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Background: Coronary slow flow phenomenon (CSFP) is a phenomenon in which distal vascular perfusion is delayed on 
angiography, but coronary arteries are not significantly narrowed and there is no other organic cardiac disease. Patients with CSFP 
may be repeatedly readmitted to the hospital because of chest pain or other symptoms of precordial discomfort, and there is a risk of 
adverse events. In order to investigate the risk factors affecting the readmission of CSFP patients, a prediction model was constructed 
with the aim of identifying patients at risk of readmission at an early stage and providing a reference for further clinical intervention.
Methods: In this study, we collected clinical data from 397 CSFP patients between June 2021 and January 2023 in Xinjiang Medical 
University Hospital. Telephone follow-up clarified whether the patients were readmitted to the hospital. A predictive model for 
readmission of CSFP patients was constructed using multifactorial logistic regression. Nomogram was used to visualize the model and 
bootstrap was used to internally validate the model. ROC, DCA and Calibration curve were plotted to evaluate the calibration and 
discriminative ability of the column line graphs, respectively. Calibration and resolution of the column line graphs, respectively.
Results: A total of 34 of 397 CSFP patients experienced readmission. Smoking history, creatine kinase isoenzyme-MB, total 
cholesterol, and left ventricular ejection fraction were the predictors of readmission in patients with CSFP. The area under the 
curve of the Nomogram model was 0.87, which indicated that the model had good predictive ability and differentiation, and the DCA 
and Calibration curves also indicated that the model had good consistency and was clinically useful.
Conclusion: A readmission prediction model for patients with CSFP may facilitate early identification of patients at potential risk for 
readmission and timely interventional therapy to improve patient prognosis.
Keywords: coronary slow flow phenomenon, readmission, predictive model

Introduction
Coronary slow flow phenomenon (CSFP) is a phenomenon in which the epicardial coronary arteries do not show 
significant stenosis on coronary angiography (CAG) and secondary conditions such as coronary artery spasm, anefface-
ment, or coronary dilatation have been excluded, but there is a delay in the development of distal perfusion.1 CSFP was 
first proposed by Tambe et al2 in 1972, and patients may be suspected of coronary artery disease and admitted to the 
hospital with symptoms such as chest tightness and chest pain at rest or during activity, with a prevalence rate of between 
1% and 7%.

The cause of CSFP may be related to the inflammatory response, metabolic syndrome, endothelial dysfunction, 
calcium overload, and coronary microcirculatory dysfunction caused by oxidative stress injury, but the specific mechan-
ism of its occurrence has not yet been clarified.3–5 Diffuse intimal thickening with atheromatous plaque formation in the 
coronary arteries of patients with CSFP, although no significant stenosis was detected.1 Some studies have indicated that 
the probability of cerebrovascular disease and death from cardiovascular events is significantly higher in patients with 
CSFP than in patients with normal coronary arteries.6 Among them, Zhu et al6 followed up 421 CSFP patients for a mean 
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of 3.8 years, and 39 patients experienced major adverse cardiovascular events (MACE). Khor et al7 conducted 
a retrospective study of 215 patients with CSFP, the prognosis of CSFP over a period of 5 years was unclear, a large 
proportion of patients had persistent chest pain, 52% required hospitalization, 25% required a repeat CAG to clarify the 
condition, 5% of these patients subsequently developed acute myocardial infarction and 2% died. Fragasso et al8 reached 
similar conclusions in a cohort study of 12 CSFP patients, 4 of whom developed severe coronary artery disease and 1 of 
whom died during long-term follow-up. At this stage, with the prevalence of CSFP increasing year by year, the 
probability of patients being readmitted to the hospital for chest pain or other precordial discomfort is also higher than 
before, which seriously affects the quality of life, and there is a certain risk of MACE occurring in repeated 
readmissions.9

The purpose of this study is to identify potential risk predictors for readmission by comprehensively collecting basic 
information, clinical tests, auxiliary examination data, and follow-up data from CSFP patients, so as to construct 
a Nomogram model in order to predict the probability of readmission for CSFP patients. This will help the clinic to 
identify high-risk patients at an early stage, further develop appropriate interventions, and guide patients to control risk 
factors and choose reasonable treatments.

Research Content and Methodology
Research Target
This study was a prospective study that included patients with a definitive diagnosis of CSFP who visited the First 
Affiliated Hospital of Xinjiang Medical University and the Fifth Affiliated Hospital of Xinjiang Medical University from 
June 2021 to January 2023. The study was approved by the Ethics Committee of the Fifth Affiliated Hospital of Xinjiang 
Medical University (XYDWFYLSH-2023-052). The requirement of written informed consent was waived because the 
study only collected patients’ relevant clinical data with telephone follow-up. All enrolled patients or their families 
agreed to be included in this study.

Inclusion Criteria
Patients who presented to the clinic with clinical manifestations of chest pain, chest tightness and precordial discomfort; 
Meet the diagnostic criteria for CSFP proposed by GIBSON et al;10 Age was 18–80 years old; Complete follow-up 
information was available;

Exclusion Criteria
Age < 18 years; Presence of coronary-related diseases such as dilated cardiomyopathy (left ventricular end-diastolic 
internal diameter (LVEDd) >5.0 cm (women) and >5.5 cm (men), left ventricular ejection fraction (LVEF) <45%), 
hypertrophic cardiomyopathy (ventricular wall thickness ≥15 mm in any one or more segments of the left ventricle), 
aortic valve stenosis (aortic orifice area <1.0 cm2. peak flow velocity ≥4.0 m/s or mean transvalvular pressure difference 
≥40 mmHg across the aortic valve), mitral stenosis (mitral valve orifice area <2.0 cm2, mean transvalvular pressure 
difference ≥5 mmHg across the mitral valve), pulmonary valve lesions (peak pressure difference ≥36 mmHg across the 
pulmonary valve, peak flow velocity ≥3.0 m/s), coronary artery thrombosis or entrapment, spasm or aneurysm dilatation 
of the coronary arteries, New York Society of Cardiology cardiac function classification (NYHA) ≥ grade III; History of 
coronary thrombolysis, post coronary stent implantation status therapy; Connective tissue disease, such as severe 
myositis, carbon dioxide diffusion function of less than 70%, pulmonary hypertension, lung biopsy showing proliferative 
vascular injury, positive antinuclear antibodies with a titer >1:320, and/or positive ENA antibodies. History of acute renal 
disease, such as blood creatinine greater than 400 µmmol/L and urine output less than 400 mL/d, chronic renal disease, 
such as renal unit damage greater than 50% of normal, blood creatinine greater than 133 µmol/L, and malignancy; 
Current treatment with glucocorticoids; Allergy to contrast media; Incomplete follow-up information.
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Diagnostic Criteria for Patients with CSFP
CAG was accomplished in all patients via radial artery access using the standard Judkins technique. Patients were given 
nitroglycerin injection of 100–200 μg prior to imaging, followed by manual injection of hypotonic nonionic contrast agent 
(iohexol injection in doses of less than 20 mL at a time), and the image acquisition speed was set at 30 frames/s during 
imaging and projected in multiple positions, ie, orthostatic plus cephalic position 30°, cephalic position 30° plus 30° in the 
right shoulder position (anterior descending branch of the left coronary artery), 30° in the hepatic position (gyratory branch 
of the left coronary artery), 30° in the cephalic position and 45° in the left anterior oblique (right coronary artery). The 
Thrombolysis in Myocardial Infarction (TIMI) flowmetry method is based on the following criteria: the first frame is 
counted as the first frame when the contrast agent completely or nearly completely fills the beginning of the observed vessel 
(at least 70% of the lumen of the vessel is occupied by the contrast agent), and there is a tendency for the contrast agent to fill 
steadily, and the next frame is counted as the first frame when the contrast agent reaches the distal branches of the observed 
vessel and shows a steady filling trend. The last frame is counted as the last frame when the contrast reaches the distal 
branches of the observed vessel and shows its specific anatomical structure. The diagnostic criteria for CSFP are a normal 
CAG or stenosis of <40%; filling of at least one distal coronary artery for more than 3 cardiac cycles, or a corrected TIMI 
frame count (TFC) of >27 frames in no less than one coronary artery branch.10

Sample Size Estimation
The sample size was estimated according to the rough sample size formula proposed by Richard D Riley et al:11 sample 
size is usually expressed in terms of events per variable (EPV).10 EPV is widely used in the estimation of clinical 
prediction models, and the preliminary estimation of the independent variables was 36 items, and 10 patients were 
needed for each independent variable. Therefore, the sample size required for this study is 36 × 10 = 360 cases. In this 
study, 294 CSFP patients from the First Affiliated Hospital of Xinjiang Medical University and 103 CSFP patients from 
the Fifth Affiliated Hospital of Xinjiang Medical University who met the inclusion and exclusion criteria from June 2021 
to January 2023 were selected for the study, and after analyzing the mean values of each clinical data of the two groups 
of patients with no significant differences (Supplementary Table 1), a total of 397 CSFP patients in the combined two 
groups met the estimated sample size requirements.

General Information Collection
The basic clinical data of the patients included age, gender, smoking history (smoking history definition: ≥1 cigarette/d, 
continuous smoking >6 months or previously met the smoking standard, and quit smoking less than half a year), drinking 
history (drinking history definition: ≥1 time per week on average, continuous drinking >6 months or previously met the 
drinking standard, and quit drinking less than half a year), systolic pressure (SBP), Accompanying diseases include 
hyperlipidemia (HLP) (diagnostic criteria for hyperlipidemia: LDL-C ≥ 3.64 mmol/L; TG ≥ 3.64 mmol/L; LDL-C ≥ 3.64 
mmol/L; TG ≥3.64 mmol/L; TG ≥ 3.64 mmol/L; TG ≥ 3.64 mmol/L; TG ≥ 3.64 mmol/L; TG ≥ 3.64 mmol/L; TG ≥ 2.64 
mmol/L; TG ≥ 4.64 mmol/L; TG ≥ 2.64 mmol/L). (Diagnostic criteria for hyperlipidemia: LDL-C ≥ 3.64 mmol/L; TG ≥ 
1.70 mmol/L; TC ≥ 5.72 mmol/L), diabetes mellitus (DM) (Diagnostic criteria for diabetes mellitus: Random blood 
glucose ≥ 11.1 mmol/L; Fasting blood glucose level ≥ 7.0 mmol/L; Oral glucose tolerance test 2-hour glucose level ≥ 
11.1 mmol/L), Hypertension (HTN) (Diagnostic criteria for hypertension: taking antihypertensive drugs or blood 
pressure ≥140/90 mmHg (1 mmHg = 0.133 kPa) in this measurement).

Collection of Biochemical Indicators
All patients were fasted for 8h, and 5–10 mL of venous blood was collected and placed in an anticoagulation tube. White 
blood cell (WBC), Neutrophil (Neu), Lymphocyte (Lym), Red blood cell (Red), Hemoglobin (Hem), Platelet (Plt) were 
analyzed by automatic blood cell analyzer. Blood potassium (potassium, K), blood sodium (sodium, Na), blood urea 
nitrogen (BUN), creatinine (Cre), uric acid (UA), fasting plasma glucose (FPG), albumin (ALB), creatine kinase (CK), 
creatine kinase isoenzymes-MB (CK-MB), Triglyceride (TG), Total cholesterol (TC), high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cholesterol (LDL-C) were determined by centrifuging the whole blood of the 
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patients at 3000 r/min, with a centrifugation radius of 13.5 cm, for 10 min, and the serum was separated and analyzed by 
a fully automated chemical analyzer.

Echocardiography Data Collection
Echocardiograms of CSFP patients were performed using Siemens ultrasound, model X700, Philips EPIQ7C, or GEE90 
color Doppler ultrasound, with a probe frequency of 2 to 4 MHz, and conventional anterior and lateral wall scans were 
performed to examine parasternal short-axis views and left ventricular long-axis views, and apical four-chamber 
ventricular views, which were analyzed by the software that was included with the diagnostic ultrasound device. Left 
ventricular fraction shortening, LVFS, and left ventricular ejection fraction (LVEF) were obtained, and all the results 
were recorded by two specialized ultrasonographers and summarized to take the median value.

Heart Rate Variability Data Collection
Heart rate variability data were collected using the DHD-6000, DHD-6020 or DHD-6024 24-hour ambulatory electro-
cardiogram detector. The detector complies with the standards set by the European Cardiovascular Society and the North 
American Society of Pacing and Electrophysiology for HRV testing, and uses a 5-minute, short-duration frequency- 
domain analysis at 500 Hz to select 256 consecutive cardiac cycles, and then calculates the spectral waveforms by 
Fourier transform method in either chronological or beat-ordered order to obtain the electrocardiographic signals and 
record them. In this collection Standard deviation of the normal-to-normal interval (SDNN) for all the intervals of normal 
sinus heart rate (normal-to-normal, NN) shows the sympathetic activation and its normal value is (141 ± 39) ms, when 
the value decreases, it means that sympathetic activation increases and the body adapts to the changes in the external 
environment decreases. Percentage of adjacent normal-to-normal intervals with standard deviation of ≥50ms (PNN50) 
represents the ratio between the number of adjacent NN intervals and the total number of NN intervals, with lower values 
implying less vagal activity. All results were recorded separately by 2 electrocardiographers and summarized to take the 
median record.

Follow Up
Data on whether CSFP patients were readmitted to the hospital after discharge and all follow-up information were 
obtained through telephone follow-up visits by the researchers to the patients or their relatives. The start of follow-up was 
after the patients with a definite diagnosis of CSFP were discharged from the hospital and enrolled in the study, followed 
by regular follow-up at intervals of 1, 3, and 6 months. During the follow-up process, it was clarified whether the patients 
with CSFP were re-hospitalized, and whether the relevant blood tests, auxiliary examinations and CAG were improved; 
if the patients were re-investigated in the First Affiliated Hospital of Xinjiang Medical University and the Fifth Affiliated 
Hospital of Xinjiang Medical University, then the medical record system was checked to clarify the patients’ re- 
admission conditions and diagnoses, and if the patients were re-investigated in other hospitals, the patients were asked 
for details of the conditions and diagnoses of the other hospitals over the phone, and in the process mentioned above, 
those who were re-hospitalized and had a clear diagnosis were considered to be the patients who had been re-invested in 
hospital. Follow-up was performed up to 06/2023. The occurrence of readmission during the follow-up of CSFP patients 
was the primary endpoint event, and the occurrence of MACE, such as acute myocardial infarction, severe arrhythmia, 
heart failure, and death due to coronary heart disease, during the follow-up of CSFP patients was the secondary endpoint 
event.

Statistical Analysis
R language 4.2.0 software was used to process the follow-up data. For measured data that conformed to a normal 
distribution, the independent samples t-test was used and expressed as Mean ± SD, whereas for non-normally distributed 
data, the rank sum test was used and expressed as M (Q1, Q3). Count data were analyzed using the χ2 test or Fischer’s 
test and expressed as n (%), and were considered statistically different when they yielded a result of P < 0.05. 
Subsequently, statistically significant clinical data were subjected to the Least absolute shrinkage and selection operator 
(LASSO) regression method using the “glmnet” package to screen for key characteristic variables. The final variables to 

https://doi.org/10.2147/IJGM.S444169                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2024:17 794

Yan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


be included were determined after considering the LASSO regression results and the clinical significance of each 
variable. Characteristic variable ratio (OR) and two-sided 95% confidence intervals (CI) were calculated and predictive 
models were constructed using multifactor logistic regression analysis. Finally, the “rms” package was used to visualize 
the model by constructing line plots, and the “pROC” package was used to assess the predictive power of the nomogram 
and the ability to discriminate between the various predictors by plotting the Receiver operating characteristic curve 
(ROC), and calculating the Area Under the Curve (AUC) to assess the accuracy of the model. The “rms” package was 
utilized to plot clinical calibration curves, bootstrap bootstrap validation was used for internal validation of the model, 
and a consistency C-index was obtained to assess the consistency of the model. The “rmda” package was utilized to plot 
a decision curve analysis (DCA) to clarify the net clinical benefit of using the model. A Restricted cubic spline (RCS) 
model was constructed using the “ggplot” package to explore the dose-response relationship between predictors and 
readmission of CSFP patients. If P-overall < 0.05, it indicates that there is a dose-response relationship between 
predictors and readmission of CSFP patients; if P-overall < 0.05 and P-non-linear > 0.05, it indicates that there is 
a linear dose-response relationship between predictors and readmission of CSFP patients; and if P-overall < 0.05 and 
P-non-linear < 0.05, it indicates that there is a nonlinear dose-response relationship between predictors and readmission 
of CSFP patients. The test level α=0.05.

Results
Clinical Characteristics of the Study Population
Three hundred and forty-eight and 167 patients with CSFP treated in the First Affiliated Hospital of Xinjiang Medical 
University and the Fifth Affiliated Hospital of Xinjiang Medical University, respectively, and 37 and 26 patients were 
excluded based on the inclusion and exclusion criteria, respectively. Eleven and three patients were excluded due to 
duplication of patient readmission data, respectively. Ten and seven patients were lost due to failure of patients and their 
families to complete the telephone follow-up, respectively. Sixteen and eight patients were excluded due to incomplete 
clinical examination data of patients and missing data, respectively. Finally, 294 patients with CSFP in the First Affiliated 
Hospital of Xinjiang Medical University were included with a prevalence rate of 1.8%, and 103 patients with CSFP in the 
Fifth Affiliated Hospital of Xinjiang Medical University were included with a prevalence rate of 2.9% (Figure 1), with 
a total of 397 patients with CSFP in the two groups with an age of 55.50 ± 11.30 years, spanning from 29 years old to 72 
years old, and with 242 (60.96%) male patients and 155 (39.04%) female patients, and 141 (35.52%) patients with 
combined hypertension. A total of 155 (39.04%) patients, 141 (35.52%) patients with comorbid hypertensive disease, 28 
(7.05%) patients with comorbid hyperlipidemia, 41 (10.33%) patients with comorbid diabetes mellitus, 103 (25.94%) 
patients with history of smoking, 125 (31.49%) patients with history of alcohol intake, and systolic blood pressure of 
128.00 (118.00, 137.00) mmHg, diastolic blood pressure was 78.00 (70.00,86.00) mmHg and body mass index was 26.97 
± 4.25 kg/m2. Thirty-four patients (8.56%) with CSFP were readmitted to the hospital, with a mean readmission time of 
14.56 ± 4.27 months, of whom 20 patients (58.82%) remained CSFP with perfected CAG due to chest pain, chest 
tightness, and precordial discomfort, 5 patients (14.71%) with coronary atherosclerotic heart disease, 4 patients (11.76%) 
with episodic ventricular preterm contraction, 3 patients (8.82%) with episodic atrial precontraction, 1 patient (2.94%) 
with atrial fibrillation, and 1 patient (2.94%) with non-ST-segment elevation myocardial infarction (8.82%), 1 (2.94%) 
with atrial fibrillation, and 1 (2.94%) with non-ST-segment elevation myocardial infarction.

Predictors Associated with Readmission in Patients with CSFP
The results of the analysis of variance showed that compared with the non-readmission group, the differences in smoking 
history, SBP, UA, FPG, CK-MB, TG, TC, HDL-C, Neu, PNN50, and LVEF, eleven clinical indices, were statistically 
significant (P < 0.01), and the differences in SDNN, FS, LCX, three clinical indices, were statistically significant (P < 
0.05), and the differences in the remaining indicators were not statistically significant (Table 1). Categorization of 
variables for further screening of clinical indicators of variability(Table 2). Fourteen clinical factors potentially affecting 
readmission were downscaled by LASSO regression. A 3-fold cross-validation was used to select the optimal Lambda 
parameter, with the optimal value being the optimal Lambda value within the one-variance range of the minimum cross- 
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validation error, to screen out the most representative risk factors for the occurrence of readmission. The results showed 
that the corresponding nonzero regression coefficient variables at this time were smoking history, CK-MB, TC, and 
LVEF (Figure 2A and B).

Constructing a Predictive Model for Readmission of Patients with CSFP
A multifactorial logistic regression analysis was performed with whether the patients were readmitted to the hospital for 
treatment as the dependent variable, and four characteristic variables screened by LASSO regression as the independent 
variables, and the results showed that the smoking history [β=1.609, OR=4.998, 95% CI:(2.132~12.218)], CK-MB 
[β=0.176, OR=1.193, 95% CI:(1.084~1.333)], TC [β=0.829, OR=2.169,95% CI:(1.568~3.474)], and LVEF [β=−0.136, 
OR=0.873,95% CI:(0.812~0.940)] were the risk predictors of re-admission of patients with CSFP (Table 3). The above 
four characteristic indicators are brought into the R language using the “rms” package structure to draw forest plots, 
multi-model ROC and column line graphs to visualize the model. The forest plot shows that smoking history, CK-MB, 
and TC OR greater than 1 are located on the right side of the dotted line and are risk factors for readmission in patients 

Figure 1 Patient Screening and Grouping Flowchart.
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Table 1 Comparison of Clinical Data Between Two Groups of Patients with Coronary Slow Flow Phenomenon

Clinical Indicator Non-Readmission  
Group (n=363)

Readmission  
Group (n=34)

χ2/t/Z P

Age, years, Mean ± SD 55.43±10.76 56.24±16.18 0.40 0.69

Male, n (%) 219 (60.3) 23 (67.6) 0.69 0.403

Hypertension, n (%) 128 (35.3) 13 (38.2) 0.12 0.729

Hyperlipidemia, n (%) 27 (7.4) 1 (2.9) 0.96 0.327

Diabetic mellitus, n (%) 36 (9.9) 5 (14.7) 0.77 0.38

Smoking history, n (%) 82 (22.6) 21 (61.8) 24.83 <0.001

Drinking history, n (%) 114 (31.4) 11 (32.4) 0.01 0.909

Systolic pressure, mmHg, M (Q1, Q3) 126.00(117.00, 136.00) 135.00(125.75, 144.00) −3.49 <0.001

Diastolic pressure, mmHg, M (Q1, Q3) 77.00(70.00, 85.00) 80.50(73.25, 91.50) −1.93 0.054

BMI, kg/m2, Mean ± SD 26.86±4.23 28.11±4.43 −1.64 0.102

Potassium, mmol/L, Mean ± SD 3.75±0.36 3.78±0.39 −0.43 0.668

Calcium, mmol/L, Mean ± SD 2.27±0.13 2.28±0.14 −0.46 0.649

BUN, mmol/L, Mean ± SD 5.23±1.36 5.37±1.69 −0.55 0.582

Cre, umol/L, Mean ± SD 87.77±365.22 71.98±14.66 0.25 0.801

UA, umol/L, Mean ± SD 332.53±93.89 380.09±102.26 −2.80 0.005

FPG, mmol/L, Mean ± SD 5.64±1.63 6.50±2.75 −2.71 0.007

ALB (g/L, Mean ± SD 43.54±5.67 42.64±5.15 0.89 0.373

CK, IU/L, Mean ± SD 106.40±99.60 139.19±102.34 −1.83 0.068

CK-MB, U/L, Mean ± SD 12.81±3.88 22.84±19.99 −8.14 <0.001

TG, mmol/L, M (Q1, Q3) 1.47(1.02, 1.87) 1.94(1.24, 2.81) −2.42 0.016

TC, mmol/L, Mean ± SD 4.02±0.99 4.90±1.24 −4.85 <0.001

HDL-C, mmol/L, Mean ± SD 1.10±0.29 1.29±0.45 −3.37 0.001

LDL-C, mmol/L, Mean ± SD 2.60±0.84 2.74±0.86 −0.96 0.336

WBC, ×109/L, Mean ± SD 9.28±53.86 6.98±2.35 0.25 0.805

Neu, ×109/L, Mean ± SD 3.82±1.55 4.70±2.65 −2.93 0.004

Lym, ×109/L, Mean ± SD 1.97±0.70 1.80±0.60 1.40 0.163

Red, ×1012/L, Mean ± SD 4.77±0.52 4.88±0.68 −1.16 0.246

Hem, g/L, Mean ± SD 133.60±36.45 132.89±41.29 0.11 0.914

Plt, ×109/L, Mean ± SD 224.24±57.68 221.21±59.52 0.29 0.77

PNN50, %, M (Q1, Q3) 2.10(0.70, 5.30) 0.70(0.40, 1.05) −4.37 <0.001

SDNN, ms, M (Q1, Q3) 113.10(104.20, 141.80) 104.95(94.18, 116.35) −2.52 0.012

LVEF, %, Mean ± SD 63.20±4.22 60.43±6.39 3.48 0.001

LVFS, %, Mean ± SD 34.34±3.01 33.00±3.96 2.43 0.016

(Continued)
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with CSFP, and LVEF OR less than 1 is located on the left side of the dotted line and is a protective factor for 
readmission in patients with CSFP (Figure 3). The area under the curve (AUC) of the four characteristic indicators seen 
in the multi-model ROC were smoking history [AUC=0.696,95% CI:(0.610~0.782)], CK-MB [AUC=0.761,95% CI: 
(0.671~0.851)], TC [AUC= 0.734,95% CI:(0.640~0.828)], LVEF [AUC=0.637,95% CI:(0.547~0.728)] (Figure 4). 
Plotting columns to visualize the predictive model for ease of clinical use (Figure 5).

Evaluating Predictive Model Performance
The ROC curve and Calibration curve were used to evaluate the predictive ability of the prediction model and for internal 
validation. The area under the ROC curve of the model was 0.875, 95% CI was 0.802–0.948, sensitivity and specificity 
were 0.882 and 0.749, respectively, the cutoff value was 0.077, and Yoden’s index was 1.632, which made the predictive 
ability good (Figure 6). Internal validation of the model through 5-fold cross-validation bootstrap validation 1000 times 
to obtain a corrected consistency C-index of 0.863, sensitivity, specificity of 0.989 and 0.278, respectively, indicating that 
the model overall prediction of the accuracy of the model is higher, the results of the Hosmer-Lemeshow goodness-of-fit 
test was Chi-squared = 10.42, P-value = 0.24, suggesting a better model fit.

Decision curve analysis (DCA) and Calibration curves were plotted to evaluate the clinical benefit of the model. The 
results of the Calibration curve suggest that the overall prediction accuracy of the model is relatively high, and the 
predicted probability of the model is consistent with the actual probability of occurrence when the probability of the 
event is 28% and 49%, respectively. However, when the probability of occurrence is less than 28% or between 49% and 
100%, the model may overestimate the risk. Conversely, when the probability of occurrence is between 28% and 49%, 
the model may underestimate the risk (Figure 7).

DCA was used to measure the clinical value of the predictive model. In the model, the area under the curve within the 
black dashed, blue solid, and black solid lines represents the net benefit of the model, whereas the black dashed and black 

Table 1 (Continued). 

Clinical Indicator Non-Readmission  
Group (n=363)

Readmission  
Group (n=34)

χ2/t/Z P

cLAD, frames/sec, Mean ± SD 36.98±7.38 38.53±6.17 −1.19 0.237

LCX, frames/sec, Mean ± SD 27.45±6.34 30.29±6.02 −2.51 0.013

RCA, frames/sec, Mean ± SD 26.94±8.39 27.94±5.26 −0.68 0.496

Abbreviations: WBC, White blood cell; Neu, Neutrophil; Lym, Lymphocyte; Red, Red blood cell; Hem, Hemoglobin; Plt, Platelet; BUN, Blood urea 
nitrogen; Cre, Creatinine; UA, Uric acid; FPG, Fasting plasma glucose; ALB, Albumin; CK, Creatine kinase; CK-MB, Creatine kinase isoenzymes-MB; 
TG, Triglyceride; TC, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; LVFS, Left 
ventricular fraction shortening; LVEF, Left ventricular ejection fraction.

Table 2 Assignment of General Information on 
Patients with Coronary Slow Flow Phenomenon

Variable Assignment

Gender Female = 0 Male = 1

Hypertension No= 0 Yes= 1

Hyperlipidemia No = 0 Yes = 1

Diabetic Mellitus No = 0 Yes = 1

Smoking History No = 0 Yes = 1

Drinking History No = 0 Yes = 1
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solid lines represent whether or not a readmission occurred or did not occur for all patients. The DCA suggests that the 
use of a column chart for predicting the occurrence of CSF can yield greater benefit if the threshold probability is >6%. 
Therefore, this prediction model can be used to predict the likelihood of CSF in patients with high accuracy and a wide 
range of threshold probabilities, which is clinically valuable in clinical applications (Figure 8).

Evaluating the Relationship Between Readmission and Characteristic Indicators in 
Patients with CSFP
The dose-response relationship between readmission and characteristic indicators in CSFP patients was further explored 
based on the results of multifactorial logistic regression analysis. Three of the continuous characteristic indicators were 
categorized into CK-MB <9.90, 9.90–12.40, 12.40–16.17, >16.17, TC<3.32, 3.32–4.02, 4.02–4.79, >4.79, LVEF <61.90, 
61.90–63.00, 63.00–65.36, >65.36 at four nodes, respectively. A Restricted cubic spline (RCS) model was constructed 
for analysis using “ggplot”, with 4 nodes, with CSFP patients’ readmission as the horizontal coordinate and the predicted 
OR as the vertical coordinate, and the upper and lower dashed lines representing 95% CI. The model was based on 
smoking history, CK-MB, TC, and LVEF crossover as adjustment variables, and there was a linear dose-response 
relationship between readmission and CK-MB in patients with CSFP (P-overall < 0.01, P-non-linear = 0.78) (Figure 9A). 
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Figure 2 Screening of LASSO regression for risk factors (A) LASSO regression cross-validation curves The optimal parameters (lambda) in the LASSO model were chosen 
using 3-fold cross-validation based on minimal criteria. The biased likelihood deviation (binomial deviation) curve is plotted against log(λ). Vertical dashed lines are plotted at 
the optimal values by using the minimum criterion and 1 SE of the minimum criterion (1-SE criterion). LASSO coefficient curves for the 4 characteristic variables. Screening 
of LASSO regression for risk factors (B) Risk variable coefficient path diagram LASSO coefficient curves for 14 characteristic variables. Generate coefficient profile plots for 
log(lambda) sequences.

Table 3 Multifactorial Logistic Regression Analysis of Readmission in Patients with Coronary Slow Flow Phenomenon

Independent Variable Regression Coefficient Standard Error Wald χ2 P OR (95% CI)

Smoking History 1.609 0.441 3.645 <0.001 4.998(2.132, 12.218)

CK-MB 0.176 0.055 3.228 0.001 1.193(1.084, 1.333)

TC 0.829 0.202 4.108 <0.001 2.291(1.568, 3.474)

LVEF −0.136 0.037 −3.697 <0.001 0.873(0.812, 0.940)

Abbreviations: CK-MB, Creatine kinase isoenzymes-MB; TC, Total cholesterol; LVEF, Left ventricular ejection fraction.
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Figure 3 Forest plot of variables characterizing readmission in patients with coronary slow flow phenomenon. 
Abbreviations: CK-MB, Creatine kinase isoenzymes-MB; TC, Total cholesterol; LVEF, Left ventricular ejection fraction.

Figure 4 ROC curves for variables characterizing readmission in patients with coronary coronary slow flow phenomenon The area under the curve (AUC) of the four 
characterization indicators were smoking history, (Blue), [AUC=0.696,95% CI:(0.610~0.782)], CK-MB, (green), [AUC=0.761,95% CI:(0.671~0.851)], TC, (Orange), 
[AUC=0.734,95% CI:(0.640~0.828)], LVEF, (red), [AUC=0.637,95% CI:(0.640~0.828)].
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There was a linear dose-response relationship between readmission and TC in patients with CSFP (P-overall < 0.01, 
P-non-linear = 0.50) (Figure 9B), There was a linear dose-response relationship between readmission and LVEF in 
patients with CSFP (P-overall < 0.01, P-non-linear = 0.19) (Figure 9C).

Discussion
CSFP is a unique angiographic presentation characterized by delayed distal vascular perfusion without significant 
stenosis of the epicardial coronary arteries and in the absence of other organic cardiac disease.12 Although, the 
mechanism of CSFP pathogenesis has not yet been clarified, a number of possible etiologies have been proposed in 
conjunction with previous clinical studies. For example, Pekdemir et al13 found decreased values of FFR in patients with 
CSFP by intravascular ultrasound and measurement of fractional flow reserve (FFR), a negative correlation between the 
number of TIMI frames and FFR, and extensive intima-media thickening and atheromatous plaque formation in 
epicardial coronary arteries. This study reveals that CSFP patients present with symptoms of coronary atherosclerosis. 
Kundi et al3 indicated that the expression of endolipin is closely related to the expression of pro-inflammatory cytokines, 
and the blood levels of endolipin in patients with CSFP were significantly higher than those in patients with normal 
CAG, thus confirming that inflammatory response plays an important role in the pathogenesis of CSFP. CSFP is generally 
considered a benign condition, but several studies have shown that the incidence of myocardial ischemia, malignant 
arrhythmias, sudden cardiac death, and recurrent acute coronary syndromes in this group has increased significantly in 
recent years.14 A follow-up study indicated that the probability of MACE in CSFP patients was about 9.3%.6 It has also 
been shown that patients with CSFP have a statistically significant increase in the frequency of hospitalization due to 
chest pain at rest and during exercise.9 As the prevalence of CSFP and the number of readmissions for chest pain 
discomfort continue to rise, this not only affects patients’ quality of life but also carries the risk of developing MACE. 

Figure 5 Readmission nomogram model for patients with coronary slow flow phenomenon. 
Abbreviations: CK-MB, Creatine kinase isoenzymes-MB; TC, Total cholesterol; LVEF, Left ventricular ejection fraction.
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Therefore, an accurate assessment of the risk factors for readmission of CSFP patients and precise interventions are now 
critical steps to reduce the readmission rate and optimize the health status of the patients.

A total of 397 patients with CSFP were included in this study, of whom 34 were readmitted, with a readmission rate 
of 8.56%. A total of 36 variables were collected from clinical data related to patients with CSFP, and the results of the 
statistical analysis indicated that smoking history, CK-MB, and TC were risk factors for the occurrence of readmission in 
patients with CSFP, and LVEF was a protective Factors.

A history of smoking is more common in the male population. Harmful substances contained in smoke, such as 
nicotine, may increase the risk of coronary artery disease by damaging the endothelial cells of blood vessels, inducing 
vasospasm, and decreasing the oxygen-carrying capacity of the blood.15 NO is an important vasodilator that promotes 
vasodilation and increased blood flow, and the harmful components of cigarettes reduce nitric oxide (NO) levels in the 
blood, leading to vasoconstriction of coronary arteries, which restricts blood flow.16 Smoking also induces platelets to 
release reactive substances, such as platelet aggregating factor and platelet-derived growth factor, which can cause 
platelet aggregation and thrombus formation. Although no significant stenosis was found in patients with CSFP in the 
CAG observations, the reactive substances released under the stimulation of smoking can cause damage to the vascular 
endothelial cells of the coronary arteries, thereby affecting the dilatation and contraction of the endothelial layer, and 
altering the coronary artery’s blood flow rate.17 In addition to this, burning tobacco and inhaling it into the body increases 
oxidized substances in the blood through a variety of pathways, and may lead to a decrease in the concentration of 
antioxidants such as reduced glutathione, triggering oxidative stress in the body and reducing the antioxidant capacity of 
the vascular endothelium. Oxidative stress can also lead to a chronic inflammatory state in the body, which can lead to 
problems such as insulin resistance and abnormal glucose tolerance, which has been shown to be one of the most 
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Figure 6 ROC curve of the readmission prediction model for patients with coronary slow flow phenomenon The area under the ROC curve was 0.875, 95% CI 
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https://doi.org/10.2147/IJGM.S444169                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2024:17 802

Yan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


important risk factors for the development of CSFP.18 Smoking can also lead to the upregulation of the expression of 
some inflammation-related genes, Dang et al19 found that the activation of the transcription factor NF-κB was enhanced 
in patients who smoked, which would further damage the vascular endothelial cells, leading to pathologic changes in 
coronary vasculature and the appearance of CSFP. Ghaffari et al20 found that male patients with a history of smoking 
were more likely to develop CSFP. In the present study the proportion of male patients with CSFP was higher than that of 
females and there were relatively more males in the readmission group. Though there was no statistically significant 
difference between the two groups, history of smoking was an independent predictor of readmission of the patients. 
Therefore it is necessary to emphasize the importance of smoking cessation in male patients with a history of smoking.

Creatine kinase is widely distributed in the cytoplasm and mitochondria of a variety of tissues, and it is closely 
associated with ATP regeneration, intracellular energy flow, and muscle contraction. In particular, CK-MB, the most 
sensitive indicator of myocardial injury, is concentrated in cardiomyocytes. When myocardial tissue is damaged by 
ischemia, CK-MB diffuses into the bloodstream through the cell membrane of the damaged cells.21 Microvascular 
dysfunction with a diameter less than or equal to 400 micrometers is considered a risk factor for the development of 
CSFP.22 Endothelial dysfunction in microvascular structures increases angiotensin levels, which causes myocardial 
ischemia and hypoxia and a range of clinical symptoms.23 Under hypoxic conditions, cardiomyocytes also produce 
lactic acid via the glycolytic pathway, and the increase in intracellular lactic acid content causes a change in the acidic 
environment of the cytosol, resulting in an increase in the release of CK-MB.24 CSFP microvascular dysfunction also 
leads to increased oxidative stress in cardiomyocytes.25 Oxidative stress is a process in which the production of 
intracellular oxygen free radicals exceeds the scavenging capacity of antioxidant defense systems, which in turn leads 
to intracellular oxidative damage. Oxidative stress can activate a variety of signaling pathways, such as apoptosis 
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signaling pathways, inflammatory signaling pathways, etc. The activation of these signaling pathways also contributes to 
the release of CK-MB.26 CK-MB, as a sensitive marker of myocardial injury, can be used to predict the extent of 
coronary artery disease, while delayed coronary perfusion and CK-MB release in patients with CSFP are associated with 
patient readmission. Therefore, an in-depth study of the relationship between creatine kinase and CSFP is important for 
the prevention and treatment of cardiovascular disease.

TC is a lipid which enters the cell mainly through the transportation of lipoproteins. Elevated levels of TC lead to 
increased levels of apolipoproteins in the blood, increasing the risk of lipid deposits in the cardiovascular system, which 
can gradually form coronary plaques and impede blood flow, thus increasing the risk of cardiovascular disease.27 The 
effects of TC on the cardiovascular system are not only caused through plaque formation, but it has been found that high 
TC levels can also directly damage endothelial cells, decreasing some of the important bioactive substances they produce 
and reducing vasoconstriction, leading to CSFP.28 Pekdemir et al29 stated that extensive calcification was present in the 
coronary arteries of most patients with CSFP, suggesting that CSFP may be the result of non-obstructive coronary 
atherosclerosis and microvascular disease. In contrast, dyslipidemia such as increased serum TC and TG decreases the 
concentration of endothelium-dependent vasodilatory factor, which in turn leads to coronary microvascular sclerosis.30 

Dyslipidemia levels are strongly associated with the incidence of ischemic heart disease, myocardial infarction, and all- 
cause mortality.31 In this study, we found that both TG and TC were higher in the readmission group of CSFP patients 
than in the non-readmission group and were statistically significant. However, TG is metabolized by most cells in the 
body, but TC is not. Previous studies have pointed out that the main cause of increased risk of chronic heart disease and 

Figure 8 Calibration curves of the readmission prediction model for patients with coronary slow flow phenomenon The x-axis represents the predicted risk of CSFP 
readmission. y-axis represents actual CSFP readmission. The diagonal dashed line represents the perfect prediction of the ideal model. The solid line represents the 
performance of the Nomogram, and closer to the diagonal dashed line represents better prediction.
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death is TC, not TG.32 Therefore, early administration of statin lipid-lowering drugs in clinical practice improves 
vascular endothelial function by controlling dyslipidemia and reduces clinical symptoms in patients with CSFP.33

Echocardiography has been widely used to assess cardiac function in hospitalized patients.34 It was found that the majority 
of diseased vessels in patients with CSFP were anterior descending coronary arteries, followed by simultaneous involvement 
of all three coronary arteries. However, diseased vessels can affect myocardial strain in the relevant cardiac segments.35 The 
greater the number of diseased coronary arteries, the more severe the effect on cardiac function.36 Therefore, close follow-up 
monitoring of patients with CSFP is necessary, in which LV systolic function is critical to the assessment and prognosis of the 
disease. In a study by Balci et al,37 LVEF was found to be reduced but within the normal range in the CSFP group. This is in 
agreement with the present study, where LVEF was lower in patients in the readmission group than in the non-readmission 
group, but the mean value was 60.43 ± 6.39%. The fact that LVEF was within the normal range in patients with CSFP does not 
exclude that their systolic function has not yet been compromised. Two-dimensional speckle-tracking ultrasound technology 
has been used to detect mildly impaired left ventricular systolic function due to its ability to measure whole-heart long-axis 
strain capacity (GLS).38 Teerapat et al39 study indicated that GLS in the CSFP group, with a mean value of −18.2%, was lower 
than normal values. In addition, Liu et al36 using 3D speckle tracking technique also found decreased LV systolic function in 
CSFP patients. Although no significant stenosis was found in the coronary arteries of the CSFP patient in the CAG, the patient 
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Figure 9 RCS model of the characteristic variables of readmission in patients with coronary slow flow phenomenon. (A) Dose-response relationship between readmission 
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Abbreviations: CK-MB, Creatine kinase isoenzymes-MB; TC, Total cholesterol; LVEF, Left ventricular ejection fraction.
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did have impaired left ventricular systolic function, which may have been one of the reasons for the patient’s readmission to 
the hospital with chest pain at rest or after activities.40 Cem et al41 stated that LAD is the most common artery with delayed 
perfusion in CSFP, and the present study also found that the number of cLAD, LCX, and RCA flow frames in the readmission 
group was higher than that in the non-readmission group, and CK-MB was also an independent risk factor for readmission of 
patients with CSFP; therefore, it is considered that long-term delayed coronary artery filling in patients with CSFP has some 
effect on myocardial blood supply and cardiac function, which leads to the release of CK-MB from cardiomyocytes into the 
bloodstream, and abnormal LVEF. Dipyridamole is clinically indicated as a treatment to improve left ventricular impairment 
in patients with CSFP, but further follow-up studies are needed to confirm this result in terms of long-term efficacy.42

This study has some limitations. First, the CSFP patients in this study were mainly included by Xinjiang Medical 
University Hospital, and the model was only internally validated using the bootstrap method without further external 
validation combined with multicenter data, so large samples and high-quality randomized controlled studies are still 
needed in the future to make the model more broadly applicable, in order to reduce the bias generated by the results and 
to improve the stability. Second, the clinical indicators focused on in this study are not yet comprehensive, did not assess 
the psychological factors of CSFP patients’ first admission and readmission, and have not yet further collected data on 
patients’ socioeconomic factors, nursing factors, literacy level, and medication adherence, etc. Future studies can more 
comprehensively explore the factors related to CSFP patients’ readmission, and improve the indicators of the column 
charts as a way to facilitate clinical decision-making.

Conclusion
In conclusion, this study developed a readmission risk prediction model for CSFP patients using four common and easily 
available clinical data (smoking history, CK-MB, TC, and LVEF) and visualized the model by drawing a nomogram. The 
results showed that the model has good predictive ability and clinical value, which can help physicians identify CSFP 
patients at risk of readmission and provide early intervention to address the risk factors, improve the prognosis of 
patients, and reduce the occurrence of adverse cardiovascular events.
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