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Purpose: To identify the most important factors affecting physician decision-making regarding antiplatelet therapy.

Methods: We retrospectively gathered data from minor ischemic stroke patients with NIHSS scores ≤ 5 within 72 h of onset from 2010 to 2018. The population was divided into four groups by initial antiplatelet therapy: aspirin monotherapy (AM), dual antiplatelet therapy with aspirin and a loading dose of clopidogrel (clopidogrel loading dose of 300 mg on the first day; DAPT-ALC), dual antiplatelet therapy with aspirin and no loading dose of clopidogrel (clopidogrel 75 mg daily, no loading dose; DAPT-AUC), and clopidogrel monotherapy (CM).

Results: In total, 1,377 patients were included in the analysis (excluding patients who accepted thrombolytic drugs, participated in other clinical trials, or had not used antiplatelet drugs). The mean ± S.D. age was 62.0 ± 12.7 years; 973 (70.7%) patients were male. The four groups were AM (n = 541, 39.3%), DAPT-ALC (n = 474, 34.4%), DAPT- AUC (n = 301, 21.9%), and CM (n = 61, 4.4%). Patients receiving antiplatelet monotherapy were older than those receiving dual antiplatelet therapy (63.7–65.7 vs. 59.6–61.4 years), and the median initial systolic blood pressure level was higher in the DAPT-ALC group than in the other groups (all P < 0.05). Patients under 75 years old with an admission SBP lower than 180 mmHg, a history of AM, coronary heart disease, no history of intracerebral hemorrhage, stroke onset occurring after guideline recommendations were updated (the year of 2015), onset-to-arrival time within 24 h, and initial NIHSS score ≤ 3 were more likely to take DAPT-ALC than AM. Compared with DAPT-ALC, DAPT-AUC was associated with an initial SBP level lower than 180 mmHg, a history of smoking, hypertension, no history of ICH, previous treatment with antihypertensives, and onset year after the recommendations were updated.

Conclusions: Many factors affect doctors' decisions regarding antiplatelet therapy, especially guidelines, age, admission SBP level, and hypertensive disease.
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Introduction

Stroke is the leading cause of death and the most burdensome disease in China (1–3). Antiplatelet therapy plays a vital role in the secondary prevention of ischemic stroke (4–6). The CHANCE and POINT trials revealed that early dual antiplatelet therapy could reduce the risk of minor stroke (NIHSS score ≤ 3) (7, 8). However, recent randomized controlled trials (RCTs) have strict population inclusion criteria, and many patients have been excluded (9). In actual clinical practice, there are many cases of super-guided medication, and many patients with NIHSS scores higher than 3 are also treated with dual antiplatelet therapy (10). At the same time, our previous questionnaire survey also found that clinicians pay attention not only to the guideline recommendations but also to whether patients have a risk of disability and make drug decisions according to clinical experience. Therefore, the RCT results do not address all clinical practice needs.

In clinical practice, physician decision-making should follow a rational and algorithmic process in which physicians consciously process the clinical data and apply the most substantial evidence from the findings of clinical trials (11, 12). Physicians need to make complex decisions when treating patients with acute stroke within defined time constraints (13). Any uncertainty is rooted in differences between the patient populations enrolled in clinical trials and “real-world” observational registries and issues of comparability between clinical trials themselves (14). There are even cases of medication use outside the current guidelines (15). Clinicians are concerned about the risk of bleeding, especially cerebral hemorrhage, the most important factor that may require discontinuation of antiplatelet therapy (16). As these variables influence the selection of antiplatelet therapy regimens and may influence the efficacy of such treatments in specific patient populations, it is essential to understand which factors in clinical practice affect a neurologist's selection of an initial antiplatelet therapy regimen in minor ischemic stroke.



Methods


Population and study design

This is a multicenter retrospective observational cohort study based on real-world research conducted at three advanced stroke centers in Shanxi Province (First Hospital of Shanxi Medical University, Bethune Hospital of Shanxi Province, Taiyuan Iron and Steel Group Co., Ltd.). The study included patients with acute minor ischemic stroke (NIHSS score ≤ 5) and symptom onset within 72 h. We screened the electronic medical records of all patients hospitalized for minor ischemic stroke during 4 months (March, June, September, and December) in 2010, 2012, 2014, 2016, and 2018.



Ethics statements

All methods of study were carried out following the relevant guidelines and regulations. Informed consent was waived because of the study's anonymity and minimal risk to the participants. The Ethics Committee of the First Hospital of Shanxi Medical University approved the procedure (No. 2021-K044).



Data collection

The data were collected from the electronic medical records system by three trained neurologists. Demographic, clinical, imaging, and laboratory data were prospectively collected. Baseline data, including NIHSS scores, were collected for all patients. The stroke subtypes were classified according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria after complete diagnostic profiling (17). The following data were directly obtained from the registry database: (1) demographics, including age, sex, body mass index, and admission systolic blood pressure and diastolic blood pressure; (2) medical history, including previous transient ischemic attack (TIA), previous stroke, previous coronary artery disease (CAD), previous peripheral artery disease (PAD), hypertension, diabetes mellitus, dyslipidemia, smoking, and atrial fibrillation; (3) medication, including previous antiplatelet medication and previous antihypertensive medication; (4) stroke characteristics and acute treatment, including the time from onset to arrival, initial NIHSS scores, prestroke mRS score, and ischemic stroke subtype according to the TOAST criteria; (5) laboratory data, including white blood cell counts, serum creatinine levels, glucose at presentation, platelet counts, fasting low-density lipoprotein (LDL), and prothrombin time (international normalized ratio); and (6) in-hospital treatment, including statin therapy and initial therapy with antiplatelet drugs.

The study subjects were divided into four groups according to the antiplatelet regimen used during hospitalization: aspirin monotherapy (AM), dual antiplatelet therapy with aspirin and a loading dose of clopidogrel (clopidogrel loading dose of 300 mg on the first day, DAPT-ALC), dual antiplatelet therapy with aspirin and no loading dose of clopidogrel (clopidogrel 75 mg daily, DAPT-AUC) and clopidogrel monotherapy (CM). We divided SBP into <180 and ≥180 mmHg and for additional analysis, into three levels (<140, 140–180, and ≥180 mmHg) that allowed examination of patients at admission.



Statistical analysis

The frequency (percentage), mean ± S.D., or median (interquartile range, IQR) is reported depending on the variable type. Categorical variables were analyzed using Pearson's chi-squared test or Fisher's exact test, and continuous variables were analyzed using Student's t-test or the Wilcoxon rank-sum test, as appropriate. The missing values were substituted with median values for statin treatment. There were two patients with missing age data, 5 (3.34%) patients with missing systolic pressure data, and 6 (4.0%) patients with missing diastolic pressure data. Approximately 26.9–44.3% of the patients had missing laboratory data (such as blood lipids, blood sugar, creatinine, homocysteine, etc.). However, we did not include these data in the final multivariate analysis.

In predefined multiclassification logistic regression analysis, we explored the antiplatelet therapy regimens of interest in patients aged ≥75 or <75 years old; males or females; those with early (≤24 h) or late (24–72 h) arrival; those with an NIHSS score ≤ 3 or an NIHSS score between 4 and 5; systolic blood pressure categorized as lower (<140 mmHg), mild-moderate (140–180 mmHg), or severe (≥180 mmHg); and stroke onset before the updated recommendations (before 2015) or after the updated recommendations (after 2015). Statistical significance was assessed using 95% C.I.s and 2-tailed P-values (P ≤ 0.05). All analyses were performed with the statistical software packages R (http://www.R-project.org, The R Foundation) and Free Statistics software version 1.3.




Results


General characteristics

Of the 1,494 minor stroke patients who were registered between March 2010 and December 2018, 1,377 patients met the full study eligibility criteria (Figure 1). Of the 1,377 patients with acute minor ischemic stroke, the mean age was 62.0 ± 12.7 years old, and 70.7% were male.


[image: Figure 1]
FIGURE 1
 The flow chart of the study population.


The general characteristics of the patients who received aspirin monotherapy (AM, n = 541, 39.3%) vs. aspirin plus clopidogrel (administration of a loading dose on the first day) (DAPT-ALC, n = 474, 34.4%), aspirin plus clopidogrel (no loading dose on the first day) (DAPT- AUC, n = 301, 21.9%) and clopidogrel monotherapy (CM, n = 61, 4.4%) are shown in Table 1. The DAPT-ALC group was more likely to be younger; arrive earlier; have a history of smoking, coronary artery disease, and dyslipidemia; have a large artery atherosclerosis stroke etiology; have moderate-to-severe steno-occlusion of the relevant artery; have a lower proportion of ICH and shorter hospitalization; and use statin medication at stroke onset. As shown in Figure 2, compared with that of the monotherapy antiplatelet groups (AM and CM), the median age of the DAPT-AC group was significantly lower (63.7–65.7 vs. 59.6–61.4, P < 0.001). The NIHSS score on admission was not different among the four groups, while the median initial SBP level was lower in the DAPT-ALC group. And the median pre-stroke mRs score was lower in the DAPT-ALC group than in the other groups (all P < 0.05).


TABLE 1 Comparison of clinical characteristics according to different antiplatelet therapy regimens.
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FIGURE 2
 Comparison among groups of continuous variables (age, systolic blood pressure, NIHSS score and pre-stroke mRs score). (A) Comparison of age among four groups. (B) Comparison of baseline systolic blood pressure among four groups. (C) Comparison of baseline NIHSS scores among four groups. (D) Comparison of pre-stroke mRs scores among four groups [a and b indicate that when the two groups are compared, if the letters between the two groups are the same, there is no significant difference (e.g., a vs. a, P > 0.05), and if the letters between the two groups are different, there is a significant difference between the two groups (e.g., a vs. b, P < 0.05)].


From 2010 to 2018, the proportion of acute minor ischemic stroke patients receiving DAPT-ALC increased yearly, from 4.9 to 41%, while the proportion of those receiving AM decreased from 62.2 to 29.2%. Interestingly, antiplatelet medications were unchanged between 2016 and 2018. Between 2010 and 2018, the proportion of patients receiving DAPT-AUC was almost unchanged (Figure 3).


[image: Figure 3]
FIGURE 3
 Percentage of patients admitted to the hospital during 2010–2018 who received different medications.




Multinomial and multivariate logistic regression analysis

Different drug groups were analyzed by multinomial logistic regression using the AM group as a reference (Table 2). Compared with AM, the choice of DAPT-ALC was associated with the following factors: age under 75 years old, initial SBP lower than 180 mmHg, a history of AM, CHD, no record of ICH, stroke onset occurring after the recommendation update, onset-to-arrival time within 24 h, initial NIHSS score ≤ 3 and use of statin medication at stroke onset. Moreover, the choice of DAPT-AUC was associated with age under 75, initial SBP lower than 180 mmHg, a history of HTN, no history of ICH, previous treatment with antihypertensives, stroke onset after the recommendations were updated, and onset-to-arrival time within 24 h. Compared with DAPT-ALC, the choice of DAPT-AUC was associated with an initial SBP lower than 180 mmHg, a history of smoking, HTN, dyslipidemia, no history of ICH, previous treatment with antihypertensives, onset year after the recommendations were updated, and use of statin medication at stroke onset (Table 3).


TABLE 2 Multinomial logistic regression analysis of different drug groups.
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TABLE 3 Multivariate logistic regression analysis of DAPT-ALC and DAPT-AUC.
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The proportions of NIHSS scores × onset-to-arrival times in the different drug groups

The NIHSS score onset-to-arrival time was calculated according to the initial NIHSS score of the grouping. The patients were proportionally divided into four subgroups within each of the different drug groups based on incidence timing. Patients with initial NIHSS scores lower than 3 points and an onset-to-arrival time within 72 h accounted for the largest proportion. The DAPT-ALC group had the highest proportion of patients who met eligibility criteria modeled on the CHANCE trial eligibility criteria, including (1) acute minor ischemic stroke defined as an NIHSS score ≤3 within 24 h of onset (Supplementary Figure S1).



Outcome events in different drug groups

Supplementary Figure S2 shows the ratio of endpoint events between the different therapy groups. There was no significant difference in the risk of relapse in the hospital with ischemic stroke and TIA among the AM, DAPT-ALC, and DAPT-AUC groups. In contrast, in the CM group, recurrence of TIA was significantly higher than in the other groups. Compared with the DAPT-AC group, the antiplatelet monotherapy groups (AM and CM) had a significantly higher risk of hemorrhagic stroke. However, the hemorrhagic stroke risk in the DAPT-ALC group was higher than that in the DAPT-AUC group (2.1 vs. 1.3%).




Discussion

This retrospective study of the analysis of medical decisions based on patient data found, for the first time, that patient factors affected doctors' choices of antiplatelet regimens. Approximately two-thirds of the patients were given urgent aspirin plus clopidogrel therapy, and approximately half received DAPT with no loading dose, which is not recommended in the RCTs (7).

In clinical practice, advanced age means more risk factors for cerebrovascular disease (3, 18) and an increased risk of cerebral hemorrhage (19). Our study showed that among patients using aspirin alone, the proportion of patients older than 75 years old was significantly higher than that in the DAPT-ALC and DAPT-AUC groups (9.8 vs. 3.7% and 9.8 vs. 3.6%). Multinomial logistic regression analysis showed that patients under 75 years old were more likely to receive DAPT-ALC [OR = 0.36 (0.25–0.54), p < 0.001] or DAPT-AUC [OR = 0.57 (0.37–0.81), p = 0.002] than AM. The current bleeding risk score increased for patients older than 75 (20), and patients over 80 were excluded from an RCT (9). However, much research has shown that older age should not be a reason to deny patients antiplatelet therapy (18). Nevertheless, doctors are less likely to select DAPT than monotherapy as the treatment choice for the elderly population (21).

Our study found an interesting phenomenon. In continuous variable analysis, we found that the admission systolic blood pressure level in the DAPT-AUC group was significantly higher than that in the AM, DAPT-ALC, and CM groups (154 vs. 149.2 vs. 150.5 mmHg, p < 0.001). Blood pressure readings were divided into three groups, as shown in Supplementary Table S1. The difference in the antiplatelet regimen was more significant when the blood pressure level at admission was ≥180 mmHg. The results showed that when the admission SBP level was ≥180 mmHg, DAPT-AUC therapy was preferred to DAPT-ALC therapy. This may be because high blood pressure means a higher risk of cerebral hemorrhage, but whether antihypertensive treatment is needed in the acute stage of cerebral infarction is still uncertain (22). This may underlie the inconsistent results in recent studies on whether acute blood pressure needs to decrease during the acute period (23, 24).

The analysis of stroke risk factors and previous disease history showed that there were significant differences in the smoking rate and CAD among the different treatment groups. People with previous bleeding events are excluded from the population in RCTs, but there are guidelines that recommend new antiplatelet therapy after bleeding events (4, 25). Analysis of the history of bleeding disease showed that there was no difference in the history of digestive tract ulcers among the treatment groups but that there was a slightly significant difference in the history of cerebral hemorrhage (p = 0.044), which may be related to the number of samples. Multiple regression analysis showed that patients with a previous history of cerebral hemorrhage were more likely to be given single antiplatelet therapy, while a history of gastrointestinal hemorrhage did not affect the choice of antiplatelet therapy. In recent years, some studies have reported a higher ischemic and bleeding risk in combination with peripheral diseases and other vascular events (26).

Clinicians are more likely to make decisions based on the latest guidelines. After the revision of the guidelines, the proportion of DAPT-ALC selection increased from 18.9 to 43.6%, the proportion of AM use decreased from 52.6 to 29.1%, and that of DAPT-AUC selection changed from 21.6 to 21.1%. Regardless of how the guidelines are revised, some patients are still given DAPT-AUC. Multiple regression analysis showed that the recommendations of the guidelines had an effect on both DAPT with a loading dose and DAPT without a loading dose, with OR values of 3.05 (2.233–4.17) and 1.85 (1.35–2.55), respectively. The guidelines are still the best evidence to guide treatment, but actual clinical patients are different from the typical patients included in RCTs, so treatments outside of those recommended by the guidelines are still used in clinical practice. In particular, some studies showed that patients could benefit from changing to a new antiplatelet drug or adding and additional one upon onset of a new stroke (27).

Multiple logistic regression showed that patients with within 24 h of onset might be given DAPT-ALC therapy, regardless of whether their NIHSS score is ≤ 3 or between 4 and 5 points. This may be because the guidelines specify that DAPT therapy should be administered within 24 h of onset, but there is no uniform standard for the concept of minor stroke (5). In Supplementary Figure S1, the distribution is presented according to the treatment plan and initial NIHSS score × onset-to-arrival time. There was no significant difference in the distribution of initial NIHSS score × onset-to-arrival time among the different treatment groups. The analysis of the incidence of primary events among the treatment groups revealed no significant difference in ischemic stroke and TIA among the three groups, except in the CM group. The incidence of in-hospital TIA in the clopidogrel group was significantly higher than that in the other three groups. There was an interesting phenomenon in the incidence of cerebral hemorrhage: the incidence was higher in the single antiplatelet group than in the DAPT group, which may be related to the higher risk of bleeding among patients who choose to be treated with antiplatelet monotherapy. The incidence of cerebral hemorrhage in the loading dose group was significantly higher than that in the group without a loading dose. This may reflect the complexity and uncertainty of clinical decision-making (28) and a higher risk of ischemic and bleeding incidence in the real world (29). However, a larger sample of data is needed to confirm this hypothesis.


Limitations and shortcomings

First, this is a retrospective study based on clinical patient data, and thus, the factors of medical decision-making, such as the impact of the medical environment and doctors' professional level on decision-making, could not be fully analyzed. Second, there may be a deviation in retrospective studies due to incomplete data records. Third, our sample size was small, and some results may be due to chance, which still needs further confirmation.




Conclusion

Many factors affect the decision-making of doctors regarding antiplatelet therapy, especially guidelines, the patient's age, the admission SBP level, and hypertensive disease. However, there is still a need for an analysis of data from a large sample to investigate the impact of decisions on short- and long-term prognosis.
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