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Recommendations on the use of exercise

testing in clinical pra

ctice

P. Palange*®, S.A. Ward®, K-H. Carlsen’, R. Casabur(", C.G. Gallagher', R. Gosselink’,

D.E. O'Donnell**, L. Puente-Maestu®*, A.M. Schols""

. 8. Singh™ and B.J. Whipp*

on the dlinical use of cardiopulmanary exarciea

sting (CPET) In king and heart diséass ara prassntsd, with reférenca to the assassment of

axarcisa intolerance, prognostic assassmert a

nd the evaluation of therapeutic intarventions (.g.

drugs, supplemantal oxygen, exarciee training). A cemmonly used grading eystam far

racommendations in evidence-based g
recommandation ranging from A, the highest,

uidelinas was applied, with the grade of
16 D, the lowast.

For symptom-limited incremental exercise, CPET indices, such as peak Oz uptake (V'0z), V' 0

a lactat threshold, the slapa of tha ventilati

ion-CO; output relationship and the prasence of

arterial O, desaturation, have all baan shown ta hava power in prognostic evaluation. In addition,
for assessment of intervantions, the tolerable duration of symptom-imited high-intensity

P g sensitivity
tast. a (e

aluabla.
In turn, thase considarations allow the rasol

change than
g. timed and shuttle walking teete) also prove

ution of practical quastions that oftan confront the

dinician, such as: 1) "When should an evaluation of exarcise intelerance be sought?”; 2) “Which
particular form of test should be asked for?"; and 3) ‘‘What cluster of variablas should be selected
whan evaluating prognosis for a particular diseasa or the effect of a particular intervention?”

KEYWORDS: Cardicpulmonary exercise testing, evaluation of intervantions, axercise tasting,

prognasis, walking tests

e purpose of this document is 1o present

recommendations an the clinical use of

exercise testing in patients with cardiopul-
manary disease, with particular emphasis an the
evidence base for the functional evaluation, prog-
nosis and asssssment of iterventions, While the
scape of the document is broad, cansideration will
focus anly an those indices that have demanstrable
predictive power. Supplemental references will
terefore be included, where appropriate

Exercise intalerance can be defined s an inability
to complete a required physical task successfully
I one sense, therefors, everyone who exercises
has, at some levells), “exerciss intolerance”.
From a clinical perspective, the issuz is whather
a patient demanstrates intolerance to a task that
narmal subjects would find tolerable. However,
exercise intolerance (often considered in terms of

e

s

soms
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peak axygen uptake (V'Oxpesk)) in pulmonary
and cardiac disease patients cannal be confi-
dently predicted from physiological variables,
determined at rest, such as forced expiratary
wolume in ane second (FEV1), pulmonary diffus-
ing capacity for carbon monaxide (DLEQ), efec-
tion fraction (EF) or body mass index (BMI). It is
necessary, tharefore, to actually assess an indivi-

sible,
This task-specificity
impasss technical challangss: the requirsment o
be able ta impose particular work-rate protocals
in an aceurate and reproducible fashion largely
confines assessment to ergametric devices, such
as cycle ergameters and treadmills. While these
represent a less-than-ideal approximation to the
realities of daily exercise, they provide a pre-
cse and controlled focus for assessing the
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In once a year. Spirometry should be performed if there
substantial increase in symptoms or a complication.

her pulmonary function tests, such as flow-volume loops,
using capacity (DLco) measurements, inspiratory
acity, and measurement of lung volumes are not
bded in a routine assessment but can provide informa-

about the overall impact of the disease and can
ivaluable in resclving diagnostic uncertainties and
essing patients for surgery.

erial blood gas measurement. The development
espiratory failure is indicated by a Pa0z < 8.0 kPa
mm Hg) with or without PaCO;z > 8.7 kPa (50 mm Hg)
arterial blood gas s made while breathi
at sea level. Screening patients by pulse oximetry and

arterial blood gases in those with an oxygen
saturation (Sa0z) < 92% is a useful way of selecting
patients for arterial blood gas measurement?. However,
pulse oximetry gives no information about CO;3 tensions.

Clinical signs of respiratory failure or right heart failure
include central cyanosis, ankle swelling, and an increase
in the jugular venous pressure. Clinical signs of hyper-
capnia are extremely nonspecific outside of exacerbations.

more precisely.

Hematocrit. Polycythemia can develop in the presence
of arterial hypoxemia, especially in continuing smokers*,
and can be identified by hematocrit > 556%. Anemiais
more prevalent than previously thought, affecting almost
a quarter of COPD patients in one hospital series*.
Alow hematocrit indicates a poor prognosis in COPD
patients receiving long-term oxygen treatments.

Respiratory muscle function. Respiratory muscle
function is usually measured by recording the maximum
inspiratory and expiratory mouth pressures. More complex
measurements are confined to research laboratories.
Measurement of inspiratory muscle force is useful in
assessing patients when dyspnea or hypercapnia is

not readily explained by lung functicn testing or when
peripheral muscle weakness is suspected. This
measurement may improve in COPD patients when cther
measurements of lung mechanics do not (e.g.. after
pulmanary rehabilitationy=+".

Sleep studies. Sleep studies may be indicated when
hypoxemia or right heart failure develops in the presence
of relatively mild airflow limitation or when the patient has
symptoms suggesting the presence of sleep apnea.
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PURPOSE AND SCOPE

This statement provides pi

| guidelines for the 6-minute
walk test (BMWT). Specifically, it reviews indications, details

pulmanery exercise test (1, 2). Other professional organize-
tions have published standards for cardise stress testing (3, 4].

Assessment of functional capacity has waditionally been
<hne by merely asking petients the following: "How meny
flights of stairs cen you dimb or how many blacks can you
walk?” However, palients vary in their recollection and may
report averestimations or underestimations of their true func-
tional capacity. Objective measurements are usually better
than self-reports. In the early 1960, Belke developed asimple
test 1o evaluate the functional capacity by measuring the dis-
tance walked during & defined period of time (5). A 12-minute
field performance test wes then developed 1o evaluate the
level of physizal fitness af healthy individuals (). The walking
test was also edapted to sssess disahility in patients with
chronic branchitis (7). In en etiempt lo sccommodate patients
with respiratory disease for whom walking 12 minutes wes too
exhausting, & 6-minute walk was found to perform as well as
the 12-minute walk (). A recent review of functional walking
tests concluded that “the BMWT is ensy to sdminister, better

factars that resents & brief step-by
tozal, outlines safety messures, describes proper patient prep-
aration and procedures, and offers guidelines for clinical inter-
pretation of results. These recommendations are not intended
1o limit the use of alternative protacols for research studies.
We da not discuss the general topic of dlinical exercise testing

As with other Americen Thoracie Society statements an
pulmonary function testing, these guidelines come out of &
consensus canference. Drafts were prepared by two members
(PLE. and R.J.Z) and were hased on acomprehensive Med-
line literature search from 1970 through 2001, sugmented by
suggestions from ather committee members. Esch draft re-
spanded to comments from the working committee. The guide-
lines follow previously published methods ss clasely &s possi-
ble and provide a rationale for esch specific recommendation
The final recommendations represent s cansensus of the com-
mittee. The commitiee recommends that these guidelines be
reviewed in five years and in the meantime encoura ges further
rescarch in sress of controversy.

BACKGROUND

‘There are several madalities svailable for the objective evalu-
stion of functionsl exercise capacity. Some provide & very
complete assessment of all systems involved in exercise per-
formance (high tech), whereas others provide basic informa-
tion but are low tech end are simpler o perform. The modality
used should be chosen hased on the clinical question to be ad-
dressed and on available resources. The most popular dlinical
exercise tests in order of inzressing complexity are stair climb-
ing, a SMWT, ashuttle-walk test, detection of exercise-induced
asthms, a cardiaz stress test (¢.5., Bruce prowzal), and a cardio-

Am | espir Crit Core Med Vol 186 pp 1112117, 2002
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tolerated, and more reflective of activities of daily living than
the other walk tests™ (9)

The SMWT is & practical simple test that requires a 100-ft
hellwey but no exercise equipment or advenced training for
technicians. Walking is an activity performed daily by all but

tence that & patientcan quickly walk on a flat, hard surface in &
period of 6 minutes (the SMWD). It evalustes the global and in-
tegrated responses of el the systems involved during exercise
ncluding the pulmanary and cardiovascular systems, systemic
drculation, peripheral circulation, blood, neuromuseular units,
end muscle metabolism. It daes not provide specific informa-
tion on the function of cach of the difierent organs and systems
nvalved in exercise or the mechanism of exercise limitation, s
& possible with maximal cardiopulmonary exercise testing. The
self-paced EMWT assesses the submaximal level of functional
pacity. Most patients do not achieve maximal excrcise capac-

ity during the SMWT; instead, they choose their own intensity
of exerzise and are allowed 10 stop and rest during the test
However, because most activities of daily living are performed
et submaximal levels of exertion, the BMWD may better reflect
the functional exercise level for daily physical activities.

INDICATIONS AND LIMITATIONS

The strongest indication for the SMWT is for measuring the re-
spanse to medical interventions in patients with moderate to
severe heart or lung disease. The SMWT hasalso been used as
2 one-time messure of functional status of patients, ss well as 8
redictor of morbidity and mortality (vee Table | for a list of
these indicatians). The fact that investigators have used the
SMWT in these settings daes notprave that the testis clinically
wssful (or the best test) for determining functional capacity or
changes in functional capacity due to an intervention in pa-
tients with these diseases. Further studies are necessary to de-
ermine the utility af the SMWT in various clinical situstions

of hi fy i Mild to
moderate pulmonary hyperlenslcn (mean pulmonary
artery pressure = 30 mm Hg) is only likely to be important
in patients who have developed respiratory failure.
Measurement of pulmanary arterial pressure is not
recommended in clinical practice as it does not add
practical information beyond that obtained from a
knowledge of PaOa.

Diagnosis of right heart failure or cor pulmonale.

Exercise testing. Several types of tests are available

to measure exercise capacity, e.g., treadmill and cycle
ergometry in the laboratory — or six-minute and shuttle
walking tests , but these are primarily used in conjunction
with pulmonary rehabilitation programs.

Monitor Pharmacotherapy and Other Medical Treatment

In order to adjust therapy appropriately as the disease
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6MWT npocCT B BbINO/IHEHUU, He TPebyeT C/10XKH
060pyAOBaHUA U MOXKET NPOBOAUTLCA KaK B CTaLLMOHAPHbIX, TaK U
B amby/1aTOPHbIX YC/10BUAX.

® TecCT NO3BO/SIET OLEHUTb YPOBEHDb NOBCEAHEBHOW aKTUBHOCTHU
60/1IbHbIX.

® PesyabTatbl 6MWT XOpoOLLO KOPPE/NUPYIOT C MOKa3aTeAsaMu
KavyecTBa XXU3HU U MOTYT ObITb UCMO/1Ib30BaHbI B Ka4ecTBe
AOMO/IHUTE/IbHbIX KpUTEpUeB OLEHKU 3PPEKTUBHOCTU /ZIeYEHUA U
peabuinTtaumm 60/bHbIX.

Hedocmamku 6 MWT

® Pe3sysbTaTtbl npoBeageHna 6MWT B 3HaUnTe/IbHOU Mepe
onpeaenArnTCA BAMAHUEM CYObeKTUBHbIX PAKTOPOB, OCHOBHbIM U3
KOTOPbIX AB/NIAETCA XapaKTep MOTUBAL UM NaLlMEHTa, CTerneHb
KOPPEeKTHOCTU NpoBegeHUA Ucc/1e408aHUA UHCTPYKTOPOM.
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* Capnography is like the ECG, ...
* ...provides an immediate picture of patient condition

* RanHorpamma Kak JKIl...no3Bo/AeT HeMmea/1€HHO
OLEHUTb KapTUHY COCTOAHUA NMayUeHTa

CO: (mmHg)
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Street Wisdom: "End Tidal CO; reading without a waveform is
like a heart rate without an ECE recording. *
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The Role of Capnography in EMS
By Bob Page, AAS, NREMT-P, CCEMT-P, I/C
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* [TapymanbHoe AaBaeHne nan o6 bEMHYIO
KoHUeHTpauuro CO2

* YHacToTy AbIXaHUA
* POopMYy KanHOrpamMmmbl.
* [laTTepH gblXaHUA




Capnography/Pulse Oximeter
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* 0bcnenoBano 30 ManueHToB ¢ AUArHO30M
XOBbJI I-III cT, Bo3pact 60+7,48 rona.

* T€CT 6-MUHYTHOM XO/IbObI B COOTBETCTBUM
CO CTAHJAPTHBIMH MPOLICAYPAMHM.

* TMHAMHYECKas KamHorpaguus v

yJIECOKCHUMEPHS C IIOMOIIIBI0 MOHUTOPA
LifeSense LS1-9R xomnanuu MedAir AB

* M3ydajach JUHAMHUKa KaJlo0 00JbHOIO
(oxpimika (mkanasl Borg, BAIII), cmabocTs B
HOTaXx, CepALeOneHuE, 1 Ip.).

* MeToabl KIMHUYECKOTO IIKAJTUPOBAHUS

i

Capnography/Pulse Oximeter

LifeSense LS1-9R
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McxoaHble nokasaTtenu PetCO2

cpegHue 3HayeHua PetCO2
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[TokaszaTenn PetCO2 nocse

6-MWUHYTHOIO TeCTa
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XOBbJI 36,4 2,53

XOBbJI 34,2+1,62

JlanHbie
KanHorpagpuu
(MM pT. CT.)

Ilocae

6MWT

B nnokoe

43,21+2 .81

45,05%3,26

oAb

Paccrosinue Borg (6amib)

6MWT

450 * 35,48

384 + 35,42

BusyajbHo-
aHAJIOr0Basl LIKAJIA

B nokoe ITocae B nokoe ITocae
6MWT 6MWT

2,53+0,50 4,95+0,56 4,38+0,73 5,99+0,66
2,95+0,43 5 53+0 65 4,98+0,46 6,78+0,48



[Nlokasatenb PETCO2 Bo Bpema 6MWT
XObA I
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[NokasaTtesnb PETCO2 Bo Bpema 6MWT
XOBb/ I
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Exercise Oscillatory Ventilation in Systolic point of tota

_ Heart Failure _ periodic breathing during a short term day-
An Indicator of Impaired Hemodynamic time recording had a significantly worse
Response to Exercise prognosis than patients with a normal

Ryan M. Murphy, et al.

breathing pattern
Eur J Heart Fail (2007) 9 (9): 949-954. .

0.4 {n=145)

Proportion Surviving

0.3 p=00028
0.2

0.1

0 10 20 30 40 &0 &0
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® fINHamMmn4yeCcKaA KanHorpadusa No3Bo/IAeT
pernctpupoBaTtb nameHeHue PCO, BO BpemA

NpoBeAEeHUA TeCTOB C PU3NYECKOU HarpysKou

® KanHorpadua no3soaAeT OO beKTUBHO OLLeHUTb
DeaKUMIo naumeHTa Ha Harpysky Bo Bpema 6 MWT

® [I[pmeHeHue KanHorpadum gaet 601ee rnyboKyto
OLLeHKY /Z1eroyHbIX PyHKUMM y 601bHbIX XOB/1 B
npouecce 6MWT






