The Royal Wolverhampton m

MHS5 Trust

Specialist Reqistrar (SpR) Training

Respiratory and SleepPhysiology

Portfolio of Evidence

Dr

GMC Number

Written and developed by
Mr Peter Moxon (Chief Respiratory Physiologist/Service Manager)
DrHelen Ward (Consultant Respiratory Physician)
Mr Andrew Pritchard (Advanced Respiratory Physiologist)

Mr Gavin Comber (Specialist Respiratory Physiologist)

N Wolverhampton
\ DRespiratory Centre

In ConjunctionWest Midlands Respiratory Specialist Training Committee & Respiratory
Specialist Adisory Committee

Version 1.3 14" April 2020

Review Date April 2022




Foreword

My early experiences of lung function reporting were as a junior registrar and being asked to report
the overflowing pile of reports in the lung function lab. For this | haeired no prior training or
supervision and it was a daunting prospect. | bought a book on how to report lung function but
sitting with the physiologists and reviewing the results together helped me much more. Overtime
my lung function reporting skills havmproved, particularly whilst working towards my MD thesis
which explored discordant lung function in alphantitrypsin deficiency. During my thesis | worked
closely with the physiologists at Queen Elizabeth Hospital, Birmingham who were very s@pportiv
and encouraged me to attend Association for Respiratory Technology and Physiology (ARTP)
conferences and reporting courses.

Historically registrars in Respiratory medicine receive little or no structured training in Respiratory
physiology or Lung functiotesting but clearly the tests are essential when diagnosing or monitoring
respiratory patients. The development of this portfolio of evidence aims to tackle this problem and
provide a recognised training portfolio in line with the syllabus set out byRbayal College of
Physicians.

Respiratory Physiologists are a small but highly skilled group of staff who provide diagamodtics
treatment for patients withrespiratory and sleep disorders. In each placement you should take
advantage of their extensivankwledge and skills and take the time to experience the full range of
tests available to you in each of your rotations. The range of tests the lung function departments
provide will vary between hospital trusts with some laboratories only having a siaggenp
department where others may have a team of ten physiologists.

With the support of the Respiratory Physiology teams throughout the region your practical, but
Y2NB AYLRNIFydGtex AYGSNILINBGFGA2Yy alAtfta oAttt RSC

Finally, lung function interpretation is a skill that will be essential to each of you as you develop from
being a registrar to a consultant. Take advantage of the time you spend with the Respiratory
Physiologists and learn from them.

Dr Helen Ward

Cosultant Respiratory Physician
MB ChB MRCP MD

New Cross Hospital

Royal Wolverhampton NHS Trust
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Introduction

How to use the Specialist Registrar (SpR) training portfolio

A number of factors need to be codsred when reviewing a lung function report. These factors
include a technical understanding of the equipment andtémtingmethods but alsauality
assuranceriteria (see appendit) and lung pathophysiology. These factors are not covered within
this portfolio but in order to interpret lung function results knowledge of these are required.

Therefore the authors of the portfolio have assumed that eSplcialist RespiratoryeBistrar will
have an excellent understanding of lung physiology, can recognid@ave a general understanding
of lung function parameters (for example RERVC, TLC and.Jétc.). It is also assumed that there
is an understanding relating to the use of reference ranges and their limitations.

With each of the lung function examgl¢he reader can be confident that:

1. The equipment has been correctly maintained, calibrated and that regular quality control is
undertaken;

2. That corrections for body temperature and pressure saturated with water vafi®TiPS)
have been made;

3. That the refeence ranges used are the most appropriate for the time the portfolio was
developed;

4. Testing was performed to quality assured standards and guidelines;

5. Each test report is valid and of good quality.

The aim of this portfolio is to ensusem in-depth knowledge on how and whehlung function tests

are performed as well agnterpretation of results across thengeof lung function diagnosticdt is

to be used during -B-1 sessions with clinical mentors and/or senior respiratory physiology staff, in
particular the reporting and interpretationf lung function test§ound in section B

The portfolio § split intothree parts
Part A

This section is theébasicevidencelog to document your timspentengaged with the physiologists
the Lung Function laboratyr It outlines the suggested number of observations to be naexieell
as the number of practical experiences to be attainédu will be required to observe testing and
then experience the tedbr yourself as a patient.

Complete the evidence log Al, ening dates when each element is completed. On completion you
must obtain sign off froneither your clinical mentoor a Senior Respiratory Physiologigbu are
advised to complete par; before moving onto part B

Part B

This section has a number of exples of lung function reportsomemay have a brie€linical
history forthe patient; others may just show thiking functionresults.The Lung Function repts are
split into spirometryeither with or withouta bronchodilator responséor reversibility sudy), a

GLI NIAFEE [dzy3 CdzyOiliazy (Sai ¢KAOHeD2NILINKGBdef 265
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Lung Function test whichlsoincludes a static lung volume measorent. There are also examples
of respiratory sleep studiegn introduction toCardiePulmonary Exercise Tests (CREI9 sample
CPET reportdasic respiratory muscle assessmeamtsnouth pressure$MIP/MEP and SNIRJix
minute walk tests and finally bronchial challenge tests.

In this section youwvill also find a brief guide awriting a clinical report as well as suggested stock
statements you may wish to adopt when reporting lung function tests.

Please note thathe appearance ofung function reports can vary from trust to trust. The
appearance and layout of Lung Functionagp is dependent upon the equipment used, thest
performed and protocol used. The departmenay have customed the report to suit theiservice
Therefore thigortfolio contains reports that differ in appearance and general layout to help hone
your interpretation skils. An interpretation for each report is available after each examphes well

as discussion points and any additional commentary to support teachiighough an example
interpretation is available to you after each report it is very artpnt to initially have a go
formulating an interpretation yourself

Part C

This section has a numberlahg functioncase study questionwith amultiple choice answer
section to evaluate your reporting skillthe answers are available at the endhaf section to help
you evaluate your knowledge.

By the time the portfolio is completed the SpR should be confident with the following:

Reasons for performing each test;

Contraindications;

Who should be referred and when;

How to identify errors fom reports and implicatioson results accuracy;
Underpinning knowledge of how the test is performed and results derived;

=A =4 =4 =4 4 4

Interpretation of results and recommendations for further testing to aid diagnosis.



Essential Background Reading/References

Before collecting your evidence it is imperative you have completed some background reading. Below you will
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Part A

The first section aims to ensure that you have observed a sufficient number of diagnostiasests,
well asundertaken the tests yoursedfxperiencinghem asa patientwould. This is important as

from this experience you will have a better understanding as to whether your patientikalyeto

be able tocomplete the test You will also be able to explain to the patient what the test measures
and howit is completed.

Part A below outlines the numbers of observations required, as suggested by the West Midlands
Specialist Advisory Committee (SAC).

Test Observe Be a patient
PEF 2 2
FelN 2 1
Spirometry 5 1
Transfer Factor 5 1
Static Lung Volumes 5 1
(plethysmography)
Static Lung volumes (He /N 5 1
washout)
Skin prick allergy test 2 0
Six minute walk test 2 0
Muscle assessment 2 1
O,assessment (LTOT) 3 0
Ambulatory @ assessment 2 0
Fit to fly test 1 0
Challenge test 1 0
Limited Respiratorgleep 1 0
Study (LSS)
CardioPulmonary Exercise 2 1 (optional)
Test (CPET)

*Some centres may not undertake static lung volume measurements using body plethysmography,
therefore it may be useful to attend a centre that does this.

N.B although Blysomnogaphydoes notappear within the list abovthe trainee must show
awareness for the test includifgpw andwho to referto if required You may need to visit
different hospital trust © observethis test.

Complete the evidence lg@1)below to record yar observationtime spent in Respiratory
Physiology.
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Al Evidence &g

Test

Observation dateefter date in boxes belojv

Peak Expiratory Flow (PEF)

Fractional Exhaled Nitric Oxide Testing (eN

Spirometry

Gas Transfer Factor (J)L

Static Lung Volumes

Skin Prick Allergy test

Six Minute Walk test (6MWT)

Simple Respiratory Muscle Assessment
(MIP/MEP/SNIP/Supine vs Erect Spirometry)

Oxygen Assessment (LTOT)

Ambulatory Q@ Assessment

Fit to Fly asessment (Hypoxic Challenge test)

Bronchial Challenge test
(Mannitol/Histamine/Methacholine Challenge)

Limited Respiratory Sleep Study (LSS)

CardioPulmonary Exercise Test (CPET)

11




PART B
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PartB

In the section below you will find examplesteét reportsfor the following

Spirometry+/- bronchodilator respons&10(B1¢ B10)

Spirometry and Gas Transfeactor testing«10 (B11g B20)

Spirometry, GasréinsferFactorand Static Lung Volumes xEPR(1 ¢ B30)
Simple Respiratorpuscle AssessmeliIP/MEP and SNIR2 (B31¢ B32)
Introduction to limited respiratory sleep studies;

Limited Respiratory Sleep Studies x8 (BE10)

Introduction toCardiePulmonary Exercise Test (CPET)
Cardiopulmongy Exercise test reports&(B41 B44)

6 Minute Walk Test&(B45 ¢B48);

Mannitol Bronchial Provocatiotest x4 (B49 ¢ B52).

= =4 =4 4 =4 4 4 -4 -4 -

Some of theeports havea brief clinical historyo aid reporting and interpretatioriVith your clinical
mentor analyseand reviewthe available data including any technical comments and produce a
clinical report for each of them.

Each interpretation shoulaleallyinclude the following:

1 Technical commnts if applicabléTechnical report)
o Comment oracceptability reproducibility(if applicableand test quality
1 Normality of measured paramete(®hysiologicaleport);
o Comment orthe shape of graphs i.eh¢ Flow Volume loop (FMoy examplethe
FVL bows a significant concavity on the expiratory limb which is suggestive of an
obstructive pattern as well as commenting on tneasured parametey, comparing
themto a normal valuer reference rangg
o Formulate a clinical interpretation, ensuring you refiece which clinical guidelines
have been useif appropriate) If bronchodilator response is to be assesseslea
you referencewhich criteria has been used to interpret bronchodilator response.
9 Diagnosis if applicabl€linical context)
0 Are the results and brief history consistent with or suggestive of a particular disease
pattern?
1 Further testin@
0 What further Respiratory physiological tests or ethlliagnostics need to be
consideredo aid in the interpretatior?

On page 16 therés a simple guide onow to write a chical report as well as suggestsibck
statements(see table )that you may wish to adopt for reporting purposes.

However, before proceeding further it is important to consider the initial referral.

13



Making a referral for Lung Funoin Testing- A Quick introduction

When making a referral yashouldaim togive los of clinical informatiomnd allow the physiology
team tohelp youanswer theclinical question.Consider discussing the patient with the physiologists
and request theests they feelvould bemost appropriateto help you answer the clinical question

Firstly, consider what is the clinical question?

These might include the following:

=A =4 =4 =4 =4 4 4 -4 -4 4

What is the cause for the patie®tdyspnoea?

Does the patient have COPD or Asthma?

Whatis the surgical risk?

l 26 AYLIANBR Aa (GKS LI GASydQa f dzy3
Is the current medication/treatment affecting lung function?

Is there a gas exchange problem?

? Restrictive lung volumes;

Cough?

Is obesity affecting lung function, causing dyspnoea?

Excesive daytime tiredness, OSA?

Tdzy OliA 2y K

Who is the patient? Birth sexage (is it an adult or child?), ethnic origin, BM|.ai\ddditional
information can you providee. restirg Sp@?. a L K 2 KI G haemaglehth (HEvePA Sy (G Q&

Depending upon how much spate referral form allows will of course determine the amount of

information you can provide. The ideal referral would include a detailed history as this also greatly

improves the reporting of the resulln some Lung Function departments the physiologiay take a

brief history as part of the testy processEither waytiis important to ascertain the following

information to assist you with the reporting process.

1
)l
)l

What are the presenting symptoms? SOB, wheeze, chest tightness, cough etc.?

Are these sympims worse on exercise or at different times of the day?

2 KIFG Aa UKS LI GASYyluQa LISNOSAQPSR tS0@

(MRC) breathlessness score?

Are the symptoms chronic, acute or intermittent? Over what duration have tlesgldped?
If a cough is present is it productive or dry? If productive what colour, consistency and

volume of sputum is produced?
Smoker? Pack year history? When was the last time the patient smoked?

Previous medical history? Including recent surgery aurma, cardiac history, recurrent

chest infection and allergies?
Family history?

f

2 KFG A& GKS LI G Aef Fain@ri BaRe Ebdrndiy iokkehgiical plany

operative etc.?

Any significant environmeal or occupational exposures2| coal dustasbestos, pollen,

spray paintsdoes the patienkeeps birds etc.?

14



1 Current medication, any inhaled medication currently prescribed? Any medications with
respiratory side effects?
1 Any systemic symptoms? Fever, night sweats, weight loss?

A referral shouldlso raise issues about contraindicatidhs

15



Writing a clinical report(Lung Function Tests)

Proposed dfinition of a lung function report:

OA specific, formal documertb the referring doctofor healthcare professionalegardingthe results of the
Lung Function Test. The main goal of the report is to provide a clear, concise, accurate, fully interpretative and
authoritative answer to the clinical question posed on the referral docudént

Lung function tests do not provide a diaxgis and should only be used in conjunction with other
diagnostic tests, a good clinical history anghysical examination. They support a possible site of
the abnormality (airway, chest wall, alveoli) as well as identifying the presence or absence of an
abnormality (i.e. obstructive, restrictive or a mixed pattern). If an abnormality is identified the test
can be used to quantify the extent or severity of the disease (i.e. mild, moderate, severe or very
severe).

To report lung functioests you must firshave an excelleminderstanding of respiratory
physiology(as cited in sugested reading list found at the gining of this documengs well as the
pathophysiology of the major respiratory and nogspiratory diseases. It is important to understand
the effects on ling function othe major obstructive and restrictive lung diseases (for example
COPD, Interstitial Lung Disease, Asthma) and alseasmiratory disorders such as rheumatoid
arthritis and neuromuscular diseases. Lung function testing isugist in preoperative evaluation,

so having an understanding of the parameters that anaesthetic and surgical teams look at is also
useful to enable effective reporting of prperativelung function tests.

The report that accompanies the lung function ogppneeds to be concise, informative and address
the clinical question. Take a look at thigirometryresult below.

Spirometry Normal range Baseline z-score Post BD % change
FEVY >2.26 2.74 -0.21 2.85 +4%
FVvC >2.80 3.55 +0.24 3.54 0%

FEV/FVC % >72% 77 -0.79 81

In theory he report couldhavebeen written in any of the following ways

NAD (no abnormality detected);

Spirometry is normal;

Spirometry is within normal limits;

Test was performed to quality assured standards and is within normal limits;

Ted was performed to quality assured standards and is within normal limits, tisaere significant response to
bronchodilator;

= =4 =4 =4 =

i Test was performed to quality assured standards and is within normal limit$low volume loop appears
normal. There is no sigificant response to bronchodilator. Asthma appears to be well controlled however
spirometry cannot be used to confirm or refute asthma. Consigeptesting, serial home PEF monitoring.
Please consider result in light of clinical correlation.

Although youcould argue that eachf the reports above arecorrect, each example provides more
relevant information that enables #hreferring clinician to makenore of aninformed decision
regarding clinical care or next steps/further testing.

16



Use the following siple steps when reportingung Function test

1. Review the referral;

Consider the patient and the medical history provided;

3. Review the lung functioreport; question acceptability and glity of the data if
appropriate(see appendix for acceptability andeproducibility criterig review any
graphical and tabulated data, consider and review any additional comments made during
the test by the physiologist; look at any serial resglis there a significant change in lung
function overtime?

4. Formulateyour conclusiongmpression

5. Write your report.

n

When assessing the acceptability and quality of the data consider the following:

1. Look at any technical or additional comments made by the physiologist; these may highlight
issues relating to test data, pant effort, reproducibility and acceptability.

2. Review all graphs and flow volume loops, have the correct patient demograptdcs
anthropometric datébeen entered? Have appropriate reference values been applied?

3. Did the patient adhere to the preest ingructions, for example did they refrain from prior
use of inhalers? Could there be any residual effexh bronchodilators that dampethe
response during any reversibility testinghen did the patient last smoke a cigarette? Was
it within an hour of teing?

4. During spirometry, does the Flow Volume Loop (FVL) show a sharp BsakiBxpiratory
How (PEE)is there any early termination of the blow? Was a volume plateau achieved? Did
the patient forcefully expire for >6s?

5. Is there evidence of a slow star poor effort with any forcesgpirometricblows;was there
any coughingluring the tes?

6. Do theForced Vital CapacitFYGand Slow Vital CapacitfsV§agree? Is there any
suggestion oflynamic compression of tharways or gas trapping (suggestagl: & O K dzNJ K
a0 SS LY SBihoudttktb thaSHow Volume Loop)?

7. Was the transfer factor test performed to acceptable stand&®id tle patient achieve
90% of their Inspiratory Mume (\},); was a correction made fdraemoglobin i) if
appropriate? In normiand restrictive patients thalveolar volume\{,) should closely
approximate toTotal Lung Capacitf I(§. A VWTLC % <80%ay indicate poor gas mixinks.
there any comment regarding smokijgst prior to the measuremenpaossibly reducinghe
gas trangér (TL.) result? Any leakoted during breath holding?

8. wS@PASs GKS NIg RIGIE FNRBY adGFGAO fdzy3d @2f dzvyS
thermal driftor leak(gradual and steady shift upwards in the tidal volume tracing)? Does the
tidal volume tracingemain level throughout? In body plethysmography do Teracic Gas
Volume TGV efforts made against the closed shutter indicate any technical errors such as
mouth leak and thermal drift (bending of loops), incorrect panting frequency or panting to
rapidy or deeply (open loops or no loops, no clear line of best fit), failure to inspire or expire
against closed shutt® In gas dilution methods wéisere any drift which might indicate a
leak? WasinS lj dzZA f A6 NA dzY LR AY (G | OKASQO&Rdtlyatr & GKS LI G
Functional Residual CapadiBR( or the end of a normal tidal breath

17



9. Ask to see any raw data and each individual attempt made should you be in any doubt about
the quality of the results provided (some lung function reports do not providhia
information and you may need to sit with the physiologist using the atésting
equipment to do this).

When reporting, you must be able to justify your decisions and relate thetimeto
physiology/pathophysiologyGet to know the guidelines usédt also their limitations, be prepared
to compromise to adhere to locally used guidance/viewpoints. For examgdpiratoryphysiologists
are trained to interpret lung functiotestsusingz-scoreskstandardised residuals (SR) and lower
limits of normal LLN) as this igenerally considered to b&atistically superior to using %predicted
and a fixed FEXFVC ratio of <0.{70%)to identify airflow obstructiof®. Unfortunately current
guidelines such as NICE CQR§use % predicted FEW grade severit of airflow obstruction, we
know from published data that this leads to an oestimation of COPD in the elderly populatitn
It is good practice to state which guidelines you have used to interpret the re8pliendix2 shows
the severity classificain using zscores.

Reviewing serial lung function data in patients with conditions such as ILD and COPD is important.
Monitoring the decline in FEdver time can be used as a prognostic tool in COPD and Cystic
FibrosisPublished studi€d'®suggest that a change in transfer factol ) >+1.60mmol/min/kPa

over the short term and a >10% in the longer tewwadr ayear) probably reflect clinically significant
changesLocallywe state thatin patients with interstitial lung dseasg(ILD)- that a 15% dkcline in
transfer factor (TI.,) and/or a 10% decline in %predicted vital capa@itg€)over a 6 month period
should trigger alerting the consultant responsible for the patients care.

It is important that the referral question is not only addressed but entidental findings are
highlighted.Using the clinical information provided gasome context to the interpretation or
recommend further investigations to assist with answering the clinical questits last step can

be difficult when the reporters not the referrer due to the limited clinical information. Typically the
referrer is the best individual to form the clinical context based on the technical interpretation of the
available dataAny additional findings should be reported back to the rederldeally the report

should be in a standardised format which is used by all team members. A consistent format helps
avoid omitting information and may speed up the reporting process. It is important to write the
report clearly and confidently.

Suggestd headings might include:

1 Reason for the test what is the clinical question?

9 Technical comments Technical comments made by the individual who performed the test
which might provide isight into the test performance;

1 Results of the assessment/testndude text here that states the actual data when
compared to the upper and lower limitd normal or a reference range;

1 Impressiorg An interpretation of the results in relation to the patient history and test data,
here you might also suggest ther testing when appropriateyuse your knowledge and
expertise of both physiology and the abadile test procedures toecommend further
testing;a summary of the results may be offered whichyrtaghlight the consistencies with
a known pathophysiology.
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1 Closing sitement- End your report with a closing statement that asks that the results are
considered in light of the available clinical history and diagnostic test results. You may wish
i 2 d&aSe inderpret findings in light of clinical correladion | & nd off &tadtemgnk to
highlight that the report should be considered alongside the patients symptoms and other
clinical information.

1 Reporter detailg include name, position, pin number/registration numbers, the date and a
signature (if appropriate ? ereporting/e-signatures).

Remember lhere are no universally accepted standards for interpretation and report wriidintyng
function tests Devédop your own styldout remember to keep it simplause stock phrasesde table

1 belowfor examples Try to refrain from over interpreting the data and confusing the recipient of
the finaised report.

Interpretation of lung function has an element of subjectivity associated with it. This may impact on
the management and care of the patient, the difficulty is tHere to keep subjectivity to a

minimum. Subjectivity arises due to personal opinions, diversity in the literature regarding
interpretation strategies, lack of data in interpreting certain tests or parameters and fthally
knowledge of the clinical backgnd of the patient.

To reduce subjective reporting, stick to published interpretation strategies, agree locally what
strategy is to be employed. All personnel locally should use a standardiseding strategy which
is peerreviewed/audited regularly.
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Table 1 Examples of stock statements that can be used for reporting purposes

Spirometry

Normal
FEV/FVC% >LLN
FEV> LLN
(F)VC >LLN

Sprometry is within normal limits.

Nontspecific ventilatory pattern

Spirometry shows a reduced (F)VC an&EY but with a
normal FEYFVC% (>LLN) and a normal TLC (>LLN)

Obstructive spirometry
FEV/FVC% <LLN

Pre/Post bronchodilator spirometry is consistent with a
mild/moderate/severe/very severairflow obstruction

Restrictive spirometry
(F)VC < LLN
FEV/FVC% > LLN but can also be >ULN

Spirometry suggests a restrictive pattern (small lung
volumes) indicatedby a reduced vital capacifgypically in
conjunction with a normal or elevated FEV/C %)

Restrictive pattern confirmationfurther tests
(F)VC £LN and TLC < LLN

A reduced vital capacity suggests a restricpvecessthe
presence of a restrictive pattern (reduced volumes) shou
be confirmed by the measurement of static lung volumes
Check BMI?

Mixed obstructive and Restrictive spirometry
FEM/FVC% <LLN
(F)VC < LLN

The spirometry is consistent with an obstructive airflow
pattern with a reduced vital capacity. The reduced vital
capacity may be due to a true lung restriction or airflow
limitation (gas trapping) and can be better defined by the
measurement of static lung volumes.

Upper Airways Obstruction (UAO)

The flowvolume loop is suggestive of a fixed/variable/
intra/extra thoracic airway obstruction.

Extra thoracig the flow volume loop shows some
decapitation/flattening of the maximal ex@atory FVL but a
more extreme collapse of the FVL during inspiratitnis
may bedue to the possible collapse of the trachea (this
pattern can be seen in vocal cord paralysis/Goitre/trache
lesion (above sternal notch)

Intra thoracicg there is a redudbn in airway patency
during expiration, particularly early during expiration
around PEF, with little or any reduction in the inspiratory
loop. This pattern is typically seen in a resternal goitre
or a lesion below the sternal notch.

Fixed UA@lue to arway narrowing there is a fixed
limitation in flow during botrexpiratory and inspiratory FV

The Empey index which assists in identifying upper/large

airway obstructioris >10 and adds diagnostic weight to th
possible presence of UAO.

N.B.Empey ind& &FEV (ml) / PERI/min)

AnEmpey index >10 diagnosfar UAO

Bronchodilator Response

No response

Following administration of a bronchodilator for the
assessment of reversibility there is no significant
improvement.

+ or¢ the following

-Howeve it should be noted that the patient may have a
residual effect of prior inhaler use which may have
dampened the possible response seen.

-The reversibility test was performed using 400mcgs of
salbutamol via &pacerithis does not rule out that the
patient mayrespond toanother bronchodilator drugr
method of administratiormore effectively.
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Significant responsAsthma?

Following administration of a bronchodilator there was a
significant response seen inthe FKBVK A OK A & X
is suggestive of significant reversible airflow obstruction
and is generally seen in Asthma.

Significant response
(This is dependent upon which bronchodilator response
criteria is used locally note only2 examples included here

Post bronchodilator spirometry shows a significant
improvement in accordance with the ATS/ERS criteria of
XHNAYEt yR I mphdloARFQNBL a s

Or>8% increase in FE% predicted, favours a diagnosis o
Asthma and active treatment. A change iacore of 0.7 has
been proposed as a clinically meaningful change, FVC p
BDz-score> 0.64 was more pronounced in severe
obstruction, suggesting a clinically important relief of
hyperinflation. BD response should be expressed as a
change in score for loth FEYand FVC with the
%predicted change being an acceptable alternative

FVL is normal post BD

Following administration of a bronchodilator for
assessment of airway reversibility there was a significant]
response as indicated by the spirometry paranste
returning to within normal ranges post bd. Typically this
response is seen in AsthnfReversible airflow obstruction.

Significant responsefixed airflow obstruction with a
reversible element

Post bronchodilator spirometry shows a significant
improvenent in accordance with the ATS/ERS criteria of
xHAnYt FyYR F mH3? Ay OHéBdvet S
the post bronchodilator spirometry still shows an airflow
obstruction.

Static Lung Volumes

Lung volumeswithin normal limits

The total lung capacity (Tl is within normal limits for this
patient.

Hyperinflation(FRC, TGV)

Hyperinflation (TLC)

Static lung volume measuremestiows a significantly
elevated FRC or T@¥id RV/TLC%hich would be
suggestive of lung hyperinflatiofiTLC < ULN)

Static lungrolume measurement shows a significantly
elevated (>ULN) TLC, FRC or TGV and RV/TLC%.

Gas trapping due to airflow obstruction
TLC, FRC or TGV <ULN
RV/TLC% > ULN

Static lung volumes show a sigrdgintly raisedRV/TLC ratio
>Upper Limit of Normal (UL thiswould suggest an
element of gas trapping/poorly ventilated air spaces. Thig
typically seen in obstructive airway disease.

+ or¢ the following

-The TLC is normal or raised.

Restrictive
TLC < LLN

The total lung capacity measured using static lung velsim
is significantly reduce¢kLLN)This is consistent wit a
restrictivelung pattern

+ or¢ the following

-The RYTLC% is elevated with a normal FRC or TGV
(consider possible neuromuscular weakness)

Obesity?

Typically in obesity (BMI >35.0kg2.)nhe Expiratory
Reserve VolumeéERY and Total Lung Capacitff ¢ can be
reduced.

Technicakunderestimation?

Lung volumes were measured using a gas dilution methg
(Helium dilution/Nitrogen washout). Typically, this metho
can underestimate lung volumes inbstructive patients
because of poorly ventilated air spacasnon
communicating regions being excluded from the
measurement of the lung volumémpactngupon the
dilution of gases within the lung.

Plethysmography may ow@stimate results when the
measued mouth pressure changes are not equivalent to
alveolar pressure changgthis typically occurs in the
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presence of significant airflow obstruction.

Gas Transfer

Reduced transfer factayintroductory statement

A low gas transfer (TJ) is due to &her a low alveolar
volume (M-the number of contributing lung units) or the
diffusion constant () which informs us of the efficiency
per lung unitor both

Normal(Tle, >LLN VA > LLN, K>LLN)

The transfer factor for this patient is within normal Iim
There is no significant evidence to suggest a gas exchan
abnormality.

Tlo> LLN,
Va< LLN

The transfer factor is within normal limits in the presence
a reduced alveolar volume.

Tleo < LLN, }>LLN

TL<LLN, WLLN, K<LLN

Transfer factor iseduced but in the presence of a normal
Alveolar VolumeThis pattern is seen jparenchymal or
pulmonary vascular disease

Both transfer factor an@lveolar wlume are reduced with g
decreased K, suggestive of parenchymal pulmonary
vascular disease

Transfer factor low<LLN) with a reduced,¥ind K, ¢ in the
presence of a significanbaructive defecton spirometry,
fdzy3d KELISNAYFELUEGAZY T me][/

¢ K S ,l@ely reflects the poor uptake of the transfer gas
in relation to the poorly ventilad air spaceécheck |
against TLC from lung volume measuremest is the

VA TLC% <80Y4This leads to a possible underestimation i
GKS ydzyoSNJ 2F O2y i NROodziAy
resulting transfer factor reflects the gas exchange from
vertilated tissue only. The low Jland K, is a result of the
decreased surface eaavailable for gas exchange and
alveolar destruction. Typically seen in emphysema.

TlL<LLN, Y&LLN, Kowithin normal limits

Both Tl,and \4 are reduced. As the.Kis within normal
limits, pathology may be present whenf{s normal in the
presence of a reduced &land Vi. The result may be due t(
the loss of lung units (discrete or diffuse), poor gas mixin
parenchymal or pulmonary vascular dysfunction or a
combinationof these.

TL<LLN, ¥<LLN, K>>ULN

Both transfer factor and alveolar volume are reduced. Th
elevated K, suggests that the reduction in Jlis due to
incomplete expansion of alveoli rather than parenchymal
pulmonary vascular disease. Exttraciclung restriction

¢ obesity? Muscle weakness? Correlate clinically. Check
quality ¢ Incomplete inhalation to TLC?

dza dz
> UMNA

Transfer factor (TL) within normal limitsd & dzii
SULN), YA a4 GAGKAY y2N)I

Transfer factor shes a raised Tk This may suggest
polycythaemia, left to right shunt, pulmonary haemorrhag
Also seen in altitude, a meller manoeuvre (decreased
intra-thoracic pressure, resistance breathing as in Asthm
SESNDAASST &dzLJAy S -naefdll inflatiom),y’
hoSaade o @iacdmiete dnfoldihgdung
membrane).

Technical versus clinical interpretation

Lung function reporting consists of two aspects, technical interpretation and the clinical context.

Technical reporting can genelsabe performed withoutgny clinical history or knowledge of the

patient. It includes notes on test quality, the reference values used and any additional comments. It

also identifies the pattern of abnormality (obstructive, restrictive etc.) and the ggveri
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Clinical context includes the above plus provides an answer to the clinical question posed, therefore
is reliant upon additional clinical information being availaltiés best provided by the referring

clinician (assuming they are competent in Idagction reporting). The clinical context will also

provide advice on additional testing to aid diagnosis further.

Reference wlues and limits of normality in lung function.

Results from lung function tests are reported by comparing thennagjai predited reference

range. This reference rangaust reflect the patient being tested and therefore should have been
developed using an appropriate population study. It is important that the report includéshwh
reference set has been useSometimes a patient I & §t2 (1 G NB T S leya®fe tel y 3 S
Global Lung InitiativedL) spirometry?? referencevalues weredeveloped using an age range from 3

¢ 95years other reference sets have a tighter age range for exarmpke European Community for

Coal and el (ECS) reference values are valid fi8-70yrs. If reference values are to be

extrapolated beyond the limits of the reference equation then a cautionary comment to the report
should be added. This might state:

aThereference or predicted value forishpatient hae been extrapolated for agberefore please
interpret with cautior

Lung function results are also affected by race. There are known clear differences between
Caucasians, Asigr@inese and those of Africafimerican descent. The patie@ethnicity should
therefore be taken into account when seletd an appropriate reference rang€he GL$pirometry
reference values were developed using a mettinic population group and therefore addresses this
issue better than any other previous re@rce set produced. Pre GLI the less than ideal soluvias
the application of aorrection factor, for example 0.88 (88%) for F&wl FVC being applied to a
Caucasian reference value when testing a-@aucasian patient. Again as this is not an ideal
solution a cautionary comment should be added to the report:

oReference values have been adjusted for ethniplgase interpret with cautiagn

During the first review of this portfolio there are now GLI reference valuespioometry and

transfer factor neasurements with static lung volumes soon to folldle normal range is defined
as the range in which 95% of the normal population would fall. The 95% confidence limits are
determined using a predicted mean value which is calculated by the reference@yaad the
Residual Standard Deviation (R®BRich describes the scatter or variation around the predicted
value.Both the Upper Limits of Normal (ULN)daLower Limits or Normal (LLiNtalculated using

the predicted mean value and the RSD. In paramsatenere it is possible to have an abnormally low
result such as the FE\then the lower 95% confidence limits are used (i.e. 5%¢dliewthe normal
range).

LLN = mean predicted valgel.645 x RSD.

For parameters where it is possible to have an abralyiighresult e.g. RV and TI(@&hich are
measured during static lung volume measuremetitgn the upper 95% confidence limit is given by:

ULN = mean predicted value + 1.645 x RSD.
A zscore is the number of standard deviations a measured valueristfie predicted mean value.

Z-scores below the predicted mean value are shown as a negalival(e and values above the
predicted mean value are shown as a positive (+) number.
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When using the 95% confidentmits to set an ULN and a LUNmng functon parameters with an
abnormally low result can be identified by @@ore that idess than (<);1.645.Parameters with
abnormally high results can be identified by-scpregreater than (>)+1.643 seepictogram below.

M Y ULN

.
| l L 2 I
.

Below is an example of severity classification ugiagores formirflow obstruction.

Threshold for Z-score Severity Grading Approximate chance of
finding this result in a
healthy population

<-1.645 MILD 1in 20
<-2.00 MODERATE 1in 40
<-2.50 MODERATELY SEVERE 1in 150
<-3.00 SEVERE 1in 750
<-4.00 VERY SEVERE 1 in 30,000

Severity classification in airflow obstruction is a two stage process. The FEV+/FVC must be below the Lower
Limit of Normal or LLN (Z-score < -1.645) to be classified as an obstructive pattern. Severity grading is then
based on the FEV: Z-score as above, with the exception that the mild classification includes any FEV: Z-score
=20

2 KSYy NBadzZ Ga I NB gAGKAY y2N)YI fwithHinhofrhal linitgd K-SR & K 2 dz
y20i aANomdfaB Ol EK&KA A& AYLRNIFYyd Fa GKSNB A& I+ LI23a
has not yet cawed the measured values to falutside of normal referenceange When a result is

described as reduced then it is below the Lower Limit of Normal (LLN), if described as elevated then

it is above the Upper Limit of Normal (ULN). Parameters or results aabadescribed as

oborderling these resultswill require some careful consideration

Lung function should never be used in isolation as a diagnostic tool. Lung function results are usually
reviewed in conjunction with the larger clinical picture (clicistory, imaging, blood tests, biopsies
etc.). Suggesting a specific diagnosis based only on lung function abnormalities is hot recommended
as the pattern seen on lung function may be seen in multiple diseases.

When writing yourreport; use qualifies. Qualifiers include the following:

w a! LIISENB G2 0S¢

w G{dzZ33SaldABS 27F¢

W Gale& 0SS O2yaAradasSyd éArAiKe
For example:

GThe spirometry is consistent widhmoderate airflow obstruction that is not significantly improved
following the administration of a bramodilator, the spirometry result is suggestivetbé diagnosis
of COPD when considering the patients smoking history and symptoms.
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Spirometry + bronchodilator responsiveness testifexamples B B10

Spirometry is the most commonly performed lungdtion test, measuring flow and volume. The
test is performed using relaxg®VCand dynamic (forced) manoeuvres. The primary parameters
used in the interpretation are the FEWVC%, the FVC and EESbme spirometers and their
associated reports list miighle spirometric parameters such as PEF (Peak expiratory Flowy;dEF
and FET (forced expiratory time) but these are not necessary for basic spirometry interpretation.
Having increasing numbers of spirometry parameters will increase the chancesiofi@amal

finding. It is therefore best to simply us&y, FVC and FE¥VC%when interpreting spirometry

Lung disease results in abnormally low parameters for spirometry, therefore only a lower limit of
normal is used and this is set at-acore of <1.645. Ventilatory defects found on spirometry are
classified as obstructive, restrictive, mixed or a+specific pattern. Spirometry alone can be used to
identify airflow obstructiorbut in restrictive and mixed (obstructive and restrictive) patterns
spirometry must be used in conjunction with Total Lung Capacity (TLCafstatic lung volume

test. This is because the (F)VC can be reduced in spirometry due to significant airflow limitation and
gas trapping, without a TLC measurement the cause of thecestluital capacity cannot be

determined or confirmed.

Obstructive spirometry generally refeto lung disease that causairway narrowing and a

limitation in airflow, whereas restrictive patterns result from pathologies either intrinsic (internal) or
extrinsic (external) to the lungs. Table 2 below lists lung diseases reflected by an obstructive or
restrictive pattern.

Table 2.
Obstructive Restrictive
Airflow limitation/airway narrowing Loss of lung volume/small lungs/reduced lung
compliance
1 Asthma 1 Lurg Fibrosis
1 COPD 1 Pulmonary congestion (oedema)
1 Emphysema T Chest wall disease (kyphoscoliosis)
9 Chronic Bronchitis 1 Neuromuscular disease/muscle

weakness

9 Bronchiectasis 1 Lobectomy or pneumonectomy
9 Cystic Fibrosis 9 Pleural effusion

9 Bronchiolitis i obesity

9 Forign bodies

 Tumour

Below is a flowchart showing an interpretation strategy that can be employed when interpreting
spirometry results
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Spirometry Interpretation using z-scores (GLI 2012) ‘

Yes

Obstructive Pattern
Grade severity using FEV, z-score

IsFEV,/VC%

Normal
Spirometry *

Severity grading™

Threshold for Z-score Severity Grading

Approximate chance of finding this
result in 3 healthy population

<-1645 MILD

1in 20

<-2.00 MODERATE

1in40

<-150 MODERATELY SEVERE

1in 150

<-3.00 SEVERE

1in 750

<-4.00 VERY SEVERE

1in 20,000

Severity classification in airflow obstruction is a two stage process. The FEV1/FVC must be below the Lower Limit of Normal or LLN (z-score < -1.645) to be

classified as an obstructive pattem. Severity grading is then based on the FEV1 z-score as above™, wi

includes any FEV: z-score 2.0

Bronchodilator responsiveness

The indications for performing a bronchodilator responsiveness test are:

Clinical trials;

=A =4 =4 =4 -8 -8 -8 -9

To confirmthe diagnosis of asthma;

To determine reversibility of airflow obstruction;
Evaluate alternative drug regimens in patients with known hypaxctive airways;
Disability determination when the FE <70% of predicted;

Pre-operative evaluation when airflowbstruction is present;

Evaluation of new bronchodilator drugs;

Post bronchodilator FENS also used in the diagnosis of COPD.

Baseline or pre bronchodilator spirometrygenerally used to provide an initial interpretation. After

clas#fying the pattern and severity seen on the baseline spirometry bronchodilator responsiveness

can be assessed. There are a number of definitions avaisd®eappendi) to identify a significant

response to a bronchodilator, for the purpose of this polio we will focus on what we have

adopted locallylt isimportant to have an awareness of definitions that only specify a percentage

increase without any absolute volume changes. This is because a small absolute volume change can

result in a large perceage change. The absolute volume change may be within the normal

variability of the measurement and not a true change in the regdternatively consider the use of

GKS GSNY G02NRSNIAYS NBalLRyaSe¢ ogKSyYy I bltk NBES | 04?2
perhaps a >12% change is not quite achieved.

¢tKS 1 ¢{k9w{ ONARIGSNAI F2NJ
and/or FVC between the baseline and post bronchodilator spirometry result.

4 Rrifly 0% Maddass in FEVB 4 LI2 y &
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Previous practice was to exg®the change post bronchodilator as a percent of the baseline value,
leading to sex and size bias in the results. The lower the baseline value the easier it is to achieve a
given threshold percentage change. The use of an absolute volume was addegto¢hat

change. This biased outcomes towards males being significant responders. To overcome these issues
it has been proposed that change should be expressed as a percent of the subjects predicted value
@) or as a change in thescore®” so as to bdree from a sexand height bias

A >8% increase in FE% predicted®, favours a diagnosis of Asthma and active treatment. A
change in &core of 0.8 has been proposed as a clinically meaningful chamdéy. FVC post BD z
score > 0.64 was more proanced in severe obstruction, suggesting a clinically important relief of
hyperinflation. BD response can be expressed as a changgeare for both FENMand FVC with the
%predicted change being an acceptable alterndfite

If there is a significartironchodilator response and spirometry returns to within normal limits post
bronchodilator then this is described as a reversible airflow obstruction. If obstruction remains
following a significant bronchodilator response then this can be classed asl affixesversible
airflow obstruction.Also consider the clinical relevance of an insignificant response to a
bronchodilator that returns the spirometry to within normal limits.

It is also important to note that patients with COPD will have little orasponse in the FEYost
bronchodilator but may have a more detectable change in the FVC and/or VC. This is indicative of a
reduction in the degree of hyperinflation, the patient may report finding it easier to breathe as the
overall work of breathing isetreased.

To determine what constitutes a clinically or statistically significant response to a bronchodilator
must be based upon the reproducibility of the baseline and post bronchodilator spirometry. Poor
bronchodilator response may also be related twopinhaler technique. A decreased response or
worsening spirometry post bronchodilator may be related to effort fatigue from undertaking
multiple forced expiratory efforts during a spirometry measurement.
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Upper Airway Obstruction (UAO)

UAOQOcases require more specialist interpretation. This begins with looking at the overall shape of the
flow volume loop and reviewing the technical comments made post testing. Good quality and
reproducible expiratory and inspiratory loops are essentiaé ddtegories of UAO include variable
intra-thoracic, variable extrghoracic and a fixed upper airway obstruction.

1 Variable mtra-thoracicg there is a reduction in airway patency during expiration, particularly
early during expiration around PEF, witkld or any reduction in the inspiratory loop. This
pattern is typically seen in a retisternal goitre or a lesion below the sternal noidee

examples B and C below)
9 \Variable extrahoracicg the flow volume loop can show some decapitation/flattenifgghe

maximal expiratory FVL but a more extreme collapse of the FVL during inspiration. This may
be due to the possible collapse of the trachea (this pattern can be seen in vocal cord
paralysis/goitre/trachal lesion above sternal notch (see example Bwgl

1 Fixed UA@Iue to airway narrowing there is a fixed limitation in flow during both expiratory

and inspiratory FV(see examples D and E below)
(c)
%
f (f)

Volume (L)

(b)

Flow (L/s)

| 1
T T

To asist with the diagnosis of an UAdh Empey index can be calculated.

Empey index £EY (ml) / PERI/min)

If the Empey index is >10 then this can add diagnostic weight to the possible presence of an UAO.
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A brief introduction to the lung function case examples

The spirometry examples that folloave set out in a vergimilar format.They incluwe the reason for

the referral and clinical information/notesgchnical commentspatient demographicandthe

spirometry result. Some of the examples include a bronchodilator responsiveness test others simply
abaseline spirometry.

The spirometry datéists the parameters measured, normal reference values, measured values and
% of predicted. Dependent on which equipment was used for testing will determine ifdbere is
available. Those examples which include a bronchodilator response will incleig@sh

bronchodilator measured value and the % chasgen on thepost bronchodilatospirometry.

When assessing examples using % predicted aslythe simple rule of thumb of <80% predicted is
<LLN and >120% of predicted is >ULN.

For teaching purposeafter each examplgahere is a sample interpretatioor report but also
discussion points and any additional commentd&tease note this sample interpretatidreport is
that of the author. At the point of writing the revised portfoliohlese sample intepretations had

not been peer reviewed and therefore are open for debate and possible change by mentors and
respiratory physiologists/consultants working within other hospital trust3he sample
interpretationis split into three sections, technical and geal commentsglusadditional
commentary i extra informationis required)- includes notes on test quality. A technical
interpretation ¢ whichidentifies the pattern of abnormality (obstructive, restrictive etc.) and the
severity and the clinical contegtwhich providesan answer to the clinical question posed. The
clinical context will also provide advice on additional testing to aid diagnosis fi{itlzgaplicable)

To aid you with thévasicinterpretation refer to theinterpretation flowcharts found in appendix -
spirometry interpretationand 5- bronchodlator responsivenesmterpretation.
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B1 Spirometry with reversibility testing

87 year old male eaplainingof increasing SOB and decreasa@rcise tolerane. Exsmoker witha
40 pack yeasmokinghistory, quit 30 years agdProductive cough for the laStyears. No inhaled

medication Salbutamol 400mcgs via a spacer device administered for bronatwodil
responsiveness testingny evidence of COPD?

Gender Male
Age 87
Height (cm) 188
Weight (kg) 92
BMI 26
Race Caucasian
Spirometry Predicted Baseline % predicted z-score Post BD % predicted % change
Mean
FEVY 3.02 1.41 46 -2.815 1.58 52 11%
S\C 4.19 2.972 70 -1.623 3.42 81 15%
FVC 4.19 2.971 70 -1.623 3.59 85 20%
FEV/FVC % 2% A47% 64 -2.832 81
FEV/SV(% 73% 47% 65 -2.834 46
Royal Wolverhampton NHS Trust
e e e
Tel01902 695061 or Ext 5061
Patient Name X Hospital Number A2 Sex Male Test Date 09/04/2015
Diagnosis T CorD Age 87 Race Caucasian
Referrer Height 188.00 Cms Weight 02.00 Kgs BMI

Volume (L)

Pred Pre

Posﬂ
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Interpretation B1

Discussion points:

Good effort and technique observed on spirometry. Sgrest was 96%.
There is aignificant smoking historgf 40 pack yearsClinical questioposed- is there any evidence of COPD?

Pre-bronchodilator baseline spirometry has an F&\C% that is < LLN with a&eore 0f-2.832. This shows an
obstructive airflow pattern. The FEpre bronchodilator is reduced to 46% of predicted withscere 0f2.815,
indicating a moderately severe airflow obstruction. The FVC and SVC are >LLN and within normal lirrstsongthsz
1.645, therefore no evidence of a restrictive lung pattern.

Post bronchodilator spirometrynfortunately does not have thescoresisted however it does shoan FEY/VC%
which is 44% indicating an airflow obstruction. Following the administration of a bronchodilator tlees@isificant
improvement inthe FVC only.

FVC increased by 20% and 622nTlgpically a significant improvemeseen in the FVC can be indicative of significan
relief from lung hyperinflation.

Report:

The results are indicative of a fixemioderate - severe airflowobstruction; significant improvement post
bronchodilator in FVC onlguggesting some relief from hg hyperinflation The results areansistent with COPD.
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B2 Spirometry with reversibility testing

Cannock Chase Hospital
WO l V.e rh am ptO n Lung Function Report The Royal Wolverhampton
Respwatory Centre Tel : 01902 695061 x 5061 NHS Trust
Last Name: Identification:
First Name: NHS Number:
Age: 88 Years Date of Birth: 01/08/1928
Height: 165.0 cm Gender: male
Weight: 60.5 kg BMI: 22
Operator: Ward: -
Race: Caucasian Diagnosis: ? Asthma
Physician: Dr Gregory Smoker: Ex-smoker
Resting Sp02: 96%
Visit date 04.10.16 Spirometry reference ranges GLI 2012
Visit time 11:37 Transfer Factor and Lung Volumes ECCS 1993
SPIROMETRY
Pre Pred %Pred  Z-Score Post % Pred % Change Vol Change (ml)
Substance Salbutamol
Dose 400 mcg via spacer
FvC L 176 3.04 57.8 -2.37 221 727 259 455.00
FEV1 L 079 225 352 -3.03 0.89 395 123 96.94
VC MAX L 216 3.04 71 -1.61 221 727 23 49.00
FEV1%FVC % 4499 74.62 60.3 -2.92 40.12 538 -10.8
FEV 1% VC MAX % 36.54 74.62 49.0 -3.64 40.12 53.8 9.8
PEF Us 227 6.50 35.0 -3.49 270 415 186
Pre BD Z-Score 2 3 -3 -2 PostBD Z-Score s
Substance . 1 = | .
Dose e | |
N — | |
FVC L T e | i |
FEV 1 L . § | .
VC MAX £ L § O | |
FEV1%FVC % L §F | |
FEV 1% VC MAX % B O | |
PEF Us I | ]
8 vel
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Physiologist Comments

Smoking History: 28 pack years (55years/10day)

Stopped: 20 years

Relevant Medications: Ventolin

Time of last inhaled medication: None on day of test.
Relative Exposures: Patient was a spray painter and builder
Good effort and cooperation during tests.



Interpretation B2

Discussion points:

Good effort and technique during te28 pack year smakg history, 10 per day for 55years, quit 20 years. &gsting
SpQ 96%. Clinical question poseglasthma? Therefore it will be important to look at reversibility post bronchodilator.

On baseline, pre bronchodilator spirometry th€,,.is> FVC by 400misyggestingrobable dynamic airway
compressionThe shape of the FVL is consistent with the chureke silhouette seen with dynamic airway
compression and significant airflow obstruction. Due to the dynamic compression of the airway during a forced eff
dependant manoeuvre the FVC will be underestimated, therefore thg Ml be a better indicatr of the expired lung
volume.As the VG, is higher/greater than the FVC then it is important to tise ratio of FEV/VC % to assess for
airflow obstruction.

Pre-bronchodilator baseline spirometry has an F\C . % that § < LLN with agcore d -3.64. This shows an
obstructive airflowpattern. The FEMre bronchodilatorisreduced to 356 of pedicted with a zscore 03.03, indicating
asevere airflow obstruction.

Following the administration of 400mcgs of salbutamol via a spacer device there was a significant post bronchodil
improvement inthe FVQonly (26% and 450miguggesting some clinical relief from lung hyperinflation.

?gas trapping, lungyiperinflation¢ consider static lung volume measurementd a chest Xayto confirm.

Report:

Post BD spirometry is consistent withfixed severe airflow obstruction Significant improvement post bronchodilator
in FVC onlyThis would be more consistent ith COPD than asthma.

However the test does not rule out asthma. When making a diagnosis of asthma, this should be based on the clin
examination, history together with the results of diagnostic tests.

Suggest serial home PEF monitoring and a §st.

Consider results in light of clinical correlation.
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B3 Spirometry with reversibility testing

Cannock Chase Hospital
Wolvgrhampton Lung Function Report The Royal Wolverhampton
Respuatory Centre Tel : 01902 695061 x 5061 NS Trst
Last Name: Identification:
First Name: NHS Number:
Age: 49 Years Date of Birth: 01/09/1966
Height: 175.0cm Gender: male
Weight: 91.0kg BMI: 30
Operator: Ward: CCH
Race: Caucasian Diagnosis: Cough
Physician: Dr Rasib Smoker: Never smoked
Resting Sp02: 97%
Visit date 28.04.16 Spirometry reference ranges GLI 2012
Visit time 09:49 Transfer Factor and Lung Volumes ECCS 1993
SPIROMETRY
Pre Pred  %Pred  Z-Score Post %Pred % Change Vol Change (ml)
Substance
Dose
FVC L 484 481 100.7 0.05 5.16 107.2 65 315.00
FEV1 L 29 3.81 778 -1.67 341 896 15.2 449.45
VC MAX L 484 481 100.7 0.05 5.32 1105 98 473.00
FEV1%FVC % 61.14 79.36 77.0 -2.59 66.12 833 81
FEV 1 % VC MAX % 61.14 79.36 770 -2.59 64.15 80.8 49
PEF Us 683 879 778 -1.61 7.80 88.8 14.1
s -2  PreBD Z-Score 2 3 -3 -2 PostBD Z-Score ; 3
Substance | . R B | .
Dose | | 1 = | I
- | N | |
FvC L I $ NN | o NNEEN
FEV1 L e | ¥ |
VC MAX L I » I . | o NN
FEV 1% FVC %o | L O | |
FEV 1% VC MAX % e | .  § o | |
PEF Usfiiil e | I e | .
Svain
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2 / - post
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20{ J
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Physiologist Comments

Relative Exposures: Building trade for 25 years. ? asbestos exposure
Good effort and cooperation during tests.



Interpretation B3

Discussion points:

Good effort and technique on spirometry. Has never smoked and has worked within the construction ind
for 25 years with possible exposure to asbhestos. Cligisas$tion is cough what is the cause?

Pre bronchodilatorbaselinespirometry shows anild obstructive airflow pattern.

The FEVYFVC% has ascore of-2.59, the FEMz-score is1.67.The FVC and VC max are within normal limits
therefore no evidence foa restrictive lung pattern (loss of volume).

Followingthe administration of a bronchodilatathere was a significant improvement in FRb'st
bronchodilatorof 15% and 449mlisPost bronchodilator spirometry is consistent with a mild airflow
obstruction

This is [ghly suggestive of an asthmatic componaiten making a diagnosis of asthma, this should be
based on the clinical examination, history together with the results of diagnostic tests.

Change in FVC and VC is not significant when using ERSideli@agisignificant absolute volume change of|
315ml but there is &12% increase).

Consider serial home PEF monitoring and ajfedasurement.
To investigate asbestos exposw€T scan and a gas transfer measurement may be required.

Report:

Mild airflow obstruction with a significant improvement seen post bronchodilator. This is suggestive of
asthma. Consider serial home PEF monitoring and a FeNO measurement. To investigate asbestos exp
¢ CT scan and a gas transfer measurement may be required.
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B4 Spirometry

A 57 year old femalaever smoked. Bronchoscopy showed subglotiftammation and tracheal

narrowing with oedemaSymptoms includemgoing shortness of breath and wheeze fet®years.
Serid imaging of chest did not identify any lung parenchymal abnormalities

Gender female
Age 57
Height (cm) 175
Weight (kg) 81
BMI 26
Race Caucasian
Spirometry Reference Baseline % predicted z-score
range
FEVY >2.30 2.67 88 -0.80
FVC >2.94 3.39 88 -0.83
FEV/IFVC % >67% 79% 100 -0.05
PEF (I/s) 411
14 - —P'_n'l'l‘lﬂ! 8
== P Tirkall 1
12- v P Tt 2 T~
4 Peadiciad
10 i [
B = b
6 g4 <
= M
4- £ 3. ¢f_..q-~=-~=--‘"‘='_"=m"
7 2. 2
= /] & 1
¢ \
TH, | o
4 0 1 2 3 4 5 & 7 8 9 10 11
-4 Time [s]
&
-
-0 i
Az |
4. i
2 4 0 1 2 3 4 5 6 7 B

Volume [L]

36




Interpretation B4

Report:
Good effort and technique on spirometry.

Spirometry parameters are within normal limits. However, the shape of tHewr Volume Loop (FVL) is
suggestive of a fixed pper Airway obstruction(UAO) Fixed UA@ue to airway narrowingthere is a fixed
limitation in flow during both expiratory and inspiratory VL.

Discussion points:

Empey index = FEY(mls) / PEF (L/min)
= 2670/ 247
=11

Empey index >10 adds diagnostic weight to the possible presence ofNdA€Yidence of significamirflow
obstruction. FVC is reduced|{s of volumelung restrictior).

Additional commentary:

Spirometry parameters may not be affected in UAO and this example highlights the importance of revie
the shape of the FVL, reviewing the shape shimutd part of the interpretation process.

The above patient was managed with tracheal stents and spirometry was repeated just over 12months |
Below is the summary of tHellow upspirometry result and the associated FVL.

Spirometry Reference Baseline % predicted z-score
range
FEY >2.26 2.61 88 -0.85
FVC >2.90 3.24 85 -1.02
FEV/FVC % >67% 80% 102 0.20
PEF (I/s) 7.16
14 —— Py Tl 2 a
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The revised Empey index is now 6. Spirometry is within normal limits.
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B5 Spironetry with reversibility testing

37 yearold male, complaining of a chronic cough, wheeze and chest tightness. Symptoms
worsening over the last 6 monthsymcently prescribed a salbutamol inhaler which he is using
10+ times per day. No known family histafyasthmaHas ever smokedOccupatioryg,
manufacturersvedding stationary. Haa pet catwhich he has owned ferl year.He does

report sneezing fits and runny eyes when near the cat. He suffers with hayfever in the summer
and uses arthistamines Asthma?

Gender male
Age 37
Height (cm) 181
Weight (kg) 119
BMI 36
Race Caucasian
Spirometry Predicted Baseline LLN % predicted | Post BD % % change Volume
Mean predicted change
(mls)
FEY 4.46 2.93* 3.54 66 3.98 89 36 1005
SVC 5.53 4.85 4.41 88 4.85 88 0 0
FvVC 5.53 4.49 4.41 81 5.33 96 19 840
FEV/FVC % 81% 65* 71 75 75 92
FEV/SVC % 81% 60* 71 81 82 101
*<LLN
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Interpretation B5

Additional commentary:

Z-scores aresometimes not available on spirometry reports and therefore the interpretation needs to be mad
assessing %predicted and the use of the Lower Limit of Normal (LLN).

Discussion points:
Good effort and technique on spirometr§at allergy? Suffers with hayfer. Never smokedige 37yrs,

Baseline spirometry shows a significant airflow obstruction. Both the/FE€% and FEVC% and FE\re all
below the LLN. The vital capacity is within normal limits (>LLN).

400mcgs of salbutamol via a spacer device was @idtered for bronchodilator responsiveness testing.
Post bronchodilator spirometry is within normal limits and demonstratesvarsibleairflow obstruction.

There is a significant response seen post bronchodilator. Post BinkiEdved by 36% anii005misthe FVC
improved by 19% and 840mls. This level of reversibility is highly suggestive of asthma.

When making a diagnosis of asthma, this should be based on the clinical examination, history together with
results of diagnostic tests.

Report:

Spirometryis consistent with a reversiblairflow obstruction. There is a significant improvement post
bronchodilator which is highly suggestive of asthnfost bronchodilator spirometry is within normal limits for
the patient.

Suggest serial home PEF monitoringz@NO test and a skin prick allergy test to assist with diagnosis?

Please consider result in light of clinical correlation.
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B6 Spirometry with reversibility testing

59 year old male diagnosed with asthi®@ years ago. Now presentéal clinicashe feelshis
symptoms & deteriorating. Essmoker with previous factoryork exposure. Good symptomatic

reliefwhenusing a bronchodilatar?dement of COPD

Gender male
Age 59
Height (cm) 164
Weight (kg) 66
BMI 245
Race Asian
Spirometry Predicted BaselinePre | % predicted z-score Post BD | % predicted| % change
mean BD
FEVY 2.80 0.83 29 -4.82 1.04 36 +14%
FVvC 3.52 1.98 56 -3.19 2.26 64 +21%
SVC 3.52 2.06 58 -3.02 2.43 69 +18%
FEV/FVC % 79% 42% 52 -5.92 45 45% +6%
FEV/VC % 79% 40% 50 42 42% +3%
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Interpretation B6

Discussion points:

Good effort and technique during the test. 59yr oldsroker (pack years would be usefulkimow with
this patient) with some industrial exposure.

4/ K dzND Ksillouie$eSshaped FVL should immediately suggassignificant airflow obstruction.
Pre bronchodilator spirometry is consistent with a mixed obstructive and restrictive lung pattern.

The FEVYFVC% is 42% with aseore 0f-5.92. The FEWas a zscore 0f-4.82, indicating a very severe
airflow obstruction. In conjunction there is a significantly low FVC wits@ee of-3.02 suggesting a
restrictive lung volume pattern.

Consider static lung volume measurement to confirm lung restrictive pattern aodsible lung
hypeiinflation.

There is a significant improvement pdsbnchodilator in the FVC only.

Thepost bronchodilatof~EV increased by 21% and 183nadlgsignificant{ERSATS guidelinesY his
example highlights why it is important to have both a volumetric increase as well as a significant perce
OKIFy3aSd ¢KA& Lvinslésythan & litré dt G.83If. Kh¢r&foreCa%mall change in volume w
exhibit a subsintial percentage change in this case a 21% change. The ERS/ATS guidelines stipulate
both a >200ml increase and a 12% change is required for a significant response. However, guidelines
that ¢ to aid guidance, clinical judgement is paramountthis instance we do not know if the patient has
any prior use of inhalers within 4hrs of the tesa residual effect of the bronchodilator?

The post bronchodilator FVC increadsd14% and 284mlsasignificant response (ERS/ATS guidelines).
This sugests somelmically significant relief from hyperinflation

Post bronchodilator spirometry is still consistent with a severe airflow obstruction. Fixed airflow obstru
rather than a reversible obstruction.

Report:

Fixedsevereairflow obstruction with an element of a lung restrictive patter(a mixed pattern) a
significant response was seen in FVC only. Resultsaggestive of COFEmphysema
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B7 Spirometry with reversibility testing

47 year old male complaining of SOB when playing with his children. On further quegtienin
reports havingpccasional wheeze aranon-productive coughHe has never smokedyfferswith
hayfever and isregularlytakingantihistaminesHe s unsure ithissymptoms are deterioratingke

h- & LINB QA 2dzat & addidefHssbréathifighad énpravgdid00m&@NJf salbutamol via a
spacer administered for bronchodilator responsiveness testing. Asthma?

Gender male
Age 47
Height (cm) 165
Weight (kg) 70
BMI 25.7
Race caucaian
Spirometry Predicted BaselinePre | % predicted z-score Post BD | % predicted| 9% change
mean BD
FEVY 3.38 2.72 80 -1.53 3.10 91% +1%
FVC 4.22 4.10 97 -0.20 4.23 100% +3%
FEV/FVC % 80% 66% 82 -2.32 73 91%
i Volume (L)

Flow (L / Sec)
S b & bk D o v & O ® O

Pre Post|

| ¢ Pred
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Interpretation B7

Discussion points:

Nonsmoker.Cough and wheeze, suffers with hayfever. Clinical quegtosed is; does the patient have
asthma?

Pre bronchodilator spirometry is consistent with a mild airflow obstruction.

FEV/FVC% has ascore 0f-2.32, FEVhas a #score 0f-1.53. The FVC is within normal limits with-score of-
0.20.Following admirstration of a bronchodilator the spirometry mow within normal limits.

There was a significant improvement in the F&\V13% and 376mls (ATS/ERS).
There is a reversible airflow obstruction, whicleasistent with an asthmatic component.

Report:

Ther is a reversible mild airflow obstructiosignificant increase in FEYost BD) which is consistent with an
asthmatic component. Post bronchodilator spirometry is within normal limiSuggest serial home PEF
monitoring and a FeNO testWhen making a dignosis of asthma, this should be based on the clinical
examination, medical history, together with the results of diagnostic tests.
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B8 Spirometry

69 year old female with longstaling diagnosis of COPD. Feels no symptomatic relief from Seretide
and Tiotropiuminhalersandso rarely usethem. She aes feel improvement followingse of
SalbutamolFeels vlneezyin the cold weather. Cough is usually ngnoductiveand dry Current

smoker. 2vidence of Athma

Gender female
Age 69
Height (cm) 163
Weight (kg) 64
BMI 24.1
Race caucaian
Spirometry Predicted BaselinePre | % predicted z-score
mean BD
FEVY 2.10 2.05 97 -0.115
FvC 2.51 3.00 119 1.113
FEV/IFVC % 76% 68% 89 -1.165

r Volume (L)

Pred

Prel|
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Interpretation B8

Discussion points:

Good effort and technique during tesfBhe patient is awrrent smoker Clinical giestion posed by the referrer is
any evidence of asthma?

Spirometryis within normal limitsAll parameters have-gzcores >1.645.
Cannot answer clinical question posedrbferrer without bronchodilatorresponsiveness testing.

This test does not rule oisthma. When making a diagnosis of asthma, this should be based on the clinical
examination, medical history, together with the results of diagnostic tests.

Also consider serial home PEF monitoring and a FeNO test.

Additional commentary:

As per 2019 AT Sastdardisation of spirometry update document a normal spirometry does not rule out a

bronchodilator response. All initial baseline spirometry should be performed before and after bronchodilator
administration. Thereafter the clinician may choose to perfspinometry without bronchodilator responsiveness
but it is important to consider baseline variability in lung function when making this decision.

Bronchodilator responsiveness can only be performed if it has been selected by the referring clinician on thg
originalreferral as this may fall under a patient group or specific directive (PGD/PSD)

Report:

Spirometry is within normal limits for the patient. Bronchodilator response testing is required as this test doe
not rule out asthma as a possible diagnosis.
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B9 Spirometry with reversibility testing.

WoIverhampton CEL‘:;“:.,‘QEESS 223?3 " The Royal Wolverhampton

Respiratory Centre  a:oio02606061 xse NSt
Last Name: Identification:
First Name: NHS Number:
Age: 69 Years Date of Birth: 01/02/1947
Height: 177.0cm Gender: male
Weight: 85.0kg BMI: 7
Operator: Ward: CCH
Race: Caucasian Diagnosis: S0B
Physician: Dr Dubb Smoker: Current smoker
Resting SpO2: 97%
Visit date 14.04.16 Spirometry reference ranges GLI 2012
Visit time 09:30 Transfer Factor and Lung Volumes ECCS 1993
SPIROMETRY
Pre Pred  %Pred Z-Score Post %Pred % Change Vol Change (mi)
Substance Salbutamol
Dose 400 mog via spacer
FVC L 38 424 913 0.55 426 1004 99 385.00
FEV1 L 270 32 839 098 319 991 1841 489.05
VC MAX L 387 424 913 055 4560 1085 188 729.00
FEV1%FVC % 6969 7617 915 083 7487 983 74
FEV 1% VC MAX % 6969 7617 915 083 69.27 910 06
PEF Us 815 805 1012 0.08 8.86 1100 88
5 -2 PreBD Z-Score ; 3 3 - PostBD Z-Score , 3
Substance | B 1 |
Dose I L 1 |
- B 1 = |
FVC LI . [ § | i |
FEV1 L [ 1 | B |
VC MAX L . L 1 [ |
FEV1%FVC L1 ] U T e« s
FEV1 % VC MAX S e L 1 0 |
PEF s b DU B o I
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Physiologist Comments
Smoking History: 10/day for 50 years

Relative Exposures: Factory work for 40 years. ? asbestos exposure.
Good effort and cooperation during tests.



B9 Interpretation

Discussion points:

25 pack year smoking historjhe reason for the referral is shortness of breath. Resting Sp02 97%.

Pre bronchodilatorbaselinespirometry iswithin normal limits Thez scoresfor all spirometric parameters are all
>1.645.

Additional commentary:

In the ATS/ERS standardisation of Spirometry 2019 update document it highlights that a normal baseline spiron
does not rule out a bronchodilator resporisst. It suggests that all initial spirometry done fiiagnosticreasons
should be performed before and after bronchodilator administration, thereafter the clinician may choose to perfo
spirometry without bronchodilator responsiveness testing.

A tronchodilator was administered400mcgs salbutamol via a spacer device
Post BD spirontey is within normal limits but demonstratessignificantesponse to the bronchodilatan FEY only.

FEV increased by 18% and 489mls (ATS/ERS). Change in %predigtpteRB\post was +15%hich also suggests
active treatment.

TheF\C increased by 10% and 385missignificantresponsg ERS/ATS guidelingsemember this states 212%and
a >200ml increase in FEAhd /or FVC is requirgd

The &rgesignificantresponse seen in FEWould be indicative of asthmaConsiler serial home PEF monitoring and &
FeN, test?

When making a diagnosis of asthma, this should be based on the clinical examiclatioalhistory, together with
the results of diagnostic tests.

When assessing asbestos exposyeeCT scan ahgas trasfer measurement malge of usehere.
Please interpret findings in light of clinical correlation.

Report:

Spirometry is within normal limits, significant improvement in FEdbserved post bronchodilator. Results are
consistent with asthmaWhen making a dignosis of asthma, this should be based on the clinical examination,
clinical history, together with the results of diagnostic tests.
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B10 Spirometry

Cannock Chase Hospital
W0|V_erhampton Lung Function Report The Royal Wolverhampton
Resplratory Centre Tel : 01902 695061 x 5061 NS Trust
Last Name: Identification:
First Name: NHS Number:
Age: 88 Years Date of Birth: 01/12/1927
Height: 160.0cm Gender: female
Weight: 107.0kg BMI: 42
Operator: Ward: CCH
Race: Caucasian Diagnosis: ? Asthma
Physician: Dr Chandra Smoker: Never smoked
Resting Sp02: 97%
Visit date 12.04.16 Spirometry reference ranges GLI 2012
Visit time 11:26 Transfer Factor and Lung Volumes ECCS 1993
SPIROMETRY
Pre Pred  %Pred Z-Score
Substance
Dose
FvC i 102 224 455 -2.85
FEV1 L 085 1.68 50.7 -246
VC MAX L 102 224 455 -2.85
FEV1%FVC % 8353 76.32 109.4 0.83
FEV 1% VC MAX % 8353 76.32 1094 0.83
PEF Us 249 5.05 494 -2.84
-3 -2  PreBD Z-Score 2 3
Dose [ . |
[ . |
FVC Le |
FEV1 q - . |
VC MAX Lo |
FEV1%FVC 4] L o I
FEV 1% VC MAX « IR o I
PEF usemm |
N
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Physiologist Comments

Patient struggled with test technique. Best results reported.
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BlOInterpretation

Discussion points:

? Asthmag reversibility testing not performed. Technical comments suggest patiadtdifficulty performing
baselinespirometry.

There is questionablaccuracyof the baseline spirometnBest effortwasreported.
Available spirometry is consistent with a restrictive lung pattern (loss of volume).

The FEVYFVC% is within normal limitgith a reduced (F)VC and REVhere is no evidence to suggest a significq
airflow obstruction.

FEV z-score-2.46
FVC &core-2.85
FEV/FVC% is within normal limits with eszore of 0.83

To confirm restrictive lung volumes suggest measurement of totey capacity (TLC) from a static lung volume
measurement and alsconsidera gas transfer test.

Patient has a high BMI of 42extrathoracic lung restriction related to obesity.

Additional commentary:

Lack of an accurate baseline test would prevebtanchodilator responsivenetast from being undertaken. An
accurate baseline test performed to qualitysesed standards is essential whassessing bronchodilator
respons/eness

Report:

Interpret with caution ¢ patient had difficulty with the test. Awailable spirometry is consistent with a restrictive
lung pattern. To confirm the presence of a restrictive lung pattern consider referrihg patient for a full lung
function assessment including a static lung volume measureméfigh BMI.Please consideresult in light of
clinical correlation.
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Spirometry and @s Tranfer Factor(examples B1t B20)

The following examples from BE1B20 not only have a spirometry measurement but also a gas
transfer factor test. This is sometimes referred to gmadial lung function test.

Measurement of the gas transfer facts perhaps the most physiologically and technically complex
test performed within lung function.

The primary role of the lung is the exchange of gas between the atmosphere and the pulmonary
circulation and hence meeting the oxygen demands of the regptissues. The gas exchange
factors of the lungs, including those that contribute to the reaction rate of gases with haemoglobin
(H,) are assessed by the measurement.

The measurement of Transfer Factor can therefore be used to detect the presence ohjamm
vascular and parenchymal disorders.

The transfer factor or Tiestimates the transfer of carbon monoxide (CO) from alveolar gas to the
blood and represents the efficiency of the alveetapillary membrane. The measured parameters
include:
1 TLo¢the transfer of CO across the lung
1 Va- The alveolar volume or number of lung units participating in gas exchange;
1 Ko ¢ The transfer coefficiendr diffusion constantthe efficiency of uptake of CO in the
alveoli or lung unit.

Therefore a low gas trarsf (Tly) is due to either a low alveolar volumexf¥ie number of

contributing lung units) or the diffusion constant.{kwhich informs us of the efficiency per lung unit
or both.
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Factors to consider during interpretation

Haemogldin (H,) ¢ a reduced Elwill resultin a lower gas transfer factor and a highgnil
increase the transfer factor. Where ever possible a correction for knayaméuld be made.

Carboxyhaemoglobin (CEH an elevated COHesults in an underestimatioof the transfer factor,
smoking and exposure to secondary cigarette smoke plus air pollution may produce sufficient levels
of CO to adversely affect the transfer factor measurement.

Alveolar Volume

This may be reduced due to the following:
1 Incomplete epansion of the lungs (neuromuscular disease, obesity, poor inspiratory effort
that results in incomplete inspiration to TLC)
9 Loss of lung units (Pneumonectomy, lung collapse, localised lung destruction)
1 Poor gas mixing (significant airflow obstructipoheck \W/TLC%)
It is possible that a patient mdave a reduced Mas a result of more than one of the above.

The transfer coefficient odiffusion constant Kcq

Keowill be affected by conditions affectingfbr the Vi The value of &in the interpretation is
sometimes questionefl. Part of the reason for this is that#is often incorrectly described as a
GO2NNBOGAZ2Y TFI Ol 2NbiFfactrate tafis$adtidésdiibing thé wridod inanoxide
transfer factor per unit alveolar voluenfor the alveolar volume at which the measurement is made.
The relationship between JJand A measured as a proportion of total lung capacity (TLC) is not
linear (i.e. Kochanges as VA/TLC changes) and therefore cannot be described as a correction.

To assist witlthe basic interpretation of Gas Transfer Faategasurementplease refer to appendix
7 ¢ Gas Transfer Factarterpretation flowchart
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B11 Spirometry andTransfer Rctor (TLcoX partial PFT

67 year old fenale admitted to hospital witlypoxia. On questioninghe patient feels she has

j dzA &% ha pubhis &ll@owh t R
getting older She has never smoked and msoccupational exposuse No inhaled medication
prescribed Resting Sp02 was 87%parenchymal disease

Lt gl ea

2 dzi

27T

O NB I (K

Gender female
Age 67
Height (cm) 163
Weight (kg) 69
BMI 26.1
Race caucaian
Spirometry Actual Predicted LLN %Predicted Z-score
FEVY 1.44 2.16 1.54 66 -1.903
FvC 1.70 2.58 1.87 65 -2.049
FEV/FVC% 85 76 66 110 1.27
Gas Transfer
Tleo (MmM/min/kPa) 1.63 7.30 5.38 22 -4.85
Keo 0.61 1.43 42
Va 2.66 5.09 3.99 52 -3.62
(] - Volume (L)
4 i -

= 2

_C% -

S o - e

= 1 b= 3

=

L ol

-4
-6t
| - Pred F’rel
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Interpretation B11

Discussion points:

Reason for referilds- parenchymal lung disease?

Spirometry shows a restrictive lung volume pattern. F\d FVC areeduced in the presence of a noah
FEVW/FVC%. No evidence to suggest significant airflow obstruction.

A low gas transfer factor is due to either a low alveolar volume; (kie number of contributing alveolar lung
units) or the diffusion constant (§ which informs us of the efficienof alveolar transfer of CO (carbon
monoxide) per lung unipr both.

The gas transfer factor is markedly reduced. This Yeduced in combination with a decreased I€ading to a
markedly reduced transfer factor. This pattern is seen in parenchymaldilddjmonary vascular disease
(PVD).

Possible further testing: To confirm the level of lung restriction, suggest formal assessment of lung volun
measurement of static lung volumes.

SpQ at rest was 87%g@ refer for LTOT assessment and arterial blgades?
Consider 6 minute walk test?

Is there a Sp02 desaturation on exertion?

Consider an ambulatory 02 assessment?

Additional commentary:

PVD (pulmonary hypertension), systemic sclerosis, anaemia typically has a low gas transfer factor but
commonly in tle presence of a normal spirometry and static lung volume measurement.

Report:

Low resting SpO2ZRestrictive spirometry. Transfer factor is markedly reduced. Suggestive of ILD or
pulmonary vascular diseas€onsider measurement of static lung volumes andmreferral for an LTOT
assessmentarterial blood gases?
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B12 Spirometry and Transfer Factor (TLcgartial PFT

21 year old Asian female diagnosed with idiopathic pulmonary haemosiderosis, severe pulmonary
hypertension due to interstitial lungisease, leptin deficiency, Type Il respiratory failure, Type Il
diabetes and genetic obesity syndrome. Never smok&al at rest 90%H, of 156gm/L.

Gender female

Age 21

Height (cm) 174

Weight (kg) 138

BMI 46

Race asian

Spirometry Actual Predicted LLN %Predicted Z-score
FEVY 1.42 3.65 3.02 39 -5.862
FvC 1.60 4.17 3.46 38 -5.975
SVC 1.68 4.17 3.46 40 -5.790
FEV/FVC% 89 84 74 106 +0.687
FEV/SVC% 85 84 74 101

Gas Transfer

Tleo (MmM/min/kPa 4.69 8.61 6.68 54 -4.12
Tleo cor(Mm/min/kPa) 4.40 8.61 6.68 51 -4.60
Keo 1.87 1.56 1.13 120 0.85
Va 2.49 5.80 4.70 43 -6.46
Hy 156 120-180

87 Volume (L)

*

- Pred — Pre
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Interpretation B12

Discussion points:

Good patient effort and technique. Nesmoker, low resting Sp02. BMI of 46. Complex medical history.

Baseline spirometry is consistent with a severe restéciattern. The FEVFVC and SVC are all reduced but in the|
presence of a normal FEFVC%.

SVC&coreofp Ponp 0Q@QO
FVC scoreofp dptp 0 Q@Q0O
FEVz-scoreofn dy MH 06 @QQ0
FEV/FVC% &core of 0.687 (normal)

The gas transfer factor corrected for knowpdtows a markedly reduced [Jwith a zscore of-4.60. The Yis
severely reduced with agcore 0f-6.46, however the Kis within normal limits, &score of 0.85.

Both Tk,and V4 are reducedhe K, is within normal limits. &hology may be present vem K, is normal in the
presence of a reduced Fland V4. The result may be due to the loss of lung units (discrete or diffuse), poor gas
mixing, parenchymal or pulmonary vascular dysfunction or a combination of these.

To formally assess for a lung restion a static lung volume measurement of total lung capacity (TLC) is required
Possible element of extrdhoracic lung restrictiorg High BMI.

Additional commentary:

Pulmonary haemosiderosséharacterized by repeated episodes of wahzeolar bleedig that lead to abnormal
accumulation of iron as hemosiderin in alveolar macrophages and subsequent development of pulmonary fibrg
severe apemia.

Report:

Severe restrictive spirometry. Transfer factor which is corrected for Hb is markedly reducegefaer this is in the
presence of a normal Kco. Consider an element of extra thoracic lung restriction due to high BMI.

Consider referral into a sleep and ventilation service for blood gases and sleep studies.

NIV?
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B13 Spirometry and Transfer FactbfLcoX partial PFT

\
Cannock Chase Hospital
WOIV_erhampton Lung Function Report The Royal Wolverhampton
Resplratory Centre Tel : 01902 695061 x 5061 NS Tt
Last Name: Identification:
First Name: NHS Number:
Age: 63 Years Date of Birth: 01/03/1953
Height: 166.0 cm Gender: male
Weight: 107.0kg BMI: 39
Operator: Ward: -
Race: Caucasian Diagnosis: SOBOE
Physician: Dr Spencer Smoker: Ex-smoker
Resting Sp0O2: 90%
Visit date 28.09.16 Spirometry reference ranges GLI 2012
Visit time 09:35 Transfer Factor and Lung Volumes ECCS 1993
SPIROMETRY
Pre Pred %Pred  Z-Score
Substance
Dose
FVC L 263 3.82 68.9 -2.10
FEV1 E 215 297 723 A7
VC MAX L 284 3.82 744 173
FEV1%FVC % 8168 77.79 105.0 0.56
FEV 1% VC MAX % 7563 77.79 97.2 -0.30
PEF s 638 763 836 -1.03
5 -  PreBD Z-Score ;3
Substance N —
Dose | | ]
. ||
FVC L s ||
FEV1 L ||
VC MAX L IS |
FEV1%FVC « I ° =
FEV 1% VC MAX « I ° | |
PEF Us e i
[ vV
e [ /B . - &vaily
| S 7
4+ N 1
| N 61
2] 5
| i i s — } i ——
of : T = Pre/ 4] = Pre
{65 10 15 20 25 30 —— _—
24 T oy R 10)—3-‘_'----»--------—-—---------------»-------—-----::; --------
] R T3 R —————
] = 801 o
4 i
] 401 43
61 ol o4 -
00 05 10 15 20 25 30 35 40 45 50
Physiologist Comments

Good effort and cooperation during tests , although maximal inspiration not achieved on gas transfer.
Gas transfer calculated from assumed Hb of 14.6 g/dL.



Cannock Chase Hospital

Lung Function Report The Royal Wolverhampton
Tel : 01902 695061 x 5061 NHS Trust
Last Name: Identification:
First Name: NHS Number:
GAS TRANSFER
Actual  Pred  %Pred SR 3 - -1ZScore 1 3
DLCO_SB  mmol/(min‘kPa) ~ 7.15 825 866 o7z e | N
DLCOcSB  mmol/(min‘kPa)  7.15 825 8.6 078 e | R
KCO_SB mmol(min'kPa’L) 169 133 1266 12 N | PO
KCOc_SB mmol/(min‘kPa‘L)  1.69 133 1266 122 N | PR
VA SB L 423 592 714 20 [N | s
RV%TLC_SB % 46 39 1183 122 N | POEE
TLC_SB L 438 618 708 25 [N |
RV_SB L 19 23 856 082 e | R
V CH4 co
1L [%] [%]
407040 040

2010.10
42 10 2 30 0 50 &0
T [sec]
LUNG VOLUMES
Actual  Pred  %Pred SR 3 - -1ZScore ; 2 3
FRC-He L 336 HS | s
RV B 233 HSE | s
Lc L 6.18 HE |
RV%TLC % 3853 HSE |
HEE | s
V He —J
U [%]
157100
104
5
60
)
5
102
T [sec]
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Interpretation B13

Discussion points:

Technical commentnoted & LJ- GASy (G 6+ a dzyl 6tS G2 AyaLIANB Fdz f &
transfer measurement the patient must achieve at least >85% of thgigdGring inspiration duringhe gas transfer
factor measurement.

RestingSpQ of 90%?

Spirometry is consistent with a mild restrictive lung patte a loss of lung volume. THEY, VG, xand FVC are
reduced(zscores <1.645)in the presence of a norma&E\/VC% There is b evidence to suggest any significant
airflow obstuction on spirometry.

The gas transfer is normal but in the presence of an elevaigand a reduced ¥ In this pattern we must consider
incomplete alveolar expansion as per technical comment. Factors external to the lung should also be consider
as obesity(BMI 39)and chest wall restriction. TheJ{ends to be elevated when there is incomplete expansion of
alveoli to TLC (e.g. poor inspiratory effort, respiratory muscle weakness or chest wall restriction).

Report:

Spirometry is consistent with anild restrictive pattern.Questionabletest accuracy of transfer factor
measurement, not a quality assured measuremeniterpret with caution. The available gas transfer factor
measurement is within normal limitsConsider exta puimonary restrictive patterng high BMI.

Static lung volumesre required to formally assess for lung restriction. Rest but request a full pulmonary
function test (which includes a static lung volume measurememtd a repeat gas transfer factor measurenmgn

Suggesblood gasedo investigate the low resting SpOPlease consider result in light of clinical correlation.
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B14 Spirometry and Gas transfempartial PFT

49 year old female, current smoké8 pack year smoking history. Last cigae®0 mins prior to
test. Polycythamia H, 180g/L. Ex pub landlord. BMI 38 obeSeQ at rest 946. Good patient effort
and technique on spirometry.

Spirometry Actual Predicted LLN %Predicted Z-score
FEVY 2.38 2.64 2.57 90 -0.746
VC 321 3.29 257 97 -0.029
FvC 3.15 3.29 257 96 -0.308
FEV/VC% 74 80 70 92
PEF (L/S) 5.15 6.14 4.66 84 -1.096
FEPRs 750 (L/S) 1.91 2.59 1.48 74 -0.996
Gas Transfer
Tleo (Mm/min/kPa 10.16 7.82 5.90 129 2.00
Tleo cor (MM/Min/kPa 9.01 7.82 5.90 115 1.01
Keo 1.88 1.66 112
Va 4.80 4.83 3.73 99 -0.04
H, 180 120-180
. —verss
4 /.l:'\'\,
2 f:: ‘\"ﬁ\
5 o ] - ',-’:.' .: -
T it ;“‘Q&\v
: Ev« &“’J V.~ A
N '."' v
2 et S
A
5
- ° 1 2 s “4
Volume [L]
.
3 - — ,_,_..—,7;.,;--_ S S
=
T V S
0'-\-1" 3
o5 o ) 2 2 ] 5 7 a

Time is)
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Interpretation B14

Discussion points:

Exsmoker 28 pack year history.

Spirometry is within normal limit#\ll zscores are 31.645.No evidence of airflow obstruction.

Uncorrected gas transfer factor is elevatesscore >+1.64%r 129% of predicted). Polycythaemia, 180g/L.
Gas transfer factor corrected for known bir Tleg ¢orr IS Within normal limits zscore 1.01N ormal K, and \4).

Report:

Spirometry is within normal limits, transfer factowhen corrected for known Hb is within normal limits.
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B15 Spirometry and ransfer Rctor (TLcoX partial PFT

58 year old female admitted with recurrent chest infections causing decompensated type Il
respiratory failure Suffers with gersistent productive coughLung lyperinflationseenon CXR35
pack year smokePresumed exacerbation of COPD there isno formal diagnosis through lung
function. Father died aged 60 from emphysema and brother, aged 55, was given same diagnosis
(emphysemay years ago.

Gender female

Age 58

Height (cm) 155

Weight (kg) 59

BMI 24.6

Race caucaian

Spirometry Actual Predicted LLN %Predicted Z-score
FEVY 0.72 2.05 1.43 35 -3.495
FvC 1.32 2.44 1.73 54 -2.598
SVC 1.403 2.44 1.73 57 -2.411
FEV/FVC% 55 78 67 70 -3.586
FEV1/SVC% 51 78 67 61

Gas Transfer

Tleo (MmM/min/kPa) 2.93 7.05 5.13 41 -3.52
Keo 0.96 1.54 62

Va 3.06 4.57 3.47 66 -2.26

67 o Volume (L)

[ - Pred ——  Pre
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Interpretation B15

Discussion points:

Significant smoking histoky35 pack year history. COPD? Lung Hyperinflation on CXR

Spirometry is ansistent with a mixed obstructive and restrictive lung pattern. FEVC, SVC and kfS¥C% are all
significantly reduced with scores <1.645.

The gas transfer factor is marketiigverelyreduced zscore of-3.52 If the 4 isalsoreduced then thisikely

reflects the poor uptake of the transfer gas in relation to the poorly ventilated air spaces. Need to gleezinst
TLC from a static lung volume measurement TZC % This can lead to a possible underestimation in the numbe
of contributing oraccessible lung units. The low gas transfer factor apis & result of the decreased surface area
available for gas exchange and alveolar destruction.

Check WTLC% (ratio) < 80% would suggest poor gas mixing, poorly ventilated air spaces.

Additionalcommentary

Smokers with airway obstruction but a normal gas transfer factor tend to have bronchitis rather than emphyse

Report:

Mixed obstructive and restrictive spirometry. Gas transfer factor is markedly redudednsistent with
COPDEmphysema.

Requres a full pulmonary function test to include a static lung volume measment to investigatelung
hyperinflation/gas trapping. Look for an elevated TLC and RV/Tlo@%tatic lung volume measuremenilso
check W/TLC% (ratio), a ratio of 80% would sugest poor gas mixing, poorly ventilated air spaces. Please
consider result in light of clinical correlation
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B16Spirometry andTransfer Rctor (TLco)

58year old female diagnosed withoHgkins lymphoma, awaiting BMA, 95g/L.Usually fit and well
but breathing has deteriorated since diagnosis 3/12 &fgver smoked. Recent chemotherapy
Referred for assessment prior torther treatment.

Gender female

Age 58

Height (cm) 163

Weight (kg) 80

BMI 30

Race caucaian

Spirometry Actual Predicted LLN %Predicted Z-score
FEVY 2.44 256 1.96 95 -0.328
FvC 3.29 3.24 2.46 101 +.104
SVC 3.21 3.24 2.46 99 -0.062
FEV/FVC% 74 79 68 93 -0.811
FEV1/SVC% 76 79 68 96

Gas Transfer

Tleo (MmM/min/kPa) 6.23 7.74 5.82 80 -1.29
Tleo corr (MM/Min/kPa) 7.28 7.74 5.82 94 +0.39
Keo 1.47 152 96

Va 4.94 5.09 3.99 97 -0.23
Hy 95 120-180

8T Volume (L)

| . Pred _— Prel
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Interpretation B16

Discussion points:

Neversmokeds A F 3y 2aSR gAGK | 2RITAYyQa f&YLK2YlI3Z 1y26y
Sprometry is within normal limitszscores >1.645

Tleo cor IS the corrected Gas Transfer factor for the knowo#b5 g/L

The orrectedgastransferfactor is within normal limits.

Report:

Spirometry is within normal limits for the patient. The trasfer factor corrected for the patients known Hs also
within normal limits.

t
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B17 Spiromé&y and Transfer Rctor (TLcoX partial PFT

70 year old femaleunderthe care of the rheumatology teafor Rheumatoid ArthritisRA. Started
on Methotrexate6/12 ago ands now complaining of increasing SOB and cougtsnioker with 45

pack year histor. ? lung toxicity

Gender female

Age 70

Height (cm) 168

Weight (kg) 82

BMI 29

Race caucaian

Spirometry Actual Predicted LLN %Predicted Z-score

FEVY 2.32 227 1.64 102 0.142

FvC 2.92 2.71 2.00 107 0.481

SVC 3.17 2.71 2..00 116 1.064

FEV/FVC% 79 76 64 105 0.589

FEV1/SVC% 73 76 64 96

Gas Transfer

Tleo (MmM/min/kPa) 4.61 7.54 5.62 61 -2.50

Keo 0.98 1.39 70

Va 4.72 5.30 4.31 87 -1.02
Volume (L)

Pred

Pre|
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Interpretation B17

Discussion points:

Significant smakg historyq 45 pack year history. Known RA, has been taking Methotrexate)(Mi X
approximatelyd months.Clinical gestion posed by referrer is there any evidence ogble lung toxicity

Although patient has an extensive smoking history the spirometry is within normal limits. No evidence to sugg
significant airflow obstruction.

The gas transfer factor howeversderately reduced. The ks low but in the presence of a normal.Both Tl,
and \,4 are reduced. As the ks within normal limits, pathology may be present whepi&normal in the presence
of a reduced T and Vi The result may be due to the bsf lung units (discrete or diffuse), poor gas mixing,
parenchymal or pulmonary vascular dysfunction or a combination of these.

Further testing: CT scan?

Additional commentary

Methotrexate use is associated with an acute hypersensitivity pneumonitgiénts with RAand usually goes
away ifmethotrexateis stoppedKiely P et al. Rheumatology. 2058;(suppl 3),

Report:

Spirometry is within normal limitsThere is a mderately reduced gas transfer factofhe result may be due to
the loss of lung uni (discrete or diffuse), poor gas mixing, parenchymal or pulmonary vascular dysfunction or
combination of these Correlate clinicallyg discuss result with rheumatology team?

Repeat full lung function in & months to assess for any serial change?
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B18 Spirometry and ransfer Rctor (Tlco) ¢ partial PFT

69 year old female attendediniccomplaining ofa persistent cough. Usually dry however becomes
more productive whershe gets a cold. Esmoker witha 10 pack year history. Prescribed
Salbutamol, Seretide and Tiotropium by GP. Doeksfgmptoms improved since then. No previous
spirometry available €OPD

Gender female

Age 69

Height (cm) 159

Weight (kg) 73

BMI 29

Race caucaian

Spirometry Actual Predicted LLN %Predicted Z-score

FEVY 1.72 1.93 131 89 0.544

FVC 2.55 2.34 1.63 109 0.489

SVvC 2.81 2.34 1.63 116 1.110

FEV/FVC% 68 75 65 91 -1.267

FEV1/SVC% 61 75 64 81

Gas Transfer

Tleo (MmM/min/kPg) 7.09 6.84 4.92 104 0.21

Keo 1.45 1.42 102

Va 4.89 4.83 3.73 101 0.10
6T Volume (L)

. Pred —  Pref
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Interpretation B18

Discussion points:

Clinical question posed SCOPD?

TheSp02 at rest 97%.

10 pack yeasmokinghistory (not significant?).

The FVL by its appearance looks obstructive with a noticeable concavity on the expiratory limb.

If we were to intepret the results using a fixed coff of <70% for the FENFVC %s per NICE COPD guidelines
the spirometry would be interpreted as showing a mild airflow obstruction

However, when intergeting spirometry results usingscores (standard deviation frothe predicted mean) the
spirometry is within normal limits and does not suggest any significant airflow obstruction. TH¥ E&Ms >
LLN.

Therefore no evidence afignificantairflow obstruction.
The patient is 69 years of age. The spirometry is nofardier age.
Report:

Normal spirometry and gas transfer factoNot suggestive osignificant COPLBronchitis?
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B19 Spirometry and ransfer Rctor (TLco)

77 year old female with mild fibrotic changes on CXR. Current smokea @tfpack year history.
SOBOE but still very actigevalks around 2 miles dailfjNo symptoms at rest. CABG pBevious
PAH. ?lug disease

Gender female
Age 77
Height (cm) 150
Weight (kg) 67.8
BMI 30
Race caucaian
Spirometry Actual Predicted LLN %Predicted Z-score
FEVY 1.75 1.69 1.21 103 0.214
FvC 2.45 2.19 1.53 112 0.662
SvC 2.62 2.19 1.53 119 1.082
FEVFVC% 71 7 64 92 -0.797
FEV1/SVC% 67 7 64 87
Gas Transfer
Tleo (MmM/min/kPa) 3.43 5.74 3.82 59 -1.98
Keo 0.86 1.35 64
Va 3.96 4.26 3.16 93 0.44
67 Volume (L)
al L]

— 27

]

(%5

- 0 e -

= 1 3

o

L _2 |

-4+
_6 -
| - Pred _— Prel




Interpretation B19

Discussion points:

Significant smoking histoky30 pack year history. She is a currentoker.Sirometryis within nornal limits
No evidence of a significant airflow obstruction.

Mildly reduced gas transfer fact¢f L.,). TheK., is mildly reduced with a normal\VResults are consistent with
findings on CXR.Earlypulmonary fibrosis or emphysema?

Repeat test in 6/12 tassess for any further significant serial lung function changes?
Are symptoms impacting significantly on the patient quality of life at this stage?

Report:

Spirometry is within normal limits, mildly reduced gas transfer factor. Repeat test in 6 monthastess for
any serial changes in lung futien. Suggest smoking cessation
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B20 Spirometry and ransfer Rctor (TLco)

47 year old male attended following egoing SOBSOBparticularlyworse when supine or bending
forward. Symptoms present sincar accident 3 months prior. CXR shows raised hemi diaphragm.
Never smoked. ? diaphragm dysfunction

Royal Wolverhampton NHS Trust
New Cross Hospital
Lung Function Report
Tel:01902 695061 or Ext 5061

Patient Name X Hospital Number A 14 Sex Male Test Date 22/01/2016
Diagnosis Raised Hemi diaphragm and phrenic nerve palsy. Age 47 Race casian
Referrer Height 172.00 Cms Weight 104.00 Kgs BMI 35.2

Tobacco product Never Smoked Years smoked Pack years Quit smoking yrs
Medications

pre test comments
Sp02 at rest  95% Occupation
Post test comments Good patient effort & cooperation. Gas Transfer calculated from an assumed Hb of 14.6 g/dl Good
Technigue.
Physiologist Spirometry reference ranges GLT 2012
Transfer Factor / Lung Volumes ECCS

Actual Pred LILN % Pred #SD
--—— SPIROMETRY —--
FVC (L) 1.619 4.666 3.658 34 -4.970
FEV 1 (L) 1.353 3716 2.935 36 -4.975
SVC (L) 1.547 4.666 3.655 33 -5.088
FEV I/FVC (%) 83.557 79.869 69.971 104 0.613
FEV 1/SVC (%) 87.452 79.640 109
FEF Max (L/sec) 4.455 8.658 6.668 51 -3.474
--—— GAS TRANSFER -——
DLCOunc (mM/min/kPa) 0.32 9.93 7.61 63 -2.56
DLCOcor (mM/min/kPa) 9.93 7.61
DL/VA (mM/min/kPa/L) 2.31 1.56 148
VA (L) 2.73 6.38 5.01 42 -4.39
RV/TLC (SB) (%) 52.62 32.57 21.65 161 3.67
TLC (SB) (L) 2.88 6.66 5.51 43 -5.39
RV (SB) (L) 1.52 2.07 1.40 73 -1.35
10T Volume (L)
| e

8l .

6 L

4

2

| - Pred ——  Pre
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Interpretation B2Q

Discussion points:

Severe restrictive lung pattern on spirometry (small lung volume) with a significantly reduced peak expir
flow. Never smoked. Sp@t rest 95%. BMI 35.

The gas transfer factor is reduced. Thg(RL/\4) is elevated and the Ms significantly reduced.

When K, is elevated (>upper limit of normal) in the presence of a reducecb¥isider incomplete alveolar
expansion. Factors external the lungs should be considered, kends to be elevated when there is

incomplete expansion of alveoli to TLC (e.g. poor inspiratory effort, respiratory muscle weakness or a cl
wall restriction).

Additional commentary:

Check test quality? poor inspirtory effort on the gas transfer test can show same result i.e. when inspiral
capacity is <85% of the patients VC. Technical comments however confirm good technique.

Report:

Extrapulmonary, restrictive, lungpattern. Restrictive spirometry. Reduced gamnsfer factor in the
presence of an elevated diffusion constant (Kco).

CXR shows a raised heliaphragm. Symptom$ave worsenedsincehaving acar accident 3 month prior.
SOB worse when supin€onsider respiratory muscle weaknegsuggest simple respatory muscle
assessment by MIP/MEP and SNI8&nsider supine vs erect spirometry to assess diaphragmatic function
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Full Pulmonary Function Test (examples B2B30

The following examples from B21B30 not only have a spirometry measurement and a gas transfer
factor test but also a static lung volume measurement. This is referred téutidungor pulmonary
function test.

Static lung volumes can be measured by the following methods:

1 Body Plethysmography;
9 Helium Dilution;
1 Nitrogen washout.

In patientswithout any significant airflow limitation the three methods above will correlate
relatively closely with each other, in significant airflow obstruction igamt methodological
differences are seen. Dilution and washout methods may underestimate lung volumes due to non
communicating airspaces, poorly ventilated lung. Plethysmograplyawerestimate results.

The parameters below are typically used to interpret static lung volume measurements:

1 Total Lung Capacity (TL.C)

1 Thoracic Gas volumeTGV (plethysmography) or Functional Residual CapaEiRC
(dilution and washout)

1 Residual Vieme (RV);

1 RVI/TLC%.

For the RV and RV/TLC% generally only abnormally high results are of interest. For TGV or FRC and
TLC the results can be abnormally high or low.

To assist with full lung functianterpretation refer to interpretation flowcharts irmppendicest,5,6
and 7.
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B21Full Pulmonary Function test.

69 year old male, essmoker 38year pack historyPre assessment for LVRS/EB¥cupation

retired plasterer.

Spirometry Actual Predicted | LLN %Predicted Z-score
FEVY 1.226 3.435 2.484 35 -3.579
VC 6.37 4.56 3.386 139 0.41
FVC 4.986 4.56 3.386 109 0.584
FEV/FVC% 25 75.66 62.340 | 32 -4.949
FEV/VC% 19 75.33
PEF (L/S) 4.59 8.384 6.394 54 -3.134
FER5 750, (L/S) 0.393 2.583 1.135 15 -2.978
Gas Transfer
Tleo (MM/min/kPg) 4.75 9.69 7.37 48 -3.51
Keo 0.61 1.29 47
Va 7.65 7.22 5.85 106 0.52
IVC 6.05
LungVolumes(plethysmography)
TGV 8.56 3.82 2.83 224 7.90
RV 5.20 2.70 2.03 192 6.09
TLC 10.65 7.54 6.39 141 4.45
RV/TLC% 48.78 41.19 30.27 118 1.39
FvC
107 Valume (L)

8,

6 L

478

2 i

0%

Flow (L / Sec)

-1 0l
10:33:16 10:34:28
10:35:41 10:37:13
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B21 Interpretation.

Discussion points:

Severe airflow obstruction on spirometry. Pattern on FVL is suggestive of dynamic airway cgpagasly seen in
emphysema.

Dynamic airway collapse confirmed by SVC > FVC by > 500ml.

The reduced Ywhen compared to the elevated TLC likely reflects poor gas mixing/transfer gas gpia&ey
ventilated air spaces.J¥TLC% = 72% (ref >80%).

This mayédad to a possible underestimation in the number of contributing or accessible lung Théseduced gas
transfer factor is a result of the decreased surface area available for gas exchange and alveolar destruction.
transfer factor shows a marked rechion inTL,,and K, typically seen in emphysema.

Lung volumes show hyperinflation with a marked elevationli€, TGV and RV.

Report:

Severe airflow obstruction, lung volumes are consistent witmg hyperinflation. Marked reduction in thegas
transfer factor which likely reflects poor gas mixing/poorly ventilated airspaces which in turn can lead to an
underestimation of the gas transfer factor (decreased surface area, alveolar destructRejults are ansistent
with COPD/Emphysema.
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B22Full Rilmonary Function Test

52 year old female referred with increasing SOB over last 12/12. Known Sickle Cell Anaemia. Never
smoked. Previous TB as child and worked in various factoriésstf@b years. ? lung disease

Gender female

Age 52

Height (cm) 158

Weight (kg) 57.3

BMI 23

Race black

Spirometry Actual Predicted | LLN %Predicted Z-score
FEVY 1.94 2.20 1.66 87 -0.812
VC 2.17 2.73 2.055 79 -1.388
FVC 2.16 2.73 2.055 79 -1.360
FEV/FVC% 89 81 71 110 1.418
FEV/VC% 89 81 71 110 1.418

Gas Transfer

TLeo (MM/min/kPg) 5.02 7.64 5.72 65 -2.24
Tleocorr (MM/mMin/kP@ 6.00 7.64 5.72 78 -1.40
Keo 1.88 1.59 118

Va 3.18 4.79 3.69 66 -2.40

Lung Volumegplethysmography)

TGV 1.85 2.60 1.78 71 -1.50
RV 1.04 1.70 1.12 61 -1.88
TLC 3.22 4.66 3.67 68 -2.41
RV/TLC% 32 37 25 88 -0.75

8T Volume (L)

4l .
6!
gl
| - Pred ——  Pre

76



Interpretation B22

Discussion points:

Spirometry is within normal limit&EY, FVC and FE¥VC% are all > LLN. Patient has never smoked. Patie
diagnosed with Sickle cell anaemia. Previous TB.

Spirometry shows a borderlinestrictive pattern. Both FVC and SVC attangiproportionately closer to the
lower limits of normal.

Ethnic correction has been applied to spirometry measurements. BMI 23

The uncorrected gas transfer factommderatelyreduced zscore-2.24. The gas transfer factor corrected for
the known H is within normal limits. However the,\bn gas transfer is reduced suggesting a retstedung
volume involvement?

Static lung volumes show a significantly reduced TLC and RV (< LLN). This is consistent with a reduced
volume commonly seen in resttice lung patterns. However, the static lung volume measurements have nq
been adjusted for ethnic correction. Applying a 12% correction to the predicted mean TLC improves the
%predicted TLC to 78%. Suggesting a borderline/mild lung restrictive pattern.

Additional commentary:

A low \4 from gas transfer factor testing shoutebt be used or seen as evidence of lung restriction. This is b3
on the methodology of how the V6 derived; it is estimated from a single breath lung dilution of a tracer gag
To famally assess for a restrictive lung pattern use a static lung volume measurement.

Report:

Spirometry is within normal limits. Transfer factor corrected for the known Hb is within normal limits. Stati
lung volumes when corrected for ethnicity are consisitewith a borderline mild restrictive pattern. BMI of
23.
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B23 Full Lung Function Test

67 year old male with cardiompathy.Ex smoker, 30 per day for 20 years, stopped 30 years
ago. Relevant medicatiorsBisoprolol, Ramipril, statin. Occupational exposugdGV
mechanic (brake dust exposure). Sp02 at rest 96%

Gender male

Age 67

Height (cm) 1735

Weight (kg) 89

BMI 30

Race caucasian

Spirometry Actual Predicted | LLN %Predicted Z-score
FEVY 2.27 3.15 2.30 72 -1.70
VC 2.95 411 3.08 72 -1.86
FVC 2.94 411 3.08 72 -1.85
FEV/FVC% 77 77 64 101 0.08
FEV/VC% 77 77 64 101 0.05

Gas Transfer

Tleo (MmM/min/kPg) 5.91 8.82 6.50 67 -2.07
Keo 1.40 1.30 108
Va 4.21 6.49 5.13 65 -2.75

Lung Vdumes(plethysmography)

FRC 2.22 3.57 2.59 62 -2.25
RV 1.57 2.52 1.84 62 -2.31
TLC 4.43 6.78 5.63 65 -3.35
RV/TLC% 35 40 31 88 -0.86

B23Interpretation.

Discussion points:

Exsmokerg 30 pack year history. BMI 30. Spafd rest 96%Mild Restrictive lung patternn spirometry.
FEV and VC <LLN. FEFWC% is within normal limit&as transfer factor isioderatelyreduced in the
presence of a normaland a reduced ¥

Lung disease may be present when thgi&knormal in the presence of a reduced gas transfer factor an
V. The result may be due to loss of lung units, poor gixéign (Check ¥TLC % parenchymal or
pulmonary vascular dysfunction or a combination of these.

The WTLC ratio is 95% (normal reference >80%). No suggestion of poor gas mixing.
Static lung volumes are consistent with a restrictive lung volume. Thes Bigbificantly reduced (<LLN).

Report:

Spirometry and lung volumes are consistenith a restrictive lungpattern (reduced lung volumes)Gas
transfer factor is moderately reduced. Reason for referral is SOBOE, medical history of cardiomyop4
Is therea cardiac or respiratory limitation to exercise? Consider referral for CPET?
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B24FullPulmonary Function Test

38 year old male, diagnosed and treated in the camity for asthma. Attended A&E twice in last
month with difficulty breathing. Unsure of triggers. keN35ppb ?well controlled

Gender male

Age 38

Height (cm) 180

Weight (kg) 81

BMI 25

Race caucasian

Spirometry Actual Predicted | LLN %Predicted Z-score
FEVY 5.15 4.40 3.51 117 +1.40
VC 6.60 5.45 4.34 121 +1.71
FVC 6.35 5.45 4.34 116 +1.33
FEV/FVC% 81 81 71 100 +0.032
FEV/VC% 77 81 71 95

Gas Transfer

Tleo (MmM/min/kPg) 13.29 11.45 9.13 116 +1.30
Keo 1.74 1.64 105
Va 7.65 7.00 5.63 109 +0.78

Lung Volumegplethysmography)

TGV 4.57 3.47 2.48 131 +1.83
RV 2.17 1.97 1.30 110 +0.48
TLC 8.78 7.31 6.16 120 +2.10
RV/TLC% 25 29 18 86 -0.77

Interpretation B24

Report:

Sirometry and gas transfer factor are within normal limits.

Static lung volumes show an elevated TLC however this is within normal limits.
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B25Full Pulmonary Function Test

49 year old femie. Current smokerl0 per day for 21 yearsast cigarette30minsprior to test BMI

36. PolycythaemiaDdccupation runs a pub.

Spirometry Actual Predicted | LLN %Predicted Z-score
FEY 2.380 2.640 2.061 90 -0.746
VC 3.270 2.571 3.286 97 -0.029
FVC 3.150 2.571 3.286 95 -0.308
FEV/IFVC% 76 69.6 81 93 -0.809
FEV/VC% 74 69.6 81 92

Gas Transfer

Tleo (Mm/min/kPg) 10.16 7.82 5.90 129 2.00
TLcQor (mm/min/kPa) 9.01 7.82 5.90 115 1.01
Keo 1.88 1.66 112

Va 4.80 4.83 3.73 99 -0.04
Hgb (gmL) 180 120-180

Lung Volumegplethysmography)

TGV 3.00 2.61 1.79 114 0.78
RV 2.00 1.68 1.10 119 0.91
TLC 5.12 4.70 3.71 108 0.70
RV/TLC% 39.06 35.95 24.29 108 0.53

Flow [Lfs]

Volume [L]

FEV in % nl' vajue at 25 years

100%

#0% -]
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Interpretation B25

Discussion points:

Currentsmoker 27 pack year historBMI 3. Polycythaemia

Spirometry andlung volume measuremente within normal limitsz-scores are all 31.645
No evidence to suggest significant airflow obstructiBEM/FVC% > LLN.

Uncorrected gas transfer fact¢fLe) is elevated (Polycythaemia Hb 180g/&$core +2.00 (129% predicted)/hen
corrected for known klgas transfer facto(Tle, ¢o) iS within normal limits for the patientz-score +1.01, 115%
predicted)

Report:

Spirometry and lung volumes are within normal limits. The corrected gas transfer factor for the
known Hb is within normal limits for the patient
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B26 Full Lung Function Test

42 year oldemale. Diagnosed with COPD and Bronchiectasis. Recently completed pulmonary
rehabilitation. Repeat CT scan reported as showing stable emphysema however the referring
consultant has asld for a second opinioas he felt that the CT was more consistent with
localised areas of saccular bronchiectasissiagkerquit 7 months ago, reports only smoking

for 15 years with a 7.5 pack year history. She has also reported minor relapses in smoking
recently. She is prescribed SABA, LAMA and LABA inhalers plus detallisgamol and rescue
medication (antibiotics and oral steroids). Normal echocardiogram, Norghgll€vels, normal
alphal antitrypsin levels and normaH and RAST to common allergens. SABA was used 1 hour
prior to test. Sp@at rest was 92%. The paht was breathless throughout the tests and found

the tests difficult to complete.

Gender female

Age 42

Height (cm) 165

Weight (kg) 63.5

BMI 23.3

Race caucaian

Spirometry Actual Predicted LLN %Predicted | Z-score
FEVY 0.50 3.05 2.42 16 -6.17
FVC 2.20 3.76 2.99 58 -3.40
SvC 2.16 3.76 2.99 57 -3.50
FEV/FVC% 23 81 71 27 -5.18
FEV1/SVC% 23 81 71 27

Gas Transfer

Tleo (MmM/min/kPa) 6.23 8.67 6.75 71 -2.08
Keo 1.34 1.70 78
V 4.62 5.22 4.12 88 -0.89
Lung Volumegbody plethysmography)
TGV 6.74 2.74 1.92 246 +8.00
RV 6.24 1.67 1.09 373 +13.1
TLC 7.95 5.10 4.11 155 +4.75
RVITLC% 79 33 22 234 +7.74
=2 Weolurme (L)
= - -
a -
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Interpretation B26

Discussion points:

Good effort and technique. Resting $jp® 92%. Diagnosed with COPD and Bhogrtasis.

¢tKS Cx[ aK2ga || @SNB Of SI NJ a OKdzNOK aArfK2dzS0Gd4S LI
as dynamic airway collapse.

All spirometric parameters (FEVFVC and FE¥VC%) areall reduced<LLN, consistent withraixed dostructive
and restrictive lung pattern.

Baseline spirometry is consistent with a very severe airflow obstruction with an element of a restrictive lung
pattern.. FEVFVC zscore 0f-5.18 with an FEMz-score 0f-6.17. The FVC has-a@re 0f-3.40.

Thegas transfer factor TLis reduced with a-score 0f-2.08 in the presence of a mildly reduced &d a normal
V,, This pattern is seen in parenchymal or pulmonary vascular disébaee/TLC% is 58% indicating impaired ga
mixing This leads to a posdé underestimation of the number of contributing or accessible lung units.

The static lung volume measurement is consistent with severe lung hyperinflatiom wi¢mificatly elevated
(>ULN) TLGGV and RV/TLC%.C score is +4.75, TGWseore is +&0 and the RV/TLC%seore is +7.74. All
parameters are significantly elevated above the Upper Limit of Normal (ULN). Lung volumes rule out any sig
lung restrictive pattern. The restrictive element seen on spirometry is a result of the dynaméy aiollapse
caused by the forced effort manoeuvre.

Report:

There is a very severe airflow obstruction seen the spirometry. The lung volume measuremenshows a
significant lung hyperinflation. Gas transfer factor is reduced and is likely due to poomgiasg/poorly
ventilated airspaces leading to an underestimation of the gas transfer factor.

Result is consistent with very severe COPD/Bronchiectasis.

Consider blood gas assessment for oxygen thergpgw resting Spg?
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B27FullPulmonary Function Test

77 year old malattended following several chest infections and worsening cokglsmoket
Exercise tolerance still around 2 miles although pace has slowed. Pneumonectomy 15 years ago.
?COPDResting SpM2%.

Gender male

Age 77

Height (cm) 180

Weight (kg) 83

BMI 25.6

Race caucaian

Spirometry Actual Predicted LLN %Predicted | Z-score
FEV 1.48 3.04 2.17 49 -2.94
FVvVC 2.23 4.10 2.97 54 -2.73
SVvC 2.28 4.10 2.97 57 -2.65
FEV/FVC% 67 74 61 91 -1.00
FEV1/SVC% 65 74 61 87

Gas Transfer

Tleo (MmM/min/kPa) 5.73 8.86 6.54 64 -2.22
Keo 1.42 1.27 112
Va 4.03 6.99 5.62 57 -3.57

Lung Volumegbody plethysmography)

TGV 291 3.82 2.83 76 -1.52
RV 2.26 2.83 2.16 76 -1.39
TLC 4.48 7.30 6.15 64 -4.00
RV/TLC% 50 44 33 114 1.16

Interpretation B27.

Discussion pats:

Resting SpM2%. Ex heavy smokePneumonectomy 15 years ago. COPD? BMI 26.
Spirometry showsa lung restrictive patterr{(reduced FVC and SM&h a normal FEYFVC% which is > LN

Gas transfer factor isioderately reducedavith a normal I, and asignificantly reduced M Lung disease may bg
present when the K is normal in the presence of a reduced gas transfer factor and VA. The result may be|
to loss of lung units, poor gas mixing (Chegi MC % is this <80%)7? parenchymal or pulmonaryagcular
dysfunction or a combination of these.

The static lung volume measuremeastonsistent with a severe restrictive lung volume pattéfhC z score
of -4.00 (64% predicted).

Report:

There is a restrictive spirometry and lung volume measuremerdicating a loss of volumeGas transfer
factor is reduced and may be due to a bsf lung units parenchymal or pulmonary vascular dysfunction (or
a combination of these). Resuis not consistent with COPD
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B28Pulmonary Function Test

79 year old male attended with history of frequent chest infections and increasing amounts of
sputum. Never smoked but spent long periods of time in pubs throughout wolikérendtherefore
exposed to passive smokin@urrently being treated with Seretide and Salbutambblers ?COPD

?Bronchiectasis

Gender male
Age 79
Height (cm) 176
Weight (kg) 73.5
BMI 23.7
Race caucaian
Spirometry Actual Predicted LLN %Predited Z-score
FEY 0.600 2.76 1.925 22 -4.243
FVC 1.077 3.72 2.720 29 -4.337
SVC 1.395 3.72 2.720 38 -3.816
FEV/FVC% 56 72 61 77 -2.390
FEV1/SVC% 43 72 61 60
Gas Transfer
T, (Mmm/min/kPa) 3.85 8.26 5.94 46 -3.13
Keo 1.33 1.24 107
Va 2.96 6.68 5.31 43 -4.56
Lung Volumegbody plethysmography)
TGV 2.82 3.75 2.76 75 -1.54
RV 2.68 2.83 2.16 94 -0.37
TLC 4.07 6.95 5.83 58 -4.15
RV/TLC% 65.76 45 34 145 3.79
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Interpretation B28

Discussion points:

?COPDBronchiectasis.

Patient has a history oecurrent chest infections. Never smoked although significant exposure to
secondary/passive smoking.

Mixed obstructive and restrictive spirometajl parameters are <LLBaseline spirometry is consistent with a
very severe airflow obstiction (FEVFVC % <LLN, FEMscore-4.243).

Unable to formally grade the severity 6{PD without a post bronchodilat@pirometryresult, (as per NICE
COPD guidelines)

Severelyreduced gas transfer factor. Normal,Mith a reduced \.
VATLC% = 71%. Suggests evidence of poor gas mixing.

Pathology may be present whep,ks normal in the presence of a reduced &nd Wi The result may be due tq
the loss of lung units (discrete or diffuse), poor gas mixing, parenchymalroopaty vascular dysfunction or g
combination of these.

The Total Lung Capacity (TLC) is significantly reduced. This is consistent with a reduced lung volume corj
seen in restrictive lung patter3LC &core-4.15)

Report:

There is a significant dlow obstruction seen on spirometry. Static lung volumes are consistent with a seve|
restrictive lung volume pattern. Gas transfer factor is severely reduced. There is evidence of poor gas mix
which leads to an underestimation of the accessible lungtaravailable for gas exchange.

Suggest a bronchodilator responsiveness test to assess airflow obstruction post bronchodilator, any
reversibility?

Results are suggestive of COPD/Bronchiectasis.

86



B29Full Pulmonary Function Test

66 year old female treated for COPD. Exercise tolerance down to 100m. Frequent exacerbations
requiring hospitalisation and ateINIV. Under consideratidior LVRSSp02 at rest 94%.

Gender female

Age 66

Height (cm) 170

Weight (kg) 82

BMI 28.4

Race caucaian

Spirometry Actual Predicted LLN %Predicted | Z-score
FEY 0.88 2.55 1.90 35 -4.22
FVC 1.96 3.29 241 59 -2.50
SvC 2.45 3.29 241 74 -1.58
FEV/FVC% 45 78 66 57 -4.67
FEV1/SVC% 36 78 66 46

Gas Transfer

Tleo (MM/min/kPa) 4.46 7.92 6.00 56 -2.96
Keo 1.04 1.43 72
Va 4.27 5.54 4.44 77 -1.89

Lung Volumegbody plethysmography)

TGV 5.20 2.87 2.05 181 +4.66
RV 4.55 2.14 1.56 212 +6.88
TLC 7.00 5.43 4.44 128 +2.61
RVITLC% 65 41 30 156 +4.04

Interpretation B29

Discussion points:

30 pack year smokingstory. SpQat rest 94%Poor exercise tolerance, frequent exacerbations and hospital admissi
and acute NIV. Smoking history?

Verysevere airflow obstruction on spirometryrE\V/FVC% <LLN, FEAScore-4.22.

Gas transfer factor is moderate to seey reduced. Both  and \j4 are reduced. The reduced, \ikely reflects the poor
uptake of the transfer gas in relation to poorly ventilated air spacgd (\C% =61%, indicating impaired gas mixing). T
leads to a possible underestimation of the numlbé&contributing or accessible lung units. The low transfer factor ang
Keois a result of the decreased surface area available for gas exchange and alveolar destruction. Typically seen i
Emphysema.

Static lung volumes show a significantly elevated TLCT&V and RV/TLC%. This is consistent with lung hyperinflati
and airflow obstructionConsider bronchodilator responsiveness testing.

Report:

Spirometry is consistent with a severe airflow obstruction. There is evidence of lung hyperinflation on thécdtatg
volume measurement. Markedly reduced gas transfer factor which likely reflects poor gas mixing and the possiblg
underestimation of the number of contributing or accessible lung units. Typically seen in COPD/Emphysema.
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B30 Full Pulmonary Function Test

Wolverhampton Cannock Chase Hospta
| Wolverhampton [TZEY
Respiratory Centre  vo ‘otrescosisos " fore

Last Name: Identification:

Frst Name: NHS Number:

Age: 63 Years Date of Birth: 01/08/1953

Height 1750cm Gender male

Weight: 750%g BMI: 4

Operator: Ward: -

Race: c Diags 2¢oP0

Physician: Smoker: Exsmoker

Resting Sp02: 4%
Viskt date. wo247 refeconce ranges GUI 2012
Visit time 10:16 Transfer Factor and Lung Volumes ECCS 1953
SPIROMETRY
Ve L 4 ax 328 05 017 h 1
FEV1 L 118 ixu 248 M 390
VC MAX L 451 % 38 1040 0z Bl e
FEVINFVC % % LEAL] 8464 L1 499 =
FEV 1% VC MAX % 57 7.4 6464 04 500
PEF Us 3n 819 620 452 an e
GAS TRANSFER
DLCO_SB  mmol{min"kPa) an 925 693 400 am =
DLCOcS8  menol(min"kPa) an 925 693 400 39
KCO_S8  mmoli{min‘kPa'L) 08 134 094 452 299
KCOc_SB mmolimin"kPa‘L) 06 134 094 82 299
VASS L 612 a6 524 wQe 059 .
RVATLC_S8 % k1 » » w3 Q.19 =d
nc.ss =€ 628 690 575 910 089 |
Rv_s8 L 235 245 17 %2 423 BN e
LUNG VOLUMES
FRCHe L 593 357 259 166.0 383 B=E
RV L 3 245 ihed 1561 3% e |
ne L 800 6% 7% 1158 158 | 3
RV%TLC % o= 388 2055 1241 170 =

||

Physiologist Comments
Smoking History: 40 pack years.
Relevant Medications: Salbutamol and Spiriva not taken.

?

Exposures: Exposure to dusts and deesel fumes for significant period of time.
Good effort and cooperation during tests. Gas transfer calculated from assumed Hb of 14.6 aldL.



Interpretation B3Q
Discussin points:
SpQ at rest 94%63yr old, 40 pack year smoking history. Exposure to dusts and diesel fumes.

Severe airflow obstruction on spirometBE\/VC,,% zscore-p ®n ¢ 0 @ Rsgare-oCGxhtn 6 QLo =
score 0.27 (within normal limits), FV@are-0.17 (within normal limits).

Gas transfer factor is markedly reduced. This is in the presence of a redyeexi & normal ¥,
The WTLC ratio is 77%

Gas transfer factor is severely reduced in the presence of a significantly redyeetti& normal ¥
As the WTLC ratio is reduced this would suggest poor gas mixing, leading to an underestimation gf the V|

Static lung volumes show a significandysedRV(z-score +3.35)in conjunction with an increased RV/T&C
ratio (above the upper limit of normal) this may suggest an elemehitraf hyperinflation/gas trapping

Result is consistent witt OPDhoweverbronchodilator responsiveness t@sg is equiredto assess post
bronchodilator airway obstructioand to grade severity of COPD

Report:

Severe airflow obstruction, severely reduced gas transfer factdrich is likely reduced due to poor gas
mixing/poorly ventilated air spacedeading to an undeestimation of the alveolar volumeThere is a
suggestion of gs trapping/hyperinflation on lung volumes. Result is consistent with COPD. Bronchodilato
responsiveness testing would be required to gratte severity of COPD.
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Simple Respiratory Muscle assessments (example 88382

The following examples are simple respiratory musclesssents. The measured parameters used
for interpretation of respiratory muscle strength are MIP, MEP, SNIP and a supine versus erect vital
capacity (VC) measurement.

Maximal Inspiratory Pressure (MIP gmBx) and Maximal expiratory Pressure (MEP1aR)
reflect the maximal pressure generated by the respiratory musadesell as the lung elastic recoll
pressure The pressure is generated against an occluded aiamdymeasured at RV or maximal
exhalation (MIP) and TLC, maximal inspiration (MEP).

SNIRP,asa) or shiff nasal inspiratory pressure is a more dynamic measure of inspiratory muscle
strength. It is the maximal pressure that is generated from a short and sharp inspiratory effort via
the nose (unobstructed nostril). This is generally performeldRC or the end of a normal tidal
breath. The SNIP pressure is measured via a nasal probe inserted into one nostril.

Simple measurements of respiratory muscle strength provide a global assessment of respiratory
muscles rather than pinpoint a specific neles A normal result will assist with excluding significant
respiratory muscle weaknesghe tests are very much effort dependant so ensuring good test
quality is imperative. Check the technical comments before proceeding with the interpretation. An
abnormal result may reflect poor test performance rather than reflecting true respiratory muscle
weakness.

The primary muscles used during inspiration are the diaphragm, inspiratory intercostal muscles,
scalene and sternmastoid muscles. During expiration theuscles of the abdominal wall and
expiratory intercostal muscles are us@&dlP may be reduced in isolation where airflow obstruction
with lung hyperinflation ipresent;in this case the flattened diaphragm is at a mechanical
disadvantage to generate maxal pressures.

Only abnormdy low results are of interesOn the following reports the measured values are also
compared against a reference valard a lower limit of normal (LLN).

Other tests from lung function measurements can be used to assesbrimally significant muscle
weakness. A reduced vital capacity (VC) is a common findsignificantmuscle weakness. A

reduced TLC with an elevated RV/TLC% particularly when there is no significant airflow obstruction
observed on spirometry may reflethe inability to fully inflate the lungs due to muscle weakness.
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Simple Respiratory Muscle Assessménterpretation Guidance

Comparing test results to a reference range allows respiratory muscle weakness to be identified.
While a normaMIP, SNIP and MEP exclsdénically significant respiratory muscle weakness, low
values can be difficult to interpret and do not confirm respiratory muscle weakness. Low test values
can occur as a result of poor patient effort or difficulties perforntimgtest. Please check technical
comments.

MIP of > 80cmHO0 excludes clinically significant respiratory muscle weakness in both males and
females

MEP of >80cmH0 (males) and *60cmHO0 (females) excludes clinically significant muscle
weakness.

SNIRf >-70cmH0 (males) and >60cmH0 (females) excludes clinically significant muscle
weakness

A normal MEP with a low MIP suggests isolated diaphragmatic weakness. When assessing serial
mouth pressure measurements a change in excess of 28tcdth be ged as a threshold to identify
true change in respiratory muscle strength.

Upright or erect Vital Capacity vs Supine Vital Capacity

A low vital capacityor a drop in excess of 30%when changing from upright to supine in the vital
capacity(VClanda reduced TJ, and W, with anelevatedK, can all be suggestive of respiratory

muscle weakness although concomitant lung disease must be considered when interpreting the test
results.

If simple muscle assessment is inconclusive, a referral for more emrapécialist muscle testing

should be considered.

Below are the thresholds for referral for NIV for Motor Neurone Disease as per NICE Guideline
[NG42]: Motor Neurone DiseasAssessment and management.

Forced Vital Capacity (FVC) or Vital Capacity (VC)| Sniff nasal inspiratory pressure (SNIP) and/or
maximal inspiratory pressure (MIP)

(if both tests are performed, base the assessment ¢
the better respiratory function reading)

FVC or VC < 50% of predicted value SNIP or MIP < 40crg™

FVC or VC < 80% of predicted value phys a SNIP or MIP < 65crgfor men or 55cmk0 for
symptoms or signs of respiratory impairment, women plus any symptoms or signs of respiratory
particularly orthopnoea impairment, particularly orthopnoea.

Repeated regular tests showate of decrease of
SNIPor MIP of more than 10cmid per 3 months
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B31Simple Respiratoryyluscle Assessment

67 year old female diagnosed with MND 9/12 ago. Mainly bulbar sympt&aterred for
considerationof NIV! . DQa aK2 g tgp2 NrslSrgtaén faillBeRegree of muscle
weaknessPatient had difficulty maintaining a tight seal arouhe mouthpiece.

Gender female
Age 67
Height (cm) 163
Weight (kg) 69
Measured value (cmjf) Reference range or LLN
(cmH0)
MEP +17 >57
MIP -9 >29
SNIP -21 >29
Measured %Predicted
VC uprigh{L) 1.48 48%
VC supingl) 0.95
% Change in VC -36%

Interpretation B31

Report:

Knovn MND, mainly bulbar symptoms.

Results should be interpreted with caution. Patient had difficulty maintaining a tight seal around mouthpiece
(Bulbar symptoms).

Results would suggest a possible global respiratory muscle weakness as MIP. MEP and SNIFkecdymral LN
for this patient. There was also a significant fall in VC when measured in supingipog-36% fall) suggesting a
diaphragmatic weakness.

As per NICE guidelines patient should be considered for NIV (VC < 50% predicted, SNIP s030cmH
Additional commentary:

Bulbar Signs and symptoms can include progressive difficulty with talking and swallowing. Patients can alsg
reduced gag reflexes, weak palatal movemefit$, & O A O (briefilspogtgh€bas contraction affewy a small
number of muscle fibres, often causing a flicker of movement under the akehjveak movement of the facial
muscles and tongue
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B32Simple Respiratory Muscle Assessment

60 year old male with possible diaphragm pajsgised right hemdiaphragm on CXFOngoing
SOBModerate airflow obstruction orspirometry Exsmokerquit 2011, COPD, IHB] 2013.SpQ
on air 95%Works as a carpentdras had significant exposure to asbes@sod effort and
technique during measurement.

Gender male
Age 60
Height (cm) 191
Weight (kg) 113
Measured value (cnya) Reference range or LLN
(cmH0)
MEP +103 >67
MIP -49 >53
SNIP -54 >62
Measured
VC uprigh{(L) 4.66
VC supinél) 3.27
% Change in VC -30%

Interpretation B32.

Report:

Good effort and technique

MEPIis within normal limits (>LLN) also >+80cniH

Signifcantly reduced MIP and SNIR normal MEP with a low MIP suggests isolated diaphragmatic weaknes|

Supine vs gect VC measurement shows-a80% fall whenin supine position. Result is consistentith
diaphragmatic weakness.




What isa Respirdory Sleep study?

The high prevalence of Obstructive Sleep Apnoea requires the need for effective strategies with
simple and relatively fast tests to identify patients with significant sleep disordered breathing. It is
estimated that 75% of outpatients wita suspected diagnosis of OSA are investigated using a limited
respiratory sleep studysometimes referred to as a respiratory sleep polygraphy

What is measured?

The equipment is worn overnight by the patient typically at home r@odrds oxygen level$SpQ),
breathing movement¢Chest and abdomen beltyasal airflow or pressure (nasal cannula or
thermistor), sleep position (supine, right, left, uprightgart rate and snoringaudio) A limited
sleep study does not have EEG signals and is theréfifeeent to a polysomnography.

How is the data analysed?

Current evidence suggests that the patient needs to have at least 5 hrs of good quality sleep with the
SHdA LIYSY G F2NJ Ly |OOdzNY S FylFfeaira yR Ay dSNLINEI
automatically by the associated analysis software or manually by a senior respiratory physiologist or
competent practitioner. Guidelines suggest that competently trained practitioners perform manual

analysis or scoring because of its greater diagnostiaracy. The data and events are scored in line

with the American Academy of Sleep Medicine (AASM) guidelines.
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What are therespiratory event types?

Obstructive apnoea
Central apnoea
Mixed apnoea
Hypopnoea

=A =4 =4 =

All respiratory events need to be at leastddronds long.

What is an Obstructive apnoea?

No airflow for a minimum of 10 seconds with an associated increase in respiratory effort, which can
present as paradoxical chest and abdomen movemieatadoxical breathing is sometimes referred
to as diaphragmtic loadingand describes when the chest and abdomen move in opposition to each

20KSNI N GKSNJ 0KFy G23SGKSNJ RdZNAYy 3 y2NXIf
obstructive apnoea. The events are measured either using the nadir or peak to peatdsetine

ONBI KA

nadir method starts at the end of the last breath prior to the obstructive apnoea to the beginning of

the next breath. The automatic scoring method employed by the Noxtfiffidisleep system
employs this method. Peak to peak looks at the peakeflast breath to the peak of the next

breath following the obstructive apnoea and this is the preferred method when manually scoring.

A. Obstructive A. Obstructive A. Obstructive A. Obstructive A. Obstructive

Deszt (7%)

i ]

Exhale Airway obstructs Airway oper;s_v"
_ \ ! AVAY
Airflow |
Inhale Effort gradually mcreages
Thoracic \_/W\,/ ‘ u
effort _ Paradoxing
Abd. ‘rf\[\fJ\Jx/\
effort L Paradoxing Ends
SAQ2 Blood oxygen levels - *

reduce to < 3% of
p basline value
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What is a Central apnoea?

Absence of airflow at the nose and mouth for a minimum of 10 seconds with a complete alidenc
respiratory effort as measured by chest and abdomen belts. No desaturation is required but can be
seen in excessively long central apnoea events.
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What is a mixed apnoea?

Complete absence of nasal or oral flaatal absence of respiratory effort &tte beginning of the

event followed by a gradual increase in effort. No desaturation is needed but can be present. It is

termed mixed as it refers to a mixture of a central and an obstructive apnoea. The mixed apnoea

may have a short central componentatarger one, for example a 30 second central apnoea and a

10 second hypopnoea. The example below shows a shorter central component and a longer

hypopnoea. Physiologically during the central portion of the mixed apnoea there is a gradual

increase in GOvhich subsequently acts as a stimulus to breathe and leads to the gradual increase in
respiratory effort. As with all respiratory events a mixed apnoea may be longer during REM sleep.
aAlAESR FLy2SIQa OFly 68 &aSSy | & lingpatieaty 2F | O2 YLIX &
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What is a Hypopnoea?

A Hypopnoea is defined by the AASM as a reduction in airflow of about 30% from baseline. To assess

if a 30% fall in airflow is present it is important to look at airflow on the page or epoch before and
aftertheideni A FASR S@Syiliad ! KeLRLY2SI Ydzaid KFI@S |y | aa
during the event or in the lag period following the event. The AASM guidelines state that the 3%
desaturation does not need to be during or after a hypopnoea event. Thautal T3 system

a2FU6I NB dzaSa 6AGKAY Hn aSO2yRa 2Ftisladiise8B@6Gs¢ i1 @ 2 K €
a 2530 second lag, if any longer then the desaturation is not likely attributed to the event. A

hypopnoea may be scored as an obstructivedy 2 S| g KSy (GKS yIF alf LINBA&adzNF
baseline. A hypopnoea has the same physiological consequence as an apnoea.
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What is Cheyne Stokes respiration (CSR)?

This is a crescenebecrescendo respiratory breathing pattern usually associatita @ongestive

heart failure. Atrial fibrillation may be present. It is defined as three consecutive cycles of crescendo
¢ decrescendo pattern in breathing signal with a cycle length of a minimum of 40 seconds and at
least one of the following:

T S5ormore&y NIt FLY2SFQa LISNI K2dzNJ 2F af $SLJ
T p 2NJ Y2NB KeLRLYSIQa LISNI K2dzNJ 2F &t

The scoring criteria are defined as a 50% change in amplitude, diagnostic ¢ri&8fiaof the night
spent in CSR.
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ApnoeaHypopnoea index (AHI) severity gradii§IGNgos, NICEqgs).

<5 Normal

5¢ 15 Mild

15- 30 Moderate
>30 Severe

=A =4 =4 =

Writing a sleep study report.

Below is a summary report for a limited respiratory sleep stitys has all the data required to
report the sleep study. The summary report would be produced after lgepsstudy was either
autoscored or manually scored by a competent practitioner (this is dependent upon local practice).

When writing a sleep study report it is important to firstly comment on how the study was
reviewed/scored (i.e. autoscored or manualyored?). Who scored the sleep study? Comment on
the study quality and to ascertain whether there is enough usable information for an interpretation.
In general the supine time ideally needs to be >30% of the total recording time. If <30% then
consider regating the sleep study. Comment on the recording time, was this >5hrs? Is the signal
guality acceptable? Was there any loss of flow or oximetry throughout the recording?

State the AHI and grade this using the grading criteria listed above. It is alsprgotide to also

state the ODI or oxygen desaturation index. If the ODI is significantly greater than the AHI then this

may indicate a loss of flow signal during the recording. If the AHI is significantly greater than the ODI

then this may indicate ahight) y dzY 6 SNJ 2F | LIy 2SI Qa A (GK2dzi |y | aa:
the respiratory events appear positional in nature? As an example do more events occur on perhaps

the patients right side or when in supine position, suggesting positional OSA?

Comment on lhe snore index, the snore index is % of the study spent in snore train, a snore train is
defined as a period of 3 or more snores in a continuous row.

Comment on the flow limitation index (FLI), excessive flow limitation alone i.e. >30% can lead to
excessig daytime tiredness.

Summarise the number and type of respiratory events (hypopnoea, obstructive apnoea, mixed, or
central), which event was most prominent throughout the recording?

What was the mean Spéhroughout the night? What was the minimum Sp02?ai% of the study
time was spent <90% S{0

Does the patient need to inform the DVLA? If the Epworth sleepiness score is high then the patient
may have obstructive sleep apnoea syndrome (OSAS). Is CPAP treatment to be considered?

Finally consider adding s technical comments especially if there was some signal artefact during
GKS NBO2NRAYy3ID / 2YyaARSNI FRRAY3 (2 @&2dzNJ NBLEZ2 NI aF-
tfSFasS dzasS Ot AyAOrf 2dzRASYSy (¢ DRNNSE SIGAZYyXEyYy i SN

99



e

| AHI | 12.1% ]

Fosition.

I Lhwrst

Respiratory Indices.

DS
AH = N
Al .
Z 9 o
= E = = = & vEELs =
o= SUpIne=
o2 r.
e =
o I
Oxypen Saturation. o= =TT )
DOT{==3% 1.2 =
L% B Tk
o= ) s
=5z =
Heart Rate. o=
Average Hear £ L ==
I I T EFN

Below you will find a number of limited respiratory sleep study reports, the default sleep reports

have been used rather than those customised locally as seen above. The data provided is the same
and perhaps a little bit more detailed.

Write a sleep study report for each of these using the guidance notes aBeeeappendix fbr an
exampleof asleep study reporting templatto assist in formulating eeport.
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B33RespiratorySleep Study

A57 year old male attendethe sleepcliniccomplaining of excessive daytime sleepinessd|
snoring and witnessed breath holdirdis wfe alsosuggestdhat there is sometimes very little chest
movementfrom him during sleepNo morning headaches. BMI 31, ESS 14 ?0SA

Respiration Report

0 Patient Information
Full Name
Patent 1D El
Address
ZIPPostal Codo

Cry
Phone/Mobde

B Recording Information
Recording Date 09122014 Bed Time Starts 2313
Recordng Teme 2300 Bed Teme Ends 0525
Rocordng Duraton h 56m 56 Temo n Bod 6h 11m (371 8m)

B Respiration Overview

AH D oo B sroeincex | 165%

f!g;g

Al Pw rarrter of Agrwmam ! Papogrma per Mg CCE o P ra e of Or g e s 300rn jee o - e e
P Dar O age of Wvw speet Sur g v P AN Srve sgeed = D

- Respratory Indheos = g . Respratory Count = e
ApneaHypopnea index 28 B49» Apooas 9 188
Apnea Index 95 B26m Obstructve 200 "
Hypopnea Index azxs 23n Mased 166 o
Snore Index 165% 157 Central 0 0
Flow Lerstabon index M47% 198% Hypopnoas 2 7
Longest Apnoa 79 19 Avorage Apnon s s
Longest Hypopnea 4is 306 Avernge Hypopnea 30 2T

B Saturation oty g B Puise ol g
Desaturabon Index 08s 0659m Avorage Pubse 67wm 68w
Desaturaton Count 7 198 Hghest Pulse Wuw GO
Lowest SpO2 520% 540% Lowest Pulse Buw 57w
Avernge SpO2 B19% RON Pulse time < 40bpm 00% 00
Basolne SpO2 B46% B20s Pulse tme > 100bpm 00% 00%
Desaturaton < 0% 00~ O56» Average Pubse SO 54w 56w~
Desaturaton < 85% S8Ta G42m Average Desat Drop 1092%  179%
SpO2 v < 00% 687% 004N Avernge Low Desat T37%  753%
SpO2 tme < B5% 528% 514

B Postion and Activity B Other totad ——
Supre Time 1807 m 480% Oxeneter Quality M r-
Non-Supne Time 1928m 512% Flow Qualty 1000% Ot
Upeight Tene 32m 09% RIP Quaity PON Ot
Activity Time 219 S80% Paradoocal Index 283%  438%
nvakd Data Teme Om 00% Est Sep EMcency 416%  401%

Resperaton Rate 215 216
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B Trend Overview
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Interpretation B33

The sleep stdy was autoscored in line with local protocol and then formally revieweddsnerrespiratory
physiologist

Overall the study isf good quality (>4hrs) and is acceptableifderpretation and reporting.The supine time was
>30% of the total recordintime (48%) If <30% then consider repeating the sleep stiithetime in bedwas 6hrs
and 11minutesOximeter quality wa85% flow signal quality was 100%.

The results indicate severe sleep disordered breathing (SDB) with an 848a@hnd an ODI of &).The slight
difference seen in AHI and ODI would suggest a slightly higher significandglygf2 Bithadtzan associated
desaturation.The patient had an Epworth score of (Wbrmal ref <12)

SevereObstructive sleep apnoea syndrorf@SAS)DVLA advice® be giveng consider trial of CPAP.

The patient had a snore index of 16.5%. The snore index is classed as the % of the study in snore train (A sng
is defined as a period of@ moresnores in a continuous row

The flow limitation index was 24% (normal reference <86).Excessive flow limitation alone i.e. >30% can lead tq
excessive daytime sleepiness

The majority of events were obstructiveLJy 2.5 I Q &

There were203 obstructive: LJy 2,366 Miked LJy 2,20hgpapneasand no central events.

The average Sp02 was 82%, v@ifi% of the recording being spent <90%. The minimum Sp02 was 52%.
Please interpret findings in light of clinical correlation.

AHI severity grading SIGN 2003, NICE 2008, Powell et al 2010

<5 normal

5-15 mild

15-30 moderate

>30 severe
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B34RespiratorySleep Study

81 year old male referred from cardiology regardinggming orthopnoea and daytime sleepiness.
Diagnosed with heart failure 15 years aglast ejection fraction 21%. Non snorer. BMI 24, ESS 9

Respiration Report

B Patient Information

Full Name Date of Bath 22021935
Patent ID E2 Height 160 om
Address Weght T2kg
Z2IPPostal Code 8 252
City Age 81
Phone/Mobile

B Recording Information
Recoraing Date 12062014 Bed Time Starts
Recording Time 2200 Bed Time Ends 05:5¢
Recording Duration 7h 56m 58 Time in Bed 7h 12m (432 6m)

B Respiration Overview

v QD oo QD S e (NEED

B Resprratory Indices ot

e L Ve A L
Apneatypopnes Index 373n ATIn Apneas 233 134
Apnea Index R23In 205n Obstructive N Fig
Hypopnea Index S50 42mn Maed 40 s
Snore Index 56 76% Central 182 72
Flow Limitation Index 465 455 Hypopneas 3% 19
Longest Apnea 50 50 Avecage Apnea 24 FLEY
Longest Hypopnea 87s 87 Average Hypopnea 30+ 20»
B Saturation yem g B Puise rew ugww
Desaturation index WE~N WN2n Average Pulse S8wm  SHuem
Desaturation Count 87 178 Highest Pulse B3wm B3
Lowest SpO2 870 B87.0% Lowest Pulse 40w 40vem
Average SpO2 MO N2s Pulse time « 40bpm 00 0.0%
Baselne Sp02 TN 950 Pulse time > 100bpm 0.0% 00~
Desaturation < 0% 1540 174nm Average Pulse SD 5S5wm S5
Desaturation < 85% 00n 00n Average Desat Drop 68 705
SpO2 time < 80% 338 36 Average Low Desat 90.1% 900N
SpO2 time < 85% 00% 00~
B Position and Activity B Other vew wpre
Supine Time 2123m 618 Ouimeter Qualty GOBN Ooee
Non-Supine Time 1803m Ban Fiow Qualty VI r=
Upright Time TIm 18% RIP Quality 100.0% Geoo
Activity Time Im 2% Paradoxical Index 05w 08
Invaiid Data Time Om 00 Est. Sleep Efficiency 955 837
Respraton Rate 187 191
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B Trend Overview
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Interpretation B34

The sleep study was autoscored in line with local protocol and then formally reviewed by a senior respiratory
physiologist.

Overall the study is of good quality (>4hrs) and is acceptable for interpretation and reportingufihe time was
>30% of the total recording tim&2%).If <30% then consider repeating the sleep stdde time in bed waghrs
and 2minutes. Oximeter quality was00%; flow signal quality wa94%.

The results indicate severe sleep disordered breat(8igB) with an AHI 87.3and an ODI 089.8 The patient had
an Epworth score 09 (normal ref <12).

The patient had a snore index ®f6%.The snore index is classed as the % of the study in snore train (A snore trg
defined as a period of 3 or maseores in a continuous row).

The flow limitation index wa4.6% (normal reference <30%gxcessive flow limitation alone i.e. >30% can lead to
excessive daytime sleepiness.

The majority of events wereentralsleepl LJy 2 @62Q &
There werealso31 obstructivel LJy 2,80mixadl LJy 2 &ntl3B Bypopneas
The average Sp02 wad%, with3.3% of the recording being spent <90%. The minimum SpOBWas

Central sleep apnoea (CSA) is a manifestation of respiratory control instability in patients wittaihaart\While
recent evidence suggests a decrease in its prevalence in patients with heart failure, CSA remains a relatively (
disorder in this populatiorCentral sleep apnoea (CSA) occurs #4@& of patients with HF with reduced ejection
fractionand often may manifest with Chey$tokes respiratiortHowever, sleep amea-targeted therapieCPAP)
have not previously been shown to improve cardiovascular outcomes in patients with HF.

Please interpret findings in light of clinical correlation.
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B35RespiratorySleep Study

31 year old female attended clinic complaining of excessive daytime sleepiness and trouble sleeping
at night. Takes around 90 minutes to fall asleep and wakes frequeurilyg the night. She sleeps

alone andunaware of snoring. Also suffers from vivid dreams when very stressed. ?any sleep
disordered breathing

Respiration Report

B Patent Informaton

Full Name Date of Birth
Patent ID E3 Height
Address Wesght

2P Postal Code 8

Cay Age
Phone/Mobile

B Recording Information

Recording Date oTRv2016 Bed Time Stans 2300
Recording Time 2300 Bed Time Ends 0504
Recording Duraton 7h 56m 58s Tene in Bed 6h 4m (384 3m)

B Respiration Overview

AHI- ODI- Snore Index = 14.9%

B Respiratory Indices Ve op— B Respiratory Count

L e
Apnea Hypopnea Index 08x IsSn Apneas 0 0
Apnea Index 00n 00n Cbstructve 0 0
Hypopnea index 08» asn Meced 0 0
Snore Index Hon 83n Central 0 0
Flow Limitation Index 200 254n Hypopneas 5 1
Longest Apnea 0» Os Average Apnea 0s 0s
Longest Hypopnea 38 23s Average Hypopnea 265 23
.Wm [ ugwm .m [ ugww
Desaturation Index 10 ISn Average Puise 58wn  SPwm
Desaturation Count @ 1 Highest Pulse 8w Tiws
Lowest SpO2 890 B890n Lowest Pulse 55w= S8um
Average SpO2 23 RO Puise tme < 40bpm 00~ 00
Baselne Sp02 023% R0M Pulse time > 100bpm 00 00~
Desaturation < 90% 02» 35n Average Pulse SD 15ws 33w»
Desaturation « §5% 00n 00n Average Desat Drop 425 50
SpO2 tme < 0% 01s 1Is Average Low Desat P05  B90n
SpO2 time < 85% 00~ 00~
B Position and Activity B Other [y e
Supine Time 173m a8n Oximeter Quality 99N Ome
Non-Supine Time ME6Om 952 Fiow Quatty 100.0% cos
Upright Time 0om 00 RIP Quality 100.0% Ooce
Activity Time 106m 29% Paradoxical Index 0.0% 0.0%
Invaiid Data Time om 00~ Est. Sleep Eficiency TN 973N
Respraton Rate 49 151
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Interpretation B35

The sleep study was autoscored in line with local protocol and then formally reviewed by a senior
respiratory physiologist.

Overall the study is of good quality (>4hrs) and is acceptable for interpretation and reporting. The {
in bed wa 6hrs andiminutes. Oximeter quality waB00% flow signal quality was 100%.

The results indicatao evidence to suggest significasieep disordered breathing (SDB) with an AHI of
0.8and an ODI of.0.

The patient had a snore index d8%.The snore ine is classed as the % of the study in snore train (4
snore train is defined as a period of 3 or more snores in a continuoud hewow limitation index was
29% (normal reference <30%gxcessive flow limitation alone i.e. >30% can lead to excessimeay
sleepiness

There wereb hypopnoeas and no central events.

The average Sp02 wag.3%, with0.1% of the recording being spent <90%. The minimum Sp02 was
8%%.

Please interpret findings in light of clinical correlation.
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B36RespiratorySleep Study

37 year old female attended clinic complaining ekegliness and lack of energy during the day.
tF NOIYSNI KIFa gAGySaaSR FLy2SEQad {y2NBa Ay
15

Respiration Report

B Patent Information

Full Name

Patent ID E4
Address

2IP/Postal Code

Cay

Phone/Moble

s
|

B Recording Information

Recording Date 16042015 Bed Time Starts 2300
Recording Time 2300 Bed Time Ends o
Recording Duration 7h 55m 18s Time in Bed 5h 10m (310.2m)

B Respiration Overview

AHI 135 ool | 147  snore Index (D

B Respuratory Indices - weew [ Respiratory Count veu

e L
ApneaMypopnea Index 135n  254n Apneas 23 2
Apnea Index 44n 189 Obstructive 21 2
Hypopnea Index oin 85m Maed 0 0
Snore Index 5728 448 Central 2 0
Flow Limitation index 289% 145 Hypopneas 47 1
Longest Apnea s 20+ Average Apnea 21 195
Longest Hypopnea 88 195 Average Hypopnea M 194
.WM o - .m New PPy
Desaturaton index Win 424n Average Pulse B2t Bltem
Desaturation Count 70 ] Highest Pulse Them  TIwm
Lowest SpO2 820% 870% Lowest Pulse S0ws  SOwm
Average Sp0O2 SN 2w Pulse time < 30bpm 00 00n
Baselne Sp02 AN MEN Puise time > 100bpm 00 00n
Desaturation < 80% 101n  188n Average Pulse SO 2.1m tom
Desaturation « 85% 17n 00m Average Desat Drop 7% 32N
SpO2 time « 80% 785 3B~ Average Low Desat 8818 807N
SpO2 time < 85% 08w 00~
[ Poston and Activity B Other e e
Supine Time 72m 235 Oximeter Quakty G908 Oooe
Non-Supine Time 034m Q65 Fiow Qualty 10005 Gooe
Upright Time 38m 12% RIP Quality 100.0% Goos
Activity Teme 127m 40w Paradoxical Index 23% 855
Invahd Data Time om 00% Est Sleep Efficiency 725 978n
Respiration Rate 143 158
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E Trend Overview
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Interpretation B36

The sleeptsidy was autoscored in line with local protocol and then formally reviewed by a senior
respiratory physiologist.

Overall the study is of good quality (>4hrs) and is acceptable for interpretation and reporting. The timg
bed wasbhrs and10minutes. Oximegr quality was 100%low signal quality was 100%pworth Sleepiness
score of 15/24The results indicate evidencd mild sleep disordered breathing (SDB) wéth AHI ofL3.5
and an ODI of4.7.

The patient had a snore index $7%.The snore index isagsed as the % of the study in snore train (A sn
train is defined as a period of 3 or more snores in a continuousTriog/jlow limitation index wa28.%%
(normal reference <30%fExcessive flow limitation alone i.e. >30% can lead to excessive dalgipimass.

There were21 obstructive: LJy 2,2 teftialeventsand47 hypopneas

The average Sp02 wad%, with8% of the recording being spent <90%. The minimum Sp02 2¥as 8
Consider trial of CPAP.

Please interpret findings in light of clinical corréat

110



B37RespiratorySleep Study

75 year old male attended with difficulty sleeping throughout the nigitcasiondy snoresvhen
on hisback or after drinking alcohol. Naps each afternoon and wakes unrefreshed. Suffers with RA
for which he takes pacetamol and occasional @mdamol. ?sleep disordered breathing

Respiration Report

B ratient Information

Full Name Date of Birth
Patent ID €S Heght
Address Weight
ZIP/Postal Code BMI
Cay Age
Phone/Mobile
B Recording Information
Recording Date 040372015 Bed Time Starts 2338
Recording Time 2300 Bed Time Ends 0856
Recording Duration 7h 56m 57s Time in Bed 7h 21m (441 8m)

B Respiration Overview

AHI (88 oDI |68 Snore Index | 12.3%

B Respiratory Indices vew B Respiratory Count

g St g
Apnea/Hypopnea Index 58n oon Apneas 23 0
Apnea Index Itn 00n Obstructive 23 0
Hypopnea index 27 oom Moed 0 0
Snore Index 123% 00% Central 0 0
Fiow Limitation index 84an 00 Hypopneas 20 0
Longest Apnea 30 0s Avecage Apnea 185 0s
Longest Hypopnea 51 0s Average Hypopnea 2 0s
B Saturation Vot g B Puise vew wpee
Desaturation Index 85n 00 Average Pulse Swm  Woem
Desaturation Count 48 0 Highest Pulse 1840em 102 wm
Lowest SpO2 750% B880% Lowest Pulse Wem Wwem
Average SpO2 850 885 Pulse time < 40bpm 01 00%
Baseline SpO2 850 885s Puise time > 100bpm 1848 S6Tw
Desaturation < 90% 85n 00 Average Pulse SD 500em o
Desaturation < 85% 48n 00om Average Desat Drop 445 -
SpO2 time < 90% RIN  S8Ts Average Low Desat B40n ~
SpO2 time < 85% 258% 00
B Positon and Activity B Other Votat .
Supine Time 02m 0.0% Oameter Quaiity 84N com
Non-Supine Time 308 1m T00% Flow Quality 0N ceee
Upright Time 1325m 00 RIP Qualty 100.0% Gome
Activity Tme 2353m 833 Paradoxcal Index 8% 500
invahd Data Time Om 0.0 Est Sleep Efficiency 487 00%
Respraton Rate 244 27
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E Trend Overview
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Interpretation B37

The sleep study was autoscored in line with local protocol and then formally reviewed by a senior respiratory
physiologist.

Overall the study is of good quality (>4hrs) and is acceptable for interpretation and reporting. Thie bietkwas
7hrs and 21minutes. Oximeter quality wa&q flow signal quality wa89%. The results indicate evidence of
borderlinemild sleep disordered breathing (SDB) with an AHB.®&nd an ODI 08.5.

The patient had a snore index b2.3%.The snoréndex is classed as the % of the study in snore train (A snore trg
defined as a period of 3 or more snores in a continuous Tow)flow limitation index wa8.4% (normal reference
<30%) Excessive flow limitation alone i.e. >30% can lead to exeedsjtime sleepiness.

There were 2 obstructivel LJy 2,9 te@ral events an@0 hypopneasThey appear to be positional in nature,
occurring predominantly on the rigiside

The average Sp02 w86%, with93% of the recording being spent <90%. The mimm$p02 wag5%.

Need Epworth sleepiness sepimonsider trial of CPAP patient is excessively sleepy during the daytime or if he
drives for a living

? BM, lifestyle changes Weightloss

Please interpret findings in light of clinical correlation.
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B38RespiratorySleep Study

19 year all male attended clinic complaining or excessive snoring and difficulty staying awake during
afternoon lectures at university. Snores in all posisid®leeps around 10 hours per nigivking
once to urinate. BMI 33. Mallampati 4 witkissing tonsils. 20SA

Respiration Report

. Patient Informaton

Fult Narme Date of Berm
Panent 1D €o Mot
Address Weswgt
ZIPPostal Code o

Cry Age

Prone Mobde

B Recording Information

Fecordng Date 20502/2015 Bed Time Stans a0
Recordng Tine 2300 Bed Time Ends 0% 2e
Recordng Duraton Oh 20m 208 Tene n Bod Oh 10m (370 Om)

B Respiration Overview

A <o B oo index | E8%

B Respratory Indices ow —awe B Respuatory Count - e
ApNea HpOPNea Indes ST an 28 n Apneas M2 238
Apnea Incex o6~ 483 » Ovsyuctve w0r o8
My POpre s Inde LR B Tan Moo ¢ 43
Gnore Inder S0~ LY A Corw o 42 wr
Firoa Lwntaton e s FRAN 32~ Hypopness 40 AL}
Longest Apneas A2 - a2 Average Apres 29 20+
Longest HMypopres 18 118 Average Hypopnes 28 W

-mouon .~ —awe -N" e e
Desatiunation Index S1on 402 n Average Puise 40 e 40 o
Desaturation Count 320 4D rughest Puise 1200 120 v
Laoweet GpO2 700~ To0~ Losest Puise 42 v 42 v
Average SpO2 LA L L Pulse wme « 400pm 00~ 00~
Baseine SpO2 2~ 932~ Putee e » 100DpM 00w 00~
ODesaturation « SO 480~ 430 Average Puse SO 1.9 19w
Desaturoton « 85% 2WBIN AN Average Desat Drop L LA LEAS

2 e « 90% 248 223~ Average Low Desat [ T 848
Sp0O2 tene ~ 8% a7~ 83~

B Posmon and Activity B Other o PP
Supene Time 2204 ™ M2~ O vmeter Quant, 00 3% e
Non-Supine Tune L = F T 43 Fiow Oualty 1000 % owem
Upright Tume 87w 15% RIP Quainy 100 0% e
Actrity Tune L LY 17.3% Pacadoscal indes 00~ 00~
Invahd Data Time o 00~ st Seep EMaency B38% BasSw

Haaspw atwon Hate 160 154
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E Trend Overview
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Interpretation B38

The sleep study was autoscored in line with local protocol and then formally reviewed by a senior respir|
physiologistOverall the study is of good quality (>4hrs) and is acceptable for interpretation and reporting
The supine time w&>30% of the total recording tim84%).If <30% then consider repeating the sleep stud
The time in bed was 6hrs an@rhinutes.

Oximeter quality was ®% flow signal quality was 100%.

The results indicate severe sleep disordered breathing (SDB) mwilHaofs7.1and an ODI 051.9. The slight
difference seen in AHI and ODI would suggest a slightly higher significandelyf2 Bithddtsan associated
desaturation.There was a significant change in the frequency of sleep disordered breathing events fr
approximately 1.00am?

Severe Obstructive sleep apreo@SA)pleaseconsideratrial of CPAP Considetonsillectomyand repeat
LSSENT review?)

An Epworth score is required to assess daytime tiredriBss patient had a snore index &%.The snore
index is classed as the % of the study in snore train (A snore train is defined as a period of 3 or more srj
continuous row)The flow limitation index waé% (normal reference <30%gxcessive flow limitation alone
i.e. >30% can lead &xcessivelaytime sleepines3he majority of events wereentrall LJy 2 @420Tdere
were 107 obstructivel LJy 2,83 nix&dl LJy 2 &40 Bypopneas The average Sp02 wa%, with25%
of the recording being spent <90%. The minimum Sp027/8%s

Please interpet findings in light of clinical correlatio@onsider polysomnograply assess central sleep
apnoea?

114



B39RespiratorySleep Study

59 year old female with known severe OSA. AHI 93, mean sats 84%. ESS improved from 22 to 14 on
treatment in last 4 weeks. BMI 54. Still snoring at times during the night. No excessive mask leak.
Takes morphine and oasional Tramadol for back pain. Morning headacaeouple of times per

month. CPAP pressure is fixed at 16cmH2&lejuate treatment.

Respiration Report

B Pavent Informaton

Full Name

Patent I0 E7
Address

ZIPPostal Code

Cay

Phone Mobée

B Recording Information

§E§§§

Recordng Date 14082015 Bed Time Starts
Recording Time 23:00 Bed Time Ends
Recording Duration 7h 50m 50 Time in Bed 7h S0m (470.8m)

B Respraton Overview

B Respuatory Indices

B Respratory Count

Y ——

L= Y agaw L =t
Apnea Hypopned inder 196n 435» Apreas 1" @
Apnea Index 140 36n Obstructive 1" -
Hypopnea Index 182 &400» Mexed 0 0
Snore Index 08 165 Central ] 0
Flow Limitation index - “ Hypopneas 143 101
Longest Apnea 53+ $3» Average Apnea 20+ 21
Longest Mypopnea 72s 50 Average Hypopnea 29 2%
.w [ Prery .M Rrey Lgee
Desaturation index 24n 8T» Average Puise Slon BQum
Desaturation Count 178 123 Highest Puise 162 B8wm
Lowest SpO2 510% S510% Lowest Pulse 4w SSwm
Average SpO2 825% 798 Pulse time < 40bpm 00~ 00
Baselne Sp02 850 840 Pulse time » 100bpm 00% 00n
Desaturation < 90% 240 8In Average Pulse SD 30w~ 28w»
Desaturation « 85% 08n &50n Average Desat Drop 11.2%  128%
SpO2 time « 80% 738 822 Average Low Desat 735~ T3as
SpO2 time < 85% 558 684
[ Position and Activity B Other oy ugwe
Supine Time 15186m J16% Ouimeter Quaity 90.3% oo
Non-Supine Time INIm GBS Flow Quaity NAS wa
Upeight Time 82m 19%  RIP Quaity 100.0% oot
Actrity Tume 1838m M2 Paradonical Index 180 285
Invalid Data Time Om 00~ Est Sleep Eficiency 630 406
Respration Rate 277 AR
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B Trend Overview
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Interpretation B39

LSS repeated at homknown severe sleep disordered breathing/ severe OSAS.
Sleep study recorded whilst &@PARvith afixed pressre of 16cmH20.
AHI has improved fror@3 to 19.6 Change in ESS from 221t4.

Suggests heffective treatment of SDRevidence of continued daytime tirednessowever there is a question as to
whether the CPAP wamly used ér part of the night (splihight study® Significant reduction in sleep disordered
breathing eventsrom 2.00an? Positional sleep apnogaupine® Need to ascertain more information from the
patient. Reassess sleep study and so@kkll)from 2.00am onwards€onsider CPAP titratisiudy or initiating
autoCPAP rather than fixed pressareatment.

Please interpret findings in light of clinical correlation
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B40RespiratorySleep Study

44 year old male attended clinic complaining of excessive tiredness and loud siktaggeen

getting progressively worse for 6 monttesultingin him falling asleep at the wheel 4 weeks ago and
crashing into a tree. Now only drives locally with window open to improve alertness. Snorer in all

positions. No morning headaches ?088S 124.. a L

Respiration Report

B ravent Informaton
Ful Name
Pavent 1D E10
Asoress
ZiPPostal Code
Cay
PhoneMobde

B Recording Information
Recordng Date 20112015

Recording Time 2300
Recording Duration 7h 56m S8s

B Respiration Overview

s
b

Bed Time Stams
Bed Time Ends
Tme n Bed

oy @

30
08 %%

7h 5m (479.1m)

aHl (B oo 9720 snore index (D

B Respratory Indices .
Apnea Hypopnea Index N
Apnea Index W02
MHypopnea Index 28
Snore Index kLR A
Fiow Limitation index 108
Longest Apnea 54
Longest Hypopnea a2

B Saturation Y
Desaturation Index 172»
Desaturation Count 137
Lowest Sp02 820%
Average SpO2 M2
Baseine SpO2 a2
Desaturation « 80% 18
Desaturation « 85% 01m
SpO2 tene < 90% 88
SpO2 tme « 85% 72%

B Postion and Activity
Supne Time 1228m
Non-Supine Teme Méam
Upright Time 08w
Actvity Time 17adm
invakd Data Time o=

“'-
Te8n
T840
05n
22.0%
50
48
16

M2n

820
WEN
872

S4n

O5mn
M2
280%

255
T4 3N
02%
36n
00~

B Respratory Count

Apreas

Costructrve

Meed

Certral
Hypopneas
Average Apnea
Average Hypopnes

O Puse

Average Puse
Highest Pulse
Lowest Puise
Puise tme <« 40bpm
Pulse time » 100bpm
Average Pulse 5D
Average Desat Drop
Average Low Desat

Ve
241
4

pé
20
20+

e
B3
2w
51um
00%
00n
20w
52%
915

tem
e
ean

100.0% «

02%
Won
154
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158
132

M
1%

g
&7 s
¥3 e
51 s
00~

00

21w

S5en
0T

!iig

00~
MEN
153

I 2f €N aAal S

117

HNné oD



E Trend Overview

Movement §» 5 11 Im L 1] ARl ona [} me oo 11 IEEE I NN AN N EE] ®E IR DOM LRI LR

SR N W T (A

Supine - —
Prone
Left -
Right I ——

PEIRRITI I ‘ il | il |““m|||||\ il |I||||||||||||||||I||||||||m||||||||ﬂ||I”|\I||\||\|||||||II‘ |I|“|||||i||||
- WMMWVWWIW“WWMJWMMWWW

100 - Uesat

EERETTIY b by s i il

LS N BT e i 1 | A

SI’\O'eTIaH’\\ — ] — - mEn [T

L R
fal o M e, L

~ ok Wll MW”W Mbeseo g n"‘lw'm b lllMJ{l'Hl*.‘w"|4“fm"r*q,| L H‘."\ﬂhlmwfr'n,,www i

11: c)u PM 12:00 AM 01:00 AM 02:00 AM 03:00 AM 04:00 AM 05:00 AM 06:00 AM 07:00 AM

Pulse [bpm)

Limitation | mmsmes i me—| e 1 01

Interpretation B4Q

The sleep study was autoscored in line with local protocol and then formally reviewed by a senior regpirator
physiologist. The supine time w&a80% of the total recording time6%)consider repeating the sleep study
guestionable study qualityFlowever, he time in bed waZhrs and59minutes.The patient may be sleeping upright
or propped up with pillowg no excessive movemenOximeter quality wagd00% flow signal quality wa98%. The
availableresults indicate severe sleep disordered breathing (SDB) with an ABll@fnd an ODI 017.2 which
appears to be positionah nature(Supine)

Significant incrase in SDB events when in supine positidme difference seen in AHI and ODI would suggest a

higher significance df LJy 2 Bithddtian associated desaturation. The patient had an Epworth scor2 @fatmal

ref <12). Severe Obstructive sleep apnoea symalr (OSASPVLA advice to be givempatient should not drive until
treated, recent RTA considerurgenttrial of CPAP

The patient had a snore index 8%.The snore index is classed as the % of the study in snore train (A snore tra|
defined as a eriod of 3 or more snores in a continuous roW)e flow limitation index wak9% (normal reference
<30%) Excessive flow limitation alone i.e. >30% can lead to excessive daytime sledjmiaesajority of events were
obstructivel LJy 2 @04There wee 26 mixedl LJy 2,%3-hgpapneasand11 centralevents. The average Sp02
was94%, with 9% of the recording being spent <90%. The minimum Sp022aPklease interpret findings in light
of clinical correlation.
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What is Cardiopulmonary Exercise testingREY?

CPET is a relatively nimvasive objective test which provides a direct global measurement of the
integrative exercise responses of the pulmonary, cardiovase@nd metabolic systems during
incremental exercise.

As a diagnostic test, CPET is used to assess exercise intolerance and its contributing factors. Due to
the dynamic nature of this test, organ function is assessed at rest and during exercise, aFacior
LINE ARSE 3I22R RSAONALIIAZ2Y 2F || a4dzo02S00Qa LIKe&aAz2f

The test is usually performed on a cycle ergometer, or sometimes a treadmill, whilst the individual
wears a face mask for breath by breath measurements and usually comprises fourcshagetine
phase, warm up phase, incremental exercise phase and recovery phase.

When is CPET indicated?

It is widely accepted that the use of CPET as a diagnostic test is specifically indicated in a wide variety
of clinical situations including,

w Evaluaion of exercise tolerance

w Evaluation of undiagnosed exercise intolerance and its functional correlates
w Evaluation of cardiovascular disease

w Evaluation of respiratory disease or symptoms

w Preoperative evaluation and stratification of surgical risk

W Evaluation and prescription of exercise rehabilitation or-puegical optimisation

What is measured during CPET?

/'t 9¢ SldaALIYSYyd SyLXz2ea | wYSilFoz2ftAO0 OFNILIQX O2YLN
and a flowmeter to measure respiratory gaschange including oxygen uptake gy,@arbon dioxide

output (VCQ), minute ventilation (¥ and end tidal partial pressures of oxygen and carbon dioxide

(PO, & PACQ). Signals are continuously measured to provide real time breath by breath analysis.

Measurements of cardiac function and circulation are also made via 12 lead electrocardiography,
non-invasive arterial blood pressure and pulse oximetry.

Data presentation and 9 panel plots

Two approaches are commonly used for CPET data presentation, tabdlgraphical display. Both
approaches are useful in isolation, but it is particularly advantageous to use both displays in
combination for interpretation and analysis.

Summary data is usually presented in a simple table and provides physiological emeasts from
key points in the incremental exercise test, including values at rest, at the anaerobic threshold (AT)
and height of exercise. Data should include Exercise duration, Work rate (Watts), REEQRYAT,
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P=0., BCQ, WVO,, WWVCQ, Heart rake, Heart rate reserve, {Pulse, Blood pressureg W¢MVV,
Breathing reserve and SpO

CPET data is usually displayed graphically in the format of goaimed plot, the most common of
which is the HarbetJCLA plot. Other variants of the nine panel @it sometimes utilised and it is
imperative to confirm which version is in use before any attempt to interpret is made.

Ploe3 e

]

g 8

S E s E 55 tEE Y

N EEEY

Time Time

The HarbotUCLA nine panel plot is arranged from top left and proceeds to the right and describes
the following information:

w Pbt 1: \tvs Time (or work rate)

w Plot 2: HR and Pulse vs Time (or work rate)

W Plot 3: V@Qand VCQvs Time (or work rate)

W Plot 4: Lvs VC®

w Plot 5: VC@and HR vs VO

w Plot 6: WO, and \WVCQ vs Time (or work rate)
W Plot 7: ¥vs \£(RR addedb above example)

w Plot 8: RER vs Time (or work rate)

w Plot 9: RO, and RQ vs Time (or work rate) (Sp@dded to above example)
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Each plot is interpreted in isolation and in combination with other plots to describe the physiological
response to in@mental exercise.

Plot 3 is used to describe aerobic capacity.

Plot 3, 6 and 9 are used to identify the anaerobic threshold.
Plot 2, 3 and 5 are used to describe cardiovascular responses.
Plot1, 4 and 7 are used to descrithes ventilatory responses.
Plot3 and 8 are used to identify metabolic abnormalities.
Norrinvasive estimation of the anaerobic threshold (AT point)

The anaerobic threshold is the physical demarcation point during incremental exercise testing
beyond which the skeletal muscle oxygen deghaxceeds the ability of aerobic energy production
and energy supplementation by anaerobic metabolism is required. Below the anaerobic threshold
exercise is sustainable; above the anaerobic threshold, accumulation of lactic acid will eventually
result in nuscle fatigue and exercise termination. The AT point usually occurs betwegdP4 of

the predicted VG@Peak in health; it is independent of patient motivation and is a reliable, repeatable
patient specific measurement of dynamic functional capacity.

The etimation of AT point can be made ndmvasively by interpreting the relationship between
VCQandVQ® ¢ KA da A& 2 falyISIOS NOSIIK2(RKS yWRI A a4 O2y aARSNEF
AT identification. Below the AT point, VGreases in a linear realanship with VQ, the slope of

GKAE NBEftFGA2YyaKAL Aa GSN¥YSR GKS W{m at2L8Q I yR I
NEIFaz2y> AG Aa 2FiGSy dzaS¥dzZ G2 AyOfdRS | WtAyS 27
slope grap.

1600

1440+

Line of identity
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Above the AT point, additional {9 produced as a byroduct of bicarbonate buffering of

accumulated lactate; as a result, the VEXD0; relationship becomes steeper. This steeper slope is
NBEFSNNBR (2 | & .ihub at tHd imterS3G (2AL2SyQ 46 2¢NI SW oxNERIslppes,J2 A Y i Q0
coincides with initial increase in arterial lactate.

LY &42YS AYRAGARdAzZ fas (GKS WwW@Qat21LSQ NBtFiA2yaKAaLl
S1 and S2 segments. In this instance, moving teeofindentity from right to left until it impacts

dzLR2y -akKS8LIYG Aa I adaAadGrotS FEtGSNYFGABS YSGK2R F2N
AYLI OG o0SAy3a | &adaAildlIofS SalAYI-AA2SDFYBO®W2RHOAE A

An alternate (or onfirmatory) method for identification of the AT point is often referred to as the
WRdzF f ONARGSNAIFIQ 2NJ WAYGSAINIFGSR ONRGSNRAIFQ YSiGK2Rd
ventilatory equivalents against time, work rate or YO

PETCO2 PETO2 VENO2
¢n ©
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R f %a;bzr.fﬁ“'.‘ o | oy
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At the AT pait, increases in ventilation, due to additional £ a byproduct of bicarbonate

buffering of accumulated lactate, will result in the onset of alveolar hyperventilation with respect to

oxygen uptake. At this point, systematic increases in betti® and PO, whilst WVCQ and

PCONB Yl Ay Oz2yail yisx iaf 210%CG NIES RIMK S KLANJRAYIF NEK SY SHEK 2
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estimation.

What is the Chronotropiendex?

The chronotropic index relates the change in heart rate to the change in oxygen consumption. A
chronotropic index > 1.30 indicates a steep heart rate response and can suggest an increased
dependence on heatrt rate to increase cardiac output seconttagylow stroke volume. A

chronotropic index < 0.8 can indicate a blunted heart rate response (possible chronotropic
incompetence) which in turn can suggest a variety of cardiac dysfunctions but can also be caused by
medication such as beta blockers. Avlohronotropic index can also be seen in exceptionally fit
individuals (elevated V02max, elevated oxygen uptake at anaerobic threshold) and in these cases, is
normal. In an exceptionally fit individual a normal chronotropic index is likely abnormal.

The famula for calculating the Chronotropic index is:

CI= | Peak HR—baseline HR ) / | Peak VO2 —baseline VO?2
“| predicted HR —baseline HR )" " | predicted VO2 —baseline VO?2 )

Normal response to incremental exercise

Interpretation of CPET is a complex and skilled procedure, which relies on good levels of experience
and competency. As a minimum, it is important to understandekeected normal responses to an
incremental cardiopulmonary exercise protocol, before an abnormality can be identified.

Measured exercise response variables can be compared to normal reference values for assessment
of normalcy, but it is more often the ftarn of responses which we are most interested in
interpreting.

Before any analysis of exercise responses can be made, it is important to ascertain the quality of the
test by considering three questions. Was it a maximal effort test? What was the reasstiofping
the test? Are there any other technical comments provided by the test operator?

w Test effort: Suboptimal effort results in submaximal physiological test variables and can be
due to poor motivation, poor perception of effort/symptoms or delibts suboptimal effort in order

to present an image of reduced exercise tolerance. Misidentification of submaximal effort may lead
to misdiagnosis. It is important to evidence maximal effort by identifying one or more of the
following parameters.

o Plateau atvGPeak (this will be rarely seen in clinical patients)
o RER>1.1
0 HR and/or Yattains predicted maximum
0 AT point reached
0 Arterial lactate >8mmol
W Reason for test termination: It is important to ascertain if the test was stopped by the

patient or the opeator. If the test was stopped by the operator, it is likely that the test was
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terminated early due to a technical issue or a change in the clinical status of the patient. Did the
patient terminate the test due to symptom limitation (dyspnoea, chest paim)@tlt is usual for the
patient to terminate the test due to leg fatigue in negmptom limited incremental exercise testing.

W Other technical comments: It is important to consider any technical comments made by the
test operator as these may provide amiation which may impact on the validity of the test.

Initially, it is important to consider exercise tolerance by assessing the aerobic (functional) capacity.
Here we are concerned with describing the,#€ak. V@Peak is the highest \\@corded during lhe
incremental exercise test and is dependent on patient effort/motivation,R&k should not be
confused with the physiological maximum rate of oxygen uptakeNN&), as this is not regularly

seen in clinical practice. In health, we would expect théquatto achieve at least 80% of their
predicted VQ. Failure to achieve this during a maximal effort test is an indication of exercise
intolerance/ reduced functional capacity.

Generally, there is a linear relationship between,¥d@d work rate (watts) ashthe slope of the
relationship reflects oxygen delivery and utilisation at the skeletal muscle. A normal slope describes
an increase of 10.3ml/minute for every watt increase in work rate and values below this would be
evident in heart and lung diseasewasll as some metabolic disorders.

The AT point should be considered next. The AT is related to the point at which anaerobic

metabolism increases as an extra source of energy for exercising muscles to sustain work when

aerobic metabolismis nolongersukiSy 4 @ ¢KS ' ¢ Aa I dz&aS¥dz YI NJ SNJ
perform daily activities, performing activities beyond the AT is unsustainable due to lactic acidosis

and will result in activity termination due to fatigue. In health, the AT occurs at a poinhvh

greater than 40% of the predicted Weeak.

Performing the incremental exercise will increase the metabolic demand and increased oxygen
supply is required to sustain activity. We would therefore expect heart rate to rise and exceed 90%
of the age prdicted maximum. The normal heart rate response describes a heart rate which
increases steadily from rest and is highest at the point at which the test ends, increases in heart rate
are proportionate to increases in exercise intensityP@se (V@HR) is ged as a surrogate marker

for stroke volume and can be used to assess the expected increases in systolic function. In the
normal subject, the gPulse increases during the early stages of incremental exercigeauplateau

as maximum stroke volume is aeted, further increases in cardiac output are achieved through
increases in heart rate.

Cardiovascular limitation is expected in normal individuals, but in conjunction with normal or high
VQO,Peak. A cardiovascular limitation in the presence of exerciekemance is abnormal and would
suggest evidence of a cardiovascular limitation to exercise. Conversely, an absence of cardiovascular
limitation is abnormal and would be observed in early test termination or exercise limitation due to

a pulmonary defect.

eletal muscle metabolism during incremental exercise results in increased intramuscular carbon
dioxide production. In health, partial pressure of carbon dioxide in the blood is maintained by
efficient increase of minute ventilation §vas a product of ireasing tidal volume and respiratory
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rate. During CPETg M analysed relative to maximum voluntary ventilatiog/fii¥/V). In health,
exercise tolerance is not limited by the pulmonary system and tHdWV does not exceed 85%.

Gas exchange can be assessgtially by observing the Sp@alues and their trend during

incremental exercise. In health oxygen saturation will remain consistent as work rate increases. We
can measure ventilatory efficiency by assessing the ventilatory equivalents; this is mentitation
relative to oxygen consumption §¥O,) or carbon dioxide exhalationgWVCQ). During early

exercise onset, the increases in tidal volume and lung perfusion result in an improvement in
ventilatory efficiency. As a result, the ventilatory eguents tend to fall to a nadir before rising

again after the AT. The nadir point represents the point at which the lungs are operating at their
best. In health, ¥VGO, is less than 31 anddWCQ is less than 34. Values higher than this suggest a
degree ofventilatory inefficiency.

Respiratory limitation to exercise

Respiratory disease can impact on exercise tolerance in several ways and involves the inability to
efficiently eliminate carbon dioxide, either through limitations in gas exchange or mechanical
ventilatory efficiency. As a result, it is usual to see a reduction in thE&4R.

In severely impaired patients, the test is often terminated before the AT point, often the RER value
fails to exceed 1.0. This is due to the degree of mechanical vemyilitaitation curtailing exercise
duration before sufficient cardiac response generates significant lactic acidosis. As a result, evidence
of good heart rate reserve can be seen. In patients with less severe respiratory impairment, the AT
point is usuallyow and reflects associated deconditioning.

We would expect ventilatory reserve to be significantly reduceiMVV >85%) as the ability to
augment tidal volume (Yand respiratory rate is impacted upon as a result of volume and/or flow
limitation. Ventiktory efficiency is also low in many lung conditions; this is evidenced by elevated
ventilatory equivalents. Oxygen desaturation is expected in patients with diffusion impairment due
to progressive widening of the alveolarterial oxygen partial pressudifference. Upon stopping

the test, patients may report excessive dyspnoea.

Summary:

w Low VGPeak

W High HR reserve

W Low \(reserve

w Flat \{Verelationship

W High ventilatory equivalents
W Oxygen desaturation
Cardiac limitation to exercise

A reduction in VQPeak is often evident in those patients with cardiac limitation to exercise
tolerance. This is usually due to reductions in cardiac output and subsequent limitation of the
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cardiovascular system to transport oxygen to skeletal muscle. Skeletalestiseh rely more

heavily on energy production through anaerobic processes, this occurs earlier than normal. The AT
point is therefore typically low, in both absolute terms and when expressed as a percentage of the
predicted V@Peak. An AT point <40% okdicted VQPeak is associated with significant pathology.
VO/Work rate relationship is <8.3 ml/min/watt in those patients with impaired oxygen delivery to
working muscles.

Heart rate response will usually demonstrate a rapid and early rise at submaxieneise

intensities and may exceed their heart rate reserve before achieving sufficieRedk This steeper
heart rate response is also evident in deconditioning and is often difficult to distinguish from early
cardiovascular disease. Conversely, pasesith chronotropic incompetence, either through
medications or heart disease, demonstrate a shallow heart rate response. Obviously, 12 lead ECG
should be closely scrutinised for arrhythmias or myocardial ischaemia.

Interpretation of the GPulse will desdbe the stroke volume during incremental exercise. Where
stroke volume is decreased due to cardiac disease, theilSe is also usually low. Attention should
be paid to the response pattern; anfulse which starts low and fails to rise significantly ssgge
poor left ventricular function whereas anRulse which plateaus early, or falls, may be an indication
of onset of cardiac ischaemia.

Ventilatory reserve tends to be normal or elevated, but ventilatory efficiency may be reduced due to
elevated dead sp=e/ tidal volume ratio. As a result, ventilatory equivalents are often elevated in
cardiac failure. Oxygen desaturation is often not expected in cardiac patients but is evident in
patients with pulmonary hypertension.

Summary:

w Low VGQPeak

w Steep HRasponse

W Low/absent HR reserve

w Low QPulse, early plateau
w Low AT

W High ventilatory equivalents

See appendix for a simple guide on CPET normal reference values.

See appendix Br a suggested reporting template to assist reporting Qiegilts®®
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B41 Cardiopulmonary Exercise test

67 year old female, prep assessmemrir right robotic partial nephrectomyMedical History: CVA

12 years ag, previous hip replacement, esmoker rthritis. Relevant medications: Symbicort,
Salbutamol, Sertraline, statifested using a cycle ergometer with an incremental work rate of 10
watts per minute. Extra small Hans Rudolph mask, saddle height X&d®spirometry was within
normal limits. Resting EGBowed NSR (ventricular ectopic beats at rest), BP 138/9998pQ The
VQ,/work rate response was 9.3ml/min/watt. Test was terminated by the patient due to leg fatigue.
Patient c/o some chest tightness experienced throughout exercise. The ECG durtigeesieowed
frequent venticular ectopic beats (137 in todahroughout exercise and at rest. No significant
ischaemic changes observed.

Rest AT V02Max  Pred VO2 Max/Pred (%)
we- WORK ----
Work (Watts) 0 50 104 69 151
Ex Time (min) 7:55 13:21
---- VENTILATION ---.
Vt BTPS (mL) 839 1575 2137
RR (br/min) 13 15 26
VE BTPS (L/min) 10.9 229 559 1220 46
VEMVYV (%) 9 19 46
BR (L/Min) 110.9 98.9 65.9
---- OXYGEN CONSUMPTION ----
VO2 (mL/kg/min) 38 92 15.3 15.8 97
VO2 (mL/min) 321 114 1290 1333 97
RER 0.83 0.91 1.17
«--- CARDIAC ---.
HR (BPM) 91 113 153 153 100
HRR (BPM) 62 40 0
VO2/HR (mL/beat) 4 7 8 9 97
— g -
VE/VCO2 41 32 37 33 70
VE/VO2 34 30 43 64 68
PETCO2 (mmHg) 34 37 32
PETO2 (mmHg) 96 04 105
sysBP (mmHg) 138 149 183
diaBP (mmHg) 90 79 88
Sp02 (%) 98 99 98
METS 1.1 2.6 44 45 97
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Interpretation B41

Patient referred by théJrology team, to assess for pop right robotic partial nephrectomylest protocol: tested using ¢
cycle ergometer with an incremental worate of 10 watts per minute. Extra small Hans Rudolph mask, saddle heigh
Test was terminated by the patient due to leg fatigue. Patient c/o some chest tightness experienced throughout ex

Pretest spirometry was within normal limitResting EC®ISR (ventricular ectopic beats at rest), BP 138/90, S¢#%.

The patient exercised for 13mins and 21secs achieving a maximum workload of 104 watts (151% of predicted). R
height ofexercise was 1.17, maximal effort teAerobic capacity was noral at 97% of predicted (normal reference
>80%) V0, peak was measured at 1290 ml/min or 15.3ml/kg/min when corrected for body weight.

The V@/work rate response was normal at 9.3ml/min/watt (normal reference-812.3).The anaerobic threshold was
identified confidently using the modified-8lope and confirmed using the dual criteria.

0, uptake measured at anaerobic threshold was recorded as 9.2mlfikgwhich is 58% of predV02pedkhis suggsts a
sedentary fitness statuddaximum heart rate at the heidlof exercise was 153bpm which was 100% of predict
(normal reference >90%Jhere was a heart rate reserve@pm (normal reference <15bpnmfhe 02 pulse at peak
exercise was measured as 8ml/beat which was 97% of peztlantd plateaued appropriatelfhe HR/V@relationship
was relatively normal. The ECG during exercise showed frequentorgatrectopic beatsl@7 in tota) throughout
exercise and at rest. No significant ischaemic changes observed.

Normal cardiac limitation to exercise.

Ventilatory responses were as expected. MBvas 56 L/min at the height of exercise which wheferenced to the MVV
was 46%¢normal reference <85%).There was a breathing reserve of 66L/min (normal reference >ri)l Géasi
exchange responses wewathin normal paraméers, The YVCG and \WV0, measured at anaerobic threshold were
normal & 32 (ref <34) and 30 (ref <3dgspectively. Sprended normally throughout exercise.

Please interpret findings in light of clinical correlation.




B42 Cardiopulmonary Exeise test

72 year old male. Prep assessment for coloredtaurgery - pre-op laproscopic anterior resection.
Medical History: PVD, ?IHDremoker, TIA, both knees replaced, groin stents. Relevant medications:
GTN spray, hypertension meds, anticoagulnetest spirometry was consistent with a mixed
obstructive(moderate) and restrictive (mild) ventilatory pattern. ? CORR smoker no formal

diagnosis, not currently prescribed any inhaled medication. Resting ECG: NSR, BP 110/76, Sp02
100%. Patient tested using a cycle ergometer with an incremental worlofdte watts per minute.

Small Hans Rudolph mask, saddle height 25. Test was terminated by the patient due to leg pain and
dyspnoea. V#work rate response was 7.7 ml/min/watt. The ECG during exercise showed periods of
movement artefact, available data shed no significant evidence of ischaemic changes.

Rest AT V02Max  Pred VO2 Max/Pred (%)

--- WORK ----

Work (Watts) 0 56 16 149 51
Ex Time (min) 6:42 8:04

---- VENTILATION ----

Vt BTPS (mL) 648 1079 1264

RR (br/min) 16 2 29

VE BTPS (L/min) 10.6 235 36.1 56.0 064
VEMVV (%) 20 45 69

BR (L/Min) 452 324 19.8

---- OXYGEN CONSUMPTION ----

VO2 (mL/kg/min) 34 9.4 119 28.8 4]
VO2 (mL/min) 244 676 853 2071 41
RER 0.91 0.95 .15

--- CARDIAC ----

HR (BPM) T 93 100 148 68
HRR (BPM) 71 55 43

VO2/HR (mL/beat) 3 7 9 14 61
e V()

VENCO2 48 37 37 16 235
VENO2 44 35 42 19 24
PETCO2 (mmHg) 3 35 33

PETO2 (mmHg) 106 99 107

sysBP (mmHg) 116 116

diaBP (mmHg) 85 85

Sp02 (%) 20 100 100

METS 1.0 27 34 8.2 41
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B42 Interpretation
Patient refered by the colorectal surgical team, to assess forgpéaparoscopi@nterior resection.

Test protocol: tested using a cycle ergometer with an incremental wagekof 15 watts per minute. Small Hans
Rudolph mask, saddieeight 25. Test was terminated/lthe patient due to leg pain and dyspnoea.

Pretest spirometry was consistent with a mixed obstructive (moderate) and restrictive (mild) venfijaattern. ?
COPD ex smoker no formal diagnosis, not currently prefeed any inhaled medicationn@edsformal respiratory
assessmentResting ECG: NSR, BP 110/76, Sp02 100%.

The patient exercised for 8mins and 4secs achieving a maximum workload of 76 watts (5&élictéqh). RER at the
height ofexercisewas 1.15, maximal effort tesferobic capacity waseverely reduced at 41% of glieted (normal
reference >80%)N0, peak was measured at 853 ml/min or 11.9ml/kg/mihen corrected for body weighthe
VO,/work rate response was shallow at 7.7 ml/min/wdttormal reference 8.312.3).Abnormal/shallow reponses
suggest inadequate,@lelivery to exercising muscles.

The anaerobic threshold was identified with fair confidence using the modifi@dpé and cofirmed using the
dual criteria.0, uptake measured at anaerobic threshold was recorded as 9.4mlfikgihich is 33% of
predVQ@peak and occurred abnormal(¥40%) suggesting early onset metabolic acidosis.

Maximum heart rate at the height of exercise was 100bpm which was 68%ditime (normal reference >90%).
There was a heart rate reserve @hpm (nomal reference <15bpm)he @ pulse at peak exercise was measured
as 9ml/keat which was 61% of predictefihe HR/V@relationship was relatively normal.

Absence of expectedormal cardiac limitation to exercise.

Ventilatory responses were as expected,ywas 36.1 L/min at the height of exercise which whieferenced to
the MVV was 69%normal reference <85%).There was a breathing reserve of 19.8L/min (normal reference > 1
L/min). Gas exchange responses wabmormal, The ¥VCGQ and \/V0, measured aanaerobic threshold were
elevated at 37 (ref <34nd 35 (ref <31) respectivelguggesting a degree of ventilatory inefficiency.,S@hded
normally throughout exercise.

Please interpret findings in light of clinical correlation.
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B43 Cardiopulmonary Exercise testing

66 year old maleRPatient referred by urology surgical team for CPET assessment of fithess for
surgery.The patient had aarmal pretest spirometry Resting EG showedLBBB with NSR.
Exercised on a 15w/min protocol, small (Hans Rudolph) mask and seat height db28gnificant
ECG changes observed during exercisgVWirk rate relationship =9.8ml/min/watt.

Rest AT V02 Max Pred VO2 Max/Pred (%)
---- WORK ----
Work (Watts) 0 103 155 153 101
Ex Time (min) 0:54 13:26
-==- VENTILATION ----
Vt BTPS (mL) 1220 2331 2591
RR (br/min) 9 16 23
VE BTPS (L/min) 11.2 374 60.4 151.0 40
VEMVYV (%) 7 25 40
BR (L/Min) 139.7 113.5 90.4
---- OXYGEN CONSUMPTION ----
VO2 (mL/kg/min) 4.3 14.3 214 23.5 91
VO2 (mL/min) 414 1370 2054 2252 91
RER 0.76 0.97 111
-==- CARDIAC ----
HR (BPM) 78 124 152 154 99
HRR (BPM) 76 30 2
VO2/HR (mL/beat) 5 11 14 15 93
- VIQ -
VE/VCO2 35 28 21 39 69
VE/VO2 27 27 29 47 63
PETCO2 (mmHg) 35 42 42
PETO2 (mmHg) 96 98 104
sysBP (mmHg) 131 184 208
diaBP (mmHg) 85 89 84
Sp02 (%) 99 100 24
METS 1.2 4.1 6.1 6.7 91
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B43 Interpretation

Patient referred by urology surgical team for CPET assessment of fitness for surgery. Patiemdearrais
15w/min protocol, smal{Hans Rudolph) mask and seat height of 28.

Pretest spirometry was within normal limit®atient exercised for appraorately 13min 26seconds, achieving
peak work load of 155watts (101%pred)tiPat made a good effort duringest, RER at height of exercise was
1.11- this was a maximal effort test to volitional fatigue. Test was stoppeghlgnt due to ledatigue- no
palpitations or chest pain reported.

Aerobic capacity was normal (91%pred), VO2peak was measured at 2054mL/min or Rg/dnn NV Q/WR
relationship wa®.8ml/min/watt and within nomal limits (normat 8.3-12.3).Anaerobic threshold was
identified confidenty using the wslope method and confirmed using alcriteria. AT was measured at
14.3mL/kg/min and occurred at 61%predif@ak and is consistent with active fitness levels.

ECG showed LBBB with NSR at rest. Max heart rate was measured at 152bpm (99%mrediteHeserve at
height of exercise wazbpm (normal reference <15bpm). HR/AIbpe was relatively normal response to
exercise. @Pulse at height of exercise wadmL/beat (93%pred) and plateaued appropeig. Ventiatory
responses were normal £\t height of exercise was 60.4L/Min, 40% when referertoedVV (normal reference
<85%) preathing reserve at height of exercise was 90.4L/Min (normal >11L/Min). Gas exalapgases were
within normal parametrs. The \WWVCG and \WV0, measured at ana®bic threshold were normal at 28 (ref <34
and 27 (rek31) respectively. Sp02 trendedrmally throughout exercise.

Normal cardiac limitation to exercise, normal physiological response to exercise.

Please interpret findings in light of clinical corredati
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B44 Cardiopulmonary Exercise test

76 yea old male. Patient referred by the upper Gl suajiteam, to assess for pagp

Oesphagectomy. Medical History: Smoker (cigaspting ECG show&BBB, BP 146/64, S[88%.

Pretest spirometry showed a moderate airflow obstructigmo inhalers prescribd. Patient was

tested using a cycle ergometer with an incremental work rate of 15 watts per minute. Small Hans
Rudolph mask, saddle height 21. Test was terminated by the patient due to leg fatigue and dyspnoea
++. The Vfwork rate relationship was 10.4imhin/watt. The ECG during exercise showed no

significant changes, occasional ventricular ectopic beats and a single couplet observed during
recovery.

Rest AT V02 Max Pred VO2 Max/Pred (%)
--=- WORK ----
Work (Watts) 0 51 70 134 52
Ex Time (min) 6:24 7:41
-==- VENTILATION ----
Vi BTPS (mL) 563 1049 1438
RR (br/min) 23 33 35
VE BTPS (L/min) 12.7 34.1 50.6 56.0 90
VE/MVY (%) 24 65 96
BR (L/Min) 43.1 21.7 5.3
---- OXYGEN CONSUMPTION ----
VO2 (mL/kg/min) 3.9 11.9 16.5 28.5 58
VO2 (mL/min) 258 789 1092 1888 58
RER 0.78 0.88 1.02
-==- CARDIAC ----
HR (BPM) 69 101 116 144 80
HRR (BPM) 75 43 28
VO2/HR (mL/beat) 4 8 9 13 72
e V/Q oo
VE/NCO2 63 49 46 17 265
VE/NO2 49 43 46 21 223
PETCO2 (mmHg) 2 30 30
PETO2 (mmHg) 109 108 112
sysBP (mmHg) 146 174 190
diaBP (mmHg) 64 69 13
Sp02 (%) 08 99 99
METS 1.1 34 4.1 8.1 58
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B44 Interpetation

Test protocol: tested using a cycle ergometer with an incremental waiekof 15 watts per minuteSmall Hans
Rudolph mask, saddleeight 21. Test was terminated by the patient due to leg fatigue and dyspreea

Pretest spirometry was consistent with a moderate airflostruction?COPD patient not presribed any inhaled
medication.RestingeCG: RBBB, BP 146/64,,98%.The patient exercised for 7mins and 41secs achieving a
maximum workload of 70 watts 286 of pedicted). RER at the height@fercise was 1.02. Suthaximal effort test.

Aerobic capacity was moderately abnormal at 58% ofljgted (normal reference >80%)0, peak was measured at
1092ml/min or 16.5ml/kg/mirwhen corrected for body weighT.he V@/work rate response was normal at
10.4ml/min/watt (normal reference 8.312.3).The anaerobic threshold was identified confidently using the
modified \tslope and confirrad using the dual criterid, uptake measured at anaerobic threshold was recards
11.9ml/kg/min which is 42% of pred¥i@eak.This suggests a deconditioned fitness status.

Maximum heart rate at the height of exercise was 116bpm which was 80% of pik¢ictenal reference
>90%)There was a heart rate reserve @i$hm (normal referece <15bpm)The Q pulse at peak exercise was
measured as 9mlfeat which was 80% of predictefihe HR/V@relationship waselatively normal The ECG during
exercise showed no significant changes, occasional ventricular ectopic beats and a single tsepleidoduring
recovery.Ventilatory responses were abnormal. \Bvas 50.6 L/min at the height of exercise which whe
referenced to the MVV was 96Qtormal reference <85%).There was a breathing reserve of 5.81(frarmal
reference > 11 L/min(gas exchage responses were abnormal, Thé\WCGQ and \WV0, measured at anaerobic
thresholdwere elevatedat 49 (ref <34and 43 (ref <31) respectively. Suggesting aelegf ventilatory inefficiency
Sp02 trended normally throughout exercise.

Ventilatory limitation to exercise

Please interpret findings in light of clinical correlation.
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Six minute walk tests (examples B43848)

The six minute walk test is sometimes referred to as a field exercise test. klfspaced test of
walking capacity. The primary outcome of the test is the total distaved&ed or the6 minute
walk distance (6MWP Sp@Q is monitored throughout the test.

Typically the test is performed in a hospital corridor of3Bn in length. The patient walks
between two points at either end of the corridor and the total distance walike6 minutes is
recorded.

For interpretation purposes the predicted walk distance can be calculated and then compared
against the measured or walked distance.

The strongest indication for the 6MWT is for measuring the response to medical interventions in
patients with moderate tsevere heart or lung disease. The 6MWT has also been usedres
time measure of functional status of patients, as well asealictor of morbidity and mortality
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B45 Six minutavalk Test

32 year old male complaining of increased SOBOE. Regular runner and gym attender. Has noticed
racing times have been reduced over lastA/Intermittent cough and wheeze when breathing
heavily. Worse when cold. Normal spirometry.

Patient Information

Surname Firstname
Hospital Number Date of Birth
Height 175 cm Age _1 yrs
Weight 79 kg Referrer
Dateof Test Sex M
Pretest PostTest
Resting BP 127/81 | mmHg Post ex BP 151/84 | mmHg
Predicted Max HR 186 | Bpm % Predicted max HR reached 62 | %
HR 67 | Bpm HR 112 | Bpm
Sp02 88 | % Sp02 97 | %
BORG dyspnoea 0 BORG dyspmrea 2
Distance
Actual walk distance (6MWD) 709 |[ m
Predicted walk Distance Male 717 | m Male: Lower limit of normal 544 | m
% Predicted walk distance Male 99 | %
Predicted walk Distanceefale m Female: Lower limit of normal \:’ m
% Predicted walk distance Female %
Results
Walk time 06:00 min:sec
Pause time 00:00 min:sec
Walk distance 709 m
Avg Sats 97% %
Min Sats 86% %
Max HR 115 bpm
AVG speed 1.92 m/s

Interpretation B45

Predicted walk distance achievéa®% of predicted walk distancéYo significant desaturain observed during exercise.
?appropriate test¢ consider CPETull pulmonary function testing

? EIB; exerciseinduced asthma?
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B46 Six minute walk test

65 year old female attended joint ILD/RAnid complaining of worsening SOB on stairs and inclines.
Progressive UlBn CT with decreasing FVC ahgsTCurrently takindvethotrexate. Sp@95% on air.

Patient Information

Surname Firstname
Hospital Number Date of Birth
Heigh 161 | cm Age g yrs
Weight 54 | kg Referrer
Date of Test Sex F
Pretest PostTest
Resting BP 151/89 | mmHg Post ex BP 175/99 | mmHg
Predicted Max HR 163 | Bpm % Predicted max HR reached 98 | %
HR 67 | Bpm HR 147 | Bpm
Sp02 94 | % Sp02 92 | %
BORG dyspnoea 2 BORG dyspnoea 6
Distance
Actual walk distance (6MWD) 208 || m
Predicted walk Distance Male m Male: Lower limit of normal m
% Predited walk distance Male %
Predicted walk Distance Female 507 | m Female: Lower limit of normal m
% Predicted walk distance Female 41 | %
Results
Walk time 04:47 min:sec
Pause time 01:13 min:sec
Walk distance 208 m
Avg Sats 91% %
Min Sats 86% %
Max HR 115 bpm
AVG speed 0.58 m/s

Interpretation B46

?requires assessment for LTOT and ambulatoryesxyg

Predicted walk distance not achieved (41% predicted, 208m), Significant desaturation during exercise. MinigR6#4Sp0
Average saturation of 91%. Significant change in BORG post exercise.
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B47 Six Minute Walk &st

71 year old male, esmoker with diagnosis of COPD. Awaiting left hip replacement under GA. 6MWT
requested as part gbre-op assessment.

Patient Information

Surname Firstname
Hospital Number Date of Birth
Height 188 | cm Age L yrs
Weight 97 | kg Referrer
Date of Test Sex M
Pretest PostTest
Restirg BP 175/101 | mmHg Post ex BP 177/99 | mmHg
Predicted Max HR 158 | Bpm % Predicted max HR reached 87 | %
HR 73 | Bpm HR 127 | Bpm
Sp02 96 | % Sp02 97 | %
BORG dyspnoea 0 BORG dyspnoea 3
Distance -
Actual walk distance (6MWD) 128 | m
Predicted walk Distance Male 588 | m Male: Lower limit of normal 435 | m
% Predicted walk distance Male 22 | %
Predicted walk Distance Female m Female: Lower limit of normal E m
% Predicted walk dishce Female %
Results
Walk time 03:04 min:sec
Pause time 02:56 min:sec
Walk distance 128 m
Avg Sats 96 %
Min Sats 96 %
Max HR 117 bpm
AVG speed 0.36 m/s

Interpretation B47

Predicted walk distance not achieved (22% predicted )28mmerous stops during walk test. Significant change in BORG post
exerciseNo significant oxygen desaturation observed.

? CPET
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B48 Six Minute Walk &st

31 year old female complaining of reduced exercise tolerance. Currently using NIV for OHS. Lung
function shows a restrictive defect. Uaidinvestigation for pulmonary hypertension. ? Desaturation
on exercise.

Patient Information

Surname Firstname
Hospital Number Date of Birth
Height 155 | cm Age _I yrs
Weight 129 | kg Referrer
Date of Test Sex F
Pretest PostTest
Resting BP 154/92 | mmHg Post ex BP 161/95 | mmHg
Predicted Max HR 186 | Bpm % Predicted max HR reached 94 | %
HR 88 | Bpm HR 175 | Bpm
Sp02 92 | % Sp02 95 | %
BORG dyspnoea 4 BORG dyspnoea 9
Distance B
Actual walk distance (6MWD) 270 || m
Predicted walk Distance Male m Male: Lower limit of normal m
% Predicted walk distance Male %
Predicted walk Distance Female 519 | m Female: Lower limit of normal m
% Predicted walk distance Female 52 | %
Results
Walk time 05:35 min:sec
Pause time 00:25 min:sec
Walk distance 270 m
Avg Sats 94 %
Min Sats 92 %
Max HR 175 bpm
AVG speed 0.75 m/s

Interpretation B48

Predicted walk distarecnot achieved (52% predicted, 270m). No significant oxygen desaturation durir]
exercise. Minimum Sp@f 92%
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Bronchial Hypeireactivity Responsiveness Tests (examples B4E&5H2)

Bronchial Hypereactivity Responsiveness (BHéYJtsassist in identifying airway hyper
responsiveness which is a major feature of asthma. It is particularly useful in patients who have
normal spirometry with no bronchodilator reversibility but have symptoms typical of asthma.

There are multiple protcols for BHR tests using multiple stimuli, modes of administration and
threshold doses for determining BHR.

The following examples are BHR tests using inhaled maniiftis type of BHR test is termed an
indirectchallenge and act by causing the releassfiammatory mediators which act on airway
smooth muscle receptors to cause bronchoconstriction. The test provides information regarding
current airway inflammationThe Mannitol challenge has a low sensitivity so is not a test to be used
to rule out ashma. The patient with a negative mannitol challenge test may still have asifimea.
referrer needs to consider the diagnosis of asthma in ligtdiinical correlatior{signs & symptonjs

and should consider further testing isversibility, peak flow matoring etc or perhaps airect
bronchial hypetreactivity test Therefore the main usefulness of the mannitol challenge is that it
allows, in patients who have current symptoms othasa, to confirm thepresence of the disease.

Other inhalation agenticlude hypertonic saline. Indirect physical challenges include voluntary
hyperpnoea or hypeventilation (EVH) and exercise.

A direct challengetypically using methacholine or histamine act on smooth muscle receptors to

cause bronchoconstrictionThis st is useful for any referral for BHR testing when the reason for
referral is not to identify asthma. BHR is also found in a spectrum of other lung diseases from chronic
obstructive pulmonary disease (COPD) to cystic fibrosis. It is often detected io iamipiduals, in

patients with rhinitis but without pulmonary symptoms, in smokers andgiokers, after

respiratory infections and following acute inhalation exposure to irritant chemicals. BHR is often
regarded as a defining feature of asthma. Thatenstanding has led to the overwhelming, but

incorrect, generalisation that a positive response to BHR testing is diagnostic of asthma

Inhalation challenges such as an inhaled mannitol challenge test are stepped cumulative dose
challenges with an upper litof stimuli delivered. That is, following a baseline spirometry, the
provoking stimulus (mannitol) is delivered to the airway in steps. Thei§H¥n measured after
each stepBronchial hyperesponsiveness to the provoking stimulus is described afrtwvoking
Dose(PD)or concentration required to provoke a predetermined percentage fall in.FEV

When interpreting a positive mannitol challenge test the following guidance should be followed:

I LIR2aAlAGdS NBaLR yFr&nm basklind andenRPRE35IRGNGRMAnnkto) oa & @ £
drop in FEVbetween consecutive doseA.negative response is a <15% drop from baseling &t
PDs>635mg of mannitol inhaled.

Severity classification (k&n from theERS Technical Standard on Bronchial Challenge Testing:
Pathophysiology and Methodology of Indirect Airway Challenge Telibg)using the PR dose:

Mild >155mg,
a2RSNI G§S155mp Y3 XK
S @S BERg XK
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B49 Mannitol bronchial provocationTest

76year old male attended clinic complaining of S¥EENon-smoker.BMI30. Previously attended
the gym 23 times per week. Occasional use of salbutamol when breathing very heavily to good
effect. Normal spirometry. Mhior variations in serial PEF.s2Ama

Gisndar Male Haight 175 em Asthma Mo
Ethnixity Caucasian Weight 9kg BMI 297 COPD Mo
Smoker Na
Provocation, FVL Tidal Your FEV1 / Predicted: 108%;
Test Date OTAD/2009 14:25:13 BTPS (INJEX) 1n/0e
Predicted Quanjer (GLI), 2012
Provocatiun - Mannitol PD15: >635 mg
Desé Total ""““"“h:; FEVI  Test Time A Step [%] A Base [%]
Pre 14:25 310L 14:31
omg omg 14:35 3oL 14:37 0%
smg 5 mg 14:37 298L 14:30 03% 0E%
10mg 15 mg 14:39 297L 14:41 04% 2%
20mg 35 mg 14:41 2861 14:43 35% 4B%
4D mg 75 mg 14:44 2321 14:45 15% 2%
50 mg 155 mg 14:46 FET 14:47 0E% 4%
150 mg 315 mg 14:50 291L 14:51 24% 2%
150 mg 475 mg 14:54 293L 14:58 0E% 5%
150 mg 35 mg 14:57 270L 14:50 TT% 00%
Post 15:43 270L 15:18 0%
1‘ P i 8
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Cumulstive dose of iannital [mg)

Interpretation B49

Negative test, no significant fall in REMring test.Consider FepP Please note a negative test
does not rule out the pssibility of Asthma as a diagnosis.
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B50 Mannitol bronchial provocation &st

34year old female university student. Plays hockey 3 times per week. Has noticed decreased
exercise tolerance in last couple of months. Worse when playing ircoalditions. Also complaining
of intermittent cough and wheeze. Normal spirometry. ? Asthma

Change
Incremental % | from 0 mg
Stage Cumulative dose mg FEV PDs Change (%)
Pre challenge spirometry 2.07 1.76
Baseline (0mg) Omg 2.13 1.76 3
5mg 5mg 2.03 176 5 -4.70
10mg 15mg 2.18 1.76 7 2.35
20mg 35mg 2.08 1.76 5 2.35
40mg 75mg 1.99 1.76 -4 -6.57
80mg (2 x 40mg) 155mg 2.04 1.76 3 -4.23
160mg (4 x 40mg) 315mg 1.96 176 4 -7.98
160mg (4 x 40mg) 475mg 1.97 1.76 1 -7.51
160mg (4 x 40mg) 635mg 1.87 176 5 -12.2
Inhaled Mannitol Bronchial Challenge Test
2.40
2.20 = =
200 | et Tl | [ 4 |
1.80 Aﬁﬁﬁmq—-m*
1.60
1.40
FEV (L) 1.20
1.00 e FEV1
0.80 el PD15
0.60
0.40
0.20
0.00
Omg 5mg 15mg 35mg 75mg 155mg 315mg 475mg 635mg
Mannitol dose
Post BD FEVWnust have
FEVY % change returned to within >=5%of
Pre challenge FEV1 2.07 pre challenge FEV
Post BD 2.03 2
Post BD nebuliser

Interpretation B50

¢CKS GSad Aa O02YLX SGS |y R, Bng doBeifn HNBHEdzE il EATYD |2 N ieshxlofes:l
Please note a negative test does not rule out Asthma as a possible diagnosis. CQNgjtkstirg and serial home PEF
monitoring?
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B51 Mannitol bronchial provocation est

55year oldfemale attended chiic complaining of persistent dry cough which is worse at night,
wheeze and a hoarse voice. She has never smdaskline girometry shows a borderline mild
restrictivepattern. SpQ at restwas98% Normal CXR.

Cumulative Incremental % | Change from 0 mg
Stage dose mg FEVY PDs Change dose (%)
Pre challenge spirometry 1.57 1.33
Baseline (Omg) 0omg 1.52 1.33 -3
5mg 5mg 1.60 1.33 5.26
10mg 15mg 1.64 1.33 7.90
20mg 35mg 157 1.33 4 3.29
40mg 75mg 1.47 1.33 -6 -3.29
80mg (2 x 40mg) 155mg 1.32 1.33 11 -13.16
160mg (4 x 40mgQ) 315mg 1.33
160mg (4 x 40mg) 475mg 1.33
160mg (4 x 40mgQ) 635mg 1.33
Inhaled Mannitol Bronchial Challenge Test
1.80
1.60 V"_¢\
DAC S — R —s——u—=u
1.20
1.00
FEV (L)
0.80 = FEV1
0.60 == PD15
0.40
0.20
0.00
Omg 5mg 15mg 35mg 75mg 155mg315mg475mg635mg
Mannitol dose
Post BD FEVWnust have
FEY % change returned to within >=5%of
Pre challenge FEV1 1.57 pre challenge FEV
Post BD 174 10
Post BD nebuliser
Interpretation B51
Result shows positive testb !  x ™ mhastoeclinted betyieerCdases. Total dose at positive result is 155m

Consistent with Asthma.
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B52 Mannitol bronchial

provocation ést

45 year oldfemale complaining of persistent dry cough when coming gontact wit strong

perfumes and smokeAllergic to cats and suffers with hay fever when pollen count is high. Normal

spirometry. ?asthma

Incremental % Change from
Stage Cumulative dose mg FEV PDs Change 0 mg dose (%
Pre challenge spirometry 1.99 1.69
Baseline (Omg) 0omg 2.12 1.69 7
5mg 5mg 2.04 1.69 4 -3.77
10mg 15mg 2.15 1.69 5 142
20mg 35mg 1.93 1.69 -9 -7.55
40mg 75mg 1.57 1.69 -20 -25.94
80mg (2 x 40mg) 155mg 1.69
160mg (4 x 40mgQ) 315mg 1.69
160mg (4 x 40mg) 475mg 1.69
160mg (4 x 40mgQ) 635mg 1.69
Inhaled Mannitol Bronchial Challenge Test

2.40

2.20

2.00 “Y’\‘\

1.80

L0 | H————i I—\g {1

1.40

FEV (L) 1.20

1.00 et FEV/1

0.80 === PD15

0.60

0.40

0.20

0.00

Omg 5mg 15mg 35mg 75mg 155mg 315mg 475mg 635mg

Mannitol dose

FEV % change
Pre challenge FEV1 1.99
Post BD 219 9

Post BD nebuliser

Post BD FEl\must have

returned to within >=5%of

pre challenge FEV

Interpretation B52

Result shows agsitive test. !

XMp: EKIEdE APO@NNBR

Consider skin prick allergy testing?

AAYyO0S GKS n Y awaR3BrgS
Total dose at positive result was 75mg.Piibse = 48mgl9%fall in FEYseen at a dose afbmg, consistent with Asthma.
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PART C
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Part C

This section has eighing function case study questiorach witha selection of multiple choice
answergo evaluate youreporting skills. The answers are available at the end of the section to help

you evaluate your knowledge.
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