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Abstract. Myocardial ischemia is often asymptomatic in patients with type 2 diabetes mellitus (T2DM) and
coronary artery disease (CAD) is frequently in an advanced stage when it becomes clinically manifested. Silent
myocardial ischemia (SMI) is defined as objective evidence of myocardial ischemia in the absence of typical chest
discomfort or other anginal equivalents.

Aim To test for LV function to assess the risk of silent myocardial ischemia(SMI) and to determine the
relationship between abnormal perfusion tomography and the incidence of cardiac events in asymptomatic
patients with middle-aged T2DM and to further evaluate the effectiveness of “aggressive” prevention strategies.

Metods. We retrospectively analysed medical records of 192 (110 male pts; 57.3%) chronologically consecu-
tive asymptomatic middle-aged (<60 years) patients with T2DM, who had undergone MPI subsequently followed
by coronary angiography in case perfusion abnormalities were found. MPI was performed from 2010 to 2014 ata
single outpatient care centre with nuclear medicine unit, according to the EANM procedural guidelines for stress-
rest ECG gated SPECT one-day protocol using 99mTc-tetrofosmin (Verberne et al., 2015).

Results. Data confirm a relatively high prevalence of silent myocardial ischemia (SMI) in elderly patients with
type 2 diabetes mellitus (T2DM), while no data are available regarding middle-aged subjects (<60 years).

Medical records of 192 patients with T2DM aged <60 years (110 male patients; 57.3%), who had undergone
myocardial perfusion imaging (MPI) between 2010 and 2014 followed by coronary angiography in case of abnor-
mal result, were retrospectively analysed.

MPI was positive in 35 patients (18.2%); of those 31 (88.6%) had angiographically confirmed coronary ste-
nosis. The positive predictive value of the MPI for predicting angiographic coronary stenosis in this age subgroup
was 88.9%. Univariate analysis revealed post-stress LVEF drop =5% (p<0.03) and NT-proBNP levels detected
in stress (p<0.05) to be associated with greater risk of ischemia in working-age T2DM patients. In multivariate
analysis, LVEF drop 25% (p< 0.03) remained an independent predictor of SMI.

Prevalence of SMI in diabetic middle-aged patients was similar to that observed in studies of subjects over 65
years-old. Post-stress LVEF drop 25% and NT-proBNP levels can contribute to more precise identification of SMI.
Our data suggest that “aggressive” management strategy should be implemented to reduce the risk of cardiac
events in T2DM patients of middle age.

Conclusion. The presented data address only the prevalence, severity, and possible predictors of SMI at the time
of enrolment into the study and suggest that advanced intervention procedures including “aggressive” drug man-
agement should be implemented to reduce the risk of cardiac events in forthcoming future. Follow-up evaluation
should allow to define the relationship between abnormal perfusion imaging and the prevalence of cardiac events
in asymptomatic middle-aged T2DM patients and to evaluate the effectiveness of “aggressive” preventive strategies.
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IlomupeHicTh 6e3cMMNTOMHOI imeMii MiokapAa y nani€eHTiB cepeAHbOT0 BiKy, XBOPHX HA LyKpoO-
BMU AiabeT TuUMy 2.
Osekcaudp Kiwko, Heani Kiwko, /Tro6iya [lepHaposa

Pe3tome. Bcmyn. leMisi Miokap/ja 4acTo Ma€ 6€3CMMIITOMHUM Iepebir y narieHTiB i3 IyKpoBUM JjiabeToM
2 tuny (T2 /[) Ta imemiuHot xBopo6oio cepis (IXC) yacTo B 3amy1ieHiit cTafii, Ko BOHA NPOSBASETbC KJIi-
HivyHO. BeacumnToMmHa imemist miokapza (BIM) BusHayaeThcs sk 06’'€KTUBHUM JjoKa3 imneMii Miokapaa 3a BifcyT-
HOCTi TUIIOBOT'0 TUCKOMQOPTY B rpyAAx abo iHIIMX aHTiHAJbHUX eKBiBaJIEHTIB.

Mema. TectyBanHs ¢yukuiit JIII i3 MeToro ouinku pusuky IIICII Ta BU3HaYeHHs B3a€EMO3B’s13KiB MiXK aHOP-
MasibHOW Tepdy3iiiHo ToMorpadi€ro i MOMUPEHICTIO ceplieBUX MO/l ¥ 6€3CUMITOMHUX nalieHTiB i3 T2DM
CepeHbOrO BiKy Ta MOAAJIBIIO OI[iHKOI0 ePeKTUBHOCTI «arpeCuBHUX» NPOPiTaKTUYHUX CTPATETIH.
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Mamepiaau ma memodu. My npoaHasi3yBasu peTPOCNEKTUBHO MeAUYHY JJokyMeHTalito 192 (110 voso-
BikiB; 57,3%) XpOHOJIOTIYHO MOCJIi/JOBHUX 6E3CUMITOMHUX MAli€eHTIB cepeHbOTO BiKy (<60 pokiB) 3 T21/,
ski nmepeHecau nep¢ysiliHy Bidyasizauito Miokapja, y pasi BUsBJeHHsS mopylleHb nepoysii 6ysa 3aiiicHe-
Ha KopoHapHa aHriorpadis. BIM 6yB gocaimpkenuit 3 2010 no 2014 pik B eAMHOMY aMOyJIaTOPHOMY LIEHTpi y
BiZiliJIeHH] AlepHOI MeJMLIUHY, 3TIHO 3 IpoLeypHUMU pekoMeHganiaMu EANM nnsa «stress-rest» EKI, ogHo-
nenHuit npotokos SPECT i3 3acTocyBanHaM 99mTc-TreTpodocmina (Verbernera in., 2015).

Pe3ynemamu docaidxcens. [laHi NifTBEPAXKYOTh BilTHOCHO BUCOKY MOLIUPEHICTh 6€3CMMIITOMHA ileMil Mi-
okapga (BIM) y siTHiX manieHTiB i3 nykpoBuM aiadetom 2 tuny (T211/1), moku HEMae AaHUX Npo oci6 cepen-
HbOTO BiKY (<60 pokiB. BIM 6yB nosutuBHuM y 35 nanieHTiB (18,2%); 3 Hux 31 (88,6%) manu aHriorpadidyHo
nigTBEpPKeHUH KOPOHApHUH cTeHO03. [[03UTHBHEe NPOrHOCTHYHE 3HAa4eHHs nepdysiiiHy Bidyanisanito miokap-
Jla 111 N1pOrHO3yBaHHA aHriorpadiyHOro KOpOHapHOIo CTeHO3y B Ll BikoBil mkaTeropii cranoBuio 88,9%.
YHiBapiaHTHUH aHaJTi3 MOKa3aB, 1[0 Mic/s cTpecy 3HMmkeHHs piBHA LVEF 25% (p <0,03) Ta piBHa NT-proBNP
(M03KOBOYW HaTpiypeTHHHUH MpomnenTup), BUsaBAeHUx npu crpeci (p <0,05), nos’si3aHi 3 GiABIIMUM PU3UKOM
imewmii y manienTtiB 3 T2DM npanesgarHoro Biky. [Ipu 6aratodpakropHomy aHauizi naginusg LVEF Ha 25% (p
<0,03) sanumasnocs He3anexHUM npeaukTopoM BIM. [Tomupenicts BIM y xBopux Ha /iiabeT cepeHbOro BiKy
6y/a nozibHOI0 A0 Ti€l, 0 crocTepirajack y A0CHiPKeHHAX 0ci6 cTapiue 65 pokiB. [locTcTpecoBuil LVEF Ha
piBHi 25% Ta piBeHb NT-proBNP (M03k0BO¥ HaTpillypeTHHUI NPONENnTH/)) MOXKYTb COPUATH GiJbLI TOYHIH
inentudikanii BIM. Hawi gaHi roBopsATh Npo Te, L0 «arpecMBHa» CTpaTerig MeH/»KeMeHTY NMOBUHHA OyTU
peasii3oBaHa /11 3MeHLIEHHSI pU3UKY CepLEeBUX MOAiN y NaLieHTiB cepeHbOTO Biky 3 T2I[/I.

BucHosku. HaBezieHi JjJaHi CTOCYIOTbHCA JIKIIE MOMMUPEHOCTI, TAKKOCTI Ta MOXKJIUBUX [IPOTHO3IB PO3BUTKY
BIM mig yac y4acTi B JOC/ai[pKeHHI Ta IPONOHYOTh 3aCTOCOBYBATH PO3LIMPEH] IpoLieypy BTPy4YaHHs, BKJIIO-
YaluU «arpecuBHe» JiKyBaHHS HAPKOTHUKAMHU, 11100 3MEHIIUTU PU3UK CePLIEBUX NOAIN y MallbyTHboMY. [lofab-
Ille OLIiHIOBAaHHS MOBUHHO JIaTH 3MOTY BU3HAYUTH B3aEMO3B’sI30K MK aHOpMaJsIbHOIO nepdy3iiHO0 TOMOrpa-
¢i€ro Ta MONMIMPEHICTIO ceprieBUX NOJiN y 6e3cMMNITOMHUX nanieHTiB 3 T2DM cepeJHbOTO BiKy Ta OLIHUTH edeK-

TUBHICTb «arpeCUBHUX» MPO}ITAKTUIHUX CTPATETIH.

KirouoBi ciioBa: cuyuaTurpadis, 6escumnromHa imemist miokapzga(bIM), nykposuii iabet

Introduction

Myocardial ischemia is often asymptomatic
in patients with type 2 diabetes mellitus (T2DM)
and coronary artery disease (CAD) is frequently
in an advanced stage when it becomes clinically
manifested. Silent myocardial ischemia (SMI)
is defined as objective evidence of myocardial
ischemia in the absence of typical chest discomfort
or other anginal equivalents. Itis a common, under-
recognized marker of a significant underlying CAD
associated with future cardiovascular events and
poor prognosis. SMI is an important public health
issue, and its early detection may prevent many
episodes of sudden cardiac death annually (Cosson
etal, 2005; Le Feuvre et al,, 2011; Vasiliadis et al.,
2014). Diabetic patients have a higher prevalence
of SMI and recognised myocardial infarction than
patients without diabetes (MacDonald et al,
2014). There are some data about the prevalence
of SMI in T2DM patients in elderly at high risk for
cardiovascular disease (Inoguchi etal., 2000; Faglia
et al, 2002; Lima et al,, 2004; Mohagheghie et al.,
2011; Rawshani et al., 2017). However, data about
the prevalence of SMI in middle-aged subgroup of
the diabetic population remain limited.

Stress single-photon emission computed
tomography (SPECT) is a validated imaging
tool providing information on the physiological
significance of flow-limitation and is also a
cost-effective for risk assessment of the major

adverse cardiac events in the general and
diabetic populations. SPECT could accurately
assess both myocardial perfusion and ventricular
function in diabetic patients, providing important
information for their management and is helpful
in these situations (De Keyzer et al, 2011).
Moreover, left ventricular (LV) function analysis
in SPECT can enhances its prognostic and
diagnostic ability, particularly in the prediction of
SMI (Sharir etal., 1999). We sought to evaluate the
prevalence of SMI detected by SPECT myocardial
perfusion imaging (MPI) in association with
some less recognised diagnostic predictors of it in
T2DM asymptomatic patients of the middle age.

Purpose

LV functions Testing for to assess the
risk of STIs and to determine the relationship
between abnormal perfusion tomography and
the incidence of cardiac events in asymptomatic
patients with middle-aged T2DM and further
evaluation of the effectiveness of "aggressive"
prevention strategies.

Methods

We retrospectively analysed medical records
of 192 (110 male pts; 57.3%) chronologically
consecutive asymptomatic middle-aged (<60
years) patients with T2DM, who had undergone
MPI  subsequently followed by coronary
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angiography in case perfusion abnormalities were
found. MPI was performed from 2010 to 2014 ata
single outpatient care centre with nuclear medicine
unit, according to the EANM procedural guidelines
for stress-rest ECG gated SPECT one-day protocol
using 99mTc-tetrofosmin (Verberne et al,, 2015).
Perfusion images were judged blindly by two
specialists independently using the 17-segment
ASNC model, and SMI was diagnosed consensually
as myocardial perfusion abnormalities without
associated symptoms. Stress (cycle ergometry)
and rest myocardial perfusion abnormalities
were described as reversible (ischemia), fixed
(scar), or mixed (scar and ischemia). The summed
stress score (SSS) and summed rest score (SRS)
were obtained, with the summed difference
score (SDS) being the difference between the
two. A mild ischemic defect was defined as
showing the presence of a SDS = 2. A moderate
perfusion defect was defined as a SDS = 2 in > 1
segment, and severe perfusion defect was defined
as a SDS = 3 in > 1 segment in stress images.

Calculation of left ventricular ejection fraction
(LVEF) and ventricular volumes was performed
by using quantitative software for endocardial
and epicardial boundaries automatically tracing.
Patients with abnormal MPI were referred for
coronary angiography. Angiographic images were
assessed blindly to the MPI data and significant
stenosis was defined as =50% for LAD, and =75%
for other coronary arteries.

LV dysfunction was defined as post-stress LVEF
drop 5% and/or transient ischemic dilatation of
LV in stress against rest. The levels of NT-proBNP
were measured at rest and within 3 minutes in the
early recovery stage of exercise testing.

All participants gave written informed
consent before enrolment in the study, which was
conducted in accord with the principles of the
Declaration of Helsinki. All patients were carefully
assessed for classic coronary risk factors: age,
sex, obesity, smoking, essential hypertension,
dyslipidaemia, a family history of CAD, duration
of diabetes, diabetic complications (Table 1).

Table 1
Clinical and laboratory characteristics of the subjects included in the study e
Clinical and laboratory characteristics Diab(elfi:ll‘);azt)i ents

Age (years) 52.3+6.7
Male (n/%) 110/57.3
Obesity (n/%) 151/78.6
Smoking (n/%) 3/1.56
Hypertension (n/%) 107/55.7
Dyslipidaemia (n/%) 140/72.9
Family history of CAD (n/%) 28/14.6
Duration of diabetes (years) 50+3.2
Retinopathy (n/%) 20/10.4
Nephropathy (n/%) 13/6.8
Neuropathy (n/%) 7/3.6
Glucose (mmol/1) 7.8+2.6
HbAlc (%) 7.2+1.3
High-sensitivity CRP (mg/1) 2.2+23
Total-C (mmol/]) 6.2 £3.5
HDL-C (mmol/1) 0.96 £ 0.4
LDL-C (mmol/1) 42+18
Triglycerides (mmol/1) 39+24

Data are expressed as the mean + SD, number and percentage.



Continuous variables were expressed
as mean values * standard deviation, and
frequencies as the number and percentage of
patients. Between-group comparisons were made
by means of non-parametric Mann-Whitney U
test. Bivariate associations were tested using t
test and Fisher’s exact test. To identify the factors
independently related with SMI univariate and
multivariate analysis was performed. P values of
<0.05 were considered statistically significant.
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Statistical analyses were carried out using IBM
SPSS Statistics V.19 software.

Results

MPI results showed that 157 (81,8%)
patients had normal myocardial perfusion, while
35 (18.2%) patients showed perfusion defects on
MPI (Table 2). In 33(17.2%) cases it was defined
as reversible and in 2(1.0%) as mixed.

Table 2
MPI results
Result MPI (n=192)
Negative (n/%) 157/81.8
Positive (n/%) 35/18.2

Data are expressed as number and percentage.

12 (33.4%) out of the 33 reversible perfusion
defects were described as mild, 14 (42.4%) -
moderate, and 7 (22.2%) - severe.

31 (88.6%) patients out of the 35 with
abnormal MPI findings represented an abnormal
coronary angiography. In 15(48.4%) out of the
31 patients it was defined as 1 vessel disease, in
10 (32.3%) - 2 vessels disease and in 6 (19.3%)
- 3 vessels disease. 9 (29.0%) patients with
positive angiographic results represented diffuse
disease and vessel occlusion was detected in

2 (6.5%). Coronary anatomy did not allow any
revascularisation procedure in 13 (41.9%) of the
patients with abnormal coronary angiography.

These results emphasize the incremental
diagnostic value of MPI for evaluation of SMI in
this specific subgroup of the diabetic population.
MPI have showed a very good degree of specificity
ofthe test (97.6%) with a positive predictive value
of 88.9% for predicting angiographic coronary
stenosis (Table3).

Evaluation of MPI in predicting angiographic coronary stenosis rables
Statistic Value 95% CI
Sensitivity (%) 69.5 61.5-82.6
Specificity (%) 97.6 79.9-99.3
PPV (%) 88.9 73.6-95.6
NPV (%) 50.6 48.9-52.3

PPV: positive predictive value; NPV: negative predictive value; CI: confidence intervals

We observed that retinopathy (OR 2.32;
95%-CI: 1.05-5.13; p>0.05), nephropathy (OR
2.12; 95%-CI: 1.0-6.13; p>0.5), and neuropathy
(OR 1.70; 95%-CI, 1.07-2.71; p>0.05) were not
associated with abnormal MPI.

Post-stress LVEF drop =5% was observed in
32 (91.4%) patients out of the 35 with abnormal
MPI findings. In 29(82.9%) cases it was associated
with post-stress transient ischemic dilatation of
LV. Patients with LVEF drop =5% had higher SDS
(p<0.01), but no significant difference in rest LV
values (p >0.05) compared to patients without
perfusion defects.

There was no significant difference between
mean rest NT-proBNP level in MPI-negative
against MPI-positive subgroups (182+80ng/1 vs.
198+60ng/l, p>0.5), but patients with SMI had a
significantly higher mean post-stress NT-proBNP
level (889+92ng/1 vs. 226+80ng/1; p<0.05).

Univariate analysis revealed post-stress LVEF
drop 25% (p<0.03) and NT-proBNP level detected
in early recovery stage of stress testing (p<0.05)
to be associated with greater risk of ischemia in
middle-aged T2DM pts. In multivariate analysis,
LVEF drop 25% (p<0.03) remained to be an inde-
pendent predictor of SMI.
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Discussion

T2DM is a chronic metabolic disease, which
results not only in significant direct medical costs
but also in indirect productivity losses due to dis-
ability and early mortality in working age popula-
tion. Almost 75% of diabetic decedents without
clinical CAD have high-grade coronary athero-
sclerosis. Autopsy studies have identified a high
prevalence of coronary atherosclerosis in pa-
tients with diabetes, even among those without
clinical CAD (Goraya et al., 2002). The prevalence
of SMI in the diabetic population is very variable
in the different studies, ranging from 12% to al-
most 57%, and it is 3 to 6 fold higher than in as-
ymptomatic non-diabetic population (Inoguchi et
al., 2000; Wackers et al., 2004; Freeman, 2006; Le
Feuvre et al.,, 2011). Several mechanisms are in-
tegrated in the SMI genesis. Endothelial dysfunc-
tion secondary to T2DM may play a role, leading
to an inappropriate coronary flow response to
increasing myocardial metabolic needs (coro-
nary vascular tone abnormality). It is also due to
an increased pain feeling threshold in diabetic
patients, probably secondary to an elevated be-
ta-endorphins rate. These two abnormalities are
associated with an impaired autonomic nervous
system.

The patients enrolled in the study were truly
asymptomatic, working-age subjects with T2DM,
free from known CAD. There were not typical
clinical signs of angina at the time of referring pa-
tients for MPI. The patients were referred mostly
from the clinics for diabetes and metabolic dis-
orders or internal diseases. They were on con-
temporary medical treatment and were under
reasonable metabolic control. Yet, 35 patients
(18.2%) had evidence of SM], including 21 with
moderate-to-severe reversible perfusion abnor-
malities and 30 with stress-induced ST-segment
changes. The prevalence of perfusion abnormali-
ties in our study was somewhat lower than the
22% observed in the DIAD study (Wackers et al,,
2004) but a bit greater than 15,7% obtained in an
earlier study from France (Janand-Delenne et al.,
1999). However, the lower prevalence reported
in this earlier study likely reflects differences in
patients selection. Subjects were of younger age,
with T1DM and T2DM and perfusion abnormali-
ties were assessed visually with somewhat less
sensitive technique. Moreover, imagings were
performed only if the initial exercise ECG stress
test was abnormal or equivocal. Thus, patients
who would have had perfusion abnormalities
were likely missed. On the other hand, it should

be noted that the prevalence of perfusion abnor-
malities in DIAD study is considerably higher
than that reported in our study, reflecting the re-
sults of adenosine perfusion imaging in a slightly
older sample of patients (50-75years).

In a recent study of silent CAD detection in
a cohort of 102 asymptomatic T2DM subjects
(57+7years), attending 5 Italian outpatient clin-
ics, a significant higher prevalence of silent CAD
was observed in subjects with abnormal vs. nor-
mal ECG (23 vs. 4%; P=0.004), but not in subjects
with high vs. low pre-test silent CAD risk (14 vs.
9%; p=0.472). An abnormal ECG was defined to
be a strong, independent predictor of silent CAD
(OR8.9;CI1.27-62.5; p=0.028) in T2DM (Vigili de
Kreutzenberg et al.,, 2017).

Our second goal was to identify predictors
of MPI abnormalities. Demographics, traditional
cardiac risk factors, diabetes complications, and
biomarkers were analysed. Overall predictors
of SMI in working-age cohort of T2DM patients
were post-stress LVEF drop 25% and NT-proBNP
levels detected in stress. In univariate analysis,
only post-stress LVEF drop =5% was the factor
associated with moderate-to-large perfusion de-
fects abnormalities that raise substantial clinical
concern. In working-age patients with diabetes,
post-stress LVEF drop showed to be an indepen-
dent predictor of stress-induced ischemia and in-
creases the risk of subsequent cardiac events in
T2DM patients. However, a fall in LVEF is detect-
able also in patients with normal myocardial per-
fusion. These findings suggest that a post-stress
LVEF drop may be related to a specific diabetic
cardiomyopathy in the absence of myocardial
perfusion abnormalities. Diabetic complications
such as retinopathy, nephropathy and neuropa-
thy showed not to be significantly associated with
either test abnormality or marked perfusion de-
fects. In addition, traditional cardiac risk factors
(male gender, hypertension, smoking and family
history, or dyslipidaemia), previously reported as
risk factors for CAD and poor outcome (De Keyz-
er et al, 2011) were not associated with SMI in
middle-aged T2DM patients.

Conclusions

Prevalence of T2DM in middle-aged popula-
tion is high and still rising in Europe. Both dia-
betes and pre-diabetic states are risk factors for
CAD. Their emergence starts many years before
clinical events appear, developing silently, in par-
allel with the progression from pre-diabetic sta-
tus to T2DM (Alegria-Barrero, 2014). Our study



suggests that 18.2% of asymptomatic middle-
aged patients with T2DM have SMI. More impor-
tantly, 13.7% of them have markedly abnormal
(moderate-to-severe) myocardial perfusion ab-
normalities. This justifies screening for SMI by
non-invasive and cost-effective technique such
as SPECT MPI in subpopulation of T2DM patients
of the middle age. LV function testing may have
an important role in the SMI risk assessment
because of the association shown in the present
study between LVEF drop 25%, NT-proBNP levels
detected in stress and perfusion defects occur-
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ring. The presented data address only the preva-
lence, severity, and possible predictors of SMI at
the time of enrolment into the study and suggest
that advanced intervention procedures including
“aggressive” drug management should be imple-
mented to reduce the risk of cardiac events in
forthcoming future. Follow-up evaluation should
allow to define the relationship between abnor-
mal perfusion imaging and the prevalence of car-
diac events in asymptomatic middle-aged T2DM
patients and to evaluate the effectiveness of “ag-
gressive” preventive strategies.
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