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PFT - OFFSPRING EXAM 8 

PFT EXCLUSION CRITERIA 

IN THE .PAST 3 MONTHS HA VE YOU HAD: 

f'\<fl~ oil 
• MAJOR SURGERY (Chest, abdominal, er · 

brain, requiring hospitalization)? 

• HEART ATTACK 

• STROKE 

• ANEURYSM OF THE BRAIN 

• BP>210/l 10 

DO YOU CURRETNL Y HA VE ANY LIMITATION 
ON PHYSICAL ACTMTY PRESCRIBED BY 
YOUR DOCTOR? 

------- -------------------
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Lung Function Testing at the Framingham Heart Study 

1. Overview of pulmonary function testing at the Framingham Heart Study 
Participants have undergone spirometry, which measures the ability to force air out of the 
lungs, at each exam cycle since the earliest days of the Original Cohort. Measurement of 
diffusion capacity, a measure of the lung's ability to exchange oxygen and carbon 
dioxide, began with the first .Ex~ation Cycle of Gen3. 

Beginning with Examination 8 of the Offspring Cohort and its concurrent Omni 
Examination 3, a limited number of participants in each of the cohorts ofth~ Framingham 
Heart Study ~ be undergoing post- bronchodilator spirometry, in addition to the 
pulmonary function testing that all participants undergo. Selection of participants to 
undergo post- bronchodilatot testing is based on evidence otairllow obstruction and will 
help discriminate between participants with reversible airflow o°Qstruction (i.e., asthma) 
and those with fixed disease (i.e., chronic obstructive pulmonary dis~}. 

For those undergoing post- bronchodilator testing, the time spent in the Pulmonary 
Function Testing station will be somewhat longer, as a.result of the additional spirometry 
testing and additional time needed to allow onset of medication effect. Subjects not 
perfon:ning post-bronchoclilator spirometry will proceed thro~ the station as follows-

]) spirometry 
2) diffusion effort #1 
3) questionnaire 
4) diffusion effort #2. At least 4 minutes should pass between diffusion maneuvers 

Subjects performing post-bronchodilator spirometcy will proceed through the station as 
follows-

]) spirometry 
2) diffusion effort #1 
3) questionnaire 
4) diffusion effort #2 (at least 4 minutes should paS8 between diffasion maneuvers) 

· 5) completion of all remaining Cycle 8 exam components (stations) 
6) administration of albuterol with the allowance of no less than 15 minutes and 

no more than 30 minutes 
7) post-bronchodilatof spirometry 

' ........ , ..... ---------! 
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B. Subjects identified at current examination 

3. Protocol 

Subjects will also be identified during ongoing examination for eligibility 
for post- bronchodilator spirometry testing; the criteria for selecting 
subjects not previously identified will be the same as for pre~identified 
subjects (Tabl~ 3.). Participants meeting these standards will be asked to 
perform post- bronchodilator testing. · 

The methods for each of the pulmonary function maneuvers are detailed iri the 
appendices. The information below is intended as a summary. 

· A. Subjects not undergoing post- bronchodilator spirometry 
1) Pre- bronchodilator spirometry 

According to the American. Thoracic Society, "spirom.etry is a medical 
test that measures the volume of air an individual ... exhales as a 
function of time. Flow, or the rate at which the volume is changing as a 
function of time, may also be measured. with spirometry. Spirometry, · 
like the measurement of blood pressure, is a useful screen of general 
health." (ATS, StandardizationofSpirometry, 1994 Update) During the 
test, participants will be asked to take a deep breath and then to force the 
air out as hard and fast as possible. The spirometer will measure these 
maximal fl.ow rates and also volumes at particular time points. As the 
results of testing assume that these values are the maximum levels a · 
participant can do, it is imperative that participants are coached to blast 
the air out of their lungs as hard and fast as possible. For specific · 
instructions on performing the spirometry sessi0~ see Ap~ndix 1. 

2) Diffusion capacity . 
As mentioned, diffusion capacity measures the lungs ability to exchange 
oxygen and carbon dioxide. A gas that does not diffuse from the lung into 
the blood stream (a tracer gas, methane) and carbon monaxidt (CO), which 
is quickly tai:en up by the blood, are inhal~. at tra{(r ~.JP,Ounts. Participants 
will hold th~n bre:ath for a fix-ed amOl;lrlt of tim~ (~nds), and then 
exhale. The spirometer will then measure the difference between the CO 
and tracer gas as they are exhaled. This differ¢nce is due to the di.ffi.lsion of 
CO and, as the time interval 'is known, we can calculate the rate of transfer. 
It is impomut that the pamcipatrts take a deep brea1h (90% of their vital 
capacity). Ideally, at least 2 maneuvers should be perfonned and should 
agree within 10%. At least 4 minutes should be .allowed betwe.en diffusion 
maneuvers to allow sufficient time for the CO and tracer gas to wash out. 
The average-of 2 acceptable maneuvers is reported. For complete 
instructions on using the spirometer to obtain diffusion maneuvers, see 
Appendix 2. 

3) Questionnaire 
Technicians will also administer a mspiratory questionnaire. The 
questionnaire will help investigators to understand whether the 
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participant has allergies, asthma v. COPD, and other pulmonary 
diseases. Further, the questionnaire will capture information on recent 
inhaler use, as it may £feet the post-bronchodilator spirometry, and 
prompt technicians to administer post-bronchodilator spirometry. 

l). Subjects undergoing post- bronchodilator spirometry 
Subjects undergoing post-bronchodilator spirometry will move through the 
Pulmonary Function Testing station exactly as those not undergoing the 
post-bronchodilator spirometry, except that after completing all Cycle 8 
exam components they will receive two puffs of albuterol, then repeat the 
spirometry (which is done exactly as the pre-bronchodilator spirometry). 
Their schedule is described below. 

1) Pre- bronchodilator spirometry 

2) Diffusion capacity 

3) Questionnaire 
The respiratory questionnaire will be modified to ask about most recent 
use of inhaled medications, particularly the beta agonists such as 
albuterol. Recent use of the medications may affect the results of the 
post-btonchodilator spirometry; consequently accurately recording the 
kind of medication and the time of most recent use is important. .The 
table below ~ists the length of the effect of each of the medications. 

Table 3. Bronchodilators and Generic names 
Short actine: -

4-6 hours 
Drug trade Proventil, 
names Combivent, 

Vento/in, Maxair 
XoDenox, Volmax 

Generic drug Albuterot 
names le:valbuterol, 

pirbuierol 

4) Post• broncho~ator spirometry 

lnstructions for spirometry 

Intermediate 
12 hours 

Serevent, Advair, 
Foradil 

Salmeteroi 
. fluticasonelsalmeterol, 

formoterol 

. The post-bronchodilator spirometry should be performed no less 
than 15 minutes and no more than 30 minutes after administering 
the albuterol. The procedures for using the spirometry are those 
for pre-bronchodilator spirometry; for specific instructions on 
performing the spirometry session, see Appendix 1. 

Bronchodilaf.or administration 

r-. ··-- ·- --- -·- -------------- .... ·--- ... ·-·--···---···· -··· ... ·----
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For specific instructions, please see the appendix on albuterol 
administration. Below is a summary of the procedure. 

-Use Albuterol for bronchodilator response testing. 
-Use a tube spacer with the metered ~ose inhaler. 
- Activate the inhaler in the air to check that it is operating 

adequately. 
- Instruct the participant to blow out to residual volwne (RV), 

and then insert the tube in the participant's mouth. 
- Instruct the participant to inhale slowly, and activate the inhaler 

during inspiration. 
- The participant should hold their breath for about 10 seconds. 
- Wait one minute and repeat for another inhalation. 
- Repeat the spirometry (i.e., post- bronchodilator spirometry) ~o 

earlier than 15 minutes and no later than 30 minutes after 
administering the albuterol. 

~10 
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Participant Testing 
Spirometry/Forced Vital Capacity 

You, the technician, are the critical part of the pulmonary :function testing system, since you must 
guide the participant through breathing maneuvers that are highly dependent on participant 
effort. You must coach the participant to inhale maximally and th.en to exhale maximally. You 
also must judge the quality of his effort; To obtain accurate results, the testing must be done in a 
standardized fashion. 

Note: 1bis manual refers to the participant as "he" or "him" fo:r easy reading, although 
participants wm be both male and female. 

Ask PFT Exclusions Criteria -Ask the participant if he has, within the past three months, 
-'-~ Y L ..,had any major surgery ( chest, abdominal or brain), a heart attack, a stroke, or an aneurysm.. If · !. f'!-.f!!: t!JJ'?,~the participant has an aneurysm, ask where it is. The participant's blood pressure should be less 
~.,..._ u than 210/110. If eith.erth.e systolic or diastolic exceeds this limit, donot.perfon:n the. PFT. Ask 

the participant if he has .any 0th.et medical concerns about participating in the PFT. 

Position the Participant- Testing should usually be conducted in the sitting position; however, 
obese partic:ipaats (BMI~7) :rl10!.1itt sttmd. A chair (without wheels) should be positioned· 
behind partidpattts who stand for the test. Use the chair if the participant becomes liglit-headed 
or feels faint during testing. Ask the participant to sit e.rect with chin slightly elevated. 

·, 

Explain the Procedure - Explain that the purpose· of the next test is to detennine how hard and 
fast he can exhale air, 'i-1,ik.e blowing out dozens of candles on a birtb.da.y cake." ~ that he 
should take in -as deep a breath as possible, and when his lungs are completely full, blow out all 
the air as ha,rd and fast-as possible, until told to st-0p. · 

' Dentures, if they are loose, should be removed m:i.d placed in a clean denture cup, since they will 
prevent a tight seal from being formed around the moutbpie.ce. If dentulit;:S ~ not loose,. leave 
them in place. 

Always Demonstrate the Maneuver. Ask the participant to watch you perform the FVC 
.maneuver. Again demonstrate correct placement of the mouthpiece. If the particjpant does not 
aqjust well to using the mouthpiece (i.e. strong gag reflex) the participant can use just the neck of 
the filter for a mouthpiece.· ms lips n,.usttC11,lain tightly sealed using this also. Sit up straight. 
Talce a deep breath, throw back your shoulders, and widen yout eyes- to emphasize the mmtimal 
depth ~ inhalation. Then. d.ratnatically BLAST out all of your air as lwd an4 as ;fast BS. you can. 

Your vigorous demonstration will prevent time and effort from being wasted on _unacceptable 
forced .expirateey-ef.forts that reswt from the participant's failure to understand a verbal 
explanation of the procedure. 

________ ) _______ __Jj{ 
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FVC Test Steps 

1) To begin doing the maneuvers, click on "Go to," then on "Forced Vital Capacity." This 
will bring you to the testing page. 

2) Ensure that the participant has a clean filter and mouthpiece, but do not connect the 
participant until prompted by the computer. Click on "Start test" . 

3) The spirometer will fill the bell and prompt you- TIIEN have the participant connect to 
the mouthpiece and breathe normally. 

4) Ensure that the participant has a noseclip in place. If the noseclip is uncomfortable for a 
participant, then instruct the participant to tightly pinch his nostrils shut through.out each 
maneuver. 

t 

5) Once the participant is connected to the spirometer, noseclip in place, and is breathing 
normally; press the space bar. This will prompt the computer to 1rack the regular 
breathing of the participant. 

6) Once you are both ready, instruct the .participant take in as deep a breath as possible and 
press the space bar while they are inspiring. 

7) Coach the participaµt through the FVC maneuver, encouraging him to blow out as hard 
as possible for at least 6 seconds (as seen at the·red vertical line on the time axis on the 
screen) and until the red line tracldng the participant's maneuver ( on the right.hand 
graph) beco:mes flat Watch the participant inspire deeply and then shout '~BLAST 
OUT!!!" Lower your voice a bit and coach the participant by saymg ''keep going ... keep 
on pushing out all that air ... a little bit more~ .. " · 

8) Watch the body language of the participant ru; he attempts to follow your instructions. 
Pay attention to Jann, ·not the instrument. 

9) Once he has "pushed" for atleast six seconds and the participant 1rackin.g line has 
become flat and the "Good Effort'' message appears over graph; push. the space bar again 
to end the test, have the participant come off the mouthpiece, remove the noseclip and 
breathe nonnally. . 

To summarize the testing process: 
• Once the participant is connected to the spirometer with a noseclip on, push the space 

bar. 
• After a couple of normal breaths, have the participant take as deep a breatk as. possible. 
• While the participant 1$ inspiring, press the space b.ar. 
• As soon as the participant has reached maximal inspiration, have him blast out all the air 

in their lungs. 

--------- - - - - _· - - - _J_l:2-_ 
- ··-·" ···-. --· -··. ----- - . -- . ---

' 
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• Once he has blown out for at least 6 seconds and the graph of his breathing has become 
flat and you see the "Good Effort" message, push the spacebar to end the test. 

The quality of the effort is seen at the top of the right hand graph-the quality is ·graded on (1) the 
initial effort (Extrapolated Volume, or EV), (2) :flatness of the line or reaching of RV, Residual 
Volume, (End of Test, as defined by flow ofless than 30mL/sec, or BOT), and (3) total 
expiratory time (TET). 

You can repeat testing by starting again (with the participant off the mouthpiece initially) by 
going back to #2. 

If the participant fails to perform the maneuver correctly, again ·demonstrate both the' error and 
the correct performance yourself. You may have to repeat the demonstration after every 
maneuver for some participants! 

FVC Maneuver Acceptability 

According to the ATS standards, you should coach every participant to. obtain at least three 
maneuvers that are "acceptable'' and two that are "reproducible". The criteria for acceptability 
an~ reproducibility are described below. The accuracy of results depends much more on the 
quality of the maneuvers than on the instrument calibration. 

I 

Review the Results 

According to the ATS standards, you should coach every·participant to obtain at least three 
maneuvers that are "acceptable." The computer will show you the grades for ''Effort Quality." 
When the grades are in green. they are acceptable and will have a "+" sign in front of each 
criteria. When one of the criterion was not reached, all three appei:rr in red and the criteria not 
met have a"-" sign in front of them, so you can see what to have the participant correct on the 
next maneuver. Among tb.Qse acceptable mati.euvers, there m.ust be two that are ~'reproducible," 
or within 5% of each other. In the chart at the bottom of the screen, the computer will put a(+) 
sign next to the value of FEVl and FVC that are within. 5% of each ofb:er .. two of the. a.cce.pta!>le 
maneu-vers ·should have a (+) sign to demonstrate ''reproducibility." · 

the "best'' maneuver is the one with the highest sum of FVC + FEVl. Ignore the predicted and 
% predicted values. displayed. · 

Maximum Np.mb.er of Maneuvers 

Don't exhaust the participant by asking him to perform more than eight FVC maneuvers. If you 
haven't obtained 3 acceptable maneuvers. by the time you have done 8 m~euvers,. it is unlikely 
that you will. Click on ''Notes" which will bring you to a screen where you may add comments 
as to why the participant was not able to successfully CQID:plete testing. 

- ········ .... ··-··· -----.--... -.... -.. --.. -.... -.... -.--.-.-... -... -.-.. -.. -... -.. -.... -.. -.... -... -.. -.-_.-... -.. -... -.... -.. --.-.-::-..-::--:-.~~-::-:-=. =---:::.-~.~-~·--= --:: ........ ·--·· ·- -- . ·-·-···· ·········-·-



Saving the Results 
Once you have three acceptable maneuvers, two of which are reproducible, testing is complete. 
Ensure that the ~'best" maneuver (highest suni of FEVI and FVC) is highlighted by clicking on 
the box labeled "Effort_" at the top of the appropriate column. Click on the ''Choose" tab at 
the top of the page. Highlight the number of the best maneuver that you chose. Now click on 
"Save." · 

/ 

-·--·-----------'--------~---------~-------------------

----- - - - - - - - - _J:_t.f~ 
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Setting up 

Participant Testing 
Diffusion Capacity 

After completing the FVC maneuvers-
• Click on "Go to" 
• Click on "Diffusion Capacity" 
• Click on "START TEST" 

Preparing the participant 
- . . 

While the machine prepares, explain to the participant that he will be asked to breathe 
normally and then to blow all his air out, just like the Vital Capacity maneuver. Once his 
lungs are as empty as possiblt:,, the participant will be asked to breathe in as deeply and. 
quickly as possible and hold his breath for 12 seconds. The machine will close a valve, 
helping him to hold his breath and making it impossible for air to leak out- he will not be 
able to breathe while on the mouthpiece until the tester tells the participant to blow all his 
air ou.t for the second time. · · 

Starting the Test 

1) You will get a series of messages as the machine ·prepares. The machine includes· 
the volume of the filter in the calculations. · 

2) The computer will then display the following message- "Press the spacebar when 
the patient is connected to the_ mouthpiece and breathing normally." Ensure that 
the participant's lips are tightly sealed around the moutb.pi~ce and that the noseclip 
is in place. Once the participant is attached and breathing normally, press the 
spacebar. 

3) The graph will show the participant's tidal breathing. Once the participant is 
comfortable, have him breathe all the way out to Vital Capacity (the point at which 
the graph of his breathing becomes flat). Coach him, saying "Blow it out, blow it 
out" just as you would for the spirometry. · 

4) Once he has pushed all the air out; press the spacebar and IMl\fEDIATEL Y 
instruct him to take as deep an inspiration as possible. Ideally, the deep inspiration 
should take one .to two seconds. 

5) Once the graph of his breath has flattened out again at maximal inspiration, tell him 
to hold his breath. He must hold his breath for 12 seconds for the maneuver. 

6) Push the ''V" key, as SOQn as his breath has flattened out at maximal inspiration, to 
close the valve and keep air from escaping. 

. .... - . ·-·· " .. .,-------

6)/5 
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7) Once the participant's graph crosses the vertical line on the screen, 
IMMEDIATELY instruct hlm to blow out all the air (if you closed the valve, it 
will open automatica11y at 12 seconds),just as though he was performing 
spirometry. 

8) Have the participant keep blowing until the red line becomes horiz{:mtal. 

9) Once the red line is horizontal, press the spacebar, ending the test. 

To summarize-
• Once in the Diffusion Capacity menu, Click on "Start Test" and prepare the 

participant 
• Once the machine is set up, ensure that the participant is comfortable on the 

mouthpiece, with a good seal, and with a noseclip in place.-
• Press the spacebar. 
• After several breaths, have the participant blow out all the air he can. 
• Once the graph flattens out horizontally, push the space bar, then 

IMMEDIATELY have him breathe in as deeply and quickly as possible and hold 
his breath. 

• Once the participant has taken as deep a breath as possible and the graph 
flattens out again, push the "V" key to keep him from breathing out. 

• -when the graph of the participant's breathhold crosses the vertical line, 
IMMEDIA.TELY have-him blow out all the air he can, much like with the 
spirometry maneuvers. 

• Once the graph flattens out at maximal expiration, push the spacebqr, ending 
the test. · 

Grading the Test 
) 

, The screen will change, and the effort is graded at the top of the graph on the left. Three 
criteria are applied- Start of Test (SOT), Breathholding Time (BHT), and End of Test 
(EO1). If all three are acceptable, they will be displayed in green. If one criterion is not 
met, then all thr~ appear in red. The failed criterion will have a (-) sign next to it. Review 
how to improve this result with the participant. 

As with spirometry, maneuvers must be reproducible.. For DLCO, two. acceptable (all 
green effort marks) maneuvers must be within 10% of each other. 

Per ATS standards allow 4 minutes between tests. Note that the machine takes ·several 
minutes to set up- you can st.art the setup process after two minutes. 

Repeat the maneuver from ''Starting the Test" until you have two acceptable and 
reproducible maneuvers. 

Limit the number of attempts for DLCO to 3 per participant. 

!·--·---·-·-·-··· -·-----· .. . .... · .... ···-···· ... 

.... , ·-·-·· - .............. ··-·········----·--,----------

JI~ 
----------- - - - - - - - - - -
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Saving.the Test -- Do 1Uo :· ~ Mt,?> l,0J:,l..L. c_,H,oos ~ .. l)o 
Select the first acceptable and reproducible test by clicking on the top of the column label, 
which should read "Effort#_", then click on "Reported." Click on "Add to reported." 
Select the second acceptable and reproducible test by clicking on the top of the column 
label, then click on "Reported" and then on "Add to reported." This will report the average 
of the two maneuvers. 

~"Sa~ 

"Notes" Option 

There is a tab on the upper left portion·ofthe "Patient Information" page. If there is a 
comment regarding a participant that is beneficial and should. be saved, enter the comment 
under ''Technician Notes" and then click on "Save and Exit." Be concise with comments 
entered here, as the length of the comments can cause the PFT report to print onto a second 
page. 

Printing Reports 

The PFT report is printed after the. test is reviewed and graded by a FHS physician 
(pulmonologist). After grading the test, this physician will select the "File" tab and click 
on "Print Report". The HP Deskjet 845c. is selected and 2 copies are printed. 

Log Book 

All participants are entered into the "PFT Daily Log, Comment, and Calibration'' binder. 
Enter, by date, eaeh participant name. An FHS generated sticker with the name and ID 
number can be used. An *A* is placed next to the name and sticker of all albuterol 
challenge participants (both pre-identified and clinic identified). 

Participants Completing the PFI' 

·Once the PFT is done, a green sheet labeled ''PFT'' is completed by attaching a participant 
label and the date onto the sheet and filing this in the participant's chart. 

Participants Not Having a PFT 

Participants not having a PFT during their Clinic visit are also put in the "PFT Daily Log; 
Comment and Calibration" binder with the reason th.at the PFT was not done. 

A sheet labeled "PARTICIPANT DID NOT HA VE PULMONARY FUNCTION TEST" 
is completed by selecting the appropriate· reason that the participant did not·have the PFT . 

4 

. ........ -.. -- .. ·········--···· .. ···-.. ·· "···-··-·-·------·-··--···---·-·----------------

J-17 
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Framingham Heart Study, Pulmonary Function Testing Manual of Procedures 
Appendix 2. 

The date and participant label are entered onto the sheet and the sheet is filed in the 
participant's chart. 

PARTICIPANTS REFUSING THE ALBUTEROL CHALLENGE 

I • ." \ i \ 

Occasionally a participant who is asked to participate in the post-bronchodil11tor test 
refuses to do so. This refusal is recorded next to the participant's identifying sticker in the 
PFT Daily Log Book and the refusal reason is also noted. For tracking purpGSes-, the . 
teclmieiatt ~ilhdsv add the p=an~-ssticker, t1ie date and the refumrt reason to fhe sheet 

--titled-~urfilIDLREFUS _; ~"'8'0FFSPRING". {lfa-· ~ o'C,;,yvr~ 
(3v 1P T-e.cJ... NO-fe.5 £ ~ J.rr-- ..,.+od ~/JU~ /J'"IA',,,"'- . 

PARTICIPAN'tS DISQUALIFIED FROM ALBUTEROL CHALLENGE . 

I Occasionally a participant -who is pre-identified for the albuterol challenge cannot 
participate because he is disqualified from performing the PFf maneuver based on the 
clinical PFf protocol. The tech will add this participant's sticker to the sheet titled "PFf- . 
~-far-1?-redet~d-Afbuterol-·ehallenge. effspring Cycle 8" .

1 (Jo ,-fD fUA ~~ $ ~ ..M'" 8J'5JJM, .. ,lff;(.~'t,,- ,fJUO~&lft. r I ' 
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Participant Label: 

PFT·. 
Completed_. ____ _ 

Printed report to follow. 
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