjusted mean difference, 1 T c
=22 04 109.9 (95% Cl, 71.3-148.6) I3 300
P<0.001 1 pt B
-250 T T T T T @
0 2 4 6 12 24 36 52 ()
Week 2 -400 |
No. of Patients
Nintedanib 303 301 298 292 284 274 250
Placebo 202 198 200 194 192 187 165 -500

Pirfenidone

Pirfenidone (N=278)
Placebo (N=277)
—

King TE Jr et al. N Engl J Med 2014,370:2083-2092.

The NEW ENGLAND

JOURNAL of MEDICINE

Richeldi L et al. N Engl J Med 2014;370:2071-2082.
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Not all restriction
IS ILD ...

1. Parenchymal
restriction
— IPF, other ILD

2. Chest wall restriction
— Obesity
— Scoliosis
— Surgical or natural

remodeling

3. Neuromuscular
restriction
— ALS, GBS, etc.

]

Usually normal diffusing capacity

...or normalizes with volume correction



37-year-old man with progressive shortness
of breath; 10 pack-year smoking history

Ht: 177.2 Wt:. 62.3 BMI: 19.9 0 — i
TLC 9.85 145% g Bronchodilator
RV 4.82 302% 7

RV/TLC 48.9 208% 6

FVC 4.65 90% 493 +6% 5

FEV, 1.93 46% 2.07 +7% 4

FEV1/FVC 41.6 3

FEF25-75 0.5 13% 2

DLCO 22.7 68% 1

SPO, 97% — 96% (w/ exercise) 0

A. Idiopathic pulmonary fibrosis (IPF)

B. Asthma

C. Tracheal stenosis due to prolonged intubation
D. Alpha l-antitrypsin deficiency

E. Relapsing polychondritis
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37-year-old man with progressive shortness
of breath; 10 pack-year smoking history

Ht: 177.2 Wt: 62.3 BMI: 19.9

8 e Control
TLC 9.85 145% 8 Bronchodilator
RV 4.82 302% 7 Moderate obstruction
RV/TLC 48.9 208% 6 with hyperinflation
FVC 4.65 90% 493 +6% 5 and air trapping
FEV, 1.93 46% 207 +7% 4 Little bronchodilator
FEV1/FVC 41.6 3 response
FEF25-75 0.5 13% 2 SOWBECD
DLCO 22.7 68% 1
SPO, 97% — 96% (w/ exercise) 0

A. Idiopathic pulmonary fibrosis (IPF)

B. Asthma

C. Tracheal stenosis due to prolonged intubation
D. Alpha l-antitrypsin deficiency

E. Relapsing polychondritis
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FEV, (% of value at age 25)

COPD — Natural History

100

Mever smoked or not

f

75 = smoked
regularly and
susceptible

to its effects

50 = Onset of symptoms

35 | Severe disability

susceptible to smoke

50 75

Age (years)

Adapted from Fletcher CM. BMJ 1977; 1:1645-8.



GOLD ABE Assessment Tool

Assessment of

Spirometrically Assessment of :
i : : : : »  symptoms/risk of
confirmed diagnosis airflow obstruction :
exacerbations
Exacerbation history
(per year)
Grade FEV,
(% pred) >2 moderate
exacerbations or
: E
GOLD 1 >80 >1 leading to
Post-bronchodilator hospitalization
FEV,/FVC <0.7 GOLD 2 50-79
0 or 1 moderate
GOLD 3 S04 exacerbations
: A B
(not leading to
GOLD4 =30 hospitalization)

(We use < LLN)
mMRC 0-1 mMRC =2
CAT <10 CAT 210

goldcopd.org Alvar Agusti et al. Eur Respir J 2023;61:2300239 Symptoms

Intensive Review of Internal Medicine E] Cleveland Clinic



Initial pharmacological treatment. mMRC: modified Medical Research Council Dyspnea
Questionnaire; CAT: COPD Assessment Test; LAMA: long-acting anti-muscarinic antagonist;
LABA: long-acting B2 receptor agonist; ICS: inhaled corticosteroid; eos: eosinophils.

¢ Initial nharmacological treatment

Group E
=2 moderate
exacerbations or LABA+LAMA¥
=1 leading to consider LABA+LAMA+ICS* if blood eos 2300
hospitalization
Group A Group B
0 or 1 moderate
ERaceinaans A bronchodilator LABA+LAMA#

(not leading to

hospital admission) (LAMA or LABA)

mMRC 0-1, CAT <10 mMRC =2, CAT =10

#. single inhaler therapy may be more convenient and effective than multiple inhalers

Exacerbations refers to the number of exacerbations per year
N J

Alvar Agusti et al. Eur Respir J 2023;61:2300239
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Follow-up pharmacological treatment

i If response to initial treatment is appropriate, maintain it

If not: «Check adherence, inhaler technique and possible interfering comorbidities
« Consider the predominant treatable trait to target (dyspnea or exacerbations)
- Use exacerbation pathway if both exacerbations and dyspnea need to be targeted
« Place patient in box corresponding to current treatment and follow indications
« Assess response, adjust and review
« These recommendations do not depend on the ABE assessment at diagnosis

Dyspnea Exacerbations
LABA or LAMA LABA or LAMA
if blood
l 205 <300
if blood
LABA"'LAMA” LABA“'LAMA” 4+— €0s 2300
if bl|ood o8
e0s <100
if blood
€0s 2100 v

; L ) L——»  LABA+LAMA+ICS*
« Consider switching inhaler device or

molecules

« Implement or escalate
non-pharmacologic treatment(s)

« Investigate (and treat) other causes

of dyspnea
Roflumilast Azithromycin
FEV, <50% and chronic bronchitis Preferentially in former
smokers

#: single inhaler therapy may be more convenient and effective than multiple inhalers

##: consider de-escalation of ICS if pneumonia or other considerable side-effects. In case of blood eos 2300 cells-uL-!

de-escalation is more likely to be associated with the development of exacerbations

Exacerbations refers to the number of exacerbations per year Alvar Agusti et al. Eur Respir J 2023;61:2300239



64-year-old with severe dyspnea; former

smoker of 25 pack-years, quit 4 months ago
Ht: 145.8 Wit: 37.1

TLC 5.76 145% e

RV 369 227% === Bronchodilator
RVI/TLC 64.0 157% Bronchodilator Insp
FvC 1.26 54% 1.52 +20%

FEV, 0.16 8% 0.28 +72%

FEV,/FVC 13.0

FEFmax 0.6 13%

FEF25-75 0.1 4%

DLCO 12 64%

VA 3.61 91%

SPO, 96% — 92% (w/ exercise)

A. Idiopathic pulmonary fibrosis (IPF)

B. Asthma

C. Tracheal stenosis due to prolonged intubation
D. Alpha l-antitrypsin deficiency
E. Relapsing polychondritis

Intensive Review of Internal Medicine E] Cleveland Clinic



64-year-old with severe dyspnea; former

smoker of 25 pack-years, quit 4 months ago
Ht: 145.8 Wit: 37.1

TLC 5.76 145% e

RV 3.69 227% === Bronchodilator

RVI/TLC 64.0 157% Bronchodilator Insp

FVC 1.26 54% 1.52 +20% Extremely low FEV1
FEV, 0.16 8% 0.28 +72% DLCO relatively preserved
FEV,/FVC 13.0 Expiratory obstruction
FEFmax 0.6 13% worse than inspiratory
FEF25-75 0.1 4% obstruction

DLCO 12 64%

VA 3.61 91%

SPO, 96% — 92% (w/ exercise)

A. Idiopathic pulmonary fibrosis (IPF)

B. Asthma

C. Tracheal stenosis due to prolonged intubation
D. Alpha l-antitrypsin deficiency
E. Relapsing polychondritis
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Air Trapping in Tracheobronchomalacia

Time: 10:22 AM Time: 1:38 PM
Respiratory Rate = 20/min Respiratory Rate = 40/min
Tidal Volume = 400 mL Tidal Volume = 130 mL

Intensive Review of Internal Medicine E] Cleveland Clinic



Diffusing Capacity (DLgg)

Terminal
bronchiole

(smallest branch
of airway)

Pulmonary
capillaries

oxygen

Alveoli (air sacs)
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Diffusing Capacity (DLco)

Terminal
bronchiole
(smallest branch

of airway) Pulmonary
capillaries

‘ \ 2 , flow

Depends on:

What aas is diffiising
Surface area of membrane .
Thickness of membrane
Hemoglobin in blood
Time

Alveoli (air sacs) We can

measure

We control

Intensive Review of Internal Medicine TiR 1 =X 1«3 Cleveland Clinic



36 yo researcher diagnosed with testicular cancer,
treated with platinum and bleomycin. After first
course of chemo, the patient had a really rough time
with the platinum, with many Gl side effects.

Choice between 4 cycles without further bleomycin, or
3 cycles with it. The oncologist asks you if it Is safe to
give more bleomycin (with a better chance of cure) to
the patient, in light of his diffusing capacity . ..

3/29 4/25 5/2
D, co 22.4 15.9 18.2
(68%) (48%) (55%)
4
ChemoRXx

Intensive Review of Internal Medicine E: Cleveland Clinic



Diffusing Capacity and
More Bleomycin?

3/29 4/25 5/2
D, co 22.4 15.9 18.2
(68%) (48%) (55%)
Hemoglobin 14.6 9.9 8.5
4
ChemoRXx
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Diffusing Capacity and

More Bleomycin?

3/29 4/25 5/2
D, co 22.4 15.9 18.2
(68%) (48%) (55%)
Hemoglobin 14.6 9.9 8.5
Corrected D,co 224 19.1 23.5
(68%) (58%) (71%)
4

ChemoRx

Intensive Review of Internal Medicine
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57-year-old woman with severe dyspnea
with cough & wheeze; never smoker

Ht: 160 Wt: 89.4 BMI: 34.9

e Control

FVvC 2.84 91% Control Insp.
FEV, 1.12 44%
FEV,/FVC  39.6

Idiopathic pulmonary fibrosis (IPF)

Asthma

Tracheal stenosis due to prolonged intubation
Alpha 1-antitrypsin deficiency

Relapsing polychondritis

mooOw>
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57-year-old woman with severe dyspnea
with cough & wheeze; never smoker

Ht: 160 Wt: 89.4 BMI: 34.9

e Control

FVvC 2.84 91% Control Insp.
FEV, 1.12 44%

FEV,/FVC 39.6 Central airway
obstruction,

orifice type

Idiopathic pulmonary fibrosis (IPF)

Asthma

Tracheal stenosis due to prolonged intubation
Alpha 1-antitrypsin deficiency

Relapsing polychondritis

mooOw>
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Airway Obstruction & Flow-volume Loops

A
Exip
Eap Flow
[ Flvar
'
irw | )
l. e Ay
- TG RV
TLC w Inag
Flow
" .
o ' e Variable Variable Intrathorac
Fixed Obstruction Extrathoracic a”aos ntrathoracic
I Obstruction struction
Expiratory pressure opens obstruction Expiratory pressure collapses obstruction
Exp”'m‘":’n mspirulucun expirahion ms.pi.rulucm E.'.r.pir[:ITIOI'I il'lipll'c'rmn
i

Pir<Parm Plf"-PuTm

Tracheal stenosis Goiter Lower tracheal tumors
Extrinsic tumors Intrinsic tracheal tumors  Tracheomalacia
Migrated stents Vocal cord paralysis GPA

Relapsing polychondritis



Subglottic Stenosis

« Commonest after
prolonged intubation,
but can occur after
shorter tube times
too.

« 10-14 days is the rule
of thumb.

Intensive Review of Internal Medicine E: Cleveland Clinic
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