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ABSTRACT 20 

Objective: To evaluate temporal differences in the documentation of neurological 21 

findings by the same physicians in ischaemic stroke patients while in hospital. We also 22 

investigated differences in rate of documentation of neurological findings in stroke 23 

patients between internists and neurosurgeons. 24 

Design: A retrospective medical chart review. 25 

Participants: Hospitalized adult patients with acute ischaemic stroke who stayed seven 26 

or more days in our hospital. Neurosurgeons (n=8) and internists (n=19) caring for those 27 

patients (including up to 10 patients per physician). 28 

Main outcome measures: The documentation rate of any neurological finding in the 29 

patients on each day (from day 1 to 7 and on discharge). The documentation rates of 30 

eight neurological finding components (consciousness, mental status, cranial nerves, 31 

motor function, sensory function, coordination, reflexes, and gait). We included only 32 

documentation by the same physician. Fisher’s exact test was used to evaluate 33 

differences in outcomes between neurosurgeons and internists. 34 

Results: During the study period, we identified 172 stroke patients who were cared for 35 

by 27 physicians. The documentation rates of any neurological finding were 94% (day 36 

1), 58% (day 2), 35% (day 3), 40% (day 4), 32% (day 5), 30% (day 6), and 23% (day 7). 37 

On discharge, all eight neurological finding components were documented in fewer than 38 

10% of all cases. The documentation rate was significantly higher by internists than 39 

neurosurgeons on each day but not on discharge. 40 

Conclusions: The documentation rate of neurological findings by physicians during 41 

usual stroke care decreased to less than 50% after the third hospital day. Given the 42 

importance of temporal changes in the neurological symptoms of stroke patients, further 43 
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study is needed to determine whether this low documentation rate after the third hospital 44 

day was due to a lack of physician interest in neurological findings or other factors. 45 

 46 

Key words: Documentation, Neurology, Stroke 47 

 48 

Strengths and limitations of this study 49 

� This is the first study to evaluate temporal differences in the documentation of 50 

neurological findings by the same physicians in acute stroke patients. 51 

� An association between documentation and patient outcomes was not 52 

evaluated. 53 

� This study was conducted in only a single hospital in Japan in a small sample 54 

of patients. 55 

  56 
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INTRODUCTION 57 

The renowned stroke neurologist C. Miller Fisher said that we learn about neurology 58 

stroke by stroke. The development of imaging tests has improved our ability to localize 59 

neurological symptoms, particularly in stroke patients, compared to previous decades.
1
 60 

The continuing development of more accurate neurological examination techniques 61 

allows us to learn symptomatology from stroke patients. Nonetheless, physicians, 62 

particularly non-neurologists, often omit important neurological examinations
2 3
 and 63 

tend to depend on brain imaging during routine stroke care.
4
 Furthermore, despite an 64 

emphasis on observations of temporal changes in neurological findings in stroke 65 

patients,
5-8
 physicians often lose interest in such neurological signs in these patients, 66 

particularly after a definite diagnosis is achieved,
9
 potentially reducing the 67 

documentation of neurological findings. This is problematic because temporal changes 68 

in neurological symptoms are key to predicting a prognosis. Moreover, given the 69 

limitations of brain imaging for diagnosing acute ischaemic stroke,
10
 it is important to 70 

determine the typical clinical course in acute stroke patients. Nonetheless, no studies 71 

have evaluated the speed at which the documentation of neurological findings in stroke 72 

patients decreases after admission, whereas recent studies have evaluated the speed of 73 

consumption of chocolate in hospital wards
11
 and of the disappearance of magazines in 74 

waiting rooms.
12
 Hence, we evaluated temporal changes in the documentation rate of 75 

neurological findings by the same physician in ischaemic stroke patients during hospital 76 

stays. We also evaluated differences in the documentation rate of any neurological 77 

finding in stroke patients between internists and neurosurgeons. Given their specialty 78 

training and interest in neurology, neurosurgeons might document neurological findings 79 

more frequently than internists. 80 
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 81 

METHODS 82 

Study design and participants 83 

A retrospective medical chart review was conducted to assess data obtained between 84 

September 1, 2014 and June 30, 2017 at Tochigi Medical Center, a 350-bed acute care 85 

hospital in the Tochigi prefecture of Japan. Since September 2014, our hospital has used 86 

electronic medical records. We chose a retrospective study design because prospective 87 

research can introduce the Hawthorne effect,
13
 which affects physicians’ documentation 88 

in medical records. All consecutive patients aged 18 years old or older who were 89 

admitted with acute ischaemic stroke as a primary diagnosis, survived and stayed in our 90 

hospital at least seven days were included. We excluded patients who died because of 91 

other factors, such as non-neurological disease and terminal care, which might affect the 92 

documentation of neurological findings. Patients whose principal physicians changed 93 

during the hospital stay were also excluded. Up to 10 patients per physician were 94 

included. The purpose of the study was to characterize temporal changes in the 95 

documentation rate of neurological findings in ischaemic stroke patients by a single 96 

principal physician during a hospital stay. We also evaluated differences in the 97 

documentation rate of neurological findings between internists and neurosurgeons on 98 

each hospital day. 99 

In our hospital, acute ischaemic stroke patients are randomly admitted to either the 100 

internal medicine or neurosurgical ward. However, stroke patients requiring surgery or 101 

interventional radiology are admitted to the neurosurgery ward. In most cases, these 102 

stroke patients are treated by a single principal internal medicine or neurosurgery 103 

physician without handoffs from admission to discharge. Additional physicians rarely 104 

Page 5 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
14 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-019480 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

6 

 

examine or document neurological findings in these stroke patients. Therefore, we could 105 

evaluate temporal changes in the documentation rate of neurological findings by a 106 

single physician. Furthermore, in Japan, the mean length of hospital stay among acute 107 

stroke patients is approximately 30 days,
14
 which is longer than in other countries.

15
 108 

Thus, in most stroke patients, we could also evaluate temporal changes in the 109 

documentation rate of neurological findings during at least seven consecutive days. We 110 

assumed that the documentation rate would dramatically decrease after the second day 111 

and would thereafter change at a lower rate. Hence, even a short-term observation 112 

period was enough to evaluate the documentation rate of neurological findings. To 113 

reduce the effect of the day of the week at admission.
16
 we selected a seven-day 114 

evaluation period. 115 

 116 

Characteristics 117 

Patient information, including age, sex, culprit lesion of stroke, and duration of hospital 118 

stay, was retrieved from medical records obtained at the time of each patient’s 119 

admission. Physician-related information, including age, sex and specialty, was also 120 

retrieved from the database of Tochigi Medical Center.
 

121 

 122 

Outcome measures 123 

One of authors (J.K.) evaluated the medical records of all included patients. The 124 

primary outcome was the documentation rate of any neurological finding in ischaemic 125 

stroke patients by physicians on each hospital from the day of admission to the seventh 126 

day. We also evaluated the documentation rate of neurological findings at discharge 127 

(within the 24 hours before discharge). Neurological findings were classified as one of 128 
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eight categories (consciousness, mental status, cranial nerves, motor function, sensory 129 

function, coordination, reflexes, and gait) based on a previous study.
2
 We allowed any 130 

documentation of neurological findings regardless of the quality of the examination. 131 

However, some documentations, such as “no change in neurological findings” and “no 132 

change”, were not allowed because they often lacked information regarding which 133 

neurological findings were not different and to the extent of the examination. 134 

Documentation such as “no change for right hemiplegia” was allowed though it was low 135 

quality because it lacked the quantity of neurological findings. Furthermore, 136 

documentation of only a total score on the National Institute of Health Stroke Scale 137 

(NIHSS) was not allowed, although documentation of the detailed contents of NIHSS 138 

was allowed. Documentation of neurological findings by health care providers, 139 

including physicians, other than the principal physician was excluded because we 140 

sought to evaluate only documentation by a single principal physician. 141 

 142 

Statistical analysis 143 

We did not formally calculate sample size because the primary objective was to define 144 

the characteristics of neurological documentations by physicians in ischaemic patients. 145 

However, we expected a dramatic reduction in the documentation of neurological 146 

findings and therefore selected 10 patients per physician. Assuming that the 147 

documentation rate of any neurological finding would be 95% on admission and lower 148 

than 40% after the second hospital day, approximately 10 patients per physicians was 149 

needed to achieve a significance level of 0.05 with a power of 0.8. To minimize the 150 

effect on outcomes of a few physicians caring for many patients, only up to 10 patients 151 

per physician were included. 152 
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   The baseline and demographic characteristics of patients and physicians were 153 

summarized using standard descriptive summaries. For the primary objective, we 154 

determined the documentation rate of any neurological finding in ischaemic stroke 155 

patients on each hospital day. For outcomes on each hospital day, 95% confidence 156 

intervals (CIs) were calculated. For the secondary objective, to evaluate the difference 157 

in the documentation rate of neurological findings on each hospital day between 158 

internists and neurosurgeons, we used Fisher’s exact test. These analyses were 159 

performed using the Excel statistical software package version 2.11 (Bellcurve for 160 

Excel; Social Survey Research Information Co., Ltd., Tokyo, Japan), and the level of 161 

significance was set at 5%. 162 

 163 

Patient involvement 164 

No patients were involved in determining the research question or outcome measures 165 

nor were they involved in developing plans to design or implement the study. No 166 

patients were asked for advice during the interpretation or writing up of the results. 167 

There are no plans to disseminate the results of this research to study participants or the 168 

relevant patient community. 169 

 170 

RESULTS 171 

We identified 474 consecutive acute ischaemic stroke patients who were cared for by 29 172 

physicians during the study period. Of these, 172 who were cared for by 27 physicians 173 

(19 internists and 8 neurosurgeons) met our inclusion criteria. Among these 172 patients, 174 

105 were discharged to home, 40 to rehabilitation facilities, and 27 to other hospitals or 175 
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long-term care facilities. The baseline characteristics of the patients and physicians are 176 

presented in Table 1.  177 

Figure 1 shows the temporal changes in the documentation rate of any neurological 178 

finding in all patients according to the specialty of their principal physician. The 179 

documentation rate of any neurological finding was 94% (95% CI 91 to 98) at 180 

admission and 58% (95% CI 50 to 65) on day 2. However, the average documentation 181 

rate of any neurological finding from the third to seventh day was lower than 40%. 182 

Furthermore, the documentation rate was only 14% within 24 hours of discharge. The 183 

documentation rate of any neurological finding was significantly lower in the 184 

neurosurgeon-treated group than in the internal medicine-treated group on each hospital 185 

day but not at discharge.  186 

Among the eight neurological finding categories, motor function was the most 187 

frequently documented during the initial seven hospital days (Table 2). Mental status, 188 

reflexes and gait were documented in fewer than 50% of all patients during the same 189 

period. Furthermore, after the third hospital day, these three components were 190 

documented in fewer than 10% of all patients. At discharge, all categories of 191 

neurological findings were documented in fewer than 10% of all patients. 192 

 193 

DISCUSSION 194 

In this study, the documentation rate of neurological findings by principal physicians 195 

decreased to lower than 50% after the third hospital day during stroke care. Furthermore, 196 

the documentation of mental status, reflexes and gait was often omitted by principal 197 

physicians during routine stroke care, and the documentation rate of these three 198 

categories was astronomically low after the third day. These results indicate that 199 
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physician interest in neurological findings in stroke patients dramatically decreases after 200 

the third hospital day. This reduction in the documentation of neurological findings 201 

seems faster than the reduction in the effect of Pokémon GO on physical activity,
17
 202 

although it is unclear whether these temporal reductions reflect a loss of interest in 203 

neurological findings or Pokémon GO, respectively. 204 

Among 8 categories of neurological findings, motor function was the most 205 

frequently documented in this study, is consistent with the results of previous 206 

studies.
18-20

 Mental status and gait were documented less frequently, perhaps because 207 

the stroke textbook states that these important neurological assessment can be omitted.
7
 208 

Because cognitive impairment frequently occurs in stroke patients
21
 and can be 209 

effectively treated with rehabilitation,
22 23

 the low documentation rate of mental status 210 

by principal physicians is problematic, although such documentation may not reflect 211 

physician awareness. 212 

We did not expect that neurological findings would be more frequently documented 213 

in stroke patients in our hospital by internists than by neurosurgeons, and this result 214 

should be interpreted cautiously. Unlike in the internal medicine ward, in the 215 

neurosurgery ward of our hospital, trained nurses often document NIHSS every day 216 

during routine stroke care, and such thorough assessment by other health providers 217 

might lower the need for neurosurgeons to document neurological findings. 218 

Furthermore, we did not evaluate the quality or volume of neurological findings. Given 219 

their specialty in neurology, neurosurgeons might be more likely than internists to 220 

document more detailed and important neurological findings. Further study is needed to 221 

investigate whether a physician’s specialty affects documentation. 222 

 223 
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Strengths and weaknesses of the study 224 

To the best of our knowledge, this is the first study to evaluate temporal changes in the 225 

documentation of neurological findings by the same physician in stroke patients. In our 226 

hospital, in most cases, a single principal physician cares for each acute ischaemic 227 

stroke patient. This allowed us to evaluate temporal changes in medical record 228 

documentation by the same physicians. 229 

   Its major limitation is that the extent of documentation does not necessarily reflect 230 

the interest of the recorder. Furthermore, in stroke patients, it is impossible to 231 

distinguish an interest in neurological findings from interest in a prognosis. In addition, 232 

the role of clinical documentation has changed in the modern era, and billing and 233 

quality indicators affect medical record documentation.
24-26

 However, the 234 

documentation of neurological findings during stroke care does not affect medical fees 235 

and is not considered a quality indicator in Japan. Therefore, billing for inpatient 236 

hospital care, litigation, and quality indicators have few effects on the documentation of 237 

neurological findings by physicians. Furthermore, documentation itself is also 238 

important. As William Osler said, “observe, record, tabulate, communicate”.
25
 We were 239 

unable to retrospectively learn or perform detailed discussions about brain function 240 

without access to the sequential documentation of neurological findings, and physicians 241 

who are more interested in neurological findings will more thoroughly document them. 242 

   Other limitations include the following. First, this study included a small sample 243 

size and was limited to a single centre. Second, it is uncertain whether a higher rate of 244 

documentation of neurological findings is associated with higher clinical skill. However, 245 

interest in stroke is associated with the more accurate clinical diagnosis of lacunar 246 

stroke.
27
 Third, we did not evaluate outcomes between the eighth hospital day and 247 
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discharge, but given the very low rate of documentation of neurological findings within 248 

24 hours of discharge, we are confident that the documentation of neurological findings 249 

continued to gradually decrease after the eighth hospital day. Fourth, we did not 250 

individually evaluate the documentation of other important neurological signs, such as 251 

neuro-ophthalmic findings and visual problems,
7
 and we did not evaluate the 252 

thoroughness of medical histories, which is important. As C. Miller Fisher showed, in 253 

ischaemic stroke patients, the frequency and importance of transient ischaemic attacks 254 

can be determined from a thorough history of prodromal symptoms.
28
 Fifth, a single 255 

observer evaluation might introduce bias and affect our results. However, past studies 256 

reported good inter-rater reliability in audits of neurological finding documentation.
16 20

 257 

Sixth, the prevalence of inappropriate copying and pasting
29
 suggests that we might 258 

have overestimated clinically meaningful documentation. Seventh, we regarded two or 259 

more documentations per day as one documentation per day. Hence, we might have 260 

underestimated documentation by physicians. Finally, although a higher patient volume 261 

is associated with a lower rate of documentation of important information,
30
 we did not 262 

consider the effect of work load on outcomes. 263 

 264 

Meaning of findings 265 

Several factors could have caused the observed reduction in the documentation of 266 

neurological findings after the third hospital day. First, the low documentation rate of 267 

neurological findings after the third hospital day might derive from the initial stable 268 

course of stroke patients rather than a loss of physician interest in neurological 269 

findings.
18
 However, because neurological findings often change day by day in the early 270 

course of acute stroke,
31 32

 this possibility seems unlikely. Second, the temporal changes 271 
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in the documentation of neurological findings, especially by neurosurgeons, are similar 272 

to the decreasing response to 3-Hz repetitive nerve stimulation observed in myasthenia 273 

gravis
33
 (Figure 1). The decrement in the documentation of neurological findings by 274 

neurosurgeons was higher but not maximal on the third hospital day, and thereafter, this 275 

rate slightly increased from the fourth to sixth hospital day but not in a typical 276 

U-shape.
34
 Therefore, a fatigue phenomenon similar to the loss of acetylcholine receptor 277 

function observed in myasthenia gravis might occur in physicians. If so, a similar 278 

phenomenon could occur in the documentation of non-neurological findings in 279 

non-neurological disease. Third, spending more time communicating, such as during 280 

neurological examinations of patients, is of utmost importance for learning about 281 

neurology and might reduce the documentation of neurological findings after the third 282 

hospital day. However, a previous study demonstrated acceptable concordance between 283 

documentation in medical records and actual performance during direct observations.
35
 284 

Furthermore, in previous studies, time spent communicating with patients and direct 285 

patient care were not affected by time spent during medical record documentation.
36 37

 286 

Fourth, participation in annual meetings during conferences and holidays could affect 287 

medical record documentation. 288 

Although these factors might have affected our findings, physicians interested in 289 

neurological findings are more likely to frequently document neurological signs 290 

regardless of their fatigue, and the temporal reduction in documentation observed in our 291 

study is considered a reflection of loss of physician interest. Nonetheless, further study 292 

is needed to determine whether the low documentation rate after the third hospital day is 293 

truly due to a lack of physician interest in neurological findings. 294 

 295 
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Implications for clinical practice 296 

C. Miller Fisher described many syndromes and mechanisms using thorough 297 

neurological examinations and observations of stroke patients.
38
 One of his significant 298 

contributions was an understanding of the relationship between carotid artery disease 299 

and ischaemic stroke. Before his work, approximately 55% of ischaemic strokes were 300 

thought to be caused by vasospasm.
39
 When the first key patient who gave him an initial 301 

clue died while he was away for a weekend, the resident on call for the patient did not 302 

request an autopsy. When Fisher asked the medical staff why they did not request an 303 

autopsy, he was amazed that the resident on call did not consider it necessary.
28
 This 304 

episode reflects a gap in interest in stroke patients between Fisher and the resident. 305 

Unlike Fisher’s era, modern imaging tests provide us a more detailed localization of 306 

neurological symptoms, especially in stroke patients. Hence, our findings are 307 

disappointing even if they truly indicate a rapid loss of post-admission interest in stroke 308 

patients by physicians. We propose that now is the time for physicians to relearn about 309 

neurology stroke by stroke.
40
 310 

 311 

Conclusions 312 

The documentation rate of neurological findings by physicians in usual stroke care 313 

decreased to lower than 50% on the third hospital day and subsequently continued to 314 

decrease. Given the importance of learning and monitoring temporal changes in 315 

neurological symptoms in stroke patients, further study is needed to determine whether 316 

the low documentation rate after the third hospital day was caused by a lack of 317 

physician interest in neurological findings or other factors. 318 

 319 
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Fig 1. Temporal changes in the documentation rate of any neurological findings in 172 475 

ischaemic stroke patients during hospital stay. 476 

⋆p-value < 0.05  477 
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Table 1. Characteristics of patients with acute ischemic stroke and physicians. Values 478 

are shown as numbers (percentages) unless stated otherwise. 479 

 Total Neurosurgery Internal Medicine 

Physicians, n = 27    

Mean (SD) age (years) 35.5 (7.8) 41.9 (11.0) 32.8 (3.8) 

Men 22 (81.5) 7 (87.5) 15 (78.9) 

Patients, n = 172    

Mean (SD) age (years) 75.1 (11.5) 74.9 (11.6) 75.3 (11.5) 

Men 93 (54.1) 38 (55.1) 55 (53.4) 

Admission day of week    

   Weekday 155 (90.1) 63 (91.3) 92 (89.3) 

   Weekend 17 (9.9) 6 (8.7) 11 (10.7) 

Mean (SD) length of hospital stay (days) 27.1 (18.5) 25.3 (19.0) 28.4 (18.1) 

  480 
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Table 2. Temporal changes in the documentation rates of 8 categories of neurological 481 

findings. Values are shown as percentages (95% confidence intervals). 482 

 Day of hospital stay 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 On 

discharge⋆ 

Any neurological 

finding 

94 (91 to 98) 58 (50 to 65)  35 (28 to 43) 40 (33 to 48) 32 (25 to 39) 30 (23 to 37) 23 (16 to 29) 13 (8 to 19) 

Level of 

consciousness 

80 (74 to 86) 23 (16 to 29) 17 (11 to 23) 13 (8 to 19) 13 (8 to 19) 12 (7 to 16) 8 (4 to 12) 5 (1 to 8) 

Mental status 46 (38 to 53) 12 (7 to 17) 9 (5 to 14) 5 (1 to 8) 6 (3 to 10) 6 (3 to 10) 4 (1 to 7) 3 (1 to 6) 

Cranial nerves 84 (79 to 90) 35 (28 to 43) 19 (13 to 24) 22 (15 to 28) 15 (9 to 20) 13 (8 to 19) 10 (5 to 14) 6 (2 to 9) 

Motor function 92 (88 to 96) 45 (38 to 53) 28 (21 to 35) 31 (24 to 38) 22 (16 to 28) 22 (15 to 28) 16 (10 to 21) 7 (3 to 11) 

Sensory function 58 (51 to 66) 17 (12 to 23) 12 (7 to 17) 10 (6 to 15) 5 (2 to 9) 7 (3 to 11) 7 (3 to 11) 2 (0 to 4) 

Coordination 51 (44 to 59) 13 (8 to 19) 9 (4 to 13) 6 (2 to 9) 5 (1 to 8) 3 (0 to 5) 5 (1 to 8) 3 (0 to 5) 

Reflex 45 (37 to 52) 5 (1 to 8) 4 (1 to 7) 2 (0 to 4) 2 (0 to 5) 2 (0 to 5) 1 (-1 to 2) 1 (-1 to 2) 

Gait 17 (11 to 23) 5 (1 to 8) 3 (0 to 5) 4 (1 to 7) 4 (1 to 7) 4 (1 to 6) 2 (0 to 4) 3 (0 to 5) 

⋆Within 24 hours of discharge. 483 
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accordingly before submitting or note N/A. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published 

examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web 

sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology 

at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 

 

Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Title and Abstract  1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract  

 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found   

 

Introduction  

Background/Rationale 2 Explain the scientific background and rationale for the investigation being 

reported   

 

Objectives 3 State specific objectives, including any prespecified hypotheses   

Methods  

Study Design 4 Present key elements of study design early in the paper   

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection  

 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up  

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of 

cases and controls  

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed  

Case-control study—For matched studies, give matching criteria and the number 

of controls per case   

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable  
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Data Sources/ 

Measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group   

 

Bias 9 Describe any efforts to address potential sources of bias    

Study Size 10 Explain how the study size was arrived at    

Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why  

 

Statistical Methods 12 (a) Describe all statistical methods, including those used to control for 

confounding   

 

(b) Describe any methods used to examine subgroups and interactions    

(c) Explain how missing data were addressed   

(d) Cohort study—If applicable, explain how loss to follow-up was addressed  

Case-control study—If applicable, explain how matching of cases and controls was 

addressed   

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy   

 

(e) Describe any sensitivity analyses   

Results     

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 

eligible, examined for eligibility, confirmed eligible, included in the study, 

completing follow-up, and analysed 

 

  (b) Give reasons for non-participation at each stage    

  (c) Consider use of a flow diagram    

Descriptive Data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders    

 

  (b) Indicate number of participants with missing data for each variable of interest    

  (c) Cohort study—Summarise follow-up time (eg, average and total amount)     

Outcome Data 15* Cohort study—Report numbers of outcome events or summary measures over 

time   

 

  Case-control study—Report numbers in each exposure category, or summary 

measures of exposure   

 

  Cross-sectional study—Report numbers of outcome events or summary measures    
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Main Results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which confounders 

were adjusted for and why they were included   

 

  (b) Report category boundaries when continuous variables were categorized    

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period   

 

Other Analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses   

 

Discussion    

Key Results 18 Summarise key results with reference to study objectives    

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias   

 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence   

 

Generalisability 21 Discuss the generalisability (external validity) of the study results    

Other Information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based   

 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in 

cohort and cross-sectional studies. 

 

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this 

checklist as part of the main manuscript document. It must be uploaded as a separate file. 
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ABSTRACT 17 

Objective: To evaluate temporal differences in the documentation of neurological 18 

findings by the same physicians in ischaemic stroke patients while in hospital. We also 19 

investigated differences in the rate of documentation of neurological findings in stroke 20 

patients between internists and neurosurgeons. 21 

Design: A retrospective medical chart review. 22 

Participants: Hospitalized adult patients with acute ischaemic stroke who stayed seven 23 

or more days in our hospital. Neurosurgeons (n=8) and internists (n=19) caring for these 24 

patients (including up to 10 patients per physician). 25 

Main outcome measures: The documentation rate of any neurological finding in the 26 

patients on each day (from day 1 to 7 and on discharge). The documentation rates of 27 

eight neurological finding components (consciousness, mental status, cranial nerves, 28 

motor function, sensory function, coordination, reflexes, and gait). We included only 29 

documentation by the same physician. Fisher’s exact test was used to evaluate 30 

differences in outcomes between neurosurgeons and internists. 31 

Results: During the study period, we identified 172 stroke patients who were cared for 32 

by 27 physicians. The documentation rates of any neurological findings were 94% (day 33 

1), 58% (day 2), 35% (day 3), 40% (day 4), 32% (day 5), 30% (day 6), and 23% (day 7). 34 
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On discharge, all eight neurological finding components were documented in fewer than 35 

10% of all cases. The documentation rate was significantly higher by internists than that 36 

by neurosurgeons on each day but not on discharge. 37 

Conclusions: The documentation rate of neurological findings by physicians during 38 

usual stroke care decreased to less than 50% after the third hospital day. Given the 39 

importance of temporal changes in the neurological symptoms of stroke patients, further 40 

study is needed to determine whether this low documentation rate after the third hospital 41 

day was due to a lack of physician interest in neurological findings or other factors. 42 

 43 

Key words: Documentation, Neurology, Stroke 44 

 45 

Strengths and limitations of this study 46 

� This is the first study to evaluate temporal differences in the documentation of 47 

neurological findings by the same physicians in acute stroke patients. 48 

� An association between documentation and patient outcomes was not 49 

evaluated. 50 

� This study was conducted in only a single hospital in Japan in a small sample 51 

of patients. 52 
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INTRODUCTION 53 

The renowned stroke neurologist C. Miller Fisher said that we learn about 54 

neurology stroke by stroke. The development of imaging tests has improved our ability 55 

to localize neurological symptoms, particularly in stroke patients, compared to previous 56 

decades.[1] The continuing development of more accurate neurological examination 57 

techniques allows us to learn symptomatology from stroke patients. Nonetheless, 58 

physicians, particularly non-neurologists, often omit important neurological 59 

examinations[2, 3] and tend to depend on brain imaging during routine stroke care.[4] 60 

Furthermore, despite an emphasis on observations of temporal changes in neurological 61 

findings in stroke patients,[5-8] physicians often lose interest in such neurological signs 62 

in these patients, particularly after a definite diagnosis is achieved,[9] potentially 63 

reducing the documentation of neurological findings. This is problematic because 64 

temporal changes in neurological symptoms are key to predicting a prognosis and a 65 

need for intervention.[10-13] Moreover, given the limitations of brain imaging for 66 

diagnosing acute ischaemic stroke,[14] it is important to determine the typical clinical 67 

course in acute stroke patients. Nonetheless, no studies have evaluated the speed at 68 

which the documentation of neurological findings in stroke patients decreases after 69 

admission. Hence, we evaluated temporal changes in the documentation rate of 70 
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neurological findings by the same physician in ischaemic stroke patients during hospital 71 

stays. We also evaluated differences in the documentation rate of any neurological 72 

finding in stroke patients between internists and neurosurgeons. Given their specialty 73 

training and interest in neurology, neurosurgeons might document neurological findings 74 

more frequently than internists. 75 

 76 

METHODS 77 

 78 

Study design and participants 79 

A retrospective medical chart review was conducted to assess data obtained 80 

between September 1, 2014 and June 30, 2017 at Tochigi Medical Center, a 350-bed 81 

acute care hospital in the Tochigi prefecture of Japan. Since September 2014, our 82 

hospital has used electronic medical records. We chose a retrospective study design 83 

because prospective research can introduce the Hawthorne effect,[15] which affects 84 

physicians’ documentation in medical records. All consecutive patients aged 18 years 85 

old or older who were admitted with acute ischaemic stroke as a primary diagnosis, 86 

survived and stayed in our hospital at least seven days were included. We excluded 87 

patients who died because of other factors, such as non-neurological disease and 88 
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terminal care, which might affect the documentation of neurological findings. Patients 89 

whose principal physicians changed during the hospital stay were also excluded. Up to 90 

10 patients per physician were included. The purpose of the study was to characterize 91 

temporal changes in the documentation rate of neurological findings in ischaemic stroke 92 

patients by a single principal physician during a hospital stay. We also evaluated 93 

differences in the documentation rate of neurological findings between internists and 94 

neurosurgeons on each hospital day. 95 

 96 

Usual care 97 

In our hospital, consultation with a neurologist (T.K.) from an academic hospital 98 

once per week is possible; however, there is no ward neurologist. Therefore, either 99 

internists or neurosurgeons care for most acute ischaemic stroke patients without 100 

consultation with neurologists. All internists included in this study had received formal 101 

training for neurology during one or two months while in their junior residency. No 102 

internists included in this study had received additional formal training for neurology. 103 

However, all of the internists had cared for stroke patients on a regular basis in usual 104 

care. These practices are common in Japan, and approximately half of hospitals in Japan 105 

have no neurologists, even in certified training institutions such as the Japan 106 
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Neurosurgical Society, the Japanese Society of Neurology, and/or the Japan Stroke 107 

Society.[16] Furthermore, non-neurologists often care for acute ischaemic stroke 108 

patients even in hospitals with neurologists in Japan. During this study period, the 109 

average hospital stay of acute ischaemic patients (excluding those with a transient 110 

ischemic attack) was 25.1 days, and their in-hospital mortality was 7.0%.
 
These rates 111 

were similar to those in other Japanese hospitals.[16, 17] This mortality in acute 112 

ischemic stroke patients was also similar to data from other countries.[18] 113 

In our hospital, acute ischaemic stroke patients are randomly admitted to either 114 

the internal medicine or neurosurgical ward. However, stroke patients requiring surgery 115 

or interventional radiology are admitted to the neurosurgery ward. In most cases, these 116 

stroke patients are treated by a single principal internal medicine or neurosurgery 117 

physician without handoffs from admission to discharge. Additional physicians rarely 118 

examine or document neurological findings in these stroke patients. Therefore, we could 119 

evaluate temporal changes in the documentation rate of neurological findings by a 120 

single physician. Furthermore, in Japan, the mean length of hospital stay among acute 121 

stroke patients is approximately 30 days,[16, 17] which is longer than in other 122 

countries.[18] Thus, in most stroke patients, we could also evaluate temporal changes in 123 

the documentation rate of neurological findings during at least seven consecutive days. 124 
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We assumed that the documentation rate would dramatically decrease after the second 125 

day and would thereafter change at a lower rate. Hence, even a short-term observation 126 

period was enough to evaluate the documentation rate of neurological findings. To 127 

reduce the effect of the day of the week at admission,[19] we selected a seven-day 128 

evaluation period. 129 

 130 

Characteristics 131 

Patient information, including age, sex, and duration of hospital stay, was 132 

retrieved from medical records obtained at the time of each patient’s admission. 133 

Physician-related information, including age, sex and specialty, was also retrieved from 134 

the database of Tochigi Medical Center.
 

135 

 136 

Outcome measures 137 

One of authors (J.K.) evaluated the medical records of all included patients. The 138 

primary outcome was the documentation rate of any neurological finding in ischaemic 139 

stroke patients by physicians on each hospital from the day of admission to the seventh 140 

day. We also evaluated the documentation rate of neurological findings at discharge 141 

(within the 24 hours before discharge). Neurological findings were classified as one of 142 
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eight categories (consciousness, mental status, cranial nerves, motor function, sensory 143 

function, coordination, reflexes, and gait) based on a previous study.[2] We allowed any 144 

documentation of neurological findings regardless of the quality of the examination. 145 

However, some documentations, such as “no change in neurological findings” and “no 146 

change”, were not allowed because they often lacked information regarding which 147 

neurological findings were not different and to the extent of the examination. 148 

Documentation such as “no change for right hemiplegia” was allowed though it was low 149 

quality because it lacked the quantity of neurological findings. Furthermore, 150 

documentation of only a total score on the National Institute of Health Stroke Scale 151 

(NIHSS) was not allowed, although documentation of the detailed contents of NIHSS 152 

was allowed. Documentation of neurological findings by health care providers, 153 

including physicians, other than the principal physician was excluded because we 154 

sought to evaluate only documentation by a single principal physician. 155 

 156 

Statistical analysis 157 

We did not formally calculate sample size because the primary objective was to 158 

define the characteristics of neurological documentations by physicians in ischaemic 159 

patients. However, we expected a dramatic reduction in the documentation of 160 
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neurological findings and therefore selected 10 patients per physician. Assuming that 161 

the documentation rate of any neurological finding would be 95% on admission and 162 

lower than 40% after the second hospital day, approximately 10 patients per physicians 163 

was needed to achieve a significance level of 0.05 with a power of 0.8. To minimize the 164 

effect on outcomes of a few physicians caring for many patients, only up to 10 patients 165 

per physician were included. 166 

The baseline and demographic characteristics of patients and physicians were 167 

summarized using standard descriptive summaries. For the primary objective, we 168 

determined the documentation rate of any neurological finding in ischaemic stroke 169 

patients on each hospital day. For outcomes on each hospital day, 95% confidence 170 

intervals (CIs) were calculated. For the secondary objective, to evaluate the difference 171 

in the documentation rate of neurological findings on each hospital day between 172 

internists and neurosurgeons, we used Fisher’s exact test. These analyses were 173 

performed using the Excel statistical software package version 2.11 (Bellcurve for 174 

Excel; Social Survey Research Information Co., Ltd., Tokyo, Japan), and the level of 175 

significance was set at 5%. 176 

 177 

Patient involvement 178 
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No patients were involved in determining the research question or outcome 179 

measures nor were they involved in developing plans to design or implement the study. 180 

No patients were asked for advice during the interpretation or writing up of the results. 181 

There are no plans to disseminate the results of this research to study participants or the 182 

relevant patient community. 183 

 184 

RESULTS 185 

We identified 474 consecutive acute ischaemic stroke patients who were cared 186 

for by 29 physicians during the study period. Forty-six patients (9.7%), including nine 187 

patients who had died, were excluded due to discharge before the seventh hospital stay. 188 

Of the remaining 428 patients, 172 who were cared for by 27 physicians (19 internists 189 

and 8 neurosurgeons) met our inclusion criteria. Among these 172 patients, 105 were 190 

discharged to home, 40 to rehabilitation facilities, and 27 to other hospitals or long-term 191 

care facilities. The baseline characteristics of the patients and physicians are presented 192 

in Table 1. 193 

 194 

Table 1. Characteristics of patients with acute ischemic stroke and physicians. Values 195 

are shown as numbers (percentages) unless stated otherwise. 196 

Page 11 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
14 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-019480 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

12 

 

 Total Neurosurgery Internal Medicine 

Physicians, n = 27    

Mean (SD) age (years) 35.5 (7.8) 41.9 (11.0) 32.8 (3.8) 

Men 

Mean (SD) experience of doctor (years) 

22 (81.5) 

8.5 (7.5) 

7 (87.5) 

14 (10.9) 

15 (78.9) 

6.2 (3.3) 

Patients, n = 172    

Mean (SD) age (years) 75.1 (11.5) 74.9 (11.6) 75.3 (11.5) 

Men 93 (54.1) 38 (55.1) 55 (53.4) 

Admission day of week    

   Weekday 155 (90.1) 63 (91.3) 92 (89.3) 

   Weekend 17 (9.9) 6 (8.7) 11 (10.7) 

Mean (SD) length of hospital stay (days) 27.1 (18.5) 25.3 (19.0) 28.4 (18.1) 

 197 

Figure 1 shows the temporal changes in the documentation rate of any 198 

neurological finding in all patients according to the specialty of their principal physician. 199 

The documentation rate of any neurological finding was 94% (95% CI 91 to 98) at 200 

admission and 58% (95% CI 50 to 65) on day 2. However, the average documentation 201 

rate of any neurological finding from the third to seventh day was lower than 40%. 202 

Furthermore, the documentation rate was only 14% within 24 hours of discharge. The 203 

documentation rate of any neurological finding was significantly lower in the 204 

neurosurgeon-treated group than in the internal medicine-treated group on each hospital 205 

day but not at discharge. 206 

Among the eight neurological finding categories, motor function was the most 207 

frequently documented during the initial seven hospital days (Table 2). Mental status, 208 
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reflexes and gait were documented in fewer than 50% of all patients during the same 209 

period. Furthermore, after the third hospital day, these three components were 210 

documented in fewer than 10% of all patients. At discharge, all categories of 211 

neurological findings were documented in fewer than 10% of all patients. 212 

 213 

Table 2. Temporal changes in the documentation rates of 8 categories of neurological 214 

findings. Values are shown as percentages (95% confidence intervals). 215 

 Day of hospital stay 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 On 

discharge⋆ 

Any neurological 

finding 

94 (91 to 98) 58 (50 to 65)  35 (28 to 43) 40 (33 to 48) 32 (25 to 39) 30 (23 to 37) 23 (16 to 29) 13 (8 to 19) 

Level of 

consciousness 

80 (74 to 86) 23 (16 to 29) 17 (11 to 23) 13 (8 to 19) 13 (8 to 19) 12 (7 to 16) 8 (4 to 12) 5 (1 to 8) 

Mental status 46 (38 to 53) 12 (7 to 17) 9 (5 to 14) 5 (1 to 8) 6 (3 to 10) 6 (3 to 10) 4 (1 to 7) 3 (1 to 6) 

Cranial nerves 84 (79 to 90) 35 (28 to 43) 19 (13 to 24) 22 (15 to 28) 15 (9 to 20) 13 (8 to 19) 10 (5 to 14) 6 (2 to 9) 

Motor function 92 (88 to 96) 45 (38 to 53) 28 (21 to 35) 31 (24 to 38) 22 (16 to 28) 22 (15 to 28) 16 (10 to 21) 7 (3 to 11) 

Sensory function 58 (51 to 66) 17 (12 to 23) 12 (7 to 17) 10 (6 to 15) 5 (2 to 9) 7 (3 to 11) 7 (3 to 11) 2 (0 to 4) 

Coordination 51 (44 to 59) 13 (8 to 19) 9 (4 to 13) 6 (2 to 9) 5 (1 to 8) 3 (0 to 5) 5 (1 to 8) 3 (0 to 5) 

Reflex 45 (37 to 52) 5 (1 to 8) 4 (1 to 7) 2 (0 to 4) 2 (0 to 5) 2 (0 to 5) 1 (-1 to 2) 1 (-1 to 2) 

Gait 17 (11 to 23) 5 (1 to 8) 3 (0 to 5) 4 (1 to 7) 4 (1 to 7) 4 (1 to 6) 2 (0 to 4) 3 (0 to 5) 

⋆Within 24 hours of discharge. 216 

 217 

DISCUSSION 218 
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In this study, the documentation rate of neurological findings by principal 219 

physicians decreased to lower than 50% after the third hospital day during stroke care. 220 

Furthermore, the documentation of mental status, reflexes and gait was often omitted by 221 

principal physicians during routine stroke care, and the documentation rate of these 222 

three categories was extremely low after the third day. These results indicate that 223 

physician interest in neurological findings in stroke patients dramatically decreases after 224 

the third hospital day. 225 

Among 8 categories of neurological findings, motor function was the most 226 

frequently documented in this study, is consistent with the results of previous 227 

studies.[20-22] Mental status and gait were documented less frequently, as the stroke 228 

textbook describes that these important neurological assessments are unfortunately often 229 

omitted in routine care.[7] Because cognitive impairment frequently occurs in stroke 230 

patients[23] and can be effectively treated with rehabilitation,[24, 25] the low 231 

documentation rate of mental status by principal physicians is problematic, although 232 

such documentation may not reflect physician awareness. 233 

We did not expect that neurological findings would be more frequently 234 

documented in stroke patients in our hospital by internists than by neurosurgeons, and 235 

this result should be interpreted cautiously. Unlike in the internal medicine ward, 236 
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trained nurses often document NIHSS every day during routine stroke care in the 237 

neurosurgery ward of our hospital, and such thorough assessment by other health 238 

providers may reduce the need for neurosurgeons to document neurological findings. 239 

Furthermore, we did not evaluate the quality or volume of neurological findings. Given 240 

their specialty in neurology, neurosurgeons might be more likely than internists to 241 

document more detailed and important neurological findings. Further study is needed to 242 

investigate whether a physician’s specialty affects documentation. 243 

 244 

Strengths and weaknesses of the study 245 

To the best of our knowledge, this is the first study to evaluate temporal changes 246 

in the documentation of neurological findings by the same physician in stroke patients. 247 

In our hospital, in most cases, a single principal physician cares for each acute 248 

ischaemic stroke patient. This allowed us to evaluate temporal changes in medical 249 

record documentation by the same physicians. 250 

Its major limitation is that the extent of documentation does not necessarily 251 

reflect the interest of the recorder. Furthermore, in stroke patients, it is impossible to 252 

distinguish an interest in neurological findings from interest in a prognosis. In addition, 253 

the role of clinical documentation has changed in the modern era, and billing and 254 
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quality indicators affect medical record documentation.[26-28] However, the 255 

documentation of neurological findings during stroke care does not affect medical fees 256 

and is not considered a quality indicator in Japan. Therefore, billing for inpatient 257 

hospital care, litigation, and quality indicators have few effects on the documentation of 258 

neurological findings by physicians. Furthermore, documentation itself is also 259 

important. As William Osler said, “observe, record, tabulate, communicate”.[27] We 260 

were unable to retrospectively learn or perform detailed discussions about brain 261 

function without access to the sequential documentation of neurological findings, and 262 

physicians who are more interested in neurological findings will more thoroughly 263 

document them. 264 

Other limitations include the following. First, this study included a small sample 265 

size and was limited to a single centre in which stroke patients are admitted to 266 

neurosurgeons or internists. Therefore, our findings may not be applicable to hospitals 267 

in which stroke patients are admitted to a neurology ward. However, this practice is 268 

common in Japan,[16] and a previous German study also reported that acute ischemic 269 

stroke patients were admitted in the internal medicine ward in approximately half of 225 270 

acute care hospitals that participated in a stroke registry.[29] Moreover, given that the 271 

number of neurologists is not sufficient worldwide,[30] our findings for 272 
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non-neurologists are important. Nonetheless, these findings should be confirmed in 273 

other settings, such as neurology ward in other countries. Second, it is uncertain 274 

whether a higher rate of documentation of neurological findings is associated with 275 

higher clinical skill and better patient outcomes. However, interest in stroke is 276 

associated with a more accurate clinical diagnosis of lacunar stroke.[31] Furthermore, 277 

poor documentation may mean poor monitoring, which causes a delay in awareness of 278 

acute changes in patient status. Therefore, poor documentation may result in worse 279 

patient outcomes because a delay in the response to an acute change in patient status is 280 

associated with increased mortality.[10] Third, we did not evaluate outcomes between 281 

the eighth hospital day and discharge, but given the very low rate of documentation of 282 

neurological findings within 24 hours of discharge, we are confident that the 283 

documentation of neurological findings continued to gradually decrease after the eighth 284 

hospital day. Fourth, we did not individually evaluate the documentation of other 285 

important neurological signs, such as neuro-ophthalmic findings and visual 286 

problems,[7] and we did not evaluate the thoroughness of medical histories, which is 287 

important. As C. Miller Fisher showed, in ischaemic stroke patients, the frequency and 288 

importance of transient ischaemic attacks can be determined from a thorough history of 289 

prodromal symptoms.[32] Fifth, a single observer evaluation might introduce bias and 290 
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affect our results. However, past studies reported good inter-rater reliability in audits of 291 

neurological finding documentation.[19, 22] Sixth, the prevalence of inappropriate 292 

copying and pasting[33] suggests that we may have overestimated clinically meaningful 293 

documentation. Seventh, we regarded two or more documentations per day as one 294 

documentation per day. Hence, we might have underestimated documentation by 295 

physicians. Finally, although a higher patient volume is associated with a lower rate of 296 

documentation of important information,[34] we did not consider the effect of work 297 

load on outcomes. 298 

 299 

Meaning of findings 300 

Several factors could have caused the observed reduction in the documentation 301 

of neurological findings after the third hospital day. First, the low documentation rate of 302 

neurological findings after the third hospital day might derive from the initial stable 303 

course of stroke patients rather than a loss of physician interest in neurological 304 

findings.[20] However, because neurological findings often change day by day in the 305 

early course of acute stroke,[35, 36] this possibility seems unlikely. Second, fatigue 306 

might occur in the documentation of neurological findings by physicians. If so, a similar 307 

phenomenon could occur in the documentation of non-neurological findings in 308 
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non-neurological disease. Third, spending more time communicating, such as during 309 

neurological examinations of patients, is of utmost importance for learning about 310 

neurology and might reduce the documentation of neurological findings after the third 311 

hospital day. However, a previous study demonstrated acceptable concordance between 312 

documentation in medical records and actual performance during direct 313 

observations.[37] Furthermore, in previous studies, time spent communicating with 314 

patients and direct patient care were not affected by time spent during medical record 315 

documentation.[38, 39] Fourth, participation in annual meetings during conferences and 316 

holidays could affect medical record documentation. 317 

Although these factors might have affected our findings, physicians interested in 318 

neurological findings are more likely to frequently document neurological signs 319 

regardless of their fatigue, and the temporal reduction in documentation observed in our 320 

study is considered a reflection of loss of physician interest. Nonetheless, further study 321 

is needed to determine whether the low documentation rate after the third hospital day is 322 

truly due to a lack of physician interest in neurological findings. 323 

 324 

Implications for clinical practice 325 
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C. Miller Fisher described many syndromes and mechanisms using thorough 326 

neurological examinations and observations of stroke patients.[40] One of his 327 

significant contributions was an understanding of the relationship between carotid artery 328 

disease and ischaemic stroke. Before his work, approximately 55% of ischaemic strokes 329 

were thought to be caused by vasospasm.[41] When the first key patient who gave him 330 

an initial clue died while he was away for a weekend, the resident on call for the patient 331 

did not request an autopsy. When Fisher asked the medical staff why they did not 332 

request an autopsy, he was amazed that the resident on call did not consider it 333 

necessary.[32] This episode reflects a gap in interest in stroke patients between Fisher 334 

and the resident. Unlike Fisher’s era, modern imaging tests provide us a more detailed 335 

localization of neurological symptoms, especially in stroke patients. Hence, our findings 336 

are disappointing even if they truly indicate a rapid loss of post-admission interest in 337 

stroke patients by physicians. We propose that now is the time for physicians to relearn 338 

about neurology stroke by stroke.[42] 339 

 340 

CONCLUSIONS 341 

The documentation rate of neurological findings by physicians in usual stroke 342 

care decreased to lower than 50% on the third hospital day and subsequently continued 343 
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to decrease. Given the importance of learning and monitoring temporal changes in 344 

neurological symptoms in stroke patients, further study is needed to determine whether 345 

the low documentation rate after the third hospital day was caused by a lack of 346 

physician interest in neurological findings or other factors. 347 
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Fig 1. Temporal changes in the documentation rate of any neurological findings in 172 506 

ischaemic stroke patients during hospital stay. 507 

⋆p-value < 0.05 508 

Page 31 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
14 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-019480 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

  

 

 

Temporal changes in the documentation rate of any neurological findings in 172 ischaemic stroke patients 
during hospital stay.  

 

48x17mm (600 x 600 DPI)  

 

 

Page 32 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
14 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-019480 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

STROBE (Strengthening The Reporting of OBservational Studies in Epidemiology) Checklist  

 

A checklist of items that should be included in reports of observational studies. You must report the page number in your manuscript 

where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript 

accordingly before submitting or note N/A. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published 

examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web 

sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology 

at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 

 

Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Title and Abstract  1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract  

 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found   

 

Introduction  

Background/Rationale 2 Explain the scientific background and rationale for the investigation being 

reported   

 

Objectives 3 State specific objectives, including any prespecified hypotheses   

Methods  

Study Design 4 Present key elements of study design early in the paper   

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection  

 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up  

Case-control study—Give the eligibility criteria, and the sources and methods of 

case ascertainment and control selection. Give the rationale for the choice of 

cases and controls  

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

 

(b) Cohort study—For matched studies, give matching criteria and number of 

exposed and unexposed  

Case-control study—For matched studies, give matching criteria and the number 

of controls per case   

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable  

 

Page 33 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
14 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-019480 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://www.plosmedicine.org/
http://www.annals.org/
http://www.epidem.com/
http://www.strobe-statement.org/
http://bmjopen.bmj.com/


For peer review only

Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Data Sources/ 

Measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group   

 

Bias 9 Describe any efforts to address potential sources of bias    

Study Size 10 Explain how the study size was arrived at    

Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why  

 

Statistical Methods 12 (a) Describe all statistical methods, including those used to control for 

confounding   

 

(b) Describe any methods used to examine subgroups and interactions    

(c) Explain how missing data were addressed   

(d) Cohort study—If applicable, explain how loss to follow-up was addressed  

Case-control study—If applicable, explain how matching of cases and controls was 

addressed   

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy   

 

(e) Describe any sensitivity analyses   

Results     

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 

eligible, examined for eligibility, confirmed eligible, included in the study, 

completing follow-up, and analysed 

 

  (b) Give reasons for non-participation at each stage    

  (c) Consider use of a flow diagram    

Descriptive Data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders    

 

  (b) Indicate number of participants with missing data for each variable of interest    

  (c) Cohort study—Summarise follow-up time (eg, average and total amount)     

Outcome Data 15* Cohort study—Report numbers of outcome events or summary measures over 

time   

 

  Case-control study—Report numbers in each exposure category, or summary 

measures of exposure   

 

  Cross-sectional study—Report numbers of outcome events or summary measures    
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Section and Item Item 
No. 

Recommendation 
Reported on 

Page No. 

Main Results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which confounders 

were adjusted for and why they were included   

 

  (b) Report category boundaries when continuous variables were categorized    

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period   

 

Other Analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses   

 

Discussion    

Key Results 18 Summarise key results with reference to study objectives    

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias   

 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence   

 

Generalisability 21 Discuss the generalisability (external validity) of the study results    

Other Information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based   

 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in 

cohort and cross-sectional studies. 

 

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this 

checklist as part of the main manuscript document. It must be uploaded as a separate file. 
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ABSTRACT 17 

Objective: To evaluate temporal differences in the documentation of neurological 18 

findings by the same physicians in ischaemic stroke patients while in hospital. We also 19 

investigated differences in the rate of documentation of neurological findings in stroke 20 

patients between internists and neurosurgeons. 21 

Design: A retrospective medical chart review. 22 

Participants: Hospitalized adult patients with acute ischaemic stroke who stayed seven 23 

or more days in our hospital. Neurosurgeons (n=8) and internists (n=19) caring for these 24 

patients (including up to 10 patients per physician). 25 

Main outcome measures: The documentation rate of any neurological finding in the 26 

patients on each day (from day 1 to 7 and on discharge). The documentation rates of 27 

eight neurological finding components (consciousness, mental status, cranial nerves, 28 

motor function, sensory function, coordination, reflexes, and gait). We included only 29 

documentation by the same physician. Fisher’s exact test was used to evaluate 30 

differences in outcomes between neurosurgeons and internists. 31 

Results: During the study period, we identified 172 stroke patients who were cared for 32 

by 27 physicians. The documentation rates of any neurological findings were 94% (day 33 

1), 58% (day 2), 35% (day 3), 40% (day 4), 32% (day 5), 30% (day 6), and 23% (day 7). 34 
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On discharge, all eight neurological finding components were documented in fewer than 35 

10% of all cases. The documentation rate was significantly higher by internists than that 36 

by neurosurgeons on each day but not on discharge. 37 

Conclusions: The documentation rate of neurological findings by physicians during 38 

usual stroke care decreased to less than 50% after the third hospital day. Given the 39 

importance of temporal changes in the neurological symptoms of stroke patients, further 40 

study is needed to determine whether this low documentation rate after the third hospital 41 

day was due to a lack of physician interest in neurological findings or other factors. 42 

 43 

Key words: Documentation, Neurology, Stroke 44 

 45 

Strengths and limitations of this study 46 

� This is the first study to evaluate temporal differences in the documentation of 47 

neurological findings by the same physicians in acute stroke patients. 48 

� An association between documentation and patient outcomes was not 49 

evaluated. 50 

� This study was conducted in only a single hospital in Japan in a small sample 51 

of patients. 52 
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INTRODUCTION 53 

The renowned stroke neurologist C. Miller Fisher said that we learn about 54 

neurology stroke by stroke. The development of imaging tests has improved our ability 55 

to localize neurological symptoms, particularly in stroke patients, compared to previous 56 

decades.[1] The continuing development of more accurate neurological examination 57 

techniques allows us to learn symptomatology from stroke patients. Nonetheless, 58 

physicians, particularly non-neurologists, often omit important neurological 59 

examinations[2, 3] and tend to depend on brain imaging during routine stroke care.[4] 60 

Furthermore, despite an emphasis on observations of temporal changes in neurological 61 

findings in stroke patients,[5-8] physicians often lose interest in such neurological signs 62 

in these patients, particularly after a definite diagnosis is achieved,[9] potentially 63 

reducing the documentation of neurological findings. This is problematic because 64 

temporal changes in neurological symptoms are key to predicting a prognosis and a 65 

need for intervention.[10-13] Moreover, given the limitations of brain imaging for 66 

diagnosing acute ischaemic stroke,[14] it is important to determine the typical clinical 67 

course in acute stroke patients. Nonetheless, no studies have evaluated the speed at 68 

which the documentation of neurological findings in stroke patients decreases after 69 

admission. Hence, we evaluated temporal changes in the documentation rate of 70 
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neurological findings by the same physician in ischaemic stroke patients during hospital 71 

stays. We also evaluated differences in the documentation rate of any neurological 72 

finding in stroke patients between internists and neurosurgeons. Given their specialty 73 

training and interest in neurology, neurosurgeons might document neurological findings 74 

more frequently than internists. 75 

 76 

METHODS 77 

 78 

Study design and participants 79 

A retrospective medical chart review was conducted to assess data obtained 80 

between September 1, 2014 and June 30, 2017 at Tochigi Medical Center, a 350-bed 81 

acute care hospital in the Tochigi prefecture of Japan. Since September 2014, all 82 

medical records have been electronic in our hospital. We chose a retrospective study 83 

design because prospective research can introduce the Hawthorne effect,[15] which 84 

affects physicians’ documentation in medical records. All consecutive patients aged 18 85 

years old or older who were admitted with acute ischaemic stroke as a primary 86 

diagnosis, survived and stayed in our hospital at least seven days were included. We 87 

excluded patients who died because of other factors, such as non-neurological disease 88 

Page 5 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
14 D

ecem
b

er 2017. 
10.1136/b

m
jo

p
en

-2017-019480 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

6 

 

and terminal care, which might affect the documentation of neurological findings. 89 

Patients whose principal physicians changed during the hospital stay were also excluded. 90 

Up to 10 patients per physician were included. The purpose of the study was to 91 

characterize temporal changes in the documentation rate of neurological findings in 92 

ischaemic stroke patients by a single principal physician during a hospital stay. We also 93 

evaluated differences in the documentation rate of neurological findings between 94 

internists and neurosurgeons on each hospital day. 95 

 96 

Usual care 97 

In our hospital, consultation with a neurologist (T.K.) from an academic hospital 98 

once per week is possible; however, there is no ward neurologist. Therefore, either 99 

internists or neurosurgeons care for most acute ischaemic stroke patients without 100 

consultation with neurologists. All internists included in this study had received formal 101 

training for neurology during one or two months while in their junior residency. No 102 

internists included in this study had received additional formal training for neurology. 103 

However, all of the internists had cared for stroke patients on a regular basis in usual 104 

care. These practices are common in Japan, and approximately half of hospitals in Japan 105 

have no neurologists, even in certified training institutions such as the Japan 106 
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Neurosurgical Society, the Japanese Society of Neurology, and/or the Japan Stroke 107 

Society.[16] Furthermore, non-neurologists often care for acute ischaemic stroke 108 

patients even in hospitals with neurologists in Japan. During this study period, the 109 

average hospital stay of acute ischaemic patients (excluding those with a transient 110 

ischemic attack) was 25.1 days, and their in-hospital mortality was 7.0%.
 
These rates 111 

were similar to those in other Japanese hospitals.[16, 17] This mortality in acute 112 

ischemic stroke patients was also similar to data from other countries.[18] 113 

In our hospital, acute ischaemic stroke patients are randomly admitted to either 114 

the internal medicine or neurosurgical ward. However, stroke patients requiring surgery 115 

or interventional radiology are admitted to the neurosurgery ward. In most cases, these 116 

stroke patients are treated by a single principal internal medicine or neurosurgery 117 

physician without handoffs from admission to discharge. Additional physicians rarely 118 

examine or document neurological findings in these stroke patients. Therefore, we could 119 

evaluate temporal changes in the documentation rate of neurological findings by a 120 

single physician. Furthermore, in Japan, the mean length of hospital stay among acute 121 

stroke patients is approximately 30 days,[16, 17] which is longer than in other 122 

countries.[18] Thus, in most stroke patients, we could also evaluate temporal changes in 123 

the documentation rate of neurological findings during at least seven consecutive days. 124 
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We assumed that the documentation rate would dramatically decrease after the second 125 

day and would thereafter change at a lower rate. Hence, even a short-term observation 126 

period was enough to evaluate the documentation rate of neurological findings. To 127 

reduce the effect of the day of the week at admission,[19] we selected a seven-day 128 

evaluation period. 129 

 130 

Characteristics 131 

Patient information, including age, sex, and duration of hospital stay, was 132 

retrieved from medical records obtained at the time of each patient’s admission. 133 

Physician-related information, including age, sex and specialty, was also retrieved from 134 

the database of Tochigi Medical Center.
 

135 

 136 

Outcome measures 137 

One of authors (J.K.) evaluated the medical records of all included patients. The 138 

primary outcome was the documentation rate of any neurological finding in ischaemic 139 

stroke patients by physicians on each hospital from the day of admission to the seventh 140 

day. We also evaluated the documentation rate of neurological findings at discharge 141 

(within the 24 hours before discharge). Neurological findings were classified as one of 142 
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eight categories (consciousness, mental status, cranial nerves, motor function, sensory 143 

function, coordination, reflexes, and gait) based on a previous study.[2] We allowed any 144 

documentation of neurological findings regardless of the quality of the examination. 145 

However, some documentations, such as “no change in neurological findings” and “no 146 

change”, were not allowed because they often lacked information regarding which 147 

neurological findings were not different and to the extent of the examination. 148 

Documentation such as “no change for right hemiplegia” was allowed though it was low 149 

quality because it lacked the quantity of neurological findings. Furthermore, 150 

documentation of only a total score on the National Institute of Health Stroke Scale 151 

(NIHSS) was not allowed, although documentation of the detailed contents of NIHSS 152 

was allowed. Documentation of neurological findings by health care providers, 153 

including physicians, other than the principal physician was excluded because we 154 

sought to evaluate only documentation by a single principal physician. 155 

 156 

Statistical analysis 157 

We did not formally calculate sample size because the primary objective was to 158 

define the characteristics of neurological documentations by physicians in ischaemic 159 

patients. However, we expected a dramatic reduction in the documentation of 160 
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neurological findings and therefore selected 10 patients per physician. Assuming that 161 

the documentation rate of any neurological finding would be 95% on admission and 162 

lower than 40% after the second hospital day, approximately 10 patients per physicians 163 

was needed to achieve a significance level of 0.05 with a power of 0.8. To minimize the 164 

effect on outcomes of a few physicians caring for many patients, only up to 10 patients 165 

per physician were included. 166 

The baseline and demographic characteristics of patients and physicians were 167 

summarized using standard descriptive summaries. For the primary objective, we 168 

determined the documentation rate of any neurological finding in ischaemic stroke 169 

patients on each hospital day. For outcomes on each hospital day, 95% confidence 170 

intervals (CIs) were calculated. For the secondary objective, to evaluate the difference 171 

in the documentation rate of neurological findings on each hospital day between 172 

internists and neurosurgeons, we used Fisher’s exact test. These analyses were 173 

performed using the Excel statistical software package version 2.11 (Bellcurve for 174 

Excel; Social Survey Research Information Co., Ltd., Tokyo, Japan), and the level of 175 

significance was set at 5%. 176 

 177 

Patient involvement 178 
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No patients were involved in determining the research question or outcome 179 

measures nor were they involved in developing plans to design or implement the study. 180 

No patients were asked for advice during the interpretation or writing up of the results. 181 

There are no plans to disseminate the results of this research to study participants or the 182 

relevant patient community. 183 

 184 

RESULTS 185 

We identified 474 consecutive acute ischaemic stroke patients who were cared 186 

for by 29 physicians during the study period. Forty-six patients (9.7%), including nine 187 

patients who had died, were excluded due to discharge before the seventh hospital stay. 188 

Of the remaining 428 patients, 172 who were cared for by 27 physicians (19 internists 189 

and 8 neurosurgeons) met our inclusion criteria. Among these 172 patients, 105 were 190 

discharged to home, 40 to rehabilitation facilities, and 27 to other hospitals or long-term 191 

care facilities. The baseline characteristics of the patients and physicians are presented 192 

in Table 1. 193 

 194 

Table 1. Characteristics of patients with acute ischemic stroke and physicians. Values 195 

are shown as numbers (percentages) unless stated otherwise. 196 
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 Total Neurosurgery Internal Medicine 

Physicians, n = 27    

Mean (SD) age (years) 35.5 (7.8) 41.9 (11.0) 32.8 (3.8) 

Men 

Mean (SD) experience of doctor (years) 

22 (81.5) 

8.5 (7.5) 

7 (87.5) 

14 (10.9) 

15 (78.9) 

6.2 (3.3) 

Patients, n = 172    

Mean (SD) age (years) 75.1 (11.5) 74.9 (11.6) 75.3 (11.5) 

Men 93 (54.1) 38 (55.1) 55 (53.4) 

Admission day of week    

   Weekday 155 (90.1) 63 (91.3) 92 (89.3) 

   Weekend 17 (9.9) 6 (8.7) 11 (10.7) 

Mean (SD) length of hospital stay (days) 27.1 (18.5) 25.3 (19.0) 28.4 (18.1) 

 197 

Figure 1 shows the temporal changes in the documentation rate of any 198 

neurological finding in all patients according to the specialty of their principal physician. 199 

The documentation rate of any neurological finding was 94% (95% CI 91 to 98) at 200 

admission and 58% (95% CI 50 to 65) on day 2. However, the average documentation 201 

rate of any neurological finding from the third to seventh day was lower than 40%. 202 

Furthermore, the documentation rate was only 14% within 24 hours of discharge. The 203 

documentation rate of any neurological finding was significantly lower in the 204 

neurosurgeon-treated group than in the internal medicine-treated group on each hospital 205 

day but not at discharge. 206 

Among the eight neurological finding categories, motor function was the most 207 

frequently documented during the initial seven hospital days (Table 2). Mental status, 208 
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reflexes and gait were documented in fewer than 50% of all patients during the same 209 

period. Furthermore, after the third hospital day, these three components were 210 

documented in fewer than 10% of all patients. At discharge, all categories of 211 

neurological findings were documented in fewer than 10% of all patients. 212 

 213 

Table 2. Temporal changes in the documentation rates of 8 categories of neurological 214 

findings. Values are shown as percentages (95% confidence intervals). 215 

 Day of hospital stay 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 On 

discharge⋆ 

Any neurological 

finding 

94 (91 to 98) 58 (50 to 65)  35 (28 to 43) 40 (33 to 48) 32 (25 to 39) 30 (23 to 37) 23 (16 to 29) 13 (8 to 19) 

Level of 

consciousness 

80 (74 to 86) 23 (16 to 29) 17 (11 to 23) 13 (8 to 19) 13 (8 to 19) 12 (7 to 16) 8 (4 to 12) 5 (1 to 8) 

Mental status 46 (38 to 53) 12 (7 to 17) 9 (5 to 14) 5 (1 to 8) 6 (3 to 10) 6 (3 to 10) 4 (1 to 7) 3 (1 to 6) 

Cranial nerves 84 (79 to 90) 35 (28 to 43) 19 (13 to 24) 22 (15 to 28) 15 (9 to 20) 13 (8 to 19) 10 (5 to 14) 6 (2 to 9) 

Motor function 92 (88 to 96) 45 (38 to 53) 28 (21 to 35) 31 (24 to 38) 22 (16 to 28) 22 (15 to 28) 16 (10 to 21) 7 (3 to 11) 

Sensory function 58 (51 to 66) 17 (12 to 23) 12 (7 to 17) 10 (6 to 15) 5 (2 to 9) 7 (3 to 11) 7 (3 to 11) 2 (0 to 4) 

Coordination 51 (44 to 59) 13 (8 to 19) 9 (4 to 13) 6 (2 to 9) 5 (1 to 8) 3 (0 to 5) 5 (1 to 8) 3 (0 to 5) 

Reflex 45 (37 to 52) 5 (1 to 8) 4 (1 to 7) 2 (0 to 4) 2 (0 to 5) 2 (0 to 5) 1 (-1 to 2) 1 (-1 to 2) 

Gait 17 (11 to 23) 5 (1 to 8) 3 (0 to 5) 4 (1 to 7) 4 (1 to 7) 4 (1 to 6) 2 (0 to 4) 3 (0 to 5) 

⋆Within 24 hours of discharge. 216 

 217 

DISCUSSION 218 
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In this study, the documentation rate of neurological findings by principal 219 

physicians decreased to lower than 50% after the third hospital day during stroke care. 220 

Furthermore, the documentation of mental status, reflexes and gait was often omitted by 221 

principal physicians during routine stroke care, and the documentation rate of these 222 

three categories was extremely low after the third day. These results indicate that 223 

physician interest in neurological findings in stroke patients dramatically decreases after 224 

the third hospital day. 225 

Among 8 categories of neurological findings, motor function was the most 226 

frequently documented in this study, is consistent with the results of previous 227 

studies.[20-22] Mental status and gait were documented less frequently, as the stroke 228 

textbook describes that these important neurological assessments are unfortunately often 229 

omitted in routine care.[7] Because cognitive impairment frequently occurs in stroke 230 

patients[23] and can be effectively treated with rehabilitation,[24, 25] the low 231 

documentation rate of mental status by principal physicians is problematic, although 232 

such documentation may not reflect physician awareness. 233 

We did not expect that neurological findings would be more frequently 234 

documented in stroke patients in our hospital by internists than by neurosurgeons, and 235 

this result should be interpreted cautiously. Unlike in the internal medicine ward, 236 
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trained nurses often document NIHSS every day during routine stroke care in the 237 

neurosurgery ward of our hospital, and such thorough assessment by other health 238 

providers may reduce the need for neurosurgeons to document neurological findings. 239 

Furthermore, we did not evaluate the quality or volume of neurological findings. Given 240 

their specialty in neurology, neurosurgeons might be more likely than internists to 241 

document more detailed and important neurological findings. Further study is needed to 242 

investigate whether a physician’s specialty affects documentation. 243 

 244 

Strengths and weaknesses of the study 245 

To the best of our knowledge, this is the first study to evaluate temporal changes 246 

in the documentation of neurological findings by the same physician in stroke patients. 247 

In our hospital, in most cases, a single principal physician cares for each acute 248 

ischaemic stroke patient. This allowed us to evaluate temporal changes in medical 249 

record documentation by the same physicians. 250 

Its major limitation is that the extent of documentation does not necessarily 251 

reflect the interest of the recorder. Furthermore, in stroke patients, it is impossible to 252 

distinguish an interest in neurological findings from interest in a prognosis. In addition, 253 

the role of clinical documentation has changed in the modern era, and billing and 254 
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quality indicators affect medical record documentation.[26-28] However, the 255 

documentation of neurological findings during stroke care does not affect medical fees 256 

and is not considered a quality indicator in Japan. Therefore, billing for inpatient 257 

hospital care, litigation, and quality indicators have few effects on the documentation of 258 

neurological findings by physicians. Furthermore, documentation itself is also 259 

important. As William Osler said, “observe, record, tabulate, communicate”.[27] We 260 

were unable to retrospectively learn or perform detailed discussions about brain 261 

function without access to the sequential documentation of neurological findings, and 262 

physicians who are more interested in neurological findings will more thoroughly 263 

document them. 264 

Other limitations include the following. First, this study included a small sample 265 

size and was limited to a single centre in which stroke patients are admitted to 266 

neurosurgeons or internists. Therefore, our findings may not be applicable to hospitals 267 

in which stroke patients are admitted to a neurology ward. However, this practice is 268 

common in Japan,[16] and a previous German study also reported that acute ischemic 269 

stroke patients were admitted in the internal medicine ward in approximately half of 225 270 

acute care hospitals that participated in a stroke registry.[29] Moreover, given that the 271 

number of neurologists is not sufficient worldwide,[30] our findings for 272 
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non-neurologists are important. Nonetheless, these findings should be confirmed in 273 

other settings, such as neurology ward in other countries. Second, it is uncertain 274 

whether a higher rate of documentation of neurological findings is associated with 275 

higher clinical skill and better patient outcomes. However, interest in stroke is 276 

associated with a more accurate clinical diagnosis of lacunar stroke.[31] Furthermore, 277 

poor documentation may mean poor monitoring, which causes a delay in awareness of 278 

acute changes in patient status. Therefore, poor documentation may result in worse 279 

patient outcomes because a delay in the response to an acute change in patient status is 280 

associated with increased mortality.[10] Third, we did not evaluate outcomes between 281 

the eighth hospital day and discharge, but given the very low rate of documentation of 282 

neurological findings within 24 hours of discharge, we are confident that the 283 

documentation of neurological findings continued to gradually decrease after the eighth 284 

hospital day. Fourth, we did not individually evaluate the documentation of other 285 

important neurological signs, such as neuro-ophthalmic findings and visual 286 

problems,[7] and we did not evaluate the thoroughness of medical histories, which is 287 

important. As C. Miller Fisher showed, in ischaemic stroke patients, the frequency and 288 

importance of transient ischaemic attacks can be determined from a thorough history of 289 

prodromal symptoms.[32] Fifth, a single observer evaluation might introduce bias and 290 
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affect our results. However, past studies reported good inter-rater reliability in audits of 291 

neurological finding documentation.[19, 22] Sixth, the prevalence of inappropriate 292 

copying and pasting[33] suggests that we may have overestimated clinically meaningful 293 

documentation. Seventh, we regarded two or more documentations per day as one 294 

documentation per day. Hence, we might have underestimated documentation by 295 

physicians. Finally, although a higher patient volume is associated with a lower rate of 296 

documentation of important information,[34] we did not consider the effect of work 297 

load on outcomes. 298 

 299 

Meaning of findings 300 

Several factors could have caused the observed reduction in the documentation 301 

of neurological findings after the third hospital day. First, the low documentation rate of 302 

neurological findings after the third hospital day might derive from the initial stable 303 

course of stroke patients rather than a loss of physician interest in neurological 304 

findings.[20] However, because neurological findings often change day by day in the 305 

early course of acute stroke,[35, 36] this possibility seems unlikely. Second, fatigue 306 

might occur in the documentation of neurological findings by physicians. If so, a similar 307 

phenomenon could occur in the documentation of non-neurological findings in 308 
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non-neurological disease. Third, spending more time communicating, such as during 309 

neurological examinations of patients, is of utmost importance for learning about 310 

neurology and might reduce the documentation of neurological findings after the third 311 

hospital day. However, a previous study demonstrated acceptable concordance between 312 

documentation in medical records and actual performance during direct 313 

observations.[37] Furthermore, in previous studies, time spent communicating with 314 

patients and direct patient care were not affected by time spent during medical record 315 

documentation.[38, 39] Fourth, participation in annual meetings during conferences and 316 

holidays could affect medical record documentation. 317 

Although these factors might have affected our findings, physicians interested in 318 

neurological findings are more likely to frequently document neurological signs 319 

regardless of their fatigue, and the temporal reduction in documentation observed in our 320 

study is considered a reflection of loss of physician interest. Nonetheless, further study 321 

is needed to determine whether the low documentation rate after the third hospital day is 322 

truly due to a lack of physician interest in neurological findings. 323 

 324 

Implications for clinical practice 325 
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C. Miller Fisher described many syndromes and mechanisms using thorough 326 

neurological examinations and observations of stroke patients.[40] One of his 327 

significant contributions was an understanding of the relationship between carotid artery 328 

disease and ischaemic stroke. Before his work, approximately 55% of ischaemic strokes 329 

were thought to be caused by vasospasm.[41] When the first key patient who gave him 330 

an initial clue died while he was away for a weekend, the resident on call for the patient 331 

did not request an autopsy. When Fisher asked the medical staff why they did not 332 

request an autopsy, he was amazed that the resident on call did not consider it 333 

necessary.[32] This episode reflects a gap in interest in stroke patients between Fisher 334 

and the resident. Unlike Fisher’s era, modern imaging tests provide us a more detailed 335 

localization of neurological symptoms, especially in stroke patients. Hence, our findings 336 

are disappointing even if they truly indicate a rapid loss of post-admission interest in 337 

stroke patients by physicians. We propose that now is the time for physicians to relearn 338 

about neurology stroke by stroke.[42] 339 

 340 

CONCLUSIONS 341 

The documentation rate of neurological findings by physicians in usual stroke 342 

care decreased to lower than 50% on the third hospital day and subsequently continued 343 
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to decrease. Given the importance of learning and monitoring temporal changes in 344 

neurological symptoms in stroke patients, further study is needed to determine whether 345 

the low documentation rate after the third hospital day was caused by a lack of 346 

physician interest in neurological findings or other factors. 347 
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Fig 1. Temporal changes in the documentation rate of any neurological findings in 172 506 

ischaemic stroke patients during hospital stay. 507 

⋆p-value < 0.05 508 
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Discussion    

Key Results 18 Summarise key results with reference to study objectives    

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias   

 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
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Generalisability 21 Discuss the generalisability (external validity) of the study results    

Other Information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if 
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*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in 

cohort and cross-sectional studies. 
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