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primary percutaneous coronary intervention for acute myocardial 
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Background: Cases with no-reflow increased significantly and accounted for about 5–50% of cases in 
primary percutaneous coronary intervention (PPCI) patients in recent years. It is important to identify 
patients at high risk of no-reflow. Ingredients of compound danshen dripping pills (CDDP), a popular 
Chinese traditional medicine, can alleviate myocardial ischemia, inhibit inflammation and angiotensin 
convert enzyme, and reduce cell apoptosis, among other effects. In this study, we aimed to assess whether 
long-term treatment with CDDP (>1 year, could reduce the no-reflow phenomenon in non-diabetes mellitus 
(DM) patients after PPCI for acute myocardial infarction (AMI).
Methods: We enrolled patients according to inclusion and exclusion criteria. Clinical and PPCI data were 
collected. Patients were divided into 2 groups according to history of CDDP therapy. Data of the CDDP 
group and non-CDDP group were compared. Single and multivariate analysis was used to find factors 
associated with no-reflow.
Results: Among these 399 patients, the no-reflow phenomenon occurred in 96 patients (24.1%). The 
results showed that patients with long-term CDDP treatment had lower incidence of no-reflow than those 
without CDDP treatment within 1 year (9/68 vs. 87/331, 13.2% vs. 26.3%, P=0.0219). Univariate and 
multivariate stepwise logistic regression analysis identified a few admission parameters associated with the 
no-reflow phenomenon: prior myocardial infarction (MI) [odds ratio (OR) 3.13, 95% CI: 1.42–4.89], systolic 
blood pressure (SBP) <100 mmHg (OR 1.78, 95% CI: 1.28–4.06), cardiac troponin T (cTnT) (OR 1.78, 
95% CI: 1.28–4.06), high-sensitivity C-reactive protein (hs-CRP) (OR 1.08, 95% CI: 1.01–1.15), brain 
natriuretic peptide (BNP) (OR 3.76, 95% CI: 1.31–9.75), interleukin-6 (IL-6) (OR 1.42, 95% CI: 1.17–3.29), 
ejection fraction (EF) (OR 1.39, 95% CI: 1.09–3.28), left ventricular end-diastolic diameter (LVEDD) (OR 
1.28, 95% CI: 1.05–4.23), anterior wall infarction (OR 2.83, 95% CI: 1.69–5.76), and long-term CDDP 
treatment (OR 0.44, 95% CI: 0.89–0.21).
Conclusions: Prior MI, SBP, cTnT, hs-CRP, BNP, and IL-6 on admission, along with EF, LVEDD, and 
anterior wall infarction are all predictors for no-reflow phenomenon. Long-term treatment with CDDP can 
reduce no-reflow phenomenon.
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Introduction

An increasing number of patients have received primary 
percutaneous coronary intervention (PPCI) in China in 
recent years, and specific problems, especially no-reflow 
phenomenon, associated with PPCI have drawn greater 
attention. In the Western world, the incidence of the no-
reflow phenomenon ranges from 5% to 50% (1), while 
in Asia it ranges from 5% to 37% (2,3). Regardless of 
this variability, the no-reflow phenomenon after PPCI 
is not a rare event. In recent years, research on how to 
predict and treat the no-reflow phenomenon has been 
conducted by many investigators (2-8). Previous studies 
have demonstrated that compound danshen dripping pills 
(CDDP) is effective for patients with angina pectoris and 
its active constituents have bioactivities against myocardial 
ischemia, inflammation, and angiotensin-converting enzyme 
which could protect human umbilical vein endothelial cells 
from injury induced by lipopolysaccharide. Here, we report 
our retrospective study that was aimed at assessing the 
effect of CDDP, a popular Chinese traditional medicine, 
on reducing the no-reflow phenomenon. We further 
identified a few admission parameters as predictors of the 
no-reflow phenomenon in Chinese patients undergoing 
PPCI. We present the following article in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1516).

Methods

Study population

In total, 425 consecutive patients were selected from 3,361 
patients undergoing PPCI for treatment of coronary heart 
disease (between January 2009 and March 2012) according 
to the following inclusion criteria: (I) suffering from acute 
myocardial infarction (AMI); (II) no diabetes mellitus (DM) 
on admission; (III) no contraindication for CDDP; (IV) 
received drug-eluting stents implantation. The diagnosis 
of AMI was confirmed by angiography. Pre-infarction 
angina refers to cardiac symptoms lasting less than 30 min 
that occur within 48 h before onset of infarction. Among 
these 425 patients, 26 patients were excluded because their 
treatments with CDDP all occurred earlier than 1 year 

before PPCI. All procedures performed in this study were in 
accordance with the Declaration of Helsinki and approved 
by the ethics committee of our hospital (lot. 20121202).

PPCI and the no-reflow phenomenon

Pharmacological treatment before PPCI was done 
according to the following Chinese guidelines: 300 mg 
aspirin (chewed, Bayer) and 300 mg oral clopidogrel (Sanofi 
Aventis) immediately after admission, and intravenous 
unfractionated heparin at a dose of 70 U/kg of body weight. 
PPCI procedures were performed by experienced doctors 
using femoral or radial approach, and drug-eluting stents 
were implanted in all patients. All patients were treated 
with maintenance doses of aspirin (100 mg once daily 
indefinitely) and clopidogrel (75 mg once daily for 1 year). 
Other medications (including angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers, statins, 
and β-receptor blockers) were administered according to 
guidelines. Angiograms were analyzed using a validated 
quantitative coronary angiographic system (MEDIS, CMS 
4.0, Leiden, The Netherlands). Myocardial blush grade 
immediately after PPCI was evaluated by 2 experienced 
investigators, who were otherwise blinded to all clinical 
data. The perfusion status of the infarction-related artery 
(IRA) was assessed in accordance with the myocardial 
blush grade. No-reflow phenomenon was defined as a 
thrombolysis in myocardial infarction (TIMI) flow grade <3 
or 3 with an MBG of 0–1.

Statistics

All statistical data were analyzed using the SPSS 16.0 (SPSS-
PC Inc., Chicago, IL, USA) software package. Categorical 
variables are expressed as number and percentage of patients 
while continuous variables are expressed as mean ± standard 
deviation (all continuous variables with normal distribution 
were assessed by Kolmogorov-Smirnov test) and compared 
using Student’s t-test or analysis of variance (ANOVA) as 
appropriate. Categorical variables were compared using 
Chi-square statistics or Fisher’s exact test. Multivariate 
stepwise logistic regression analysis was used to identify 
independent predictors for the no-reflow phenomenon. 
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A value of P<0.05 (2-sided) was considered statistically 
significant.

Results

Baseline characteristics

A total of 399 consecutive patients undergoing PPCI for 
AMI were identified. Among the 399 patients (mean age, 
59.5±11.7 years old), 293 patients (73.4%) were male. In 
this study, we excluded patients with DM because DM 
is a contraindication for CDDP. Firstly, patients were 
divided into 2 groups: the CDDP group, defined as long-
term treatment with CDDP; and the NCDDP, defined 
as not treated with CDDP within a year before PPCI. 
Clinical characteristics of both groups are summarized 
in Table 1. As can be seen, there is a significant difference 
of no-reflow incidence between these 2 groups (9/68 vs. 
87/331, 13.2% vs. 26.3%, P=0.0219). Also, we found that 
the serum levels of high-sensitivity C-reactive protein (hs-
CRP), interleukin-6 (IL-6), and brain natriuretic peptide 
(BNP) in the CDDP group were significantly lower than 
those in the NCDDP group (P=0.0270, 0.0155, and 0.0032, 
respectively).

No-reflow phenomenon and long-term CDDP treatment

The no-reflow phenomenon occurred in 96 patients, and 
24.1% of 399 non-DM patients undergoing PPCI. Patients 
were then divided into 2 groups: the no-reflow group (n=96) 
and the reflow group (n=303). Clinical characteristics of 
these 2 groups are summarized in Table 2. In a comparison 
of the no-reflow group and the reflow group, the following 
items were found to be statistically different: number of 
prior myocardial infarction (MI), systolic blood pressure 
(SBP), cardiac troponin T (cTnT), hs-CRP, BNP, and 
IL-6 on admission, ejection fraction (EF), left ventricular 
end-diastolic diameter (LVEDD), number of anterior wall 
infarctions, and number of patients with long-term CDDP 
treatment (P all <0.05, Table 2).

Predictors of no-reflow phenomenon

As mentioned above, number of prior MI, SBP, cTnT, hs-
CRP, BNP, and IL-6 on admission, EF, LVEDD, number of 
anterior wall infarctions, and number of patients with long-
term CDDP treatment were significantly different between 
the no-reflow group and the reflow group, according to 

univariable analysis. Further multivariate stepwise logistic 
regression analysis indicated that these factors were all 
independent predictors of the no-reflow phenomenon in 
non-DM patients receiving PPCI (Table 3). With an odds 
ratio (OR) of 0.44 (95% CI: 0.89–0.17, P=0.0176), long-
term treatment with CDDP appeared to be a protective 
factor for the no-reflow phenomenon.

Discussion

In this study, we firstly showed that patients with long-term 
CDDP treatment had a lower incidence of the no-reflow 
phenomenon than non-CDDP patients (13.2% vs. 26.3%, 
P=0.0219). The results also revealed that patients with long-
term CDDP treatment had lower serum levels of hs-CRP, 
IL-6, and BNP. Subsequent multivariate stepwise logistic 
regression analysis demonstrated that long-term CDDP 
treatment was an independent predictor for the no-reflow 
phenomenon (OR =0.44, 95% CI: 0.89–0.21). Thus, for the 
first time, our study demonstrated that long-term treatment 
with CDDP, a popular Chinese traditional medicine, could 
reduce the no-reflow phenomenon in non-DM patients 
who underwent PPCI because of AMI.

The no-reflow phenomenon has been demonstrated to 
be associated with a poor prognosis after primary coronary 
intervention in patients with AMI. No-reflow predicts 
early post-infarction complications, reduces myocardial 
salvage, increases infarct size, worsens left ejection fraction, 
and increases mortality. The underlying mechanism of no-
reflow includes: (I) distal atherothrombotic embolization; 
(II) ischemic injury; (III) reperfusion injury; and (IV) 
individual predisposition of coronary microcirculation 
to injury (1). CDDP have been used in China for a long 
time. Some randomized controlled trials have shown 
that CDDP treatment is more effective than isosorbide 
dinitrate in treating angina pectoris (9). Abundant research 
has demonstrated that CDDP has multiple effects and 
therapeutic targets in the cardiovascular system, meaning it 
has a potential effect on the no-reflow phenomenon. Danshen 
(which is the main ingredient of CDDP) and its active 
tanshinones and isotanshinones compounds have bioactivities 
against myocardial ischemia, inflammation, and angiotensin-
converting enzyme (10). An in vitro study revealed that 
CDDP could protect human umbilical vein endothelial 
cells from injury induced by lipopolysaccharide (11).  
Pan et al. found that salvianolic acid A, the water-
soluble component from the root of danshen prevents 
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Table 1 Clinical characteristics of patients with AMI (CDDP group vs. NCDDP group)

Items CDDP (n=68) NCDDP (n=331) P value

Age (years) 61.2±10.6 59.1±10.8 0.1437

Gender (male/female) 49/19 244/87 0.7781

History

Hyperlipidemia, n (%) 25 (36.8) 131 (39.6) 0.6651

Hypertension, n (%) 42 (61.8) 224 (67.8) 0.3465

Current smoking, n (%) 27 (39.7) 146 (44.1) 0.5046

Current alcohol, n (%) 18 (26.5) 106 (32.0) 0.3674

Symptom onset-PPCI time (h) 6.5±6.2 7.1±6.8 0.5018

Preinfarction angina, n (%) 21 (30.9) 120 (36.3) 0.3987

Prior MI, n (%) 4 (5.9) 16 (4.8) 0.7182

PE findings on admission

BMI (kg/m2) 24.9±2.8 24.4±2.6 0.1549

HR (bpm) 76.4±24.9 72.9±23.7 0.2722

SBP (mmHg) 120.3±31.2 114.6±25.7 0.1097

On admission tests

cTnT (ng/mL) 4.18±11.63 3.11±10.78 0.4625

Blood glucose (mmol/L) 7.24±3.81 7.92±3.43 0.1450

LDL-C (mmol/L) 3.13±0.81 3.02±0.82 0.3133

TG (mmol/L) 2.14±0.63 2.26±0.72 0.2022

HDL-C (mmol/L) 0.87±0.41 0.92±0.46 0.4065

hs-CRP (mg/L) 15.76±4.83 17.46±5.92 0.0270

IL-6 (mg/L) 40.15±19.57 46.97±21.36 0.0155

BNP (pg/mL) 1352.58±142.34 1421.09±179.28 0.0032

Echocardiography findings on admission

EF (%) 44.1±13.6 41.4±13.1 0.1249

LVEDD (mm) 47.3±15.8 45.2±14.6 0.2875

ECG findings, n (%)

Anterior wall infarction 39 (57.3) 178 (53.8) 0.5897

Inferior wall infarction 28 (41.2) 146 (44.1) 0.6570

Right ventricle infarction 1 (1.5) 7 (2.1) 0.9758

Medication before AMI, n (%)

ACEI 15 (22.1) 57 (17.2) 0.3447

ARB 8 (11.8) 43 (13.0) 0.7827

Statins 19 (27.9) 105 (31.7) 0.5395

BB 7 (10.3) 39 (11.8) 0.7263

Table 1 (continued)
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Table 1 (continued)

Items CDDP (n=68) NCDDP (n=331) P value

ASA 28 (41.2) 155 (46.8) 0.3943

CLOP 6 (8.8) 49 (14.8) 0.1926

CCB 35 (51.5) 199 (60.1) 0.1871

No-reflow 9 (13.2) 87 (26.3) 0.0219

CDDP, long-term with compound danshen dripping pills; NCDDP, not treated with CDDP within a year; AMI, acute myocardial infarction; 
PPCI, primary percutaneous coronary intervention; SBP, spontaneous bacterial peritonitis; cTnT, cardiac troponin T; hs-CRP, high-
sensitivity C-reactive protein; IL-6, interleukin-6; BNP, brain natriuretic peptide; EF, ejection fraction; LVEDD, left ventricular end-diastolic 
diameter.

Table 2 Clinical characteristics of patients with AMI (no-reflow group vs. reflow group)

Items No-reflow (n=96) Reflow (n=303) P value

Age 58.4±9.5 59.8±10.9 0.2593

Male, n (%) 65 (67.7) 228 (75.2) 0.1450

History

Hyperlipidemia, n (%) 44 (45.8) 112 (37.0) 0.1207

Hypertension, n (%) 61 (63.5) 205 (67.7) 0.4561

Current smoking, n (%) 34 (35.4) 139 (45.9) 0.0716

Current alcohol, n (%) 26 (27.1) 98 (32.3) 0.3319

Symptom-onset PPCI time (h) 7.6±7.2 6.5±6.9 0.1788

Preinfarction angina, n (%) 31 (32.3) 110 (36.3) 0.4736

Prior MI, n (%) 10 (10.4) 10 (3.3) 0.0054

PE findings on admission

BMI (kg/m2) 24.1±2.4 24.6±2.6 0.0953

HR (bpm) 75.8±24.7 72.8±23.4 0.2808

SBP (mmHg) 108.5±30.3 117.8±35.7 0.0218

On admission tests

cTnT (ng/mL) 5.11±12.71 2.72±8.86 0.0403

Blood glucose (mmol/L) 7.95±4.04 7.76±3.76 0.6718

LDL-C (mmol/L) 3.11±0.84 3.02±0.74 0.3158

TG (mmol/L) 2.36±0.87 2.20±0.78 0.0895

HDL-C (mmol/L) 0.83±0.49 0.94±0.61 0.1083

hs-CRP (mg/L) 18.46±6.83 16.76±4.69 0.0063

IL-6 (mg/L) 50.17±21.32 44.43±20.68 0.0191

BNP (pg/mL) 1,458.61±238.67 1,393.83±141.39 0.0012

Echocardiography findings on admission

EF (%) 39.1±12.8 42.7±14.3 0.0282

LVEDD (mm) 48.6±16.9 44.6±14.8 0.0264

Table 2 (continued)
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Table 2 (continued)

Items No-reflow (n=96) Reflow (n=303) P value

ECG findings, n (%)

Anterior wall infarction 62 (64.6) 155 (51.2) 0.0213

Inferior wall infarction 35 (36.5) 139 (45.9) 0.1050

Right ventricle infarction 2 (2.1) 6 (2.0) 0.7226

Medication before AMI, n (%)

ACEI 21 (21.9) 51 (16.8) 0.2628

ARB 13 (13.5) 28 (9.0) 0.2265

Statins 29 (30.2) 95 (31.4) 0.8327

BB 7 (7.4) 39 (12.9) 0.1358

ASA 37 (42.7) 146 (46.9) 0.0985

CLOP 10 (10.4) 45 (14.9) 0.2720

CCB 50 (52.1) 184 (60.7) 0.1340

CDDP 9 (9.4) 59 (19.5) 0.0219

AMI, acute myocardial infarction; PPCI, primary percutaneous coronary intervention; SBP, spontaneous bacterial peritonitis; cTnT, cardiac 
troponin T; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; BNP, brain natriuretic peptide; EF, ejection fraction; LVEDD, left 
ventricular end-diastolic diameter; CDDP, long-term with compound danshen dripping pills.

Table 3 Multivariable predictors of the no-reflow phenomenon in patients with AMI

Risk factors
Multivariate analysis

P value OR 95% CI

Prior MI 0.0068 3.13 1.42–4.89

cTnT 0.0094 1.78 1.28–4.06

Elevated hs-CRP 0.0112 1.08 1.01–1.15

Elevated IL-6 0.0046 1.42 1.17–3.29

BNP ≥400 pg/mL 0.0034 3.76 1.31–9.75

EF on admission <50% 0.0317 1.39 1.09–3.28

LVEDD >50 mm 0.0263 1.28 1.05–4.23

Anterior wall infarction 0.0167 2.83 1.69–5.76

Long-term CDDP treatment 0.0176 0.44 0.89–0.21

OR, odds ratio; AMI, acute myocardial infarction; cTnT, cardiac troponin T; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; 
BNP, brain natriuretic peptide; EF, ejection fraction; LVEDD, left ventricular end-diastolic diameter; CDDP, long-term with compound 
danshen dripping pills.

ischemia/reperfusion-induced myocardial damage by 
reducing necrosis and apoptosis in isolated rat hearts 
and cardiomyocytes. This effect was partially associated 
with the Akt signaling pathway (12). In another study, 
Huang et al. demonstrated that salvianolic acid A inhibits 
platelet activation and arterial thrombosis via inhibition of 

phosphoinositide 3-kinase (13). Another in vivo study found 
that after treatment with CDDP (20 pills, bid or 10 pills tid) 
for 3 months, endothelium-dependent vasodilation of the 
brachial artery improved significantly in patients with a high 
risk of coronary heart disease (14,15). CDDP also could 
increase the serum level of nitric oxide and 6-Keto-PGF-
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1a while decreasing the serum level of endothelin (ET) and 
thromboxane B2 (TXB2), which indicates improvement of 
endothelium function (15). Our results, together with these 
previous results, indicate preventive effect of CDDP for no-
reflow phenomenon.

Our data also revealed some independent predictors 
of no-reflow phenomenon. Among these factors, prior 
MI, SBP, hs-CRP, BNP on admission, EF, LVEDD, and 
anterior wall infarction have been reported in previous 
studies (2-8). Our results were consistent with these studies. 
Meanwhile, in our study, cTnT and IL-6 on admission were 
reported for the first time to be predictors of no-reflow 
phenomenon. Previous studies have demonstrated that 
IL-6 could downregulate tissue factors pathway inhibitors 
in vascular endothelial cells (16). Subgroup analysis of the 
IABP-SHOCL-trial showed that IL-6, together with other 
inflammatory factors including IL-7, -8, and -10, could 
be a valuable predictor for mortality of infarct-related 
cardiogenic shock patients (17). IL6R signaling seems to 
have a causal role in the development of coronary heart 
disease and IL6R blockade could provide a novel therapeutic 
approach to prevention of coronary heart disease (18). 
Actually, IL-6 is one of the most important stimuli of CRP 
release. IL-6 has also been shown to significantly correlate 
with increased left atrial size, an important risk factor for 
developing atrial fibrillation (19). All these findings suggest 
that IL-6 possibly plays an important role in the no-reflow 
phenomenon. As for cTnT, Giannitsis et al. found that 
troponin T on admission level predicts clinical outcomes, 
TIMI flow, and myocardial tissue perfusion after PPCI for 
acute ST-segment elevation myocardial infarction (20). 
However, they did not precisely analyze the relationship 
of cTnT with the no-reflow phenomenon. Later, Nguyen 
et al. demonstrated that elevated cTnT on admission was 
associated with a higher corrected TIMI frame count 
(P=0.04) and with a trend toward worse myocardial blush 
grade at the end of the procedure (P=0.069), indicating 
a higher degree of microvascular obstruction, which is a 
possible mechanism of the no-reflow phenomenon (1,21).

According to the results from previous studies and 
our present research, a combination of some regular on-
admission parameters including CRP, IL-6, cTnT, and BNP, 
with other physical examination and echocardiography 
findings before PPCI, may provide a more powerful tool 
to predict the no-reflow phenomenon in advance of PPCI. 
This hypothesis needs to be investigated and confirmed in a 
large population of this patient type in the future.

Some limitations in our study should also be addressed. 

The study population in our present research seemed to be 
relatively small and many patients were excluded because of 
DM which is the main coexisting disease of coronary heart 
disease. Meanwhile, since this was a retrospective study, it 
was possible that there were some variation in parameters 
from the blood test. A strictly designed prospective study is 
needed in the future to further evaluate the protective effect 
of CDDP on the no-reflow phenomenon.
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