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Exercise Stress Testing is Useful, Safe, and Efficient Even in
Patients Aged 75 Years or Older

Luciano Janussi Vacanti, Luciano B H Sespedes, Maira de Oliveira Sarpi

Santos, SP - Brazil

Objective - To describe the clinical and hemodyna-
mic variablesobtained with exercisetestingin elderly pa-
tients SW3 75years.

Methods- Thisstudy assessed 100 patientsaged 75-
94 years (80+4 years) undergoing symptom-limited exer-
cisetesting, 65% of whomwer e asymptomatic, 25% had no-
nanginal chest pain, and 10% had typical precordialgia.
Of the 100 patients, 32% were mal es, 50% wer e hyperten-
sive, 36% were dyslipidemic, 14% were diabetic, and 9%
had had previous coronary artery disease. A ramp-adap-
tation of the Bruce protocol (ramped Bruce protocol) was
used, preceded by a 1-minute warm-up with no treadmill
inclineand a vel ocity of 1.0 mph.

Results- No complicationswere observed, and 92%
of thetestswer eefficient. On average, thepatientsreached
95% of themaximumheart rate predicted. Themean dura-
tion of thetest and the mean metaboli c equival ent reached
were, respectively, 6.8 +2 minutesand 6.6 £2.3 METS.
Eleven patients had a hyperreactive inotropic response,
and 37% of the sample had noncomplex ventricular and
supraventricular arrhythmias. Eighteen percent of the
testswere positive for myocardial ischemia. The patients
with typical precordialgia had moreischemic responses
than did those with nonanginal chest pain or those who
were asymptomatic: 70% vs 16% (P<0.001) and 70% vs
10% (P<0.01), respectively.

Conclusion - Thesymptom+-limited exer cisetestisuse-
ful, safe, and efficient for analyzng i schemic and hemody-
namic responses, eveninvery elderlyindividuals.
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Coronary artery diseaseisthemajor causeof deathin
theWesternworld. Althoughitspreval enceincreaseswith
age, coronary artery disease may be underdiagnosed. Itis
detected in only 1.8% of the men and 1.5% of the women
above the age of 75 years?, although an autopsy study of
5,558 patients2reveal ed significant coronary artery disease
in54% of women and 72% of men abovetheageof 70years.

Considering thegreater prevalenceof atypical symp-
toms and even the absence of precordialgiain the elderly
population, thefollowing factorsareimportant for thediag-
nosis: clinical suspicioninthepresenceof risk factorsand
the help of complementary methodologies®. Exercisetes-
ting isal ow-cost examination, easy to perform, and highly
reproducible, and, considering our social reality, it hasa
good cost-risk-benefit ratio even in very elderly patients.
However, dueto the difficulties of exercisetesting in that
age group, such asthe presence of comorbidities, anxiety
about thetest, and lack of motivationtoundergoit, in addi-
tionto lower functional capacity and tolerance for exerci-
sing*, weunfortunately havelittledataaboutitinapopula-
tion abovethe age of 75 years®. Thisstudy aimed at asses-
sing theapplicability of exercisetestinginan elderly popu-
lationfollowed up onan outpatient carebasis, reporting the
clinical and hemodynamicvariablesobtained, and at compa-
ring thefregquency of positiveresultsandthepatients’ clini-
cal characteristics.

Methods

The population studied comprised patients followed
up at theCardiology and Geriatric Outpatient Care Clinicsof
the Hospital Guilherme Alvaro of the Medical School of
UNILUS, Santos, Séo Paulo. We consecutively assessed
100 patients, whose agesranged from 75to0 94 years(mean
=80+ 4years), 65% of whom wereasymptomatic, 25% had
nonanginal chest pain, and 10% had typical precordialgia.
They werereferred for symptom-limited exercise testing.
The sample had the following characteristics: 32% were
males, 50% hypertensive, 36% dydlipidemic, 14%diabetics,
and 9% had previous coronary artery disease.
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Theinclusion criteriawereasfollows: asymptomatic
patients, patientswith nonanginal chest pain, or withtypi-
cal coronary artery diseasechest pain, aged 75 yearsor mo-
re, consecutively referredfor exercisetesting. Theexclusion
criteriawereasfollows. bedridden patients; no consent; ba-
seline electrocardiographic abnormalities®¢, such as|eft
bundle-branch block, Wolf-Parkinson-White syndrome,
and depression of the ST segment > 1 mm, with conventio-
nal contraindicationsto exercisetesting.

A 1-minutewarm-upwithnotreadmill inclinationanda
velocity of 1.0 mph preceded the Brucetreadmill protocol,
whichwasadjustedwith gradual, mildincreasesinvelocity
andincline(tablel). Thetest was continuously monitored
with 12-lead dectrocardiography and CM5, with ErgoPC 13
software for Windows, and blood pressure measurements
at rest, every 3minutesduring exercise, at peak effort, and
every minuteduring therecovery period. Thetest wasinter-
rupted for the following reasons: exhaustion; diastolic
blood pressureincrease (DBP) > 120 mmHgin normotensi-
vepatientsor > 140 mmHgin hypertensive patients, systo-
lic blood pressureincrease (SBP) > 260 mmHg; sustained
dropin SBP; clinical manifestation of intensetypical precor-
dialgia; depression of the ST segment 3 3mm,; elevationin
the ST segment 3 2mmin alead without the presenceof the
Qwave; complex ventricular arrhythmia; the appearance of
sustained supraventricular tachycardia, atrial tachycardia,
or atrial fibrillation; 2nd- or 3rd-degree atrioventricular
block, signsof left ventricular failure; failureinthemonito-
ring or recording systems, or both. The presenceof typical
symptomsor symptoms of strai ghtened or descending de-
pressioninthe ST segment? 1.0 mm or ascending depres-
sion of the ST segment? 1.5mm, 0.08 secondsfrom the J
point, or evenanelevationinthe ST segment 3 1.0mm, cha
racterized apositive test 55, The test was considered suc-
cessful if the patient reached at least 85% of the maximum
heart raterecommended (220—age). Hypertensionreactive
toeffort wasdefined asSBPlevel s> 220 mmHgor aneeva
tionof 15mmHgor morein DBR, or both. Theindirect measu-
reof maximum oxygen consumption (VO,max), inMETS,
wasautomatically cal cul ated by the software using thefor-
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mulaof the American College of SportsMedicine’. The
double product wasobtained by multiplying the maximum
heart rate obtained by the SBP value at peak effort, the
patient being allowed to hold thefrontal support railsof the
treadmill. All medicationswere suspended for aperiod equi-
vaentto5half-livesbeforethetest.

The Framingham risk wascal culated according tothe
guidelines on dyslipidemias of the Brazilian Society of
Cardiology 8.

A retrosternal pain or discomfort in the form of bur-
ning, weight, or oppression triggered by effort or emation,
and relieved with rest or nitrates, was considered typical
precordialgia. A sharporill-characterized chest painor dis-
comfort, not related to effort, was considered nonanginal
chest pain®.

Statistical analysiswasperformed withthechi-square
test to study thedifferencesin thefreguency of positivere-
sultsfor myocardial ischemiaamong thegroupswith typi-
cal precordial gia, with nonanginal precordialgia, or those
who were asymptomatic. In all tests, therejection level of
thenull hypothesiswas0.05 or 5% (a £ 0.05). Thehemody-
namic datawere expressed asmean and standard deviation.

Results

No complications were observed during or after the
tests, whichwereefficientin 92% of the patients. On avera-
ge, thetestsended when 95.7+9.6% of the heart rate predic-
ted for age was achieved. The mean duration of thetests
was 6.8+2 minutes, and adoubl e product of 24,945.6+4,576
(bpmx mmHg) and mean metabolic equivalent of 6.6+2.3
METswerereached. A hyperreactive inotropic response
wasfoundin 11% of the patients, noncomplex arrhythmias
(supraventricular or ventricular extrasystoles) in 37%, and
nonsustai ned ventricul ar tachycardiain 2% (tablell).

Eighteen percent of the tests suggested myocardial
ischemia, and most of these patientshad chest pain (55.5%)
andwereatintermediateor highrisk for future cardiovascu-
lar events(55.5%), according tothe Framingham risk score
calculated (tablel I1). Patientswithtypical precordialgiahad

Table! - Ramped Bruce protocol. Velocity and incline at every minute

Velocity/Incline Duration of stage Time accumulated
(minutes) (minutes)

1.0 mph/ 0% 1 1
1.0mph/ 7% 1 2
1.5mph/85% 1 3
1.7 mph/ 10% 1 4
2.1 mph/ 10% 1 5
23 mph/11% 1 6
2.6 mph/ 11,5% 1 7
2.8 mph/ 13% 1 8
3.1 mph/13% 1 9
3.6 mph/ 14,5% 1 10
4.2 mph/ 16% 1 13
Velocity ratio: 0.26; inclination ratio: 0.75 mph; mph — miles per hour
(1 mile=1.6 km).

Table Il - Hemodynamic variables and percentage (%) of the results
obtained with exercise testing

Variables Mean and standard
deviation or %

Heart rate at rest (bpm) 82.6 £13
Maximum heart rate 134.2+ 15
(%) of the maximum heart rate reached 95.7 £ 9.6
Double product (bpm x mm Hg) 24945 + 4576
Duration (minutes) 6.8+ 2
METSs reached 6.6 £2.3
Positive tests for myocardia ischemia 18%
Hyperreactive inotropic response 11%
Noncomplex arrhythmias 37%
Nonsustained ventricular tachycardia 2%

Bpm - beats per minute; METSs- metabolic equivalents (1 MET - oxygen consump-
tion of 3.5 mL/kg/min).
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significantly more positiveteststhan did those with nonan-
ginal chest pain[70% versus16% (P=0.01)] and alsomore
positiveteststhan asymptomatic patientshad [ 70% versus
10% (P=0.001)] (figurel). However, nostatisticaly signifi-
cant differencewasfoundinthefrequency of positivetests
among asymptomatic patients and those with nonanginal
chest pain[10% versus16% (P=0.49)].

Discussion

Accordingtodatafromthelast censusof theBrazilian
Institute of Geography and Statistics (IBGE) °, Brazil has
morethan 3.6 millionindividual saged 75 yearsor ol der, cor-
responding to 2% of thetotal population. Although propor-
tionally small, thisagegroup hasbeenincreasingin recent
years, as hasits demand on health care services. In addi-
tion, elderly individual shave agreater preval ence of coro-
nary artery disease, which, when present, is more severe
than that inyounger patients™. Exercisetesting hasagood
cost-risk-benefit ratio for diagnosi sand prognosisof coro-
nary artery disease, including in the elderly population.
However, inavery old population (75 yearsor more), disea
ses, such as osteo-articular disorders, previous stroke,
chronic obstructive pulmonary disease, and periphera vas-
culopathy, frequently coexisting with coronary artery di-
sease, limit the capacity to exerciseand may interferewith
obtai nment of therecommended heart rate. In addition, psy-
chological factors, such asfear, anxiety, andlack of motiva-
tion, may interferewithtest performanceand evenwith sa-

Table |1l - Distribution of the risk profile for future cardiovascular
events accor ding to the clinical indication for exer cise testing
Precordialgia/  High(n/ %) Intermediate Low Tota
Risk
Typica 4 —66% - 2-34% 6 — 100%
Nonanginal 2 -50% - 2-50% 4 —100%
Absent 2-25% 2-25% 4 —50% 8 — 100%
p<0.001 70%

0,
70% 0<0.01

60%

50%
40% [[JAsymptomatic
Nonaginal pain

0,
30% Ml Typical precordialgia

20%
10% -~ 10%

0%

ET+

NS = nonsignificant.

Figure 1 - Percentage of positivetestsfor myocardial ischemia (ET +) according to
theindication for exercise testing: asymptomatic patients, patients with nonanginal
pain, or patientswith typical precordialgia.
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fety 2. Dueto these comorbidities, exercisetesting may be
neglected by clinicians.

TheBruce protocol was used preceded by al1-minute
warm-up at low velocity and no treadmill inclination based
onthe 2 following factors: 1) due to the widespread use of
Bruce protocol, professional s are acquainted with it; and
2) because tests performed on aramp last longer and are
preferred by elderly patientst®*. Theelderly usually havea
gradual declinein functional capacity, which, eveninthe
absenceof comorbidities, may interferewiththeir tolerance
for effort and ability to completethetest. However, with that
protocol, we observed that 92% of the patients reached at
least 85% of their maximum heart rate, and amean of 96% of
themaximum heart rate predicted for their age. Our results
werehigher thanthoseobtainedinelderly individualsusing
conventional treadmill protocols, who reached 80%to 84%
of themaximum heart rate3%5, Kurataet al 16, withabicycle
protocol, reported that, on average, 84% of the maximum
heart rate was reached in patients aged 75 to 88 years.
Despite the limitations of our population, exercisetesting
proved to be safe and efficient.

A high frequency of nhoncomplex arrhythmias was
found during exercisetesting, especially i solated and mono-
morphic ventricular and supraventricular extrasystoles.
Only 2 episodes of nonsustained ventricular tachycardia
occurred at peak effort, with lessthan 5 beats. Arrhythmias
occur morefreguently asageincreases, mainly during great
effort, but they do not necessarily represent adversity, ex-
cept when accompani ed by ischemic responses?’. Thefact
that 11% of the patientshad hyperreactiveinotropicrespon-
sesmay bejustified by the high prevalence of hypertensive
patientsin the sample (50%) associated with theinterrup-
tion of medicationsfor undergoing thetest.

Goraya " reported that only the presence of angina
during thetest and functional capacity wereassociated with
therisk of futurecardiovascular eventsin elderly patients,
and that the additional difference of 1 MET accounted for
an 18%-reduction in cardiac events and death. Thisfact
stressestheimportanceof reachingamaximum symptom-li-
mited test, to reliably assessthe prognosis of elderly pa-
tients. Vivacquaet al ®studied 1,528 el derly personsunder-
going exercisetesting, 10% of whom were older than 75
years. Of thelatter, 91% reached themaxi mum recommended
heart rate, themean doubleproduct of 23,133+3,218 (bpmx
mmHg), and themean metabolic equivalentsof 5.6 METs
and 5.9 METs, women and men, respectively. Inregard to
myocardial oxygen consumption on maximum effort, repre-
sented by the double product and metabolic equivalents
(METS), our resultsweredlightly greater, which may beex-
plained by the differencein the protocol sused.

Protocolsresultingin short-durationtestscausegreat
discrepancy between oxygen consumption and workload,
but, as no evidence exists about the additional benefit of
very prolonged exercises, 10 minutes has been suggested
astheideal duration for thetest *°. However, dueto theal-
ready described comorbiditiesand difficultiesfoundinthe
very old population, which may interfere with test perfor-
mance, the mean duration of our testswasapproximately 7
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minutes, despite the use of the ramp protocol, providing
longer test duration ascompared with that of the Brucepro-
tocol 4. Considering the advanced ages of these patients
(mean of 80years), and the hemodynami c resultsobtained,
webelievethat theduration of thetests, coinciding withthe
conclusion of the second stage of the Bruce protocol, was
adequate, efficient testing.

Wedid not intend to establish sengitivity and specificity
inthis population, but, based on Bayestheorem, our results
werewithintheexpected range. Thepretest andysisisfunda
mental for interpreting thetest, requiring knowledge of the
clinical history, therisk factors, and especially the characte-
ristics of chest pain. The following parameters are part of
Bayestheorem: theprobability of anindividual havingthedi-
seaseisequal tothe pretest probability of theindividual ver-
susthe probability index of thetest being positive®. Thisin-
dex depends on the sensitivity and specificity of the test.
M ogt studiesavail abl e determining the sensitivity and speci-
ficity of the test with angiography asthe gold standard in-
cludevery few dderly individual s2%. Vasilomanol askiset
alZ reported asensitivity and specificity of 56.2% and 83.7%,
respectively, for patientsunder theageof 40years, and 84.4%
and 70%, respectively, for those over the age of 60 years.
Therefore, exercisetestingismoresensitiveandlessspecific
for detecting coronary atherosclerotic diseaseinthee derly
thaninyounger persons. Our patientswithtypical precordial-
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giahad significantly morefrequent positiveresultsfor myo-
cardial ischemiathan did thosewith nonanginal or asympto-
matic chest pain, whichisinaccordancewith resultsof pre-
vious studies?. In the elderly, the specificity of thetest de-
creases, due to diseases that affect ventricular compliance,
such asarterial hypertension, cardiomyopathies, and valvu-
lar diseases, causing electrocardiographic changes at rest,
such asdepression of the ST segment . However, although
morefal se-positiveresultsareexpected, itisworth emphasi -
zing that 25% of the asymptomatic individual sand 50% of
those with nonanginal chest pain were considered at high-
risk for coronary artery disease, according tothe Framingham
risk score®, perhapsjustifyingthepositiveresultsobtainedin
these groups.

Despitethelimitations of exercisetestinginavery e-
derly population, theexamination may becons dered appro-
priateand safe. Moreover, withinour socid context, duetothe
good cost-risk-benefit ratio of the test, except for itstradi-
tional limitations, exercisetestingissuitablefor afirst comple-
mentary examinationin ng myocardid ischemia.
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