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Abstract 
Introduction: Despite the continuous development of new methods of pharmacological and invasive treatment for 
patients with acute myocardial infarction (MI) the prognosis of long-term survival is still uncertain. Therefore, there is still 
need to look for new noninvasive predictors of death in patients after MI.  

Aim: To analyze the prognostic value of ventricular arrhythmias in predicting mortality following MI in long-term 
follow-up.  

Methods: We analyzed 390 consecutive patients (114 females and 276 males, aged 63.9 ± 11.15 years, mean EF: 43.8 ± 
7.9%) with MI treated invasively.  On the 5th day after MI 24-hour digital Holter recording was performed to assess the 
number of premature ventricular beats (VPB) and their sustained forms such as: salvos and nonsustained ventricular 
tachycardia (nsVT <  30 s). The large numbers of ventricular extrasystoles: ≥ 10 VPB / hour were considered as abnormal. 
In echocardiography the size of heart cavities and cardiac contractile function were evaluated. Within 30.1 ± 15.1 months 
of follow-up 38 patients died.  

Results: In the group of patients with MI the mean value of ventricular ectopy during the day was: 318.8 ± 1447.6. Large 
numbers of ventricular extrasystoles were observed in 75% patients, while nsVT in 6% patients. Significant differences in 
the incidence of death after MI were observed in patients with nsVT and ventricular salvos. In the group of patients who 
died in comparison to the group of patients who survived in long-term follow-up, a significantly less ventricular ectopic 
incidence was noted (9.83% vs 90.17%, p < 0.01). In patients who died after MI more premature ventricular beats               
(≥ 10 VPB / h) and a greater nsVT incidence were observed; however not significant. Moreover, in patients with MI the 
systolic and diastolic LV dimension, decreased values of hemoglobin, salvos and nsVT incidence are the independent risk 
factors of death. The strongest independent risk factor of death after MI is salvos (HR: 1.32, P < 0.01). 

Conclusions: In long term follow-up the largest differences in death were observed in patients with ventricular salvos and 
nsVT. Furthermore, ventricular salvos are the strongest independent risk factor of death in patients with AMI. 
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1 Introduction 
Cardiovascular diseases, because of their widespread occurrence in Poland and worldwide, remain a serious social, 
medical and economic problem. It is estimated that acute coronary syndrome (ACS) in the Polish population affects about 
250 000 cases annually, and the incidence of myocardial infarction (MI), both with ST-segment elevation (STEMI) or 
non-ST elevation (NSTEMI) affects about 100 000 people every year [1]. In 50% of these cases it is the first symptom of 
coronary artery disease, and despite significant diagnostic and treatment progress, one year mortality is still above         
40% [2, 3]. Abnormal heart rhythm can occur as early or late complications of acute myocardial infarction, however most of 
them are accompanied by acute phase of ACS. The mechanism of heart rate disorders is mainly based on the generation 
and conduction of abnormal impulses, increased or released heart automatism and the emergence of reentry rhythm [4]. 
Additionally, increased secretion of catecholamine during the ACS might play a significant role in the enhancing   
ischemia [5]. The main complication of ACS is heart failure which is a result of prolonged hypoxia and necrosis of cardiac 
muscle and has been proven as an independent predictive factor for ventricular arrhythmias caused by electrical instability 
of heart muscle [4, 6]. These ventricular arrhythmias: ventricular tachycardia (VT) and ventricular fibrillation (VF) 
significantly increase the risk of sudden cardiac death (SCD) in the population after myocardial infarction and they 
represent a group of life-threatening late complications after MI [7]. That is why the aim of the study was to assess the 
prognostic value of ventricular arrhythmias for long-term total mortality prediction after myocardial infarction. 

2 Material and methods 
We analyzed 309 consecutive patients (276 male, mean age 61.4 ± 11.2 years) with acute MI treated with percutaneous 

coronary intervention (PCI) on admission to the hospital. The inclusion criteria were as follows: a clinically, 
electrocardiographic and laboratory confirmed myocardial infarction, invasive treatment of acute MI, alive status on the 
5th day after acute MI. Patients aged ≥ 80 years, who died before prior to 24 hour Holter  monitoring, with extreme heart 
failure lasting more than 5 days after myocardial infarction despite the implementation of optimal medical therapy, who 
required continuous atrio-ventricular pacing,  with atrial fibrillation (sustained or paroxysmal), or with other non-sinus 
rhythms that persisted to the end-hospital rehabilitation were excluded from the study. 

Based on clinical examination, medical history and additional testing (i.e., ECG, echocardiography, laboratory tests 
including the level of glucose, creatinine, hemoglobin and elevated biomarkers of myocardial necrosis such as troponin 
and/or creatine phosphokinase-MB isoenzyme) the patients were treated invasively on admission.  

In accordance with current guidelines, at the time of diagnosis of ACS patients received (prior to, or immediately upon 
admission) treatment such as dual oral antiplatelet therapy in the form of acetylsalicylic acid loading dose (150-325 mg) 
and clopidogrel (300-600 mg) and intravenous anticoagulation therapy (unfractionated heparin bolus dose of 100 U / kg 
body weight). 24-hour Holter monitoring, echocardiography and control biochemical test were performed on average in 
the fifth day of hospitalization. 

2.1 Holter ECG monitoring 
On the 5th day after MI the 24-hour digital Holter recordings were carried out with the use of Pathfinder 700 Spacelabs 
Healthcare to assess the number of ventricular arrhythmias, including the number of ventricular premature beats (VPB) 
and their different patterns /complex forms (salvos, non-sustained ventricular tachycardia / nsVT /). The numerous 
occurrences of ventricular extrasystoles (VE) were defined as the ≥ 10 VE / hour. Salvos were defined as additional 
stimulation of 3-5 QRS (> 120 ms) in a row. Non-sustained ventricular tachycardia (nsVT) was respectively defined as an 
episode of ventricular tachycardia that lasts for less than 30 seconds and consisted of six or more consecutive wide 
duration QRS complexes with the rate > 100/min.  
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2.2 Echocardiography 
Left ventricular dysfunction was evaluated using echocardiography test based on ejection fraction (EF), left ventricular 
end-systolic diameter (LVESd) and left ventricular end-diastolic diameter (LVEDd). Normal range for the determined 
parameters was defined as follows: EF ≥ 55%, LVESd 35-57 mm, LVEDd 30-39 mm. 

2.3 Statistical procedures 
Results are expressed as meanSD. Multivariate Cox regression model was used to evaluate survival analysis,  while the 

qualitative data analysis was performed using χ2 test as modified by Pearson and is shown as percentages. In all cases, 
differences were considered significant if P < 0.05. 

2.4 Long-term follow-up 
The mean follow-up of patients enrolled into this study was 30.1 ± 15.1 months. The incidence of the following endpoints 
was death due to any cause defined as total mortality. 

Total mortality was 9.38% (38 patients). 

2.5 Group characteristics 
In the analyzed population 315 patients (81%) were referred for invasive treatment due to NSTEMI and 75 patients (19%) 
due to STEMI. Based on medical history, reinfarction was confirmed in 80 cases (20%) and in 102 (26%) cases of previous 
diabetes mellitus (DM) were found. In echocardiography the mean left ventricle ejection fraction (EF) was 43.88 ± 7.70%, 
and the average sizes of left ventricular end-systolic and end-diastolic volumes were respectively: LVESD 35.22 ± 9.42 
mm and LVEDd 51.71 ± 10.45 mm (see Table 1). Based on biochemical tests an impaired renal function (GFR < 60 
mL/min/1.73 m2) was found in 16% of patients (n = 62) (see Table 2). The comparison of medical and invasive treatment 
in patients who survived and died after MI was present in Table 3. 

Table 1. Demographic and clinical characteristics 

 n (% )  or means ± SD 

Age [years] 61.4 ± 11.2 

Male gender 276 (70.77%) 
LVEF in the fifth day 43.88 ± 7.70 
STEMI 315 (80.77%) 
NSTEMI 75 (19.23%) 
Previous AMI 80 (20.51%) 
DM type 2 diagnosed prior to the admission 102 (26.15%) 
DM de novo 16   (4.10%) 
Follow-up [months] 30.1 ± 15.1 

Note. LVEF=left ventricular ejection fraction; STEMI=ST segment elevation myocardial infarction; NSTEMI=non-ST segment elevation myocardial 
infarction; DM=diabetes mellitus; 

Table 2. Biochemical parameters 

 mean± SD or n (%patients)   

Glucose [mmol/l] 8.4 ± 3.5 
GFR< 60 ml/min/1.73m2 62 (16%) 
Creatinine [µmol/l] 88.54 ± 44.18 
Hemoglobin [mmol/L] 9.1 ± 5.4 
CK-MBmax [ng/ml]) 187.35 ± 152.13 

Note. GFR=glomerular filtration; CK-MB= creatine phosphokinase-MB isoenzyme; 
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Table 3. Medical and invasive treatment in patients who survived and died after MI 

 Patients who survived 
n (% )   

Patients who died 
n (% )   

β-adrenolytic 300 (85%) 30 (79%) 

ASA 
P2Y12 inhibitor 

350 (99%) 
352 (100%) 

38 (100%) 
38 (100%) 

ACE-I 280 (80%) 29 (76%) 
Statin 301 (85%) 35 (92%) 
PCI 300 (85%) 30 (79%) 
TIMI < 3 41 (11%) 8 (21%) 

Note. ASA = aminoacetylosalicylic acid; ACE-I = angiotensin converting enzyme inhibitor; PCI = percutaneous coronary intervention; TIMI= 

thrombosis in myocardial infarction; 

3 Results 
In 292 patients (75%) numerous ventricular extrasystoles (VE) were found and the mean value of the occurrence of 
ventricular ectopy during 24-hour Holter monitoring was 318.38 ± 1447.6/h in the entire study group. In long-term 
follow-up total mortality in the entire population was 9.38% (n = 38). The patients who died had significantly more VPB 
occurrence during 24-hour Holter registration than the patients who survived (90.17% vs. 9.83% respectively; p < 0.01). 
Moreover, the non-surviving group of patients had more VPB (≥ 10 VPB / h) and increased number of nsVT than the 
surviving patients. 

The multivariate analysis revealed increased LVESd and LVEDd, decreased hemoglobin level, salvos, VPB and nsVT to 
be independent risk factors for death in patients after MI (see Table 4). The strongest factor was ventricular salvos which 
increased death risk 1.32-fold. Moreover, the lack of nsVT during Holter recording decreased the mortality by 81%         
(see Table 3). The survival probability for patients with or without salvos was present in Figure 1. What is more, in 
diabetic patients a significantly higher occurrence of numerous ventricular extrasystoles (p = 0.002) was found.  Similarly, 
in patients with impaired renal function (GFR < 60 ml/min/1.73m²) the occurrence of ventricular ectopic beats was 
observed significantly more frequently (p = 0.02) (see Table 5).  

Table 4. Independent risk factors of death in patients after MI 

             Hazard ratio-HR                              95% CI                               P 

LVDd                       0.92                            0.86-0.98                          < 0.01 

LVSd                      1.09                            1.01-1.18                          < 0.05 

Hb                      1.04                            1.01-1.06                          < 0.05 

nsVT (absence)                      0.19                            0.06-0.65                          < 0.01 

Salvos (presence)                      1.32                            1.16-1.49                          < 0.01 

Note. LVDd= left ventricular end diastolic diameter; LVSd=left ventricular end systolic diameter; Hb=hemoglobin; nsVT= non-sustained ventricular 
tachycardia; 

Table 5. Numerous ventricular premature beats (VPB) in patients with diabetes mellitus (DM) type 2 and impaired renal function 

 VPB ≥ 10/h [% patients] P 

DM total 34.13 0.002 
DM de novo 17.06 0.040 
GFR < 60 ml/min/1.73m2 17.35 0.020 

Note. DM=diabetes mellitus; GFR=glomerular filtration; 
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                                     Figure 1. Survival probability in patients with or without salvos. 

4 Discussion 
The results achieved in present study confirmed that cardiac arrhythmias are a frequent complication in patients after 
myocardial infarction. Ventricular arrhythmias were observed in 75% of examined patients and it was shown that they 
constitute an adverse prognostic mortality factor after MI in long-term observation, what was already noticed by Gąsior M. 
et al. [8].  It seems that nsVT deserve particular attention, as their appearance in Holter monitor records is regarded as an 
adverse prognostic factor, increasing the probability of a SCD particularly if appearing within the first 48h after MI [9,10]. 
Based on current study it was shown that the appearance of nsVT in 6% of patients constituted a serious disadvantageous 
prognostic factor for SCD after MI. Moreover, the study has shown that the enlargement of the left ventricular end-systolic 
diameter also significantly increase the risk of death after MI, what confirmed previously observations published by  
others [11, 12].  It is commonly known that left ventricular dysfunction is an extremely frequent clinical problem in patients 
after MI, particularly in patients with long-term ischaemia. Further, it might resulting in activation of many processes 
within its cells what leads to disadvantageous reconstruction of the left ventricle (remodeling) and impairment of its 
systolic function. Consequently, it might provide to cardiac failure development with low ejection fraction (< 40%), which 
constitutes a disadvantageous prognostic determinant of periinfarction as well as postinfarction period [1, 4, 13]. The another 
very important issue are all kinds of disorders developing in the course of diabetes e.g. improperly controlled blood 
glucose level, insulin resistance, obesity, nephropathy or arterial hypertension. All this mentioned above dysfunction 
significantly increase the risk of life-threatening complications particularly in the group of patients after MI. The outcomes 
achieved from present analysis clearly indicate that the increased glucose level at admission significantly increases the 
frequency of numerous ventricular extrasystoles in those patients. It has been proved by earlier researches, that  
hyperglycaemia was not only triggering adverse hemodynamic effects such as increasing heart rate, systolic and diastolic 
arterial  pressure or catecholamines concentration in blood serum, but also leads to electrophysiological disorders, 
including the extending QT interval [14]. What is more, in the case of the patients with history of diabetes and coronary 
disease the risk of death grows significantly. Particular attention should be paid on fact that patients with type 2 diabetes 
have a statistically higher number of additional ventricular excitements as compared with patients without diabetes, what 
significantly influence on their worsen prognosis for survival as well as the possible complications after the experienced 
MI. It was proved that patients with type 2 diabetes have an even 2- to 6-fold higher risk of death due to cardiovascular 
causes as compared to people without diabetes [15]. It is probably the result of significantly faster atherosclerosis 
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development in patients with hyperglycaemia. It was previously proved that the control of blood glucose level plays a key 
part in long-term prognosis with respect to adverse cardiovascular incidents, and each decrease of the glycated 
haemoglobin level (HbA1c) by 1% lowers the risk of both serious complications and death associated with DM by        
21% [16]. Another essential independent factors worsening the prognosis in patients after MI are both: acute and chronic 
kidney disease [17].  In the case of these patients a significantly greater risk of future adverse cardiovascular incidents has 
been noticed in comparison with the group of people without kidney disorders [18, 19]. The consequences of chronic kidney 
dysfunction are e.g. increased development of atherosclerosis, left ventricle hypertrophy or cardiac failure.  Furthermore, 
it was proved that the increased concentration of creatinine in blood serum is connected with 40% increase in the risk of 
cardiovascular incident or death in case of such patients [15].  It has also been confirmed by D’Amico M. et al., who proved 
that the lowering of GFR value < 60 ml/min/1.73m² is connected with the greater risk of SCD, furthermore this risk 
increase proportionally to the further decrease of GFR value [14]. Irrespectively of the current studies, the results achieved 
in the present analysis indicate that in patients with increased creatinine value who suffered from myocardial infarction, 
additional ventricular excitement is observed significantly more frequently, what might worsening the prognosis in 
long-term observation. Another problem are low Hb values or a significant decrease of Hb value during hospitalization 
what can also constitute a significant adverse SCD prognostic factor in patients after MI, therefore it is very important to 
monitor peripheral blood morphology in this group of patients and if necessary to provide appropriate supplementation. 
This is justified by the significantly reduced oxygen supply into the cells of the cardiac muscle, what leads to damaging 
cardiac tissue. It is a consequence of long-term or sudden cardiac ischemia and may contribute to compensative activation 
of the sympathetic nervous system, catecholamine surge and increase heart rate. Moreover, the decreased level of Hb 
stimulates the mechanism of disadvantageous remodeling of cardiac muscle which leads to hypertrophy of the left 
ventricle, and in the end leads to cardiac failure development [20]. The importance of this problem is also signified by the 
fact that it was included amongst others in the ESC guidelines of 2012 (European Society of Cardiology) and included in 
the new definition of myocardial infarction [21]. 

To conclude, in clinical practice particular attention should be paid on patients who develop ventricular salvos and nsVTs 
in the Holter monitor record on average in the 5th day after myocardial infarction, as salvos presence and nsVT absence 
constitute an independent death risk factor in long-term observation. Since Holter monitoring is commonly accessible in 
clinical practice this simple risk factors of death after MI can be easy and widely implemented in the routine assessment of 
patients after MI. Furthermore, a strong emphasize should be put on correct compensation of glucose parameters in 
patients with already diagnosed type 2 diabetes, as well on the proper treatment and monitoring of patients with 
nephropathy and anaemia, because these groups of patients are significantly more prone to adverse cardiovascular 
occurrences in long-term observation after myocardial infarction as compared to the group of people without such 
disorders.  
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