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Abstract

Background: Decreasing the in-hospital delay is one of the critical effective strategies for thrombolytic therapy for acute ischemic
stroke. we examined whether physician personality traits are associated with in-hospital delay in conducting treatment of intravenous
thrombolysis for acute ischemic stroke among neurologists.

Methods: Overall 354 consecutive patients who received intravenous thrombolysis during a 2.5 year-period in emergency department
were included. Self-reported questionnaires of the Big Five Inventory and demographic characteristics were distributed among 13
neurologists. Multivariable analysis was performed to explore the effects of the Big Five Personality Traits on in-hospital delay for
acute ischemic stroke.

Results: The traits of agreeableness in all physicians decreased the likelihood of in-hospital delay (OR: 0.831, 95% CI: 0.766-0.901,
p<0.001). The traits of openness in female physicians (OR:0.646; 95% Cl:0.469-0.890; p=0.008) and the traits of extraversion in male
physicians (OR:0.613;95% Cl: 0.475-0.791; p<0.001) decreased the likelihood of in-hospital delay. The traits of conscientiousness in
female (OR: 1.713,95% Cl: 1.209-2.427; p=0.002) and the traits of openness in male (OR: 1.431; 95% Cl: 1.802-1.892; p=0.012)
increased the likelihood of in-hospital delay.

Conclusions: The study demonstrate that the personality traits of physician are associated with in-hospital delay for thrombolytic
therapy in acute ischemic stroke.

Introduction

According to the Chinese and international guidelines regarding acute ischemic stroke (AIS), intravenous thrombolysis (IVT, i.e.
recombinant tissue plasminogen activator (tPA) and urokinase) should be given within 4.5 hours after the onset of the symptoms in
the treatment of AIS'=2l. The benefits of reperfusion therapy are highly time-dependent, with the earlier the IVT is applied, the better
the outcome of the treatment of AISBl. The door-to-needle time (DNT), the sign of in-hospital delay or not, guideline-recommended,
the time from arrival at hospital to time of IVT, constitute the fundamental indicators of the stroke management in the acute phasel®.
Previous studies have developed and demonstrated critical effective strategies for shortening the DNT, including pre-notification,
activation of the stroke team, continuously optimizing the systematic protocol (registration process, computed tomography,
administration of alteplase in the scanner etc.)¥), and performing the Get With the Guidelines (GWTG)-Stroke programl!.

Despite these major developments, situational factors influencing the shortening of the DNT, as well as the individual personality
factors influencing the time of intravenous thrombolysis remain unknown. Personality refers to the distinctive patterns of thinking,
feeling, and behavior of an individual”.. Of note, personality can be categorized into five broad traits, namely C (Conscientiousness:
efficient, organized, planning, reliable, responsible, thorough, disciplined, careful), A (agreeableness: appreciative, forgiving, generous,
kind, sympathetic, trusting, helpful), N (Neuroticism: anxious, self-pitying, tense, touchy, unstable, worrying, pessimistic), O (Openness:
artistic, curious, imaginative, insightful, original, wide interests openness, spontaneous), and E (extraversion: active, assertive,
energetic, enthusiastic, outgoing, talkative, sociable, fun-loving). Together, these traits make up the five-factor model (the acronym
CANOE) of personality, also known as the Big Five Model8=91. A preliminary study into the personalities of neurologists using the Ten-
Item Personality Inventory (TIPI), an internationally validated measure of the five-factor model of personality dimensions!'® found
higher conscientiousness in neurologists!''l. Whether these physician traits are related to the medical practice aspects of each
individual physician in administering the thrombolytic agent to the patient remains unclear. Therefore, in the present study, we
hypothesized that there is a relationship between the Five Factor Model of physician personality and DNT (in-hospital delay) in
conducting treatment of intravenous thrombolysis for AIS among neurologists.

Methods
Subjects

This was a retrospective survey based on the data obtained from the Comprehensive Stroke Center of Huzhou Central Hospital, which
was officially established in Jan 2017. All patients diagnosed with stroke were given specialty treatment by neurologists in the
emergency department (ED). Therefore, the data for this study was collected from Jan 2018 to Jun 2020. The study consists of two

Page 2/16



subjects (neurologists and patients). Overall, 13 neurologists worked in shifts in the neurological ED. All these neurologists completed
a Big Five Inventory to assess their personality traits. This inventory was originally developed by John et al®land was provided in a
Chinese translation, Chinese Big Five Personality Inventory Brief Version (CBF-PI-B), by Wang et all'2l. The neurologists additionally
completed a questionnaire seeking information on gender, ethnicity, educational background, and medical experience based on the
years of the acquired clinical neurology experience. The percentage proportion of the female subjects was 46% [n = 6; mean age

35.5 years (SD 3.5), range 30-39] and that of male was 54% [n = 7; mean age 41.4 years (SD3.7), range 38-47]. All the 13
neurologists completed the list between Jun and July 2020. Table 1 shows the details of every neurologist's information.

Table 1
The baseline characteristics of the 13 neurologists

Num Gender Age(Years) Ethnic Education Experience (Years) DNT (min)*
1 male 47 Han master 15 52 (41-71)
2 male 45 Han bachelor 16 40 (33-47)
3 male 42 Han master 16 50 (35-67)
4 male 40 Han bachelor 12 50 (43-61)
5 female 39 Han bachelor 12 60 (43-66)
6 female 38 Han master 11 51 (41-60)
7 female 38 Han bachelor 11 45 (36-65)
8 male 38 Han master 11 40.5 (35-49)
9 male 38 Han master 10 36 (31-43)
10 male 38 Han master 8 47 (35-54)
11 female 35 Han bachelor 6 43 (39-46)
12 female 33 Han master 5 62 (46-66)
13 female 30 Han master 3 66 (58-74)
*Value using the M (IQR). M, median, IQR, interquartile range

All adult (= 18 years) patients admitted from Jan 2018 to Jun 2020 to the stroke center with an acute ischemic stroke receiving IVT
were included. Patients who were transferred from the primary stroke unit to receive the direct procedure of IVT and patients with in-
hospital stroke, incomplete or contradictory documentation, and stroke mimic were excluded. The Human Subjects Review
Committee of the Huzhou Central Hospital approved this research. All questionnaires were administered to those who provided
informed consent.

Instruments

The CBF-PI-B administered as a self-report measure consisting of 40 items, easy to understand questions and dovetail with Chinese
idiomatic expressions, was used to evaluate neurologist personality traits (five personality dimensions). ltems 5, 8,13, 15, 18, 32, and
36 were scored reversely. Each item was answered on a six-point, Likert-type scale, ranging from 1 (“disagree strongly”) to 6 (“agree
strongly”). The Score of each item was summarized separately.

Time Parameters And Other Data

The main observation times were measured in minutes. Door-to-needle time (DNT), according to the Campaign Manual('3, in-hospital
Delayed treatment was defined as a DNT >45 min. Onset-to-door time (ODT), door-to-imaging time (DTI), door-to-laboratory time
(DTL), and final-test-to-needle time (FTN), the time interval between the time of obtaining the result of the last screening test and the
needle time)) were recorded in minutes. The stroke time form was a standard pre-designed structured time form and it was filled by
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an independent trained paramedic, under supervision of an emergency physician. The data for the times was obtained: time of stroke
onset (the time the patient or others first noted the abnormal symptoms), arrival at the stroke center, evaluation of head computer
tomography, laboratory results, communication and signing the informed consent agreement and the bolus administration of
thrombolytic drugs (tPA or urokinase). In addition to the above-mentioned time points, we observed demographics, blood pressure,
risk factors of stroke, previous history of stroke, use of antithrombotic medications, electrocardiogram, and the National Institute of
Health Stroke Scale (NIHSS) scores.

Statistical Analysis

Data are expressed as mean + Sd. Deviation (SD), median (interquartile range [IQR]), or percentage, as appropriate. Univariate
analyses (Mann-Whitney U test for continuous variables, and x? test for categorical variables, as appropriate) were performed to
assess the association of each of the independent variables and dependent variable. Pearson's correlation analysis was used to
determine whether these factors were likely to affect the correlation. Logistic regression models evaluated the association between
the levels of five personality dimensions and in-hospital delay. All the statistical analyses were performed using SPSS v22.0 (IBM
Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp)]. All p values were 2-tailed, and the
differences were considered significant at p <0.05.

Results

During the 30-month study period, all of the 414 stroke cases with ischemic stroke were given IVT in the ED in the study hospital.
Among the 414 stroke patients, overall 60 patients were excluded: 49 patients because they were transferred from the primary stroke
unit, 5 patients because they were in-hospital stroke cases, 3 patients as they were stroke mimic cases (benzodiazepine poisoning,
Datura poisoning, aortic dissection), and 3 patients with incomplete or contradictory data. Finally, 354 ischemic stroke patients were
included in the study as shown in Fig. 1.

There was no significant change in the trend of DNTs (M (IQR), M, median, IQR, interquartile range), Jan to Dec 2018 (118cases 46
(38-62)), Jan to Dec 2019 (148cases 47 (38-60)), Jan to Jun 2020 (88 cases 44 (35-54)), during the study period of 30 months, (P
=0.324) as shown in Fig. 2.

Although the mean scores for the CBF-PI-B were not significantly different across all the dimensions, gender heterogeneity was
reported in the N (neuroticism) and O (openness) traits in all the 13 neurologists (Fig. 3).

Among the 354 patients, the median door-to-needle time score for IVS was 46 [IQR 37-60] min. Of which, 171 patients (48.3%) were
classified in the effective treatment group (DNT = 45 min median DNT score: 37 [IQR 33-42] min) and 183 patients (51.7%) were
classified in the delayed treatment group (DNT >45 min median DNT score: 60 [IQR 51-70] min). Compared with the delayed
treatment group, the time of DTI, DTL, FTN, and DNT were remarkably shortened in the effective treatment group (all p<0.01)
(Table 2).
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Table 2

Patient and physician characteristics according to effective treatment (DNT = 45 min) or not

Patient characteristics
Age in years, mean = SD
Gender, Female, No. (%)
Risk factors, No. (%)

Hypertension

Diabetes mellitus
Dyslipidemia

Atrial fibrillation

Alcohol consumption
Current smoker
Hyperhomocysteinemia
Clear onset, No. (%)
Previous stroke, No. (%)
On antiplatelet drugs at admission, No. (%)
Ambulance, No. (%)*

ODT in mins, median (IQR)
DTL in mins, median (IQR)
DTl in mins, median (IQR)
FTN in mins, median (IQR)
DNT in mins, median (IQR)
NIHSS, mean + SD

Physician characteristics

Effective treatment
(n=171, 48.3%)

71.0£12.1
66 (38.6)
129 (75.4)
36 (21.1)

32(18.7)
44 (25.7)
39 (22.8)
53 (30.9)
50 (29.2)
166 (97.1)
8(4.7)

14 (8.2)

99 (57.9)
106 (69-161)
20 (15-26)
15 (11-19)
15 (10-21)
37 (33-42)
10.9+8.5

Delayed treatment
(n=183, 51.7%)

70.8+12.9
88 (48.1)
140 (76.5)
42 (22.9)

34(18.6)
45 (24.5)
36 (19.7)
55 (30.1)
52 (28.4)
174 (95.1)
6 (3.3)

16 (8.7)

96 (52.4)
115 (65-150)
29 (22-36)
23 (16-28)
28 (18-40)
60 (51-70)
10.8+8.2

Pvalue

0.876
0.072
0.815
0.667

0.974
0.804
0.476
0.847
0.864
0.418
0.590
0.851
0.232
0.972
<0.001
<0.001
<0.001
<0.001
0.252

* Patients arriving by ambulance to the emergency department, tthe years of the acquired clinical neurology experience. IQR:

interquartile range, NIHSS: National Institute of Health Stroke Scale. DNT: door-to-needle time, ODT: onset-to-door time, DTI: door-

to-imaging time, DTL: door-to-laboratory time and FTN: final-test-to-needle time, C (Conscientiousness), A (Agreeableness), N

(Neuroticism), O (Openness) and E (extraversion).
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Effective treatment Delayed treatment Pvalue

(n=171, 48.3%) (n=183,51.7%)
Age in years, mean = SD 39.6+3.5 38.7+t4.3 0.417
Gender, Female, No. (%) 39 (22.8) 74 (40.4) <0.001
Experience in years, mean + SD# 10.9+8.5 10.8+8.2 0.362
C. meantSD 31.9+6.2 32359 0.011
A.mean +SD 37974 37.4+6.8 0.921
N. mean + SD 20.0+5.5 21452 0.040
0. meanSD 31.0+9.3 28.7+8.5 0.011
E. mean+SD 289133 27042 <0.001

* Patients arriving by ambulance to the emergency department, tthe years of the acquired clinical neurology experience. IQR:
interquartile range, NIHSS: National Institute of Health Stroke Scale. DNT: door-to-needle time, ODT: onset-to-door time, DTI: door-
to-imaging time, DTL: door-to-laboratory time and FTN: final-test-to-needle time, C (Conscientiousness), A (Agreeableness), N
(Neuroticism), O (Openness) and E (extraversion).

Meanwhile, our analysis revealed significant but small size differences among groups for the four personality factors
(conscientiousness, neuroticism, openness, and extraversion) (all p < 0.05). Compared with the delayed treatment group, lower scores
of conscientiousness and neuroticism, and higher scores of openness and extraversion were observed in the effective treatment
group(p < 0.05) (Table 2).

There was a moderate correlation between extraversion and DNT (r = -0.314, p< 0.001) among the all physicians. However, there was
a weak correlation with regards to gender: female (r =-0.290, p<0.001), male (r = -0.222, p < 0.001), respectively. Neuroticism was
strongly positively associated with DNT (r=0.360, p < 0.001) in the female physicians, but was not statistically significant in male
physicians. Weak positive correlations were also found between openness and DNT in the male, as well as among all the physicians.
The correlations between the five personality traits and DNT are shown in Fig. 4.

Further multivariable analysis indicated that the traits of neuroticism (OR: 0.925; 95% CI: 0.863-0.991; p = 0.027) and extraversion
(OR: 0.831,95% CI: 0.766—-0.901, p < 0.001) were negatively associated with delayed treatment. However, the conscientiousness traits
were positively associated with delayed treatment (DNT >45 min) among all the physicians (OR: 1.116, 95% Cl: 1.057-1.178; p <
0.001). Gender differences were also found in the relationship between personality traits and delayed treatment. The traits of
agreeableness (OR: 0.571; 95% Cl: 0.395-0.825; p = 0.003), openness (OR: 0.646; 95% Cl: 0.469-0.890; p = 0.008) in female
neurologists and the traits of agreeableness (OR: 0.705; 95% Cl: 0.539-0.922; p = 0.011), extraversion (OR: 0.613; 95% Cl: 0.475-
0.791; p<0.001) in male neurologists decreased the likelihood of delayed treatment. The traits of conscientiousness in female
physicians (OR: 1.713; 95% Cl: 1.209-2.427, p = 0.002) and the traits of openness in male physicians (OR: 1.431; 95% Cl: 1.802-
1.892; p=0.012) increased the likelihood of delayed treatment. However, the acquired clinical neurology experience decrease the
likelihood of delayed treatment irrespective of the gender differences (OR: 0.894; 95% Cl: 0.822-0.972; p = 0.009) (Table 3).
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Table 3
Multivariate logistic regression analysis of factors (including Big Five Dimensions) related to delayed treatment (DNT > 45 min) for

stroke
Variations Total Female Male
B SE OR P B SE OR P B SE OR P

95% 95% 95%
) ) )

C 0.110 0.027 1.116 < 0.538 0.1778 1.713 0.002 0.070 0.039 1.073 0.071
(1.057-  0.001 (1.209- (0.994~-
1.178) 2.427) 1.158)

A -0.052 0.030 0.950 0.081 -0.560 0.188 0.571 0.003 -0.349 0.137 0.705 0.011
(0.896- (0.395- (0.539-
1.006) 0.825) 0.922)

N -0.078 0.035 0.925 0.027 n.s. n.s.
(0.863-
0.991)

(0] n.s. -0.437 0.164 0.646 0.008 0.358 0.143 1.431 0.012

(0.469- (1.802-
0.890) 1.892)

E -0.186 0.041 0.831 < n.s. -0.489 0.130 0.613 <
(0.766—-  0.001 (0.475- 0.001
0.901) 0.791)

Experience* -0.112 0.043 0.894 0.009 -0.533 0.201 0.587 0.008 -0.340 0.120 0.712 0.005
(0.822- (0.395- (0.563-
0.972) 0.870) 0.900)

* the years of the acquired clinical neurology experience. E (extraversion); A (agreeableness); C (conscientiousness); N

(neuroticism); O (openness); n.s., no statistical significance;

Discussion

This is the first study on the association between physician personality traits and the in-hospital delay for stroke thrombolysis
treatment in China. In this study, we demonstrated that certain personality traits among physicians are associated with door-to-needle
time for thrombolytic therapy in acute ischemic stroke. The extraversion trait shortened the door-to-needle time. However, the trait of
conscientiousness, to some extent, postponed the time of procedure for thrombolysis treatment.

“Time is Brain, Every Minute Counts” has been widely acknowledged, with every minute the thrombolytic treatment for stroke is
started earlier, the higher the odds of a good outcomel'#~"5l. The importance of constant improvement of in-hospital treatment
routines cannot be overemphasized. In addition, the door-to-needle time is a critical factor in achieving prospective outcomes after an
ischemic strokel'3]. Nevertheless, there is a wide chasm in access to essential and emergency treatment between high and
low/middle income countriest 16171,

In China, the government instituted ambitious strategies for the prevention and treatment of stroke ten years agol'8l. Owing to the
support of the Stroke Prevention Project Committee (founded in 2011), affiliated to the National Health Commission, the Stroke
Center of Huzhou Central Hospital was officially established in Jan 2017. Moreover, the Acute Stroke Care Map was implemented in
Oct 2018 in Huzhou district (Zhejiang Province, East China). With this, the improvement in the Stroke Center of Huzhou Central
Hospital is noticeable, with the percentage of stroke patients with acute ischemic stroke (within 6hrs) receiving intravenous
thrombolysis improving from less than 1% in 2013 to up to 8% in 2019, and the median door-to-needle time shortened from 85.1 min
in 2013 to 47.2 min in 2019 for stroke thrombolysis treatment. It is obvious that there is improvement in the rapid administration of
intravenous thrombolysis and the reduction of door-to-needle time in Chinal" '8 The results of this study demonstrated that the
prolonged DTI, DTL, and FTN accounted for the in-hospital delay. Our results are consistent with the findings of a previous study,
which documented that FTN contributed significantly to in-hospital delay['®. FTN constitutes the time involved in the process of
decision-making for IVT. The decision-making process is composed of the decision of the family of the patient and the advice of the
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physician. Moreover, considering the tense between the doctor-patient relationships in Chinal?%, the simple decision making process
becomes extremely challenging.

In our study, we found that higher levels of extraversion were associated with a lower proportion of in-hospital delay. Physicians
during an emergency may require more enthusiasm, activeness, and energy in dealing with critical situations. Our results are
consistent with the findings of a previous study conducted in Germany, which demonstrated that the “resilient crisis manager”
personality characteristics as suitable for emergency medical personnell2'. Our subgroup analysis with respect to gender indicated
that the personality traits of extraversion in male neurologists were associated with a lower likelihood of in-hospital delay. However,
the advantage of extraversion was not reported in female physicians. This could be because Chinese female physicians are more
reserved, introverted, fond of tranquility, overly considerate, and habituated to self-restraint(22.

Moreover, our study showed that conscientiousness was associated with moderate in-hospital delay, especially in female physicians
and the correlation decreased in male physicians. The personality traits of conscientiousness include organization, planning, reliable,
responsible, and thorough. High levels of conscientiousness have been reported as desirable traits in a previous study among
neurologists and neurosurgeons[”]. This medical professionalism among physicians may transform into a weakness in the
surrounding when racing against time. Some physicians may take time performing head magnetic resonance imaging for accurate
diagnosis in patients with a minor stroke. In addition, they take time weighing each patient in the emergency department, while others
consider that it should be done only when patients do not know their weight. Of note, it takes 3—5 minutes to take the weight on a
self-made weighing scale (Fig. 5).

We also found that the agreeableness personality decreased the in-hospital delay for stroke thrombolysis. The appreciative, forgiving,
kind, and sympathetic traits were shown to play a positive role in communicating with patients and their family members. Successful
communication forms the basis of the final decision-making process for thrombolytic therapy. This could be attributed to empathy,
which is an essential element in medical practicel?3]. Previously, agreeableness has been demonstrated to be relatively associated
with empathy in both Chinese and Japanese medical studentsl24-25],

In this study, we established that neuroticism and openness personality traits have paradoxical effects on in-hospital delay. In the
rough correlation analysis, the higher the scores of neuroticism, the more likely the in-hospital delay, especially among female
physicians. However, after multivariate regression analysis, corrected factors, such as clinical neurology experience, age, etc.,
indicated that neuroticism could be an effective protective factor for effective treatment. Previous studies have suggested an
important link between perfectionism and neuroticism[2%], and that neuroticism is correlated with the extent of anxiety!2], which
might be more conducive to emergencies to a certain extent. Nevertheless, it should also be noted that neuroticism is prone to
burnout syndromel28l. On the other hand, we showed that the openness scores were lower among female physicians than male
physicians. Therefore, the traits of curiosity could help improve work efficiency in the process of thrombolysis among the female
physicians. With regards to the male physicians, because of the artistic, original and wide interest traits concerning openness, they
are more flexible in the real-world thrombolysis treatment for stroke. For instance, when the patient and his/her family decline to
receive thrombolysis therapy due to financial limitations, the physician with more openness would recommend the alternative
medicine of urokinase. Urokinase is one-tenth the price of Alteplase in China. Although this medical behavior may increase the DNT
of thrombolysis, they would increase the percentage of thrombolysis treatments, and attain reperfusion opportunity for patients.

Moreover, we established a negative correlation between the acquired clinical neurology experiences and the in-hospital delay,
regardless of the big five personality traits. With the accumulation of clinical experience, some of the personality disadvantages
might get weak, consistent with the findings of previous studies conducted in Francel?%l. A better outcome is attributed to the
shortened door-to-needle time created by more experienced neurologists!'%. A previous study showed that the mobile thrombolysis
team with more experienced physicians but not personnel could shorten door-to-needle timel3%. In China, although there are clinical
guidelines and stroke protocols, the fear of the risk of complications of thrombolysis, education level, and working years constitute
the factors contributing to the in-hospital delay and low rate of thrombolysis for AISE.

In addition, since the big five personality traits were important for thrombolysis therapy for acute stroke among Chinese neurologists
in this study, the big five personality traits should be applied to post-graduation education, such as standardized training which has
been validated in other countries[32], for neurologists residents, which also will meet the new medicine curriculum requirements[33] in
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China. It might be necessary to provide individualized education program for resident during the post-graduation education according
to their personality traits, and more subsequent studies are recommended to investigate how the unique constellation of personality
traits impinge upon their medical practice, promote positive physician-patient interaction and relationship.

Limitations

Our study has several limitations. Firstly, the study hospital is located in East China, with a relatively economically stable population
compared with Midwest China; thereby, generalizing our findings maybe is not practical. Secondly, we did not include the data of
younger physicians because they have only a few treatment experiences, which may cause bias. Finally, this is only a single-center
study; hence, multicenter studies are required to assess the personality factors for the in-hospital delay, so that we can improve the
care management for stroke patients.

Conclusions

Here, we found that the personality traits among physicians is associated with door-to-needle time for thrombolytic therapy in acute
ischemic stroke. We demonstrated that extraversion trait shortened the in-hospital delay. However, the conscientiousness trait was
shown to postpone the procedure of thrombolysis treatment. Moreover, the accumulation of the acquired clinical experience was
shown to weaken the personality disadvantages in the thrombolytic therapy for acute ischemic stroke. Therefore, we recommend that
the big five personality traits among physicians should be applied in post-graduation education.
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Flow diagram of patient selection
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Figure 3

The mean scores and standard error for each of the Big Five factors of personality traits for gender differences,. CBF-PI-B: Chinese
Big Five Personality Inventory Brief Version, C (conscientiousness), A (agreeableness), N (neuroticism), O (openness), E (extraversion)
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Figure 4

The relationship between the DNT and the scores of a-C (conscientiousness), b—A (agreeableness), c-N (neuroticism), d—O
(openness), e-E (extraversion), among all physicians(A), female physicians(B) and male physicians(C). DNT: door-to-needle times
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Figure 5

The self-made weighing scale, A: Preparation, B: Assembly, C: Weighing
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