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SOB &/or Hypoxia
Á We often anchor on assumptions

Á Wheezing over age 50 is COPD

Á Heart failure does not wheeze

Á No wheezing, no asthma

Á ~1/3-1/2 of the time will be wrong

Á 40-50% of the diagnoses of COPD over 
age 50 are likely wrong or incomplete

Á The same can be said for asthma (over 
diagnosed or underdiagnosed) 



Normal Bronchioles
--illustration courtesy of the Cleveland Clinic



The problem

Á All that wheezes is not asthma

Á All Asthma does not wheeze

Á Serious pathology may not have abnormal 
breath sounds (may sound normal)

Á Abnormal breath sounds can mimic 
several different diseases

Á Acute heart failure is the most common 
missed diagnosis for someone wheezing



Overview

Ç Pathophysiology of hypoxia & wheezing

Ç Key overlooked physical exam features

Ç Intro to Office Spirometry

Ç Low resource tips

Ç Brief discussion of POCUS overlap in the 
evaluations

Ç Case Scenarios



All that wheezes is not asthma
Not all asthma wheezes 

Asthma: Not Wheezing 

ÁDecreased tidal volume

ÁShallow breathing

ÁPt exhaustion

ÁPoor listening technique

ÁThrough clothes

ÁCheap stethoscope

ÁToo fast

ÁNo current triggers

ÁCough-variant

Wheezing: Not Asthma

ÁCOPD

ÁLaryngeal dysfunction

ÁUpper airway/stridor

ÁAnaphylaxis

ÁCroup

ÁForeign body

ÁHeart Failure -CHF



Causes of Hypoxia
The Big Three -Five (3-5)

Á Airway  or bronchioles narrowed or obstructed

Á Asthma -COPD

Á Alveoli filled (pus, edema, & more)

Á Pneumonia

Á ASTHMA again (inflammatory soup)

Á Heart Failure

Á Sepsis  with alveolar leaking/damage

Á Blood flow constriction (or reduction)

Á Pulmonary Embolism

Á Sepsis (low flow/hypotension)

Á Not uncommonly a mixture



Causes of Hypoxia
The Big Three -Five (3-5)
Á Alveoli:  starts filling with pus, edema, & more

Á Pneumonia

Á ASTHMA/COPD (inflammatory soup)

Á Heart Failure

Á Sepsis  with alveolar leaking/damage

Á Bronchioles:  airways narrowed/obstructed

Á Asthma -COPD

Á Capillaries:  blocked or reduction of blood flow

Á Pulmonary Embolism

Á Sepsis (low pressure/hypotension)

Á Not uncommonly a mixture



Airway narrowing from an asthma attack. The image on the left shows the location of 
the lungs in the body. The middle image is a close-up of a normal airway, and the image 
on the right shows a narrowed, inflamed airway typical of an asthma attack. Medical 
Illustration Copyright © 2022 Nucleus Medical Media. All rights reserved.external link

https://www.nhlbi.nih.gov/health/asthma/attacks

Inflamed 
Airway
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https://www.nhlbi.nih.gov/health/asthma/attacks


Asthma -RAD is PRIMARILY an 
INFLAMMATORY Disease 

Ç Early Phase: Bronchospasm -relaxes smooth muscle

Ç  ɓ2 agonists (salbutamol, duo-neb, fomoterol)

Ç  ɓ2 agonists: NO ROLE in inflammation

Ç  Must control the inflammation

Ç Secondary/late phase: Inflammatory soup  

Ç  Oral/IV steroids stabilize & repair

Ç Asthma & Wheezing:

Ç May Not be heard with shallow tidal volumes

Ç Does not ñdisappearò after age 50 or w/tobacco

Ç Heart failure can wheeze

Ç Will have prolonged expiration!



Beta Agonists (salbutamol)
Relaxes the
Smooth muscles

Inhaled or oral
STEROIDS

Normal

Acute Asthma

Air trapping



Normal Epithelium

ɓ-agonists & 
LAMAs

NO EFFECT on 
inflammation

-Need steroids, oral or 
ICS to restore to normal 

epithelium

-possible mild effect 
w/montelukasts



Steroids restore the cilia & epithelial layer  
- Scarring occurs when ICS are delayed

Peak expiratory 
flows decrease 
by 5-10% each 
year of delaying 
inhaled steroids



COPD



Histopathology Contrasts:

RAD & COPD





Pulmonary Edema is from 
ñFluid Overloadò from ñleft 
sidedò heart dysfunction



ÁReduced ejection fraction

ÁLeft ventricle DYSFUNCTION

ÁCan have NORMAL ejection 
fraction

ÁAtrial fibrillation

ÁDiastolic dysfunction

ÁVolume Overload

(but also SEPSIS can be a 
  cause, from 
  άƭŜŀƪȅέ ŀƭǾŜƻƭƛύ

LV pulmonary edema



Pulmonary Edema can:
-- crackle, rales or wheeze



BOTH COPD,
(& Asthma)

AND HEART FAILURE
CAN WHEEZE!!!

Both can have inspiratory 
and/or expiratory wheezing



The Forgotten part of the 
Physical Exam
ÁWhile listening to the lungs

Á Is there good flow?

Á Any abnormal sounds?

Á Observe 

Á HOW LONG for INSPIRATION?

Á HOW LONG for EXPIRATION?

Á The NECK VEINS!



The Forgotten part of the 
Physical Exam
Á Inspiratory to Expiratory Ratio is key; helps 
identify if there is truly an ñobstructionò

Á The Neck Veins are a window to the heart

ÁJVP can be missed when ñabove the jawò

Á HJR identifies failure without LE edema

ÁWhile listening to the lungs

Á Is there good flow? If not, sounds are 
muffled or absent (or hard with ++BMIôs)

Á Abnormal breath sounds can mimic more 
than one diagnosis



Expiration is prolonged  with a COPD exacerbation . 

ÅNo prolongation with heart failure (Insp:Exp ~1:1)

ÅEven though wheezing can be heard in both scenarios!

Differentiating the cause of Wheezing 
between CHF & COPD (as both can wheeze)

Prolonged ~1:3

Observe the breathing pattern

Å inspiration to expiration ratios are normally ~1:1
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Watch & Observe Carefully the 
INSPIRatory  to EXPIRatory  ratio

ÇWheezing is not pathognomonic for a COPD 
exacerbation (suggestive but can fool)

Ç 1 of 6 COPD exacerbations in the Emer Dept 
changed to Heart Failure after POCUS

ÇñCardiac Asthmaò is pleural fluid in the alveoli 
that have a similar wheeze to COPD

ÇñLaw of LaPlaceò (decreased surface 
tension) can result in a similar insp. to 
expiratory ratio with Resp Rate into the 30ôs

ÇPortable CXRôs can easily miss heart failure



J-LUX POCUS Protocol:
For hypoxia & vascular volume

Ç JVP/HJR: Internal Jugular ; clarity  w/POCUS

Ç L Lungs:  POCUS Findings in the Lungs :
Ç A ï Lines; Artifact from Air in lungs (normal)

Ç B ï Lines; like ñBeams of lightò thru clouds

Ç C ï Consolidation -hepatization (pneumonia)

Ç D ï Diaphragm &/or Dark Fluid ( eg effusion) 

Ç U Upper  Abdomen, sub -Xiphoid  view
Ç Ejection Fraction (good or bad EF?)

Ç Inferior Vena Cava for Right Atrial pressure

Ç EXacerbation  Eval : synthesize  history, 
exam, labs & imaging for the root cause



POCUS can easily identify the Thyroid, 

Internal Carotid & Internal Jugular Vein  



Start in the middle at the trachea

A-lines are seen in the trachea (air)



Thyroid is homogenous & 
- adjacent to the thyroid is the
- pulsatile internal carotid artery

ThyroidThyroid



The internal jugular can be seen
- with a Valsalva or 
- blowing through pursed lips



The internal jugular can be seen
- with a Valsalva or 
- blowing through pursed lips

Thyroid
I-J

ICA



The internal jugular can be seen
- with a Valsalva or 
- blowing through pursed lips

Internal
Jugular
(may be
flat at 
first)

Internal
Carotid
(pulsatile)

Thyroid
I-J

ICA





ñA-Linesò are because of 
air in the lungs (normal) 



A-Lines (air, artifact, reverberations)





B-Lines 
ñbeamsò
ÅMust extend the full 

length of screen

Å>2-3 per rib space

ÅB-Lines in one rib 
space is normal 
(often seen near 
diaphragm)

ÅMust be 2 or more 
rib spaces to be 
abnormal



A-Lines with prolonged expiration
(looking between many rib spaces)



This is a COPD exacerbation; 
expiratory wheezing; +/ - insp. wheeze



Hypoxic, History of ñCOPDò with 
prominent expiratory wheezing



Tachypnea & B -Lines; inspiratory 
to expiratory ratios about equal



What is your diagnosis?



Heart Failure
This could wheeze, 

crackle/rales or be silent



Always correlate to clinical scenario, as 
sepsis & COVID could also look like this



Jugular 
Venous 
Pressure
(or HJR)

A-Lines
(air-artifact)

B-Lines
(beam fluid)

Normal Asthma
COPD

Sepsis
(ARDS)

Elevated
Pulmonary
Embolism
(   JVP only)

Heart 
Failure

(JVP or HJR)



BACK -UP 
SLIDES



Collect the data before 
making a diagnosis
Á First: SICK or NOT SICK?

Á Obtain the VITAL SIGNS

Á Alert or confused?

Á Tachycardic?

Á Fever/No Fever? (or hypothermia?)

Á Blood Pressure adequate for perfusion?

Á Pulse oximeter? (any chance incorrect?)

Á Any risk for Carbon Dioxide Retention?



The Problem:  
- All that wheezes is not Asthma (or COPD)

- All Asthma does not wheeze

Á Acute hypoxia has many different causes
Á Pulmonary (primary or secondary)
Á Infectious (primary or secondary)
ÁNeoplastic (thromboembolic, effusion, etc

ÁCardiac (left and right sided failure)
ÁOR

Á Blockage of airflow to the alveoli 
Á upper or lower airway

Á Alveolar compromise
ÁWater
Á Inflammatory soup
ÁConsolidation (infection)

Á Space occupying the lung (large effusion)
ÁNot enough blood flow (pulmonary embolism)



What are the ñnormal presumptionsò 
for good oxygenation?

Airway

ÁEasy air exchange with normal oxygen concentration

ÁNo obstructions or constrictions in the air flow

ÁAlveoli do not contain anything but air

Alveoli

ÁFluid, pus or air filled?

Gas Exchange (pH, basement membrane)

Blood flow/supply

ÁDecreased ñflowò from obstruction or low pressure

Volume of alveoli (compression or destruction)

ÁPleural fluid or pulmonary mass vs Emphysema 



Asthma -RAD is PRIMARILY an 
INFLAMMATORY Disease 

ÇEarly Phase: Bronchospasm 

 - ɓ2 agonists

ÇSecondary/late phase: Inflammatory soup     
 - Oral steroids stabilize & repair

 - Inhaled steroids: mainstay to reduce inflammation  
 - leukotriene inhibitors (weak anti-inflammation)  

 - biologics (severe eosinophilic inflammation)

ÇMust control the inflammation

Ç ɓ2 agonists: NO ROLE in inflammation



Medication Classes (main)

ÇBeta-2 Agonists

    SABA/LABA (Short/long) 

ÇLeukotriene inhibitors

Ç Inhaled corticosteroids

     ICS

ÇOral steroids

ÇAnti-cholinergics 
ñMuscarinicsò

     SAMA/LAMA (Short/long)

- Relaxes smooth muscle

- Controls inflammation (weak)

- Controls inflammation

   (does so very well)

- Systemic controller

- ά5 daysò is standard

- May take 2-3 weeks for 

severe inflammation

- A type of smooth muscle 
relaxation

- COPD Cornerstone

- Asthma adjunct



Histopathology of the 
asthmatic airway
Normal airway (left), compared with a

Cross section of a severe asthmatic airway (right) 

Asthma involves mucosal inflammation that most 
frequently consists of activated eosinophils, mast cells 
and T lymphocytesé

éwithin the context of a remodeled airway with mucous 
metaplasia, an increase in smooth muscle (Sm), fibrosis 
and angiogenesis. Bm, basement membrane; Bv, blood 
vessel; Ep, epithelium. 

Republished with permission of Dove Medical Press, from Clinical update on the use 
of biomarkers of airway inflammation in the management of asthma. 

Wadsworth, S., Sin, D. & Dorscheid, D., 4, 2011; permission conveyed through 
Copyright Clearance Center, Inc.



Albuterol Use in Terms of Asthma 
Guidelines* :

Ç One canister contains 200 puffs

Ç Or, one canister contains 100 treatments

Ç Mild-intermittent <2 treatments/week

Ç (52 weeks)(2 treatments)(2puffs)=208

Ç Therefore ñMild Intermittent Asthmaò should really only 
require one inhaler per year

Ç Three dispenses of albuterol in any form (inhaler, 
nebulized-liquid, etc.) IMPLIES uncontrolled asthma

Ç *AAAI 86(2);190-5é.30% severe and 60% moderate 
asthmatics consider themselves ñwell controlledò 
and ñwithout needò of further controller therapy



3 Albuterol Canisters/Yearé
= 600 puffs/year

= 300 treatments/year/365 days

= Nearly daily albuterol

= Moderate persistent asthma

Only 27% of clinicians are able to identify patients using 
albuterol excessively*

So, the first thing to do is to call the pharmacy for a 
history of asthma medication use (past 18 -24 
months or so)

*Journal of Pediatrics 136(4) April 2000



Asthma -RAD is PRIMARILY an 
INFLAMMATORY Disease 

ÇEarly Phase: Bronchospasm -relaxes smooth muscle

Ç  ɓ2 agonists (salbutamol, duo-neb, fomoterol)

Ç  ɓ2 agonists: NO ROLE in inflammation

Ç  Must control the inflammation

ÇSecondary/late phase: Inflammatory soup  

Ç  Oral/IV steroids stabilize & repair

ÇAsthma is about CONTROL -prevention  

Ç  Inhaled steroids: mainstay to reduce inflammation

Ç  Leukotriene inhibitors (weak anti-inflammation)

Ç  Biologics (severe eosinophilic inflammation)





Asthma that is not 
optimally controlled



Beta Agonists

(salbutamol)
Relaxes the
Smooth muscles

Inhaled or oral
STEROIDS



Normal Epithelium

ɓ-agonists & 
LAMAs

NO EFFECT on 
inflammation

-Need steroids, oral or 
ICS to restore to normal 

epithelium

-possible mild effect 
w/montelukasts



Severe Inflammation: 
ɓ2 agonists & muscarinics  (ñduo-nebsò) will not 
decrease the inflammation ðneed steroids; ICS or oral



Steroids restore the cilia & epithelial layer  
- Scarring occurs when ICS are delayed

Peak expiratory 
flows decrease 
by 5-10% each 
year of delaying 
inhaled steroids



Normal Airway compared to:
UNCONTROLLED

Mild to Mod RAD & Severe RAD

Uncontrolled inflammation over the 
years leads to smooth -muscle 

hyperplasia & Mixed RAD -COPD



Asthma Rescue to 
Controller Ratio
Ç  Add up all of the beta agonist medications

Ç Add up all of the inhaled corticosteroid meds

Ç Combined ICS/LABA counts one for each

Ç More Beta Agonist than ICS is of concern

Ç 2:1  ɓ agonist:ICS  => RISK for hospitalization



Guideline Pitfalls & Pearls
ÇAsthma NHLBI Guidelines are ñby committeeò

ÇñStepsò assume good patient follow-up

ÇVERY EASY to not identify uncontrolled asthma, 
because the Pt says ñit is fineò

Ç Inhaled corticosteroids are expensive & often take 
convincing of the need for them

ÇNO Guidelines for mixed asthma-COPD

ÇMUST IDENTIFY: FINE vs NOT-FINE

Ç12-24 months prescription history

ÇController to rescue ratio (or rescue to controller)

ÇA quick peak flow (should be >300 L/min)

ÇPoint of care spirometry



The Guidelines are cumbersome & do 
not address do not highlight the 
critical assessments
ÇControlled or not-controlled? 

ÇGAIN THE CONFIDENCE of Pt once the Dx is made

ÇGive enough controller to control quickly

Ç I err on the side of pouncing to control (& 1/3 of 
the time I underestimated the steroid need)

ÇMany only come in when feeling ill

ÇSteroids, with a peak-flow meter, tracking each 
day, shows the Pt how their lungs are improving

ÇGive enough controller so that albuterol/rescue is an 
infrequent event 

ÇTrack the ɓ-agonist to <1 ɓ2-inhaler needed/year

ÇSpirometry is your friend (and refill history)







Making Spirometry Accessible

Ç Hand-held portable spirometers range from ~$500 to 
$5000 and higher (decent quality $2-2.5k)

Ç Another $5-$20 per session for ɓ agonist & delivery 
(either spacer or nebulizer treatment)

Ç GINA Guidelines 

INCLUDE use of a 

hand-held Peak-Flow 

Meter in resource 

constrained situations

Ç 20% reversibility

In Peak Exp Flow 

Ç vs 12% FEV1 for 

  usual PFTs



Different examples of 
spirometers available onlineé

ΧΦ



Why use a spacer?
Probably 30 -80% more efficient

Ç You need to know how to use your inhaler correctly for 
the medicine to get to your lungs and work effectively. 

Ç In general, using the inhaler without a spacer requires 
more coordination in order to ensure that medicine 
reaches your lungs. 

Ç Metered-dose inhalers can spray medicine as fast as 
60 miles per hour , causing the medicine to hit the back 
of your throat or roof of your mouth.

Ç So, when possible, it's best to use a spacer. 

https://www.mountsinai.org/health-library/selfcare-instructions/how-to-use-an-inhaler-
no-spacer

https://www.nationalasthma.org.au/living-with-asthma/resources/patients-
carers/factsheets/spacer-use-and-care



Commercial versus home Ȥmade 
spacers in delivering bronchodilator 
therapy for acute therapy in children
Cochrane Database of Systematic Reviews - Intervention

Carlos E RodriguezȤMartinez, Monica Sossa, Juan Manuel Lozano

16 April 2008; https://doi.org/10.1002/14651858.CD005536.pub2

all analyzed 
outcomes were not 
significantly 
different in delivering 
bronchodilator 
therapy

homeȤmade 
spacers were 
compared with 
commercial 
devices

https://doi.org/10.1002/14651858.CD005536.pub2


Sample Home -made Devices



Albuterol Use in Terms of Asthma 
Guidelines* :

Ç One canister contains 200 puffs

Ç Or, one canister contains 100 treatments

Ç Mild-intermittent <2 treatments/week

Ç (52 weeks)(2 treatments)(2puffs)=208

Ç Therefore ñMild Intermittent Asthmaò should really only 
require one inhaler per year

Ç Three dispenses of albuterol in any form (inhaler, 
nebulized-liquid, etc.) IMPLIES uncontrolled asthma

Ç *AAAI 86(2);190-5é.30% severe and 60% moderate 
asthmatics consider themselves ñwell controlledò 
and ñwithout needò of further controller therapy



3 Albuterol Canisters/Yearé
= 600 puffs/year

= 300 treatments/year/365 days

= Nearly daily albuterol

= Moderate persistent asthma

Only 27% of clinicians are able to identify patients using 
albuterol excessively*

So, the first thing to do is to call the pharmacy for a 
history of asthma medication use (past 18 -24 
months or so)

*Journal of Pediatrics 136(4) April 2000



Understanding the Beta 
Agonists 

&
Finding Affordable 

Medications







Amazon Rx     &   GoodRx

Albuterol (Proventil/ProAir)



GoodRx.com



GoodRx : Budesonide/Formoterol
Generic (80 mcg/4.5 mcg)



GoodRx : Budesonide/Formoterol
Generic (160 mcg/4.5 mcg)



Amazon Rx     &   GoodRx

Budesonide-Inhalers    and Ampules



Amazon Rx     &   GoodRx

Generic Fluticasone-Salmeterol 100mcg-50mcg



Amazon Rx     &   GoodRx

Fluticasone-Vilanterol 100mcg-25mcg



Conclusions

Ç Anytime you see more than two albuterol inhalers/year 
(under age 40) should give concern for uncontrolled 
asthma

Ç Titrate ñcontrollerò medications to effect

Ç I NEVER give more than 2 albuterol inhalers per Rx

Ç Recurrent pneumonias (without a clear CXR 
pneumonia) should give concern for RAD

Ç MOST ñexercise induced asthmaò is really just 
uncontrolled asthma that becomes symptomatic with 
exercise

Ç Delaying ICS for RAD leads to RAD-COPD

Ç Only 27% of clinicians recognize sub-optimally 
controlled RAD in children

Ç Nearly everyone says they are ñfineòðtrust, but verify



Conclusions

Ç Pulmonary Function Testing (PFT) has a <35% compliance 
nationally for COPD diagnosis, an NCQA HEDIS measure.  

Ç A large managed care organization demonstrated that 10% 
of asymptomatic asthma patients with a normal asthma 
symptom questionnaire were in need of therapeutic 
adjustment only identified by spirometry testing.  

ÇDesigning an affordable, practical, point-of-care clinic 
work-flow is a win-win quality improvement enhancement 
we have experienced in our residency clinic.  

Ç It has improved patient compliance for PFT confirmation of 
COPD, augmented recognition of under-treated asthma,  
enhanced residency education, boosted clinic revenue and 
positively impacted clinical therapeutic decision making 

ÇOur clinic had greatly under-estimated the prevalence of 
the asthma-COPD overlap syndrome, leading to more 
appropriate ICS/LABA usage





11 yo male c/o not being 
able to run as much

ÇFather concerned for exercise induced asthma

ÇWhat do you do in your office?



11 yo c/o SOB playing soccer



Why we get a post; +13% in FEV1 
2.67LŸ3.02L post ɼ agonist ; +350 ml



59 yo Male with ñCOPDò



Clearly Demonstrates 
FEV1/FEVC <70% 



67 yo Female with ñCOPDò



ñObstructionò NOT Identified



ñObstructionò NOT Identified



Reversibility & Restriction
Further Examination Recommended



Histopathology Contrasts:

RAD & COPD



Histopathology of the 
asthmatic airway
Normal airway (left), compared with a

Cross section of a severe asthmatic airway (right) 

Asthma involves mucosal inflammation that most 
frequently consists of activated eosinophils, mast cells 
and T lymphocytesé

éwithin the context of a remodeled airway with mucous 
metaplasia, an increase in smooth muscle (Sm), fibrosis 
and angiogenesis. Bm, basement membrane; Bv, blood 
vessel; Ep, epithelium. 

Republished with permission of Dove Medical Press, from Clinical update on the use 
of biomarkers of airway inflammation in the management of asthma. 

Wadsworth, S., Sin, D. & Dorscheid, D., 4, 2011; permission conveyed through 
Copyright Clearance Center, Inc.



Airway inflammation is a 
prominent feature of asthma

T2-type inflammation occurs in >80% of children and in the majority of adults with 
asthma in association with sensitization to environmental allergens, such as those 
from dust mites, fungi, pets and pollens

This sensitization is often associated with other clinical manifestations of atopy such 
as atopic dermatitis (eczema), allergic rhinoconjunctivitis and food allergy.

The inflammatory infiltrate that accompanies T helper 2 (TH2) lymphocyte responses 
is mainly composed of eosinophils but also includes mast cells, basophils, neutrophils, 
monocytes and macrophages. 

Cellular activation and release of inflammatory mediators in asthma is evidenced by 
mast cell degranulation and eosinophil vacuolation. 

The majority of mucosal mast cells in mild-to-moderate allergic-type asthma are of the 
TH2 cell-dependant tryptase-expressing type (MCT)28. 

In the more intractable forms of asthma, mast cells containing both tryptase and 
chymase (MCTC) predominate, which are more dependent on stem cell factor (also 
known as KIT ligand) for their survival than are MCT cells29,30



Pathophysiology of severe asthma: Weôve only just started--GREGORYG. 
KING,1,2,3ALANJAMES,1,4,5LOUISEHARKNESS1,3AND PETERA.B. 
WARK1--Respirology(2018)23, 262ï271doi: 10.1111/resp.13251

Inhaled Combined BudesonideïFormoterol as Needed in Mild Asthma

Paul M. OôByrne, M.B., J. Mark FitzGerald, M.D., Eric D. Bateman, M.D., Peter 
J. Barnes, M.D., Nanshan Zhong, Ph.D., Christina Keen, M.D., Carin Jorup, 
M.D., Rosa Lamarca, Ph.D., Stefan Ivanov, M.D., Ph.D., and Helen K. Reddel, 
M.B., B.S., Ph.D. May 17, 2018; N Engl J Med 2018; 378:1865-1876

DOI: 10.1056/NEJMoa1715274













What do you do with this 
information?



I added a post -albuterol




