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Introduction

Acute myocardial infarction (AMI) is the acute thrombotic 
occlusion of coronary arteries caused by the rupture of 
atherosclerotic plaque in the coronary arteries. It results in 
interruption of blood flow and myocardial ischemia, and 
long-term ischemia will lead to myocardial ischemic injury (1).  
Before the onset of AMI, some patients may have the 
clinical symptoms (such as palpitations, shortness of breath, 

chest discomfort, and/or precordial pain) of coronary 
heart disease. Its typical symptom is the precordial pain, 
which occurs mainly in the posterior side of sternum but 
may extend to the left ribs or to the shoulders, back, oral 
area, or head. In most cases the pain can last for more than 
30 minutes and will not be quickly resolved even under a 
resting state. Many factors may trigger AMI. Any factor 
that can cause thrombosis, intravascular plaque shedding, 
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and coronary artery stenosis or spasm can induce the 
onset of AMI. Daily factors such as smoking, alcoholism, 
mood swings, overeating, and overwork can also increase 
the risk of AMI. Early detection and early treatment are 
particularly important for AMI. The main therapies include 
thrombolytic therapy, percutaneous coronary intervention, 
and emergency bypass surgeries, which may help to reduce 
the area of myocardial infarction, alleviate myocardial 
injury, and protect myocardial function in patients 
with AMI. Adopting rehabilitation measures (including 
appropriate exercise) and avoiding mood swings are also 
important for the patients after discharge.

Ventricular fibrillation (VF) is the main cause of sudden 
death in AMI patients, and timely electrical defibrillation is 
the mainstay of treatment for AMI (2). The prevalence of 
AMI has gradually increased along with the aging of China’s 
population, as has the incidence of AMI complicated by VF. 
Reperfusion therapy can reduce myocardial injury, reduce 
infarct size, decrease the severity of myocardial ischemia, 
improve the cardiac pumping function, and increase the 
patient's long-term survival (3). However, severe ventricular 
arrhythmia remains a major cause of death in AMI patients. 
Therefore, early identification and timely intervention 
of ventricular arrhythmias in AMI patients is valuable for 
lowering the risk of AMI death. Dynamic electrocardiogram 
(DCG, also known as Holter monitoring) is a method 
which can continuously record and analyze the changes in 
the electrocardiogram (ECG) of the human heart in an active 
and quiet state for an extended period. By recording all the 
abnormal waves, it can offer accurate evidence for the diagnosis 
of a variety of heart diseases (4). Heart rate variability (HRV) 
refers to the fluctuations between consecutive heartbeat cycles. 
Regulated by neurohumoral factors, it can reflect the changes 
in sympathovagal balance and is valuable for the diagnosis 
and prognosis of heart diseases (5). The change of heart rate 
can reflect cardiac autonomic activity, and HRV an quantify 
its evaluation (6). Song et al. (6) found that HRV-related 
parameters were highly predictive for cardiac mortality 
after AMI. In our current study, we selected 122 elderly 
AMI patients admitted to our hospital from January 2018 
to January 2020 as the subjects, and the predictive value 
of HRV for elderly inpatients with AMI complicated by 
VF was assessed. We hope the findings produced can help 
provide new evidence for early clinical diagnosis.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1362).
Methods

Clinical data

A total of 122 elderly AMI patients admitted to our hospital 
from January 2018 to January 2020 were selected as the 
subjects. The inclusion criteria were as follows: (I) aged ≥60 
years; (II) meeting the diagnostic criteria of AMI (7): (i) with 
a history of ischemic chest pain; (ii) with a dynamic change 
on the electrocardiogram; and (iii) with a dynamic change 
in the concentrations of serum myocardial markers related 
to myocardial necrosis (at least two of these three criteria 
are met); (III) duration of ischemic chest pain ≥30 min; 
(IV) ST segment elevation in two or more anatomically 
contiguous chest leads; (V) interval from symptom onset to 
admission <6 h; (VI) no pacemaker treatment during DCG 
monitoring; and (VII) concentration of serum biochemical 
markers in the patient’s heart outside of the clinical 
reference range (8). The exclusion criteria were as follows: 
(I) died within 24 h after admission; (II) with old myocardial 
infraction (OMI) and/or other organic heart disease; 
(III) with accompanying malignant tumors and/or blood 
diseases; (IV) with abnormal liver/kidney function; (V) with 
sick sinus syndrome, using cardiac pacemaker due to sinus 
arrest, and with atrial flutter or other non-sinus rhythms; 
(VI) with autonomic dysfunction; and/or (VII) with 
psychiatric disorders. All the patients attended the study 
voluntarily. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). Patients 
and their families signed informed consent documents. The 
study was approved by the ethics committee of our hospital 
(No. 2018010).

Study methods 

Patients were divided into a VF group (with the presence 
of VF) and a simple AMI group (without the presence 
of VF). The clinical data, laboratory test results, and 
HRV indicators of these two groups were compared. 
The diagnost ic  cr i ter ia  of  VF (9)  included:  The 
electrocardiography revealed tremor waves irregular 
in morphology, amplitude, and interval, and the QRS 
complex could not be distinguished from T wave; 
hemodynamic changes were also observed. The dynamic 
electrocardiographic changes were recorded within 24 
h after admission by using the DMS300-4A dynamic 
ECG analysis system (Dim Corporation, USA). HRV 
time-domain indexes including standard deviation (SD) 
of 5-minute RR intervals (SDANN), standard deviation 
of all R-R intervals (SDNN), root-mean-square of the 
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successive differences of normal RR intervals (rMSSD), and 
percentage of NN50 in the total number of NN intervals 
PNN50 (PNN50%) were recorded. 

Statistical analysis 

Statistical analysis was performed by using the SPSS 20.0 
software package. Measurement data are presented as 

mean ± standard deviation ( x SD± ) and were compared 
using independent samples t-test, and the count data were 
analyzed using Chi-square test. The receiver operating 
characteristic (ROC) curves were used to evaluate the 
predictive value of HRV for elderly patients with AMI 
complicated by VF. The comparisons of area under the 
ROC curves (AUC) were based on the Z score test. A P 
value of <0.05 was considered statistically significant.

Results 

AMI complicated with VF in elderly patients

Results showed that 17.21% (21/122) of elderly AMI 
patients experienced VF during hospitalization.

General data in two groups

The two groups had no statistically significant differences 
in age, gender, alcoholism, smoking history, hypertension, 
diabetes, hyperlipidemia, body mass index (BMI), hospital 
stay, infarct site, and treatment methods (all P>0.05); 
however, Killip class showed significant differences between 
the groups (P<0.05) (Table 1).
Laboratory findings in two groups

Table 1 General data of the two groups

Group VF group (n=21) AMI group (n=101) χ2/t P

Age (years) 70.90±4.61 69.78±4.89 0.964 0.337

Gender 0.082 0.774

Males 14 64

Female 7 37

History of smoking 6 27 0.030 0.863

Alcoholism 10 38 0.728 0.394

Hypertension 9 31 1.167 0.280

Diabetes 10 41 0.353 0.553

Hyperlipidemia 7 45 0.895 0.344

BMI (kg/m2) 20.87±2.49 21.28±2.23 0.751 0.454

Hospital stay (days) 18.57±6.99 17.45±5.78 0.778 0.438

Infarct site 1.070 0.301

Anterior wall 13 50

Inferior wall 8 51

Killip class 5.100 0.024

Class I 12 81

Class II–III 9 20

Treatment methods 0.008 0.928

Intravenous thrombolysis 11 54

Direct PTCA 10 47

VF, ventricular fibrillation; AMI, acute myocardial infarction; PTCA, percutaneous coronary angioplasty.
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White blood cell count and serum levels of potassium, low-
density lipoprotein (LDL), high-density lipoprotein (HDL), 
and brain natriuretic peptide (BNP) were not significantly 
different between the VF group and the AMI group 
after admission (all P>0.05);however, the VF group had 
significantly higher activity of creatine kinase myocardial 
band (CK-MB) isoenzyme than the AMI group (P<0.05) 
(Table 2).

Comparison of HRV indexes between the two groups

SDNN, SDANN, rMSSD, and PNN50% were significantly 
higher in the AMI group than in the VF group (P<0.05) 
(Table 3).

Predictive value of HRV indexes in elderly patients with 
AMI complicated with VF

The ROC curves were used to analyze the predictive values 
of SDNN, SDANN, rMSSD, and PNN50% for elderly 
patients with AMI complicated by VF. The ROCAUC of 
SDNN, SDANN, rMSSD, and PNN50% was 0.773, 0.761, 

0.800, and 0.819, respectively, (P>0.05) and the cutoff values 
were 135.675, 106.850, 33.570, and 14.080, respectively 
(Figure 1 and Table 4).

Discussion 

AMI is a common clinical heart disease and typically 
manifests clinically as pain behind the sternum that cannot be 
medically relieved. As a fast-onset condition, AMI is one of 
most fatal diseases for human beings. Clinically, AMI is often 
treated with percutaneous coronary intervention to achieve 
rapid recovery (9). Up to 80% of AMI patients have different 
degrees of arrhythmia, which typically occur 24–48 h  
after disease onset. Ventricular arrhythmia (especially the 
complicated VF) is the most common arrhythmia type in 
AMI patients. Thus, early detection and early treatment are 
essential for improving the outcomes of these patients. VF 
is one of the most severe complications of AMI and also the 
main cause of death in AMI patients (10-12). The incidence 
of VF shows an upward trend in the elderly population (13), 
likely because degenerative alterations of the body occur 
with age, and most elderly patients have underlying diseases 

Table 2 Laboratory findings in the two groups

Group VF group (n=21) AMI group (n=101) t P

WBC count (×109/L) 10.83±2.96 10.28±3.30 0.707 0.481

Serum potassium (mmol/L) 3.69±0.47 3.81±0.36 1.315 0.191

LDL (mmol/L) 3.33±0.52 3.13±0.52 1.604 0.111

HDL (mmol/L) 1.01±0.22 1.04±0.32 0.409 0.683

CK-MB (U/L) 61.59±11.36 42.32±12.39 6.572 0.000

BNP (pg/mL) 2037.33±349.14 1994.52±422.02 0.435 0.665

VF, ventricular fibrillation; AMI, acute myocardial infarction; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CK-MB, creatine 
kinase myocardial band; BNP, brain natriuretic peptide. 

Table 3 Comparison of HRV indexes between the two groups (x±SD)

Group VF group (n=21) AMI group (n=101) t P

SDNN (ms) 110.80±21.38 136.49±27.67 4.008 0.001

SDANN (ms) 101.74±28.22 126.14±22.67 4.295 0.000

rMSSD (ms) 28.86±7.10 38.72±8.87 4.780 0.000

PNN50% 9.31±3.98 15.27±5.17 4.979 0.000

HRV, heart rate variability; VF, ventricular fibrillation; AMI, acute myocardial infarction; AUC, area under the ROC curve; SDNN, standard 
deviation of all R-R intervals; SDANN, standard deviation of the R-R intervals; rMSSD, root-mean-square of the successive differences of 
normal RR intervals; PNN50%, percentage of NN50 in the total number of NN intervals PNN50.
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such as hypertension and diabetes, which further increase 
the risk of VF. Therefore, an effective predictive index for 
AMI complicated with VF is particularly important for 
reducing the risk of VF in elderly AMI patients. In our 
current study, 122 elderly AMI patients admitted to our 
hospital were selected as the subjects, and VF was detected 
in 21 patients (17.21%) during their hospitalization. The 
proportion of Killip class II/III and the activity of CK-MB 
were significantly higher in the VF group than in the AMI 
group. We thus speculate that cardiac injury is more severe 
in elderly AMI patients complicated by VF than in those 
with simple AMI.

The electrical stability of cardiomyocytes can be 
controlled by body fluids and autonomic nerves. Cardiac 
autonomic nerves include the vagus nerve and the 

sympathetic nerve, and both can regulate the heart. 
Decrease in the regulatory function of the vagus nerve will 
increase the incidence of arrhythmia (14). The vagus nerve 
has a stimulating effect on acetylcholine, and it can also 
regulate the negative conduction, frequency of contraction, 
and muscle strength of the heart through reflexes. It was 
previously believed that cardiovascular events such as 
arrhythmia, cardiac death, and sudden death were mainly 
related to increased sympathetic excitability; however, 
recent studies have shown that these events are linked to the 
decreased protective ability of the vagus nerve (15). Some 
authors claim that the innervation abilities of the vagus 
nerve and sympathetic nerve are unequal, stating that the 
vagus nerve has a stronger regulating ability during a resting 
state, and its regulatory ability is weakened in the exercise 
state, leading to an elevated heart rate (16). AMI patients 
experience symptoms like myocardial ischemia, necrosis, 
and remodeling, in addition to ventricular dilation and 
fibrosis, which cause damage to the distal ends of receptors 
and break the balance of cardiac autonomic nerves; as a 
result, the regulatory abilities of heart tissues decrease, the 
activity of the vagus nerve and the VF threshold declines, 
and the electrical stability of cardiomyocytes is reduced (17).

HRV is a highly useful quantitative indicator in 
evaluating the function of cardiac autonomic nerves. It 
can be used as one of the key predictive indicators of 
arrhythmia events and sudden cardiac death and is also 
highly valuable in diagnosing cardiovascular disease. The 
HRV time-domain indices include SDNN, SDANN, 
rMSSD, and PNN50%. SDNN, as a normal response 
of the heart to multiple physiological and environmental 
stimuli, reflects the heart rate and HRV. It can indicate 
a patient's autonomic nerve function and the degree of 
damage. SDANN can be used to evaluate sympathetic tone, 
which reflects the functional state of the sympathetic nerve. 
Research has shown SDANN has a negative correlation 

Table 4 Performance of heart rate variability indices in predicting VF in elderly AMI patients

Index AUC SE Cutoff value P 95% CI

SDNN (ms) 0.773 0.049 135.675 0.000 0.677–0.869

SDANN (ms) 0.761 0.066 106.850 0.000 0.632–0.890

rMSSD (ms) 0.800 0.049 33.570 0.000 0.704–0.897

PNN50% 0.819 0.043 14.080 0.000 0.736–0.903

VF, ventricular fibrillation; AMI, acute myocardial infarction; AUC, area under the ROC curve; SDNN, standard deviation of all R-R  
intervals; SDANN, standard deviation of the R-R intervals; rMSSD, root-mean-square of the successive differences of normal RR intervals; 
PNN50%, percentage of NN50 in the total number of NN intervals PNN50.

Figure 1 ROC curve values of heart rate variability indices in 
predicting VF in elderly AMI patients. ROC, receiver operating 
characteristic; VF, ventricular fibrillation; AMI, acute myocardial 
infarction.
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with sympathetic function (18). rMSSD and PNN5% can 
reveal the sensitivity of vagus nerve to stimuli, and low 
rMSSD and PNN5% values imply the decreased excitation 
of the vagus nerve (19). Increased levels of SDNN, 
SDANN, rMSSD, and PNN50% indicate an increased 
parasympathetic tone and raised VF threshold; in contrast, 
decreases in these indices indicate that the sympathetic tone 
is increased and the VF threshold is declined (20,21). As 
shown in our current study, the SDNN, SDANN, rMSSD, 
and PNN50% were significantly lower in the VF group 
than in the AMI group; meanwhile, their AUCs were 0.773, 
0.761, 0.800, and 0.819, respectively, and the cutoff values 
were 135.675, 106.850, 33.570, and 14.080, respectively, 
suggesting HRV has certain predictive value for elderly 
patients with AMI complicated by VF.

In summary, the cardiac injury is more severe in elderly 
AMI patients complicated by VF than in those with simple 
AMI. HRV has a certain predictive value for elderly patients 
with AMI complicated by VF. HRV changes on dynamic 
electrocardiography should be constantly monitored for 
elderly AMI patients within 24 h after admission, and timely 
intervention measures should be taken when VF occurs.
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