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A New Proposal to Guide Velocity and Inclination in the Ramp
Protocol for the Treadmill Ergometer

Odwaldo Barbosa e Silva, Dario C. Sobral Filho

Recife, PE - Brazil

Objective — To suggest criteria to guide protocol
prescription in ramp treadmill testing, according to sex
and age, based on velocity, inclination, and max VO,
reached by the population studied.

Methods — Prospective study describing heart rate
(HR), time, velocity, inclination, and VO, estimated at
maximumeffort of 1840individualsfrom4to 79yearsold,
who performed atreadmill test (TT) according totheramp
protocol. A paired Student t test was used to assess the
difference between predicted and reached max VO,,
calculated according to the formulas of the“ American
College of SportsMedicine”.

Results— Submaximal HRwas sur passed in 90.1% of
the examinations, with a mean time of 10.0+ 2.0 minute.
Initial and peak inclination vel ocity of the exercise and
max VO, were inversely proportional to age and were
greater in male patients. Predicted Max VO, was signifi-
cantly lower than that reached in all patients, except for
femal e children and adol escents (age < 20 yearsold).

Conclusion — Use of vel ocity, inclination, and maxi-
mum VO, actually reached, asacriterionin prescribing
theramp protocol may helpinthe performanceof exercise
intreadmill testing. The ramp protocol waswell accepted
inall age groups and sexes with exercise timewithin the
programmed 8 to 12 minutes.
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Treadmill testing (TT), exercisetoleranceor ergometry,
isoneof themost popular noninvasive methods of diagno-
sisusedin cardiological evaluations. Accordingto Ameri-
can statistics, 8.2% of patients are advised to undergo the
procedure?. It isindicated to help diagnoses, establish
treatment, determine prognosis, and eval uate functionally
thecardiovascular system. Initialy, itwasusedintheinves
tigation of thoracic painin patientswho might have corona-
ry artery disease; later, itsuse spread to other clinical situa-
tionsand medical specialties.

Master, in 1929, wasthefirst author to describeame-
thodology for preforming TT, using the effort to climb 2
stair steps. Cardiac capacity was assessed by the respon-
sesof pulseand blood pressure, but the ECG valuewasnot
recognized 23. The use of abicycle ergometer increased
after the studiesof Astrand et a “in 1954, who established
physiological basesfor exercisetolerance, correlating oxy-
gen consumptionwith heart rateto the submaximal level of
exercise.

Bruce®introduced thetreadmill for performingthetest
and described the protocol for using this new type of ergo-
meter, marking the beginning of modern methodol ogy for
TT. Until the present time, this protocol isthe most com-
monly used and has been standardized by the World
Health Organization®. In 1959, Bakeand Weredevelopeda
new exerciseprotocol and established aformulafor thecal-
culation of oxygen consumption based on thevelocity and
inclination of thetreadmill ®. Ellestad et al ” publishedaTT
protocol for treadmill testing with afixedinclination of 10%
and avelocity of 1.7 miles per hour (mph) for 3 minutes,
3mphfor 2minutes, 4 mphfor 2minutes, andfinally 5mph
for 3minutes, with afollow-up electrocardiogram (ST and
rhythm), and testsfor heart rate, blood pressure, and the
presence of thoracic pain.

InBrazil, oneof thefirst studiespublishedintheareaof
ergometry wasthat of Eugénio do Carmo, of the Instituto
Estadua deCardiologiaAloysiodeCastro,inRiode Janeiro,
in1962. However, themethod becameknown asaroutineexa-
mination in cardiol ogy thanksto Feher and Magal hées, of
thelngtituto Dante Pazzanese de Cardi ol ogiade Sdo Paul o®.
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In 1981, from the description of the cardiovascular
responseto ramptesting with an ergometer, thisprotocol was
used intheperformanceof TT 8° Vivacquaand Hespanha®
described specia protocolsfor treadmill testing adapted to
the Brazilian popul ation, with the workl oad applied semi-
individually, enabling patientsto performtheexercisecom-
fortably and to adjust it to their current physical condition.
Myerset al 11, published thefirst study comparing other
protocol stotheramp protocol, whichwasthebasefor further
studiesusing ramp protocols(RP) for thetreadmill.

Protocol choice depends on the available ergometer
and the patient being assessed. Staggered protocols, such
as Bruce, Ellestad, Sheffield and Naughton, commonly
used in treadmill tests, recommend workload increases
(inclinationand velocity) at regular intervalsof 2 or 3minu-
tes101213 Theintensity of thework remainsconstant during
some minutes and then it is suddenly increased. Patients
with different characteristics, such asage, sex, and physical
conditioning aresubmitted to pre-determined workl oads of
thesameintensity, whichwill causegrest variancesin exa-
mination timeaccording to the characteristicsof eachindi-
vidual assessed.

RPischaracterized by duration between8and 12 minu-
tes, with small and constant increasesin the velocity and
inclination, individualized for thesex and age of thepatient,
having as a basis the predicted maximum VO, 2145 that
may be estimated by the formulaof the ACSM* 16 [male;
VO,=1.11x(60-0.55x age), femae: VO,=1.11x (48-0.37x age)]
or by thequestionnaire*VSAQ” (\eterans Salf-Administe-
red Questionnaire) 1”18, Shorter tests demonstrate smaller
values of max VO, possibly due to muscular limitation
becauseof greater effortintensity. Likewise, inlonger tests,
lower VO, max valueswere also found, by theincreasein
body temperature, greater dehydration, muscular discom-
fort, or by different energetic substratum involvedin more
prolonged exercises?®.

Nowadays, the majority of practicing physiciansin
Brazilian clinicswho performexercisetesting usetreadmills,
and the Bruce protocol is still the protocol of choice. The
tendency, however, isto perform RP, whichindividualizes
theincreasein workload according to the patient, and ena-
blesthe performance of TT, regardless of age, sex, or pre-
vious physical condition®.

Becausemax VO, estimated by formulas, overestima-
tes VO, when compared with that directly assessed by the
cardiopulmonary exercisetest %, the suggested inclination
and vel ocity by the computerized system, for the perfor-
mance of ramp exercises, underestimatetheduration of the
examination. Observing that frequent examinations have
times greater than 12 minutes, we started using greater
valuesof inclinationand vel ocity to reach maximum effort,
within8to 12 minutes.

The present study aims at describing the mean dura-
tion of exercise, thevel ocity, and theinclination reached by
patients at peak exercise, distributed by sex and age. VO,
maximumisreached, assessedindirectly withthe ACSM 416
formula, and compared with that predicted for the patient.
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Thus, weexpect to contribute new criteriato guidethepres-
cription of exercisein the performance of RP. We do not
intend to perform comparisons of the variables between
agesand sexes, becausethedifferencein exercisetolerance
after puberty hasalready been well established?.

M ethods

From February 1998 to December 2001, 15,589 tests
were performed using the ramp protocol in 3 ergometry
laboratoriesin patientswith similar characteristics, having
the same health insurance, and sent by the same group of
doctors. Of 1,966 examinationsperformed by oneobserver,
from January 2000 to December 2001, 1,840 were sel ected
with patients’ ages between 4 to 79 years, 965 (52.4%)
femaleand 875 (47.6%) mde.

Weincluded theindividualsthat concluded the proto-
cols, interrupted duetofatigue, regardlessof thediagnosisor
the use of medication. We excluded those patientswith in-
complete data, or with an interrupted protocol dueto other
causes before exceeding the maximum heart rate (HR max)
predictedfor theage, cal culated by theKarvonenformula?.
Chest pain, electrocardiographic aterations (ST segment,
intraventricular or atrioventricular rhythm and conduction
disturbances), abnormal patterns of blood pressure or other
abnormalitiesweresomeof theother causesinterrupting the
protocol.

Individuals < 19 years of age were considered chil-
dren or adol escents, and those > 60 yearsof agewereconsi-
deredelderly.

Variables assessed, represented by mean + standard
deviation, categorized by sex and age were velocity and
inclination prescribed inthebeginning of exerciseand rea-
chedat maximumeffort, duration of exercise, maximum heart
ratereached, predicted and reached VO, maximum at peak
effort. Predicted and reached VO, were assessed by the
formula of the American College of Sports Medicine
(ACSM) 116 and the stati stical analysisused the paired Stu-
dent ttest, withasignificancevalueof P<0.05.

TT wereperformed using treadmill ergometer Micro-
med/Inbramed modelsEM 200 and 10,400, controlled by a
computerized system Micromed ErgoPC-13/ErgoPC
Elite, which commandsthe velocity and inclination of the
treadmill, estimatesV O, and suggestsindividualized values
for exercise performance. We used asystem of electrocar-
diographic recording of 13 derivations (MC5 and the 12
classic ECG derivations), with placement of electrodes
following guidelinesof modifiedMasonand Likar 2.

In the ramp protocol, the computerized system sug-
geststhe velocity and the inclination that the patient must
reach at 10 minutesof exercisetoreach VO, determinedfor
sex and age. From the first examinations performed, we
observed that the maximum VO, reached and the exercise
timeweregenerally greater than that expected. To perform
RPwithin the 10 minutes predicted, the values of velocity
and inclination started being recommended above those
suggested by the computer. For younger patients, the
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parameterswereassessed to reachmaximumV O, 20t0 30%
abovethe predicted valueandfor ol der patientsabout 10%.
Theuseof valuesobserved (inclination, velocity, and VO,
maximum reached), started being used as criteriain the
protocol prescription.

Results

Of the 1,840 patientsincluded in the study, with ages
between4and 79years(45.8+16.9), 965 werewomen, witha
mean age of 48.2+15.6 and 875 men, with amean age of
43.1+17.9years. Morethan 75% of patientswerebetween 30
and 69 yearsof age, and 192 (10.4%) werechildren and ado-
lescents. Infemales, 52% werebetween 40 and 59 yearsold
andinmales, 58.7% were between 30 and 59 yearsold.

In 90.1%, maximum HR reached was > the predicted
submaximal HR for age(efficient test) —-femalesex 88.8%and
mal e sex 91.4%. Between children and adol escents, 95.3%
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of females and 90.6% of males performed efficient tests.
Elderly patientscompl eted asmaller number of efficient tests
(78.7%). Averageexercisetimewas 10.0+2.0 minutes, with
9.5+1.8 minutesfor womenand 10.6+1.9 minutesfor men.

When distributed by sex and age, the mean initial
velocity correspondsapproximately to half of themaximum
velocity reached, and theinclination variesabout 10% bet-
weentheinitial and maximumvalues, asobservedintables|
and 1. Mean maximum VO, reached was greater than that
predicted in both sexesand in al age groups. Only female
children and adol escentsdid not have significant differen-
ces(tab. I11).

Discussion
The first description of the ramp protocol was publi-

shed by Myerset al in 1991, with 44 patients analyzed.
One year later, the same authors '’ studied 200 apparently

Tablel - Distribution of female patientswho performed TT according to the ramp protocol regarding frequency, velocity, and inclination in the beginning
of exercise and at maximum effort (mean standard deviation) — Recife/PE

Age group Freguency Initial Velocity Maximum Velocity Initial Inclination Inclination Maximum
n Mean SD Mean SD Mean SD Mean SD

05 |—| 19 64 34+03 75+08 49+12 149+18

20 |—| 29 57 3403 71+08 57+09 15+22

30 |—| 39 111 32+03 6.6+0.9 54+06 148+19

40 || 49 236 3+0.2 6.1+0.7 52+0.6 145+18

50 |—| 59 266 28+03 58+0.7 43+1 138+22

60 |—| 69 174 25+03 52+07 25+13 11.8+24

70 |—| 79 57 21+03 47+0.8 04+09 9.6+27

Tablell - Distribution of male patientswho performed TT according to the ramp protocol regar ding frequency, velocity, and inclination in the beginning of
exercise and at maximum effort (mean standard deviation) — Recife/PE

Age group Frequency Initial Velocity Maximum Velocity Initial Inclination Inclination Maximum
n Mean SD Mean SD Mean SD Mean SD

04 |—| 19 128 38+06 87+14 53+16 162+ 29

20 |—| 29 70 37+03 79+12 6+16 159+2

30 |—| 39 140 35+04 78+11 6+12 16+ 26

40 |—| 49 200 34+06 74+1 55+0.7 16+1.8

50 |—| 59 174 31+04 6.6+09 5+0.7 157+21

60 |—| 69 98 27+03 6+0.7 33+14 144+25

70 |—| 79 65 24+03 54+09 1+£13 115+3

Tablelll - Distribution of patientsthat performed TT according the ramp protocol regarding, sex, age group, predicted and reachedVO, max and p value—

Recife/PE
Female gender Male gender
Age VO, max predicted VO, max reached t Test Age VO, max predicted VO, max reached Testt
Mean SD Mean SD p* Mean SD Mean SD p*
05 |—| 19 481+15 498+ 7.9 0.11 04 |—| 19 58.3+22 60.9+12.8 0.031
20 |—| 29 425+1.2 479+9 < 0.001 20 |—| 29 50.5+ 1.6 54.9 + 10.9 0.001
30 |—| 39 384+12 44+ 86 < 0.001 30 |—| 39 448+ 1.7 544+ 118 0.000
40 |—| 49 345+11 409+7.2 <0.001 40 |—| 49 301+18 518+ 105 0.000
50 |—| 59 308+ 1.2 376+76 < 0.001 50 |—| 59 33.2+18 46.3+9.2 0.000
60 |—| 69 26.6+1.2 314+72 <0.001 60 |—| 69 272+ 16 403+83 0.000
70 |—| 79 231+11 255+6.9 0.008 70 |—| 79 21.7+14 321+83 0.000

* Nonsignificant difference P> 0.05.
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healthy patients. Aksut et a assessed hemodynamic res-
ponsesin 30 young healthy patients (11 men and 19 wo-
men), comparing the Bruce protocol withacustomizedram-
ped protocol. Inthesameyear, Yokoyamaet a 2, alsocom-
pared theresponse between these 2 protocolsin 17 menand
5women. A moresignificant number, of 698 patientsfrom
both sexes, wasanalyzed by Kaminsky and Whaley %, with
theramped Bruce protocol. Bader et al % observed the pat-
ternof 24individuaswithage> 60yearsparticipatinginthe
ramp protocol and Mclnniseta #,in 25 obesewomen. Inthe
sameyear, Will and Walter 2 compared the Bruce protocol
withtheramped Bruceprotocol in 23 patients.

Therefore, we observed that the numbers of patients
assessed in the present study was greater than that of the
severa prospective studies published on the ramped proto-
col. We did not consider the use of medications or the asso-
ciation between di seasesin thispopul ation, becausethemain
variables assessed were duration of exercise, the velocity
and theinclination reached, and the max VO, assessed in
relationtothepredicted value (by theformulaof ACSM %).1n
90.1% of the patients, themax HR reached was> 85% of the
maximumHR predicted by theKarvonenformula?. Only the
patientswith age>to60yearsold, infrequent useof medica
tionsthat could interfere the chronotropism, had arelative
frequency of ineffective examinations< 80%. Thispopul a
tionof elderly patientsreached on average91.4+11.9%of the
predicted maximum HR, compared with 83+10% of thepa
tientsstudied by Bader et al #in1999. Intheagegroup 20to
39years, almost 100% of theindividual sreachedthe predic-
ted submaximal HR.

M ean exerciseduration was10+2 minutes, regardless
of ageand sex, and waswithinthetime of 8to 12 minutes,
according to that suggested by thelatest guidelines of the
ACC/AHA #in 1997 and of ACSM *in 2000 and also
according to the publicationsthat describethe methodol o-
gy and the interpretation of TT and that statesthat the
optimal duration of exercisemust bebetween 8and 12 minu-
tes 891115171831 The computer programs devel oped to cus-
tomizethetest aimed at reaching predicted maximum VO,
withinthisideal time%®2, Theexerciseperiodinthe Bruce
protocol issignificantly lower thanthoseof Balkeand ramp,
and the protocol swith shorter periodscausegreater discre-
panciesbetween VO, andworkload ™. Testslonger than 15
minutes may become monotonousfor healthy individuals
or thosewith heart diseases, in addition toinvolving asui-
tableeval uation of oxygen uptake. Thetimeof exerciseand
the suitability to hemodynamic conditions make the test
morepleasant, safer, and moreaccurate’®. Review of thelite-
ratureby Myersand Bellin®reinforces previousstatements
that inramped TT theexercisemust be customized, toreach
predictedmaximumV O, in9to 10minutes.

Inthe present study, only thefemal e patientswith ages
below 20 years old did not have significant differences
when compared withthe predicted valueand reached val ues
of maximumV O,, cal culated according tothe ACSM formu-
la, according to sex and age group. In the other patients,
regardless of sex and age, the oxygen uptake reached was
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significantly greater than that predicted, inaccordancewith
Aratijo ®where VO, estimated by formulas overestimates
VO, when compared withthat measured through theanaly-
sisof expired gases. Mean values of velocity and inclina-
tion, reached at maximum effort, weregreater thanthoseesti-
mated at the prescription of customized ramp, using predic-
tedmaximumV O, asthepattern.

Myerseta ,in 1991, published thefirst study that
compared other protocolsto those of ramp. Forty-one pa-
tientsweresubmitted to 6 different protocols, 3withatread-
mill ergometer (Bruce, Balke, and ramp) and 3withacycle
ergometer (25 watts, 50 watts per stage, and ramp). They
observed hemodynamic responses and gas exchangesand
devel oped computer programsto customizetheramp proto-
col, based onthecapacity of exerciseonatreadmill and bicy-
cle, toobtainan optimal exercisedurationof 9to 10 minutes.
Max VO, for thetreadmill was 16% greater withthecycle
ergometer. Therewasno significant differenceinheart rate,
blood pressure, or maximumV O, between thetreadmill and
cycleergometer protocols(usingthesameergometer). Inall
protocolswith or without ramp, predicted maximum VO,
wasgreater thanthat measured. Theerror inpredictingVO,
by the workload was lower with the ramp protocol, which
presentsamore linear correlation between these parame-
ters. Using protocol swith short and small workloadincrea-
ses between the stages or using the ramp protocol, maxi-
mum VO, reached through the analysis of gases exhaled
had closer level sof predicted maximumVO,.

Myers et al ¥ stated that the protocol choice may
might influencethe assessment of variables. The causes of
interruption (ST segment, HR, and VO,) may vary accor-
dingtotheprotocol. Customization of thetest, with reduced
workload increaseand adequate duration (8to 12 minutes)
arerecommendationsto enhancethetest. Yamamotoet al =
developed acomputer program to control theincreasein
velocity andinclination of thetreadmill ergometer toenable
alinearincreasein VO, withtheindividual walking until the
end of the exercise, according to the duration of the exa-
mination.

For Myers and Froelisher %, the exercise protocol
must be customized, with small and constant progressive
increasesininclination and vel ocity, to performthetestin8
to 12 minutes. Comparison of resultsbetween different exa-
minations may be done through the workload rather than
exerciseduration, such aswiththe Bruce protocol.

Fletcher et al 32 observed the disadvantages of the
Bruceprotocol: asizableincreaseinworkload between sta-
ges, inthe4th stage the patient canwalk or run, whichleads
to differencesin VO, determination; thetest may beinter-
rupted duetodiscomfortininferior limbsor theinability to
tolerate great increasesin workload with changesin stage.
They concluded that theramp protocol, customized for the
patient tested, with low workload increases and a shorter
timeinterval and with 9-minute duration, demonstrates
greater accuracy inthemaximum O, reached.

Mastrocollaet al %, of the Consenso Nacional deErgo-
metria, do Departamento de Ergometriae Reabilitacso Car-
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diovascular da Sociedade Brasileirade Cardiol ogia, com-
ment that, recently, greater clinical interest hasbeen shown
inexercisetesting protocol sthat meet the characteristics of
linearity in the responses of oxygen uptake. These proto-
cols, generally known asramp protocols, use a constant
increaseratiofor exerciseintensity rather thanthe stagesof
definite duration, enabling agreater customization and
adaptation of the protocol to the patients’ condition, and
being able to be performed both on cycle and treadmill
ergometers.

Aksut et al Zcompared the Bruce protocol withacus-
tomized ramp protocol in healthy menandwomen. They did
not observe significant differences between the protocols
regarding heart rate, blood pressure, ventricular function,
ormeasuredVO,,

Another methodology of exercisetesting with conti-
nuous protocols of increasing load was used by Mahse-
redjianetal *, inacomparativestudy of methods(treadmill
testwithdirect VO, measureandfieldtest withindirect VO,
determination) to predi ct maximum oxygen uptakeand anae-
robic thresholdsin athletes: initial velocity of 9 km/hwith
increase an of 1 km/h per minute up to 15 km/h and, after
that, an increase in inclination of 5% per minute until
exhaustion. VO, max determined by thedirect method was
not correlated to that determined by thelane test.

For Vivacqua®, theramp protocol, with aprogressive
workload hasenabled determining moreprecisely theische-
micthresholdin stratification of patientswith chest painin
tests performed in most cases, between 12 and 24 hours
after emergency admittance. According tothisauthor, ramp
protocol s enable better adaptation to the ergometer, with
greater performanceduring exercise, greater relianceinthe
determination of el ectrocardiographic, and hemodynamic
variables, of the oxygen uptake at peak effort, and of the
ventilatory threshol d. Theexerciseduration and the suitabi-
lity to biomechanica conditionsof theindividualsmakethe
test more pl easant, safer, and more accurate.

Mclnniset al # studied 25 obese women to compare
thevalues of predicted maximum oxygen uptakewith that
determined by direct measurement, using 2 exerciseproto-
colswiththetreadmill ergometer: Bruceprotocol and acus-
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tomized ramp protocol. The result of this study suggests
that the ramp and staggered protocol shave similar capacity
inthe assessment of functional capacity in obesewomen.

Will and Walter 2 studied hemodynamic responses,
test duration, and patient comfort with the conventional
Bruce protocol and aramp Bruce protocol. No significant
differencesoccurredinvaluesfor heart rate, blood pressu-
re, and subj ective eval uation of noticed effort (Borg scal€)
at the end of exercise. Duration of exercise and maximum
VO, weresignificantly greater, and the patients reported
gresater facility and comfort with theramp Bruceprotocol.

The American College of Sports Medicine*® recom-
mendsthat “whatever the chosen protocol, it must be custo-
mized, withve ocity (if treadmill) based ontheindividual capa-
city and workload increasesothat thetest lasts8to 12 minu-
tes.” Historically, the protocol for exercise was based on
tradition, convenience, or both. Asof the1990s, studieshave
suggested that protocol swith different and greater workload
increases do not maintain alinear correlation between VO,
and thework performed, with an overestimated predicted
VO,2. Theramp protocol isclosetotheguidelinesof policies
that propose acustomized protocol for each patient®.

The current tendency isto use customized ramp pro-
tocols, with anincreasein effort intensity according to the
patient, so that the test duration remains between 8 and 12
minutes, whichfacilitatestheanalysisof hemodynamicand
ventilatory variable patterns?.

Inconclusion, despitetheuse of vel ocity, inclination,
and maximum effort variationsabovethat predicted by the
computerized system, theramp protocol waswell tolerated
by patients, regardlessof age, sex, useof medication or pre-
exigting diseases, withamean exerciseduration of 10.0+2.0
minutes, withinthe suggested limit by several authors. The
use of inclination and velocity, effectively reached by the
patients, distributed according to sex and age may be used
asonemorecriterionto guide parametersfor the performan-
ceof theramp protocol with atreadmill ergometer. Theuse
of calculated VO, maximum, significantly greater thanthe
predicted VO, for ailmost all patients from both sexes can
also be useful to prescribe velocity and inclination of the
customized ramp protocol.
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