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Background: P-wave terminal force in lead V1 (PtfV1) irregularity has been associated with various cardiovascular conditions,
including atrial fibrillation, left ventricular diastolic dysfunction, valvular heart disease, congestive heart failure, stroke, and mortality.
However, its prognostic value for unstable angina (UA) has not been extensively studied. To address this knowledge gap, this study
aimed to evaluate the long-term predictive significance of PtfV1 at discharge for UA patients.

Methods: A total of 707 patients with newly diagnosed UA were included in this study. PtfV1 measurements were recorded at
admission and discharge. PtfV1(+) was defined as an absolute value above 0.04mm-s, while PtfV1(-) was defined as an absolute value
below 0.04mm-'s. Based on their PtfV1 values at discharge, patients were categorized into two groups: PtfV1(-) and PtfV1(+).
Univariate and multivariate regression analyses were conducted to identify variables that could potentially contribute to the risk of UA.
Results: Univariate analysis revealed a higher incidence of total adverse outcomes and major adverse cardiovascular events (MACE)
in the PtfV1(+) group compared to the PtfV1(-) group, with a risk ratio (RR) of 2.006 [95% confidence interval (95% CI): 1.389—
2.896] for total outcomes and an RR of 2.759 (95% CI: 1.870-4.070) for MACE. After adjusting for confounding factors through
multivariate analysis, participants with PtfV1(+) had a 46% increased risk [adjusted hazard ratio (HR): 1.458; 95% CI: 1.010-2.104]
for total adverse outcomes and an 86% increased risk (adjusted HR: 1.863; 95% CI: 1.246-2.786) for MACE compared to those with
PtfV1(-).

Conclusion: The presence of PtfV1(+) at discharge is an independent predictor of poor outcomes and provides extended prognostic
information for UA patients.

Keywords: P wave terminal force in lead V1, PtfV1, unstable angina, UA, prognosis, electrocardiography, major adverse
cardiovascular events, MACE

Introduction

Acute coronary syndrome (ACS), a prevalent and critical form of coronary artery disease,'"

is characterized by the
primary rupture of atherosclerotic plaque and an entirely or partially obstructive thrombus, resulting in unstable angina
(UA),? ST-segment elevation myocardial infarction (STEMI), and non-STEMI (NSTEMI). Unstable angina is a clinical
condition in which patients experience severe chest pain without prolonged ST segment deviation on the electrocardio-
gram, along with elevated cardiac markers. It is now understood that UA is caused by the rupture of atherosclerotic
plaque with varying degrees of superficial thrombosis. Patients with UA present heterogeneous clinical manifestations
and variable immediate- and long-term risk of death or non-fatal ischemic events.* Despite advances in its management,
the incidence and mortality rates of UA patients remain high.’ Therefore, early identification of diagnostic and prognostic
parameters for UA is clinically challenging.

An electrocardiogram (ECQ) is a noninvasive diagnostic tool providing valuable information on various cardiac
pathologies, particularly myocardial ischemia. Morris et al initially proposed that the P-wave terminal force in lead V1
(PtfV1) is a measure of the amplitude (mm) and timing (s) of a terminal negative P wave when P waves are positive and
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negative in both directions.® Various ECG characteristics, such as heart rate, T wave, P wave, ST segment, and QRS
wave, have been shown to be indicators of cardiac conditions such as arrhythmia, cardiac hypertrophy, and myocardial
infarction. The PtfV1 values, which indicate the extent of deflection of the terminal (negative) section of a biphasic
P wave, were first identified in 1964. Studies have indicated that abnormal PtfV1 values are associated with various heart
conditions, including left ventricular diastolic dysfunction, congestive heart failure, atrial fibrillation, valvular heart
disease, and pericarditis, as well as stroke and death.”'* Therefore, these values may provide insights into the severity of
heart disease.

Despite the essential role of PtfV1 in diagnosing, treating, and predicting outcomes for heart failure, cardiomyopathy,
myocardial ischemia, myocardial infarction, and ischemic stroke, there have been limited reports regarding its association
with the prognosis of UA. Therefore, this study sought to examine the potential utility of PtfV1 at patient admission and
discharge in predicting outcomes for individuals affected by UA.

Materials and Methods
Study Design and Population

Between August 2015 and June 2021, a study was conducted at Fujian Medical University Union Hospital, categorizing
patients newly diagnosed with UA into two groups based on their PtfV1 values at discharge. The research project was
approved by the Institutional Review Board of the hospital under approval number 2016KY025.

Adults aged 18 to 80 years who were diagnosed with UA following the 2015 American College of Cardiology/
American Heart Association guidelines for managing patients with non-ST-segment elevation acute coronary syndrome
(NSTE-ACS)' were eligible for participation.

Exclusion criteria included a history of arrhythmia (atrial fibrillation, atrial tachycardia, ventricular fibrillation, atrial
flutter, ventricular flutter, ventricular tachycardia, or borderline ventricular tachycardia), severe underlying illnesses such
as heart valve disease, congenital heart disease, or cardiomyopathy, and inability to attend follow-up appointments.

Clinical information, including gender, age, smoking status, medical history, blood pressure, heart rate, radiographic
findings, biochemical markers, echocardiograms, and medication treatments, was recorded.

ECG

All patients had their ECG recorded at discharge. PtfV1 values were measured using the electrocardiogram machine
(NIHON KOHDEN 1250P) with 12-lead ECG (speed: 25 mm/s, amplitude: 10 mm/mV). PtfV1(-) was defined as an
absolute value <0.04 mm-s, and PtfV1(+) was defined as an absolute value >0.04mm-s based on previous research.'
Patients with Unstable Angina (UA) were separated into groups based on their PtfV1 values at discharge: those with
negative PtfV1 and those with positive PtfV1.

Follow-Up

Patients included in the study were monitored and tracked through regular clinical check-ups and phone calls for
a duration ranging from 1 to 91 months, with a mean follow-up duration of 53.1 months. The follow-up process involved
collecting information from healthcare professionals, patients themselves, and their family members. The collected
information was consistent with the hospital records. The main focus of the follow-up was to assess various endpoints,
including major adverse cardiovascular events (such as cardiac death, hospitalization due to heart failure, dangerous heart
rhythm abnormalities, nonfatal heart attacks, and repeat angioplasty), stroke resulting from reduced blood flow to the
brain, and death from other causes. Follow-up assessments were conducted at six months, one year, two years, and five
years after the patients were discharged.

Statistical Analysis

The collected data were analyzed using SPSS 26.0 software. Continuous variables were reported as the mean =+ standard
deviation (SD) or [median (25th percentile, 75th percentile)] and were compared using the Kruskal-Wallis H-test.
Categorical variables were presented as frequencies and percentages and were analyzed using either the chi-square or
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Kruskal-Wallis H-test. Group comparisons were performed using a one-way analysis of variance (ANOVA) with the
least significant difference post hoc test. Multivariable Cox regression analysis was employed to identify the variables
associated with an increased risk of unstable angina (UA) as determined by the univariate regression analysis. A p-value
less than 0.05 was statistically significant.

Results
Characteristics of Patients with UA

After excluding patients with complications, arrhythmias, and incomplete or missing data, a total of 707 patients with
newly diagnosed UA were included in the study and categorized into two groups based on their PtfV1 values at discharge
(Figure 1). The PtfV1 (-) group consisted of 522 patients with an average age of 67.10 £ 9.6 years, while the PtfV1 (+)
group included 185 patients with an average age of 68.57 + 10.13 years. Table 1 provides an overview of the main
characteristics of the patients. Significant differences were observed between the two groups in terms of ejection fraction,
left atrium size, serum creatinine levels, and the use of diuretics.

Univariate and Multivariate Regression Analyses for the Overall Poor Survival
Outcomes and Major Adverse Cardiac Events (MACEs)

In the univariate analysis, there was a significantly higher incidence of overall poor survival outcomes in the PtfV1 (+)
group (RR: 2.006; 95% CI: 1.389-2.896; P<0.05) compared to the PtfV1 (-) group, with respect to overall adverse UA
findings. Similarly, there was a significant increase in the incidence of MACEs in the PtfV1 (+) group (RR: 2.759; 95% CI:

887 cases with UA

Arrhythmia:atrial fibrillation,
atrial flutter, atrial tachycardia,
ventricular fibrillation, ventricular B
flutter, ventricular tachycardia, or -
borderline tachycardia:
N=97

Heart valve disease,

> Congenital heart

disease,Cardiomyopathy:
N=35

Incomplete and missing data:
(loss to follow-up)

N=48
y
Final Sample Size:
N=707
A
PtfV1 (-) PtfV1 (+)
N=522 N=185

Figure | Inclusion and exclusion of the study participant.
Abbreviations: UA, unstable angina pectoris; PTFVI, p-wave terminal force in lead VI.
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Table |1 The Baseline Characteristics of UA Patients in the Two Groups

PtfVI1 (-) n=522 | PtfVI (+) n=185 P-value
Gender (Male %) 368 (70.5) 138 (74.6) 0.289
Age (years) 67.10%£9.60 68.57+10.13 0.079
Smoking (n %) 188 (36.0) 72 (38.9) 0.482
Hypertension (n %) 359 (68.9) 139 (75.1) 0.110
Diabetes (n %) 159 (30.5) 57 (30.8) 0.929
Cerebral ischemic stroke (n %) 53 (10.2) 19 (10.3) 0.964
PCI/CABG (n %) 406 (77.8) 132 (71.4) 0.078
DischargeSBP, mmHg 125.83£12.80 127.13£14.22 0.297
DischargeDBP, mmHg 75.05x7.91 75.47+8.54 0.583
DischargeHR, beats/min 70.02+6.38 70.53£7.01 0.397
EF, % 64.8419.14 58.95+14.39 0.000%*
LA, mm 34.11x4.51 35.87+4.58 0.000%*
LDL, mmol/L, 2.78%1.11 2.79+1.08 0.895
Scr, umol/L 82.30+30.89 98.90+98.09 0.025*
E/E’ 12.71£9.20 14.85+27.58 0.136
LVDd mm 49.25+20.41 50.47+6.91 0.429
Statins (n %) 489 (93.7) 167 (90.3) 0.124
B-receptor blocker (n %) 342 (65.5) 117 (63.2) 0.578
ACEI/ARB (n %) 281 (53.8) 114 (61.6) 0.067
Aspirin (n %) 480 (92.0) 162 (87.6) 0.076
Ticagrelor/Clopidogrel, (n %) 468 (89.7) 160 (86.5) 0.240
CCB (n %) 128 (24.5) 56 (30.3) 0.126
Diuretics (n %) 38 (7.3) 40 (21.6) 0.000%*

Note: *p<0.05.

Abbreviations: UA, unstable angina; CABG, coronary artery bypass grafting; DBP, diastolic blood pressure;
SBP, systolic blood pressure; PCl, percutaneous coronary intervention; HR, heart rate; PTFVI, p-wave
terminal force in lead VI; LVDd, left ventricular end-diastolic dimension; EF, ejection fraction; LA, left atrium;
LDL, low density lipoprotein; Scr, serum creatinine; ARB, angiotensin receptor blocker; CCB, calcium
channel blockers; ACEI, angiotensin converting enzyme inhibitors.

1.870—4.070; P<0.05) compared to the PtfV1 (-) group, as indicated by the univariate analysis. As shown in Table 2, there
was no significant difference in the incidence rate of cerebral ischemic stroke between the two groups.

To further examine the findings and account for potential confounding factors, a multivariate Cox regression analysis
was performed. After adjusting for age, sex, SBP/DBP/HR at discharge, smoking, hypertension, diabetes, history of PCI/
CABG, LDL, ejection fraction, left atrium size, serum creatinine levels, drugs for ACEI/ARB, statins, B-receptor
blockers, aspirin, ticagrelor/clopidogrel, CCB, and diuretics, patients in the PtfV1 (+) group had a higher incidence
rate of MACEs (HR: 1.863, 95% CI: 1.246-2.786) and overall poor survival outcomes (HR: 1.458, 95% CI: 1.010-
2.104) compared to patients in the PtfV1 (-) group. Figure 2 demonstrates that there was no significant difference in the
incidence rate of cerebral ischemic stroke between the PtfV1 (-) group and the PtfV1 (+) group. Kaplan-Meier survival

curves for MACEs and overall adverse outcomes are illustrated in Figure 3.

Table 2 Univariate Analysis of Adverse Outcomes in UA Patients

Groups P-value RR 95% CI

PtfVI (-) n=522 | PtfVI (+) n=185

Total outcomes (n %) I 21.3) 65 (35.1) 0.000%* 2.006 1.389-2.896
MACEs (n %) 79 (I5.1) 61 (33.0) 0.000%* 2.759 1.870-4.070
Cerebral ischemic stroke (n %) 9 (1.7) 2 (1.1) 0.544 0.623 0.133-2.910

Note: *p<0.05.
Abbreviations: UA, unstable angina pectoris; RR, risk ratio; PTFVI, p-wave terminal force in lead VI; MACEs, major adverse
cardiovascular events.
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Different end point HR (95%Cl) p-value
14 = .
RIS 1.863(1.246-2.786)  0.002
Tetal ireotme +—— 1.458(1.010-2.104)  0.044
Cerebral infarction — i 0.641(0.124-3.304) 0.595
I ¥ ¥ T ¥ T ¥ 1
0 1 2 3 4

Figure 2 Cox regression for the association betweenPtfV| and different endpoint.
Abbreviations: HR, hazard ratio; MACEs, major adverse cardiovascular events.
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Figure 3 Kaplan—Meier survival curves by Total outcome (A) and Mace (B).
Abbreviations: MACEs, major adverse cardiovascular events; PTFVI, p-wave terminal force in lead VI.

Discussion

Herein, we investigated the relationship between PtfV1 values at discharge and long-term adverse outcomes in patients
experiencing symptoms of UA. Our findings demonstrated that PtfV1(+) at discharge was an independent risk factor for
MACEs in UA patients. Therefore, we advocate that PtfV1 could serve as a widely accessible clinical marker for
identifying an increased long-term risk of MACEs in UA patients.

During hospitalization, the PtfV1 values of patients who initially tested positive upon admission may undergo
dynamic changes, potentially influenced by clinical treatments such as medication and vascular reconstruction. In
some cases, the PtfV1 value becomes negative upon discharge, indicating that this change may be associated with
vascular reconstruction or medication that alters atrial volume and pressure load, suggesting an improvement in the
patient’s condition.

Earlier studies have indicated a strong correlation between the deep terminal negativity of PtfV1 in electrocardio-
graphic reports and the risk of mortality from cardiovascular disease,'® consistent with the findings of our study.

Abnormal PtfV1 values can typically be explained by two mechanisms. Firstly, the left atrium experiences depolar-
ization and an augmented depolarized vector when there is an increase in left atrial load due to fibrosis, hypertrophy, or
ischemia. Additionally, an increased P wave deflection amplitude and prolonged duration at the negative terminal may
result from elevated right atrial load, hypertrophy, or prolonged conduction of the interatrial bundle. As such, numerous
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studies have proposed that PtfV1 signifies an increase in volume or pressure in the left atrium, decreased inter-atrial
conduction, and fibrosis of the left ventricle.>*'®!” These indications may predict the potential risk of MACEs.!*1#
Research indicates that an abnormal PtfV1 value may be linked to left ventricular diastolic dysfunction resulting from
infarcted myocardium, even prior to the onset of heart failure symptoms and left ventricular systolic dysfunction.'® This
diastolic dysfunction in the left ventricle within a UA context may lead to elevated LV filling pressure and subsequently

increased LA pressure,'®*°

resulting in an escalation in LA wall tension. When there is an overload in the left atrium, the
P wave vector shifts left and backward on the horizontal plane, leading to a significant negative component in the P wave
within V1. This suggests that PtfV1, associated with left ventricular diastolic pressure, may serve as an indicator of the
severity of unstable angina to a certain extent and is linked to the risk of major adverse cardiac events in UA patients.
Previous studies'** have shown that risk models utilizing ECG parameters alone have demonstrated good predictive power
for diastolic dysfunction and stroke. Our study confirmed the long-term prognostic value of PtfV1 in patients with UA,
suggesting that incorporating PtfV1 into a risk model could enable risk stratification for long-term survival in UA patients
and allow for early intervention. The use of artificial intelligence in medicine can provide physicians with a comprehensive
understanding of PtfV 1, particularly in chronic conditions like coronary artery disease and atrial fibrillation.**

On the other hand, Lebek et al***° demonstrated a link between abnormal PtfV1 and increased atrial pro-arrhythmic
activity and dysfunction in atrial contractility, which is influenced by the activation of CaMKII. CaMKII plays a crucial
role in regulating the coupling of cardiac excitation and contraction and is known to induce electrical remodeling in the
atrium, potentially leading to arrhythmias and an elevated risk of major adverse cardiac events.”* Furthermore, current
evidence suggests that higher levels of reactive oxygen species can trigger the activation of CaMKIL>® Several studies

27729 could activate atrial

have shown that an increased production of ROS during the development of unstable angina
CaMKII and result in CaMKII-dependent electrical remodeling, leading to the manifestation of abnormal PtfV1.
Therefore, abnormal PtfV1 could potentially be used to identify patients who may benefit from specific pharmacological
treatments, such as inhibiting CaMKII.

In summary, our investigation revealed that an elevated PtfV1 value at discharge is associated with a higher incidence
of major adverse cardiac events in patients with unstable angina. We identified PtfV1 positivity at discharge as an

independent risk factor for MACEs and overall outcomes, providing valuable prognostic information for UA patients.

Limitations

Several limitations found in this study should be acknowledged. Firstly, being a single-center study, the sample size was
limited. Nonetheless, it should be borne in mind that the clinical characteristics of study subjects at baseline were similar
across the groups, which enhanced the robustness of our findings. Secondly, the study population consisted of a specific
subset of acute coronary syndrome patients, which may limit the generalizability of the conclusions. Furthermore, due to
the relatively short duration of our follow-up, further large-scale clinical studies are warranted to validate our findings.
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