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Risk Stratification in Patients with Coronary Artery Disease:
Timeliness of Invasive Interventions

Abstract

Introduction. Coronary artery disease (CAD) remains a top cause of morbidity and mortality nowadays. Cur-
rent guidelines are used to define timely diagnostic and management strategies for a patient with new angina
symptom. According to the guidelines, the main purpose is assessment of the pre-test probability of obstructive
CAD. Exercise electrocardiography is the most accessible method with 85-90% specificity and 45-50% sensitivity.
Cardiopulmonary exercise testing (CPET) with concomitant monitoring of electrocardiogram, heart rate and blood
pressure, expired gas analysis has become widespread among different exercise tests. CPET is an important clini-
cal tool to estimate exercise capacity. In most cases it allows to determine the causes of limited physical activity,
evaluate both the blood supply (pulmonary, cardiovascular, haematopoietic systems) and tissue oxygen metabo-
lism (skeletal muscle system) in response to physical exercise. The indications for invasive coronary angiography
include: high clinical risk of CAD, symptoms which are refractory to medical therapy, low tolerance to exercise or
if revascularization is considered for improvement of prognosis.

The aim. To highlight the need for a combination of non-invasive stress testing (CPET, stress echocardiography)
and invasive testing (such as coronary angiography) to develop proper tactics of treating patients with established
CAD.

Conclusion. Described clinical case demonstrates preferences of combined different functional non-invasive tests
(CPET, stress echocardiography) in a patient with confirmed CAD, who received prognosis modifying therapy and
had high exercise tolerance due to regular cardio training. This gave the reason for postponing the repeated ICA to
determine the dynamics of the progression of coronary atherosclerosis. However, when an anginal attack occurred
and repeated urgent ICA was performed, it became necessary to perform coronary artery bypass grafting and,
later, due to the continuation of anginal attacks and the presence of areas of ischemia, stenting of the trunk of the
left coronary artery.

Keywords: cardiopulmonary exercise testing, invasive coronary angiography, stress echocardiography,
revascularization.
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Introduction. Coronary artery disease (CAD) remains a
top cause of morbidity and mortality nowadays [1]. Accord-
ing to modern guidelines, the strategy of invasive diagnos-
tics in patients with a stable course of the disease is carried
out according to special indications. Coronary angiography
in chronic coronary syndromes is recommended after non-
invasive tests. We present the sequence of tests in this pa-
per. We also want to emphasize using the given clinical case
that for physically active patients it is necessary to combine
both non-invasive and invasive techniques.

Current guidelines are used to define timely diagnostic
and management strategies for a patient with new angina
symptom. According to the recommendations, the main
purpose is assessment of the pre-test probability (PTP) of
obstructive CAD [2]. In patients with PTP <15%, diagnostic
testing is recommended after assessment of clinical symp-
toms, risk factors for cardiovascular disease, resting electro-
cardiogram (ECG) changes, and data of the cardiac CT cal-
cium score. In patients with high clinical risk of CAD (>15%
PTP), symptoms which are refractory to medical therapy or
low tolerance to exercise, and data of initial tests (echocar-
diogram, exercise electrocardiography) that indicate high
risk of coronary event, invasive coronary angiography (ICA)
should be provided. Invasive confirmation of the haemody-
namic significant stenosis is an indication for revasculari-
zation. Functional non-invasive tests based on detection of
myocardial ischaemia through ECG changes, abnormalities
of wall motion through stress echocardiography or cardiac
magnetic resonance, or perfusion changes through single-
photon emission computed tomography (SPECT), positron
emission tomography or contrast cardiac magnetic reso-
nance are used for the diagnosis of obstructive CAD.

Sensitivity and specificity of functional non-invasive
tests are shown in Table 1.

Exercise electrocardiography is the most accessible
method with 85-90% specificity and 45-50% sensitivity. The
most important predictor of long-term survival is left ven-
tricular (LV) function. Patients with reduced left ventricular
ejection fraction (LVEF) <40% belong to the high risk cat-
egory (annual mortality >3%). The Duke Treadmill Score is
used to evaluate the result of an exercise test. This score pre-
dicts 5-year mortality and degree of coronary artery disease
(https://www.omnicalculator.com/health/duke-score).

Cardiopulmonary exercise testing (CPET) with con-
comitant monitoring of ECG, heart rate and blood pres-
sure, expired gas analysis has become widespread among
different exercise tests. CPET is an important clinical tool
to estimate exercise capacity. In most cases it allows to
determine the causes of limited physical activity, evaluate
both the blood supply (pulmonary, cardiovascular, haema-
topoietic systems) and tissue oxygen metabolism (skel-
etal muscle system) in response to physical exercise [3].
Such test is performed using either a bicycle ergometer
or a treadmill. The protocol with gradual increase in load
is used in both methods. VO2max is the main parameter

Table 1
Characteristics of CAD diagnostic tests [2]

Characteristics

Sensitivity (%)  Specificity (%)
Exercise electrocardiography 45-50 85-90
Exercise stress SPECT 73-92 63-87
Dobutamine stress MRI 79-88 81-91
Vasodilator stress SPECT 90-91 75-84
Vasodilator stress MRI 67-94 61-85
Coronary CTA 95-99 64-83
Vasodilator stress PET 81-97 74-91

CTA, computed tomography angiography; MRI, magnetic reso-
nance imaging; PET, positron emission tomography.

measured during CPET and it evaluates exercise intoler-
ance more accurately than metabolic equivalents of task
(METs) and Watts. The most common indications for CPET
include: determining the cause(s) and severity of exer-
tional dyspnea, assessing exercise capacity and estimat-
ing prognosis in various disease states (including chronic
heart failure), evaluating preoperative and postoperative
complication risk (e.g., for thoracic, heart and visceral sur-
gery), early measuring of treatment response (e.g., drugs,
rehabilitation), risk stratification of cardiovascular diseas-
es, guiding and monitoring individual physical training in
rehabilitation (e.g., cardiac, pulmonary).

According to the data of researches, CPET sensitivity and
specificity in the diagnosis of myocardial ischemia are 87%
and 74%, respectively [4]. Confirmation of CAD is based on
the concept of “ischemic cascade”, according to which signs
of left ventricular dysfunction precede ST segment depres-
sion and angina. To analyze heart dysfunction induced by
physical exercise, main parameters are used: VO2 indicates
cardiac output; AVO2 /AWR slope (peak oxygen uptake over
work rate) and VO2/HR ratio (02 pulse) indicate stroke vol-
ume. Changes in these parameters are characterized by the
fact that, despite the further increase in physical activity, at
a certain moment VO2 and 02 pulse stop growing linearly
in relation to work, and the curves on the graph flatten out
much earlier than in healthy age-matched individuals [5].

The 2019 ESC Guidelines recommend the use of either
non-invasive functional imaging of ischaemia or anatomical
imaging using coronary CT angiography (CTA) as the initial
test for diagnosing CAD [1]. The indications for ICA include:
high clinical risk of CAD, symptoms which are refractory to
medical therapy, low tolerance to exercise or if revasculari-
zation is considered for improvement of prognosis. ICA is
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necessary in patients with suspected CAD in cases of incon-
clusive non-invasive testing (level of evidence IIb) and isn’t
recommended in case of low risk according to its negative
results. ICA is contraindicated simply for risk stratification
(IIc). Assessment of event risk is recommended based on
clinical evaluation and the result of the diagnostic test. In
patients with suspected or newly diagnosed CAD, either
stress imaging, coronary CT or exercise electrocardiog-
raphy are performed for risk stratification. Contrast CTA
becomes more widely used nowadays. It is more efficient
for patient with PTP of CAD 15-65%. Contrast CTA detects
subclinical coronary atherosclerosis, but can also accurately
rule out both anatomically and functionally significant CAD.
It should be noted that with the increase in PTP of CAD (es-
pecially with age), vascular calcification is more common,
which can lead to overdiagnosis of stenotic lesions.

ICA dominates among invasive methods in sympto-
matic patients with expected improvement of functional
status or high risk of cardiovascular event. However, for
patients who are unable to pass imaging stress tests, have
a reduced LVEF <40% and typical angina pectoris, or are
employed in certain occupations (pilots), ICA may be use-
ful for the main aim, that is, to rule-in or rule-out CAD.

Itis difficult to assess indications and frequency of ICA in
patients with confirmed CAD, who despite proper manage-
ment and negative exercise test have typical angina pectoris.

The aim of this paper was to highlight the need for a
combination of non-invasive stress testing (cardiopulmo-
nary exercise testing, stress echocardiography) and invasive
stress testing (such as coronary angiography) to develop
proper tactics of treating patients with established CAD.

Clinical case. On October 20, 2021 male patient K,
72 years old, was admitted to Kyiv City Oleksandrivska
Clinical Hospital with complaints of constringent pain be-
hind sternum, which occurred during the rest, lasted more
than 30 min and was unresponsive to nitrates.

The patient suffered from essential hypertension and
CAD. In 2010, he underwent ICA, during which 50% steno-
sis of right coronary artery (RCA) was revealed. Despite no
occlusive lesion and absence of the indications for the inter-
vention, the Absorb stent was implanted on the patient’s de-
mand. After stenting he had no angina, constantly followed
the recommendations for lifestyle modification including
40-60 min cardio exersises three times per week. The pa-
tient regularly took aspirin and clopidogrel for 12 month af-
ter stenting, then aspirin monotherapy, atorvastatin 20 mg
(low density lipoprotein target level of <1.4 mmol/L was
achieved), bisoprolol 5 mg, ramipril 5 mg. In 2014, first
paroxysm of atrial fibrillation was treated by amiodarone
i.v. and then orally, then it was replaced by sotalol. Echocar-
diography revealed LV hypertrophy, no heart chamber dila-
tation, preserved LVEF (60%). CPET showed normal VO2
level and no changes on the ECG (risk of coronary insuffi-
ciency was low), that’s why the patient refused to undergo
ICA. Since the CHADS-VASc score was 3 points, aspirin was

substituted by rivaroxaban 20 mg (glomerular filtration
rate 75 ml/min/1.73 m?). Another management changes
were switching from ramipril to valsartan and addition of
eplerenone 25 mg. Throughout the year short paroxysms of
atrial fibrillation were recorded on Holter ECG monitoring.
Treatment with flecainide, propafenon, and combination of
amiodarone plus [3-blocker failed to support sinus rhythm.
In 2015, it was decided to perform catheter ablation. The
patient continued medical treatment and active physical
activity. Twice a year exercise test was conducted (with
-blocker withdrawal some days before the test). Conclu-
sion: time of the exercise treadmill test was 9 min 43 sec,
treadmill speed 5.1 km/h, treadmill grade 14% (in terms of
submaximal test 9 METs). The exercise test was performed
against the background of taking medications. Taking into
account the gas exchange measurements, the level of the
exercise tolerance was moderate (5.9 METs, VO2 20.7 ml/
min/kg, 95% predicted). Physical capacity was moderate.
Aerobic performance was moderate. Oxygen uptake at the
anaerobic threshold (AT) was 15.8 ml/min/kg, 4.51 METs
(76% of VO2 peak). The response to exercise was normal.
The gas exchange measures of exercise-induced myocardial
ischemia (VO2 peak and the 02 pulse) reached their normal
predicted value, 94% and 127%, respectively (AVO2/AWR
during treadmill was not calculated). Slowing of the growth
of 02 pulse after the AT draws attention and may indirectly
demonstrate (without changes of VO2 and ischemic ECG) a
lack of coronary flow reserve. The change of gas exchange
(VE/VCO2 at the AT 35.8 and V-slope 32.7) with VO2 94%
of predicted is most likely due to increased pressure in the
pulmonary artery during exercise with mitral valve regur-
gitation and myocardial hypertrophy of LV. Stage of heart
failure according to Weber was B.

The resting ECG: sinus rhythm, regular, incomplete
right bundle branch block. ECG after test: no signs of is-
chemia, rare supraventricular premature complexes.
Time of restitution 6 min. Blood pressure (BP) before test
120/80 mmHg, maximum BP 170/90 mmHg, BP after res-
titution 120/80 mmHg.

On March 25, 2021, without any previous provoking fac-
tors, the patient suddenly complained of chest discomfort,
dyspnea, blood pressure drop. He was brought to the emer-
gency department of Hospital Quirédnsalud Marbella by an
ambulance crew. Despite no changes on the resting 12-lead
ECG, non-ST-elevation myocardial infarction was diagnosed
due to double elevation of troponin level and its raise in 8
hours. Coronary angiogram (03/29/2021) showed multives-
sel stenosis (Fig. 1): dominant RCA: 90% stenosis, left main
coronary artery (LMCA): 70% stenosis of distal part, left an-
terior descending artery (LAD): moderate stenosis of medi-
um and distal part. Coronary artery bypass grafting (CABG):
a.mammaria-LAD, v.Saphena-RCA marginal and proximal left
circumflex artery (PLCx) was performed on the same day.

After 5 months, new episode of angina induced the pa-
tient to consult the cardiology in Marbella (Spain) again.
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Fig. 1. Coronary angiography (03/25/2021)

Transient elevated troponin level was measured; it re-
turned to normal in 2 hours. The resting ECG was without
ischemic changes. The patient was instructed to continue
medical treatment (atorvastatin 20 mg, valsartan 40 mg,
eplerenone 25 mg, rivaroxaban 15 mg, clopidogrel 75 mg).

When the patient came back to Ukraine, angina evalu-
ation was proceeded. Stress echocardiography with dobu-
tamine, conducted on September 20, 2021, revealed is-
chemic changes. Decreased blood supply to the region vas-
cularizated by left coronary artery or left circumflex artery
with high coronary reserve in the area of LAD (Fig. 2, 3, 4,
5, 6) was observed.
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Fig. 2. Stress echocardiography before pharmacology test
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Fig. 4. Result of 10 mg dobutamine stress echocardiography
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Fig. 5. Result of 20 mg dobutamine stress echocardiography
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Fig. 6. Stress echocardiography during restitution period

Drug therapy was not effective in the prevention of dis-
ease progression. Worsening of the patient’s condition was
observed. On October 20, 2021 he was admitted to the in-
tensive care unit of Kyiv City Oleksandrivska Clinical Hospi-
tal with severe angina and dyspnea. On examination, he was
noted to have normal jugular vein pulse and no carotid arter-
ies pulsation. The S1 was soft and S2 normally audible; there
was soft systolic murmur over the apex. His heart rate was
60 bpm, his BP was 120/80 mmHg. The patient’s lungs had
no bilateral crackles, respiratory rate was normal with Sa02
98%. He was found to have no hepatomegaly, no ankle ede-
ma. ECG showed sinus rhythm, regular, incomplete right bun-
dle branch block. Biochemical test revealed elevated troponin
level (30.91 ng/ml, normal level <0.06). The patient’s diagno-
sis was: CAD. Recurrent non-Q-wave myocardial infarction on
10/20/2021. Postinfarction cardiosclerosis (myocardial in-
farction on 03/25/2021). CABG (a.mammaris-LAD, Ao-RCA,
Ao-v.Saphena-PLCx) on 03/29/2021. RCA stenting in 2010.
Persistent atrial fibrillation. Catheter ablation in 2015. Stage
2 essential hypertension. Heart failure with preserved ejec-
tion fraction (LVEF 47%).

Urgent angiography (10/20/2021) showed 90%
LMCA stenosis, LAD is filled through left internal mam-
mary artery, thinning of the distal anastomosis. Right
circumflex artery (RCx) is filled through the functioning
autovenous shunt. RCA is filled through the functioning
autovenous shunt, ONCX 60%. Based on data of angiog-
raphy and stress echocardiography, stenting of LMCA
was decided. It was performed using Xience 3.25815 m
on 10/20/2021 (Fig. 7).

Drug treatment included dual antiplatelet therapy
(clopidogrel 75 mg and apixaban 2.5 mg BID (using of
rivaroxaban was complicated by hemorragical rash),
ranolazine 500 mg BID, rosuvastatin 20 mg, valsartan
40 mg, eplerenone 25 mg, trimetazidine 80 mg, bisopro-
lol 2.5 mg.
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Fig. 8. Stress echocardiography before pharmacology probe
(after LMCA stent placement)

Stress echocardiography was performed again after
one month. Positive changes in LV walls movement (Fig. 8,
9,10, 11) were observed.

Conclusion. Cardiac rehabilitation is a clinically
effective and cost-effective intervention for patients with
acute coronary syndrome or heart failure with reduced
ejection fraction and after coronary revascularization
according to the data of randomized, controlled trials
[6]. The importance of quality assurance in cardiac
rehabilitation was emphasized in the 2020 position
statement of the European Association of Preventive
Cardiology (EAPC), the 2017 guidance from the
British Association for Cardiovascular Prevention and
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Fig. 9. Result of 10 mg dobutamine stress echocardiography
(after LMCA stent placement)

Rehabilitation and the 2020 position statement from the
Secondary Prevention and Rehabilitation Section of EAPC
[7]. CPET with concomitant monitoring of ECG, heart
rate and BP, expired gas analysis has become widespread
among different exercise tests both to determine exercise
tolerance and to choose training programs. In recent years,
more studies have found that CPET has an important
predictive role in disease prognosis [8]. This test helps
to determine the need for invasive interventions, such as
coronary angiography, in patients with confirmed CAD [9].

Presented clinical case demonstrates benefit of
combined different functional non-invasive tests (CPET,
stress echocardiography) in patients with confirmed
CAD who receive prognosis modifying therapy, have high
exercise tolerance due to regular cardio training (false
negative CPET) for timely invasive coronary angiography
(repeated, if necessary) in order to prevent myocardial

infarction.
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Pesome

Bceryn. [lemiuna xBopo6a cepus (IXC) cborofHi mepe6yBa€e Ha IepIoMy Miclii K 3a IOKa3HUKaMU 3aXBOPIOBAHOCTI,
TakK i cMmepTHOCTI. Cy4yacHi KJiHiYHI pekoMeH/allil BAKOPUCTOBYIOTb [IJ11 BU3HAYEHHS TAKTUKU CBOEYACHOI JIiarHOCTUKHU
Ta cTpaTeril JikyBaHHs NMaljieHTa 3 HOBUM CUMIITOMOM CTeHOKapzil. BignosifHo 0 pekoMeHaliii 0OCHOBHOIO METOI0 €
oniHIOBaHHSA nepenTecToBoi MoBipHOCTi IXC. Hait6inbu focTynHUM € HaBaHTaKyBanbHUM EKI-TecT i3 cnenudivnic-
T10 85-90 % i uyTnuBicTio 45-50 %. KapaionyibMoHanbHUN HaBaHTaxyBanbHUN TecT (KIIHT) i3 cynmyTHIM MOHITOpUH-
roM EKT, yacToTH cepluieBUX CKOPOYEHb i apTepiaJibHOr0 THUCKY, aHAJII30M BHU/IiJIeHUX ra3iB HA0YB 3HAYHOTO MOIINPEH-
HA cepe/[; pisHUX HaBaHTaxXyBanbHUX TecTiB. KIIHT € Baxk/IMBUM KJIiHIYHUM IHCTpyMEHTOM A1 OoLiiHIOBaHHS $i3nyHOL
npane3zaTHOCTI, Ja€ 3MOTy B Gi/IbIIOCTI BUNAJKiB BU3HAUUTU NMPUUYUHU 0OMeeHHSI PpisuuHOI aKTUBHOCTI, OL[iHUTHU
sIK KpPOBOINIOCTAa4YaHHA (JIereHeBa, CEPLEBO-CyAMHHA, KPOBOTBOPHA CUCTEMHU), TaK i KUCHEBUM OOMiH TKaHHUH (cUCTeMa
CKeJIeTHUX M’s13iB) y BinmoBiab Ha ¢iznuHi Bnpasu. [lokazaHHs A0 iHBa3uBHOI KopoHapHoi aHriorpagii (IKA) Bkitoya-
I0Th: BUCOKUH KJIiHIYHUHN pusuk IXC, cHkMIITOMY, pe3UCTEHTHI 10 MeIUKaMeHTO3HOI Teparlii, HU3bKY TOJIEpaHTHICTb 710
$i3MYHUX HaBaHTaXXeHb a60 SIKILO peBaCKyIsipu3alisi po3I/IsLaeThCs J1s MOKpalleHHs IPOrHo3y. [HBa3MBHA KOpOHAp-
Ha aHriorpacgis HeobxifHa nauieHTam i3 nmigo3porw Ha IXC y BUNasKax HenepeKOHJUBOI0 HEiHBa3UBHOI'O TECTYBAaHHS
(piBenn gokazoBocrTi IIb) i He pekoMeH10BaHa B pa3i HU3bKOTO PU3UKY 32 iXHIMH HETaTUBHUMH pPe3y/IbTaTaMHU.

MeTa - HaroJI0CUTU Ha HEOGXiJHOCTI MOEAHAHHSA HEIHBAa3UBHOIO CTPeC-TeCTyBaHHS (KapZAiony/bMOHaJIbHUMN TECT,
cTpec-exokapziorpadis) Ta iHBa3MBHOTr0 TeCTyBaHH:A (KopoHapoaHriorpadis) A/ po3po6KU TaKTUKH JIiKyBaHHs Nali-
€HTIB i3 BcTaHoBJieHO10 IXC.

BucHoOBOK. HaBesieHui KJIiHIYHUH BUIIaJ0OK JEMOHCTPYE NepeBard KOM6iHyBaHHs pi3HUX QYHKIiOHAJIbHUX HeiH-
BasuBHUX TecTiB (KIIHT, cTpec-exokapaiorpadis) y manienTta 3 nigTBeppkeHoro IXC, IKHH OTPUMyBaB POTHO3-MO/IH-
¢dikyrody Tepamnito, MaB BUCOKY TOJIEPAHTHICTh A0 GpisMyHOro HaBaHTAXKeHHS BHAC/IIOK PETY/ISIPHUX KapAi0TpeHyBaHb.
KITHT nokasaB BUCOKY TOJIEPAHTHICTb /10 Gi3WYHOI0 HaBAaHTAXKEeHHS, 1110 MaJIo Mi/ICTaBy AJs BiATepMiHyBaHHS NpoBe-
neHHs noBTopHoOi [KA /11 BU3HAYeHHs JUHAMIKU IPOTpecyBaHHs KOPOHAPHOT0 aTepockJiepo3y. OfHaK y pa3i BUHUK-
HEHHS aHTiHO3HOT0 Hama/y Ta NpoBeJeHHs MOBTOpHOI ypreHTHoI IKA BUHUKJIa HEOOXiAHICTD NPOBEJEHHS a0PTO-KO-
POHApPHOTrO UIYHTYBAaHHA Ta Mi3Hillle, BHACJIIL0K NPO/IOBXKEHHS aHTIHO3HUX Halla/iB i HAABHOCTI 30H ileMil 3a JaHUMU
cTpec-exokapgiorpadii, creHTyBaHHS CTOBOYpa JIiBOI KOpoHApHOI apTepii.

Kawuoei cnosa: kapdionynbMoHAAbHUL HABAHMAdXCYBAAbHUL mecm, [HBA3USHA KopoHapozpagis, cmpec-
exokapdiozpadis, pesackyasipuzayisi.
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