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Personalized Prediction of Left Ventricular
Ejection Fraction in the Follow-Up of Patients
with ST-Segment Elevation Myocardial Infarction:
Development of a Practical Nomogram Model

ST-Segment Elevasyonlu Miyokard Enfarktisu
Hastalarninin Takibinde Sol VentrikUl Ejeksiyon
Fraksiyonunun Kisisellestirilmis éngc’jrijsij: Pratik Bir
Nomogram Modelinin Gelistirilmesi

ABSTRACT

Objective: Accurate estimation of left ventricular ejection fraction (LVEF) after ST-segment
elevation myocardial infarction (STEMI) is essential for optimizing long-term management and
cardiovascular risk stratification. This study aimed to identify predictors of LVEF at six months after
STEMI and to develop a clinically applicable nomogram for individualized prognostic assessment.

Method: This prospective, single-center cohort study included consecutive patients admitted
with STEMI between July 2018 and October 2018. Baseline clinical, laboratory, and angiographic
variables were collected. LVEF was assessed by transthoracic echocardiography during the index
hospitalization and at six-month follow-up. Patients were categorized into four groups according
to follow-up LVEF. Predictors of six-month LVEF were identified using proportional odds logistic
regression, and a nomogram was constructed based on the final multivariable model.

Results: A total of 231 patients were analyzed (median age: 57 years; 83% male). At baseline,
119 patients (51%) had an LVEF < 50%, whereas at six months 115 patients (49%) had an
LVEF < 50%. Multivariable analysis identified baseline LVEF, peak creatine kinase-myocardial
band (CKMB) level, age, hypertension, and final Thrombolysis in Myocardial Infarction (TIMI)
flow grade as independent predictors of follow-up LVEF (all P < 0.05).

Conclusion: Baseline LVEF and peak CK-MB level were the strongest independent predictors of
six-month LVEF following STEMI. Age, hypertension, and final TIMI flow grade were identified
as additional predictors. The proposed nomogram provides a practical tool for individualized
follow-up planning and risk assessment in STEMI survivors.

Keywords: Left ventricular ejection fraction, nomogram, ST elevation myocardial infarction

OzET

Amag: ST-segment elevasyonlu miyokard enfarktlst (STEMI) sonrasi sol ventrikil ejeksiyon
fraksiyonunun (LVEF) dogru tahmini, uzun dénem yénetim ve kardiyovaskuler risk siniflamasi
agisindan 6nemlidir. Bu calismada STEMI sonrasi altinci ay LVEF'nin belirleyicilerinin saptanmasi ve
bireysellestirilmis prognostik degerlendirme igin klinikte uygulanabilir bir nomogram gelistirilmesi
amagland.

Yontem: Bu prospektif, tek merkezli kohort caismaya Temmuz 2018-Ekim 2018 tarihleri arasinda
STEMI tanisi ile basvuran ardisik hastalar dahil edildi. Baslangig klinik, laboratuvar ve anjiyografik
degiskenler toplandi. LVEF, indeks yatis sirasinda ve altinci ay izleminde transtorasik ekokardiyografi ile
degerlendirildi. Hastalar izlem LVEF'sine gére dort gruba ayrildi. Altinci ay LVEF'nin belirleyicileri orantili
odds lojistik regresyon ile belirlendi ve nihai cok degiskenli modele dayali bir nomogram olusturuldu.

Bulgular: Toplam 231 hasta analiz edildi (medyan yas: 57 yil; %83 erkek). Baslangicta 119 hastada
(%51) LVEF <%50 saptanirken, altinci ay izleminde 115 hastada (%49) LVEF < %50 olarak
devam ettigi gortldt. Cok degiskenli analizde baslangig LVEF, pik kreatin kinaz-miyokardiyal band
(CK-MB) dlizeyi, yas, hipertansiyon varligi ve final Thrombolysis in Myocardial Infarction (TIMI)
akim derecesi, izlemdeki LVEF'nin bagimsiz belirleyicileri olarak saptandi (timu icin P < 0,05).

Sonug: Baslangic LVEF ve pik CK-MB dlzeyi, STEMI sonrasi altinci ay LVEF'nin en glgld
belirleyicileriydi. Yas, hipertansiyon ve final TIMI akim derecesi de diger belirleyiciler olarak tespit
edildi. Gelistirilen nomogram, STEMI'den sag kalan hastalarda bireysellestirilmis izlem planlamasi
ve risk degerlendirmesi icin pratik bir arag sunmaktadir.
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schemic heart disease continues to represent the leading cause of

morbidity and mortality worldwide, with ST-segment elevation
myocardial infarction (STEMI) representing the most severe and
life-threatening clinical manifestation of ischemic heart disease."
Despite major advances in reperfusion strategies, interventional
techniques, and guideline-directed medical therapy, STEMI
remains associated with substantial short- and long-term
morbidity. In a contemporary study conducted in Turkiye, STEMI
accounted for approximately 23.5% of admissions to coronary
intensive care units,? underscoring its persistent clinical burden.

Although early and effective reperfusion has significantly reduced
acute mortality, a considerable proportion of patients experience
adverse left ventricular remodeling and develop heart failure
during follow-up.® Reduced left ventricular ejection fraction
(LVEF) is a central determinant of prognosis after myocardial
infarction and is strongly associated with symptom burden,
hospitalization rates, and long-term survival. Accordingly,
international guidelines emphasize the pivotal role of LVEF
in post-infarction risk stratification, optimization of medical
therapy, and guidance of follow-up strategies.**®

Early identification of patients at risk for persistently reduced
LVEF following STEMI may facilitate closer surveillance and
more timely therapeutic interventions. Such an approach has
the potential to improve symptom control, prevent clinical
deterioration, and reduce recurrent hospital admissions.* LVEF
remains one of the most robust, widely validated, and clinically
actionable parameters for prognostic assessment after myocardial
infarction. However, reliable prediction of mid-term systolic
recovery during the acute phase of STEMI remains challenging.

Left ventricular systolic function is highly dynamic in the post-
infarction period and is influenced by multiple interacting
mechanisms, including infarct size, microvascular obstruction,
residual ischemia, neurohormonal activation, myocardial
stunning, and the extent of ventricular remodeling.” Moreover,
LVEF assessed during the acute phase may not reliably reflect
intrinsic myocardial contractile function because of transient
hemodynamic instability, sympathetic activation, arrhythmias,
fluctuations in loading conditions, and myocardial edema.
These factors limit the predictive value of isolated baseline LVEF
measurements for mid-term functional recovery.

Several clinical, biochemical, and angiographic predictors of post-
infarction ventricular recovery have been proposed, including infarct
location, enzymatic markers of myocardial injury, Thrombolysis in
Myocardial Infarction (TIMI) flow grade, and composite risk scores.
However, their predictive performance has been inconsistent, and
none has achieved widespread clinical adoption for individualized
LVEF estimation. Importantly, most existing risk models primarily
focus on mortality or composite cardiovascular outcomes rather
than directly addressing systolic functional recovery. Additionally,
many rely on variables that are not universally available, limiting
their applicability in real-world settings.>'°

In this context, a practical and user-friendly prediction tool
incorporating readily obtainable clinical and biochemical
parameters may address an important unmet clinical need. Such
a model could enable individualized estimation of mid-term
LVEF, support early identification of patients at risk for persistent
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ABBREVIATIONS

AIC Akaike Information Criterion

BIC Bayesian Information Criterion

CK-MB Creatine kinase-myocardial band

EACTS European Association for Cardio-Thoracic Surgery
ESC European Society of Cardiology

ESH European Society of Hypertension

HDL-C High-density lipoprotein cholesterol

LDL-C Low-density lipoprotein cholesterol

LVEF Left ventricular ejection fraction

PCI Percutaneous coronary intervention
STEMI ST-segment elevation myocardial infarction
TIMI Thrombolysis in Myocardial Infarction

systolic dysfunction, and inform decisions regarding imaging
surveillance, optimization of medical therapy, and referral to
cardiac rehabilitation or heart failure programs.

Therefore, the present study aimed to identify independent baseline
predictors of six-month LVEF in patients presenting with STEMI
and to develop a simple, clinically applicable nomogram to support
personalized prognostic assessment in routine clinical practice.

Materials and Methods

Study Design and Population

This prospective, single-center observational study included
consecutive adult patients (aged 18-90 years) who presented
with STEMI between July 2018 and October 2018 and underwent
primary percutaneous coronary intervention (PCl) at a tertiary
cardiovascular care center.

Initially, 318 patients were enrolled. Patients were excluded if
they had a documented history of heart failure or LVEF < 50%
prior to the index hospitalization, required coronary artery bypass
grafting (CABG) following diagnostic angiography, or experienced
recurrent myocardial infarction during the follow-up period.
After applying these criteria, the final study population consisted
of 231 patients.

Clinical Definitions

STEMI was diagnosed in accordance with the 2017 European
Society of Cardiology (ESC) guidelines.? Diagnostic criteria
included ischemic chest pain lasting longer than 30 minutes or
equivalent symptoms, such as dyspnea, syncope, or diaphoresis,
accompanied by characteristic electrocardiographic findings.
These electrocardiographic features consisted of ST-segment
elevation = 2.5 mm in men younger than 40 years, = 2.0 mm
in men aged 40 years or older, or = 1.5 mm in women in leads
V2-V3, and/or = 1.0 mm in two or more contiguous leads other
than V2-V3, in the absence of left ventricular hypertrophy or left
bundle branch block.3

In patients presenting with inferior myocardial infarction, right-
sided precordial leads (V3R-V4R) were routinely evaluated
to assess right ventricular involvement. Posterior myocardial
infarction was suspected in the presence of ST-segment
depression in leads V1-V3 with upright terminal T waves and was
confirmed by concomitant ST-segment elevation = 0.5 mm in
posterior leads V7-V9.3
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Hypertension was defined as a documented history of elevated
blood pressure requiring antihypertensive therapy or previously
recorded systolic blood pressure > 140 mmHg and/or diastolic
blood pressure > 90 mmHg, in accordance with current
recommendations of the ESC and the European Society of
Hypertension (ESH)."" Diabetes mellitus was defined by prior
use of antidiabetic medication or fulfilment of established
diagnostic criteria, including fasting plasma glucose = 126
mg/dL, hemoglobin Alc (HbA1c) = 6.5%, or random plasma
glucose = 200 mg/dL in the presence of classical hyperglycemic
symptoms.'

Dyslipidemia was defined by the presence of at least one of
the following abnormalities: total cholesterol = 240 mg/dL,
low-density lipoprotein cholesterol = 130 mg/dL, high-density
lipoprotein cholesterol < 40 mg/dL in men or < 50 mg/dL in
women, or triglyceride levels = 150 mg/dL."> Current smoking
status was defined as active tobacco use or smoking cessation
within 30 days prior to enrollment.™

Data Collection and Ethical Considerations

Baseline demographic, clinical, laboratory, and angiographic
data were collected at the time of hospital admission.
Follow-up clinical and echocardiographic evaluations were
performed at six months. The study protocol was approved by
the Haydarpasa Numune Training and Research Hospital Clinical
Research Ethics Committee (Approval Number: HNEAH-
KAEK-2019/165-2858, Date: 02.12.2019) and was conducted
in accordance with the principles of the Declaration of Helsinki.
Written informed consent was obtained from all participants
prior to study inclusion.

Laboratory and Imaging Assessments

Venous blood samples were obtained in the emergency
department prior to coronary angiography. Complete blood
count parameters were analyzed using a Beckman Coulter LH
750 hematology analyzer (Beckman Coulter, CA, USA), and
biochemical analyses were performed using the Roche Cobas
Integra 800 system (Roche Diagnostics, Switzerland).

Creatine kinase-myocardial band (CK-MB) levels were measured
at admission and serially during hospitalization. The CK-MB value
obtained at initial presentation was defined as baseline CK-MB,
whereas the highest value recorded during the hospital stay was
defined as peak CK-MB.

Fasting lipid profiles, including total cholesterol, low-density
lipoprotein  cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), and triglycerides, were measured within 24
hours of admission.

Preprocedural SYNTAX (Synergy Between Percutaneous
Coronary Intervention with TAXUS and Cardiac Surgery) scores
were calculated using diagnostic coronary angiograms and the
online SYNTAX Score calculator (version 2.1), in accordance with
the SYNTAX Il methodology and the 2018 ESC and European
Association for Cardio-Thoracic Surgery (EACTS) myocardial
revascularization guidelines.' ¢

Final TIMI flow grade was assessed angiographically at the
conclusion of the PCI procedure using the standardized TIMI flow
classification."
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Interventional Procedure

All patients underwent primary PCl via femoralartery access using
standard interventional techniques performed by experienced
operators. Upon admission, patients received loading doses of
aspirin and a P2Y12 inhibitor (clopidogrel, ticagrelor, or prasugrel),
followed by administration of unfractionated heparin (50-70 IU/
kg intravenously) to maintain an activated clotting time between
200 and 250 seconds throughout the procedure. The use of
glycoprotein lIb/llla inhibitors, as well as stent selection and
sizing, was left to the discretion of the operator, in accordance
with contemporary guideline recommendations.?

Echocardiographic Evaluation

Transthoracic echocardiography was performed using an EPIQ
7 ultrasound system (Philips Healthcare, Andover, MA, USA)
within the first 72 hours of hospital admission and was repeated
at six months. Left ventricular ejection fraction was calculated
using the modified biplane Simpson's method in accordance
with the recommendations of the American Society of
Echocardiography.’® All echocardiographic measurements were
performed by a single experienced operator using a standardized
acquisition and analysis protocol to minimize measurement
variability. LVEF measured during the index hospitalization
was defined as baseline LVEF, whereas the value obtained at
follow-up was defined as final LVEF.

Outcome
The primary outcome of the study was left ventricular ejection
fraction assessed at the six-month echocardiographic follow-up.

Statistical Analysis

Statistical analyses were performed using the rms, ggplot2, and
DynNom packages in R software version 3.5.1 (R Foundation
for Statistical Computing, Vienna, Austria). Categorical variables
were expressed as counts and percentages, while continuous
variables were reported as mean + standard deviation or median
with interquartile range (25%-75% percentile), as appropriate.

Final LVEF at six months served as the primary outcome variable.
For descriptive analyses, follow-up LVEF values were categorized
into four ordinal groups: < 40%, 41-50%, 51-60%, and > 60%.
Candidate predictors were selected based on clinical plausibility
and previously published evidence.

Proportional odds logistic regression was used to examine
associations between candidate predictors and the ordinal
LVEF outcome. This approach was chosen to account for the
ordered nature of LVEF categories and to avoid information loss
associated with dichotomization. To reduce the risk of overfitting
and improve model stability, penalized proportional odds
regression was applied. Continuous predictors were modeled
using restricted cubic splines to account for potential non-linear
relationships. The relative contribution of each predictor was
quantified using the partial chi-square statistic divided by the
total model chi-square.

To enhance clinical applicability, a reduced model was derived
using backward step-down variable selection. Model performance
was evaluated using likelihood ratio chi-square statistics, the
Akaike Information Criterion (AIC), the Bayesian Information
Criterion (BIC), Somers' D<sub>xy</sub> rank correlation, and
the coefficient of determination (R?).
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Table 1. Baseline demographic, clinical, and angiographic characteristics according to left ventricular ejection fraction (LVEF) at
six-month follow-up echocardiography

Variables LVEF < 40% LVEF 41-50% LVEF 51-60% LVEF 2 60% P
(n =56) (n=59) (n=58) (n=58)

Age (years) 61.3+122 57.7+£11.0 56.2+9.7 53.5+8.1 0.001
Female sex 11 (19.6) 6(10.2) 8(13.8) 13 (22.4) 0.272
Hypertension 31(55.3) 24 (40.7) 21(36.2) 15 (25.9) 0.013
Diabetes mellitus 21(37.5) 9(15.2) 12 (20.7) 8(13.8) 0.011
Smoking 37 (66.1) 46 (77.9) 48 (82.7) 43(74.1) 0.206
Heart rate (beats/min) 92.3+185 82.1+£19.8 79.6 £18.7 78.9 £ 16.7 <0.001
SBP (mmHg) 131.2+£30.8 137.8 £ 26.7 145.8 + 29.1 138.3 £28.7 0.102
DBP (mmHg) 785+17.5 81.9+16.7 84.7 +17.6 80.6 £17.9 0.325
Killip class | 51(91.1) 58 (98.3) 55 (94.8) 56 (96.5) 0.034
VT/VF 7 (12.5) 3(5.1) 7 (12.1) 8(13.8) 0.424
Glucose (mg/dL) 189.1£72.4 145.0 £ 67.8 138.5+57.8 153.5+78.6 <0.001
HbA1c (%) 7.4+24 6313 6.1 1.1 6515 0.011
Leukocyte (x103/mm?3) 152 +5.8 125+57 120+ 3.9 11.8+4.3 0.003
Hemoglobin (g/dL) 13.6+2.0 13.6 1.7 14.1+£2.1 14015 0.610
Platelet (x103/mm?3) 254.8 £ 62.7 248.1 £78.5 235.3+525 2584 +67.4 0.156
Total cholesterol (mg/dL) 175.7 £ 44.6 174.1 £ 458 185.8+39.4 183.3+455 0.433
LDL cholesterol (mg/dL) 109.1 + 36.5 111.2 +37.1 120.5 + 33.8 115.1 £ 44.7 0.363
HDL cholesterol (mg/dL) 34.1£89 36.1£8.8 35.7+£7.1 357 +74 0.671
CK-MB, baseline (IU/L) 251.3+ 2375 1351 £ 112.1 78.1 £102.2 68.9 £ 63.7 <0.001
CK-MB, peak (1U/L) 323.1 £ 2471 182.6 + 138.5 1152+ 117.5 909 +758 <0.001
LVEF, baseline (%) 342 +6.6 437 £ 6.5 50.9+58 541+7.1 <0.001
LVEF, follow-up (%) 35354 48.1%23 55.5 % 2.1 60.1+0.9 <0.001
SYNTAX score 21.1+£8.6 16.6 £ 7.1 12.1+£8.0 124 +£8.7 <0.001
Residual SYNTAX score 7.2+97 51+6.4 41+55 3.4+6.1 0.069
Thrombus grade (0-1) 31(55.3) 8 (64.4) 7 (63.8) 28 (48.3) 0.461
Myocardial blush grade IIl 38 (67.8) 8 (81.3) 8 (82.7) 0 (86.2) 0.066
Baseline TIMI flow grade O 47 (83.9) 9 (66.1) 40 (68.9) 6 (62.1) 0.020
Final TIMI flow grade Il 37 (66.1) 0(84.7) 9 (84.5) 2(89.6) 0.01
Infarct-related artery (LAD) 43 (76.8) 8(64.4) 2(37.9) 28 (48.3) <0.001

Continuous variables are expressed as mean * standard deviation (SD); categorical variables as n (%). p values were calculated using one-way analysis of
variance (ANOVA) for continuous variables and the chi-square test for categorical variables. CK-MB, Creatine kinase-myocardial band; DBP, Diastolic blood
pressure; HDL, High-density lipoprotein; LAD, Left anterior descending artery; LDL, Low-density lipoprotein; LVEF, Left ventricular ejection fraction; SBP,
Systolic blood pressure; SYNTAX, Synergy Between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery; TIMI, Thrombolysis in Myocardial

Infarction; VF, Ventricular fibrillation; VT, Ventricular tachycardia.

Results

Study Population

A total of 231 patients were included in the final analysis. At
baseline, 119 patients (51%) had LVEF below 50%. At the
six-month follow-up, reduced systolic function (LVEF < 50%)
persisted in 115 patients (49%). According to follow-up LVEF
values, patients were categorized into four groups: LVEF <
40% (n=56), 41-50% (n =59), 51-59% (n =58), and = 60%
(n=58).

Baseline Characteristics According to Follow-Up LVEF
Patients with markedly reduced LVEF at follow-up (< 40%) were
significantly older and had a higher prevalence of hypertension
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and diabetes mellitus compared with those who achieved
preserved systolic function. This group also exhibited higher
admission heart rates and blood glucose levels.

Markers of myocardial injury were substantially elevated in
patients with reduced LVEF. Both baseline and peak CK-MB
levels were significantly higher in this subgroup (all P < 0.001). In
addition, the final TIMI flow grade was significantly lower among
patients with impaired systolic recovery (P = 0.01).

Anatomical disease burden differed significantly across LVEF
categories. Patients with reduced follow-up LVEF demonstrated
higher SYNTAX and residual SYNTAX scores (both P < 0.001),
indicating more complex coronary artery disease and less
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Table 2. Independent predictors of left ventricular ejection fraction (LVEF) at six-month follow-up echocardiography after

ST-segment elevation myocardial infarction (STEMI)

Variables

Age, years (change from 50 to 63.5)

Sex (male vs. female)

Hypertension (yes vs. no)

Diabetes mellitus (yes vs. no)

Smoking (yes vs. no)

Prior revascularization (previous PCl and/or CABG) (yes vs. no)
VT/VF (yes vs. no)

Baseline hemoglobin, g/dL (change from 12 to 15.1)
Peak CK-MB, IU/L (change from 44.45 to 262.8)
Baseline LVEF, % (change from 40 to 53.5)
Infarct-related artery (non-LAD vs. LAD)

Final TIMI flow grade (change from O to 3)

SYNTAX score (change from 9 to 21.5)

RC (95% CI) P
-0.513 (-0.998, -0.027) 0.050
0.232 (-0.298, 0.763) 0.389
-0.455 (-0.853, -0.057) 0.024
-0.289 (-0.741, 0.162) 0.209
-0.056 (-0.671, 0.387) 0.808
-0.142 (-0.671, 0.387) 0.598
-0.099 (-0.446, 0.645) 0.721
-0.076 (-0.343, 0.191) 0.671
-0.347 (-0.779, 0.085) <0.001
1.683 (1.309, 2.056) <0.001
0.191 (-0.228, 0.612) 0.371
0.936 (0.099, 1.772) 0.028
-0.305 (-0.623, 0.012) 0.116

CABG, Coronary artery bypass grafting; CK-MB, Creatine kinase-myocardial band; LAD, Left anterior descending artery; LVEF, Left ventricular ejection fraction;
PClI, Percutaneous coronary intervention; RC, Regression coefficient; SYNTAX, Synergy Between Percutaneous Coronary Intervention with TAXUS and Cardiac
Surgery; TIMI, Thrombolysis in Myocardial Infarction; VF, Ventricular fibrillation; VT, Ventricular tachycardia.

complete revascularization. The left anterior descending artery
was more frequently identified as the infarct-related vessel in
patients with lower LVEF. Baseline LVEF was also significantly
lower in this group.

Detailed baseline demographic, clinical, laboratory, and
angiographic characteristics stratified by follow-up LVEF are
summarized in Table 1.

Muttivariable Predictors of Six-Month LVEF

Multivariable proportional odds logistic regression analysis
identified several independent predictors of LVEF at the six-
month follow-up.

Baseline LVEF demonstrated the strongest positive association
with follow-up systolic function (regression coefficient: 1.683;
95% confidence interval [CI]: 1.309-2.056; P < 0.001). In
contrast, peak CK-MB level was inversely associated with final
LVEF (regression coefficient: -0.347; 95% Cl: -0.779 to -0.085;
P < 0.001), consistent with the adverse impact of greater
myocardial injury. Increasing age was independently associated
with lower follow-up LVEF (regression coefficient: -0.513; 95%
Cl: -0.998 to -0.027; P = 0.050). A history of hypertension was
also independently associated with impaired systolic recovery
(regression coefficient: -0.455; 95% Cl: -0.853 to -0.057; P =
0.024). Conversely, a higher final TIMI flow grade was positively
associated with improved LVEF at follow-up (regression
coefficient: 0.936; 95% Cl: 0.099-1.772; P = 0.028).

The complete results of the multivariable regression analysis are
presented in Table 2. Figure 1 presents the partial effect plots for
key predictors, while Figure 2 depicts the relative contribution of
each variable, underscoring baseline LVEF as the most influential
determinant of six-month systolic function.

Model Reduction and Performance
To improve clinical applicability, a reduced prediction model
was generated using backward step-down variable selection.

Table 3. Performance metrics of the full and reduced models
dF  Likelihood R? Dxy AIC BIC

ratio 2
Full model 13 197 0.632 0.783 738 856
Reduced model 3 201 0.626 0.783 736 809

AIC, Akaike information criterion; BIC, Bayesian information criterion; dF,
Degrees of freedom; Dxy, Somers' D rank correlation; R2, Coefficient of
determination; X2, Likelihood ratio chi-square.

This simplified model retained three independent predictors:
baseline LVEF, peak CK-MB, and a history of hypertension.

Despite the reduction in the number of variables, the simplified
model demonstrated performance metrics comparable to
those of the full model. Likelihood ratio chi-square statistics,
the Akaike Information Criterion, the Bayesian Information
Criterion, Somers' D<sub>xy</sub> rank correlation, and
the coefficient of determination (R2) showed minimal
attenuation, as detailed in Table 3. External validation was
not performed.

Nomogram-Based Prediction

Based on the reduced model, a nomogram was constructed to
enable individualized prediction of six-month LVEF. Although the
primary analyses were conducted using ordinal LVEF categories,
the nomogram was derived from the underlying continuous
latent scale of the proportional odds model.

Forillustrative purposes, a hypothetical patient with hypertension,
a peak CK-MB value of 300 IU/L, and a baseline LVEF of 35%
would yield a total nomogram score of 63. This score corresponds
to a predicted mean LVEF of approximately 40%, a median LVEF
of 37%, and estimated probabilities of achieving LVEF thresholds
> 55%, > 50%, > 45%, and > 40% of < 10%, 13%, 30%,
and 52%, respectively. The graphical representation of the
nomogram is shown in Figure 3.
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Figure 1. Partial effect plots of independent variables for prediction of six-month left ventricular ejection fraction (LVEF) in
patients with ST-segment elevation myocardial infarction (STEMI). The solid lines represent the estimated partial effects, and
the shaded areas indicate the 95% confidence intervals. For categorical variables, the points represent effect estimates with

corresponding 95% confidence intervals.

CK-MB, Creatine kinase-myocardial band; LVEF, Left ventricular ejection fraction; SYNTAX, Synergy Between Percutaneous Coronary Intervention with TAXUS

and Cardiac Surgery; TIMI, Thrombolysis in Myocardial Infarction; VF, Ventricular fibrillation; VT, Ventricular tachycardia.

Discussion

The present study provides several clinically relevant insights
into left ventricular systolic recovery following ST-segment
elevation myocardial infarction. First, baseline LVEF, peak
CK-MB level, age, hypertension, and final TIMI flow grade
were identified as independent predictors of six-month LVEF.
Second, nearly half of the study population continued to
exhibit impaired systolic function (LVEF < 50%) at mid-term
follow-up. Finally, these predictors were integrated into a
practical nomogram to facilitate individualized estimation of
post-STEMI ventricular recovery.

Among all evaluated variables, baseline LVEF emerged as the
strongest independent determinant of systolic function at
six-month follow-up. This finding aligns with prior evidence
demonstrating that early post-infarction LVEF reflects the
combined effects of infarct size, myocardial stunning, and
early remodeling processes.'2' Previous echocardiographic and
cardiac magnetic resonance studies have consistently shown
that severely reduced LVEF during the acute phase of myocardial
infarction is associated with persistent systolic dysfunction at
short- and mid-term follow-up.?° Although some patients with
initially reduced LVEF may exhibit relative improvement over
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time, a substantial proportion continue to demonstrate impaired
systolic function.???4 Collectively, these findings underscore the
dominant prognostic role of baseline LVEF and justify its central
contribution to the proposed nomogram.

Peak creatine kinase-myocardial band level was also identified
as a strong independent predictor of six-month LVEF, reflecting
the extent of myocardial injury. Prior studies have consistently
demonstrated a close relationship between peak CK-MB levels,
infarct size, and residual systolic function.®>?>2¢ Hartman et al.?
reported that peak CK-MB reliably estimated infarct size assessed
by cardiac magnetic resonance imaging and independently
predicted LVEF and short-term mortality. Although cardiac
troponins are currently preferred for the diagnosis of myocardial
infarction, CK-MB remains clinically informative due to its
well-characterized release kinetics and its ability to reflect the
magnitude of myocardial necrosis. Necropsy-based studies
have demonstrated a closer correlation between CK-MB levels
and histopathological infarct size compared with troponins,?’
and registry data suggest comparable or superior prognostic
performance of CK-MB for early adverse outcomes following
acute myocardial infarction.?#?® These findings support the
inclusion of CK-MB as a practical biomarker in predictive models
of post-infarction ventricular recovery.
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Figure 2. Importance of variables for predicting six-month left ventricular ejection fraction (LVEF). This figure illustrates the
relative importance of each variable included in the final model, based on y? minus degrees of freedom values.

CK-MB, Creatine kinase-myocardial band; LAD, Left anterior descending artery; LVEF, Left ventricular ejection fraction; SYNTAX, Synergy Between Percutaneous
Coronary Intervention with TAXUS and Cardiac Surgery; TIMI, Thrombolysis in Myocardial Infarction; VF, Ventricular fibrillation; VT, Ventricular tachycardia.

Age was identified as an independent predictor of reduced
left ventricular systolic function at six-month follow-up. This
observation is consistent with prior studies showing that advanced
age is associated with an increased risk of heart failure and
impaired myocardial recovery after myocardial infarction.?303
Older patients often present with a higher burden of comorbid
conditions, including microvascular dysfunction, endothelial
impairment, and reduced myocardial reserve, all of which may
limit the capacity for functional recovery after ischemic injury.3233
In addition, age-related alterations in inflammatory response
and myocardial repair mechanisms may further contribute to less
favorable systolic recovery trajectories in this population.

Hypertension was also independently associated with impaired
systolic recovery at six months. Prior studies have shown that
antecedent hypertension is linked to heightened neurohormonal
activation, increased myocardial fibrosis, and adverse ventricular
remodeling following myocardial infarction.3°3* Structural and
functional alterations related to chronic hypertension may
further exacerbate ischemic myocardial injury and compromise
left ventricular recovery. In addition, hypertension is strongly
associated with greater coronary artery disease severity and
complexity, which may Llimit myocardial salvage despite
successful epicardial revascularization.353¢

The present study further demonstrated a significant association
between final postprocedural TIMI flow grade and follow-up

LVEF. Suboptimal TIMI flow has been consistently linked to larger
infarct size, reduced myocardial salvage, and unfavorable long-
term outcomes.3”3 In previous investigations, patients with
impaired postprocedural TIMI flow exhibited significantly lower
predischarge LVEF and reduced survival rates. Achieving optimal
TIMI flow likely preserves viable myocardium by improving
microvascular perfusion and limiting infarct expansion, thereby
promoting more favorable ventricular remodeling.*°

Based on the strong predictive contributions of baseline LVEF,
peak CK-MB, and hypertension, a simplified nomogram
incorporating only these three readily available parameters was
developed. Unlike most existing risk models, which primarily
focus on mortality or composite adverse cardiovascular events,
the proposed nomogram was specifically designed to estimate
systolic  functional recovery. Previous nomogram-based
approaches have incorporated a broader range of clinical and
laboratory variables to predict post-STEMI outcomes.*! However,
by relying on fewer and more routinely collected parameters,
the present model offers a pragmatic and easily applicable tool
that may enhance feasibility and generalizability in daily clinical
practice. In clinical terms, this nomogram may facilitate early
risk stratification at the time of index hospitalization, enabling
clinicians to identify patients with a lower likelihood of mid-term
LVEF recovery who may benefit from closer follow-up, more
aggressive optimization of guideline-directed medical therapy,
earlier referral to cardiac rehabilitation, and timely consideration
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Figure 3. Nomogram for predicting six-month left ventricular ejection fraction (LVEF) after ST-segment elevation myocardial

infarction (STEMI).

CK-MB, Creatine kinase-myocardial band; IU/L, International units per liter; LVEF, Left ventricular ejection fraction; STEMI, ST-segment elevation myocardial

infarction.

of advanced heart failure surveillance strategies. Moreover,
individualized risk estimation may support shared decision-
making with patients regarding prognosis and the intensity of
post-discharge management.

Limitations

Several limitations of this study should be acknowledged. First,
the observational design introduces the potential for residual
confounding and selection bias. Second, baseline LVEF was
assessed during the acute phase of myocardial infarction and
may have been influenced by transient sympathetic activation,
potentially leading to overestimation of baseline systolic function.
Third, the single-center design and relatively modest sample size
may limit the generalizability of the findings. Fourth, variability in
angiographic characteristics and procedural strategies may have
contributed to heterogeneity. Fifth, post-discharge medication
adherence and longitudinal treatment modifications were not
systematically assessed, which may have influenced mid-term
LVEF recovery. Finally, the backward step-down variable selection
approach may increase the risk of overfitting and the exclusion of
clinically relevant predictors; therefore, external validation of the
proposed nomogram is warranted.

Conclusion

In conclusion, baseline LVEF, peak CK-MB level, age,
hypertension, and final TIMI flow grade were identified as
independent predictors of left ventricular systolic function at six
months following STEMI. The proposed nomogram integrates
these variables into a clinically applicable tool that may support
individualized risk stratification and optimization of follow-up
strategies in STEMI survivors.
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