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AST H MA Diagnostics



ASTHMA DEFINITION

The new definition of asthma. “Asthma is a heterogeneous disease, usually characterized by
chronic airway inflammation. It is defined by the history of respiratory symptoms such as
wheeze, shortness of breath, chest tightness and cough that vary over time and in intensity,
together with variable expiratory airflow limitation.” The term “asthma” is now deliberately
used as an umbrella term like “anaemia”, “arthritis” and “cancer”; these terms are very useful
for communication with patients and for advocacy, and they facilitate clinical recognition of
heterogeneous diseases that have readily recognisable clinical features in common. By contrast
with anaemia, arthritis and cancer, evidence about the underlying mechanisms in asthma is
much less well-established, with most existing evidence coming from patients with long-
standing and clinically severe asthma; further research in broader populations is

needed. However, an overarching principle in the new GINA report is the importance of
individualising patient management not only by using genomics or proteomics, but also with
“humanomics” [19], taking into account the behavioural, social and cultural factors that shape
outcomes for individual patients.



ASTHMA

The term asthma is now considered an umbrella diagnosis for several diseases with
distinct mechanistic pathways (endotypes) and variable clinical presentations
(phenotypes). The precise definition of these endotypes is central to asthma
management due to inherent therapeutic, diagnostic and prognostic implications.

Endotype- subtype of a condition defined by a distinct functional or or
pathobiological mechanism

Phenotype- an observable or characteristic trait of a disease without any implication
of mechanism



Childhood
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Eosinophilic
asthma

Allergic eosinophilic inflammation

+ Eosinophil ++

+ Neutrophil -

+ Epithelial damage ++

+ Mucus +

+ Reticular basement membrane thickening ++
+ Airway smooth muscle mass ++

Mast cell

Eosinophil @

PGD,

o
‘e
Non-allergic eosinophilic inflammation oD
+ Eosinophil ++ <
« Neutrophil -
+ Epithelial damage ++
« Mucus +

+ Reticular basement membrane thickening ++
+ Airway smooth muscle mass ++

Health

Airway smooth muscle

Epithelium and reticular basement membrane

Pollutants,
oxidative stress

Pollutants,
microbes

Pollutants,
oxidative stress,
microbes

CXCLS
PGD, 4,9
Mast cell
Neutrophll

Mixed granulocytic asthma

+ Eosinophil +

» Neutrophil +

+ Epithelial damage ++

+ Mucus ++

+ Reticular basement membrane thickening +
+ Airway smooth muscle +
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Non-eosinophilic
asthma

Paucigranulocytic

» Eosinophil -

» Neutrophil -

+ Epithelial damage +

* Mucus +/-

+ Reticular basement membrane thickening +/-
+ Airway smooth muscle mass +
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Type 1and type 17 neutrophilicinflammation
+ Eosinophil -

+ Neutrophil ++

+ Epithelial damage ++

* Mucus ++

+ Reticular basement membrane thickening +

+ Airway smooth muscle mass +



Therapeutic
target
Approved therapy

o O

Therapy in clinical

development
O Injectable Less Tends to be more
o Non pharmacological responsive responsive to ICS

option to ICS

Oral W 4

Eosinophils
Paucigranulocytic Meutrophilic l l
L, L 5300 cells/jl >400 cells/jl

&

IgE, immunoglobulin E; Th2, T helper 2.




( Presentation with respiratory symptoms: wheeze, cough, breathlessness, chest tightness’ j

~

( Good response )

- PEF charting
- challenge tests

atopy:
- FeNO
« blood eocsineophils,
- skin-prick test, IgE

Structured clinical assessment {from history and examination of previous medical records) )
Look for:
» recurrent episodes of symptoms + recorded observation of wheeze
* symptom variability « personal history of atopy
» absence of symptoms of alternative diagnosis » historical record of variable PEF or FEV,

- . | : .
i High probability h Low probability of
of asthma ( Intermediate probability of asthma asthma

>
|
- { ™ Test for airway obstruction
Code as: . . A
spirometry + bronchodilator reversibility
| suspected asthma |
i Initiation of h ( Poor J [Other diagnosis ]
L treatment J\response unlikely
) | {
Assess response
objectively - fori . - K
(lung function/ Options for investigations are:
validated symptom Test for variability: Test for eosinophilic
L score) ) - reversibility inflammation or

other more likely

Investigate/treat for
diagnosis

Other diagnosis

h_4

i Suspected asthma: ] Poor
Watchful waiting (if response

asymptomatic)

~ ™

confirmed

Good
response

Adjust maintenance
dose. Provide self-
management advice o

Arrange on-going Commence treatment and

review e
’ | __assessresponse objectively

"In children under 5 years and others unable to undertake spirometry in whom there is a high or intermediate probability of asthma, the
options are monitored initiation of treatment or watchful waiting according to the assessed probabilityof asthma.



ASTHMA TESTING

Blood markers

IgE

Eosinophils > 150 mcg/Li.e. > 0.15
Sputum

Less widely used, eosinophil, neutrophil counts. Requires induced sputum and specialised
cytologist

Sputum eosinophilia> 2%

PEF- highly variable, importance of trends, 15% drop in PEF from baseline suggestive of
asthma

Spirometry, pre and post bronchodilator spirometry
Bronchial challenge testing

Fraction of exhaled nitric oxide



ASTHMA. SPIROMETRY, PRE AND POST BRONCHODILATOR

Spirometry
May be possible in children from the age of 6

Patient dependent to an extent although more reliable measure of airflow
obstruction than PEF

May show airflow obstruction
Reduced FEV1/ FVC ratio
Scooped out flow volume curve
Evidence of air trapping

Value of serial spirometry measurements

Useful in children as other forms of obstructive lung disease are very rare
In adults ongoing controversy re COPD with reversibility

Post bronchodilator reversibility
12% improvement in FEV1 or 25% improvement in FEV 25-75



ASTHMA- BRONCHIAL CHALLENGE TESTING

Indirect challenge testing
Hypertonic saline
Mannitol
Exercise testing
Eucapnic hyperapnea

Direct Challenge testing
Methacholine

Can do both in children above the age of 8



BRONCHIAL CHALLENGE TESTING- CONTRAINDICATIONS

Airflow limitation
FEV1 < 60m % predicted (adults and children) or < 1.5 L (adults)
FEV1 < 75% predicted ( adults and children) for an exercise challenge

Spirometry quality

Unable to perform acceptable and repeatable spirometry

Cardiovascular problems
AMI or CVA within 3 months

Uncontrolled hypertension

Known aortic aneurysm

Recent eye surgery or intracranial pressure elevation risk

Preganancy

Methacholine safety unclear in pregnant and breastfeeding mothers



DIRECT CHALLENGE TESTING

Methacholine mimics acetylcholine and acts via muscarinic receptors to initiate smooth
muscle constriction

Very high negative predictive value

more sensitive but less specific than indirect challenge testing. i.e good at ruling out
the diagnosis

Looking for the provocative dose that causes a fall in FEV1 by 20%

PD doses > 400 mcg normal, the lower the dose the more AHR present



INDIRECT CHALLENGE TESTING

Act via exercise or other stimuli to the airway that act indirectly to cause airway
narrowing ( via bronchoconstriction, oedema)

Exercise, eucapnic hyperventilation, mannitol and hypertonic saline initiate osmolar
changes in the airway epithelium secondary to water loss. This initiates inflammatory
cascade

More specific but less sensitive than direct challenge tests. i.e good at ruling in but not
good at ruling out . Indirect tests correlate better with airway inflammation and are
useful to confirm asthma or assess response to therapy

Useful when exercise or cold or other inflammatory processes such as viral URTls seem
to initiate symptoms



INDIRECT CHALLENGE TESTING

Exercise challenge

2-3 minutes of intense exercise followed by 6 minutes of steady exercise
Aim to reach 60% of MV or 85% predicted heart rate

Measure FEV1 serially for 30 minutes

15% drop in FEV1 significant

Hypertonic saline challenge
Graded exposure

Hypertonic saline via nebuliser for increasing periods of time up to 8 minutes
Positive result is a 15 % drop in FEV1

Generally used in children ( good at ruling asthma in)



FRACTION OF EXHALED NITRIC OXIDE (FENO)

Nitric oxide (NO) produced by airway epithelial cells
Presence in low quantities may act as a smooth muscle relaxant

Higher concentrations have been shown to be be related to eosinophilic airway
inflammation, causing a direct reduction in bronchodilator proteins ( nitrosthiols) and
excess reactive nitric oxide species that are directly toxic to airway epithelium and
smooth muscle

May assist in the diagnosis of TH2 asthmatic (eosinophilic) airways disease
Can be used to predict response to corticosteroids

May be used a guide to therapy



Oxidative stress
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AHR, airway hyperresponsiveness; AP, activator protein; FceR1, high-affinity IgE receptor; g, immunoglobulin; IL, interleukin; ILC2, type 2 innate lymphoid cells; iNOS, inducible nitricoxide synthase, MHC, major histocompatibility
complex; NO, nitric oxide; STAT, signal traducer and activator of transcription; TARC, thymus- and activation-regulated chemokine (i.e,, CCL17); TCR, T cell receptor.




FENO

A FENO of less than 25 ppb in adults and 20 ppb in children < 12 years of age
implies the presence of eosinophilic airway inflammation

A FENO of greater than 50 ppb in adults and 35 ppb in children suggests
eosinophilic airaway inflammation

Values of FENO between 25 and 50 ppb in adults and 20- 35 ppb in children should
be treated with caution

Increases in FENO of greater than 20% and more than 25 ppb or 20 ppb in
children suggests worsening airway inflammation

A decrease in FENO of greater than 20% for values over 50 or more than 10 ppb
for values less than 50 ppb may be clinically important.



FENO

GINA guidelines and ATS guidelines advise against the use of FENO for a diagnosis
of asthma ( due to non eosinophilic forms) but are suggestive

Should also not be used to decide against ICS or glucocorticoid treatment

Not necessary for the management of asthma, just as reasonable to make
management decisions on symptoms, PEF

In children the Cochrane Library review suggests FENO measurements:

can reduce the number of children who experience exacerbations by monitoring rising FENO levels
BUT_

No impact on asthma severity as measured by day to day symptoms
No effect on inhaled corticosteroid dose

Simple to perform requires exhalation of at least 4 seconds to at a constant flow rate
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Spirometry [BTPS]

Pred
Visit date 10.10.22
Visit time 02:27TFM
FEV 1 L 2,70
FvC A5/
FEV1/FVC 0.76
FEF 25-75% Lis
FET sec
FIVC L

PreBD
10.10.22
02:27PM

1.82
2.58
0.70
0.99
10.47
2.65

GU (Quanjer) 2012 predicted values used for spirometry parameters

Comment

%Pred PostBD %Pred  %Change LLN
10.10.22 10.10.22
02:27PM 02:27PM

fi7.4 1.88 68.8 2.1 1.91

724 249 69.7 37 261

0.75 0.62
125 0.62
1147
2.1
Wvaifl
1001
5
80 |
04
B0 ] 8- Pre
" = Post
409 o]
20 5..
[I I:l 4 1 T"-I-IE[IE‘I 1 I L}
0 2 B 8 10 12

Testing performed 20 hrs post Trimbow. Patient consistently had FIVC > FVC during Spirometry efforts. Best result pre
BD was acceptable, however no acceptable results post BD. A single FeNO measurement made using Vivatmo pro with
an average flow rate of 50mL/sec. FeNO = 46 ppb (Normal <20-25ppb, Elevated 20/25-50ppb, High >50ppb). Tested



Spirometry [BTPS]

Pred  PreChallenge  %Pred LLN
Visit date 18102 181022 18.10.22
Visit time 01:51PM  O1:51PM 01:51PM
FEVA1 L 270 1.72 638 191
FVC L 36 2.37 66.3 261
FEVIIFVC 076 073 0.62
FEF 25-75% Lis 1.09 082
(LI {Quanier) 2012 predicted values used for spirometry parameters
.
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Positive indirect challenge

4.5% Saline Provocation Test

Visit time Dose Cum. Dose FEV1
Predicted 01:51PM 270
Baseline 01:51PM 1.71
Prov 1 01:51PM 1.000 1.000 1.69
%Change -1
Prov 2 01:51PM 2.500 2.500 1.71
%Change i}
oV 01:51PM 4,500 B.000 1.54
Felhange -8
Prov 4 01:51PM 5.000 17.000 1.45
%Change -15
01:51PM 400.000 400.000 1.70
%Change -1
“%Base
129 B P RID
80
1 2 5 10 50 100
4.5% NaCl - Cumulated [g]
G:I').El-uq I
204.5
404.04 —&— Base
=l e
—A— P 4.5]
o Prov? sop-s Prov 3
Prov 3 1 —#— Prov 4
—— Prov 4 202 0 Dilat.
Dilat. 1
100-LE
apl 44— T".m ,[s], — .




Spirometry [BTPS]

Pred PreBD  %Pred  PostBD  %Pred  %Change  LLN
Visit date 090922 09.09.22 09.09.22 09.09.22
Visit time 0244PM  0244PM 02:44PM 02:44PM 00 ey
FEV 1 L 167 1,98 947 1.67 1003 a8 1,14 8
FvC L 22 1.7 7.2 1.76 794 29 1.51
FEVIIFVG 0.77 093 095 061 ol j
FEF 25-75% Lis .98 244 052 B
FET sec 153 132 1 /
FIVC L 164 1.95 gof -2 |
(LI {Cusanjer) spirometry predicted values used for spirometry parameters . ( 5 Pre
Gas Transfer [volumes at BTPS, gases at STPD] ’ Rl
Pred  PreBD  %Pred  PostED  %Pred  %Change  LLN e
DLCOSB  ml(min‘'mmHg) 1771 1109 626 1197 06
Hb g(Hb)idL 13.00
DLCOc $B  ml(min'mmHg) 1771 1123 634 197 B4
VA SB L 445 350 80.6 445 "
KCOc_SB  mi(min‘mmHg‘l) 384 n 813 2.35 H Tinel
BHT sec 8.50 (4.0 ———————————————————————
Barometric Pressure  mmHg 75756 Y L L
§p02 % 95
GLI (Stanogevic) 2017 predicted values used for gas fransfer parameters 5
Comments: Report:

22asthma



Spfmmef.r}‘ [BTPS] Methacholine Provocation Test

Visit time Dose Cum, Dose FEV1
Pred Pre Challenge  %Pred LLN Pred 12:57PM 167
Visit date 061022  06.10.22 06.10.22 Baseline 12aTent 160
— Prov 1 12:57PM 0.182 0.182 1.49
Visit time 12:57FM 12:57PM 12:57FM %Change 7
Prov 2 12:57PM 0.181 0,363 1.44
FEV1 L 167 1.8 04.7 1.14 %.Change -i0
EVC L 299 1.08 80.7 151 12:57PM 0.363 0.726 1.35
%Change -16
FEVIIFVC 077 0.80 061 Prov 4 12:670M 0.728 1,462 1.34
FEF 25-75% Lls 142 0.52 %Change 16
12:57PM 1.452 2.904 1.24
GLI {Quanjer) 2012 predicied values used for spirometry parametars %Change 22
Prov 6 12:57PM 400,000 400,000 152
) FVex 100344 S CCHnO =
80
2_ | 5 -
%B
\ 6 120755 g P RID
] an = F
1 8 404
B =B Pre 100
4'5" \‘\‘\1—‘\ ﬁ.
24 ; 80, S— 20
al
J 0.1 0.2 05 1 2 5 1
4 Time [g] Methacholine - Cumulated [ug]
.0 T T T 7 T T 7 L L 1 T ? Maote: Methacholine dose unit is umol not ug &s repored
0 5 i0 15 20

PD[-20] FEV1 Cumulated: =2.22 ug Methacholine

Comment 6 v ox
Patient does not currently use inhalers regularly (PRN Ventolin used 7 days ago). Patient consistently had early o ' M
termination to expiratory effort with glottic/upper airway involvement during pre challenge Spirometry. This did not affect 20}
FEV1 or bronchial challenge though. Tested by: Joel Patterson. 2 '
G2V B il B
i Vol [L] =5~ Prov2 01
1] LT O 1 Prov 3 B
] ey S
2] <+ Dilat. 8o -5
10028 Som ITime 5] i .
Positive Meth challenge




Spirometry [BTPS]

Pred PreBD %Pred  PostBD  %Pred  %Change LLN
Visit date 091219  09.12.19 09.12.19 09.12.19
Visit time 11:19AM  11:19AM 11:19AM 11:19AM
FEV1 L 35 177 50.5 194 552 94 278
FvC L 440 345 785 355 808 29 348
FEV1/FVC % 81 a1 637 55 67.7 6.3 70
FEF 25-75% s 338 0.83 247 0.94 279 13.2 1.98
FEF 50 % FIF 50 % 18 20 87

GLI {Quenjer) 2012 predicted velues used for spirometry parameters

ey

100

8 37

iy
5 =

4l

20

Comment

Well performed spirometry. A single FeNO measurement made using Vivatmo pro with an average fiow rate of
50mL/sec.

FeNO = 42ppb (Normal <20-25ppb, Elevated 20/25-50ppb, High >50ppb).

Spirometry pre and post Grade A.

Tested by: Cathy Schuliz C.RF.S.

Measurement Spiro Body Diff SB

Parameter FEV1 FvC TLC RV DLCOc_ KCOc_s
Date Time L) L) (L) (L) {mli{m... (mlfm...
12/02/2014  11:00:19 AM 1.82 3.66

12/02/2014  11:10:10 AM 1.95 3.79 17.47 3.70
21/05/2014  1:54:58 PM 23 3.92 23.82 443
23/07/2014  11:26:40 AM 1.86 3.98 18.68 3.63
1/10/2014  11:36:49 AM 1.45 3.55

1/10/2014  11:47:51 AM 2.m 3.93 168.94 3.85
3M2/2014  2:21:50 PM 2.68 4.39 22.02 3.89
6/02/2015  8:37:35 AM 2.57 437 23.10 3.89
6/02/2015 9:18:48 AM 2.83 4.54

10/04/2015  9:03:56 AM 217 4.18

10/04/2015  9:47:33 AM 2.53 4.46 2291 4.14
1111/2015  1:40:20 PM 1.69 342 21.36 4.56
19/02/2016 12:12:15 PM 224 4.04

19/02/2016 12:16:49 PM 244 424 21.89 4.08
29/04/2016 10:37:08 AM 1.82 3.76

29/04/2016 10:51:00 AM 2.46 418 21.80 4.03
29/07/2016 10:38:49 AM 1.52 343 18.49 4.39
23/09/2016  9:58:01 AM 1.60 3.55

23/09/2016 10:03:33 AM 2.30 4.28 21.87 3.83
6M12/2016  2:04:36 PM 2.55 4.16

612/2016  2:44:38 PM 2.65 4.14 20.81 3.98
24/02/2017  9:11:32 AM 2.10 3.86

24/02/2017  9:27:42 AM 2.47 4.14 20.79 3.79
28/04/2017 10:37:41 AM 2.21 4.03

28/07/2017  10:36:43 AM 217 3.95 19.53 3.81
1112017 10:22:07 AM 1.73 3.55

1112017 10:34:47 AM 1.86 3.79 18.70 3.90
6/02/2018 9:09:32 AM 207 3.92 20.14 4.1
27/04/2018 10:29:00 AM 211 3.84 19.93 3.99
3/08/2018  12:01:59 PM 1.80 3.44 20.07 3.88
3/08/2018 12:17:00 PM 2.19 3.93

9M11/2018  11:33:06 AM 1.72 3.63 18.50 4.06
TN2/2018  11:24:11 AM 1.88 3.67 19.53 3.57
TM2/2018  12:03:37 PM 2.40 4.09

15/02/2019 12:04:24 PM 1.83 3.68

15/02/2019 12:09:31 PM 2.14 3.91

29/03/2019  9:57:49 AM 1.79 3.76

29/03/2019 10:18:43 AM 23 4.09

14/06/2019 10:44:42 AM 1.99 3.85

14/06/2019 11:03:02 AM 21 3.04

4092019 9:57:50 AM 1.69 3.90

4092019 10:16:13 AM 1.97 416

9M12/2019  11:19:10 AM 177 345




Spirometry [BTPS]

Pred PreBD
Visit date 200621 200521
Visit time T14AM  11:14AM
FEV1 L 34 182
FvC L 43% 401
FEVIIFVC % 80 48
FEF 25-75% Us 330 0.71
FEF 50 % FIF 50 % 2

LI {Cuanjer) spiromeiry predicted values used for pirometry parameters

%Pred

55.5
920
598
216

Gas Transfer [volumes at BTPS, gases at STPD]

Pred PreBD
DLCO SB  ml(min‘mmHg)  26.03 2014
Hb g(Hb)dL 11.10
DLCOc_SB  ml(min‘mmHg)  26.03 21.35
VA_SB L 624 5.24
KCOc_ SB  ml{min‘mmHg'L) 4.23 408
BHT sec 8.90
Barometric Pressure  mmHg 768.62
Sp02 % 98

GLI (Stenogevic) 2017 predicied values used for gas ransfer parameters

%Pred
74

820
839
96.5

PostBD  %Pred  “%Change LLN
20.05.21 20.05.21
11:14AM 11:14AM

258 744 U AE
423 970 33 34
61 760 2.1 69
1.28 387 79.3 192

2 423

PostBD  %Pred  %Change  LLN
2011
2011
508
330




Spirometry [BTPS]

Pred  PreChallenge  %Pred LLN
Visit date 17.05.21 17.05.21 17.08.21
Visit time 09:10AM  09:10AM 09:10AM
FEV1 L 3% 3.54 108.1 270
FVC L 382 410 107.2 310
FEVIIFVC % 89 86 974 78
FEF 25-75% Us 392 388 991 260
FEF 50 % FIF 50 % 18
iy FN ex -
Vol [L]
g ;
Val [L]
(4= & Pre 1Eﬂ_a- i £ Pe
B 0y
Bl
L o 24
il
ﬂ' l] T T ] ] ] ]
10- 0 5 i 5 2

Comment

Tested by: A Pazeski
BDs withheld for 72 hours before testing

Negative challenge?

Methacholine Provocation Test

Visit time Dose Cum. Dose FEV1

Pred 09:10AM 336

Baseline 09:10AM 3.52

Prowv 1 a9 10AM a.184 Q. 184 3.43

%Change -3

Prov 2 09:10AM 0.183 0.367 349

#Change 1

09:10AM 0.388 0.735 343

%Change -3

Prow 4 a9 104AM 0734 1 488 337

%Change -4

09:10AM 1.469 2938 330

%Change -6

Prov & 09:10AM 2.939 5.877 3.26

“%Change =T

Prov 7 02:104M 5.873 11,750 36

%Change -10

Dilatation 09:10AM 400.000 400.000 374

%Change 6

%Base
B P RID
120
fﬂ_,_,___-l

100 : W

80 20

01 02 0.5 1 2 5 10 20
Methacholine - Cumulated [pg]
Mote: Methacholine dose unit is umol not ug as repored

PD/PC[-20] FEV1 Cumulated: not reached

FV ex
Tvel L]

[T - TS X

50 1

Wil Prov 3 10 T

-8~ Base
—A— Prov
—&— Prov 2
Prov 2
—»— Provd
Prov §
+— Prové
—#— Prov7
—=— Dilat.




Spirometry [BTPS]

Pred PreBD %Pred  PostBD  %Pred  %Change  LLN
Visit date 101022 101022 10.10.22 10.10.22
Visit time 03:34PM  03:34PM 03:34PM 03:34PM
FEV 1 L 335 374 11,7 380 116.8 44 268
FvC L 38 418 108.0 425 1109 17 310
FEVIFVC (.86 0.90 0.9z 071
FEF 25-75% Lis 4.83 511 256
FET 56C 307 280
FIVC L 285 292
GLI {Quanjer) 2012 predicted values used for spiromeatry parameters
FIV ex
(3 | AN Y 11| e JSU ESS T C U . O —
0 Jl |5 pre - Pre
J ) R = Post
[
5 6 7
Comment

Well performed Pre BD spirometry (Grade A). Patient unable to achieve Pre BD expiratory peak during post BD

Spirometry, however results were repeatable.

Testing performed 16hrs post BD Symbicort.

A single FeNO measurement made using Vivatmo pro with an average flow rate of 50mL/sec.
FeNO = 44ppb (Normal <20-25ppb, Elevated 20/25-50ppb, High >50ppb).

FeNO, FEV1

Trend Report
Measurement Spiro Body Diff SB Patient
Parameter FEV1 FVC TLC RV  DLCOc_SBKCOc_SB Height  Weight
Date Time (L) {L) (L) (L) (mi.. (ml... {em) (kg)
10/05/2021 2:57:45 PM 348 415 5.31 1.15 2255 459 169.0 68.5
10/05/2021  3:3218 PM 385 4.16 169.0 68.5
17/08/2021  9:10:24 AM 354 4.10 169.0 68.5
17/05/2021  9:29:56 AM 352 395 169.0 68.5
17/05/2021  9:31:45 AM 343 385 169.0 68.5
17/05/2021  9:34:37 AM 349 4,01 169.0 68.5
17/05/2021  9:37:10 AM 343 305 169.0 68.5
17/05/2021  9:40:09 AM 337 385 169.0 68.5
17/05/2021  9:42:50 AM 330 308 169.0 68.5
17/06/2021  9:46:47 AM 3.26 389 169.0 68.5
17/05/2021  9:50:24 AM 3.16 373 169.0 68.5
17/05/2021  10:03:54 AM 374 412 169.0 68.5
10/10/2022  3:34:30 PM 374 418 169.0 73.9
10/10/2022  4:06:26 PM 390 4.25 169.0 73.9
Measured values B FEVIL
- FVCL
-+ TCL
+— RVL

4
1.0

== KLUC_SH mifimin"mmHg L)

10/0s/
2021

10100
2022



Spirometry [BTPS] Methacholine Provocation Test

Visit time Dose Cum. Dose FEV1
Pred  PreChallenge  %Pred LLN Pred 02:56PM 342
Visit date 2018 21018 21018 —— 0ze6RH B
Prov1 02:56PM 0.187 0.187 3.07
FEV 1 L 342 32 94,5 Xy, %Change S
FVC |. 47 415 08 3 137 Prov 2 02:56PM 0.187 0.374 292
.q : : - %Change 9
FEVIIFVC % 8 8 %4 n 1oV 02:56PM 0.373 0.747 2.82
FEF 25-75% Ls 344 282 821 208 %Change 12
FEF ﬁﬂ % F|F 5'} % H,B Prov 4 02:56PM 0748 1495 287
%Change -1
10+ By toy & 02:56PM 1494 2.989 2.1
o a",'rm 1 %Change -16
Prov 6 02:56PM 2.990 5979 273
%Change -15
g B Prov T 02:56PM 5961 11,960 269
%Change -16
il Dilatation 02:56PM 400.000 400.000 327
ol
01 v =5 Pre 1L'l5_ iE £ P %Change 2
? 4 B a ! %Base
120 B P RID
B0
5 al -
20 w
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| Methacholine - Cumulated [ug) il
TESlmg by .JEH” Tﬂ_wﬂr Note: Methacholine dose unit is umol not ug as reported

PD/PC[-20] FEV1 Cumulated: not reached

Is this asthma?



Spirometry [BTPS]
Pred PreBD %Pred  PostBD  %Pred  %Change LLN
Visit date 090822 09.08.22 09.09.22 09.09.22
Visit time 08:34AM  08:34AM 08:34AM 08:34AM
FEV 1 L 330 3.24 98.1 3 103.3 3.3 2.61
FvC L 4n 4.21 1023 413 1004 1.8 326
FEV/EVC 0.81 077 0.83 0.70
FEF 25-75% Lls 2.53 354 191
FET sec 12.70 10.31
FIVC L 417 407
GLI (Quanjer) 2012 predicted values used for spirometry parameters
FIV ex E-Uol ]
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Comment

Testing performed 26hrs post Symbicort.

Well performed spirometry (Grade A).

A single FeNO measurement made using Vivatmo pro with an average flow rate of 50mL/sec.
FeNO = 38ppb (Normal <20-25ppb, Elevated 20/25-50ppb, High >50ppb).

FeNO, FEV1

Trend Report

Measurement Spiro Body Diff SB Patient

Parameter FEV1 Fve TLC RV  DLCOc_SBKCOc_SB Height  Weight
Date Time L L) (L) (L) (mi..  (mi. (cm) (kg)
24/09/2018  2:54:57 FM 318 407 587 1.79 173.0 68.0
2410912018 3:18:52 PM 332 4.04 2198 407 173.0 68.0
2211012018 2:56:07 PM 23 415 173.0 68.0
2211012018 31728 PM 22 3.60 173.0 68.0
2211012018 3:19:20 PM 307 357 173.0 68.0
2211012018 3:21:19PM 292 3.37 173.0 68.0
2211012018 3:23:11PM 282 3.30 173.0 68.0
221102018 3:25:52 PM 287 342 173.0 68.0
2211012018  3:27:50 PM 27 307 173.0 68.0
2211012018 3:31:33PM 273 318 173.0 68.0
2211012018 3:34:04 PM 2689 329 173.0 68.0
2211012018 3:37:00 PM 7 422 173.0 68.0
121112018 10:48:14 AM 322 424 173.0 68.0
121172018 10:54:58 AM 349 427 19.26 358 173.0 68.0
4/03/2019  10:21:08 AM 330 4.29 173.0 69.0
4/03/2019  10:30:41 AM 343 419 2254 422 173.0 69.0
15/07/2019  9:33:12 AM i 4.35 173.0 70.2
15/07/2019  9:44:42 AM 345 426 173.0 70.2
21212019 9:15:16 AM 3.08 4.04 173.0 69.8
21212019 9:34:14 AM 332 4.05 173.0 69.8
6/01/2021  9:28:15 AM 326 432 24.36 448 173.0 70.2
6/01/2021  9:49:19 AM 354 4.30 173.0 70.2
2310412021 10:05:39 AM 3.00 4.03 2294 428 173.0 69.7
2310412021 10:27:37 AM 335 4.08 173.0 69.7
18/06/2021 10:30:15 AM 3.04 4.01 22.04 425 172.7 70.5
18/06/2021 11:00:20 AM 341 4.20 1727 70.5
12111/2021  10:00:16 AM 320 420 172.7 649
1211172021 10:12:55 AM 339 4.09 1727 64.9
9/00/2022  8:34:37 AM 324 4.20 172.7 7.0
9/09/2022  9:05:49 AM a4 413 172.7 7.0



Spirometry [BTPS]

Pred PreBD
Visit date 210622  21.06.22
Visit time 08.44AM  0B:44AM
FEV 1 L 305 214
FvC L 3N 342
FEVAIFVC 0.62 0.63
FEF 25-75% Lis 115
FET $6C 1292
FIVC L 3.00

GLI {Quanjer) 2012 pradicted values used for spirometry parameters

Comment
Well performed spirometry (Grade A)

%Pred  PostBD  %Pred  %Change  LLN
21.06.22 21.06.22
(8:44AM 08:44AM
70.2 21 40.6 290 243
918 14 103.0 123 297
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20 1.96
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2.64
100 lvaiy e
80+ 14
ol 2] B Pra
’ =t Post
40 |
1-
20
& [I L T:mE[BI T L} 1 1

(=]
L]

A single FeNO measurement made using Vivatmo pro with an average fiow rate of S0mL/sec.
FeNO = 128ppb (Normal <20-25ppb, Elevated 20/25-50ppb, High >50ppb).

Trend Report

Measurement Spiro Body Diff SB

Parameter FEV1 FVC TLC RV DLCOc_SB KCOc_SB
Date Time {L) {L) {L) iL) {mli{m... {mi{m...
2002/2015  9:00:31 AM 1.84 3.07 582 266

20212015 9:33:18 AM 244 3.56 26.76 6.25
19/06/2018 12:21:35 PM 1.28 281

19/06/2018 12:31:02 PM 145 2.93 22.91 6.08
305/2019  11:30:04 AM 1.4 260 20.64 524
28/08/2019  1:57:05 PM 1.4 260

28/08/2019  2:20:29 PM 1.33 213

11/02/2020 11:05:37 AM 1.22 2.56 2329 6.53
24/06/2020 9:42:17 AM 1.86 3

24/06/2020 10:03:24 AM 2.38 348

11/08/2020  9:33:25 AM 225 3.28

11/08/2020  9:48:24 AM 2.56 3.38

812/2020 142:24 PM 145 278

812/2020 1:57:32PM 1.88 313

29/01/2021 11:46:48 AM 1.77 3.10 2395 5.7
20/01/2021 12:19:15PM 228 344 26.06 563
141052021 10:34:02 AM 142 284 20.99 494
14/05/2021 11:09:22 AM 1.90 3.23

20/05/2021  2:04:09 PM 1.23 248 2147 5.76
20/05/2021  2:27:37 PM 142 212

TI06/2021  12:24:20 PM 1.32 270 21.56 549
7i06/2021 12:51:49 PM 1.53 2.88

17/09/2021 11:02:17 AM 1.30 253 2205 534
17/09/2021 11:19:18 AM 1.61 3.10

2112/2021  3:28:06 PM 1.52 2.99

2112/2021  3:43:02 PM 1.98 3.32

21/06/2022  8:44:39 AM 214 342

21/06/2022  9:05:42 AM 277 384




Spirometry [BTPS]
Pred PreBD  %Pred  PostBD  %Pred  %Change  LLN
Visit date 0122 210122 21.07.22 21.07.22
Visit time 09:07AM  09:07AM 09:07AM 09:07AM
FEV1 L 305 215 704 235 77.0 94 243
FvC L 372 34 925 362 471 50 297
FEVIIFVC 0.82 0.62 0.65 0.1
FEF 25-75% Lis 0.95 1.23 1.96
FET 56C 1449 1439
FIVC L an 328
GLI {Cuanjer) 2012 predicted values used for spirometry parameters
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Testing performed 12hrs post Spiriva, Alvesco, Symbicort Seritide, Ventolin.
Well performed spirometry (Grade A).A single FeNO measurement made using Vivatmo pro with an average flow rate of

50mL/sec.

FeNO = 173ppb (Normal <20-25ppb, Elevated 20/25-50ppb, High >50ppb).

Serial FENO, FEV1

Trend Report

Measurement Spiro Body Diff SB Patient
Parameter FEV1 FVC  TLC RV DLCOc_SBKCOc_SB Height Weight
Date Time (L) (L) (L) L) (mi. (mi. (cm) (kg
200212015 9:00:31 AM 1.84 307 582 266 1650 608
200212015 9:33:18 AM 244 3.56 2676 625 1650 608
19/06/2018 12:21:35 PM 128 261 1632 632
19/06/2018 12:31:02 PM 145 293 2201 608 1632 632
3/05/2019  11:30:04 AM 121 260 2064 524 1632 603
28/08/2019  1:57:05 PM 121 260 1632 618
28/08/2019  2:20:29 PM 1.33 273 1632 618
1110212020 11:05:37 AM 1.2 256 2329 653 1632 6.1
2410612020 9:42:17 AM 1.86 3.21 1632 647
24/06/2020 10:03:24 AM 238 348 1632 647
11/08/2020 9:33:25 AM 225 3.9 1632 653
11/08/2020 9:48:24 AM 256 3.38 1632 653
8/1212020 1:42:24 PM 145 278 1632 639
8/1212020 1:57:32 PM 1.88 3.13 1632 639
29/01/2021 11:46:48 AM 177 3.10 2385 517 1632 659
29/01/2021 12:18:15 PM 228 344 2606 563 1632 659
1410512021 10:34:02 AM 142 284 2000 494 1632 659
14/05/2021 11:09:22 AM 1.90 3.3 1632 659
200052021 2:04:09 PM 123 248 247 516 1632 659
200052021 2:27:37 PM 142 272 1632 659
7062021 12:24:20 PM 132 270 2156 549 1632 659
7/06/2021 12:51:49 PM 153 288 1632 659
171092021 11:02:17 AM 1.30 253 2205 534 1632 646
171092021 11:19:18 AM 161 340 1632 646
21/1212021 3:28:06 PM 152 299 1632 648
2111212021 3:43:02 PM 1.98 3.32 1632 646
2110612022 8:44:39 AM 2.4 342 1632 648
2110612022 9:05:42 AM 277 3.84 1632 646
2110712022 9:07:04 AM 215 344 1632 668
2110712022 9:32:25 AM 235 3,62 1632 668
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