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Abstract. The aim of the present study was to evaluate 
the use of preoperative high-dose atorvastatin to prevent 
the no-reflow phenomenon after percutaneous coronary 
intervention (PCI). A total of 138 patients with ST-segment 
elevation myocardial infarction, admitted from March 2014 
to January 2015, were enrolled and randomly divided 
into 3 groups of 46 individuals each. The groups included 
a control group in which patients were not treated with 
atorvastatin before PCI; a conventional-dose atorvastatin 
treatment group in which patients received a single dose 
of 20 mg at bedtime one day prior to PCI; and a high-dose 
atorvastatin treatment group in which patients were treated 
with 40 mg divided in two doses the day before PCI. The 
treatment effects were assessed by re-examining the echo-
cardiography, high-sensitivity C-reactive protein and brain 
natriuretic peptide (BNP) levels after the PCI. The follow-up 
examinations included determinations of ultrasound imaging 
indicators and the contact with patients was maintained for a 
whole year. The CTFC (frame), pro-BNP, CK-MB peak and 
WMSI levels of the patients in the high-dose treatment group 
were significantly lower than those in the conventional dose 
or the control group. Trombolysis in myocardial infarction ≤2 
and myocardial blush grade ≤1 levels were significantly lower 
than those in the conventional dose group (P=0.01) or those 
in the control group (P=0.01), although the echocardiographic 
indicators of the three groups were not significantly different 
(P<0.05). Nevertheless, it was found that there were signifi-
cantly fewer adverse cardiovascular events in the high-dose 
group (P<0.05 in both cases). During the follow-up period, 
thromboembolism and restenosis were most infrequent in the 

high-dose atorvastatin group. Based on our findings the oral 
administration of high-dose atorvastatin before bedtime, one 
day before the procedure, can effectively prevent no-reflow 
cases, reduce adverse events and improve the long-term prog-
nosis for acute coronary syndrome patients after PCI.

Introduction

At present the main pathological characteristics of acute 
coronary syndrome (ACS) are thought to include: i) Complete 
or incomplete atherosclerotic plaque rupture; ii) complete or 
incomplete obstructive pulmonary thromboembolism; and 
iii) acute myocardial ischemia or insufficient blood supply. 
ACS is clinically classified into acute myocardial infarc-
tion (AMI) and unstable angina (UA) (1-3). In the diagnosis 
of AMI, the AMI is further subdivided according to electro-
cardiogram findings in acute ST-segment elevation myocardial 
infarction (STEMI) and non-STEMI (NSTEMI) (4). NSTEMI 
and UA are also collectively referred to as non-ST-segment 
elevation ACS (NSTE-ACS) (5).

For patients with STEMI, early and rapid acute throm-
bolysis/therapeutic intervention [percutaneous coronary 
intervention (PCI)] and revascularization of blocked coro-
nary arteries can significantly reduce mortality and improve 
the prognosis. However, after PCI, a no-reflow phenomenon 
may occur; in these cases it is not possible to restore the 
blood flow to a tissue even though the coronary arteries are 
made patent again, and the mechanism involves blockage 
of much smaller vessels irrigating the ischemic tissue (6-8). 
The no-reflow situation often appears after elective PCI, 
which may seriously affect the prognosis of patients (7,9). 
This study evaluated a treatment with oral administration of 
high-dose (0.4 mg/kg/day) atorvastatin instead of 3-hydroxy-
3-methylglutaryl-coenzyme A (HMG-CoA) for the STEMI 
patients before PCI and the treatment effect of the conven-
tional-dose atropine atorvastatin and no use of atorvastatin 
before operation.

The aim of the present study was to evaluate the use of 
preoperative high-dose atorvastatin to prevent the no-reflow 
phenomenon after percutaneous coronary intervention (PCI). 
The results showed that, oral administration of high-dose 
atorvastatin before bedtime can effectively prevent no-reflow 
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cases, reduce adverse events and improve the long-term prog-
nosis for acute coronary syndrome patients after PCI.

Patients and methods

Inclusion and exclusion criteria. The inclusion criteria were: 
Patients in the group had to meet the STEMI diagnostic criteria 
developed by the American College of Cardiology (ACC) and 
the American Heart Association (AHA) (3), all patients had 
varying degrees of typical precordial pain or discomfort, and 
were diagnosed as STEMI through ECG, cardiac troponin 
markers, and other related examinations; the patients or their 
families signed informed consent (1).

Exclusion criteria were chosen based on another study (7) 
and included: Added cardiovascular diseases combined such 
as endocarditis, valvular disease or congestive heart failure; 
patients using immunosuppressive agents; patients with acute 
and chronic bacterial and/or viral infections; patients with 
autoimmune diseases; patients with connective tissue diseases; 
patients with malignant tumors; patients with liver or kidney 
dysfunction; patients with chronic muscle diseases; patients 
suffering from atorvastatin allergy; patients with peripheral 
vascular disease, chronic heart failure, thyroid disease, liver 
and kidney dysfunction, cancer, and major trauma; patients 
with myocardial infarction, percutaneous coronary angio-
plasty, coronary artery bypass graft surgery history during the 
recent 6 months, recent use of adrenocortical hormone or other 
immunomodulatory agents, non-compliant patients (or their 
families), and patients with a history of mental illness (2).

The no-reflow phenomenon (9) was identified in patients with 
anterograde flow ≤2 levels for trombolysis in myocardial infarc-
tion (TIMI), and ≤1 level for myocardial blush grade (MBG) in 
an infarct-related artery (IRA) and in the absence of dissection, 
thrombus, spasm or distal embolization after PCI.

MBG (7). The myocardial blush was graded according to the 
contrast agent: 0, no myocardial blush; 1, mild myocardial blush; 
2, moderate myocardial blush, lightly blushed compared to the 
contralateral non-compromised side; and 3, normal myocardial 
blush, compared to the contralateral non-compromised area.

TIMI (10). The myocardial perfusion grading method 
was defined as: 0, no myocardial filling and no evacuation; 
1, a slow myocardial filling, with very slow emptying, and a 
long contrast agent retention time that was still visible until 
the next angiography (~30 sec); 2, partial myocardial filling, 
slow emptying myocardial blush which was still strong at the 
end of the washout period (i.e., after three cardiac cycles of 
the washout period); and 3, normal myocardial filling and 

emptying that were rapid, and in which the contrast agent had 
completely disappeared or rarely left at the end of the washout.

Clinical data. The 138 patients with ACS admitted during 
the period March 2014 to January 2015 who were enrolled 
as the study objects, included 78 males and 60 females, aged 
28-87 years (61.2±4.7 years on average). The enrolled patients 
were divided into the control group, conventional-dose ator-
vastatin group and high-dose atorvastatin treatment group in 
accordance with a computer-generated random numbers. The 
basic characteristics such as age, gender, duration of surgery, 
blood loss, and length of stay of the three groups were not 
significantly different (P>0.05) (Table I).

Treatment scheme. The patients were divided into three groups 
with 46 patients in each group. Patients in the control group 
did not receive atorvastatin for at least one week before the 
PCI. The patients in the conventional treatment group received 
20 mg oral atorvastatin (AstraZeneca, London, UK) once the 
night before the operation. The high-dose atorvastatin treat-
ment group patients received 40 mg atorvastatin divided in 
two doses the day before the PCI (11). During the course of 
12 weeks, close monitoring was conducted on the patients' 
dynamic changes of creatine kinase (CK-MB), pro-brain 
natriuretic peptide (BNP), and other indicators, a total follow-
up period of one year was achieved by keeping a telephonic 
communication with the patients.

Observation indicators.
PCI operation method. A thrombus aspiration catheter was 
used for repeated aspiration in the IRA lesion segment 3-5 times 
or more as appropriate to effectively remove the thrombus, 
clearing most of the intracoronary thrombus, contrast agent 
and distal embolization fragments. The time-lapse imaging 
was conducted after injection of 50-100 µg nitroglycerin in 
the coronary artery. With reference to the vessel diameter, 
when the residual stenosis was <70% or the stent could pass 
through successfully, the stent implantation was carried out 
or moderate pressure (5-14 atm) was to be applied on the 
sacculus to achieve prior dilation. During the whole opera-
tion, before stent implantation or sacculus pre-dilation, the 
amount of contrast agent was controlled, to keep the contrast 
at the minimum needed and delay the interval between two 
radiographies. The epicardial blood vessels, and myocardial 
perfusion levels were assessed immediately after the opera-
tion: Two experienced interventional cardiologists analyzed 
IRA TIMI flow grades, TIMI frame counts (CTFC) and MBG.

Table I. Basic information for 138 patients in emergency PCI of ACS. 

 Gender
 -----------------------------------  Operation time Blood loss during Length of stay in the
Groups Male Female Age (years) (time/min) operation (V/ml) hospital (time/day)

Control 22 24 61.8±4.6 45.2±12.6 56.4±4.7 8.8±1.3
High-dose 20 26 57.8±6.4 50.3±11.9 58.3±3.9 7.4±1.2
Conventional dose 27 19 62.3±3.7 46.8±10.7 48.1±4.3 7.1±0.8

PCI, percutaneous coronary intervention; ACS, acute coronary syndrome.
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Serological testing. Venous blood (4-6 ml) was collected 
from the cubital fossa of patients in all the groups. For 
tests on the ultra-sensitivity C-reactive protein (CRP) (3,4), 
pro-BNP (3,5) and other biochemical markers, blood was 
collected after 8 h of fasting, and 2 ml was used in a rapid 
fluorescence immunoassay (Triage tester) to obtain pro-BNP 
levels, and the remaining 2-4 ml were centrifuged for 10 min 
at 1,000 x g, to separate the serum which was stored at -80˚C 
until its use in an enzyme-linked immunosorbent assay for 
obtaining pro-BNP levels.

Echocardiography test. A Philips IE33 (probe frequency 
2.5 MHz) color Doppler ultrasound diagnostic apparatus 
was used for echocardiogram examinations of patients in 
all groups, before the operation, the day after the procedure 
and during the follow-up period. Parameters such as left 
ventricular end-diastolic diameter (LVEDD), left ventricular 
end-systolic diameter (LVESD) and left ventricular ejection 
fraction (LVEF) were recorded for statistical analyses.

Statistical analysis. SPSS19.0 was used for statistical analysis 
(Chicago, IL, USA). The χ2 test was used for the analysis of 
qualitative data, Fisher's exact probability method was used 
for the 4-fold table data not meeting the conditions. The 
quantitative data comparisons were carried out with analysis 
of variance. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Comparison of biochemical indicators after surgery. After 
PCI, the pro-BNP and CRP levels in the three groups were 
all decreased after the procedure. However, the difference in 
levels in the high-dose treatment group was the largest and 
it was statistically significant (P<0.05). The CK-MB peak 
levels of the patients in the three groups were decreased after 
the PCI, but again, the effect was significantly larger in the 
patients of the high-dose treatment group (P<0.05) (Table II).

Comparison of echocardiographic indicators after treatment. 
After PCI, the LVEDD of the patients in the three groups was 
decreased significantly compared to that before PCI, but there 
were no statistically significant differences among the three 
groups. The left ventricular end-systolic diameter (LVESD) 

and LVEF were significantly increased for the patients in the 
three groups after the treatment. However, the differences 
were not statistically significant among the groups (Table III).

Epicardial blood vessels, and myocardial perfusion levels 
immediately after the operation. Studies on blood perfusion 
levels for the patients in the three groups immediately after 
the operation, found that the CTFC (frame) and WMSI levels 
for the patients in the high-dose treatment group were signifi-
cantly lower than those in the conventional dose and control 
groups (Table IV). The ≤2 TIMI and ≤1 MBG levels were signifi-
cantly lower than those in the conventional dose group (P=0.01) 
or the conventional treatment group (P=0.01) (Table V).

Treatment effect. Except for the fact that a few cases in the 
three groups developed dizziness and palpitations during the 
drug administration process, there were no significant adverse 
reactions and liver and kidney dysfunctions remained normal. 
The patients in the three groups were followed up after the 
operation by telephone or SMS text messaging. Complications 
and negative outcomes during the one year follow-up period, 
such as occurrence of re-stenosis, death, non-fatal myocardial 
infarction, and cardiogenic shock in the high-dose atorvastatin 
group were significantly less frequent compared with those 
occurring in the conventional-dose atorvastatin or the control 
group and the differences wre statistically significant in both 
cases (P<0.05) (Table VI).

Discussion

No-reflow after PCI is a common complication, which mainly 
refers to the process in which blood supply to the tissues cannot 
be immediately restored after coronary blood flow recanaliza-
tion (10,11). The specific mechanism for its occurrence is still 
not entirely clear, and it is believed at present that PCI with no 
reflow is related to micro-distal embolization, ischemia and 
reperfusion injury susceptibility. The incidence of no-reflow 
after PCI is high, and for susceptible patients the incidence is 
as high as 40% or more (12), which seriously affects the quality 
of life and prognosis of the patients (13-15). For the treatment 
on no-reflow after PCI, there are no effective approaches. 
In the latest guidelines, the treatment for no-reflow with 
the application of adenosine, sodium nitroprusside or other 

Table II. Comparison of echocardiographic indicators for the patients in the two groups before and after the treatment (mean ± SD).

Indicator Groups Case no. Before PCI After PCI

pro-BNP (ng/dl) Control 46 487.8±21.8 257.2±16.8a

 High-dose 46 597.4±64.5 121.7±31.5b

 Conventional-dose 46 512.6±85.3 209.6±17.8c

CK-MB (U/l) Control 46 597.6±37.8 473.8±21.5d

 High-dose 46 502.5±16.5 112.7±16.5e

 Conventional-dose 46 511.4±25.6 245.2±16.1f

aComparison of values before and after PCI, P<0.05; bComparison of values before and after PCI, P<0.001; ccomparison of values before and 
after PCI, P<0.01; dcomparison of values before and after PCI, P<0.05; ecomparison of values before and after PCI, P<0.001; fcomparison of 
values before and after PCI, P<0.01. PCI, percutaneous coronary intervention; BNP, brain natriuretic peptide.
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vasodilators in the coronary artery and vein during the PCI 
currently belongs only to a class IIb indication (16). Effective 
strategies to prevent no-reflow phenomenon during PCI are 
being actively sought (17-19).

It is possible that there is a relationship between high 
serum lipoprotein levels and a hypercoagulable state and the 
phenomenon of non-reflow, as these circumstances are usually 
present in no-reflow cases. From the various lipid-lowering 
drugs, atorvastatin (20) is a selective and competitive 
HMG-CoA reductase inhibitor (21). The main indication for its 
use is the primary or mixed dyslipidemia of patients (22) that 
cannot be controlled through dietary, exercise and reasonable 
weight control measures. The main pharmacological actions 
of atorvastatin include: inhibition of the transformation from 
3-hydroxy-3-methylglutaryl-coenzyme A into mevalonate in 
the liver (23) and an increase in the number of hepatic LDL cell 

surface receptors (8); and the promotion of LDL uptake and 
catabolism and inhibition of the liver synthesis of VLDL with 
reduction in the total number of VLDL and LDL particles (19).

In a previous clinical practice, it was found that the use of 
high-dose statins before an emergency PCI promote healing, 
improved prognosis and reduces the incidence of no-reflow 
phenomenon after PCI (24). It is generally assumed that 
the no-reflow phenomenon is due to thrombosis formation, 
embolism and elevated blood lipids in the local tissue micro-
circulation under infarction. The present study was carried out 
under the hypothesis that a high dose of atorvastatin prior to 
a PCI procedure could prevent the no-reflow phenomenon. It 
was found that in patients with PCI 24 h after treatment with 
high-dose atorvastatin, the CTFC (frame), pro-BNP, CK-MB 
peak and WMSI levels were significantly lower than the levels 
in those in the conventional dose or the control groups. The 

Table III. Comparison of echocardiographic indicators for the patients after the treatment (mean ± SD).

Indicator Groups Case no. Before PCI After PCI

LVEDD (mm) Control 45 59.3±5.3 54.2±2.0
 High-dose 47 58.7±3.5 52.0±1.8
 Conventional-dose 45 58.2±2.8 52.6±2.5
F-value  - 0.78 0.52
P-value  - 0.44 0.35
LVESD (mm) Control 45 42.1±4.7 40.2±1.3
 High-dose 47 41.8±6.2 39.6±1.8
 Conventional-dose 45 41.6±5.7 39.5±2.8
F-value  - 0.72 0.46
P-value  - 0.35 0.13
LVEF (%) Control 45 45.9±4.2 49.2±5.5
 High-dose 47 42.4±4.6 46.3±4.8
 Conventional-dose 45 46.3±8.5 47.4±4.6
F-value  - 0.63 0.47
P-value  - 0.35 0.32

LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LVEF, left ventricular end-systolic diameter.

Table IV. Epicardial blood vessels, and myocardial perfusion levels immediately after the operation.

Indicator Groups Case no. Before PCI After PCI

CTFC (frame) Control 46 59.3±5.3 58.2±2.0
 High-dose 46 58.7±3.5 42.0±1.8
 Conventional-dose 46 58.2±2.8 48.6±2.5
F-value  - 0.78 3.52
P-value  - 0.65 0.02
WMSI (mm) Control 46 42.1±4.7 40.2±1.3
 High-dose 46 41.8±6.2 35.6±1.8
 Conventional-dose 46 41.6±5.7 38.5±2.8
F-value  - 0.72 2.46
P-value  - 0.35 0.03

PCI, percutaneous coronary intervention.
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abovementioned studies showed that high-dose atorvastatin 
played an important role in inhibiting thromboembolism in 
the microcirculation, while the results of the present study 
seem to validate that finding as the occurrence of restenosis 
was lowest among the high-dose atorvastatin group. It it 
possible that high-dose atorvastatin can inhibit the forma-
tion of VLDL, significantly lower the serum cholesterol level 
and thereby improve microcirculation preventing thrombosis 
formation (10-13). In addition, it has also been observed in 
New Zealand rabbit models with myocardial ischemia, that a 

single dose of atorvastatin improves the myocardial no-reflow 
phenomenon by regulating the serum IL-6 and IFN-γ 
levels (5). After the activation of IL-6 and IFN-γ, the NF-κB 
signaling pathway of myocardial cell is activated releasing 
various inflammatory cytokines, which further damage the 
myocardial tissue. However, high-dose atorvastatin can effec-
tively inhibit the secretion of IL-6, stimulate the secretion of 
anti-inflammatory cytokine IL-10, and alter the TNF-α/IL-10 
ratio after myocardial infarction. The regulation on these 
inflammatory cytokines has been shown to significantly 
improve the long-term ventricular remodeling and the LVEF 
after PCI (14,15).

In addition, we found that ≤2 TIMI and ≤1 MBG levels 
after the operation in the high-dose group were significantly 
smaller than those in the conventional-dose (P=0.01) or the 
control (P=0.01) groups. Importantly, the rate of adverse 
cardiovascular events after the operation in the high-dose 
group were significantly less than those in the other two 
groups, and the differences were statistically significant. The 
TIMI flow grade was originally used to describe coronary 
artery blood flow after thrombolysis for AMI. It is assumed 
that a TIMI level ≤2 can reflect a no-reflow phenomenon (13). 
In the case of the MBG grade, according to our method of 
grading using contrast agent, when MBG grade is <I, it reflects 
an abnormal reflow (13). In the present study, the ≤2 TIMI 
and ≤1 MBG cases in the high-dose group were significantly 
less than those in the control group and the conventional-dose 
group. In our view, this was probably due to the improvement 
of lipid levels in the patients and to the reduction in the VLDL 
after the operation, which can effectively prevent thrombosis 
under microcirculation after STEMI.

Table V. TIMI and MBG grading immediately after surgery.

  No. of
Item Groups cases Yes No

≤2 TIMI levels Control 46 27 19
 High-dose 46 4 42
 Conventional-dose 46 11 35
χ2 value  - 17.9
P-value  - 0.01
≤1 MBG level Control 46 22 24
 High-dose 46 3 43
 Conventional-dose 46 9 37
χ2 value  - 22.4
P-value  - 0.01

TIMI, trombolysis in myocardial infarction; MBG, myocardial blush 
grade.

Table VI. Comparison of the relevant follow-up data for the patients in the three groups after PCI (n, %).

 Cases under Control group Conventional-dose High-dose treatment
Item follow-up (n=46) group (n=46) group (n=46) F-value P-value

Occurrence of 138 18 (0.40) 16 (0.36) 5 (0.11) 3.21 0.03
re-stenosis one
year after the
follow-up visit
Death during the late 138 6 (0.13) 2 (0.04) 1 (0.02) 2.25 0.02
follow-up period
Occurrence of nonfatal 138 9 (0.20) 6 (0.13) 2 (0.04) 3.78 0.02
myocardial infarction
during the late
follow-up period
Occurrence of nonfatal 138 1 (0.02) 0 (0.00) 0 (0.00) 7.82 0.01
cardiac shock during the
late follow-up period
Blood circulation 138 11 (0.24) 21 (0.47) 39 (0.83) 4.82 0.03
remodeling in the
treated blood vessel
during the late
follow-up period

PCI, percutaneous coronary intervention.
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In the present study, we found that the echocardiographic 
indicators of some patients, shortly after the PCI were roughly 
equal to those before the operation and sometimes even worse 
after the operation, which may be due to the fact that cardiac 
remodeling after ACS is a slow recovery process, and although 
PCI re-canalization should improve the ischemia and hypoxic 
state and help to recover the myocardial function, the improve-
ment in the ventricular morphology may not be detectable for 
some time. In agreement with this view, we found after the one-
year follow-up period that among the patients in the high-dose 
atorvastatin treatment group, the incidences of restenosis, 
death, nonfatal myocardial infarction, cardiogenic shock and 
other adverse events was significantly lower than the same inci-
dences for the other patients. The results of the present study 
suggest that atorvastatin may improve the situation of no-reflow 
after PCI by lowering blood fat, improving blood sugar levels 
and regulating blood pressure indirectly. Further studies are 
required and an intravenous dose of atorvastatin may be a more 
useful approach in cases where a PCI is an emergency.

In conclusion, the administration of the high-dose ator-
vastatin to STEMI patients, at bedtime one day before PCI, 
can significantly improve the no-reflow phenomenon after 
recanalization, reduce the postoperative adverse events, and 
significantly improve the long-term prognosis.
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