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Abstract
The purpose of the present study is to develop and validate a prediction tool to identify patients who refuse to receive per-
cutaneous coronary intervention (PCI) rapidly. We developed a risk stratification model using the derivation cohort of 288 
patients with ST segment elevation myocardial infarction (STEMI) in our hospital and validated it in a prospective cohort 
of 115 patients. There were 52 (18.1%) patients and 18 (15.7%) patients who refused PCI among derivation and validation 
cohort, respectively. A classification and regression tree (CART) analysis and multivariate logistic regression were used for 
statistical analysis. The decision-making factors for refusal of PCI were also investigated. The CART analysis and logistic 
regression both showed that self-rated mild symptom was the most significant predictor of not choosing PCI. The model 
generated three risk groups. The high-risk group included: self-rated mild symptoms; self-rated severe symptom, glomerular 
filtration rate < 60 ml/min/1.73m2. The intermediate-risk group included: self-rated severe symptom, glomerular filtration 
rate ≥ 60 ml/min/1.73m2 and age ≥ 75 years. The low-risk group included: self-rated severe symptom, glomerular filtration 
rate ≥ 60 ml/min/1.73m2 and age < 75 years. The prevalence for refusal of PCI of the three groups were 45%–44%, 18% and 
4%, respectively. The sensitivity was 88% and the negative predictive value was 96%. And similar results were obtained when 
this prediction tool was applied prospectively to the validation cohort. Patients at low and high risk can be easily identified 
for refusal of PCI by the prediction tool using common clinical data. This practical model might provide useful information 
for rapid recognition and early response for this kind of crowd.
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Introduction

Coronary vascular diseases (CVD) remain the leading cause 
of death worldwide [1]. Acute myocardial infarction (AMI) 
is the most serious type of CVD with significant high rate of 

disability and mortality [2]. Effective and timely reperfusion 
of the infarct-related coronary artery is crucial for patients 
with ST segment elevation myocardial infarction (STEMI) 
[3]. Current guidelines highly recommend that primary per-
cutaneous coronary intervention (PCI) should be suggested 
for STEMI patients with ischemic symptoms of less than 
12 h duration, and that first medical-contact-to-device time 
should be controlled within 90 min in PCI-capable hospitals 
[4, 5].

However, a substantial proportion of patients with STEMI 
in China, who are eligible for reperfusion therapies, refuse 
or do not receive primary PCI [6–8]. Previous study showed 
PCI was refused by almost one quarter of eligible elderly 
Chinese patients with a first STEMI. And older age, symp-
tom severity and trust in physician were independent predic-
tors associated with the use of PCI in elderly patients [9]. 
However, these factors were not validated by other cohorts, 
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nor did they be integrated into a risk stratification model for 
clinical use.

The Classification and regression tree (CART) analysis 
is well suited to develop a simple and user-friendly clinical 
prediction tool [10, 11]. Unlike the clinical model and score 
generated by logistic or Cox regression, the CART analysis 
used a very intuitive diagram to represent risk prediction 
without complicated calculation [12]. The CART analysis 
has been explored its potential use in many clinical condi-
tions, such as acute myocardial infarction [13] and antiplate-
let effects of clopidogrel [14]. Therefore, the aim of this 
study is to develop and validate a simple and practical tool 
to identify potential patients with refusal of PCI.

Materials and methods

Study population and data collection

After receiving approval from the institutional review board 
at our hospital, we retrospectively reviewed the medical 
records of consecutive patients presented with chest pain 
suggestive of AMI to the emergency department (ED) of 
Peking University People’s Hospital from August 2014 to 
April 2016. Among them, those finally diagnosed STEMI 
within 12 h from the onset of symptoms eligible for PCI 
were included. Twenty-three patients who received primary 
PCI in other acute-care hospital, 48 had contraindications 
to PCI because of intracranial neoplasm, active bleeding, 
or suspected or documented aortic dissection, 4 died before 
decision were excluded. Finally, 288 patients were included 
in the final analysis (Supplementary Fig. 1).

The routine clinical assessment was performed on every 
patient in the ED, including history, physical examina-
tion, serial 12-lead ECG monitoring and other laboratory 
examinations. Time of hospital arrival was classified on 
the basis of those who presented during “regular” working 
hours (weekdays between 8 a.m. and 6 p.m.) and those who 
presented during off-hours. The final diagnosis of STEMI 
was made according to the 2012 ESC/AHA/ACC guideline 
[15], Briefly, that is a rise and fall of cardiac biomarker 
(preferably troponin) with at least one value above the 99th 
percentile of upper reference limit, lasting ischemic symp-
toms ( > 30 min), and new ST elevation at the J point in 
at least two contiguous leads of ≥ 2 mm (0.2 mV) in men 
or ≥ 1.5 mm(0.15 mV) in women in leads V2–V3 and/or 
of ≥ 1 mm (0.1mV) in other contiguous chest leads or the 
limb leads. The visual analog scale (VAS) often considered 
the gold standard in pain, ranging from zero to ten [16]. A 
point of VAS ≥ 7 was considered the self-rated severe symp-
tom and thus a point of VAS < 7 was considered the self-
rated mild symptom in this study. Renal insufficiency was 
defined as glomerular filtration rate < 60 ml/min/1.73m2.

Patients prospectively enrolled from April 2016 to Feb-
ruary 2017 were used for model validation. Moreover, we 
prospectively collected patient decision-making information. 
A staff will be present during the communication between 
cardiologists and patients. The staff was trained to identify 
and record the seven elements of informed decision making, 
using the framework of Brddock et al. [17]. These elements 
included (1) discussion of the patient’s role in decision 
making, (2) discussion of the clinical issue or nature of the 
decision, (3) discussion of the alternatives, (4) discussion of 
the pros and cons of the alternatives, (5) discussion of the 
uncertainties associated with the decision, (6) assessment 
of the patient’s understanding, and (7) exploration of patient 
preference.

Our center was a tertiary care and one of affiliated hos-
pitals of Peking University, which was the first chest pain 
unit in China certified by the Society of Cardiovascular 
Patient Care (now called ACC Accreditation Services). It 
provided 24/7 primary PCI and interventional cardiac care 
with annual PCI volume ≥ 800 and annual primary PCI vol-
ume ≥ 50. The protocol of primary PCI for STEMI adopted 
by our center represents the practice at PCI-capable hospitals 
in China as previously described [18]. The protocol of the 
study was approved by the Medical Ethics Committee of our 
hospital according to the principles of the Declaration of 
Helsinki, and written informed consent was obtained from 
each patient.

Statistical analysis

Continuous variables were represented as mean ± standard 
deviation (SD) or median (interquartile range, IQR). Cat-
egorical variables were represented as numbers and percent-
age. Quantitative data were analyzed using Student’s t test 
or one-way ANOVA (> 2 groups) followed by the Bonfer-
roni’s multiple comparisons if fulfilled normally distributed. 
Otherwise, for comparing between groups, Mann–Whitney 
U test or Kruskal–Wallis test (> 2 groups) was used. For 
categorical variables, the Chi-square method was used for 
analysis.

Patients were divided into consent to PCI group and 
refusal of PCI group. We use CART analysis to generate 
a simple and practical clinical decision rule. Every value 
of each variable is considered as a potential split (parent 
nodes), and the CART method divides a selected range of 
variables to obtain an optimal binary split into two sub-
groups (child nodes). Impurity criterion is adopted as the 
node splitting rule. From this, CART analysis generates a 
classification tree and numerical rank for each input used to 
build the tree by relative importance. The deviation cohort 
was used for model development and we grouped the four 
terminal nodes into three risk levels (high-, intermediate- 
and low-risk groups) based on the prevalence of refusal of 
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PCI. Sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) were used to evaluate 
the accuracy of the novel predictive rule. The model was 
validated in the prospective cohort. Prevalence of not choos-
ing PCI between all groups and the index of accuracy were 
compared with those of the derivation cohort.

Finally, a multivariate logistic regression model was 
constructed from the derivation cohort. To avoid overfit-
ting, a predefined ratio of predictive variables to the number 
of observed events was set at 1:10. Especially, the CART 
analysis identify the cutoff points of age of 75 years, and 
the dichotomy of age ≥ 75 years were used as a variable. 
P < 0.05 was considered as statistical significance. Statisti-
cal analysis was performed using SPSS Statistics (version 
20; SPSS, Inc., Chicago, IL) and CART Pro software (ver-
sion 6.0, Salford systems, San Diego, CA).

Results

Characteristics of deviation cohort

In retrospective deviation cohort, a total of 436 patients with 
acute STMI were admitted to our hospital during the study 
period, of which 288 met the inclusion and exclusion crite-
ria. The overall median age of the population was 62.8 (52.0, 
75.0) years. Two hundred and thirteen (74.0%) were men 
and 263 (91.3%) had medical insurance. PCI was accepted 
by 236 patients (81.9%) and refused by 52 patients (18.1%). 
Table 1 displayed the baseline clinical characteristics of the 
deviation cohort. For finding out the factors associated with 
refusal of PCI, patients were divided into consent group and 
refusal group. Primary PCI was accepted more frequently 
in patients who were on the job, current smokers, and had 
medical insurance, with self-rated severe symptoms. Pri-
mary PCI was refused more likely by patients who were 
older, outlander, had a prior history of myocardial infarction, 
diabetes mellitus, ischemic stroke, and renal insufficiency 
and positive troponin result on admission.

Model development for refusal of PCI

The CART analysis showed that the best discrimina-
tor for refusal of PCI was self-rated mild symptom. The 
other significant predictors were renal insufficiency (glo-
merular filtration rate < 60 ml/min/1.73m2) and older age 
(age ≥ 75 years). Figure 1 showed the optimal tree gener-
ated by this analysis. The tree had three splits and produced 
four terminal nodes (TNs). The high-risk group included: 
self-rated mild symptom (TN 1); self-rated severe symp-
tom, glomerular filtration rate < 60 ml/min/1.73m2 (TN 
2). The intermediate-risk group: self-rated severe symp-
tom, glomerular filtration rate < 60 ml/min/1.73m2 and 

age ≥ 75 years (TN 3). The low-risk group: self-rated severe 
symptom, glomerular filtration rate < 60 ml/min/1.73m2 and 
age < 75 years (TN 4). The prevalence for refusal of PCI of 
these four TNs was 45%, 44%, 18% and 4%, respectively. 
Table 2 showed the performance of the model for refusal of 
PCI. The sensitivity was 88%, and the negative predictive 
value was 96%.

After adjustment of significant variables in univari-
ate analysis, multivariate logistic regression identified the 
same important predictors as the CART analysis (Table 3). 
As it showed, self-rated severe symptom (OR 0.13, 95% 
CI 0.05–0.33, P < 0.001) was the most powerful and sig-
nificantly independent predictor of consent to primary PCI. 
Besides, glomerular filtration rate < 60 ml/min/1.73m2 (OR 
8.97, 95% CI 3.15–25.50, P < 0.001) and age ≥ 75 years 
(OR 5.03, 95% CI 1.65–15.30, P = 0.004)were the next two 
discriminators of refusal of primary PCI. And prior his-
tory of myocardial infarction (OR 3.15, 95% CI 1.09–9.05, 
P = 0.034) and outlander (OR 4.41, 95% CI 1.10–17.65, 
P = 0.036) were also associated with refusal of primary PCI.

Model validation for refusal of PCI

The decision tree generated by CART analysis of the deri-
vation cohort was tested for its ability to stratify the risk of 
patients in the validation cohort. Table 4 showed the baseline 
characteristics of this population. The derivation cohort and 
validation cohort were similar with respect to age, medical 
history and situation at admission. The prevalence of not 
consent to PCI in the derivation cohort and validation cohort 
was 18.1 and 15.7, respectively.

The CART analysis was applied to divide the patients in 
the validation cohort into high, intermediate, and low risk. 
The prevalence for refusal of PCI of the three risk groups 
were 36%–50%, 23% and 7%, respectively. Table 2 also 
showed the performance of the model validation for refusal 
of PCI. The sensitivity was 72% and the negative predic-
tive value was 93%, which is slightly lower than that in the 
derivation cohort.

Decision‑making factors for refusal of PCI

There were 115 conversations conducted by nine cardiolo-
gists, of whom four were male. The median age of them was 
30 (IQR 26–34) years, and the median resident time of them 
was 5 (IQR 3–7) years. Besides, most of them were chief 
resident doctors. Interestingly, the majority of the consent 
signers were not the patients themselves but their relatives 
(Supplementary Table 1). Among them, 9 (7.8%) were their 
mate, 94 (81.7%) were their children and only 12 (20.4%) 
were patients themselves. And when these conversations 
were divided into two groups by consent to PCI, the pro-
portion of signers between groups (P = 0.674) was similar. 
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Also, we found that the patient himself was usually older and 
was not willing to make his own decision but to pay attention 
to family’s opinions. Hence, the percentage of patients pre-
sented with their relatives was higher in the shorter consent 
time group (75.2% vs 57.8%, P = 0.019), this maybe for 
saving the time of waiting for their family members. Among 
the classic seven elements of informed decision making, 
cardiologists were more likely to assess alternatives in the 
refusal group (P = 0.001). Of all the discussions, only 13 
(11.3%) contained all seven elements, which indicating that 
assessment for decision making was incomplete in most 

patients. Signers in the consent group more realized the 
importance of timely reperfusion and the benefits of primary 
PCI (P < 0.001 and P = 0.015, respectively).

Discussion

During the clinical practice, a lot of STEMI patients pre-
sented to hospitals with capability to provide cardiac cath-
eterization 24 h/day chose to receive thrombolytic therapy 
or conservative medical treatment, but little is known about 

Table 1   Baseline characteristics 
of derivation cohort by consent 
to PCI

Data are presented as mean ± SD or n (%)
CAD coronary artery disease, MI myocardial infarction, PCI percutaneous coronary intervention, CABG 
coronary artery bypass graft, SBP systolic blood pressure, DBP diastolic blood pressure, EMS emergency 
medical service
* Renal insufficiency, glomerular filtration rate < 60 ml/min/1.73m2

Patient characteristics All
(n = 288)

Consent to PCI P
Yes
(n = 236)

No
(n = 52)

Demographic characteristics
 Age, years 62.8 ± 13.9 61.4 ± 13.0 69.2 ± 16.1  < 0.001
 Male 213 (73.9) 174 (73.7) 39 (75.0) 0.850
 Living with mate 243 (84.3) 202 (85.7) 41 (78.8) 0.225
 On the job 107 (37.1) 96 (40.7) 11 (21.2) 0.008
 Outlander 36 (12.5) 24 (10.2) 12 (23.1) 0.011
 Medical insurance 263 (91.3) 220 (93.2) 43 (82.7) 0.030

Medical history
 Hyperlipemia 87 (30.2) 74 (31.4) 13 (25.0) 0.366
 Hypertension 186 (64.5) 143 (60.6) 34 (65.4) 0.520
 Diabetes mellitus 79 (27.4) 59 (25.0) 20 (38.5) 0.049
 Current smoking 132 (45.8) 119 (50.4) 13 (25.0) 0.001
 Renal insufficiency* 31 (10.7) 14 (5.9) 17 (32.7)  < 0.001
 Ischemic stroke 35 (12.1) 23 (9.7) 12 (23.1) 0.008
 Family history of CAD 66 (22.9) 58 (24.6) 8 (15.4) 0.153

History of CAD
 Prior CAD 61 (21.1) 46 (19.4) 15 (28.8) 0.135
 Prior MI 41 (14.2) 29 (12.3) 12 (23.1) 0.044
 Prior PCI 36 (12.5) 29 (12.3) 7 (13.5) 0.817
 Prior CABG 4 (1.3) 2 (0.8) 2 (3.8) 0.151

Situation on admission
 Heart rate, beats/min 77.8 ± 17.2 77.3 ± 16.6 80.2 ± 15.6 0.891
 SBP, mmHg 126.2 ± 29.1 125.7 ± 29.7 130.2 ± 28.4 0.316
 DBP, mmHg 75.3 ± 18.7 77.0 ± 17.3 74.8 ± 19.1 0.506
 Cardiogenic shock 16 (5.5) 15 (6.4) 1 (1.9) 0.353
 Killip ≥ 2 73 (25.3) 58 (24.5) 15 (28.8) 0.522
 Self-rated severe symptoms 228 (79.1) 203 (86.0) 25 (48.1)  < 0.001
 ST elevation of first ECG 234 (81.2) 195 (82.6) 39 (75.0) 0.202
 Positive troponin on admission 174 (60.4) 136 (57.6) 38 (73.0) 0.039
 EMS transportation 70 (24.3) 56 (23.7) 14 (26.9) 0.627
 Pre-hospital delay > 4 h 129 (44.7) 101 (42.8) 28 (53.8) 0.147
 Off-hours arrival 218 (75.6) 177(75.0) 41 (78.8%) 0.558
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factors associated with the choice of PCI at these facilities 
[19, 20]. Similar to previous studies, we found that a sub-
stantial number of STEMI patients presented to our hospital 
within 12 h from the onset of symptoms actually refused or 
did not undergo PCI. We identified several key clinical fac-
tors, such as self-rated mild symptom, renal insufficiency 
and older age, which were associated with refusal of primary 

PCI. Moreover, the patients’ willingness of not choosing PCI 
could be recognized by out predictive tool using clinical 
available variants. Overall, the prevalence of refusal of PCI 
was 18.1% and 15.7% among derivation cohort and valida-
tion cohort. As a result, the risk predicted by this model 
varied more than tenfold (from 4 to 50%) and thus patients 
could be divided into various risk groups to receive suitable 
therapy rapidly.

Lower rates of primary PCI (16.3% ~ 65.5%) reported in 
previous studies reflect the real-world practice on a nation-
wide scale of China [20, 21]. In the present study, 78.4% 
of patients with STEMI received primary PCI. This repre-
sents a relative high rate of primary PCI, since our popula-
tion included patients with a pre-hospital delay < 12 h and 
we also did not exclude patients with contraindications to 
thrombolytic therapy, and patients were served by a 24/7 
(24 h service 7 days a week) service primary PCI center. 
However, the rate of PCI observed in the present study was 
still lower than those reported in Unite States and European 
countries [22, 23]. In the NCDR AR-G registry, 93.8% of 
patients with STEMI received reperfusion therapy, and 
83.0% received primary PCI [23]. In a contemporary Euro 
Heart Survey, 81.3% of STEMI patients admitted within the 
first 12 h received reperfusion therapy, and 64.0% received 
primary PCI [22].

Early reperfusion therapy, especially primary PCI, 
in patients with STEMI significantly reduces mortality 
[24–26]. Clinical factors, such as age and comorbidities 
that influence the choice of reperfusion therapies in patients 
with STEMI have been reported in several previous studies+. 
The GRACE investigators found that patients at an older age 
(≥ 75 years) were less likely to receive reperfusion thera-
pies [27], and coronary angiography and PCI rates decreased 
significantly with age [28]. The CRUSADE study also 
showed that increasing age was the strongest factor associ-
ated with lack of reperfusion therapies usage among eligi-
ble STEMI patients [29]. However, it was difficult to find 

Fig. 1   The CART prediction model for refusal of percutaneous coro-
nary intervention for acute myocardial infarction. A point of VAS ≥ 7 
was considered the self-rated severe symptoms. Renal insufficiency 
was defined as glomerular filtration rate <  60 ml/min/1.73  m2. TN, 
terminal node

Table 2   Performance of the model for refusal of PCI

PCI percutaneous coronary intervention

Characteristics Derivation cohort 
(n = 288)

Valida-
tion cohort 
(n = 115)

Prevalence of refusal of PCI 18.1% 15.7%
Low-risk group n = 159 n = 76
 Terminal node 4 6/159 (4%) 5/76 (7%)

Intermediate-risk group n = 44 n = 13
 Terminal node 3 8/44 (18%) 3/13 (23%)

High-risk group n = 85 n = 26
 Terminal node 1 27/60 (45%) 8/22 (36%)
 Terminal node 2 11/25 (44%) 2/4 (50%)

Sensitivity 88% 72%
Specificity 64% 73%
Positive predictive value 35% 33%
Negative predictive value 96% 93%

Table 3   Multivariable regression analysis of factors related to refusal 
of PCI

After adjustment of on the job, medical insurance, diabetes mellitus, 
current smoking ischemic stroke and positive troponin on admission
PCI percutaneous coronary intervention
* Renal insufficiency, glomerular filtration rate < 60 ml/min/1.73m2

Variables Wald Adjusted OR (95% CI) P

Self-rated severe symp-
toms

28.8 0.13 (0.05–0.33)  < 0.001

Renal insufficiency* 16.7 8.97 (3.15–25.5)  < 0.001
Age ≥ 75 years 10.6 5.03 (1.65–15.30) 0.004
Prior myocardial infarction 4.3 3.15 (1.09–9.05) 0.034
Outlander 5.5 4.41 (1.10–17.65) 0.036
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which reperfusion therapies in these studies. Besides, it was 
unclear whether the failure to perform reperfusion therapies 
was due to the patient-centered decision making. Emerging 
evidences evoked the relationship between age and decision 
to undergo primary PCI. Registry data from UK showed that 
primary PCI rate was lower in patients with age > 80 years 
[30]. Our study included STEMI patients at all age stages, 
and also found association between older age and refusal of 
primary PCI.

In China, a prospective study was performed in elderly 
patients with a first STEMI to identify factors influencing 

the use of primary PCI, indicating that self-rate mild symp-
toms was associated with refusal of primary PCI [9]. In our 
study, self-rate mild symptoms are the best discriminator 
identified both by CART analysis and logistic regression. 
We also used VAS scale to estimate the pain to avoid subjec-
tive inconsistence and divide patients into severe and mild 
symptom group [16]. The model we developed used three 
variants including self-rate mild symptoms, older age and 
renal insufficiency and it was validated in an independent 
cohort. The sensitivity and specificity of the prediction tool 
were 88% and 64% in the derivation cohort and 72% and 

Table 4   Baseline characteristics of validation cohort by consent to PCI

Data are presented as mean ± SD or n (%)
CAD coronary artery disease, MI myocardial infarction, PCI percutaneous coronary intervention, CABG coronary artery bypass graft, SBP sys-
tolic blood pressure, DBP diastolic blood pressure, EMS emergency medical service
* Renal insufficiency, glomerular filtration rate < 60 ml/min/1.73m2

Patient characteristics Consent to PCI P

All
(n = 115)

Yes
(n = 97)

No
(n = 18)

Demographic characteristics
 Age, years 60.8 ± 13.4 60.5 ± 12.9 62.7 ± 16.1 0.421
 Male 80 (69.6) 66 (68.0) 14 (77.8) 0.410
 Living with mate 96 (83.5) 80 (82.5) 16 (88.9) 0.501
 On the job 42 (26.5) 37 (38.1) 5 (27.8) 0.698
 Outlander 36 (12.5) 9 (9.3) 8 (44.4) 0.011
 Medical insurance 104 (90.4) 91 (93.8) 13 (72.2) 0.030

Medical history
 Hyperlipemia 32 (37.8) 29 (31.4) 3 (25.0) 0.388
 Hypertension 64 (55.7) 54 (55.7) 10 (55.6) 0.993
 Diabetes mellitus 31 (27.0) 25 (25.8) 6 (33.3) 0.507
 Current smoking 52 (45.2) 47 (48.5) 5 (27.8) 0.106
 Renal insufficiency* 9 (7.8) 5 (5.2) 4 (22.2) 0.046
 Ischemic stroke 14 (12.2) 8 (8.2) 6 (33.3) 0.003
 Family history of CAD 35 (30.4) 30 (30.9) 5 (27.8) 0.790

History of CAD
 Prior CAD 29 (25.2) 20 (20.6) 9 (50.0) 0.008
 Prior MI 21 (18.3) 13 (13.4) 8 (44.4) 0.002
 Prior PCI 19 (16.5) 14 (14.4) 5 (27.8) 0.161
 Prior CABG 1 (0.9) 0 (0) 1 (5.6) 0.053

Situation on admission
 Heart rate, beats/min 75.4 ± 18.6 75.1 ± 18.9 76.5 ± 17.6 0.914
 SBP, mmHg 130.4 ± 29.7 131.1 ± 29.2 126.3 ± 33.1 0.692
 DBP, mmHg 77.9 ± 19.9 78.4 ± 19.9 75.6 ± 20.6 0.508
 Cardiogenic shock 7 (6.1) 6 (6.2) 1 (5.6) 0.919

  Killip > 2 30 (26.1) 26 (26.8) 4 (22.2) 0.909
 Self-rated severe symptoms 89 (77.4) 81 (83.5) 8 (44.4)  < 0.001

  ST elevation of first ECG 97 (84.3) 84 (86.6) 13 (72.2) 0.123
 Positive troponin on admis-

sion
69 (60.0) 57 (58.8) 12 (66.7) 0.530

 EMS transportation 31 (27.0) 26 (26.8) 5 (27.8) 0.932
 Pre-hospital delay > 4 h 40 (34.8) 33 (34.0) 7 (38.9) 0.690
 Off-hours arrival 66 (57.4) 56 (57.7) 10 (55.6) 0.864
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73% in the validation cohort, indicating that the accuracy of 
the model is moderate. The NPV of the CART tool in the 
derivation and validation cohort were 96% and 93%, sug-
gesting that the model is more suitable to safely rule out the 
patients choosing PCI.

The model produced three groups by four TNs. The high-
risk group included: self-rated mild symptom (TN 1); self-
rated severe symptom, glomerular filtration rate < 60 ml/
min/1.73m2 (TN 2).The intermediate-risk group: self-
rated severe symptom, glomerular filtration rate < 60 ml/
min/1.73m2 and age  ≥  75  years (TN 3). The low-risk 
group: self-rated severe symptom, glomerular filtration 
rate < 60 ml/min/1.73m2 and age < 75 years (TN 4). Patients 
judged to be at high risks may receive intensive attention and 
conserved therapy, while patients predicted to be at low risks 
may accept PCI immediately without hesitation and worry.

In contrast to previously reported results [27–30], which 
were conducted primarily in western countries, the present 
study did not find associations between sex, health insur-
ance type, or cardiogenic shock and refusal of PCI. It was 
difficult to interpret but might be partly explained by the low 
operating costs, high medical insurance coverage and the 
tense doctor-patient relationship in modern Chinese society 
[31]. Patients with cardiogenic shock should be more likely 
to choose primary PCI due to the obvious survival benefit in 
this setting [32], but these subgroups of patients tend to be at 
higher risk of death during or after the procedure at the same 
time. In China, many patients blame the doctors directly for 
the deterioration of their health, claiming that doctors lack 
devotion and skills. Failing to find the relationship between 
cardiogenic shock and PCI use might be associated with fear 
of disputes with patients and negative publicity for doctors 
and hospitals and possible consequences of litigation.

There were some limitations in this study. First, it was 
a single-centered study, and the sample size was rela-
tively small. Therefore, the model needs to be validated in 
large population. Second, the risk for refusal of PCI may 
be influenced by many potential factors not considered in 
this model, thus the model could be modified in the future 
research. Third, this model must be applied with complete 
medical data of patients and it could not replace the physi-
cians experience and clinical judge.

Conclusion

Almost 20% of eligible Chinese patients with STEMI 
refused or did not to undergo primary PCI. Patients at lower 
and higher risks can be easily identified for refusal of PCI 
by the predictive model using common clinical data. The 
predictive model might provide useful information for rapid 
recognition and early response for this population.
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