Indikationer for ergospirometri
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MVV = maximal ventilationskapacitet
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Ventilation och gasutbyte
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FIGURE 12. Tracing of tical breathing followed by an inspiratory manosunre to
total lung capacity (TLC) to record inspiratory capacity (IC), followed by a full
expiration to residual volume (RV) to record expiratory reserve volume (EVC). FRC:
functional resicual capacty.
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Ficure 1. Defining expiratory flow limitation. extFVLs are
aligned within the MEF L. according to a measured EELV. The
percent of the tidal breath (VFL) that expiratory air flows meet or
exceed the MEFs are used as an estimate as to the degree of
expiratory flow limitation. ERV = expiratory reserve volume:
IRV = inspiratory reserve volume.
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FIGURE 1. Changes in operating lung volumes are shown as ventiation increases with exercise in a) age-matched healthy subjects and b) chronic obstructive
pulmonary disease (COPD) patients. End-expiratory lung volume (EELV) increases above the relaxation volume of the respiratory system (Rrs) in COPD, as reflected by a
decrease in inspiratory capacity (IC), while EELV in health either remains unchanged or decreases. TLC: total lung capacity; RV: resiclual volume; IRV: inspiatory reserve
volume; EILV: endinspiratory lung volume; VT: tidal volume. Reproduced from [78] with permission from the publisher.
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Figure 7. Flow-volume loops. Spontaneous tidal flow-volume
loops at rest (inner solid lines) and exercise (dotted lines) and
maximal flow-volume loops measured before exercise (outer
solid lines) for a normal subject (left) and a patient with chronic
obstructive pulmonary disease (right). Tidal flow-volume loops
are positioned within the maximal loops by periodic measure-
ment of inspiratory capacity (<) during exercise. On the left, the
normal subject increases tidal volume (x-axis) without reaching
maximal flow rates and with stable or increased inspiratory
capacity (arrows). In contrast, on the right, the patient with
chronic obstructive pulmonary disease attains maximal expira-
tory flow rates during spontaneous breaths and needs to
increase end-expiratory lung volume, as inferred from a
decrease in inspiratory capacity.

Flode-volymloopitneEr

Elode-velymloop under arbete

(End Expiratory Lung Volume) — hos friska sjunker EELV
er arbete. Hos friska aldre individer kan EELV ater stiga
nder tungt arbete. Vid KOL kan dynamisk hyperinflation
(Stigande EELV) ses.

EILV/TLC (End Inspiratory Lung Volume / Total Lung Capacity)
— Matt pa aterstaende inandningskapacitet. Ska normalt vara
=0,9 (men kan bli >0,9 hos friska aldre). Kan bli >0,9 bade vid
obstruktivitet och restriktivitet (t.ex. KOL, lungfibros).

Exspiratorisk flodesbegransning — flode-volymloopens
utandningsdel deformeras/begrénsas av exspiratoriska
luftvagsférhallanden (luftvdgsmotstand). Osékra normalvarden.
Liten flodesbegransning kan ses som normalfynd hos manga
friska, mer flodesbegransning ar normalfynd hos aldre.
Flédesbegransning >50 % av V; ar troligen patologiskt.




Placera andningsloopen i férhallande ; Exempel, normal
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Pulmonell (pato-)fysiologi vid ' Bledgaser fore och under arbete

ergospirometri
PO, — Syrehalt

Ventilatorisk reserv pCO, — Koldioxidhalt
Dynamisk hyperinflation pH — Surhet (syror, baser, vatejoner...)

Inspiratorisk volymbegransning Basoverskott, Base Excess — Ett berdknat matt pa
den metabola komponenten i syra-bas-balansen)

Standardbikarbonat — HCO4™ &r blodets framsta
buffert.

Exspiratorisk flddesbegransning
Gasutbytesstorning med hypoxi

Hypoventilation

Hyperventilation Kan tas som artérblodprov fran a. radialis (punktion,
Dysfunktionell andning kateter) eller a. brachialis (kateter).

Férhsjd Vp/Vy Kan aven tas som kapillarblodprov i fingertopp eller
: o I orsnibb. Om adekvat uppvarmt erhalls i stort sett
R oG ME CO;) arteriellt pCO, och pH men daremot inte pO,.
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Gasuthytesstorning

poxi kan pavisas med saturationsmatning.

or saker bedémning av om hypoxi beror pa
gasutbytesstorning behdvs dock artarblodprov.

Utifran P,CO, (=P,CO,) och RER kan alveolart pO,
(PAO,) beraknas enligt alveolara gasekvationen.

Arteriellt pO, (P,0,) ar vanligtvis maximalt 2-3 kPa
lagre an P,0,.

Differensen P, /O, (alveoloarteriell pO,-differens) kan
beraknas automatiskt av ergospirometriutrustningen.

HGg Ps.0)O, talar for gasutbytesstorning.

BEXempel, artarblodgas, normal

Tid Last PaO2  PaCO2
[min] w] [kPa] [kPa]

BG pHa RER

[kPa]  [kPa]
[BG] 15-Andetag  01:29 0 1260 487 739 070 087 052
[BG] 15-Andetag 0539 10 1170 524 738 069 066 049
[BG] 15-Andetag  08:04 48 1160 531 737 071 110 040
[BG] 15-Andetag 1006 90 1160 560 735 083 141 020
[BG] 15-Andetag 1204 129 1330 527 735 098 119 027
[BG] 15-Andetag 1403 168 1340 492 733 108 18 014
[BG] 15-Andetag 209 018
[BG] 15-Andetag 232 024
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\entilation

oventilation (underventilering)

normalt liten ventilation som leder till pCO, > 6vre
normalgrans (vanligen 6,0 kPa).

Hyperventilation

| vila: Onormalt stor ventilation som leder till pCO, <
nedre normalgrans (vanligen 4,6-4,8 kPa). Vid kronisk
hyperventilation aven lagt baséverskott och
standardbikarbonat.

Under arbete: Mer svarbeddémt eftersom ventilationen
normalt 6kar under arbete. Under tungt arbete ar den

anaeroba energiproduktionen sa stor att buffertsystemen

mattas och da sjunker pH. Om pH istéllet stiger under
tungt arbete ar det troligen uttryck for hyperventilation.

Tid Last
[min] W] [kPa]
[BG] 15-Andetag  04:35 0 0.60
[BG] 15-Andetag  10:29 35 . I 0.54
[BG] 15-Andetag  14:07 89 0.18
[BG] 15-Andetag  16:56 132

Provtyp Kapmr

Notera VILA
Refv. galler a-blod 0

BG

Blodgasvarden
1t pH
1 pCO,
PO,
Beraknade Varden

PaETC2 VDfNVT

1 SBE¢
cHCO,(P.st)e
P50(st)g

Oximetervarden
sO,
FCOHb

Exempel, hypervent:

FMetHb
ctHb

Paco2-PEco2
Paco>

VD/VT =

Matt pa "bortkastad” ventilation. Vid ojamn
ventilations-perfusionsmatchning i lungorna slésas
en del ventilation bort pa att ventilera daligt
perfunderade alveoler.



V/V5 vid anstrangning

VA/Q mismatch
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FIGURE 4.16. Example of the change in the ratio of physiologic dead
space to tidal volume (VD/VT) during rest and at increasing work rate
(WR) for a normal subject and a patient with ventilation—perfusion

(VA/Q) mismatch.

\4 E/V’ CO2

Specifikt matt. Forhojt vid hjartsvikt, K
och lungkarlssjukdom/PAH.

L, lungfibros

Hypoventilation (hdgt pCO2) kan maskera ineffektiv
ventilation p.g.a. hég Vp/V;. Sddant monster kan bero
pa begransad ventilationskapacitet ("kan inte ventilera”,
t.ex. grav KOL) eller nedsatt kemosensitivitet ("vill inte
ventilera”, t.ex. obesitasrelaterat
hypoventilationssyndrom).

The diagnostic
evaluation of
chronic dyspnea,
modified from (3,9,
22,24) BNP: brain
natriuretic peptide
CT: computed to-

mography
ECG: electrocardio-
graphy

FEV,: forced expira
tory volume in 1
second

Ho: Hemoglobin
VC: inspiratory vita
capacity

MRI: magnetic
resonance imaging
NT-proBNP: N-
terminal proor-
mone brain nafriu-
retic peptide

TSH: thyroid-
stimulating

Byspnéutredning — ett exempel

Diagnostic Evaluation of Chronic Dyspnea
Basic Evaluation

Special Tests

Ventilatorisk ekvivalent for CO,

koldioxidutvadring
minutventilation

andel fysiologisk dead space
arteriellt partialtryck for koldioxid
korrektionsfaktor (=0,0087 kPa-")

Nyckelvariabler

TABLE 4 Outcome values to report in standard clinical cardiopulmonary exercise testing as
employed by the Task Force members

Cardiovascular
Exercise capacity imitati Gas

Variable relevance
V'0,peak HRpeak V'e/V'co, slope V'epeak IN % MWiest
Peak WR Vio/WR slope  Lowest V'g/V'co, value [nadir]
AT 0zpulsepea Spo,peak
HR/V'¢, slope Borg symptom scores
For studies featuring additional
measurements
Vo/Ve* ve/ich
Pa-a0,peak” IRVpeai!

ulmonary
chest CT p Y

ventilation/pe
scintigraphy

bronchoscopy
pleural puncture

cardiac

echocardiography
stress echocardiography

myocardial scintigraphy

search for possible causes

not involving heart & lungs

Viopeak: peak oxygen uptake; WR: work rate; AT: anaerobic threshold; HR: heart rate; V'e: minute
ventilation; V'co,: carbon dioxide production; V'gpeak: peak minute ventilation; MWpes: maximum voluntary
ventilation at rest; V': oxygen uptake; Syopeak: peak arterial oxygen saturation measured by pulse
oximetry; Vp/Vr: dead space/tidal volume ratio; IC: inspiratory capacity; Pa_ao,peak: Peak alveolar-arterial
oxygen tension difference; IRVpeax: peak inspiratory reserve volume. #. in studies featuring arterial blood
gas measurements; 1: in studies featuring serial inspiratory capacity measurements.




