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Abstract: Percutaneous coronary intervention is an effective treatment in acute myocardial infarction (AMI) pa-
tients, as it can rapidly improve the blood supply of ischemic coronary artery. Studies have shown that different 
PCI approaches have different effect in AMI patients. The aim of this study was to explore the effect of primary or 
delayed PCI therapy on autonomic nervous function, inflammtory responses and cardiac function of AMI patients. 
150 patients diagnosed as AMI were divided into three groups based on the different treatment they received: the 
primary PCI group (n=60), the delayed PCI group (n=50) and the control group (n=40). All patients were tested on 
their serum hs-CRP, sCD40L and NT-proBNP level, LVEF and LVEDD value, and autonomic nervous function param-
eters at certain time points after treatment. Our results showed that when compared with the control group, the 
two PCI groups showed significant improvement regarding patients’ hs-CRP, sCD40L and NT-proBNP level and LVEF, 
LVEDD value, and autonomic nervous function parameters. Moreover, the difference between was also significant. 
In conclusion, both primary and delayed PCI are effective in restoring coranary blood flow, alleviating post-AMI in-
flammatory responses and improving left ventricular function and autonomic nervous function. And primary PCI is 
even superior to delayed PCI in terms of the above aspects.

Keywords: Acute myocardial infarction, percutaneous coronary intervention, left ventricular remodeling, autonom-
ic nervous, heart rate turbulence

Introduction

As a serious life-threatening disease, the inci-
dence of acute myocardial infarction (AMI) is 
increasing worldwide, especially in the develop-
ing countries [1]. Luckily, advances made in the 
area of medical therapy and reperfusion thera-
pies such as fibrinolytic therapy and percutane-
ous coronary intervention have resulted in a 
significant decrease in the mortality rates [2]. 
In all the viable therapies, restoring the blood 
flow to an infarct-related artery (IRA) within the 
first 12 hours from onset of symptoms is cur-
rently considered the most important to the 
treatment of ST-elevation myocardial infarction 
(STEMI) [3]. Several studies have shown a clear 
superiority of primary PCI to other therapies, 
with higher initial reperfusion rates, improved 
event-free survival, and lower incidence of 
intracranial bleeds [4]. However, only a small 
proportion of AMI patients can have access to 

timely and effective PCI due to patient or treat-
ment delay, and this proportion of patients is 
even lower in developing countries including 
China [5]. What’ more, the recent open-artery 
hypothesis proposes that recanalization of a 
totally occluded IRA, even late in the course of 
an acute MI, has a favorable effect on LV remod-
eling and long-term outcomes [6]. In fact, some 
clinical studies have demonstrated that myo-
cardium can be salvaged beyond the first 
12-hour time limit [7, 8] even days to weeks 
after acute MI [9, 10]. Moreover, a previous 
study by Di Pasquale P et al claimed that when 
compared with those in the immediate PCI 
group, patients who recieved delayed facilitat-
ed PCI had similar results in EF and CK release, 
plus a significant reduction in thrombotic resi-
dues in IRA, and a favourable, although not sig-
nificant, trend in ischemic events, restenosis 
and bleedings [11]. In summary, the continuing 
controversy about the potimal time-window for 
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PCI has motivated us in searching for the better 
approach between primary and delayed PCI in 
patients with AMI.

In addressing this problem, we set the criteria 
for primary PCI as less than 12 h from the onset 
of ischemic symptoms (or more then 12 h but 
with continued chest pain and (or) ST-segment 
elevation). Meanwhile, delayed PCI was defined 
as administering PCI treatment 1-2 weeks after 
the onset of AMI symptoms (without previous 
intravenous thrombolysis or thrombolytic uns- 
uccessful). In addition, cases treated with only 
the base-line drug therapy was set as control. 

In the present study, we managed to answer 
the raised question by analyzing the pathophys-
iology of post-AMI conditions. Since post-AMI 
inflammatory responses and left ventricular 
remodeling have been considered as important 
pathophysiological processes by previous re- 
search [12, 13], we selected a bunch of repre-
sentative detection indexes from these aspects 
such as hs-CRP, NTproBNP, LEVF etc. and tried 
to determine the optimal intervention strategy 
for patients with AMI using these information.

In this study, we also focused on the autonomic 
nervous function of AMI patients. Because 
according to previous studies, autonomic ner-
vous system dysfunction is closely related to 
malignant arrhythmias and sudden death dur-
ing early acute myocardial infarction [14]. Heart 
rate turbulence (HRT) and heart rate variability 
(HRV) are two groups of parameters to effec-
tively evaluate the cardiac autonomic function 
[15, 16]. However, few studies have touched 
upon the effect of PCI therapy and blood resto-
ration on the improvement of autonomic ner-
vous function. So in the present study, we 
emphasized on comparing primary and delayed 
PCI from the aspect of autonomic nervous func-
tion, together with some other conventional 
evaluation indexes including hs-CRP, NTproBNP, 
LEVF etc.

Materials and methods

Study subjects and grouping

The study included 150 inpatients consecutive-
ly admitted to the Qingdao Eighth People’s 
Hospital as first-time AMI from October 2010 to 
October 2013. Patients were aged from 38 to 
89 (65.3 ± 14.6) years old, with a female to 

male ratio of 32/43. Approved by the local 
medical ethics committee, this study was per-
formed in accordance with the guidelines of the 
Declaration of Helsinki, and informed consent 
was obtained from all participants. All patient 
information, including demographic data, car-
diovascular risk factors and history, clinical 
data, and cardiovascular medications, were 
collected using a standard case-report form.

The diagnostic criteria for patients with ST- 
segment elevation and non-ST-segment eleva-
tion AMI was in line with The Third Universal 
Definition of Myocardial Infarction published in 
October 2012 by the global Myocardial Infa- 
rction Task Force [17]: it requires cardiac myo-
cyte necrosis with an increase and/or a de- 
crease in a patient’s plasma of cardiac troponin 
(cTn) with at least one cTn measurement great-
er than the 99th percentile of the upper normal 
reference limit during: ① symptoms of myocar-
dialischemia; ② new significant electrocardio-
gram (ECG) ST-segment/T-wave changes or left 
bundle branch block; ③ the development of 
pathological ECG Q waves; ④ new loss of via-
ble myocardium or regional wall motion abnor-
mality identified by an imaging procedure; or ⑤ 
identification of intracoronary thrombus by 
angiography or autopsy. In addition, patients 
had to show sinus rhythm, with more than twice 
ventricular premature complex (VPC) during 
their 24-hour-Holter monitoring which was car-
ried out two weeks after treatment. Patients 
were excluded if they had idiopathic cardiomy-
opathy, congenital heart disease, atrial fibrilla-
tion, advanced sinoatrial or atrioventricular bl- 
ock, valvular heart disease, rheumatic or auto-
immune disease, malignant tumors, severe 
liver or kidney dysfunction, or other uncontrol-
lable systemic diseases like severe infections; 
if they had long term use of anti arrhythmia 
drugs, or if they had installed temporary or per-
manent pacemakers.

Patients were divided into the following groups 
according to the treatment they received: ① 
primary PCI group (60 cases) was composed of 
patients with chest pain duration ≤12 h, or 
duration >12 h but continued chest pain or 
ST-segment continued; ② delayed PCI group 
(50 cases) included patients with ischemic 
chest pain or evidence of myocardial ischemia 
and with decreased left ventricular systolic 
function but without intravenous thrombolysis 
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(or with unsuccessful thrombolytic) who re- 
ceived PCI treatment after AMI for 1~2 weeks 
(basic standard); and ③ 40 cases who received 
drug therapy only were included in the control 
group. There were no significant differences 
(P>0.05) among the three groups in terms of 
patients’ age, gender, weight, blood pressure, 
blood glucose, blood lipid, MI type and other 
general conditions.

All the cases were given aspirin, clopidogrel, 
low molecular heparin, nitrates, β-blockers, 
ACEI/ARB and other conventional treatment as 
basic treatment. According to line of Judkins 
method, patients in the primary PCI group were 
given a coronary angiography to determine the 
infarct-related artery (IRA), followed by a PTCA 
or coronary stenting by the standard method. 
Coronary flow was assessed according to 
Thrombolysis in Myocardial Infarction (TIMI) 
grading score [18]. And interventional success 
was defined as residual stenosis <20%, and 
TIMI grade 2 flow after procedure, without 
major complications including cardiac death, 
myocardial infarction and target vessel revas-
cularization. On the other hand, patients in the 
delayed PCI group were given a coronary angi-
ography and condecutive surgery at least one 
week after the onset of myocardial infarction. 
The surgery method and success criteria used 
were the same as those in the primary PCI 
group. Meanwhile, patients in the control group 
received only the basic drug treatment as men-
tioned above. 

Detection of serum hs-CRP, sCD40L and NT-
proBNP 

Patients’ blood samples were drawn before 
treatment, as well as 24 hours, seven days and 
four weeks after treatment, into test tubes con-
taining heparin as anticoagulant. The whole 
blood samples were centrifuged and the corre-
sponding blood plasma samples were stored at 
-20°C until analysis. 

Upon analysis, hs-CRP was detected by ELISA 
and they were purchased from the Canadian 
BioCheck. Tests were run strictly according  
to the kit instructions. sCD40L was also det- 
ected by ELISA, using testing kits from Ben- 
der Medsystems Inc., Austria. Patients’ blood 
NT-proBNP was determined by electrochemilu-
minescence with the Roche Elecsys 2010 

immunoassay system from Canadian BioCheck 
company.

Performing of cardiac ultrasound

Echocardiographic analysis of cardiac structure 
and function was performed one week and 
three months after treatment, by experienced 
physicians who were blinded to patients’ infor-
mation. Left ventricular end-diastolic diameter 
(LVEDD) was measured via the 2-dimensional 
guided M-mode and normalized according to 
body surface area. Left ventricular ejection 
fraction (LVEF) was measured according to the 
biplane Simpson method [19]. All measure-
ments were averaged over 3 cardiac cycles. 
The indexes of LV end-diastolic diameter, LV 
end-systolic diameter, were normalized accord-
ing to body surface area. Two observers blinded 
to the clinical and ECG data, evaluated the 
echocardiographic images. In the case of any 
discrepancies, the images were again reviewed, 
and a decision was taken by consensus. The 
mean of 3 measurements was used and the 
interobserver coefficients of variation were 4%. 

Collection of HRT and HRV parameters by 
monitoring electrocardiogram

All the cases were tested with 24 h Holter using 
dynamic electrocardiogram from PI Corporation, 
America, 2 weeks after treatment. This moni-
toring electrocardiogram can analyze HRT and 
HRV parameters automatedly by measuring RR 
interval (RRI), and thus reflect patients’ auto-
nomic nervous function in a timely manner. 

HRT analysis was performed according to the 
previously published method [20] on sequenc-
es of sinus RR intervals related to VPCs show-
ing the following features: ① single non-inter-
ference VPC, ② in the 10 beats preceding the 
index VPC, and ③ sinus rhythm in the 20 beats 
following the index VPC. HRT was assessed 
using 2 standard parameters [21]: ① the turbu-
lence onset (TO), which is a measure of the 
early sinus acceleration after a VPC; and ② the 
turbulence slope (TS), which is a measure of 
the late sinus deceleration after a VPC. TO<0 
represents normal condition, while TO>0 is the 
positive sign for abnormal conditions. The neu-
tral value of TS is 2.5 ms/RRI. So TS>2.5 ms/
RRI indicates the presence of deceleration phe-
nomenon after sinus rhythm acceleration, 
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while TS≤2.5 ms/RRI indicates the absence of 
sinus rhythm deceleration. 

HRV parameters include 24 h average standard 
deviation of RR interval (SDNN) and the stan-
dard deviation of the mean RR interval per five 
minutes (SDANN) [20]. Mean RR interval, the 
SD of all RR intervals, the SD of the means of 
RR intervals of all 5-minute sequences were 
obtained for time-domain analysis. After data 
collection, Holter tapes were carefully analyzed 
by expert cardiologists using the Holter device 
system.

Statistical analysis

Continuous variables are presented as 
_
x  ± SD 

or median and interquartile range, as appropri-
ate. Categorical variables are presented as fre-
quencies and percentages. Kolmogorov-Smi- 
rnov analysis was performed to assess the nor-
mality of data distribution. Independent-sam- 
ples t test and Mann-Whitney U test, or 1-way 
analysis of variance and Kruskal-Wallis H test, 
were used to compare the differences between 
continuous variables. The Pearson χ2 test or 
Fisher exact test were used to compare the dif-
ferences between categorical variables. All sta-
tistical tests were 2-tailed, and a P value<0.05 
was considered statistically significant. All sta-
tistical analyses were performed using SPSS 
for Windows, version 18.0.

Results

Demographic and clinical characteristics of 
study population

Demographic and clinical characteristics of 
patients included in the study were summa-
rized in Table 1. There were 86 males (57.3%) 
and 64 females (42.7%, male/female ratio 
43/32) whose ages ranged from 38 to 89 
years, with a median age of 61 years old. No 
significant difference was observed (P>0.05) 
among the three groups in terms of patients’ 
age, gender, smoking history, or incidence of 
hypertension, diabetes and hyperlipidemia. 

Comparison of serum hs-CRP, sCD40L and NT-
proBNP among the three groups

There was no significant difference among the 
groups regarding patients’ evaluation indexes 
(hs-CRP, sCD40L and NT-proBNP) before treat-
ment, indicating similar baseline conditions 
(data not shown). Besides, it can be seen from 
Table 2 that at all three time points after differ-
ent treatment (24 h, one week and four weeks), 
the amount of serum NT-proBNP, sCD40L and 
hs-CRP in the two PCI groups were significantly 
lower than that in the control group (P<0.01). 
Meanwhile, the difference between the two PCI 
groups was also significant (P<0.01).

Table 1. Demographic clinical characteristics of patients in each group (n, %)

Group M/F Age (years, 
_
x  ± s) Hypertension Diabetes Hyperlipidemia Smoking history

Control (n=40) 23/17 58.9 ± 7.8 33 (82.5) 12 (27.5) 31 (77.5) 26 (65.0)
Primary PCI (n=60) 34/26 59.0 ± 8.2 50 (83.3) 17 (28.3) 47 (78.3) 40 (66.7)
Delayed PCI (n=50) 29/21 59.0 ± 7.9 41 (82.0) 13 (26.0) 39 (78.0) 32 (64.0)

Table 2. Comparison of serum NT-proBNP, hs-CRP among three groups (
_
x  ± s)

Group 
24 h after treatment 7 d after treatment 4 w after treatment

hs-CRP 
(mg/L)

sCD40L 
(ng/L)

NT-proBNP 
(ng/L)

hs-CRP 
(mg/L)

sCD40L 
(ng/L)

NT-proBNP 
(ng/L)

hs-CRP 
(mg/L)

sCD40L 
(ng/L)

NT-proBNP 
(ng/L)

Control (n=40) _
x  14. 36 22.1 2850. 62 10.42 16.87 2586.32 6.13 9.76 1862.53

s 1. 38 2.42 1095. 04 1.25 2.12 1158.13 1.02 0.79 1120.18
Primary PCI (n=60) _

x  7. 22 15.32 1922. 10 4.64 9.53 1275.62 2.68 4.58 769.62

s 0. 96*,# 2.35*,# 1082. 63*,# 0.83*,# 2.07*,# 958.13*,#  0.83*,#  0.91*,#  482.35*,#

Delayed PCI (n=50) _
x  14. 28 19.5 2845. 30 9.83 13.01 2163.84 4.52 7.02 1073.02

s 1. 45 2.52* 1102. 52 1.19* 1.98* 1107.20* 0.95 1.21* 892.65*

Note: compared with the control group, *P<0.01; between the two treatment groups, #P<0.01.
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Comparison of post-treatment LVEF and 
LVEDD among the three groups

As can be seen from Table 3, when observed 
one week after treatment, LVEF in the primary 
PCI group was significantly higher than that in 
the control group (P<0.01), while LVEDD in the 
primary PCI group was significantly lowerd 
(P<0.01). On the other hand, LVEF and LVEDD 
in the delayed PCI group did not show signifi-
cant improvement comparing with the control 
group (both P>0.05). However, when measured 
again three months after treatment, LVEF in 
both PCI groups (primary and delayed) were sig-
nificantly higher when compared with the con-
trol group, and LVEDD in both PCI groups were 
significantly lower, with all four P values less 
then 0.01. Also, during this second cardiac ul- 
trasound (three months after treatment), cardi-
ac function of patients in the primary PCI group 
was significantly improved (with significantly 
higher LVEF level and significantly lower LVEDD 
value, both P<0.01) comparing with that in the 
delayed PCI group.

Comparison of HRT and HRV parameters (TO, 
TS, SDNN, SDANN) among the three groups

Compared with the drug treatment group (con-
trol group), TS, SDNN and SDANN in the two PCI 
groups two weeks after treatment were all sig-
nificantly higher, while the level of TO was sig-
nificantly lower (P<0.01). Additionally, signifi-
cant differences of all these four parameters 
were observed between the two PCI groups 
(P<0.05) (Table 4).

Discussions 

Early rapid reperfusion is extremely important 
in the treatment of acute myocardial infarction. 
It is critical to the salvage of the ischemic myo-
cardial cells, and it helps to improve heart func-
tion and reduce mortality. Primary PCI, when 
performed in a timely manner at a high patient 
volume center has been proved to be superior 
to fbrinolytic therapy [2]. It has also been pr- 
oposed that delays in door-to-balloon times 
(DTB) are associated with increased mortality 
in patients with AMI [22]. However, primary PCI 
is not universally available [23]. Also previous 
research has indicated that primary PCI is 
associated with increased rates of bleeding 
complications at access sites [24]. On the other 
hand, there are increasing evidences proving 
that late-PCI strategy can also prevent LV 
remodeling and improve clinical outcomes in 
STEMI patients [5] in a even safer manner con-
sidering its lower rates of bleeding complica-
tions [11]. This has thrown the choice of opti-
mal therapeutic time-window of PCI once again 
into controvercy. 

Despite all these controversial results in the 
research field of AMI, we thought it would be 
appropriate to address this question from the 
phathophysiological aspect of this disease. 

First of all, it has been reported by previous 
studies that increased levels of inflammatory 
factors in patients with AMI undergoing PCI 
may affect myocardial perfusion [25]. Among 
all the inflammatory factors associated with 

Table 3. Comparison of LVEF and LVEDD among three groups (
_
x  ± s)

Group
1 w after treatment 3 m after treatment

LVEF (%) LVEDD (mm) LVEF (%) LVEDD (mm)
Control (n=40) 45.40 ± 9.62 53.72 ± 6.41 48.08 ± 10.31 52.36 ± 6.28
Primary PCI (n=60) 52.40 ± 11.38* 49.76 ± 4.29* 56.23 ± 9.97*,# 49.02 ± 4.15*,#

Delayed PCI (n=50) 50.78 ± 10.24 51.48 ± 5.52 53.08 ± 10.05* 50.96 ± 5.63*

Note: compared with the control group, *P<0.01; between the two treatment groups, #P<0.05.

Table 4. The comparison of TO, TS, SDNN, SDANN among three groups (
_
x  ± s)

GROUP TO (%) TS (ms/RRI) SDNN (ms) SDANN (ms)
Control (n=40) 0.37 ± 1.62 5.72 ± 4.38 91.6 ± 24.3 82.9 ± 21.4
Primary PCI (n=60) -2.84 ± 2.25*,# 12.19 ± 3.76*,# 128.3 ± 22.7*,# 119.6 ± 23.2*,#

Delayed PCI (n=50) -1.26 ± 2.12* 8.32 ± 3.94* 101.7 ± 23.6* 98.4 ± 22.7*

Note: compared with the control group, *P<0.01; between the two treatment groups, #P<0.05.
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AMI, high CRP levels in patients treated with 
primary PCI have been shown by a few studies 
as the predictor of a worse short-term progno-
sis [26, 27]. Moreover, our previous study has 
also indicated that sCD40L may have partici-
pated in the development of acute coronary 
syndrome (ACS) and that by administering dif-
ferent doses of atorvastatin during the periop-
erative period of PCI, the post-operation hsCRP 
and sCD40L level could be significantly lowerd 
[28]. In the present study, we chose hs-CRP 
and sCD40L as the representitives for AMI-
related inflammatory factors and evaluated 
their expression level in patients treated with 
primary PCI, delayed PCI and basic drugs only. 
Our results showed that the amount of serum 
sCD40L and hs-CRP in the two PCI groups were 
significantly lower than that in the control 
group, and the difference between the two PCI 
groups was also significant. Our results which 
was consistent with previous studies [29], indi-
cated that PCI, especially when performed in a 
timely manner, could alleviate post-AMI inflam-
motory responses and may thus influence 
patient prognosis favorably. 

Second of all, some studies have also suggest-
ed a strong relationship between LV function 
and mortality outcomes following PCI, with 
worsening LV function independently predicting 
30-day and longer-term mortality outcomes 
across all indications for PCI [30]. In this study, 
we used three classic indicators of cardiac 
function (LVEF, LVEDD and NT-proBNP) in the 
comparison of post-treatment conditions am- 
ong the three groups. We found that cardiac 
function of patients in both primary and delayed 
PCI groups got significantly improved compar-
ing with patients treated by drug therapy only 
(with significantly higher LVEF level and signifi-
cantly lower LVEDD value and serum NT-proBNP, 
as shown in the results part), and improvement 
in the primary PCI group was even more obvi-
ous than that in the delayed PCI group. This 
result was also in line with previous research 
[13].

Last but not least, we managed to compare the 
treatment effect of different therapeutic strate-
gies in terms of patients’ autonomic nervous 
function. Because in previous research it has 
been found that sudden cardiac death (SCD) of 
AMI remained to be in high incidence even after 
timely restoration of blood flow, and that auto-

nomic nervous dysfunction was a possible trig-
ger of malignant ventricular arrhythmias [14], 
yet few studies have tried to compare the effect 
which primary or delayed PCI procedure may 
have on autonomic nervous function of patients 
with AMI. Heart rate turbulence and heart rate 
variability may reflect the performance of car-
diac autonomic nerve function, and they may 
be high-risk predictors of sudden cardiac death 
[31-33]. Successful revascularization may 
improve the TS value in a short time after AMI, 
and HRV index may be quickly recovered [34, 
35]. The results of the present study showed 
that the value of TS, SDNN, SDANN in the two 
PCI groups were significantly higher than that in 
the control group, while TO was significantly 
lower. And there was significant difference of 
these parameters between the two PCI groups. 
Our results proposed that PCI could improve 
cardiac autonomic function and may thus 
reduce the incidence of malignant arrhythmias 
in the long run, and that primary PCI in a timely 
manner was even better than delayed PCI. 
Actually, in the present study, it could be found 
that delayed PCI could also facilitate the recov-
ery of abnormal levels of HRT and HRV to differ-
ent extents. The recovery of cardiac autonomic 
nerve function may be associated with the fol-
lowing reason that successful revascularization 
of the coronary artery can save hibernating and 
stunned myocardium, thus alleviate myocardial 
ischemia disorder and limit the development of 
infarct size, causing improvement of cardiac 
remodeling and left ventricular function, and 
thus reduce the incidence of malignant ventric-
ular arrhythmia and improve the prognosis of 
patients with AMI [36].

In conclusion, the results of this study suggests 
that the AMI patients should be treated early 
with primary PCI, and that patients treated with 
delayed PCI would also benefit from this proce-
dure. However, the patients in this study were 
successfully reperfused, with TIMI-2 flow and 
our data may not apply to patients with TIMI 1 
or 3 flow. And due to the lack of coronary angio-
graphic characteristics for the nonrevascular-
ization group (control group), we could not 
report the details of the coronary artery lesions 
of these patients. So future studies regarding 
the comparison of primary and delayed PCI in 
terms of the autonomic nervous system func-
tion and other pathophisiological aspects are 
suggested.
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