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Equipment Performance Criteria

Minimal Recommendations for Monitoring Devices
Mimimal Recommendations for Diagnostic Spirometry?

FY¥C and FE¥1 PEF
Test Range faccuracy Flow range  Time Resistance and Test signal Keusigement (BTPS) (BTPS)
(BTFS) (Lis) ()  back pressure Range High: 0.50 ta & L High: 100 L/min to 2 700 LAmin but £ 850 L rmin
Low:05Sta 6L Low : 60 LAmin ta = 275 L/min but 2 400 L /min
Yo 0.5 t0 8 L + 3% of reading or £ 0.050L zeroto 14 20 Z-L Cal Syringe
whichever iz greater Asouracy + 5% of reading of £ 0100 L + 10% of reading or + 20 L/min, whichewver is greater
FYC 0.5 to 8 L+ 3% of reading or + 0.050 L zeroto 14 15 Lessthan 1.5 24 ctandard whichever is greater
whichever is greater om H20/L /s wavemrms‘ Precision + 2% of reading o £ 0.050 L Intradewice : <« 5% of reading or < 10 L/min,
. F-L Cal Syringe whichever is greater whichewver is greater
FEV 0.5 ta 8 L £ 3% of reading or £ 0.050 L zeroto 14 1 Lessthan15 24 standard Intradevice : £ 10% of reading or £ 20 L/min,
whichever is greater om H20/Lss waveforms whichewver is greater
Time zara The tirme point from which all FEY1 Back extrapolation . . o o
measurements are taken Linear ity w'ithin 2% over range within 5% owver range
: i to 14
PEF Accqracy. 1.1 0% of reading or + 0.400 L".ls* zerota Same as FEV1 26 flow standard Graduations Constant over entire range Constant over entire range
whichewver iz greater waveforms High: 0.100 L High: 20 L rain
Frecision: + 5% of reading or £ 0200 L/s, Low : 0.050L Low : 10 LAmin
whichewver iz greater
FEF 251250 7.0 L/s 5% of reading of £ 0.200 L/z, t14 15 Same az FEV 24 standard Rezalution High: 0.050 L High: 101 L /nin
percent whichewver iz greater waveforms Lows 1 0025 L Lovw : 5 LAmin
. Reziztance Less than 2.5 cm H20/L/s from  Less than 2.5 cm HZO0/L /s, from zero to 14 Lis
Flow +14L/5£ 5% of reading or £ 0.200 LS5,  Zeroto 14 15 Same as FEV1 Froof from zero to 14 L /=
whichewver iz greater manfacturer
PV 250 L#min at TY of 2 L within £ 10% of t14 12 Pressures less Sine wave pump Minimal detectable  0.0F0L -
reading or £ 15 L/min, whichever iz +3% to15  than+ 10cm walurne
BlFGEaF thg ;t:—L [ Test Signal 24 standard volurme-tirne 26 standard flow-time waveforms
M &S waveforms

TUnless specifically stated, precision requirerments are the same as the accuracy requiremnents,
BTPS: normal body temperature (37<C), ambient pressure , saturated with water vapor

High = high range and low = low range dewvices.

The majority of spirometers manufactured since 1990 are accurate .

ATS.Am Rev Respir Dis.1987;136:1286



Equipment Validation

Equipment Quality Control Summary Leak, 50 mL{s

a5 -
Test Minimum interyal Action 75 A
Malurne Daily Z-L syringe check :m 55 1
Leak Daily Z crn H20 constant pressure for 1 minute g‘
Linear ity Quarter |y 1-L increments witha calibrating L 33
Weekly (flow spirameters)  syringe measured over entire valure
range (flow spriometers simulate several 1.3
different flow ranges)
Tirne Quartet |y Mechanical recorder check with stopwatch os ' ' ' ' '
Software Mew wersions Log installation date and perform test ot 1o =0 20 4 =4
uzing “known" sub ject a0 - Volume, L
40 o
* Require daily calibration with a 3L 5 =
syringe -y
— Flow sensors can become clogged ]
* Technician must obtain maximal and -
reproducible efforts
— Poorly performed maneuvers often e s

mimic disease states.
— Inline Filter

System leak Unacceptable spirogram due toa leak.



Technique

e Coach the patient to

Inhale Blast Keep going

take as deep a breath
as possible

‘. Exhalation

5

e Loudly prompt the
patient to blast out the
air into the spirometer

¥  Inhalation

‘ « Encourage the patient
to continue exhaling for

several more seconds

Requires athletic effort



Unacceptable FVC Maneuvers

A: Hesitating start

B: Submaximal blast

C: Coughing

D: Early Termination



Flow, L#fs

Yolume, L

10.0

Acceptable Maneuver

PEF Acceptable spirogram

_ Sharp Blast

&

1.0 2.0 a0 4.0 a0

Yolume, L

Look for plateau

Preferably 6 seconds

2.0 4.0 &.0 2.0 10.0

Time, seconds

Sharp peak flow

— Satisfactory start to the test
without hesitation

Expiratory duration > 6s

— And/or a plateau in the
volume time curve of at least
one second, or a reasonable
duration of exhalation with a
plateau

2-3 Reproducible
maneuvers
Lack of artifact

— Induced by coughing, glottic
closure, or equipment
problems (primarily leak)



Unacceptable Maneuvers

Early glottic closure

Cough Variable effort
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Reproducibility
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The two highest FEV1 and FVC values should be within 0.15 Liters of each other



NYIJINHI3L 01 42% 33334
paadasyu) pue aa0ps LhA-SS3ISSY ALITYN0 T ]
m-._.m_u_..m._-_._m.n._m._u_ A0 aullddalac] 1~34 ”_.m_m.m_n._m._ le_m{—.z_ﬂ_m_m_ml_mﬁ_m{
14134 + Ofd wns ysabie puE O54 pEabuE
AN 352 359G, ETITINENET, | %
# # NI LY 134443 LHI
A A07% 4 30M3HT434

*

ALIEIDNa0E 43

+

ALITIaY 143700

+

5330084
LHI-FHNEY 3

+

SHIAMNINY -]
LM3ILY 4/ L03rans

+

AEI A} A
Sy qranpoadad
S3aal.

TAAANEUEL
a|qeydaaae o

104 LNOD '
ALY NG
SE1ASHAD MOILY 1T A
Ay 1qeydanae LW3LIdING03
=paal. *
WlH3LEd
I 04434
JBANEUEL] A ¥ 1N3LdING3

wangag W

buysa)] Aayawoends a4 30 wesbelg jdeya—mo] sdayg uoljezipaepuels Anawoadg
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Flow, Lfsec

Interpretation

Yolume, liters

A: Normal

B: Severe
obstruction

C: Severe restriction

D: Upper airways
obstruction

E: Poor effort
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§ FEV1/F\/C ratio
g FEV1 declines with
FEY1 AFVC below TOR S WOrsenlng

*f;f» obstruction

ez

FE'M al:u:-ve-l 80% of predicted? ——— gme Borderline obstruction O nce Obstructl O n IS

Mo

v N identified,
FEVI 60%-BO% of predicted? —————8hv Mild abstruction FEV1/F\V/C ratio

Mo .
\ | o | may not be useful in
FE\'1 40—6?% of predicted? ———— - MModet-ate abstruction gaug | ng Severlty Of

disease

¥
FEW1 below 40% of predicted?— g Severe shstruction -

Mo

FWE below S80% of predicted?
|

YVes

Obstruction plus low vital capacity



Obstruction

FEV1 > 80% predicted normal
60 - 80% mild
40 - 60% moderate
< 40% severe
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Severe Obstruction Flow Volume



Meas Pred %Pred

FvC 2.63 3.11 84
FEV1 1.58 2.28 69
FEV1/FVC 60 73

FEF25-75 0.59 2.56 23

PEF 4.90 5.78 85
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8

FE\1 #FVC - normal or high

o

FWC below =|3III'E of predicted? ——e-Narmmal spirormetry

YVes

\

Y
FVC 60-80% of predicted? e Mild restriction

I
Mo

\

FYC S0%-a0% of predicted? = Moderate restriction

I
Mo

y
FVC below S0% of predicted? — e Severe restriction

Slow vital capacity (SVC)
— Spirometer must be able to collect
data for at least 30 seconds.
Useful when FVC is reduced and
airways obstruction is present.

Slow exhalation results in a lesser
degree of airway narrowing, and
frequently the patient can exhale a
larger volume.

VC with, restrictive disease is
reduced during both slow and' fast
Maneuvers.

If SVC still abnormal, need to
measure static lung volumes
(residual volume and total lung
capacity)

Tihe gold standard fer -
measurement of TLC, particularly
In the setting of significant airflow
obstruction, Is body
plethysmography.




Meas Pred %Pred

FvC 0.96 2.75 35
FEV1 0.94 1.90 49
FEV1/FVC 98 69
FEF25-75 2.25 2.11 107
PEF 2.98 5.40 55
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—

Spirometry should be repeated ten
minutes after administration of the
bronchodilator

Proper MDI technigue Is important to
prevent false negative resulits.

An Increase In the FEV1 of more than
12 percent and greaterthan 0.2 L

suggests acute bronchodilator
responsiveness

Lack of respense should not preclude
a Six to eight week therapeutic trial of
|CS with reassessment eficlinicals
statusiandiehange in FEV1 at the end
off that time.
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A: Fixed upper airway obstruction

Flow Volume Loops
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B: Variable (dynamic) extrathoracic obstruction
C: Variable intrathoracic obstruction



Extra-thoracic Obstruction
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Effect of dynamic extrathoracic airway obstruction Effects of forced
expiration and inspiration in dynamic extrathoracic airway obstruction. Left, during
forced expiration, intratracheal pressure (Ptr) exceeds the pressure around the
airway (Patm), lessening the obstruction. Right, during forced inspiration, when
intratracheal pressure falls below the atmospheric pressure, the obstruction
worsens resulting in flow limitation. (Redrawn from Kryger, M, Bode, F, antic, R, et
al, &mJ Med 1976; 61:85.)

The ratio of expiratory to inspiratory flow at 50
percent vital capacity — FEF(50
percent)/FIF(50 percent) — is elevated, with an
average value of 2.2 (normal ratio: 1)




Intra-thoracic Obstruction

Expiration

Expiration Inspiration

Flow (#

Inspiration

(o

Fyr Pir| Pyj

Effects of dynamic intrathoracic airway obstruction Left panel, during
forced expiration, the intrathoracic intratracheal pressure (Pir) is less than the
pressure in the pleural pressure (Ppl), worsening the obstruction. Right, during
forced inspiration, intratracheal pressure exceeds the pleural pressure, lessening
the degree of obstruction. (Redrawn from Kryger, M, Bode, F, Antic, B, et al, Am J
Med 1976; 61:85.)
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Peak Flow Meters

§ May be less accurate

§ Usually cannot be calibrated/checked

§ Missing/inadequate graphical display

8 Current standards allow +/- 10% variance in
accuracy

— However may be useful in diagnosing variability
— Tend to have excellent precision




