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Learning Objectives

• Appreciate the weakness of many 
revered myths and examples of dogma

• Understand the negative impact of 
myths and dogma on PF testing

• Understand the need for evidence 
based practice in the PFT laboratory
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Myth: an idea or story that is believed by many 
people but is not true



What is dogma?

Something held as an established 
opinion; especially : a definite 
authoritative tenet 



So where do myths and dogma in 
pulmonary diagnostics originate?

• Ideas based on common 
sense, what sounds right, 
what makes sense

• The way we’ve always done it

• Old text books



So where do myths and dogma in 
pulmonary diagnostics originate?



PFTs? We don’t need 
no stinking PFTs!



“Most long-term smokers have COPD”



“Most long-term smokers have COPD”

~20%



COPD Susceptibility
Schulz. Chest. 2004;125;1706



Mary: “COPD & Emphysema”

80-year-old female with chronic cough and mild doe
Smokes 1 ppd for 62 years 452,600 cigarettes

Diagnosed several years ago with “COPD/emphysema”
No pulmonary function testing 

Rx:  Combivent $214.60
Advair $254.30
Albuterol       $51.85

Scheduled for PFT preoperatively for needle biopsy





Spirometry utilization for COPD Dx
Han et al. Chest 2007;132(2):403

Retrospective study of patients in 5 health insurance plans

n = 5,039 patients with a new diagnosis of COPD

primary outcome: % patients with spirometry 2 years before or 6  
months after diagnosis.

32%



This Drives Me CRAZY!!



PFTs? I’ve got a stethoscope!



wheeze
King et al Ann Intern Med 1989;110:451

44 adult patients methacholine challenge

14 patients + MCT

8/14 57% + wheezing



wheeze
Wilson et al. Eur Respir J. 1995;8(3):364-370.

30 5-year-old patients with a hx of asthma given a 
methacholine challenge

25 patients + MCT

4/25 16% + wheezing



“Dyspnea in kids is usually asthma”
117 Children with dyspnea undergoing exercise treadmill testing

.
Abu-Hasan et al Ann Allergy Asthma Immunol.2005;94:366.



“Coughing in kids is usually asthma”
108 children ages 1-7 undergoing BAL

Marchant JM.. Chest. 2006;129(5):1132-1141.



PFTs? “Here try this”



Dx by Rx
• placebo effect

49 asthmatics stable on inhaled steroids

randomized to 50 mcg salmeterol vs. placebo for 1 month

self-reported symptom-free days (% increase)

salmeterol 40%
placebo 10%

Langley et al. Eur Respir J. 1998;11:1081.



Dx by Rx
Shrestha Am J Emerg Med. 1996;14:380.

• 125 patients asthma, ED
• MDI technique divided into 

7 steps
• 21% performed correctly
• 100% performed correctly 

after teaching
• mean teaching time for 

success: 8 minutes



Dx by Rx
Simmons Chest. 2000;118:290

• compliance & deception

• 101 patients with moderate airflow obstruction enrolled in 
the Lung Health Study

• MDI equipped with a monitoring device
• Asked to bring their MDI with them for follow-up inspection

• 30% actuated their MDI 100 times 3 hours prior to their 
appointment



PFTs? We don’t need no stinking PFTs!

If you’re not testing,
you’re just guessing!



Let’s Start From the 
Very Beginning



Patient Instructions for PFTs

ST. JOSEPH HOSPITAL 
NASHUA, NEW HAMPSHIRE 

PULMONARY FUNCTION LABORATORY 
 

PATIENT INSTRUCTIONS 
 

 
 

 Establish Diagnosis 
• DO NOT take Albuterol (ventolin, proair, proventil) or Maxair  

8 hours before testing unless you are experiencing difficulty breathing 
• DO NOT take Combivent, DuoNeb, Atrovent, or Xopenex 24 hours 

before testing unless you are experiencing difficulty breathing 
• DO NOT take Advair, Symbicort, Dulera, Brovana, Perforomist 

Serevent, Foradil, Singulair, Tudorza, Breo, Anoro or Spiriva 48 
hours before testing unless you are experiencing difficulty breathing 

• Limit caffeine on the day of testing (morning coffee/tea is permitted) 
 

  Additional Instructions For Methacholine/Mannitol/Exercise Challenges 
     (check if applicable) 

• NO exercise on the day of testing 
• Limit caffeine on the day of testing (morning coffee/tea is permitted) 
• NO smoking on the day of testing 
• NO antihistamines 48 hours before methacholine testing  
• NO antihistamines 72 hours before mannitol testing  
• Inhaled or oral steroids can reduce responsiveness to methacholine 

and mannitol and may need to be withheld for at least one week 
before testing.  Products containing inhaled steroids include Flovent, 
Advair, Symbicort, Breo, Pulmicort (budesonide), Aerobid, Alvesco, 
Dulera, Asmanex, Azmacort, QVar,  Prednisone, Medrol, and 
Methylprednisolone. 

• Patients should not undergo methacholine or mannitol challenge 
testing within 6 weeks of a chest infection since false positive results 
can occur. 

 
 Assess Functionality/Treatment Response (Dx already established) 

• Take all of your prescribed medicines as ordered, including the day of 
the test 

 
 Patient-Specific Instructions  
 

------------------------------------------------------------------------------------

------------------------------------------------------------------------------------ 

Select Diagnostic Goal (check one) 



No Caffeine!



No Caffeine?
Yurach et al. Respir Med 2011;105;1606

• 16 asthmatic patients

• Randomized single-blind crossover trial of 
16 oz. coffee and 16 oz. decaffeinated coffee 
on separate days

• FENO and FEV1 pre & 1 hour post coffee
MCT performed 1 hour after coffee



No Caffeine?
Yurach et al. Respir Med 2011;105;1606

either treatment, blood samples were collected and, eNO
and FEV1 measurements repeated. Once these two
measurements were collected the MCTwas done.

Statistical analysis

The study, with 14 subjects, had a 90% power to detect
a difference in log PC20 of 0.099; this represents approxi-
mately a one third doubling concentration difference which
is less than the minimum clinically significant difference of
a one half doubling concentration change. Differences in
mean FEV1 and eNO values between baseline and post
treatmentswere compared using the Student’s paired t-test.
Since histamine/methacholine PC20 values are log-normally
distributed,19 methacholine PC20 values were log trans-
formed prior to analysis. A p value <0.05 was considered
statistically significant. The correlation between broncho-
protection (caffeinatedminus decaf dose-shiftZD log PC20/
0.3) and serum caffeine level (caffeinated minus decaf) was
determined using linear regression analysis.

Results

Two of the 16 subjects were excluded because they did not
have a positive MCT. Fourteen subjects (5 males) were
included in the statistical analysis. The 14 subjects

completed the study without adverse event, the major
adverse event of concern being severe methacholine
induced bronchonstriction. Of the fourteen subjects,
twelve consented to providing blood samples. Subject
demographics including gender, baseline values and if they
routinely ingest caffeine, a post hoc item of interest, are
shown in Table 1. All subjects had a baseline % predicted
FEV1 ! 65 and the majority of subjects regularly ingested
caffeine on a daily basis (71%).

There were no significant differences (p> 0.05) between
pre-caffeinated and post-caffeinated coffee in FEV1 or eNO
(Table 2). There was no effect of decaffeinated coffee on
FEV1, however there was a small (5%) reduction in eNO after
decaffeinated coffee (p < 0.05, Table 2). eNO levels were
also higher (p < 0.05) both before and after ingestion of
decaffeinated coffee when compared to the caffeinated day
(Table 2). There was no treatment sequence effect.

In Fig. 1 the individual and mean differences in meth-
acholine PC20 between the caffeinated and decaffeinated
treatments are shown. No significant difference (p Z 0.99)
in log methacholine PC20 values was seen. Geometric mean
PC20’s were 1.35 and 1.36 mg/mL for caffeinated and
decaffeinated coffee respectively.

The serum caffeine levels between the caffeinated and
decaffeinated treatments were 4.33 " 1.60 mg/mL and
1.39 " 1.18 mg/mL respectively. Serum caffeine levels
varied between each subject and caffeine was detected in

Table 1 Subject demographics including baseline FEV1 and FeNO values.

Subject # Gender Age Height
(in)

Weight
(lbs)

Baseline
FEV1 (Litres)

Predicted
FEV1 (%)

Baseline
FeNO (ppb)

Routinely
Ingest Caffeine

1 F 21 65 150 3.80 108 82 Y
2 M 21 69 165 4.67 103 23 N
3 F 20 64 145 3.25 94 16 Y
4 F 33 62 120 2.78 94 32 Y
5 F 45 66 150 2.80 93 10 Y
6 M 63 66 150 2.31 72 31 Y
7 F 22 61 129 2.99 95 56 N
8 F 20 65 190 3.00 84 16 N
9 M 24 66 145 2.77 67 47 N
10 F 26 64 145 3.28 99 16 Y
11 M 33 70 180 3.69 85 27 Y
12 M 20 75 170 4.96 95 41 Y
13 F 26 63 175 2.70 84 21 Y
14 F 21 66 125 3.52 98 19 Y

Mean Values 9F/5M 28 66 153 3.32 91 31 10Y/4N

Table 2 Caffeinated and decaffeinated treatments (n Z 14).

Caffeinated Decaffeinated

Pre Post Pre Post

FEV1 (L) 3.31 " 0.75 3.36 " 0.74 3.31 " 0.69 3.31 " 0.76
eNO (ppb) 31.2 " 19.6 31.5 " 20.4 35.7 " 23.5 33.6 " 22.2a

Serum Caffeine (mg/mL) 4.33 " 1.6 1.39 " 1.18
log PC20 0.129 " 0.45 0.132 " 0.48
Geometric Mean PC20 (mg/mL) 1.35 1.36

eNO levels were higher at both times on the decaffeinated day (p < 0.05).
aThere was a slight (5%) reduction in eNO after decaffeinated coffee (p < 0.05).
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Limit caffeine on the day of testing



Withhold all medications before your PFT!



“I can’t take my inhalers?”
57-year-old female, severe emphysema

Alerted that my next patient has arrived and is in bad 
shape

Withheld all Rx for 24 hours: SOB, wheezing,
Test had been rescheduled for violating this rule!
FVC 1.48 L
FEV1 .33 L
FEV1/FVC     22%
DLCO 4.5 ml/min/mmHg



Don’t take your cardiac meds on the 
morning of your stress test



Patient Instructions for Dx

ST. JOSEPH HOSPITAL 
NASHUA, NEW HAMPSHIRE 

PULMONARY FUNCTION LABORATORY 
 

PATIENT INSTRUCTIONS 
 

 
 

 Establish Diagnosis 
• DO NOT take Albuterol (ventolin, proair, proventil) or Maxair  

8 hours before testing unless you are experiencing difficulty breathing 
• DO NOT take Combivent, DuoNeb, Atrovent, or Xopenex 24 hours 

before testing unless you are experiencing difficulty breathing 
• DO NOT take Advair, Symbicort, Dulera, Brovana, Perforomist 

Serevent, Foradil, Singulair, Tudorza, Breo, Anoro or Spiriva 48 
hours before testing unless you are experiencing difficulty breathing 

• Limit caffeine on the day of testing (morning coffee/tea is permitted) 
 

  Additional Instructions For Methacholine/Mannitol/Exercise Challenges 
     (check if applicable) 

• NO exercise on the day of testing 
• Limit caffeine on the day of testing (morning coffee/tea is permitted) 
• NO smoking on the day of testing 
• NO antihistamines 48 hours before methacholine testing  
• NO antihistamines 72 hours before mannitol testing  
• Inhaled or oral steroids can reduce responsiveness to methacholine 

and mannitol and may need to be withheld for at least one week 
before testing.  Products containing inhaled steroids include Flovent, 
Advair, Symbicort, Breo, Pulmicort (budesonide), Aerobid, Alvesco, 
Dulera, Asmanex, Azmacort, QVar,  Prednisone, Medrol, and 
Methylprednisolone. 

• Patients should not undergo methacholine or mannitol challenge 
testing within 6 weeks of a chest infection since false positive results 
can occur. 

 
 Assess Functionality/Treatment Response (Dx already established) 

• Take all of your prescribed medicines as ordered, including the day of 
the test 

 
 Patient-Specific Instructions  
 

------------------------------------------------------------------------------------

------------------------------------------------------------------------------------ 

Select Diagnostic Goal (check one) 



What about BD response?



Acute BD Response on 
maintenance therapy

Positive Response
• Is the maintenance program inadequate?
• Is the patient taking their medications 

correctly?
• Is the patient taking them at all?
Negative Response
• Maximum benefit has been achieved (?)



BD Response what does it mean?

“Bronchodilator responsiveness testing 
can determine whether or not you have 
asthma?







Maybe we’re using
the wrong tool?



“The FEV1 didn’t change, the 
bronchodilators don’t work”





“The FEV1 didn’t change, the 
bronchodilators don’t work”



“The FEV1 didn’t change, the 
bronchodilators don’t work”



Lung Volumes to Assess BD Response

O’Donnell Eur Respir J 2001;18:914

n = 84

Mean FEV1 32%

Change from bronchodilator <10%



Dynamic Hyperinflation



Overreliance on FEV1

Patient:
“I feel much better after the nebulizer”

Us:
“I think its all in your head, the FEV1
didn’t change”



So where do myths and dogma in 
pulmonary diagnostics originate?



Calibration Verification

• 3L syringe
• gain  +/-3.5%
• 2.9-3.1 liters
• gain +/- 3%
• 2.91-3.09 liters
• 0.5-6 sec strokes
• Inspiratory and expiratory 

strokes
• Use a filter (?)
• Don’t hold the syringe (?)



A bit of a stretch….

“If an in-line filter is used in spirometry 
testing, then it must also be used 
during recalibration and verification”



Filter vs. No Filter at low, mid, and fast speeds

4 pressure differential pneumotachs
-(2 metal screens,1 Fleisch,1 Pitot tube)
1 Heated wire pneumotach
1 Dry rolling seal spirometer

The largest difference we found was 20 ml (0.7%)



A bit of a stretch….

“Holding the syringe during calibration 
can raise its temperature and contribute 
to measurement error”



Calibration differences after a 1-minute bear hug

Low flow: +20 ml (0.7%)
Mid flow: 0 ml
High flow: +10 ml (0.3%

Calibration differences after 10 minutes at 96ºF

Low flow: +30 ml (1%)
Mid flow: 0 ml
High flow: +10 ml (0.3%



Height determines lung size



Height determines lung size



Is Height a Reliable Proxy for Thorax Size?

- bias+ bias



Is Height a Reliable Proxy for Thorax Size?

+ bias- bias



Is Height a Reliable Proxy for Thorax Size?



Patient Instruction/Coaching



You must scream to get results!



Shouting won’t help-Katherine Bouton

“talk as clearly and distinctly 
as possible — facing the 
speaker."



“Blast the air out of your 
lungs as hard as you can 

until I tell you to stop”







• Less patient discomfort
• Less lightheadedness 



Who’s to blame for poor quality data?



It must be the patient’s fault



“Older people can’t perform PFT correctly”



22 month sample of spirometry and DLCO quality (ATS/ERS)

80+ 40-50 p

Spirometry 92.6% 91.5% 0.84

DLCO 84.9% 88.5% 0.45

Haynes JM Respir Care 2014;59(1):16



91-year-old female



94-year-old female



94-year-old female



101-year-old female

Courtesy of Eric Lindquist RRT CPFT



Patients are the #1 source of 
poor quality data

Who else could be responsible?



Technologist Performance Monitoring & Feedback

Enright. Am Rev Respir Dis. 1990;143(6):1215.



Technologist Performance Monitoring & Feedback

Borg et al. Respir Care 2012;57(12):2032

2 tertiary hospital PFT labs in Australia

Examined the quality of 100 consecutive spirometry tests each year 
between 2004-2008

Following the initial survey “Lab #1” implemented technologist 
monitoring & feedback program

“Lab #2” served as a control



Technologist Performance Monitoring & Feedback

% tests satisfying ATS/ERS acceptability & reproducibility standards

Lab #1 Lab #2 p

2004 61% 59% .89

2008 92% 65% < .001



DLCO



“The DLCO is normal when 
corrected for alveolar volume”



Images courtesy of Richard Johnston CPFT



Correcting for volume?: “DLCO/VA”

• DLCO/VA changed to KCO



High KCO

Images courtesy of Richard Johnston CPFT



THIS IS NOT NORMAL!!

“The DLCO is normal when 
corrected for alveolar volume”



THIS IS NOT NORMAL!!

“The DLCO is normal when 
corrected for alveolar volume”



“DLCO should always be 
adjusted for Hgb and COHb”



DLCO Adjustments

• Adult males

• Females & <15 years

• Alternatively



Anemia example
71-year-old male

Predicted DLCO 22.78
Measured DLCO 14.36 63% predicted

Hgb:6.6 g/dL

Adjusted predicted: 15.19
14.36 = 95% predicted



DLCO Adjustments

1. CO back pressure
2. Anemia effect

DLCOpred=DLCOpred x (102%-COHb%)

Predicted ê 1% every 1% COHb > 2%

RGA: DLCO corr = DLCO x (1+FACOb/560)



COHB example

51-year-old female COHb: 15%
Predicted DLCO 22 ml/min/mmHg
Actual DLCO 17 ml/min/mm Hg (77% predicted)

22 x (1.02-.15)
22 x .87 = 19.14 corrected predicted

17 ml/min/mm Hg = 89% predicted



What is the Impact of Hemoglobin 
& COHb Adjustment?

Haynes, Ruppel, Kaminsky Chest 2017;151(5):1188

n = 372 DLCO adjusted for hemoglobin and COHb ≥2%

Change in normal vs. <LLN Status: 5.4%
with change > 3 ml/min/mmHg: .05%

Changed Severity Classification (<LLN): 10.1%
with change > 3 ml/min/mmHg: .04%

Changed > 3 ml/min/mmHg: 1.3%



What is the Impact of Hemoglobin 
& COHb Adjustment?

Haynes, Ruppel, Kaminsky Chest 2017;151(5):1188



Plethysmography is more accurate 
than dilution in emphysema









Interpretation Myths

Pulmonary Function Laboratory Date of Test: 7/22/2014

172 Kinsley Street
Nashua, NH 03601
Phone: (603) 595-3074 Fax: (603) 882-5527

Temp: 22ºC

BTPS: 1.096
Pressure:

Weight:Height: 

Sex:Name: MRN: 12/10/1968Jeff M. Biologic Control M
69 in 213 lb

49 DOB: Race:Age: 45 W

Room:

756mmHg

Diagnosis: 1:

2:

Referring: Biologic

BMI: 31.6

Attending: PulmonaryTech: bio
ATS/ERS compliant tests earn a Spiro DLCO LV/Raw:

Acct#: 49

Predicteds: Spiro GLI 2012, DLCO Cotes, LV Quanjer

% ChangePredictedActual % Pred Actual % Pred

Spirometry (BTPS)
CI Range

Pre Bronchodilator Post Bronchodilator

Z-score Z-score

�#�!#�� � ----11:42 ---- ------ -------- ---- ---- ----
��	 � 4.924.52 ---- --92 ----3.88 5.96 -0.63 ----
���� � 3.923.59 ---- --92 ----3.09 4.75 -0.67 ----
���������	 � 8079 ---- --99 ----69 91 -0.17 ----
�������� �� 3.723.10 ---- --83 ----2.08 5.36 -0.54 ----
���� �� 9.7810.22 ---- --104 ----7.54 ---- ---- ----
���� �� 6.526.57 ---- --101 -------- ---- ---- ----
��� �� ----7.89 ---- ------ -------- ---- ---- ----
���� � 4.854.48 ---- --92 ----3.97 ---- ---- ----
��� ��� 156.4---- ---- ------ ----99.6 213.2 ---- ----
��	 � 4.924.94 ---- --100 ----3.88 5.96 ---- ----
��� � 1.360.83 ---- --61 -------- ---- ---- ----
�	 � 3.564.11 ---- --115 -------- ---- ---- ----
	�� �� 12.13---- ---- ------ ----8.63 15.73 ---- ----

% ChangePredictedActual % Pred Actual % Pred

Lung Volumes
CI Range

Pre Bronchodilator Post Bronchodilator

��	 � 6.906.13 ---- --89 ----5.74 8.06 
�	 � 4.924.94 ---- --100 ----3.88 5.96 
�	 � 3.564.24 ---- --119 -------- ---- 
��	 � 3.411.89 ---- --55 ----2.42 4.40 
�� � 2.051.19 ---- --58 ----1.37 2.73 
��� � 1.360.70 ---- --51 -------- ---- 
�����	 � 3219 ---- --59 ----27 37 

% ChangePredictedActual % Pred Actual % Pred

Resistance
CI Range

Pre Bronchodilator Post Bronchodilator

"�$ ���������� 0.260.27 ---- --104 ----0.11 0.40 
��$ �������� 1.701.55 ---- --91 ----0.60 2.80 

% ChangePredictedActual % Pred Actual % Pred

Diffusion
CI Range

Pre Bronchodilator Post Bronchodilator

Hb Drawn

�	� ����
�����	 31.2227.98 ---- --90 ----22.78 39.65 

�	������ ����
�����	 31.2227.98 ---- --90 ----22.78 39.65 
��������� � 6.906.04 ---- --88 ----5.75 8.05 

�	���� ����
�����	�� 4.514.63 ---- --103 ----3.74 5.29 
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“Pulmonolgists are experts at 
PFT interpretation”





80% of predicted in the LLN

77 78 79 80 81 82
DISEASE NORMAL



Interpretation

80% ≠ LLN





How should we define normal?



Normally Distributed Data
100% of predicted



Normally Distributed Data
50th Percentile



Is 80% of predicted the LLN?



Is 80% of average the LLN?

80%

This assumes a CV of 10%

120%



CV = 15% ~ LLN of 70%
Normal = 70-130%

CV = 10% ~ LLN of 80%
Normal = 80-120%



Is 80% of predicted the LLN?

Only 5% of observations should be <LLN 
in population of healthy subjects.

<80% FEV1  as cut off, 
clear age-related bias.



How about FEV1/FVC of .7 to define obstruction?







Are pulmonary function values 
homoscedastic?



Are pulmonary function ranges 
homoscedastic?



Pulmonary function ranges are not 
homoscedastic





Lambda Mu Sigma

Lambda (skewness)
Mu (median)
Sigma (CV)

LLN = 5th percentile of z-scores 

Z score = observed – predicted  
RSD



Z-scores are EZ





The ATS/ERS Recommends the 5th

percentile as the LLN 

5th percentile
-1.64 z-score
1-tailed

90% of values will fall between z-scores -1.64 to +1.64
5% of healthy subjects will have values below the 5th percentile

95%



PFT values have different distribution



TLC          83%
DLCO       77%
FEF25-75%  55%



Quanjer Eur Respir J 2014;43:1051

The frequent use of these flow indices is based on the notion that airways obstruction affects flows towards
the end of a forced expiratory manoeuvre much more than at the start of the FVC manoeuvre, because at
low lung volumes lung elastic recoil is low and airway dimensions are small. Hence, such flows are thought
to be more sensitive to small airways obstruction than the FEV1. This misconception arose at least in part
because MCFADDEN and LINDEN [1] based their conclusions on the erroneous, yet still popular, idea that
80% pred denotes the LLN for any marker of lung function. This ignores the considerable age related
difference in variability of lung function with age [17] and has led to considerable overdiagnosis of
abnormality. The LLN for FEF25–75% is 67% of predicted mean in childhood and 35% in those aged
o80 years; corresponding values for FEF75% are 56% and 31%. Indeed, as early as 1988, FLENLEY [10]
contested the view that mid-expiratory flows were specific for small airways disease. By inference,
partitioning into large and small airways obstruction in chronic lung diseases on the basis of spirometric test
results is not warranted.

The dependency of forced expiratory flow on lung volume is immediately clear from flow-–volume curves,
unlike the mechanisms responsible for determining such flows. During a forced expiration the high pleural
pressure leads to dynamic compression of intrathoracic airways. Flow through compressed airways is then
determined by wave speed limitation, i.e. when local gas velocity is equal to the speed of propagation of
pressure waves in the airways; the location of the flow-limiting segment (choke point) is determined by the
interplay between lung elastic recoil and airway compliance [19, 20]. As more volume is expelled, lung
elastic recoil and pleural pressure diminish, which allows the choke point to settle upstream in airway
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FIGURE 3 Relationship between a) forced expiratory flow at 25–75% of forced vital capacity (FVC) (FEF25–75%) and b)
forced expiratory flow at 75% of FVC (FEF75%) and forced expiratory volume in 1 s (FEV1), both standardised for the
FVC. Note that the y-axis is log-transformed.
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and males.
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Take Home Message Regarding The LLN



Longitudinal Changes







Can you have normal spirometry with ILD?



Can you have normal spirometry with ILD?



Can you have normal spirometry with ILD?

A PFT without DLCO is an INCOMPLETE PFT



Emphysema on CT





Emphysema on CT

A PFT without DLCO is an INCOMPLETE PFT



Can you have normal spirometry with 
emphysema and pulmonary fibrosis?



FVC   107%
FEV1 108%
DLCO  36%

A PFT without DLCO is an INCOMPLETE PFT





“Bronchial challenge tests can 
determine whether or not a 

patient has asthma”



HistamineLeukotrienes
Prostaglandins

Allergen Increase in osmolarity

Bronchial smooth muscle 

Direct vs. Indirect Challenge Tests

INDIRECT
means the 
stimulus comes 
from cells 
e.g. the mast cell

Eosinophils

DIRECT
means the agonist acts
on the smooth muscle Courtesy of Ken Rundell PhD



Exercise



Is Exercise Reliable?
Anderson SD Respir Res. 2010;11:120.



Field Testing vs. the PFT Lab
Rundell Med Sci Sport Exerc. 2000;32:309

Elite cold weather Olympic 
athletes with a + EIB test 
performed in the field

Exercise challenge test in a 
laboratory setting 
( T 21°C, RH ~55%)

Treadmill at “race pace”

78% had a negative test



Exercise Challenge



Mannitol Challenge



Mannitol Challenge



Mannitol Challenge
20-year-old military recruit 



Anderson SD. Respir Res 2009;10:4.

115 children with clinical asthma diagnosis

Mannitol sensitivity 63.2
specificity 81.4





Anderson SD. Respir Res 2009;10:4.

115 children with clinical asthma diagnosis

MCT PC20 16 mg/ml sensitivity 66.2
specificity 62.9



Methacholine and DI



subTLC Full TLC p

PC20     2.8          5.2 0.02

5 of 16 had a negative test with 
full TLC

3 had a paradoxical response



Cockcroft, Davis. J Clin Allergy Immunol 2006;117:1244

• 50% with PC20 > 2 had 
negative test with dosimeter

• 25% of all subjects had a 
negative test with dosimeter

• 2 had a >120 mg increase 
in PC20





Raw    1.63 Raw    4.35 +167% Raw   1.22  -25%
sGaw .26 sGaw 0.07   -73% sGaw .33  +27%
FEV1   2.93 FEV1 2.70     -8% FEV1 3.14   +7%



Limitations: FEV1 for all?
Khalid Respir Care 2009;54(9):1168





There’s no pregnancy test for asthma



Key Points
• There’s no substitute for PFTs
• It really makes no sense to withhold maintenance 

medications in patient with established lung 
disease

• Caffeine does not need to be withheld prior to PFTs
• 80% of predicted is not the LLN
• Patients may benefit from BD even if FEV1 doesn’t 

change
• MCT is not a “pregnancy test” for asthma




