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Background: Discordance between the anatomy and physiology of the coronary has important implications for managing patients 
with stable coronary disease, but its significance in ST-elevation myocardial infarction has not been fully elucidated.
Methods: The retrospective study involved patients diagnosed with ST-elevation myocardial infarction (STEMI) who underwent 
percutaneous coronary intervention (PCI), along with quantitative coronary angiography (QCA) and quantitative flow ratio (QFR) 
assessments. Patients were stratified into four groups regarding the severity of the culprit vessel, both visually and functionally: 
concordantly negative (QCA-diameter stenosis [DS] ≤ 50% and QFR > 0.80), mismatch (QCA-DS > 50% and QFR > 0.80), reverse 
mismatch (QCA-DS ≤ 50% and QFR ≤ 0.80), and concordantly positive (QCA-DS > 50% and QFR ≤ 0.80). Multivariable logistic 
regression analyses were conducted to identify the clinical factors linked to visual-functional mismatches. Kaplan‒Meier analysis was 
conducted to estimate the 18-month adverse cardiovascular events (MACE)-free survival between the four groups.
Results: The study involved 310 patients, with 68 presenting visual-functional mismatch, and 51 exhibiting reverse mismatch. The 
mismatch was associated with higher angiography-derived microcirculatory resistance (AMR) (adjusted odds ratio [aOR]=1.016, 95% CI: 
1.010–1.022, P<0.001). Reverse mismatch was associated with larger area stenosis (aOR=1.044, 95% CI: 1.004–1.086, P=0.032), lower 
coronary flow velocity (aOR=0.690, 95% CI: 0.567–0.970, P<0.001) and lower AMR (aOR=0.947, 95% CI: 0.924–0.970, P<0.001). 
Additionally, the mismatch group showed the worst 18-month MACE-free survival among the four groups (Log rank test p = 0.013).
Conclusion: AMR plays a significant role in the occurrence of visual-functional mismatches between QCA-DS and QFR, and the 
mismatch group showed the worst prognosis.
Keywords: ST-elevation myocardial infarction, quantitative coronary angiography, quantitative flow ratio, angiography-derived 
microcirculatory resistance

Introduction
Mismatches between visual and functional coronary lesion severity have been commonly observed in previous studies. In 
a previous study, visual-functional mismatches were observed in more than one-third of the study population with 
moderate coronary stenosis.1 Such mismatches have consistently been a crucial element in patient management, who 
undergoing percutaneous coronary intervention (PCI). And the identified visual-functional mismatches could potentially 
inform risk stratification and guide prognostic and therapeutic decisions for patients with coronary disease in the future. 
According to previous studies, many factors play significant roles in visual-functional discordance, including age, sex, 
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lesion location, plaque burden, presence/absence of plaque rupture, angiographical lesion-related indices, and physiolo-
gical function.2–4 Besides clinical features and laboratory indicators, microvascular function potentially also has 
a significant influence on visual-functional discordance, underscoring the cruciality of physiological assessment of 
coronary flow.5 However, Tomoyo Sugiyama MD et al found that microvascular function was not related to the 
prevalence of visual-functional discordance in intermediate-to-severe stable lesions.6 At present, the mechanism behind 
this discordance remains to be completely clarified, especially concerning the importance of microvascular function.

Additionally, previous studies on visual-functional mismatches have mostly focused on stable coronary disease, with few 
investigating its role in ST-elevation myocardial infarction (STEMI). STEMI is often accompanied by complex coronary 
pathophysiological changes and is correlated with a poor prognosis, especially coronary microvascular dysfunction.7 

Therefore, we believe that visual-functional discordance studies focused on STEMI may be highly clinically relevant and 
particularly valuable, in which combined quantitative coronary angiography (QCA) and quantitative flow ratio (QFR) assess-
ments may contribute to stratifying at-risk patients for targeted therapy and hold promise for future research. Therefore, this study 
aimed to investigate clinical factors that contribute to visual-functional discordance utilizing a comprehensive database that 
includes QFR, QCA, and microvascular function data, with a specific emphasis on microvascular function.

Methods
Study Population
This retrospective cohort study was conducted involving three medical centers. From June 2016 to April 2021, we 
enrolled patients who were diagnosed with onset of STEMI and then underwent PCI during interventional procedures at 
Guangdong Provincial People’s Hospital, Zhuhai Golden Bay Hospital and Jiexi City People’s Hospital. Inclusion criteria 
are as follows: Patients with STEMI; and patients who underwent PCI with valid angiography data to assess QFR after 
pre-dilation and then accepted stent implantation. The criteria of exclusion in the study were as follows: patients with 
left-main culprit lesions; patients with intravenous thrombolysis before PCI; and patients with known rheumatic diseases. 
Initially, 663 patients were enrolled, of which 353 lacked valid angiography data. Eventually, 310 patients who met the 
criteria outlined in this study were chosen for analysis (Figure 1).

Laboratory Assessment and Definition
Coronary artery narrowing was deemed visually obstructive if the QCA-diameter stenosis (DS) > 50%.8 We defined functionally 
significant stenosis as a QFR ≤ 0.8.9 Patients were stratified into four groups regarding the combined significance of culprit 
vessel’s visual and functional stenosis severity. Visual-functional mismatch was defined as QCA-DS > 50% and QFR > 0.80, 
whereas reverse mismatch was defined as QCA-DS ≤ 50% and QFR ≤ 0.80. Concordantly negative group was defined as QCA- 
DS ≤ 50% and QFR > 0.80, and concordantly positive group was defined as QCA-DS > 50% and QFR ≤ 0.80. STEMI diagnosis 
was based on the presence of at least two of the following three criteria: (1) electrocardiography (ECG) criteria: the presence of 
typical ST-segment elevation in at least two contiguous ECG leads; (2) biomarker criteria: evidence of proportionally elevated 
cardiac biomarkers, including troponin, creatine kinase (CK), and creatine kinase-myocardial band (CK-MB); (3) symptom 
criteria: typical chest pain symptoms. Major adverse cardiovascular events (MACE) included cardiac death (CD), recurrent 
myocardial infarction (MI), hospitalization for heart failure (HF), target vessel revascularization (TVR), and stroke.

The definition of hypertension was based on the guidelines of the European Society of Cardiology,10 and Diabetes 
mellitus was diagnosed based on the European Society of Cardiology guidelines.11 Smoking was defined as the current 
habit of smoking tobacco products. Dyslipidemia was diagnosed according to the Chinese guidelines for the management 
of dyslipidemia in adults.12 A history of MI was determined from the patient’s medical history. To facilitate comparison, 
cardiac troponin T (cTnT) and I (cTnI) levels were categorized into two groups based on whether the values were 100 
times the upper limit of detection (cTnI/cTnT > 100 times and cTnI/cTnT < 100 times), while N-terminal pro-B-type 
natriuretic peptide (NT-proBNP) and BNP levels were grouped based on whether the values were 10 times the upper 
limit of detection (NT-proBNP/BNP > 10 times and NT-proBNP/BNP < 10 times). The estimated glomerular filtration 
rate (eGFR) was calculated in the study using the modification of diet in renal disease (MDRD) formula, measured 
in mL·min−1·1.73 m2.
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Percutaneous Coronary Intervention and Coronary Angiography Analysis
Cardio-angiography (CAG) was conducted via the radial or femoral approach. Diagnostic catheters, either 5-Fr or 6-Fr 
Judkins catheters, were employed for left and right coronary angiography, respectively. Immediately before the proce-
dure, patients were given heparin (70–100 IU/kg) or bivalirudin (1.75 mg/kg/h) to maintain an activated clotting time > 
250s. All enrolled patients received pretreatment with mechanical reperfusion based on the condition of the lesion. The 
choice of PTCA/thrombus aspiration and the use of platelet glycoprotein IIb/IIIa inhibitor (GPI), drug-eluting stent 
(DES), and drug-coated balloon (DCB) depended on the judgment of the operators. The thrombolysis in myocardial 
infarction (TIMI) flow grade of all culprit lesions was ≥ 2 after pretreatment with mechanical reperfusion.

Coronary angiogram data were transmitted to the Angiography Laboratory of Guangdong Provincial People’s 
Hospital, where the analysis was anonymously conducted by two skilled observers. To estimate interobserver error, an 
additional observer was involved in the process. After successful mechanical reperfusion, QCA analysis was conducted 
on each culprit lesion utilizing QAngio XA 7.2 software (Medis Medical Imaging Systems, Leiden, the Netherlands). 
Standard techniques were used to collect QCA parameters, including percentage diameter stenosis (DS), minimum lumen 
diameter (MLD), percentage area stenosis (AS), minimum lumen area (MLA), and lesion length (LL).

The assessment of coronary physiological indices after mechanical reperfusion took place at the CardHemo Core Lab, 
affiliated with the Med-X Research Institute at Shanghai Jiao Tong University. This evaluation employed Murray’s law- 
based QFR calculation, which was conducted on a single coronary angiogram run using recently developed software 
(AngoPlus Core, Pulse Medical Imaging Technology, Shanghai, China). Firstly, adequately contrast-filled end-diastolic 
images were loaded. Two angiographic images separated by at least 25° were required to perform a three-dimensional 
reconstruction of the target vessel. This three-dimensional reconstruction, with the proposed analytic model, was based 
on geometrical features derived from the entrance angle of the coronary stenosis, the angularity of the center line, and 
reference points of the lumen diameter. The distal and proximal landmarks in the target vessel were registered as the 
regions of interest. Subsequently, the contrast flow model, by TIMI frame count of the proximal to the distal portion of 
the analyzed segment of the vessel was used as an estimation of coronary flow velocity and was used for final QFR 

Figure 1 Flow chart of patients’ enrollment.
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computation.13 To ensure accurate QFR calculation, the analysis was performed on angiographic images with minimal 
foreshortening and overlap. During the same procedure as the QFR analysis mentioned above, angiography-derived 
microcirculatory resistance (AMR) and coronary flow velocity (CFV) data were also obtained.

Statistical Analysis
We conducted descriptive analyses. Continuous variables were described as the mean ± standard deviation (SD) or median 
(interquartile range), and the categorical variables were shown as count data (percentages). The differences between the four 
groups (concordantly negative, mismatch, reverse mismatch, concordantly positive) were analyzed to compare employed 
one-way ANOVA, chi-square test/Fisher’s exact test, and Kruskal‒Wallis test depending on the circumstances. To identify 
the factors related to positive functional ischemia (QFR ≤ 0.80) and visual-functional discordance between QCA-DS and 
QFR, we performed multivariable logistic regression analyses in our study. Variables that showed significance in univari-
able analyses (P < 0.10) were selected in the multivariable model. To estimate the prognosis of patients with STEMI after 
PCI across different groups in the study, the Kaplan–Meier method and Log rank tests were conducted to assess the 18- 
month adverse cardiovascular events (MACE)-free survival. Statistical significance was defined as a P-value < 0.05. All 
analyses in our study were conducted using SPSS Statistics 26.0 software (IBM Corporation, Armonk, NY, USA) and 
R version 3.6.1 (The R Project for Statistical Computing, Vienna, Austria).

Results
Patient Characteristics and Angiographic results
Totally 310 patients were enrolled in the present study. Among them, 118 (38.39%) patients exhibited visual-functional 
discordance between QCA and QFR, including 68 patients (21.94%) with a mismatch and 51 patients (16.45%) with 
a reverse mismatch. Concordantly negative QCA-QFR was observed in 67 patients, constituting 21.61% of the total 
cohort, whereas concordantly positive QCA-QFR was exhibited in 124 patients, accounting for 40.00% of the total 
enrolled patients (Figure 2). Their baseline characteristics are provided in Table 1. The four groups were well balanced 
concerning clinical characteristics except for a higher level of max CK-MB in the concordantly negative QCA-QFR 
group (p=0.028). The angiographic findings are demonstrated in Table 2. There were higher AMR and lower CFV when 
QFR>0.80. QCA analysis revealed the presence of graded differences in DS, AS, MLD, and MLA.

Factors Related to Visual-functional Discordance
Our logistic regression analyses revealed that factors related to positive functional ischemia, defined by QFR ≤ 0.80, were 
lower CFV (adjusted odds ratio [aOR]=0.906, 95% CI: 0.843–0.973, P=0.007) and lower AMR (aOR=0.975, 95% CI: 
0.967–0.982, P<0.001) (Supplemental Table 1). For culprit lesions appearing visually nonsignificant (DS ≤ 50%), we 
found reverse mismatch was related to greater AS (aOR=1.044, 95% CI: 1.004–1.086, P=0.032), lower CFV 
(aOR=0.690, 95% CI: 0.567–0.838, P<0.001) and lower AMR (aOR=0.947, 95% CI: 0.924–0.970, P<0.001) 
(Table 3). Conversely, for visually significant lesions (DS > 50%), visual-functional mismatch was related to higher 
AMR (aOR=1.016, 95% CI: 1.010–1.022, P<0.001) (Table 4).

Prognoses of Visual-Functional Mismatches
Significant difference has not been observed between the four groups based on physiological indices and QCA analysis after 
stent implantation, which suggests that the immediate outcome after stent implantation is similar between the four groups 
(Supplemental Table 2). In the comparison of prognoses between patients with concordant and discordant QCA-QFR, the 
discordant QCA-QFR group showed the worse 18-month MACE-free survival (Log rank test p = 0.040) (Supplemental 
Figure 1). Another analysis of Kaplan–Meier curves revealed that the mismatch exhibited the worst prognosis (Log rank 
test p = 0.013) (Figure 3).
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Discussion
The primary findings of this study revealed that discordance between QCA-defined visual and QFR-derived functional 
stenosis severity after mechanical reperfusion in STEMI was common in clinical practice. The frequency of visual- 
functional mismatch and reverse mismatch was 21.94% and 16.45%, respectively; A higher AMR emerged as 

Figure 2 Comparison of the occurrence of QCA-QFR concordance/discordance after mechanical reperfusion.

Table 1 Baseline Information

Concordantly  
Negative n=67

Mismatch  
n=68

Reverse  
Mismatch n=51

Concordantly  
Positive n=124

P value

Age, years 61.79±14.20 63.13±12.04 61.96±13.72 60.75±12.14 0.672
Sex 0.647

Male 55(82.1) 55(80.9) 44(86.3) 108(87.1)

Female 12(17.9) 13(19.1) 7(13.7) 16(12.9)
Hypertension 30(44.8) 29(42.6) 24(47.1) 58(46.8) 0.952

Diabetes 4(6.0) 9(13.2) 5(9.8) 17(13.7) 0.395

Smoking 44(65.7) 35(51.1) 30(58.8) 63(50.8) 0.205
History of MI 6(9.0) 4(5.9) 2(3.9) 6(4.8) 0.658

Glycated hemoglobin A1c (%) 6.00(5.50–6.40) 5.90(5.43–6.80) 5.90(5.50–6.60) 5.90(5.60–6.40) 0.983

Dyslipidemia 34(50.7) 47(70.6) 34(66.7) 86(69.4) 0.051

(Continued)
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a significant predictor of mismatch, while lower AMR was a significant predictor of reverse mismatch. Notably, the 
mismatch group showed the most adverse prognosis among the studied groups.

Angiography-derived visual assessment has traditionally been the gold standard for decision-making in revascular-
ization. However, as research on coronary stenosis has advanced, assessing its severity is no longer limited to visual 

Table 1 (Continued). 

Concordantly  
Negative n=67

Mismatch  
n=68

Reverse  
Mismatch n=51

Concordantly  
Positive n=124

P value

TC (mmol/L) 4.84(4.11–5.32) 4.71(3.65–5.64) 4.70(3.53–5.67) 4.97(4.10–5.95) 0.416
TG (mmol/L) 1.56(1.12–2.28) 1.65(1.10–2.38) 1.62(1.19–2.89) 1.63(1.14–2.77) 0.644

LDL-C (mmol/L) 3.30(2.58–3.60) 3.31(2.51–3.88) 3.36(2.67–3.90) 3.45(2.84–4.19) 0.094

HDL-C (mmol/L) 1.18(0.95–1.41) 1.13(0.95–1.32) 1.11(0.91–1.30) 1.19(0.90–1.36) 0.418
Killip class 0.112

I 54(80.6) 51(75.0) 39(76.5) 98(79.0)

II 9(13.4) 10(14.7) 12(23.5) 22(17.7)
III 1(1.5) 0(0) 0(0) 2(1.6)

IV 3(4.5) 7(10.3) 0(0) 2(1.6)

LVEF (%) 55.00(48.00–65.00) 52.74(46.25–60.00) 52.74(42.00–59.00) 52.74(46.00–55.75) 0.043
Max CK-MB (U/L) 205.62(68.66–322.00) 185.10(61.53–347.75) 92.60(34.10–226.00) 99.20(38.33–257.45) 0.028

cTnI/cTnT > 100 times 52(77.6) 54(79.4) 38(74.5) 96(77.4) 0.938

BNP/NT-proBNP > 10 times 16(23.9) 19(27.9) 14(27.5) 38(30.6) 0.812

Note: Data are presented as number (%), mean ± SD, or median (interquartile range). 
Abbreviations: cTnT, Cardiac troponin T; cTnI, Cardiac troponin I; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal prohormone of the B-type natriuretic 
peptide; BNP, Brain natriuretic peptide; TC, Total cholesterol; TG, Total triglycerides; LDL-c, Low-density lipoprotein cholesterol; HDL-c, High-density lipoprotein 
cholesterol; MI, myocardial infarction; CK-MB, Creatine kinase-myocardial band.

Table 2 Angiographic Results

Concordantly  
negative n=67

Mismatch  
n=68

Reverse  
mismatch n=51

Concordantly  
positive n=124

P value

Culprit vessel 0.074

LAD 28(41.8) 29(42.6) 33(64.7) 74(59.7)
RCA 32(47.8) 32(47.1) 15(29.4) 41(33.1)

LCX 7(10.4) 7(10.3) 3(5.9) 9(7.3)

No-/slow-reflow phenomenon 3(4.5) 1(1.5) 3(5.9) 9(7.3) 0.356
Thrombus aspiration 15(22.4) 13(19.1) 8(15.7) 31(25.0) 0.560

Tirofiban used 26(38.8) 29(42.6) 26(51.1) 50(40.3) 0.554

TIMI score 0.739
2 13(19.4) 9(13.2) 9(17.6) 24(19.4)

3 54(80.6) 59(86.8) 42(82.4) 100(80.6)

Physiological indices
QFR 0.89±0.05 0.87±0.04 0.62±0.17 0.58±0.19 <0.001

AMR (mmHg*s/m) 270.40±111.35 270.72±96.44 171.55±76.13 167.72±81.26 <0.001

CFV (cm/s) 15.50(12.50–18.80) 14.20(11.00–17.45) 16.80(13.90–21.50) 15.80(13.40–19.08) 0.028
QCA analysis

DS (%) 33.42±14.83 68.63±12.91 28.99±18.51 68.28±11.84 <0.001

AS (%) 58.52±20.56 80.06±26.19 70.56±17.89 79.83±26.31 <0.001
LL (mm) 14.17±7.34 12.73±6.06 13.58±8.32 15.85±9.37 0.065

MLD (mm) 1.60(1.34–1.90) 0.83(0.58–1.34) 1.31(1.10–1.70) 0.95(0.69–1.34) <0.001

MLA (mm2) 2.17(1.73–2.17) 0.64(0.26–1.86) 2.17(1.13–2.27) 0.84(0.39–2.17) <0.001

Note: Data are presented as number (%), mean ± SD, or median (interquartile range). 
Abbreviations: LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery; RCA, right coronary artery; TIMI, thrombolysis in myocardial 
infarction; QFR, quantitative flow ratio; CFV, coronary flow velocity; AMR, angiography-derived microcirculatory resistance; QCA, quantitative coronary angiography; AS, 
area stenosis; DS, diameter stenosis; LL, lesion length; MLD, minimal lumen diameter; MLA, minimal lumen area.
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Table 3 Determinants of Reverse Mismatch (QFR ≤ 0.80) in Visually Nonsignificant Lesions (DS ≤ 50%)

Univariable Multivariable

Odds Ratio 95% CI P value Odds Ratio 95% CI P value

Age 1.001 0.975–1.028 0.948

Male 0.729 0.265–2.008 0.541
Hypertension 1.096 0.528–2.227 0.805

Diabetes 1.712 0.436–6.728 0.441

Smoking 0.747 0.352–1.584 0.447
Dyslipidemia 1.941 0.913–4.125 0.085 0.671 0.209–2.152 0.502

LVEF 0.965 0.935–0.997 0.033 0.959 0.911–1.010 0.114

History of MI 0.415 0.080–2.148 0.294
LAD lesion 2.488 0.954–6.487 0.062 1.439 0.315–6.578 0.639

Thrombus aspiration 0.645 0.250–1.665 0.365

Tirofiban use 1.640 0.785–3.426 0.188
MLD 0.497 0.246–1.002 0.050 1.249 0.390–4.001 0.708

MLA 0.889 0.697–1.135 0.346

DS 0.984 0.962–1.006 0.151
AS 1.038 1.013–1.065 0.003 1.044 1.004–1.086 0.032

LL 0.990 0.944–1.038 0.684

CFV 1.057 0.995–1.122 0.072 0.690 0.567–0.838 <0.001
AMR 0.979 0.970–0.988 <0.001 0.947 0.924–0.970 <0.001

Abbreviations: CI, confidence interval; LVEF, left ventricular ejection fraction; MI, myocardial infarction, LAD, left anterior 
descending coronary artery; MLD, minimal lumen diameter; MLA, minimal lumen area; DS, diameter stenosis; AS, area stenosis; 
LL, lesion length; CFV, coronary flow velocity; AMR, angiography-derived microcirculatory resistance.

Table 4 Determinants of Mismatch (QFR > 0.80) in Visually Significant Lesions (DS > 50%)

Univariable Multivariable

Odds Ratio 95% CI P value Odds Ratio 95% CI P value

Age 1.016 0.992–1.042 0.194

Male 1.595 0.716–3.553 0.253

Hypertension 0.846 0.466–1.536 0.583
Diabetes 0.960 0.403–2.288 0.927

Smoking 0.974 0.539–1.760 0.930

Dyslipidemia 1.060 0.556–2.024 0.859
LVEF 1.008 0.980–1.036 0.594

History of MI 1.229 0.335–4.516 0.756

LAD lesion 0.491 0.219–1.103 0.085 0.694 0.255–1.891 0.475
Thrombus aspiration 0.709 0.342–1.469 0.355

Tirofiban use 1.101 0.604–2.005 0.754

MLD 0.818 0.551–1.213 0.317
MLA 0.906 0.757–1.084 0.282

DS 1.002 0.978–1.027 0.846

AS 1.000 0.989–1.012 0.952
LL 0.953 0.916–0.991 0.017 0.961 0.918–1.006 0.092

CFV 0.986 0.921–1.017 0.198

AMR 1.017 1.011–1.023 <0.001 1.016 1.010–1.022 <0.001

Abbreviations: CI, confidence interval; LVEF, left ventricular ejection fraction; MI, myocardial infarction, LAD, left anterior 
descending coronary artery; MLD, minimal lumen diameter; MLA, minimal lumen area; DS, diameter stenosis; AS, area stenosis; 
LL, lesion length; CFV, coronary flow velocity; AMR, angiography-derived microcirculatory resistance.
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assessments based on angiography. Functional assessment has become indispensable. The integration of visual and 
functional modalities enhances our understanding of coronary lesions and supports decision-making in managing 
coronary disease. The QFR is a recently developed angiography-derived physiological index validated against FFR.9 

While both visual and functional indices have their utility in revascularization decisions, they do not always yield 
concordant results in clinical practice. Previous studies have reported common visual-functional mismatches in coronary 
artery disease. For example, in the CVIT-DEFER registry, a prospective multicenter study enrolling patients with 
moderate coronary lesions for whom clinical indications called for FFR analysis, visual-functional mismatch occurred 
in 43.4% of the lesions, with reverse mismatch occurring in 23.2%.1 Additionally, a separate investigation involving 
stable coronary disease patients found similar visual-functional discordance between QCA and QFR in one-third of the 
study population.6 It has been recognized that various factors contribute significantly to visual-functional mismatches in 
prior studies, including age, sex, lesion location, plaque burden, presence/absence of plaque rupture, angiographical 
lesion-related indices, and physiological function.2–4 Among these factors, microcirculatory resistance has been identified 
as a critical contributor.14–16 However, previous studies on visual–functional discordance were primarily conducted in 
stable coronary disease, and its role in STEMI has rarely been investigated. STEMI is often associated with complex 
coronary pathophysiological changes and is linked to a poor prognosis, particularly related to coronary microvascular 
dysfunction.7 We believe that examining visual-functional discordance in STEMI is clinically relevant and valuable. 
A combined assessment using QCA and QFR may contribute to stratifying at-risk patients for targeted therapy and offer 
future promise.

In our study on the determinants of QCA-QFR mismatches, we found that microvascular function played an 
important role in STEMI patients. We observed a discordance between QCA and QFR in 38.39% of the study population. 
Additionally, our results indicated that AMR was significantly associated with visual-functional discordance in STEMI. 
This finding may be attributed to the influence of coronary flow through the stenosis on QFR. A decrease in 
microvascular resistance means that coronary flow increases for a specific stenosis and a given driving pressure, 

Figure 3 Kaplan–Meier curves for 18-month MACE-free survival between the four groups. 
Notes: G1 (Concordantly negative, QCA-DS ≤ 50% and QFR > 0.80), n=67; G2 (Mismatch, QCA-DS > 50% and QFR > 0.80), n=68; G3 (Reverse mismatch, QCA-DS ≤ 
50% and QFR ≤ 0.80), n=51; G4 (Concordantly positive, QCA-DS > 50% and QFR ≤ 0.80), n=124.
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potentially resulting in a low QFR value. Conversely, an increase in microvascular resistance causes a decrease in 
coronary flow through the given fixed stenosis, leading to an elevated QFR. Liang et al found that the QCA-QFR 
discordance was independently related to angiography-based microcirculatory indices in intermediate coronary lesions.17 

Taishi Yonetsu MD et al also demonstrated that the microcirculatory resistance served as an essential role in visual- 
functional mismatch and reverse mismatch in patients with stable angina pectoris.5 The findings in our study are in line 
with previous research and further provide additional evidence emphasizing the essential role of microvascular function 
in the visual-functional discordance of STEMI. However, another study about visual-functional discordance suggested 
that the index of microcirculatory resistance (IMR) was not related to the prevalence of either mismatch or reverse 
mismatch.6 The role of microvascular function in visual-functional discordance in stable coronary disease is still 
controversial. Compared with the above studies, our study targeted the STEMI population, which demonstrates highly 
complex coronary pathophysiological changes, especially coronary microvascular dysfunction, an important difference 
from stable coronary artery disease. Our results provide stronger evidence that the dissimilarities in coronary micro-
vascular function may be an important cause of visual-functional mismatches in STEMI.

The AMR was higher in lesions with QFR > 0.8 but lower in lesions with QFR ≤ 0.8 in our study, which is consistent 
with previous studies.18,19 Interestingly, the mismatch group was accompanied by a higher AMR after mechanical 
reperfusion in the STEMI patients, which implied that the mismatch group might be accompanied by worse coronary 
microvascular function. The findings indicated that the mismatch group may include patients with lesions characterized 
by low-pressure gradients, a phenomenon resulting from the inclined coronary flow due to impaired microvascular 
resistance.20 This indicates that the QFR > 0.80 and QCA-DS > 50% also identify those with impaired and nonimpaired 
coronary flow.

Furthermore, the analysis of the 18-month MACE-free survival showed that the mismatch group, accompanied by the 
higher AMR after mechanical reperfusion, had the worst prognosis. Additionally, one notable finding was that the 
mismatch group also presented with a higher QFR, which was related to a potentially better prognosis in previous 
studies. It is not difficult to explain this finding, however. There is a potential challenge associated with considering the 
impact of microvascular dysfunction in the functional assessment of culprit vessel territories. In a porcine microvascular 
damage model, Lee et al revealed that significant localized microvascular damage could lead to an increased FFR based 
on the IMR in a vessel supplying the target myocardial territory.21 It’s crucial to emphasize that impaired myocardial 
reperfusion resulting from coronary microvascular dysfunction (CMD) affects approximately half of all patients suffering 
from acute myocardial infarction (AMI). This, despite the high success rate of standard coronary reperfusion, stands as 
a significant adverse prognostic factor.22 Impaired microvasculature has been investigated as an important pathological 
change in patients with STEMI and is always correlated with a poor prognosis.23

Current strategies for the prevention and treatment of perioperative CMD in PCI include drug-containing strategies, 
nondrug strategies, and optimization of surgical procedures. Examples include intravenous or intracoronary application 
of GPI, thrombus aspiration, and postoperative oral medication aimed at improving coronary microcirculation and 
prognosis.24–27 However, there is insufficient evidence to substantiate the use of these treatments for treating the disease. 
As a frequent complication of AMI, CMD has recently underscored an unmet therapeutic demand. Looking ahead, we 
endorse the adoption of targeted strategies to identify patients who are likely to benefit from effective treatments.

In addition to AMR, our research found that larger AS and lower CFV were also associated with QCA-QFR reverse 
mismatch. A previous study showed that smaller intravascular ultrasound (IVUS)-MLA correlated with visual-functional 
reverse mismatch.2 This finding indicates that the size of lumen area plays an important role in the visual-functional 
discordance. However, a study conducted by Liang et al found that higher hyperemic flow velocity links to visual- 
functional reverse mismatch in intermediate coronary lesions,17 which is inconsistent with our result. We speculate that 
the reason may result from the difference in the study population. It was been demonstrated that there is impaired 
coronary flow after mechanical recanalization in AMI in response to elevated levels of endothelin-1 (ET-1), which was 
not shown in patients with unstable or stable angina pectoris.28 In other clinical research, the discordance between 
anatomy and physiology is also found to be related to complex plaque morphology.29 These findings indicate that 
therapeutic decision-making relying on visual estimation solely is not a reliable method. In the future, further large 
studies are needed to explore the benefits of QFR-guided revascularization and the outcome of STEMI.
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The combination of angiography parameters and QFR for assessing microvascular dysfunction used in our study could 
better reflect the severity of coronary lesions in STEMI, possibly contributing to stratifying at-risk patients for targeted therapy 
and holding future promise. All these studies suggest that visual estimation may be an unreliable method for assessing 
functional severity. Even though angiography offers more accurate lumen contours, substantial visual-functional mismatches 
were still observed. When the QFR measurement in a culprit STEMI lesion indicates physiological suboptimal conditions, 
QCA optimization and assessment of microvascular function can be employed for therapeutic decision-making, thereby 
improving the prognosis.30 Our findings support the novel notion that microvascular function could significantly contribute to 
the discordance between QFR and QCA evaluation. The present study highlighted the crucial role of integrating anatomical 
and physiological assessment in identifying clinically significant coronary lesions and could provide additional diagnostic and 
prognostic insights into STEMI with visual-functional discordance.

Limitations
The present study has some limitations. Firstly, the relatively small size of the population involved in our study could 
theoretically result in a selection bias. Secondly, the study population consisted entirely of Chinese individuals, which 
means our findings may not be generalizable for the treatment of other ethnic populations. Finally, we employed QFR as 
the reference to identify angiography-derived visual stenosis severity and subsequently to evaluate the factors contribut-
ing to the visual-functional discordance. This approach may introduce significant inherent bias. In future studies, it would 
be advisable to consider employing an alternative, independent reference standard, such as the FFR, coronary flow 
reserve (CFR) or IMR, and some other invasive flow measurements or microcirculatory parameters to investigate 
discrepancies between angiography parameters and QFR.

Conclusions
Substantial visual-functional mismatches are present in STEMI after mechanical reperfusion during coronary angiogra-
phy. The mismatch group (QCA-DS > 50% and QFR > 0.80) showed a poor prognosis after stenting. Combining 
angiography parameters and QFR for assessing microvascular dysfunction could better reflect the severity of coronary 
lesions in STEMI, possibly contribute to the stratification of at-risk patients for targeted therapy and hold future promise.
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