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PREDICTORS OF LOW FUNCTIONAL RESERVES IN REHABILITATION
OF PATIENTS WITH MYOCARDIAL INFARCTION COMPLICATED
BY COMORBID PATHOLOGY

*L. V. Levytska, V. V. Yurkiv, M. M. Korda
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Myocardial infarction (MI) is one of the leading causes of death in working age population;
the risk of cardiovascular complications for survivors of acute MI complicated by comorbid pathology (CP) is very
high.

Objective. The study is aimed to search for reliable prognostic markers for risk of reducing the functional
reserves of the cardiovascular system in myocardial infarction with comorbid pathology.

Methods. The prospective study involved 371 patients with MI, who received non-invasive therapy and were
observed for a 90-day period after admission to the hospital. All patients were examined and treated according
to current protocols.

Results. It was found that 6-minute walk test (6MWT) is a specific and highly sensitive prognostic marker of
functional reserves for patients with MI with CP (specificity - 100%, sensitivity - 63%, prognostic value of a positive
result - 100%) with the Charlson comorbidity index (CCI) >2. The correlation of 6MWT performed on the 10", 30%
and 90 day of rehabilitation was revealed with the age of patients, SpO,, respiratory rate, systolic blood pressure,
heart rate, left ventricular ejection fraction, levels of troponin T, creatinine, the number of lymphocytes in the
peripheral blood, CCI (p<0.05).

Conclusions. During the 90-day rehabilitation period of a patient with MI complicated by CP, the markers
of reduced exercise tolerance to be monitored are: blood pressure levels, respiratory rate, troponin T, creatinine,
cholesterol, low-density lipoprotein, SpO,, the number of lymphocytes in the peripheral blood. To improve control

over the process of rehabilitation in patients with MI complicated by CP the 6MWT and CCI should be used.
KEYWORDS: myocardial infarction; comorbid pathology, Charlson comorbidity index, 6-minute

walk test, predictors of functional reserves.

Introduction

Myocardial infarction (MI) is the main cause
of cardiovascular mortality in the human
population [1, 2]. To date, there is no single
strategy for the use of clinical, laboratory,
imaging parameters to predict risks in the
treatment and rehabilitation of patients with
MI. The task of risk prevention in patients with
MI with comorbid pathology (CP) is particularly
difficult [3, 4]. The objectives of this study were
to identify and evaluate the predictors of severe
MI with CP in the stages of rehabilitation.

Methods

The prospective study involved 371 patients
with MI, who received non-invasive therapy and
were observed for a 90-day period from ad-
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mission to the hospital in 2014-2019. All patients
were examined and treated according to the
current protocols. Clinical, laboratory and in-
strumental examinations were performed on
the 1, 10, 30t and 90* days. Cardiovascular
functional reserves were determined by the
degree of heart failure (Killip and NYHA), echo-
cardiography and 6-minute walk test (6MWT)
on the 10t 30™ and 90t days of MI. Risk
assessment was performed according to the
GRACE scale and the AACPR cardiovascular risk
scale. The Charlson Comorbidity Index (CCI)
was used to estimate the degree of comorbidity
[5, 6, 7]. Statistical analysis was performed using
software products MSExcel 2000, EViews 5.1.
and SPSS.

Results

There were 67.4% of men and 32.6% of
women aged (66.2+10.4) years involved in the
study. Comorbid pathology was detected in
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93.8 % of the patients: arterial hypertension -in
84.9%; diabetes mellitus - in 25.1%; vascular
pathology - in 35.6%. Analysis of exercise
tolerance and rehabilitation potential in the
study cohort showed that inpatients had pre-
dominantly high heart failure and reduced
cardiacreserves. Thus, the six-minute walk test
performed in patients on the 10™ day after
admission was (76.1+£35.2) m; on the 30" and
90t days - (133.8+49.6) m and (207.6+74.1) m,
respectively. Their NYHA functional class was
high (2.9+0.7), and the risk on the GRACE scale
and the AACPR risk scale was high and very high
(2.9+0.3) and (2.7+0.6), respectively. Rehabi-
litation and hemodynamic potentials, reflected
by the functional class according to the re-
habilitation classification and parameters of left
ventricular systolic function, also indicated a
significant depletion of functional reserves of
the cardiovascular system. Thus, the functional
class according to echocardioscopy was
(2.9£0.8) points, and the class according to the
rehabilitation classification was (3.3+0.7).

The possible correlations between the
degrees of cardiovascular risk according to the
GRACE, AACPR scales, functional classes accor-
ding to the rehabilitation classification, func-
tional classes of heart failure (Killip, NYHA) and
the presence and severity of comorbid
pathology were assessed. High reliability
(p<0.0001) relationships were found between
the presence of CP and the categorical indicators
of functional class of heart failure according to
Killip, NYHA and the degree of risk according
to AACPR (Table 1).

The proportion of patients at maximum risk
for GRACE was significantly higher in patients
with MI with CP than in those without CP
(Z-test =-4.399; p<0.0001). Risk levels for GRACE
in patients with MI with CP directly correlated
with age (r=0.267; p<0.0001), respiratory rate
(r=0.248; p=0.001), glucose levels (r=0,2;
p=0.007) and CCI (r=0.275; p<0.0001). High

specificity (92.5%) and sensitivity (87.1%) of the
GRACE calculator and the AACPR risk scale
(94.2% and 71.0%, respectively) with a high
prognostic value of a positive result (97% for
both risk scales) and CCI =2 was determined.
The obtained data allow using the GRACE
calculator and the AACPR risk scale to predict
early risks and possible negative consequences
of the standard rehabilitation program at the
hospital stage, as well as stratification of co-
morbid patientsintoindividualized rehabilitation
programs in the acute phase of rehabilitation.

The correlation of high reliability of CCI with
risk levels according to GRACE (r=0.542 accor-
ding to the association coefficient), functional
class according to NYHA and 6MWT on the 10%,
30t and 90t days of rehabilitation was revealed;
(Femwr10=-0-318; Toywr30=-0.397; Feywreo=-0.425)
(p<0.0001).

It was established that the six-minute walk
testis a specific and highly sensitive prognostic
marker of functional reserves for patients with
MI and CP (specificity - 100%, sensitivity - 63 %,
prognostic value of a positive result - 100%),
CCI>2. The correlation of 6MWT performed on
the 10, 30" and 90* days of rehabilitation
(BMWT,,, 6MWT,, and 6MWT,;) was revealed
regarding the age of patients (rguwro=-0.199;
Femwt30=-0.287; reuwreo=-0.410 respectively;
p<0.05), SpO, (reuwri0=0.399; reuwr0=0.265;
Femwroo=0.248; p<0.05), respiratory rate
(Femwr10=-0-318; Fewrz0=-0.357; Fepwreo=-0.298;
p<0.0001), systolic blood pressure (rguwro=0.179;
Femwoo=0.205; p<0.05), heart rate (rgr3=-0.259;
Femwroo=-0.179; p<0.05), left ventricular ejection
fraction (reuwro=0.706; reuwrso=0.706; 0.670;
Femwroo=0.583; p<0.0001), levels of troponin T
(remwr10=-0.210; rgyunrs0=-0.312; p<0.05), creatinine
(remwr10=-0.148; p<0.05), lymphocyte count in
peripheral blood (rguwr0=-0.303; rguwrso=-0.278;
Femwroo=-0.294; p<0.0001), CCI (reywrio=-0.323;
Femwr30="0.398; Femwr30=-0.398; reuwreo=-0.427;
p<0.0001).

Table 1. Dependence of functional categorical indicators in patients with myocardial
infarction on the presence of comorbid pathology

R
Z . . Risk degree FC according
O Index Fcfoc;?lll’idmg Fctzclsl?(mng according to rehabilitation
A P to AACPR classification
E Pearson’s coefficient 0.258 0.237 0.370 0.286
of mutual conjugation
é Chuprov coefficient 0.189 0.206 0.334 0.251
=z of mutual conjugation
ﬁ Cramer’s coefficient 0.267 0.244 0.398 0.299
— of mutual conjugation
Z | |x(p-value) <0.0001 <0.0001 <0.0001 <0.0001
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According to the results obtained, most of
these dependence factors are repeated at all
three stages of rehabilitation; therefore, their
significantimpact on exercise tolerance during
the 90-day period of the cardiorehabilitation
program is obvious. In general, the patients
with MIwith CP and high age indices, RR, heart
rate, creatinine, troponin T and Charlsson
comorbidity index, as well as low SBP in the
acute period of MI, SpO, and LVEF have
significantly lower tolerance to physical activity
at all stages of rehabilitation. Therefore, the
above parameters can be considered to be the
main functional clinical, hemodynamic and
laboratory markers of reduced tolerance to
exercise; they should be used to monitor the
response to increased physical activity and
predict the tolerability of rehabilitation
measures in patients with MI associated with
comorbid pathology.

Discussion

Profound disturbances of functional reser-
ves in this category of patients were associated
with late treatment (20.34+15.11 hours), and,
accordingly, the lack of timely revascularization
of the infarct-related artery. The age category
of patients (mean age (66.16+10.41) years) and
the presence of comorbid pathology in most
patients (93.8%) were also significant. This
profile of infarct patients, which is characterized
by late treatment, and, consequently, the loss
of timely revascularization of infarct-related
artery, the presence of comorbid pathology and
old age of patients, is still common in Ukraine
and requires special approaches unprescribed
in the current protocols of rehabilitation. Most
studies [8-13] confirm the significant negative
impact of comorbid pathology on the functional
state and reserve capacity of the cardiovascular
system in patients with MIwith a high efficiency
of adequate rehabilitation programs.

The study confirms the possibility of using
the Charlson index to quantify the degree of
comorbidity in patients with MI and various
comorbid pathologies and predict their reaction

of Charlson comorbidity and the six-minute
walk test in the stages of rehabilitation was
analyzed [14, 15]. It was established that
6MWT,,, 6MWT,, and 6MWT,, which reflect
exercise tolerance, in the acute (inpatient) and
subacute (early and late outpatient) phases of
rehabilitation process in the patients with a
higher degree of comorbidity were significantly
lower (p<0.0001), reuwr0=-0.318; rguwrso=-0.397;
Femwroo=-0.425, respectively.

Analysis of the specificity and sensitivity of
the six-minute walk test on the 10" day of
rehabilitation of postinfarction patients with
the parameters of the Charlson comorbidity
index >2 showed high specificity and prognostic
value of a positive result of this marker for
comorbid patients (Table 2, Fig. 1). According
to the results of the ROC analysis, it was
established that the best quality of the model
for 6MWT,, (AUC=0.75, 95% CI (0.672-0.828)
provides a threshold value (distribution point)
<83.5 m with the specificity of 100%, sensitivity -
63%, and the prognostic value of a positive
result - 100%.

The corresponding values for 6MWT per-
formed on the 30" and 90 days after the
beginning of MI were also with the maximum
specificity (100%) and prognostic value of a
positive result (100 %) for 6MWT,, values in the
range from 147 to 166.5 m (95% CI(0.766-0.904),
p=0.005; area under the ROC curve 0.835) and
6MWT,, in the range of 199.5-227.5 m (95% CI
(0.741-0.933), p=0.005; area under ROC curve
0.837). Thus, the analysis of the specificity and
sensitivity of the six-minute walk test on the
10, 30" and 90" days of rehabilitation of
postinfarction patients with CCI values >2
showed maximum specificity (100%) and
prognostic value of a positive result (100 %) of
this marker in comorbid patients. Accordingly,
the 6MWT targets by the end of the first decade
of the rehabilitation period in patients with MI
with the Charlsson comorbidity index >2 were
in the range of 83.5-98 m, by the end of the first
month of rehabilitation - 147.0-166.5 m and by
the end of the first trimester after the index

to exercise tolerance in the rehabilitation date - 199.5-227.5 m. The results suggest that Lé
stages. So, the interdependence of the degree the Charlson comorbidity index and the six- O
—

A

Table 2. Matrix for sensitivity and specificity of 6MWT,, at CCI values 22 E

6MWT,, value Sensitivity Specificity Prognostic value of a positive result =
83.5 0.63 1 1 <

98.0 0.80 0.33 0.97 E

100.5 0.81 0.33 0.97 E

Note. 95% CI (0.672-0.828), p=0.038. E
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Fig. 1. ROC-curve of sensitivity and specificity of 6MWT,, at values of CI >2 (area under the curve 0.75,

standard error 0.040; p=0.038).

minute walk test are highly specific and sen-
sitive prognostic markers of exercise tolerance
in patients with MIwith comorbid pathology at
all stages of rehabilitation.

Conclusions

During the 90-day rehabilitation period of
a patient with miocardial infarction and CP, the
markers of reduced exercise tolerance to be
monitored are blood pressure levels, heart rate,
respiratory rate, SpO,, troponin T, creatinine,
the number of lymphocytes in the peripheral
blood. The basic test for monitoring functional
reserves in patients with MI and CP during the
90-day period is 6MWT. To improve control over

the process of rehabilitation in patients with MI
and CP, the Charlson comorbidity Index should
be used in addition to GRACE and AACPR
cardiovascular risk scales.
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INPEJUKTOPH HU3bKNX ®YVHKIIIOHATIBHUX PE3EPBIB V XBOPUX
HA TH®APKT MIOKAPJA, VCKIIAZJHEHNHN KOMOPBIZJHOIO ITATOJIOTIEIO

. . . *J1. B. JleBMubKa, B. B. FOpkiB, M. M. Koppa
TEPHOI/IbCbKUM HAUIOHAJIbBHNN MEANYHNN YHIBEPCUTET IMEHI 1. . TOPBAYEBCHKOIO MO3 YKPAIHY,
TEPHOIL/1b, YKPAIHA

Bctyn. IHpapkm miokapda (IM) € 00Hi€r0 3 20/108HUX NPUYUH CMEPMHOCMI y npaye30amHoMy 8iyi, a pu3uk
cepyeso-cyOUHHUX yCKAAOHeHb 018 MuX, Xmo suxcusae 8 20cmpuli nepiod IM 3 koMopbidHoro namonozieto (KTT),
€ JyHKe BUCOKUM.

MeTa. lTowyk HAOIlIHUX NPO2HOCMUYHUX MapKepie pu3uKy 3HUXCEHHSA QYHKYiOHANbHUX pe3epsig cepyeso-
CyOUHHOI cucmemu npu iHpapkmi miokapda 3 KOMOpPbIOHOK namosozieto.

MeToawn. ¥ npochekmugHe d0cnidxeHHIi 6yno ekaro4eHo 371 xgopo20 HaA iHYapkm miokapda, AKi
ompumysanu HeiH8a3uBHe NiKy8aHHsA ma cnocmepieanucs npomszom 90 OHig 3 MOMeHMY HAOX00X#eHHs 00
cmayioHapy. Yci nayieHmu 6ynu o6cmedxceHi ma nposikosaHi 32i0H0 3 0il04UMU NPOMOKOAAMU.

PesynbTaTn. BcmaHos/eHo, ujo mecm wiecmuxeuauHHoi xo0b6bu (TLLIX) € cneyugiyHUM i BUCOKOYYMAUBUM
npo2HOCMUYHUM MapKepoM QYHKYiIOHANbHUX pe3epesig y xgopux Ha IM 3 KIT (cneyugiyHicme - 100%, yymau-
gicme - 63%, Nnpo2HOCMUYHe 3Ha4YeHHS No3umueHo2o pesynsmamy - 100% ) 3 IKY 22. BuseneHo kopeasyito
TLLX, nposedeHozo Ha 10, 30 i 90 deHb peabinimayii, 3 8ikom nayieHmis, Yacmomoto OuxaHHA (Y4), SpO,,
CUCMONIYHUM apmepiansHUM MUCKOM, YaCmomor cepyesux ckopoyeHs (YCC), ¢ppakyieto sukudy n1igo2o
wiyHoYKa (OB), pigHAMU MPONOHiIHY T, KpeamuHiHy, KinbKicmto niMpoyumu e nepugepuyHili Kposi ma iHOekcom
Komop6ioHocmi YapaecoH IKY (p<0,05).

BucHoBKW. [Ipomsazom 90-0eHHO20 nepiody peabinimayii xeopux Ha iHPapkm mMiokapoa 3 KoOMOp6iOHOH
namosio2iero MapKepamu 3HUXCeHOI MosepaHmMHocmi 00 Qi3u4HUX HOBAHMAXCEeHb, AKI nompebyroms
MOHIMOPUH2Y, € pisHi apmepianeHo20 mucky, YCC, Y4, SpO,, mponoHiHy T, KpeamuHiHy, KinbKicme nimpoyumis
8 nepugepuyHili Kposi. 1 NoKpawjeHHs KOHMPOKo 3a npoyecom peabinimayii y xeopux Ha IM 3 Kl doyineHo

sukopucmosysamu TLLIX ma IKY.

KJTKOUOBI C/1IOBA: iHpapKT Miokapaa; Komop6iaHa naTonoris, iHaeKc Komop6iaHocTi HapnbCcoH,
TeCT 6-XBUJIMHHOI X0A4b6U, NnpeanKTopU PYyHKLIiOHaNILHNX pe3epBiB.
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