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Abstract 

Background In recent years, heart failure with preserved ejection fraction (HFpEF) has received increasing clinical 
attention. To investigate the diagnostic value of diastolic function parameters derived from planar gated blood-pool 
imaging (MUGA) for detecting HFpEF in coronary atherosclerotic heart disease (coronary artery disease, CAD) patients.

Methods Ninety-seven CAD patients with left ventricular ejection fraction ≥ 50% were included in the study. Based 
on the left ventricular end-diastolic pressure (LVEDP), the patients were divided into the HFpEF group (LVEDP ≥ 16 
mmHg, 47 cases) and the normal LV diastolic function group (LVEDP < 16 mmHg, 50 cases). Diastolic function param-
eters obtained by planar MUGA include peak filling rate (PFR), filling fraction during the first third of diastole (1/3FF), 
filling rate during the first third of diastole (1/3FR), mean filling rate during diastole (MFR), and peak filling time (TPF). 
Echocardiographic parameters include left atrial volume index (LAVI), peak tricuspid regurgitation velocity (peak TR 
velocity), transmitral diastolic early peak inflow velocity (E), average early diastolic velocities of mitral annulars (aver-
age e′), average E/e′ ratio. The diastolic function parameters obtained by planar MUGA were compared with those 
obtained by echocardiography to explore the clinical value of planar MUGA for detecting HFpEF.

Results The Receiver-operating characteristic curve analysis of diastolic function parameters obtained from planar 
MUGA and echocardiography to detect HFpEF showed that: among the parameters examined by planar MUGA, the 
area under the curve (AUC) of PFR, 1/3FF, 1/3FR, MFR and TPF were 0.827, 0.662, 0.653, 0.663 and 0.809, respectively. 
Among the echocardiographic parameters, the AUCs for average e′, average E/e′ ratio, peak TR velocity, and LAVI val-
ues were 0.747, 0.706, 0.735, and 0.633. The combination of PFR and TPF showed an AUC of 0.856. PFR combined with 
TPF value demonstrated better predictive value than average e′ (Z = 2.020, P = 0.043).

Conclusion Diastolic function parameters obtained by planar MUGA can be used to diagnose HFpEF in CAD 
patients. PFR combined with TPF was superior to the parameters obtained by echocardiography and showed good 
sensitivity and predictive power for detecting HFpEF.

Keywords Planar gated blood-pool imaging, Heart failure with preserved ejection fraction, Echocardiography, 
Coronary artery disease, Left ventricular end-diastolic pressure
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Background
HFpEF is a specific type of heart failure characterized by 
diastolic dysfunction, which actually accounts for more 
than 50% of heart failure patients. CAD accounts for 
approximately 49.6% of the significant comorbidities of 
heart failure [1]. The vast majority of patients with CAD 
often have LV diastolic dysfunction before the develop-
ment of LV systolic dysfunction [2]. Early detection and 
accurate assessment of LV diastolic dysfunction are 
important for patients’ early diagnosis and treatment.

Current guidelines recommend echocardiography for 
the diagnostic process of HFpEF, with common indices 
including annular e′ velocity, average E/e′ ratio, LAVI, 
and peak TR velocity [3, 4]. However, its indexes to assess 
LV diastolic function should be interpreted in a more 
informative context, and there is still no single echocar-
diographic parameter to measure LV diastolic function 
directly [5]. At the same time, it is highly influenced by 
the experience and level of the operator. Therefore, it is 
essential to find a more sensitive and accurate examina-
tion method for the early diagnosis of HFpEF.

MUGA has been widely used to assess LV systolic func-
tion using several commercial software programs [6]. 
However, few studies on planar MUGA evaluate LV dias-
tolic function, especially in patients with normal LV sys-
tolic function. Therefore, the LVEDP was used as the gold 
standard for assessing LV diastolic function in this study. 
Applied diastolic function parameters obtained by planar 
MUGA in comparison with those obtained by echocardi-
ography to evaluate the sensitivity, specificity and accu-
racy of planar MUGA parameters for detecting HFpEF, 
and to explore the clinical value of planar MUGA, which 
is beneficial to the early diagnosis and treatment of LV 
diastolic dysfunction in patients with CAD, thus benefit-
ing patients.

Methods
Subjects
A retrospective cohort analysis was used for this study. 
Ninety-seven patients diagnosed with CAD at the 
Department of Cardiovascular Medicine in the Affiliated 
Hospital of Xuzhou Medical University from September 
2021 and January 2022 were selected. LVEDP ≥ 16 mmHg 
(1 mmHg = 0.133 kPa) was defined as increased LV filling 
pressure [7, 8]. Based on LVEDP, patients were divided 
into the HFpEF group (LVEDP ≥ 16 mmHg, 47 cases) 
and the normal LV diastolic function group (LVEDP < 16 
mmHg, 50 cases). The Medical Ethics Committee 
approved the study of the Affiliated Hospital of Xuzhou 
Medical University (Number: XYFY2021-KL164-01).

Inclusion criteria: (1) All patients with suspected 
or known coronary artery disease who have com-
pleted echocardiography, planar MUGA and cardiac 

catheterization 1–3 days after admission and whose diag-
nosis of CAD was confirmed by coronary arteriography 
with a subepicardial coronary artery diameter stenosis 
more than 50% [9]; (2) sinus rhythm; (3) hemodynamic 
stability; (4) LVEF ≥ 50% (based on left ventriculography 
findings) .

Exclusion criteria: pulmonary heart disease (10), con-
genital heart disease (1), rheumatic heart disease (0), 
cardiomyopathy and pericardial disease (2), hyperthy-
roidism (2), arrhythmias (5), severe anemia (0), severe 
hepatic and renal dysfunction (1), LVESV′ < 20 mL meas-
ured by planar MUGA (3) (because assessment of LV vol-
ume and function is less accurate in very small volume 
patients [6, 10]).

Echocardiography
The Philips EPIQ 7  C colour Doppler echocardiogra-
phy was used for image acquisition. It acquired 4-cham-
ber, 2-chamber, and 3-chamber cardiac dynamic images 
of the apical region to measure left atrial volume index 
(LAVI), LV ejection fraction(EF), and peak tricus-
pid regurgitation(TR)velocity. The sample volume was 
placed at the level of the mitral valve apex in the apical 
4-chamber view to measure transmitral diastolic early 
peak inflow velocity (E). A pulsed tissue Doppler imaging 
procedure was initiated in the 4-chamber apical view to 
place the sample volume at the level of the mitral valve 
ring in the left ventricular lateral wall and the ventricu-
lar septum, respectively, to measure early mitral annular 
diastolic motion velocity (e′). The average e′ and average 
E/e′ ratio were calculated. Partial image analysis of echo-
cardiography is shown in Fig. 1.

Planar MUGA 
The imaging equipment was a GE Infinia VC Hawkeye 
II variable-angle dual-detector SPECT/CT with a par-
allel-hole low-energy high-resolution collimator, 140 
KeV energy peak, 20% window width selection, 64 × 64 
acquisition matrix, and Zoom 3.0. Using the in  vivo 
nucleotide labeling method, patients were first given 
1–2 intravenous injections of stannous pyrophosphate 
(PYP, Jiangsu Atomic Medical Research Institute Jiang 
Yuan Pharmaceutical Factory) (based on 20ug/kg). And 
20 min later, 99mTcO4 eluate 740-925MBq (20-25mCi, 
Atomic Hi-Tech Co.) was injected intravenously, and 
the examination started after 20–30  min. The patient 
was placed in the supine position, and the patient was 
connected to the ECG level, connected to the gating 
device, and observed to show a good signal. The detec-
tor was routinely acquired in anterior position, 30°–45° 
left anterior oblique position (to distinguish the left and 
right blood pools), 70° left anterior diagonal position, 
and other parts were added if necessary. Sixteen frames 
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per cardiac cycle were preset for acquisition, 400–600 
cardiac cycles were preset for investment, and the total 
preset acquisition count was 3000k counts. The Xeleris 
program was utilized for quantitative analysis of the 
images to obtain cardiac function parameters: LV ejec-
tion fraction (LVEF’), peak filling rate (PFR), filling frac-
tion during the first third of diastole (1/3FF), filling rate 
during the first third of diastole (1/3FR), mean filling 
rate during diastole (MFR), and peak filling time (TPF). 

Planer MUGA image analysis and parameter report are 
shown in Fig. 2.

Coronary arteriography examination and cardiac 
catheterization
Left coronary artery and right coronary artery angi-
ography were performed sequentially using the Jud-
kins method. Then the 6 F pigtail catheter was placed 
into the left ventricle, the pressure transducer was 

Fig. 1 Image acquisition for colour Doppler echocardiography

Fig. 2 Planer MUGA image analysis and parameter report
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connected, and a Mindray monitor was applied to 
record the II-lead ECG, the left ventricular pressure 
curve (as shown in Fig.  3) simultaneously, and the 
recording speed was 25  mm/s. The left ventricular 
pressure point corresponding to the onset of the QRS 
wave group of the ECG was the LVEDP (taken from the 
mean value of LVEDP measured during five consecu-
tive cardiac cycles). Left ventriculography was per-
formed after completion of the above operations. A 6 F 
pigtail catheter was used to inject 30–40 ml of contrast 
medium at a 15 ml/s using a high-pressure syringe. 
The same sinus cardiac cycle was selected without pre-
mature beats, LVEDV and LVESV were measured, and 
the calculation of LVEF= (LVEDV-LVESV)/LVEDV, 
the volume was calculated according to the two-plane 
Simpson method.

Statistical analysis
SPSS 25.0 and MedCalc 20.106 software were used to 
process the data. The measurement data of normal 
distribution were expressed as mean ± standard Devia-
tion (mean ± SD), and the measurement data of non-
normal distribution were described as M (Q1, Q3). 
The independent sample t-test was used to compare 
the measurement data of normal distribution between 
the 2 groups. Non-normal distribution data using non-
parametric test (the Mann–Whitney U test). Pearson 
correlation analysis was used for correlation analysis 
of two variables conforming to a normal distribution; 
Spearman correlation analysis was used for nonnor-
mal distribution. Applied ROC curves to evaluate the 
predictive value of each parameter of planar MUGA 
and echocardiography for detecting HFpEF. The area 
under the curve was compared using the Delong test. 
P < 0.05 was considered statistically significant.

Results
Comparison of general data between the two groups
In this study, 97 patients met the inclusion criteria, 
including 47 cases in the HFpEF group and 50 cases in 
the normal LV diastolic function group. There were 
statistically significant differences in gender, diabetes, 
hypertension, multivessel lesions and age between the 
two groups (P < 0.05), while there were no statistically sig-
nificant differences in other data (P > 0.05), as shown in 
Table 1.

Comparison of diastolic function parameters 
function between the two groups
TPF, peak TR velocity, average E/e′ ratio and LAVI were 
significantly higher in the HFpEF group patients than in 
the normal LV diastolic function group (P < 0.05), LVEF’, 
PFR, 1/3FR, 1/3FF, MFR, average e′ were significantly 
lower than those of the normal LV diastolic function 
group (P < 0.05), and the differences in LVEDV′, LVESV′, 
EF, LVEDV, LVESV and LVEF were not statistically sig-
nificant between the two groups (P > 0.05), as shown in 
Table 2.

ROC curve analysis
Among the parameters examined by planar MUGA, the 
ROC curves for detecting HFpEF with PFR, 1/3FF, 1/3FR, 
MFR and TPF are shown in Table 3; Fig. 4 A. The areas 
under the curve (AUCs) for these values were 0.827, 
0.662, 0.653, 0.663 and 0.809, respectively. These values 
showed sensitivities of 81%, 75%, 57%, 62%, and 85%, 
respectively, and specificities of 72%, 62%, 78%, 68%, and 
70%, respectively, for correctly identifying patients with 
HFpEF.

Among the echocardiographic parameters, the ROC 
curves for detecting HFpEF with average e′, average 
E/e′ ratio, peak TR velocity, and LAVI are shown in 
Table 3; Fig. 4B. The AUCs for these values were 0.747, 
0.706, 0.735, and 0.633. The sensitivity of these values 

Fig. 3 Left ventricular pressure curve
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was 78%, 62%, 62%, and 32%, respectively, and the spec-
ificity was 64%, 78%, 78%, and 96%, respectively, for 
correctly identifying patients with HFpEF .

The area under the ROC curve for average e′ detect-
ing HFpEF was the highest among echocardiographic 
parameters. However, the AUC for both PFR and TPF 
was higher than the average e′ among the parameters 
obtained by planar MUGA. Delong’s test found no sta-
tistically significant difference between the AUCs of 
PFR and average e′ and TPF and average e′ (P > 0.05). 
In the present study, the combination of PFR and TPF 
revealed an AUC of 0.856, higher than the predictive 
value of both indices alone. The Delong test yielded a 
statistically significant difference between the combina-
tion of PFR and TPF compared with the AUC of average 
e′ (Z = 2.020, P = 0.043), indicating that the accuracy of 
PFR combined with TPF in detecting HFpEF is better 
than that of individual echocardiographic parameters.

Correlation analysis
The correlation between diastolic function parameters 
obtained by planar MUGA and echocardiography, and 
LVEDP is shown in Table 4.

Among the parameters examined by planar MUGA, 
1/3FF, 1/3FR, and MFR had low correlation with LVEDP 
(r = − 0.212, − 0.354 and − 0.305, P < 0.05). However, 
there were significant correlations between PFR, TPF, 
PFR combined with TPF and LVEDP (r = − 0.589, 0.593, 
0.650, P < 0.001).

Among the echocardiographic parameters, correlations 
between average e′, peak TR velocity, LAVI and LVEDP 
were lower (r = -0.377, 0.246, 0.256, P < 0.05) and cor-
relations between average E/e′ ratio and LVEDP were 
improved (r = 0.544, P < 0.001).

In this study, the correlation between the average E/e′ 
ratio and LVEDP was the best among the diastolic func-
tion parameters obtained by echocardiography. We did a 

Table 1 Comparison of general information between the two groups of patients

SBP Systolic blood pressure, DBP Diastolic blood pressure, HR Heart rate, BMI Body mass index, GFR Glomerular filtration rate, CHOL Total cholesterol, HDL-C High-
density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, TG Triglycerides; NT-ProBNP, Brain natriuretic peptide precursor (N-terminal), hsTnT, 
ultrasensitive troponin T

Projects The HFpEF group (n = 47) The normal LV diastolic function 
group (n = 50)

t/z/χ2 P-value

Male/case (%) 22 (46.8) 36 (72.0) 6.395 0.011

Diabetes/case (%) 32 (22.8) 15 (24.2) 14.07 < 0.001

Hypertension/case (%) 29 (61.7) 19 (24.7) 5.445 0.02

Multivessel lesions/case (%) 39 (83.0) 31 (62.0) 5.308 0.021

Smoking/case (%) 11 (23.4) 15(30.0) 0.537 0.464

Alcohol consumption/case (%) 9(19.1) 8(16.0) 0.166 0.684

Age/Years 66.60 ± 8.21 59.36 ± 10.45 3.775 < 0.001

SBP (mmHg) 137.36 ± 16.69 133.88 ± 16.63 1.029 0.306

DBP (mmHg) 77.06 ± 9.70 80.06 ± 8.88 − 1.588 0.116

HR (times/min) 68.55 ± 8.42 69.78 ± 9.19 − 0.684 0.496

BMI (kg/m2 ) 25.55 ± 3.61 25.17 ± 3.65 0.507 0.614

GFR (ml/min) 103.01 ± 13.33 97.88 ± 18.94 1.067 0.291

Fasting blood glucose (mmol/l) 5.85 ± 1.41 6.24 ± 1.79 − 1.111 0.270

Hemoglobin (g/l) 130.00 ± 14.43 134.88 ± 15.15 − 1.613 0.11

White blood cell count (10^9/l) 6.10 ± 1.89 6.38 ± 1.69 − 0.773 0.442

CHOL (mmol/l) 3.86 ± 1.09 3.79 ± 0.92 0.346 0.730

HDL-C (mmol/l) 0.97 ± 0.24 0.97 ± 0.29 0.102 0.919

LDL-C (mmol/l) 2.14 ± 0.82 2.23 ± 0.78 − 0.562 0.576

TG (mmol/l) 1.49 (0.99, 2.45) 1.26 (0.87, 2.35) − 0.586 0.558

Lipoprotein a (mg/l) 237.00 (180.50, 343.00) 282.00 (154.00, 375.00) − 0.477 0.634

C-reactive protein (mg/l) 1.40 (0.70, 4.55) 1.40 (0.50, 4.50) − 0.586 0.558

NT-ProBNP (Pg/ml) 103.00 (74.35, 402.00) 87.20 (48.60, 173.00) − 1.946 0.052

hsTnT (ng/l) 8.84 (6.81, 16.54) 7.80 (6.13, 15.00) − 0.092 0.927
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correlation analysis between diastolic functional param-
eters obtained by planar MUGA and the average E/e’ 
ratio, showing that there was some correlation between 
PFR, MFR, TPF, PFR combined with TPF and the average 
E/e′ ratio, but the correlation was not highly (r = − 0.334, 
− 0.266, 0.310, 0.401, P < 0.05), as shown in Table 5.

Discussion
CAD is one of the most common cardiovascular dis-
eases, and its end-stage outcome is often heart failure. 
It has been shown that patients with CAD have a signifi-
cantly higher incidence of LV diastolic dysfunction and 
significantly lower long-term survival than patients with 

Table 2 Comparison of cardiac function parameters between two groups of patients

Parameters The HFpEF group (n = 47) The normal LV diastolic function 
group (n = 50)

t/z P-value

Planar MUGA 

LVEF′ (%) 56.96 ± 7.46 60.36 ± 8.37 − 2.111 0.037

1/3FR (EDC/s) 1.75 ± 0.61 2.03 ± 0.52 − 2.456 0.016

TPF (ms) 177.96 ± 35.87 149.90 ± 29.63 4.211 < 0.001

PFR (EDC/s) 2.11 (1.81, 2.66) 2.65 (2.28, 2.86) − 3.657 < 0.001

1/3FF (%) 33.00(25.00, 38.00) 39.00 (30.50, 45.25) − 2.748 0.006

MFR (EDC/s) 1.25 (1.03, 1.38) 1.36 (1.23, 1.54) − 2.769 0.006

LVEDV′ (ml) 101.00 (84.00, 117.00) 101.00 (87.00, 125.00) − 0.567 0.571

LVESV′ (ml) 41.00 (32.00, 54.00) 38.00(34.00, 51.00) − 0.419 0.675

Echocardiography

Peak TR velocity (m/s) 2.58 ± 0.22 2.41 ± 0.15 4.508 < 0.001

Average e′ (m/s) 0.07 (0.06, 0.08) 0.09 (0.08, 0.10) − 4.968 < 0.001

Average E/e′ ratio 13.98 (12.29, 14.89) 12.84 (10.53, 13.89) − 3.494 < 0.001

LAVI (ml/m2) 24.79 (20.98, 31.57) 22.67 (20.27, 26.56) − 2.252 0.024

EF (%) 60.00 (59.00, 64.00) 63.00 (59.00, 66.25) − 1.720 0.085

Cardiac catheterization

LVEF (%) 63.51 ± 7.80 65.74 ± 10.14 − 1.211 0.229

LVEDV (ml) 100.00 (87.00, 135.80) 104.50 (85.00, 154.75) − 0.834 0.404

LVESV (ml) 36.00 (29.20, 52.00) 36.00 (29.00, 47.00) − 0.148 0.882

Table 3 ROC curve of planar MUGA and echocardiographic-derived parameters for detecting HFpEF

Parameters Cutoff
value(s)

Sensitivity (%) Specificity (%) Youden index 95% CI P AUC 

Planar MUGA 

PFR (EDC/s) 2.315 81 72 0.529 0.747–0.908 < 0.001 0.827

1/3FF (%) 37.500 75 62 0.365 0.551–0.772 0.006 0.662

1/3FR (EDC/s) 1.750 57 78 0.354 0.542–0.764 0.009 0.653

MFR (EDC/s) 1.275 62 68 0.297 0.554–0.772 0.006 0.663

TPF (ms) 152.500 85 70 0.551 0.723–0.894 < 0.001 0.809

PFR + TPF 79 76 0.547 0.785–0.927 < 0.001 0.856

Echocardiography

Average e′ (m/s) 0.0815 78 64 0.427 0.649–0.846 < 0.001 0.747

Average E/e′ ratio 13.895 62 78 0.397 0.602–0.809 < 0.001 0.706

Peak TR velocity (m/s) 2.545 62 78 0.397 0.634–0.835 < 0.001 0.735

LAVI (ml/m2) 29.575 32 96 0.279 0.521–0.745 0.024 0.633
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normal LV diastolic function [1, 11]. The prevalence of 
HFpEF is increasing yearly, the pathophysiological mech-
anism is complex, the diagnostic process is cumbersome, 
and the clinical diagnosis and treatment are extremely 
challenging. Therefore, early assessment of LV diastolic 
function in patients has important guiding values for 
clinical treatment and prognosis of patients.

Current guidelines recommend that the main param-
eters commonly used to assess LV diastolic function by 
echocardiography are e′, E/e′, LAVI, and peak TR veloc-
ity [5]. e′ is primarily determined by LV relaxation [12], 

and the average e′ is the average early diastolic veloci-
ties of mitral annulars. Because it is measured at multi-
sectional and multiple points, a change in any of these 
points will change the average e′, so it is thought that 
it can be a more sensitive assessment of left ventricular 
diastolic function. The E/e′ ratio is associated with LV 
chamber stiffness and fibrosis and can be used to assess 
LV filling pressures [12]. LAVI > 34 ml/m2 is a key struc-
tural change in ejection fraction preserved heart failure 
and an independent predictor of atrial fibrillation, heart 
failure, and even death, and can be used as an index for 
clinical evaluation of LV diastolic function [13, 14]. Peak 

Fig. 4 ROC curves of planar MUGA (Figure A) and echocardiography-derived (Figure B) parameters for detecting HFpEF

Table 4 Correlation analysis between planar MUGA, 
echocardiographic-derived parameters and LVEDP

Parameters LVEDP

r P

Planar MUGA 

PFR (EDC/s) − 0.589 < 0.001

1/3FF (%) − 0.212 0.037

1/3FR (EDC/s) − 0.354 < 0.001

MFR (EDC/s) − 0.305 0.002

TPF (ms) 0.593 < 0.001

PFR + TPF 0.650 < 0.001

Echocardiography

Average e′ (m/s) − 0.377 < 0.001

Average E/e′ ratio 0.544 < 0.001

Peak TR velocity (m/s) 0.246 0.015

LAVI (ml/m2) 0.256 0.011

Table 5 Correlation analysis between average E/e’ ratio and 
each parameter

Parameters Everage E/e’ ratio

r P

Age/years 0.178 0.080

Body mass index (kg/m2) − 0.090 0.388

Systolic blood pressure (mmHg) 0.072 0.486

Diastolic blood pressure (mmHg) 0.090 0.383

Heart rate (times/min) 0.050 0.963

PFR (EDC/s) − 0.334 0.001

1/3FF (%) − 0.065 0.527

1/3FR (EDC/s) − 0.095 0.354

MFR (EDC/s) − 0.266 0.009

TPF (ms) 0.310 0.002

PFR + TPF 0.401 < 0.001
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TR velocity reflects pulmonary artery pressure and is an 
indirect marker of LV diastolic dysfunction [5].

NT-proBNP is the preferred serum marker recom-
mended by heart failure guidelines and is widely used for 
preventive screening, efficacy testing, prognosis assess-
ment, and risk stratification in heart failure patients. 
However, diastolic heart failure may also exist with nor-
mal NT-proBNP. A recent study published in the Euro-
pean Heart Journal showed that 60% of patients with 
HFpEF had normal NT-proBNP levels (< 125 ng/L)[15]. 
Such patients had an increased rate of mortality or rehos-
pitalization for heart failure compared with those with-
out heart failure. In this study, although NT-proBNP 
levels were not significantly different between patients 
with HFpEF and those with normal diastolic function, 
the patients still had diastolic heart failure as indicated by 
a combination of several tests. Larger study sample sizes 
are needed to further verify this in the future.

In a study related to the assessment of LV diastolic 
function by quantitative gated myocardial perfusion 
SPECT, Nakae et al. [16] measured 1/3FF, PFR, and TPF 
by SPECT and showed that TPF was elevated and 1/3FF 
and PFR were decreased in elderly people older than 60 
years of age, allowing the evaluation of left ventricular 
diastolic dysfunction. The results of this study showed 
that the values of 1/3FR, PFR, 1/3FF and MFR were lower 
in patients with HFpEF than in patients with normal LV 
diastolic function, whereas the values of TPF were higher 
than in patients with normal LV diastolic function, simi-
lar to the results of Nakae et al.

Patel et  al. [17] showed that the area under the ROC 
curve for parameters PFR, TPF, and 1/3FR measured by 
Myocardial Perfusion Imaging was 0.83, 0.75, and 0.80 
for detecting LVEDP ≥ 18 mmHg, respectively, and that 
PFR, TPF, and 1/3FR were moderately correlated with 
LVEDP (r = − 0.53, 0.45, − 0.45, P < 0.01). Zhang Fen 
et  al. [18]showed that good accuracy of LAVI, peak TR 
velocity, lateral e′, average e′, septal E/e′, and average 
E/e′ in diagnosing LVEDP elevation (AUC between 0.7 
and 0.9). Previous studies have applied two examination 
methods to compare and evaluate LV systolic or diastolic 
function. In comparison, the present study used three 
methods to compare and assess LV diastolic function, 
namely planar MUGA, echocardiography and the gold 
standard cardiac catheterization method, to investigate 
the clinical application value of planar MUGA to evaluate 
LV diastolic function.

First, we analyzed the ROC curves of diastolic func-
tion parameters obtained by planar MUGA and echo-
cardiography to predict LVEDP ≥ 16mmHg, suggesting 
that the AUCs of PFR and TPF were higher among the 
planar MUGA parameters 0.827 and 0.809, respectively. 
The sensitivities of these two parameters were 81% and 

85%, respectively, and the specificities were 72% and 70% 
for predicting LVEDP ≥ 16mmHg, respectively. Among 
the echocardiographic parameters, the average e’ had a 
relatively high AUC of 0.747, with a sensitivity of 78% and 
a specificity of 64% for predicting LVEDP ≥ 16mmHg, 
respectively. The accuracy of PFR combined with TPF in 
predicting LVEDP ≥ 16mmHg is better than that of echo-
cardiography alone. Secondly, we applied a correlation 
analysis between diastolic function parameters obtained 
by planar MUGA and echocardiography and LVEDP, sug-
gesting a better correlation between PFR, TPF, PFR com-
bined with TPF, and LVEDP, which is in line with Patel 
et al.Among the echocardiographic parameters, the cor-
relation between the average E/e’ ratio and LVEDP was 
better, which is similar to the results of previous studies 
[19]. These parameters may provide a good screen indi-
vidually and, in combination, would be a powerful tool 
to assess LV diastolic function. Although echocardiog-
raphy is more available and does not use radiation, our 
study demonstrates that PFR combined with TPF is supe-
rior to the parameters obtained by echocardiography and 
shows good sensitivity and predictive power for detect-
ing HFpEF. In the future, we will conduct larger trials to 
determine the effectiveness of planar MUGA and to bet-
ter guide its clinical application.

Yamano et  al. [20] compared LV diastolic function 
parameters measured by gated single-photon emission 
tomography with colour Doppler ultrasound, suggest-
ing a moderate correlation between PFR and E, a signifi-
cant correlation with E/e’ ratio. Malek et al. [21] showed 
that myocardial perfusion imaging can be used as a 
highly specific means of detecting LV diastolic dysfunc-
tion compared with echocardiography. In the present 
study, we applied a correlation analysis between dias-
tolic functional parameters obtained by planar MUGA 
and the average E/e’ ratio, showing that there was some 
correlation between PFR, TPF, PFR combined with TPF, 
and the average E/e’ ratio, but the correlation coefficients 
obtained in this study were small and larger sample size is 
needed of studies for further validation.

Limitations
All the subjects of this study were patients with 
LVEF ≥ 50%, LV diastolic function in patients with 
LVEF < 50% will be further explored in the future. The 
optimal thresholds derived in the study were only appli-
cable to the category presented in the manuscript and not 
to other populations. This study used only LVEDP ≥ 16 
mmHg at rest as the gold standard for assessing HFpEF, 
and will continue to be studied by considering the inclu-
sion of exercise metrics in the future. This study did not 
explore echocardiographic combinations and therefore 
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cannot exclude that echocardiography may have similar 
or superior accuracy in a comparable analysis.

Conclusion
Diastolic function parameters obtained by planar MUGA 
can be used to diagnose HFpEF in CAD patients. PFR 
combined with TPF was superior to the parameters 
obtained by echocardiography and showed good sensitiv-
ity and predictive power for detecting HFpEF.

Acknowledgements
Not applicable.

Author contributions
DP, HZ and QL participated in the design and execution of the study and 
drafted the manuscript. SZ, XW, QW, SX and QL performed the data collec-
tion and analysis. RZ, AL and JL prepared the material. All authors read and 
approved the final manuscript.

Funding
This work was supported by grants from the Xuzhou Science and Technology 
Bureau to Defeng Pan [Grant Number: KC20097].

Availiablity of data and materials
Data are available on request due to privacy or other restrictions. If someone 
wants to request the data from this study, they can contact Qiaozhi Liu.

Declarations

Ethics approval and consent to participate
This study was performed in line with the principles of Declaration of Helsinki. 
Approval was granted by the Ethics Committee of the Affiliated Hospital 
of Xuzhou Medical University (Date: August 6, 2021 / Number: XYFY2021-
KL164-01). Written informed consent was obtained from all subjects and/or 
their legal guardian(s).

Consent to publish
Not applicable.

Competing interests
The authors have no relevant financial or nonfinancial interests to disclose.

Author details
1 Department of Cardiology, Zaozhuang Municipal Hospital, 
Zaozhuang 277100, Shandong, China. 2 Department of Cardiology, The 
Affiliated Hospital of Xuzhou Medical University, 99 Huaihai West Road, 
Xuzhou 221004, Jiangsu, China. 3 Department of Cardiology, The Affiliated 
Suqian First People’s Hospital of Nanjing Medical University, Xuzhou 223812, 
Jiangsu, China. 4 Department of Anesthesiology, The First Affiliated Hospital 
of Nanjing Medical University, Nanjing 210029, Jiangsu, China. 5 Department 
of Cardiology, School of Medicine, Zhongda Hospital, Southeast University, 
Nanjing 210009, Jiangsu, China. 

Received: 29 June 2022   Accepted: 11 January 2023

References
 1. Zhang Y, Zhang J, Butler J, et al. Contemporary Epidemiology, manage-

ment, and outcomes of patients hospitalized for heart failure in China: 
results from the china heart failure (China-HF) registry. J Card Fail. 
2017;23(12):868–75. https:// doi. org/ 10. 1016/j. cardf ail. 2017. 09. 014.

 2. Shanks M, Ng AC, van de Veire NR, et al. Incremental prognostic value of 
novel left ventricular diastolic indexes for prediction of clinical outcome 

in patients with ST-elevation myocardial infarction. Am J Cardiol. 
2010;105(5):592–7. https:// doi. org/ 10. 1016/j. amjca rd. 2009. 10. 039.

 3. Smiseth OA, Morris DA, Cardim N, et al. Multimodality imaging in patients 
with heart failure and preserved ejection fraction: an expert consensus 
document of the European Association of Cardiovascular Imaging. Euro-
pean heart journal. Cardiovasc Imaging. 2022;23(2):e34–e61. https:// doi. 
org/ 10. 1093/ ehjci/ jeab1 54.

 4. Senior R, Becher H, Monaghan M, et al. Clinical practice of contrast 
echocardiography: recommendation by the European Association of 
Cardiovascular Imaging (EACVI) 2017. European heart journal. Cardiovasc 
Imaging. 2017;18(11):1205–1205af. https:// doi. org/ 10. 1093/ ehjci/ jex182.

 5. Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations for the 
evaluation of left ventricular diastolic function by Echocardiography: an 
update from the American Society of Echocardiography and the Euro-
pean Association of Cardiovascular Imaging. J Am Soc Echocardiogr: Off 
Publ Am Soc Echocardiogr. 2016;29(4):277–314. https:// doi. org/ 10. 1016/j. 
echo. 2016. 01. 011.

 6. Kurisu S, Sumimoto Y, Ikenaga H, et al. Effects of left ventricular size on 
the accuracy of diastolic parameters derived from myocardial perfusion 
SPECT: comparison with tissue doppler echocardiography. Ann Nucl 
Med. 2016;30(9):645–51. https:// doi. org/ 10. 1007/ s12149- 016- 1111-x.

 7. Andersen OS, Smiseth OA, Dokainish H, et al. Estimating left ventricular 
filling pressure by echocardiography. J Am Coll Cardiol. 2017;69(15):1937–
48. https:// doi. org/ 10. 1016/j. jacc. 2017. 01. 058.

 8. Paraskevaidis IA, Tsiapras DP, Karavolias GK, Cokkinos P, Kremastinos DT. 
Doppler-derived left ventricular end-diastolic pressure prediction model 
using the combined analysis of mitral and pulmonary A waves in patients 
with coronary artery disease and preserved left ventricular systolic 
function. Am J Cardiol. 2002;90(7):720–4. https:// doi. org/ 10. 1016/ s0002- 
9149(02) 02596-1.

 9. Knuuti J, Wijns W, Saraste A, et al. 2019 ESC Guidelines for the diag-
nosis and management of chronic coronary syndromes. Eur Heart J. 
2020;41(3):407–77. https:// doi. org/ 10. 1093/ eurhe artj/ ehz425.

 10. Mizunobu M, Sakai J, Sasao H, Murai H, Fujiwara H. Assessment of left 
ventricular systolic and diastolic function using ECG-gated technetium-
99m tetrofosmin myocardial perfusion SPECT. Int Heart J. 2013;54(4):212–
5. https:// doi. org/ 10. 1536/ ihj. 54. 212.

 11. Prasad SB, See V, Brown P, et al. Impact of duration of ischemia on left 
ventricular diastolic properties following reperfusion for acute myocardial 
infarction. Am J Cardiol. 2011;108(3):348–54. https:// doi. org/ 10. 1016/j. 
amjca rd. 2011. 03. 051.

 12. Silbiger JJ. Pathophysiology and echocardiographic diagnosis of left 
ventricular diastolic dysfunction. J Am Soc Echocardiogr: Off Publ Am Soc 
Echocardiogr. 2019;32(2):216-232e2. https:// doi. org/ 10. 1016/j. echo. 2018. 
11. 011.

 13. Letnes JM, Nes B, Vaardal-Lunde K, et al. Left atrial volume, cardiorespira-
tory fitness, and diastolic function in healthy individuals: the HUNT study, 
Norway. J Am Heart Associ. 2020;9(3):e014682. https:// doi. org/ 10. 1161/ 
JAHA. 119. 014682.

 14. Mittal A, Punekar P. Assessment of left atrial volume index in acute 
ischemic stroke patients; an observational study. J Assoc Phys India. 
2020;68(1):61.

 15. Verbrugge FH, Omote K, Reddy Y, et al. Heart failure with preserved 
ejection fraction in patients with normal natriuretic peptide levels 
is associated with increased morbidity and mortality. Eur Heart J. 
2022;43(20):1941–51. https:// doi. org/ 10. 1093/ eurhe artj/ ehab9 11.

 16. Nakae I, Matsuo S, Tsutamoto T, et al. Assessment of cardiac function in 
patients with heart disease by quantitative gated myocardial perfu-
sion SPECT. Ann Nucl Med. 2007;21(6):315–23. https:// doi. org/ 10. 1007/ 
s12149- 007- 0032-0.

 17. Patel D, Robinson VJ, Arteaga RB, Thornton JW. Diastolic filling parameters 
derived from myocardial perfusion imaging can predict left ventricular 
end-diastolic pressure at subsequent cardiac catheterization. J Nucl Med: 
Off Publ Soc Nuclear Med. 2008;49(5):746–51. https:// doi. org/ 10. 2967/ 
jnumed. 107. 049395.

 18. Zhang F, Liang Y, Chen X, Xu L, Zhou C, Fan T, Yan J. Echocardiographic 
evaluation of left ventricular end diastolic pressure in patients with 
diastolic heart failure: a comparative study with real-time catheterization. 
Medicine. 2020;99(49):e22683. https:// doi. org/ 10. 1097/ MD. 00000 00000 
022683.

https://doi.org/10.1016/j.cardfail.2017.09.014
https://doi.org/10.1016/j.amjcard.2009.10.039
https://doi.org/10.1093/ehjci/jeab154
https://doi.org/10.1093/ehjci/jeab154
https://doi.org/10.1093/ehjci/jex182
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1007/s12149-016-1111-x
https://doi.org/10.1016/j.jacc.2017.01.058
https://doi.org/10.1016/s0002-9149(02)02596-1
https://doi.org/10.1016/s0002-9149(02)02596-1
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.1536/ihj.54.212
https://doi.org/10.1016/j.amjcard.2011.03.051
https://doi.org/10.1016/j.amjcard.2011.03.051
https://doi.org/10.1016/j.echo.2018.11.011
https://doi.org/10.1016/j.echo.2018.11.011
https://doi.org/10.1161/JAHA.119.014682
https://doi.org/10.1161/JAHA.119.014682
https://doi.org/10.1093/eurheartj/ehab911
https://doi.org/10.1007/s12149-007-0032-0
https://doi.org/10.1007/s12149-007-0032-0
https://doi.org/10.2967/jnumed.107.049395
https://doi.org/10.2967/jnumed.107.049395
https://doi.org/10.1097/MD.0000000000022683
https://doi.org/10.1097/MD.0000000000022683


Page 10 of 10Liu et al. BMC Cardiovascular Disorders           (2023) 23:35 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 19. Calvilho Júnior AA, Assef JE, Le Bihan D, et al. E/e′ ratio is superior to 
speckle tracking for detecting elevated left ventricular end-diastolic 
pressure in patients with coronary artery disease and preserved ejection 
fraction. Echocardiography (Mount Kisco). 2019;36:1263–72. https:// doi. 
org/ 10. 1111/ echo. 14407.

 20. Yamano T, Nakamura T, Sakamoto K, et al. Assessment of left ventricular 
diastolic function by gated single-photon emission tomography: com-
parison with Doppler echocardiography. Eur J Nucl Med Mol Imaging. 
2003;30(11):1532–7. https:// doi. org/ 10. 1007/ s00259- 003- 1303-1.

 21. Malek H, Samiei N, Yaghoobi N, et al. Assessment of LV diastolic dysfunc-
tion in myocardial perfusion imaging: a correlative study with transtho-
racic echocardiography. Nucl Med Commun. 2021;42(9):979–83. https:// 
doi. org/ 10. 1097/ MNM. 00000 00000 001423.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/echo.14407
https://doi.org/10.1111/echo.14407
https://doi.org/10.1007/s00259-003-1303-1
https://doi.org/10.1097/MNM.0000000000001423
https://doi.org/10.1097/MNM.0000000000001423

	Diagnostic value of parameters derived from planar MUGA for detecting HFpEF in coronary artery disease patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Subjects

	Echocardiography
	Planar MUGA
	Coronary arteriography examination and cardiac catheterization
	Statistical analysis

	Results
	Comparison of general data between the two groups

	Comparison of diastolic function parameters function between the two groups
	ROC curve analysis
	Correlation analysis
	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References


