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ASSESSMENT OF DIASTOLIC FUNCTION IN PATIENTS WITH CHEST PAIN AND ANGIOGRAPHICALLY
NORMAL CORONARY ARTERIES USING ECG-GATED SPECT
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The diagnosis and treatment of patients with angiographically normal or near normal coronary arteries remains a clinically relevant problem. The aim of this study
was to assess diastolic function in patients with chest pain and normal/near normal coronary arteries (NECA) using ECG-gated SPECT/CT. The study recruited
49 patients presenting with chest pain, a positive cardiac stress test and normal coronary arteries, as demonstrated by coronary angiography. All patients were
ordered a myocardial SPECT/CT scan, which was performed according to a two-day protocol. After the scan, the patients were divided into 3 groups. Group
1 consisted of 17 patients with microvascular angina. Group 2 was composed of 22 patients with borderline-high blood pressure or stage | hypertensive heart
disease associated with secondary microvascular dysfunction. Ten seemingly healthy individuals constituted the control group. According to coronary angiography,
the controls had no cardiovascular pathologies accompanied by coronary artery disorders or impaired myocardial perfusion (SPECT). The majority of patients from
groups 1 and 2 were found to have impaired diastolic function. The impairments were more pronounced in group 2 tended to exacerbate with stress. The most
sensitive parameter of diastolic function, MFR/3, was outside the reference range in almost all patients in groups 1 and 2. MFR/3 characterizes the mean filling rate
of the left ventricle in the first third of diastole. The control group showed no symptoms of diastolic dysfunction. Thus, the patients with chest pain, a positive stress
test and NECA had signs of left ventricular diastolic dysfunction exacerbated with stress. Such patients are at risk for heart failure with preserved ejection fraction.
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OLEHKA OUACTOJINYECKOWN ®YHKLIMM MUOKAPIA Y NALMEHTOB C EONNEBbIM CUHOPOMOM
B rPYAHOWN KNETKE N AHTMOTPA®UYECKN HEM3MEHHbIMU KOPOHAPHBLIMU APTEPUAMW METOQOM
CUHXPOHU3NPOBAHHOW C 9K 0OAHO®OTOHHON 3MUCCUOHHOWN KOMMbIOTEPHOW TOMOIPA®UN
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Ha NpoTshKeH MHOTVX NET OCTAETCA aKTyaslbHOM TeMa ANArHOCTVIKN U TaKTUKM BEAEHUS NaLMEHTOB C aHMMOrpadmHeCcKin HEN3MEHEHHBIMN VN MaNOU3MEHEHHBIMM
KOpoHapHbIMK apTepusamn (KA). Lienbto nccnenoBanns Ob110 OLEHUT AMACTONMHECKYD (DYHKLMIO Y MauUmMeHTOB ¢ O0MEBbIM CUHOPOMOM B MPYAHOW KNeTke
1 HenaMeHeHHbIMU/ManonameHeHHbIM KA (H/MKA) no gaHHbIM CUHXPOHM3MpoBaHHON ¢ OKIT 0gHOMOTOHHON 3MUCCUOHHON KOMMBIOTEPHOW TOMOrpadun
(C-O3KT/KT). B nccneposatve BoLLm 49 naumeHToB ¢ 601eBbIM CUHAPOMOM B 061aCTV MPYAHOM KNETKM, NONOXUTENBHBIMU PEe3ySisTaTaMi Harpy304HOro TecTa
1 H/MKA no faHHbIM kopoHapoaHrorpadmmn (KAT). Beem naupeHtam seinonHunm C-O9KT/KT myokapza no AByxAHEBHOMY NMpoTokony. [Nocne neenenosaHns
naumeHTbl Oblav pasdaeneHsl Ha TPy rpyMnbl: 17 NauUeHTOB ¢ MUKPOCOCYANCTOM CTEHOKapAMen cocTaBmnm rpynny 1; 22 naumeHTa ¢ norpaHnyHoN apTepuanbHOi
runepTeHauen (A, nmm runepToHmn4eckon 6onesHeto (MB) | cTagmm, accoumMmMpyOLLENCS ¢ BTOPUHHOM MMKPOCOCYAMCTON ANCAYHKUMENn — rpynny 2. Tpynny
KOHTpONSA, unm rpynny 3, coctasunm 10 NPaKTUHECKN 300POBbIX L, Y KOTOPbIX NpK KA Bbln MCKIIOHEHbI 3a60/1EBaHNSA CO CTOPOHbI CEPAEHYHO-COCYANCTOM
CUCTEMBI, COMPOBOXAAIOLLMECS UBMEHEHMSIMY KOPOHAPHBIX apTepUIA 1 HapyLLEeHUSIML Nepdy3nn Mrokapaa npu nposeaeH OSKT. Y 60nblUMHCTBA MaLveHToB B
rpynnax 1 1 2 Obln BbIABIEHbI HAPYLLEHNS ONACTONMMHECKON (DYHKLIMW, MpW STOM B FPyMne 2 OHU Myoxe 1 yCyrybnsatoTest Mpy Harpyake. Havibonee YyBCTBUTENbHbIN
napamMeTp AMacTONMHECKON (OYHKLMM — CPEedHsisi CKOPOCTb HanonHeHust JDK B nepByto TpeTb avactonsl (MFR/3) — 13MeHeH NpakTUYeckn y BCex MauMeHToB
rpynn 1 v 2. Y naumeHToB rpynnbl KOHTPOSS M3MEHEHVS He BbISIBNEHbI. TakiM 00pasoM, y MaumMeHToB ¢ 60bio B rpyau, MONOXKUTENbHBIM CTPecc-TecTom 1 H\
MKA BbISIBNEHbI Mpr3HakX aractonuyeckon ancdyHkummn JHOK (OO®) n gansHellee ee yxyaweHne npu Harpyske. OT1 naumeHTbl MoryT NpeacTaBnsiTs Cobom
rpynny pucka pasBuUTUsS CEPAEYHON HEAOCTATOHYHOCTY C COXPaHEeHHON pakLmen Beibpoca.
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The use of echocardiography (EchoCG) in clinical diagnostics
shed light on the actual prevalence of heart failure (HF) with
preserved left ventricular (LV) systolic function (gjection fraction
(EF) > 45%), which turned out to be a very widespread condition.
According to the Framingham Heart Study (1948-2012), the
Rochester Epidemiology Project (1960-1984) and some other
research studies, patients with preserved LVEF make up over
one-third of all individuals with HF, and their number is growing
steadily [1, 2]. Diastolic dysfunction (DD) is believed to be one
of the possible causes of HF in such patients [3-5]. Isolated
DD is more often diagnosed in patients with angiographically
normal or near normal epicardial coronary arteries (NECA) [6].

In spite of the obvious advances in the understanding
of DD in patients with NECA, there are questions about the
etiology and pathogenesis of diastolic impairment that still
need to be answered [7, 8]. The underlying causes of DD
and DD-associated HF named in the literature include LV
hypertrophy, metabolic shifts, myocardial fibrosis, and coronary
microvascular dysfunction (CMD) that many authors also regard
as a risk factor for adverse cardiovascular events [9, 10].

Clinical data corroborating the role of CMD in triggering
DD in patients with normal epicardial coronary arteries come
from limited sources. For example, there was an extensive
retrospective study in which the medical histories of 376
patients with LVEF > 50% and without signs of obstructive
coronary artery disease were analyzed [11]. Cardiac PET
imaging revealed that all patients with HF, preserved LFEF
and signs of DD had reduced coronary flow reserve, which,
according to the authors of the study, may have indicated an
association between a microvascular pathology, DD and HF.
Myocardial hypertrophy (MH) is another possible reason of
DD in patients with NECA. A transesophageal Doppler study
assessing diastolic function in 30 patients with left ventricular
hypertrophy (LVH) found that 16 participants had symptoms
of ischemia and angiographically normal CA whereas in 14
patients LVH was asymptomatic. Signs of DD were present in
both groups, but tended to be more pronounced in group 1 [12].

Ectopic fat deposition referred to as myocardial steatosis
may also increase the risk of DD. A team of researchers measured
myocardial triglyceride content and assessed diastolic function in
13 women with intact CA using proton magnetic resonance
spectroscopy and magnetic resonance tissue tagging [6]. Five
women were shown to have signs of CMD and subclinical DD
correlated with high triglyceride content in the myocardium.
The authors concluded that myocardial steatosis has a distinct
association with diastolic dysfunction in the studied cohort of
patients.

At the same time, there are reports that such patients do
not develop DD. For example, ECG revealed no significant
impairment of diastolic function in 99 patients with syndrome X
confirmed by a stress test [13].

Given that the literature reports are controversial, research
into DD should be continued in order to work out criteria for
this condition and to prevent diastolic heart failure in patients
with angiographically normal or near normal epicardial coronary
arteries. Today, echocardiography remains the most available
and popular method for the assessment of systolic and diastolic
myocardial function. However, its reproducibility is quite low
and depends largely on the operator who performs the scan.
In contrast, cardiac radionuclide imaging is characterized by
higher reproducibility and high accuracy, and its results only
slightly depend on the operator’s skills.

Considering the abovesaid, the aim of this study was to
measure the left ventricular function in patients with chest
pain and normal or near normal epicardial coronary arteries

using cardiac single-photon emission computed tomography
(C-SPECT).

METHODS

The study recruited 49 participants (24 men and 25 women)
aged 43 to 77 years (the mean age was 62.6 = 8.9 years)
with chest pain (CP) and a positive stress test. All patients
were examined and received treatment at the facilities of the
Department of Cardiology, Pirogov Russian Medical Research
Medical University.

The following exclusion criteria were applied: hypertension
(systolic blood pressure = 180 mmHg and diastolic blood
pressure =110 mmHg), cardiac lesions, LVH, hypertrophic and
dilated cardiomyopathies, acute myocardial infarction within
6 months preceding our study, LVEF < 45%, persistent flutter
and atrial fibrillation, arrythmias, impaired conductivity, valvular/
endocrine/neurological/ disorders, kidney or liver failure, and
other diseases leading to impaired myocardial perfusion or
affecting systolic and diastolic functions of the myocardium.

A detailed medical history was taken from all participants;
a full blood count and a blood biochemistry test were also
performed. The patients underwent a physical examination,
a standard 12-lead ECG, Holter monitoring, a cardiac stress
test on a stationary bicycle (CST), coronary angiography, and
a C-SPECT/CT scan at rest and with stress. Angiography
identified 37 patients with intact coronary arteries and
12 patients with stenosis (<40%) in one artery and normal
systolic function (as assessed by EchoCG). Twenty-two
participants had borderline-high blood pressure or stage |
hypertensive heart disease with a LV mass index of 132 + 21; the
blood pressure was lowered to an average of 125/80 mmHg by
the prescribed medication therapy. Seventeen patients had no
comorbidities (the LV mass index was 128 + 27). Twenty-one
patient had hypercholesterinemia: total cholesterol levels were
5.4 + 1.68 mmol/l, concentrations of low-density lipoproteins
were 3.3 + 1.0 mmol/l. Ten participants who did not have any
cardiovascular disorders constituted the control group. Clinical
characteristics of the patients are given in Table 1.

All patients underwent a myocardial SPECT/CT scan at
the Department of Radionuclide Diagnostics. The scans were
ordered to assess the systolic and diastolic functions of the
heart. Antianginal therapy was temporarily discontinued before
the scan for the period of > 5 elimination half-lives of the
used drug.

A 2-day C-SPECT/CT protocol was applied. On the first
day, the scan was performed at rest; on the second day,
stress images were obtained following the exercise ECG test.
During the test on the Ergoline bicycle ergometer, the blood
pressure was monitored. The test was conducted according
to the standard protocol. The initial workload was 25 W; it was
increased by 25 W every 3 minutes. Once the maximal workload
was achieved, the patients received an intravenous injection
of a radiopharmaceutical and then continued exercising for
another minute.

The radiopharmaceutical selected for our study was
Technetium (**™Tc) sestamibi (Russia). It was administered
intravenously via a 444-555 MBq bolus injection. Images
were recorded using a gamma camera. Stress images were
obtained 45-60 min after the injection administered during the
exercise test, whereas rest images were obtained 60-90 min
after the injection at rest.

ECG-gated SPECT/CT imaging was assisted by the dual-
detector gamma camera Symbia T-16 (Siemens; Germany)
connected to a low-dose scanner for computed tomography
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equipped with a SMARTZOOM collimator for cardiac studies.
Image acquisition was triggered by the R wave. During the
scan, the patients were lying in the supine position. The
detectors were positioned at 90° to each other and were
rotating 180° around the patient’s body. In total, 32 projections
(16 per detector) were obtained for each patient.

Myocardial perfusion and diastolic function were analyzed
in QPS\QGS, AutoSPECT (Quark Inc., version 8.5) using a
17-segment model of the left ventricle. The following systolic
and diastolic parameters were assessed.

1. Systole:

— EF > 50% at rest and with stress;

— PER (the peak ejection rate of the LV, expressed as end-
systolic volume per second, the normal range is from 2 to 3) at
rest and with stress.

2. Diastole:

— PFR (the peak filling rate of the LV, expressed as end-
diastolic volume per second, the normal range is from 2 to 3);
characterizes myocardial diastolic function;

— MFR\3 (the mean filling rate of the LV during the first-third
of diastole, expressed as end-diastolic volume per second, the
reference range is from 1.5 to 2);

— PFR2 (secondary peak filling rate, not observed in healthy
patients); in patients with two or more filing peaks, the peak
filling rate during the second peak was calculated;

— TTPF (time from end systole to peak filing, the normal
range is 100-150 ms).

If at least parameter of diastolic function fell outside the
reference range, DD was presumed [10].

The obtained data were processed in Statistica 6.0
(StatSoft; version 6.0) and are presented in this work as M + SD
(mean =+ standard deviation). Qualitative parameters were
compared using the Pearson’s chi square test. If the number of
observations in one of the compared groups was less than 11,
the Yates correction was applied. If the number of observations
was below 5, the two-sided Fisher’s test was used.

Table 1. Clinical characteristics of the study participants
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Quantitative data were compared using nonparametric
tests, including the Mann Whitney U for 2 independent variables
and the Kruskal-Wallis for 3 or more independent variables.

RESULTS

The study participants were examined and divided into 3 groups.
Group 1 consisted of 17 patients with microvascular angina
(MA) who complained of chest pain but had no comorbidities
that could lead to impaired myocardial perfusion; their coronary
arteries appeared intact during the coronary angiography, and
C-SPECT/CT verified transient myocardial ischemia. Group 2
was composed of 22 patients with borderline-high blood
pressure or stage | hypertensive heart disease confirmed by
the results of 24-h blood pressure monitoring. The patients
in group 2 had no LVH (LV mass index was 132 + 21) and
no cardiac lesions; their blood pressure was lowered to the
desired values, and C-SPECT/CT verified transient myocardial
ischemia associated with secondary CMD. The control group
included 10 seemingly healthy individuals with no cardiovascular
conditions, intact coronary arteries and normal myocardial
perfusion. In each group, the patients were comparable in terms
of age, BMI, heart rate (HR) and blood pressure measured at
rest. No significant differences were observed between the
groups regarding heart rate, blood pressure, ESD, and EDD
(measured by echocardiography) determined at rest (Table 1).
In the controls, the systolic and diastolic parameters of the left
ventricle fell within the normal reference range both at rest and
after exercise.

No significant differences were found in the parameters
characterizing the systolic function of the LV between the
patients with NECA. EF and peak ejection rate at rest and after
the stress test did not differ significantly between groups 1 and
2. At rest, EF was 58.5 + 6.6 and 59.5 + 6.8 (p > 0.05) in
groups 1 and 2, respectively, whereas after the stress test, it
reached 65.6 + 7.8 and 66.4 + 8.8 (p > 0.05), respectively. In

Parameter Group 1 (MVA), n=17 Group 2 (CMD), n=22 Group 3 controls, n= 10
Age 62.7 + 7.8 (50-77) 60.6 + 8.1 (44-75) 63.2 (43-74)
Sex, male/female 6/11 12/10 6/4
BMI (kg/m2) 25.8+3.6 26.7 +3.2 25.7 + 3.47
Duration of disease, years 3.4+2 3.8+1.9 32+17
Systolic blood pressure (mmHg) 122 £ 9.2 130+ 6.8 126 + 6.4
Diastolic blood pressure (mmHg) 73+5.8 74 +4.0 72 +£6.0
LV mass index 128 + 27 132 + 21 127 +18
Resting heart rate 67 +8 72+6 66 + 8
Pain type:
Nonanginal (localized, lasting for several hours or more.
not relieved by nitroglycerin) 5 7 10
Anginal 12 15 0
Holter monitoring results:
NORM 6 11 10
ST depression = 2.0 mm 4 5 0
ST depression < 2.0 mm 7 6 0
EchoCG of LV:
EF (biplane Simpson’s method), % 64.5+9.5 60.7 + 4.0 67.4 +10.2
ESD, cm 3.5+03 3.6 +0.3 27705
EDD, cm 48+0.3 49+04 465+0.2
PWT, cm 1.0+ 0.06 1.04 + 0.08 0.98 +0.15

Note: MVA stands for microvascular angina; ESD is end-systolic dimension; EDD is end-diastolic dimension; PWT is posterior wall thickness; HR is heart rate.
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group 1, PER at rest was 2.5 + 0.2, increasing up to 2.7 + 0.3
after the stress test. In group 2, PER was 2.4 + 0.3 and
2.7 + 0.4 (p > 0.05) at rest and after the stress test, respectively.

Left ventricular systolic function was normal in both groups.

Diastolic abnormalities were detected in the majority of
the patients with NECA both at rest and with stress. At least
one measured parameter fell outside the normal range in all
patients from group 1 and 17 patients from group 2, indicating
DD. MFR/3 was aberrant almost in all participants. However,
deviations from the norm were more often observed for
more than one measured parameter. At rest, 5 patients from
group 1 had abnormal MFR/3 only; 6 patients had abnormal
MFR/3+another parameter; in another 5 patients 3 parameters
fell outside the reference range; and in 1 patient 4 measured
parameters deviated from the norm. After the stress test,
deviations from the normal range affecting only 1 parameter
were observed in 3 patients; 2 parameters, in 4 patients; 3
parameters, in 7 patients; and 4 parameters, in 2 patients. To
sum up, after the stress test the majority of the patients had
abnormal values of 3 to 4 parameters characterizing myocardial
function, as compared to the same parameters measured at rest.

In group 2, one parameter measured at rest fell outside
the normal range in 2 patients; 2 parameters, in 7 patients;
3, in 5 patients; and 4, in 3 patients. In another 5 patients all
studied parameters were perfectly normal. However, after the
stress test, only one patient still had only one abnormality in the
measured parameters; 2 abnormal parameters were detected
in 7 patients; 3, in 6 patients; and 4, in 4 patients.

Mean values characterizing myocardial function in patients
with normal or near normal epicardial coronary arteries and
healthy controls are presented in Table 2.

There were significant differences between groups 1
and 2 in the values of PFRrest, MFR/3stress, TTPFrest, and
PFR2stress. At rest, secondary filling peaks were detected in 3
(17%) patients from group 1 and 5 patients (23%) from group
2; after the stress test, secondary filling peaks were present in
4 (23%) and 7 (32%) patients from groups 1 and 2, respectively.
No significant difference in MFR/3 at rest and with stress was
observed between groups 1 and 2. Perhaps, this is because in
both groups this parameter was initially abnormal both at rest
and with stress.

When comparing groups 1 and 2 with the controls, we
discovered significant differences in all parameters except for
PFRrest in group 1. Importantly, EchoCG identified DD signs
in 11 (65%) patients from group 1 and 14 (82%) patients from
group 2. Echocardiographic criteria for DD include a decline

in peak early-diastolic velocity €' (€ < 9 cm/s on average), an
increased ratio of early to late diastolic annular velocities (> 15),
and a combination of a few other parameters [12]. All cases of
diastolic dysfunction suggested by EchoCG were confirmed by
C-SPECT.

Below we describe a clinical case of a female patient aged
69 who presented with chest pain and shortness of breath
lasting for up to 25 min that appeared following emotional
stress and could not be relieved by nitroglycerin. The coronary
arteries were intact. The established diagnose was class |l
effort angina. The patient had had this condition for about 2
years, with almost daily episodes of pain. The patient had no
history of familial cardiovascular diseases or addictions.

The patient was in a satisfactory condition at admission.
BMI was 20. Blood count and biochemistry, as well as thyroid
hormone levels, were within the reference range. ECG revealed
normal sinus rhythm and HR of 68 beats/min. EchoCG findings:
EDD = 4.6 cm, ESD = 3.2 cm, PWT = 1.0 cm. EF was > 60%,
local contractility was without abnormalities. The stress test
revealed episodes of ST depression of up to 1.5 mm. Coronary
angiography showed that the coronary arteries were intact.

According to C-SPECT scans (Fig. 1, 2) performed at rest
(1) and with stress (2), left ventricular systolic function was
intact: EF was 67% at rest and 76% after the exercise test. No
LV wall motion abnormalities were observed; LV PER was 2.7
at rest and 2.94 after the stress test.

LV PFR was within the reference range: 2.71 at rest and
3.04 after the stress test; MFR/3 was 0.77 at rest and 0.91
after the stress test. LV TTPF was impaired (286 at rest and
287 after the stress test). Additional LV filling peaks were not
detected.

The patient exhibited signs of diastolic dysfunction
suggested by abnormal MFR/3 and TTPF. Perfusion myocardial
SPECT registered signs of transient myocardial ischemia in the
upper and medial regions of the anterior wall.

DISCUSSION

[t was established that the majority of patients with NECA
participating in our study had diastolic dysfunction. What
factors can contribute to the impairment of the diastolic cycle
in such patients? One of the causes named in the literature
is myocardial fibrosis accompanied by changes in cardiac
contractility [3, 6]. All patients recruited in our study did not
have problems with their left ventricular systolic function; EF
and PER measured at rest and after the cardiac test were within

Table 2. Quantitative parameters of diastolic function in the studied groups of patients

Parameters of diastolic function Difference between the groups (p-value)
Groups 1 and 2, Group 1, Group 2, Group 3 (controls),
Parameters n=39 n=17 n=oo n=10 Columns | Columns2 | Columns | Columns
] > 3 n 1and 4 and 3 2and 4 3and 4
PFRstress, EDV/s 1.89 £ 0.21 1.93+£0.17 1.86 + 0.24 2.75 +0.31 0.000001 0.5 0.00002 | 0.000009
PFRrest, EDV/s 1.97 £ 0.27 2.12+0.28 1.86 + 0.20 2.32 +£0.32 0.002 0.003 0.14 0.0001
MFR/3stress, EDV/s 1.12 £ 0.22 1.01 £0.23 1.20 £ 0.17 1.77 £ 0.14 0.000001 0.009 0.00002 | 0.000009
MFR/3rest, EDV/s 1.26 + 0.24 1.26 +0.24 1.26 + 0.25 1.60 £ 0.15 0.0003 0.9 0.0008 0.001
TTPFrest, ms 164.1 + 18.1 156.0 + 13.1 170.4 £ 19.2 138.4+9.5 0.000047 0.015 0.001 0.00005
TTPFstress, ms 172.3 £ 24.9 166.3 +13.5 | 176.9 + 30.5 153.0 + 6.8 0.01 0.3 0.009 0.04
E;E:;gif;s f“:]rr:eb;sf% 14 (35.9%) 3(17.6%) 11 (50.0%) 0 - 0.049 - -
SfF s:trif;tt's f‘:g‘sk?irumben % 8 (20.5%) 1 (5.9%) 7 (31.8%) 0 - 0.1 - -

Note: significant differences are shown in bold; stress stands for the measurements done after the stress test; rest stands for the measurements at rest.
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Study Myocardial Perfusion
Dataset  RestIQ-Gated [Recon]
Date 20150217 09:58:47
Volume 26mi[3]

EDV 79mi[8]

ESV 26mi[3]

EF 7%

Area 89cm* [3]

MotExt 1% tlem*[3]

ThkExt 6% Scm? (3]

Shape  0.48[SIED], 0.29[SIES], 0.95 [Ecc 3]
Matrix 128x128 X 52(2) X 8()
MmVox  4.80% 4.80X 4.80

Volume (ml) and Filling (mlis)
801 150
701+

60 50
50

S E e RV e

PER  -270EDVIS[1.1]
PFR  271EDVIS[62]
PFR2  0.00EDVis [1.0]
MFRI3 077 EDVIS

TIPF 287ms

BPM 702 (RR-854ms)

Fig. 1. A resting C-SPECT scan of a female patient aged 69 who presented with chest pain and intact coronary arteries (class Il effort angina)

[amw Myocerdiol Porfusion
Dataset  Stress I-Gated [Recon]
Date 2015.02-26 12:32:55
Volume  14mi [4]

EDV. 56mi [8]

ThkExt 0% Ocm* [4]
Shape  0.54[SIED), 0.37 [SIES], 0.86 [Ecc 4]
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Fig. 2. A stress C-SPECT scan of a female patient aged 69 who presented with chest pain and intact coronary arteries

the normal reference range. No local impairment of LV wall
motion was observed. Therefore, we conclude that diastolic
dysfunction in our patients is not associated with impaired
contractility (myocardial fibrosis).

LV hypertrophy is another possible cause underlying DD.
Patients with myocardial hypertrophy were not included in the
present study. LV mass index was within the reference range
in all patients, reaching 128 + 27, 132 + 21 and 127 + 18 in
groups 1 and 2 and the controls, respectively.

Metabolic shifts can also be regarded as a factor
contributing to DD. However, our study did not include patients
suffering from the conditions associated with metabolic
shifts, except for those accompanying transient myocardial
ischemia.

The most probable cause of DD in the studied cohort of
patients is microvascular dysfunction. Although coronary
arteries were intact in all examined patients, C-SPECT/
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CT verified the diagnosis of transient ischemia in groups
1and 2.

Patients from group 2 had abnormal left ventricular PFR and
TTPF. Those deviations from the norm were more noticeable
in group 2 than in patients from group 1 who did not have
hypertension. MFR/3, the most sensitive parameter of diastolic
function, was abnormal at rest in groups 1 and 2, as compared
with the controls, but did not differ significantly between the
groups. The abnormalities became more pronounced after
the stress test in the absence of any LV wall motion pathology.
This could be explained by reduced myocardial perfusion and
transient myocardial ischemia.

Besides, a secondary filling peak was detected in some
patients from both groups at rest; the number of peaks
increased in response to physical exercise.

Our findings are consistent with other studies of diastolic
function in patients with intact coronary arteries. For example, an
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echocardiographic Doppler study demonstrated that diastolic
function was impaired in female patients with microvascular
angina [14]. In another study, diastolic function was assessed
using C-SPECT, EchoCG and heart MRI [15]. Importantly,
those C-SPECT findings are consistent with the results of the
present study. In [15] EchoCG suggested DD in more than
60% of patients with DD detected by C-SPECT, which also
concurs with our findings (65% and 82% in groups 1 and 2,
respectively). According to YW. Wu et al, C-SPECT is less
sensitive to DD than Doppler echocardiography. At the same
time, the authors point to high sensitivity of 64-slice computed
tomography in the assessment of DF [15].
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