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ABSTRACT

Objective: To evaluate temporal differences in the documentation of neurological
findings by the same physicians in ischaemic stroke patients while in hospital. We also
investigated differences in rate of documentation of neurological findings in stroke
patients between internists and neurosurgeons.

Design: A retrospective medical chart review.

Participants: Hospitalized adult patients with acute ischaemic stroke who stayed seven
or more days in our hospital. Neurosurgeons (n=8) and internists (n=19) caring for those
patients (including up to 10 patients per physician).

Main outcome measures: The documentation rate of any neurological finding in the
patients on each day (from day 1 to 7 and on discharge). The documentation rates of
eight neurological finding components (consciousness, mental status, cranial nerves,
motor function, sensory function, coordination, reflexes, and gait). We included only
documentation by the same physician. Fisher’s exact test was used to evaluate
differences in outcomes between neurosurgeons and internists.

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

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

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

On discharge, all eight neurological finding components were documented in fewer than
10% of all cases. The documentation rate was significantly higher by internists than
neurosurgeons on each day but not on discharge.

Conclusions: The documentation rate of neurological findings by physicians during
usual stroke care decreased to less than 50% after the third hospital day. Given the

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

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

Key words: Documentation, Neurology, Stroke

Strengths and limitations of this study
® This is the first study to evaluate temporal differences in the documentation of
neurological findings by the same physicians in acute stroke patients.
® An association between documentation and patient outcomes was not
evaluated.
® This study was conducted in only a single hospital in Japan in a small sample

of patients.
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INTRODUCTION

The renowned stroke neurologist C. Miller Fisher said that we learn about neurology
stroke by stroke. The development of imaging tests has improved our ability to localize
neurological symptoms, particularly in stroke patients, compared to previous decades.'
The continuing development of more accurate neurological examination techniques
allows us to learn symptomatology from stroke patients. Nonetheless, physicians,
particularly non-neurologists, often omit important neurological examinations”> and
tend to depend on brain imaging during routine stroke care.* Furthermore, despite an
emphasis on observations of temporal changes in neurological findings in stroke
patients,” physicians often lose interest in such neurological signs in these patients,
particularly after a definite diagnosis is achieved,”’ potentially reducing the
documentation of neurological findings. This is problematic because temporal changes
in neurological symptoms are key to predicting a prognosis. Moreover, given the
limitations of brain imaging for diagnosing acute ischaemic stroke, " it is important to
determine the typical clinical course in acute stroke patients. Nonetheless, no studies
have evaluated the speed at which the documentation of neurological findings in stroke
patients decreases after admission, whereas recent studies have evaluated the speed of
consumption of chocolate in hospital wards'' and of the disappearance of magazines in
waiting rooms.'? Hence, we evaluated temporal changes in the documentation rate of
neurological findings by the same physician in ischaemic stroke patients during hospital
stays. We also evaluated differences in the documentation rate of any neurological
finding in stroke patients between internists and neurosurgeons. Given their specialty
training and interest in neurology, neurosurgeons might document neurological findings

more frequently than internists.

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

vs)
Page &of 30

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

(s3gv) Jnauadns wwawaublasug
| p anbiydeiBoiqig 8ousby 1e Gzoz ‘2 sunc uo jwoo fwg uadolwa//:dny woly pepeojumoq "LT0Z J8qwadsq ¥T U0 08¥6T0-LT0Z-uadolwa/9eTT 0T se paysiignd 1s.yy :uado


http://bmjopen.bmj.com/

Page 5 of 30

oNOYTULT D WN =

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

BMJ Open

METHODS

Study design and participants

A retrospective medical chart review was conducted to assess data obtained between
September 1, 2014 and June 30, 2017 at Tochigi Medical Center, a 350-bed acute care
hospital in the Tochigi prefecture of Japan. Since September 2014, our hospital has used
electronic medical records. We chose a retrospective study design because prospective
research can introduce the Hawthorne effect,'® which affects physicians’ documentation
in medical records. All consecutive patients aged 18 years old or older who were
admitted with acute ischaemic stroke as a primary diagnosis, survived and stayed in our
hospital at least seven days were included. We excluded patients who died because of
other factors, such as non-neurological disease and terminal care, which might affect the
documentation of neurological findings. Patients whose principal physicians changed
during the hospital stay were also excluded. Up to 10 patients per physician were
included. The purpose of the study was to characterize temporal changes in the
documentation rate of neurological findings in ischaemic stroke patients by a single
principal physician during a hospital stay. We also evaluated differences in the
documentation rate of neurological findings between internists and neurosurgeons on
each hospital day.

In our hospital, acute ischaemic stroke patients are randomly admitted to either the
internal medicine or neurosurgical ward. However, stroke patients requiring surgery or
interventional radiology are admitted to the neurosurgery ward. In most cases, these
stroke patients are treated by a single principal internal medicine or neurosurgery

physician without handoffs from admission to discharge. Additional physicians rarely
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examine or document neurological findings in these stroke patients. Therefore, we could
evaluate temporal changes in the documentation rate of neurological findings by a
single physician. Furthermore, in Japan, the mean length of hospital stay among acute
stroke patients is approximately 30 days,'* which is longer than in other countries."
Thus, in most stroke patients, we could also evaluate temporal changes in the
documentation rate of neurological findings during at least seven consecutive days. We
assumed that the documentation rate would dramatically decrease after the second day
and would thereafter change at a lower rate. Hence, even a short-term observation
period was enough to evaluate the documentation rate of neurological findings. To
reduce the effect of the day of the week at admission.'® we selected a seven-day

evaluation period.

Characteristics

Patient information, including age, sex, culprit lesion of stroke, and duration of hospital
stay, was retrieved from medical records obtained at the time of each patient’s
admission. Physician-related information, including age, sex and specialty, was also

retrieved from the database of Tochigi Medical Center.

Outcome measures

One of authors (J.K.) evaluated the medical records of all included patients. The
primary outcome was the documentation rate of any neurological finding in ischaemic
stroke patients by physicians on each hospital from the day of admission to the seventh
day. We also evaluated the documentation rate of neurological findings at discharge

(within the 24 hours before discharge). Neurological findings were classified as one of
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The baseline and demographic characteristics of patients and physicians were
summarized using standard descriptive summaries. For the primary objective, we
determined the documentation rate of any neurological finding in ischaemic stroke
patients on each hospital day. For outcomes on each hospital day, 95% confidence
intervals (Cls) were calculated. For the secondary objective, to evaluate the difference
in the documentation rate of neurological findings on each hospital day between
internists and neurosurgeons, we used Fisher’s exact test. These analyses were
performed using the Excel statistical software package version 2.11 (Bellcurve for
Excel; Social Survey Research Information Co., Ltd., Tokyo, Japan), and the level of

significance was set at 5%.

Patient involvement

No patients were involved in determining the research question or outcome measures
nor were they involved in developing plans to design or implement the study. No
patients were asked for advice during the interpretation or writing up of the results.
There are no plans to disseminate the results of this research to study participants or the

relevant patient community.

RESULTS

We identified 474 consecutive acute ischaemic stroke patients who were cared for by 29
physicians during the study period. Of these, 172 who were cared for by 27 physicians
(19 internists and 8 neurosurgeons) met our inclusion criteria. Among these 172 patients,

105 were discharged to home, 40 to rehabilitation facilities, and 27 to other hospitals or
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long-term care facilities. The baseline characteristics of the patients and physicians are
presented in Table 1.

Figure 1 shows the temporal changes in the documentation rate of any neurological
finding in all patients according to the specialty of their principal physician. The
documentation rate of any neurological finding was 94% (95% CI 91 to 98) at
admission and 58% (95% CI 50 to 65) on day 2. However, the average documentation
rate of any neurological finding from the third to seventh day was lower than 40%.
Furthermore, the documentation rate was only 14% within 24 hours of discharge. The
documentation rate of any neurological finding was significantly lower in the
neurosurgeon-treated group than in the internal medicine-treated group on each hospital
day but not at discharge.

Among the eight neurological finding categories, motor function was the most
frequently documented during the initial seven hospital days (Table 2). Mental status,
reflexes and gait were documented in fewer than 50% of all patients during the same
period. Furthermore, after the third hospital day, these three components were
documented in fewer than 10% of all patients. At discharge, all categories of

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

DISCUSSION

In this study, the documentation rate of neurological findings by principal physicians
decreased to lower than 50% after the third hospital day during stroke care. Furthermore,
the documentation of mental status, reflexes and gait was often omitted by principal
physicians during routine stroke care, and the documentation rate of these three

categories was astronomically low after the third day. These results indicate that
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physician interest in neurological findings in stroke patients dramatically decreases after
the third hospital day. This reduction in the documentation of neurological findings
seems faster than the reduction in the effect of Pokémon GO on physical activity,17
although it is unclear whether these temporal reductions reflect a loss of interest in
neurological findings or Pokémon GO, respectively.

Among 8 categories of neurological findings, motor function was the most
frequently documented in this study, is consistent with the results of previous
studies.'® " Mental status and gait were documented less frequently, perhaps because
the stroke textbook states that these important neurological assessment can be omitted.”
Because cognitive impairment frequently occurs in stroke patients®' and can be

2223 the low documentation rate of mental status

effectively treated with rehabilitation,
by principal physicians is problematic, although such documentation may not reflect
physician awareness.

We did not expect that neurological findings would be more frequently documented
in stroke patients in our hospital by internists than by neurosurgeons, and this result
should be interpreted cautiously. Unlike in the internal medicine ward, in the
neurosurgery ward of our hospital, trained nurses often document NTHSS every day
during routine stroke care, and such thorough assessment by other health providers
might lower the need for neurosurgeons to document neurological findings.
Furthermore, we did not evaluate the quality or volume of neurological findings. Given
their specialty in neurology, neurosurgeons might be more likely than internists to

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

investigate whether a physician’s specialty affects documentation.
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Strengths and weaknesses of the study

To the best of our knowledge, this is the first study to evaluate temporal changes in the
documentation of neurological findings by the same physician in stroke patients. In our
hospital, in most cases, a single principal physician cares for each acute ischaemic
stroke patient. This allowed us to evaluate temporal changes in medical record
documentation by the same physicians.

Its major limitation is that the extent of documentation does not necessarily reflect
the interest of the recorder. Furthermore, in stroke patients, it is impossible to
distinguish an interest in neurological findings from interest in a prognosis. In addition,
the role of clinical documentation has changed in the modern era, and billing and
quality indicators affect medical record documentation.”**® However, the
documentation of neurological findings during stroke care does not affect medical fees
and is not considered a quality indicator in Japan. Therefore, billing for inpatient
hospital care, litigation, and quality indicators have few effects on the documentation of
neurological findings by physicians. Furthermore, documentation itself is also
important. As William Osler said, “observe, record, tabulate, communicate”.”> We were
unable to retrospectively learn or perform detailed discussions about brain function
without access to the sequential documentation of neurological findings, and physicians
who are more interested in neurological findings will more thoroughly document them.

Other limitations include the following. First, this study included a small sample
size and was limited to a single centre. Second, it is uncertain whether a higher rate of
documentation of neurological findings is associated with higher clinical skill. However,
interest in stroke is associated with the more accurate clinical diagnosis of lacunar

stroke.?” Third, we did not evaluate outcomes between the eighth hospital day and
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discharge, but given the very low rate of documentation of neurological findings within
24 hours of discharge, we are confident that the documentation of neurological findings
continued to gradually decrease after the eighth hospital day. Fourth, we did not
individually evaluate the documentation of other important neurological signs, such as
neuro-ophthalmic findings and visual problems,7 and we did not evaluate the
thoroughness of medical histories, which is important. As C. Miller Fisher showed, in
ischaemic stroke patients, the frequency and importance of transient ischaemic attacks
can be determined from a thorough history of prodromal symptoms.* Fifth, a single
observer evaluation might introduce bias and affect our results. However, past studies
reported good inter-rater reliability in audits of neurological finding documentation.'® *°
Sixth, the prevalence of inappropriate copying and pas‘[ing29 suggests that we might
have overestimated clinically meaningful documentation. Seventh, we regarded two or
more documentations per day as one documentation per day. Hence, we might have
underestimated documentation by physicians. Finally, although a higher patient volume

is associated with a lower rate of documentation of important information,*® we did not

consider the effect of work load on outcomes.

Meaning of findings

Several factors could have caused the observed reduction in the documentation of
neurological findings after the third hospital day. First, the low documentation rate of
neurological findings after the third hospital day might derive from the initial stable
course of stroke patients rather than a loss of physician interest in neurological
ﬁndings.18 However, because neurological findings often change day by day in the early

3132

course of acute stroke,” °“ this possibility seems unlikely. Second, the temporal changes
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in the documentation of neurological findings, especially by neurosurgeons, are similar
to the decreasing response to 3-Hz repetitive nerve stimulation observed in myasthenia
gravis3 3 (Figure 1). The decrement in the documentation of neurological findings by
neurosurgeons was higher but not maximal on the third hospital day, and thereafter, this
rate slightly increased from the fourth to sixth hospital day but not in a typical
U-shape.> Therefore, a fatigue phenomenon similar to the loss of acetylcholine receptor
function observed in myasthenia gravis might occur in physicians. If so, a similar
phenomenon could occur in the documentation of non-neurological findings in
non-neurological disease. Third, spending more time communicating, such as during
neurological examinations of patients, is of utmost importance for learning about
neurology and might reduce the documentation of neurological findings after the third
hospital day. However, a previous study demonstrated acceptable concordance between
documentation in medical records and actual performance during direct observations.”
Furthermore, in previous studies, time spent communicating with patients and direct
patient care were not affected by time spent during medical record documentation.”®*’
Fourth, participation in annual meetings during conferences and holidays could affect
medical record documentation.

Although these factors might have affected our findings, physicians interested in
neurological findings are more likely to frequently document neurological signs
regardless of their fatigue, and the temporal reduction in documentation observed in our
study is considered a reflection of loss of physician interest. Nonetheless, further study
is needed to determine whether the low documentation rate after the third hospital day is

truly due to a lack of physician interest in neurological findings.
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Implications for clinical practice

C. Miller Fisher described many syndromes and mechanisms using thorough
neurological examinations and observations of stroke patients.3 ¥ One of his significant
contributions was an understanding of the relationship between carotid artery disease
and ischaemic stroke. Before his work, approximately 55% of ischaemic strokes were
thought to be caused by vasospasm.” When the first key patient who gave him an initial
clue died while he was away for a weekend, the resident on call for the patient did not
request an autopsy. When Fisher asked the medical staff why they did not request an
autopsy, he was amazed that the resident on call did not consider it necessary.*® This
episode reflects a gap in interest in stroke patients between Fisher and the resident.
Unlike Fisher’s era, modern imaging tests provide us a more detailed localization of
neurological symptoms, especially in stroke patients. Hence, our findings are
disappointing even if they truly indicate a rapid loss of post-admission interest in stroke
patients by physicians. We propose that now is the time for physicians to relearn about

neurology stroke by stroke.*’

Conclusions

The documentation rate of neurological findings by physicians in usual stroke care
decreased to lower than 50% on the third hospital day and subsequently continued to
decrease. Given the importance of learning and monitoring temporal changes in
neurological symptoms in stroke patients, further study is needed to determine whether
the low documentation rate after the third hospital day was caused by a lack of

physician interest in neurological findings or other factors.
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Fig 1. Temporal changes in the documentation rate of any neurological findings in 172
ischaemic stroke patients during hospital stay.
"p-value < 0.05
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481  Table 2. Temporal changes in the documentation rates of 8 categories of neurological
482  findings. Values are shown as percentages (95% confidence intervals).
Day of hospital stay By
Day 1 Day 2 Day 3 Day 4 Day S Day 6 Day 7 On %
discharg*
Any neurological 94(91t098)  58(50t065) 35(28t043) 40(33t048) 32(25t039) 30(23t037) 23(16t029) 13(8to “§9)
finding '§
Level of 80 (74t086) 23 (16t029) 17(11t023) 13(8t019)  13(8to19)  12(7to 16) 8 (410 12) 5(1 to@
consciousness g
2
Mental status 46 (38t053)  12(7to17) 9(5t0 14) 5(1to8) 6 (3 to0 10) 6 (3 to 10) 4(1t07) 3(1t0§

Cranial nerves

Motor function

84(791090) 35(28t043) 19(13t024) 22(15t028) 15(9t020) 13(8t019)  10(5to 14)
92(88t096) 45(38t053) 28(21t035) 31(24t038) 22(16t028) 22(15t028)  16(10to21)

2 2
=~
S
° 3
—
=0} 8u

juswaublosug

Sensory function 58 (51 to 66) 17 (12 to 23) 12 (7 to 17) 10 (6 to 15) 5(21t09) 73 toll) 7(Bto1l) 2(0to

Coordination 51 (44 t0 59) 13 (8to 19) 9 (4to13) 6(21t09) 5(1to 8) 3(0to5) 5(1to8) 3(0to

Reflex 45 (37 t0 52) 5(1to38) 4(1to7) 2(0to4) 2(0to5) 2(0to5) 1(-1t02) 1(-1to

Gait 17 (11 to 23) 5(1to38) 3(0to5) 4(1to7) 4(1to7) 4 (1to 6) 2(0to4) 3(0to
483  "Within 24 hours of discharge.
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ABSTRACT

Objective: To evaluate temporal differences in the documentation of neurological

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

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

patients between internists and neurosurgeons.

Design: A retrospective medical chart review.

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

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

patients (including up to 10 patients per physician).

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

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

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

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

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

differences in outcomes between neurosurgeons and internists.

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

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

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

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

by neurosurgeons on each day but not on discharge.

Conclusions: The documentation rate of neurological findings by physicians during

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

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

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

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

Key words: Documentation, Neurology, Stroke

Strengths and limitations of this study

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

neurological findings by the same physicians in acute stroke patients.

® An association between documentation and patient outcomes was not

evaluated.

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

of patients.

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

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

* (s3gv) Inauadns juswaublasug
| p anbiydeiBollqig 8ousby re Gzoz ‘2 dunr uo jwod fwg uadolway/:dny woly papeojumod "LT0Z 18qwiadaq T U0 0876T0-2T0Z-uadolwa/9eTT 0T Sk paysiignd isiy :uado (NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

BMJ Open

INTRODUCTION

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

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

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

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

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

physicians, particularly non-neurologists, often omit important neurological

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

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

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

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

reducing the documentation of neurological findings. This is problematic because

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

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

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

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

which the documentation of neurological findings in stroke patients decreases after

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

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

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

training and interest in neurology, neurosurgeons might document neurological findings

more frequently than internists.

METHODS

Study design and participants

A retrospective medical chart review was conducted to assess data obtained

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

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

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

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

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

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

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

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

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

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

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

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

differences in the documentation rate of neurological findings between internists and

neurosurgeons on each hospital day.

Usual care

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

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

internists or neurosurgeons care for most acute ischaemic stroke patients without

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

physician without handoffs from admission to discharge. Additional physicians rarely

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

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

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

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

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

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

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

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

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

evaluation period.

Characteristics

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

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

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

the database of Tochigi Medical Center.

Outcome measures

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

sought to evaluate only documentation by a single principal physician.

Statistical analysis

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

define the characteristics of neurological documentations by physicians in ischaemic

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

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

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

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

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

per physician were included.

The baseline and demographic characteristics of patients and physicians were

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

determined the documentation rate of any neurological finding in ischaemic stroke

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

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

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

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

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

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

significance was set at 5%.

Patient involvement
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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 22 (81.5) 7 (87.5) 15 (78.9)
Mean (SD) experience of doctor (years) 8.5(7.5) 14 (10.9) 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
198 Figure 1 shows the temporal changes in the documentation rate of any

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

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

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

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

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

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

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

206  day but not at discharge.

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

208  frequently documented during the initial seven hospital days (Table 2). Mental status,
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In this study, the documentation rate of neurological findings by principal

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

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

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

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

physician interest in neurological findings in stroke patients dramatically decreases after

the third hospital day.

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

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

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

textbook describes that these important neurological assessments are unfortunately often

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

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

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

such documentation may not reflect physician awareness.

We did not expect that neurological findings would be more frequently

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

this result should be interpreted cautiously. Unlike in the internal medicine ward,
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quality indicators affect medical record documentation.[26-28] However, the

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

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

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

neurological findings by physicians. Furthermore, documentation itself is also

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

were unable to retrospectively learn or perform detailed discussions about brain

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

physicians who are more interested in neurological findings will more thoroughly

document them.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

documentation of neurological findings continued to gradually decrease after the eighth

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

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

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

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

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

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

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

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

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

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

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

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

load on outcomes.

Meaning of findings

Several factors could have caused the observed reduction in the documentation

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

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

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

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

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

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

phenomenon could occur in the documentation of non-neurological findings in
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C. Miller Fisher described many syndromes and mechanisms using thorough

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

significant contributions was an understanding of the relationship between carotid artery

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

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

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

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

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

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

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

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

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

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

about neurology stroke by stroke.[42]

CONCLUSIONS

The documentation rate of neurological findings by physicians in usual stroke

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

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

ov]
Page 2&0f 35

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

(s3gv) Jnauadns wwawaublasug
| ®p anbiydeiBolqig 8duaby Je Gzog ‘L sunc uo jwod fwg uadolwa//:dny woly papeojumoq "LT0Z Joqwadaq ¥T U0 0876T0-LT0Z-uadolwa/9eTT 0T se paysiignd 1sily :uado


http://bmjopen.bmj.com/

v )
Page 21 of 35 BMJ Open s
2
21 S
1 =
2 7
> E
(o}
4 7
3 2
6 344  to decrease. Given the importance of learning and monitoring temporal changes in >
: 5
o
9 345 neurological symptoms in stroke patients, further study is needed to determine whether s B
o w
e 2
" : S
12 346  the low documentation rate after the third hospital day was caused by a lack of g °
13 3 E
S . . . SN
1? 347  physician interest in neurological findings or other factors. 3 R
Q
16 F 2
= o
17 348 3 &
18 5 o
19 2 2
20 349  Acknowledgments: We thank Akihiko Tamura and Masaki Kobayashi for their advice Y g
21 - @
22 s
23 350 for improving the clarity of the manuscript. 28 2
25 232
26 351 53>
=g
2 gog
;g 352 Contributors: JK conceived the project. JK and TK wrote the protocol for this study. 2 3 =
S
30 oS¢
;; 353  JK collected and analysed the data. JK and TK interpreted the results and wrote the g > 3
33 %5 3
34 354  manuscript. All authors gave final approval for the submission of this revised version 5; ' TE
35 = o
36 S g
37 355  for consideration for publication. 5 3
38 @ 5
39 s 3
40 356 0 5
41 3 3
42 .. . , 2 0
43 357  Competing interests: All authors have completed the ICMJE unified disclosure from = o
22 358 competing interest form at www.icmje.org/coi_disclosure.pdf (available on request from g :
47 5 5
48 359 the corresponding author). All authors declare they have no financial relationships with i
49 @
50 5
51 360  any organisations that might have an interest in the submitted work and no other @
52 g
53 — i . . 5
54 361 relationships or activities that could appear to have influenced the submitted work. %
55 _S-
56 =
57 g
58 ®
59

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

BMJ Open

22

Funding: This study was not supported by a specific grant from any funding agency in

the public, commercial, or not-for-profit sectors.

Ethics approval: This study was approved by the Medical Ethical Committee of

Tochigi Medical Center (protocol No. 29-14) and was performed in accordance with the

Declaration of Helsinki. This study was also conducted in accordance with the Ethical

Guidelines for Epidemiological Research in Japan. We were not required to obtain

individual informed consent because we used de-identified data obtained from medical

records and did not contact the patients. According to Japanese Ethical Guidelines, we

did display a poster in the waiting room of the hospital to provide information about the

collection and use of data for this study and the protection of personal information.

Data sharing: Data sharing is not applicable because we did not receive informed

consent for data sharing from the participants. The datasets generated and analysed

during the current study are available from the corresponding author upon reasonable

request.

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

ov]
Page 220f 35

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

(s3gv) Jnauadns wwawaublasug
| p anbiydeiBoiqig 8ousby 1e Gzoz ‘2 sunc uo jwoo fwg uadolwa//:dny woly pepeojumoq "LT0Z J8qwadsq ¥T U0 08¥6T0-LT0Z-uadolwa/9eTT 0T se paysiignd 1s.yy :uado


http://bmjopen.bmj.com/

Page 23 of 35

oNOYTULT D WN =

380

381

382

383

BMJ Open

23

Transparency: The lead author (JK) affirms that this revised manuscript is an honest,

accurate, and transparent account of the study being reported, that no important aspects

of the study have been omitted, and that any discrepancies from the study originally

planned have been explained.

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

‘salfojouyoa) Jejlwis pue ‘Bulurel) |V ‘Buluiw ejep pue 1xa) 0] parejas sasn 1oy Buipnjoul ‘1ybuAdoo Ag paroslold

* (s3gv) Inauadns juswaublasug
| ®p enbiydeiBoiqig 8ousby 1e Gzoz ‘2 sunc uo jwod fwg uadolwag//:dny woly pspeojumoqd "/T0Z J18qwadad T UO 08¥6T0-LT0Z-uadolwag/9eTT 0T Se paysiignd 1s.y :uadO CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

BMJ Open

24

REFERENCES

Sacco RL, Kasner SE, Broderick JP, et al. An updated definition of stroke for the
21st century: a statement for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke 2013;44:2064-89.
doi:10.1161/STR.0b013e318296aeca.

Sarko J. Emergency medicine residents do not document detailed neurologic
examinations. Acad Emerg Med 2009;16:1371-3.
doi:10.1111/.1553-2712.2009.00572.x.

Kerber KA, Morgenstern LB, Meurer WJ, et al. Nystagmus assessments
documented by emergency physicians in acute dizziness presentations: a target
for decision support? Acad Emerg Med 2011;18:619-26.
doi:10.1111/5.1553-2712.2011.01093 x.

Savitz SI, Caplan LR, Edlow JA. Pitfalls in the diagnosis of cerebellar infarction.
Acad Emerg Med 2007;14:63-8. doi:10.1197/j.aem.2006.06.060.

Ropper A, Samuels M. Adams and Victor s Principles of Neurology. 9™ ed. New
York: McGraw Hill Medical 2009:746-52.

Rowland LP, Pedley TA. Merritt’s Neurology. 12" ed. Philadelphia: Lippincott

Williams & Wilkins 2010:1-3.

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

ov]
Page 24%f 35

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

(s3gv) Jnauadns wwawaublasug
| p anbiydeiBoiqig 8ousby 1e Gzoz ‘2 sunc uo jwoo fwg uadolwa//:dny woly pepeojumoq "LT0Z J8qwadsq ¥T U0 08¥6T0-LT0Z-uadolwa/9eTT 0T se paysiignd 1s.yy :uado


http://bmjopen.bmj.com/

Page 25 of 35

oNOYTULT D WN =

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

10

11

12

13

BMJ Open

25

Caplan LR. Caplan’s Stroke: a Clinical Approach. 4" ed. Elsevier 2009:64-86.
Caplan LR, Hollander J. The Effective Clinical Neurologist. 3" ed. People’s
Medical Publishing House 2009:3-61.

Caplan LR. Fisher’s rules. Arch Neurol 1982;39:389-90.
doi:10.1001/archneur.1982.00510190007001.

Downey AW, Quach JL, Haase M, et al. Characteristics and outcomes of patients
receiving a medical emergency team review for acute change in conscious state or
arrhythmias. Crit Care Med 2008;36:477-81.
do0i:10.1097/01.CCM.0000300277.41113.46.

Alexandrov AV, Felberg RA, Demchuk AM, et al. Deterioration following
spontaneous improvement: sonographic findings in patients with acutely
resolving symptoms of cerebral ischemia. Stroke 2000;31:915-9.
doi:10.1161/01.STR.31.4.915.

Smith MEB, Chiovaro JC, O’Neil M, et al. Early warning system scores for
clinical deterioration in hospitalized patients: a systematic review. Ann Am
Thorac Soc 2014;11:1454-65. doi:10.1513/AnnalsATS.201403-1020C.

Jones DA, DeVita MA, Bellomo R. Rapid-response teams. N Engl J Med

2011;365:139-46. doi:10.1056/NEJMra0910926.

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

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

* (s3gv) Inauadns juswaublasug
| ®p anbiydeiBolqig 8ouaby Je Gzog ‘L sunc uo jwod fwg uadolwa//:dny woly papeojumoq "LT0Z Joqwadaq T U0 08¥6T0-LT0Z-uadolwa/9ETT 0T Se paysiignd 1s.ly :uadO riNg


http://bmjopen.bmj.com/

oNOYTULT D WN =

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

14

15

16

17

18

BMJ Open

26

Chalela JA, Kidwell CS, Nentwich LM, et al. Magnetic resonance imaging and

computed tomography in emergency assessment of patients with suspected acute

stroke: a prospective comparison. Lancet 2007;369:293-8.

doi:10.1016/S0140-6736(07)60151-2.

Sedgwick P, Greenwood N. Understanding the Hawthorne effect. BM.J

2015;351:h4672. doi:10.1136/bmj.h4672.

Iihara K, Nishimura K, Kada A, et al. Effects of comprehensive stroke care

capabilities on in-hospital mortality of patients with ischemic and hemorrhagic

stroke: J-ASPECT study. PLOS ONE 2014;9:¢96819.

doi:10.1371/journal.pone.0096819.

Fujino Y, Kubo T, Muramatsu K, et al. Impact of regional clinical pathways on the

length of stay in hospital among stroke patients in Japan. Med Care

2014;52:634-40. doi:10.1097/MLR.0000000000000146.

Organisation for Economic Cooperation and Development. OECD health statics.

http://stats.oecd.org/Index.aspx?DataSetCode=HEALTH STAT# [accessed 17

July 2017].

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

ov]
Page 2650f 35

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

(s3gv) Jnauadns wwawaublasug
| p anbiydeiBoiqig 8ousby 1e Gzoz ‘2 sunc uo jwoo fwg uadolwa//:dny woly pepeojumoq "LT0Z J8qwadsq ¥T U0 08¥6T0-LT0Z-uadolwa/9eTT 0T se paysiignd 1s.yy :uado


http://bmjopen.bmj.com/

Page 27 of 35

oNOYTULT D WN =

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

19

20

21

22

23

24

25

BMJ Open

27

Rudd AG, Hoffman A, Down C, et al. Access to stroke care in England, Wales and

Northern Ireland: the effect of age, gender and weekend admission. Age Ageing

2007;36:247-55. doi:10.1093/ageing/afm007.

Chen RYT, Lim JKH, Chuo AML. Stroke audit. Med J Malaysia 2003;58:330-6.

Patel S. Improving documentation within the acute stroke unit: introducing a

stroke specific clerking proforma. BMJ Qual Improv Rep 2015;4:u208852.

doi:10.1136/bmjquality.u208852.w3847.

Davenport RJ, Dennis MS, Warlow CP. Improving the recording of the clinical

assessment of stroke patients using a clerking pro forma. Age Ageing

1995;24:43-8. doi:10.1093/ageing/24.1.43.

Pendlebury ST, Rothwell PM. Prevalence, incidence, and factors associated with

pre-stroke and post-stroke dementia: a systematic review and meta-analysis.

Lancet Neurol 2009;8:1006-18. doi:10.1016/S1474-4422(09)70236-4.

Brady MC, Kelly H, Godwin J, et al. Speech and Language therapy for aphasia

following stroke. Cochrane Database Syst Rev 2016;6:CD000425.

doi:10.1002/14651858.CD000425.pub4.

Winstein CJ, Stein J, Arena R, et al. Guidelines for adult stroke rehabilitation and

recovery: a guideline for healthcare professionals from the American Heart

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

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

* (s3gv) Inauadns juswaublasug
| ®p anbiydeiBolqig 8ouaby Je Gzog ‘L sunc uo jwod fwg uadolwa//:dny woly papeojumoq "LT0Z Joqwadaq T U0 08¥6T0-LT0Z-uadolwa/9ETT 0T Se paysiignd 1s.ly :uadO riNg


http://bmjopen.bmj.com/

oNOYTULT D WN =

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

26

27

28

29

30

BMJ Open

28

Association/American Stroke Association. Stroke 2016;47:€98—e169.
doi:10.1161/STR.0000000000000098.

Bernat JL. Challenges to ethics and professionalism facing the contemporary
neurologist. Neurology 2014;83:1285-93.
doi:10.1212/WNL.0000000000000845.

Kuhn T, Basch P, Barr M, et al. Clinical documentation in the 21% century:
executive summary of a policy position paper from the American College of
Physicians. Ann Intern Med 2015;162:301-3. doi:10.7326/M14-2128.
Berenson RA, Basch P, Sussex A. Revisiting E&M visit guidelines--a missing
piece of payment reform. N Engl J Med 2011;364:1892-5.
doi:10.1056/NEJMp1102099.

Heuschmann PU, Kolominsky-Rabas PL, Roether J, et al. Predictors of
in-hospital mortality in patients with acute ischemic stroke treated with
thrombolytic therapy. JAMA 2004;292:1831-8. doi:10.1001/jama.292.15.1831.
World Health Organization. Atlas: country resources for neurological disorders
2004. http://www.who.int/mental health/neurology/neurogy atlas Ir.pdf?ua=1

[accessed 28 September 2017].

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

ov]
Page 2&0f 35

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

(s3gv) Jnauadns wwawaublasug
| p anbiydeiBoiqig 8ousby 1e Gzoz ‘2 sunc uo jwoo fwg uadolwa//:dny woly pepeojumoq "LT0Z J8qwadsq ¥T U0 08¥6T0-LT0Z-uadolwa/9eTT 0T se paysiignd 1s.yy :uado


http://bmjopen.bmj.com/

Page 29 of 35

oNOYTULT D WN =

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

31

32

33

34

35

36

BMJ Open

29

Lodder J, Bamford J, Kappelle J, et al. What causes false clinical prediction of

small deep infarcts? Stroke 1994;25:86-91. doi:10.1161/01.STR.25.1.86.

Fisher CM. A career in cerebrovascular disease: a personal account. Stroke

2001;32:2719-24. do0i:10.1161/hs1101.098765.

Weis JM, Levy PC. Copy, paste, and cloned notes in electronic health records:

prevalence, benefits, risks, and best practice recommendations. Chest

2014;145:632-8. doi:10.1378/chest.13-0886.

Gravely-Witte S, Stewart DE, Suskin N, et al. Cardiologists’ charting varied by

risk factor, and was often discordant with patient report. J Clin Epidemiol

2008;61:1073-9. doi:10.1016/].jclinepi.2007.11.017.

Moulin T, Tatu L, Crépin-Leblond T, et al. The Besangon Stroke Registry. The

Besangon Stroke Registry: an acute stroke registry of 2,500 consecutive patients.

Eur Neurol 1997;38:10-20. doi:10.1159/000112896.

Toni D, Fiorelli M, Bastianello S, et al. Acute ischemic strokes improving during

the first 48 hours of onset: predictability, outcome, and possible mechanisms. A

comparison with early deteriorating strokes. Stroke 1997;28:10-4.

doi:10.1161/01.STR.28.1.10.

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

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

* (s3gv) Inauadns juswaublasug
| ®p enbiydeiBoiqig 8ousby 1e Gzoz ‘2 sunc uo jwod fwg uadolwag//:dny woly pspeojumoqd "/T0Z J18qwadad T UO 08¥6T0-LT0Z-uadolwag/9eTT 0T Se paysiignd 1s.y :uadO CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

37

38

39

40

41

42

BMJ Open

30

McDermott MF, Lenhardt RO, Catrambone CD, et al. Adequacy of medical chart

review to characterize emergency care for asthma: findings from the Illinois

Emergency Department Asthma Collaborative. Acad Emerg Med 2006;13:345-8.

do0i:10.1197/j.aem.2005.09.006.

Becker G, Kempf DE, Xander CJ, et al. Four minutes for a patient, twenty

seconds for a relative — an observational study at a university hospital. BMC

Health Serv Res 2010;10:94. do0i:10.1186/1472-6963-10-94.

Block L, Habicht R, Wu AW, et al. In the wake of the 2003 and 2011 duty hours

regulations, how do internal medicine interns spend their time? J Gen Intern Med

2013;28:1042-7. doi:10.1007/s11606-013-2376-6.

Adams RD, Richardson EP. Salute to C. Miller Fisher. Arch Neurol

1981;38:137-9. doi:10.1001/archneur.1981.00510030031002.

Estol CJ. Dr C. Miller Fisher and the history of carotid artery disease. Stroke

1996;27:559-66. doi:10.1161/01.STR.27.3.559.

Krakauer JW, Hillis AE. The future of stroke treatment: bringing evaluation of

behavior back to stroke neurology. JAMA Neurol 2014;71:1473-4.

doi:10.1001/jamaneurol.2014.2343.

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

vs)
Page 360f 35

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

(s3gv) Jnauadns wwawaublasug
| p anbiydeiBoiqig 8ousby 1e Gzoz ‘2 sunc uo jwoo fwg uadolwa//:dny woly pepeojumoq "LT0Z J8qwadsq ¥T U0 08¥6T0-LT0Z-uadolwa/9eTT 0T se paysiignd 1s.yy :uado


http://bmjopen.bmj.com/

v )
Page 31 of 35 BMJ Open s
o
©
31 g
1 =
2 @
; 2
4 =
(%]
> 506  Fig 1. Temporal changes in the documentation rate of any neurological findings in 172 g
6 . . . . .
7 507 ischaemic stroke patients during hospital stay. 8
8 508  “p-value <0.05 v S
9 S b
10 8 &
o
11 & 3
12 2 8
13 g 3
14 S B
15 a X
16 = R
17 3 £
18 E ©
19 R
20 = i
21 -
2 3
23 3 8.%
24 255
25 83k
26 =S % ;
2 g2
28 S'O S
29 585
292
30 S52
31 Ea”% -
o
33 Ed=
34 ]
35 Z 3
36 S g
37 Ee
38 g 3
39 2 3
40 Q. 8
41 3 3
42 2 9
43 g &
44 Z 3
45 % ~
46 e B
47 4 &
48 2
49 g
50 %
51 o
52 g
53 =
54 %
55 1
56 =}
57 g
58 ®
59

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

)

H [« [o] o

o o o o
! i

Average percentage
of documentation

N
o

W Total
m Neurosurgery
Internal medicine

On discharge

o

Day

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

48x17mm (600 x 600 DPI)

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

oy}
Page 320f 35

‘sa1bojouyoa) Jejlwis pue ‘Bulurel) | ‘Buiuiw eIRp pUE 1X8) 01 paje|al sasn 1o} Bulpnjoul ‘1ybliAdoo Aq palosloid

(s3gv) Jnauadns wwawaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘L sunr uo /wod fwg uadolwagy/:dny woly papeojumod “LT0Z J8aquwiadad T UO 0876T0-LT0Z-uadolwag/9eTT 0T Se paysiignd 1siiy :uado


http://bmjopen.bmj.com/

vs)
Page 33 of 35 BMJ Open s
2
. . - . . . 0 . m
: STROBE (Strengthening The Reporting of OBservational Studies in Epidemiology) Checklist =3
2 3
3 A checklist of items that should be included in reports of observational studies. You must report the page number in your manuscript 2
O
4 where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript =
Z accordingly before submitting or note N/A. g
7 ]
8 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published - 5
I P
9 examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web% P
»
1(1) sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiolo%y gr
o
12 at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. g o
S,
N
14 Section and Item ltem Reporteéon D
15 Recommendation Q
16 No. PageNg. &
17 Title and Abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the = E
e d
18 abstract 1 g <
19 =
20 (b) Provide in the abstract an informative and balanced summary of what was ‘g,, "
21 done and what was found 2 - q
22 AL
[ =
;i Introduction 32 3
25 Background/Rationale 2 Explain the scientific background and rationale for the investigation being % § s
26 reported 4-5 gg E
27 o
28 Objectives 3 State specific objectives, including any prespecified hypotheses 45 =
29 5
30 Methods o
g; Study Design 4 Present key elements of study design early in the paper 5 3
=
33 Setting 5 Describe the setting, locations, and relevant dates, including periods of =7
34 . ] -~ 4
35 recruitment, exposure, follow-up, and data collection 5-9 > E
36 — : — —
37 Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 3. 4
38 selection of participants. Describe methods of follow-up N/A r:g g
39 o 8
40 Case-control study—Give the eligibility criteria, and the sources and methods of 3 oy
=. q
41 case ascertainment and control selection. Give the rationale for the choice of N/A 3 3
42 cases and controls 2 g
43 § P
44 Cross-sectional study—Give the eligibility criteria, and the sources and methods of |35 5
45 selection of participants 5-6 Co—) -
46 S _J
Z; (b) Cohort study—For matched studies, give matching criteria and number of . ;
49 exposed and unexposed N/A él
50 3
51 Case-control study—For matched studies, give matching criteria and the number ;[
52 of controls per case N/A 9
g
53 =
54 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and k=
Q
55 effect modifiers. Give diagnostic criteria, if applicable 8-9 E
56 2
57 ®
o
58 ®
59

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


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

oNOYTULT D WN =

vs)
Page 340f 35

BMJ Open
]
©
Section and Item Item . Reported on i.
Recommendation =%
No. Page No. &
Data Sources/ 8* For each variable of interest, give sources of data and details of methods of =
Measurement assessment (measurement). Describe comparability of assessment methods if 8-9 %-.
there is more than one group a
Bias 9 Describe any efforts to address potential sources of bias 510 |
B o ¢
= tb
Study Size 10 Explain how the study size was arrived at 9-10 =3 ¢
- o S
o f
Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable, g =i
describe which groupings were chosen and why 10 f, -5_1
S 5
Statistical Methods 12 (a) Describe all statistical methods, including those used to control for g. F
confounding 9-10 R
5
(b) Describe any methods used to examine subgroups and interactions N/A g ¢
= C
¢) Explain how missing data were addressed < 5
(c) Exp g NA g
— [d
(d) Cohort study—If applicable, explain how loss to follow-up was addressed @ g
N/A w wn I
~@c
Case-control study—If applicable, explain how matching of cases and controls was g d
addressed 3% g
N/A S o-
o3
Cross-sectional study—If applicable, describe analytical methods taking account of R
sampling strategy N/A gg :
(e) Describe any sensitivity analyses S=4
N/A FoNp
Results =S e
S5~
o - =3
Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially 4
eligible, examined for eligibility, confirmed eligible, included in the study, 1 E‘F; E
completing follow-up, and analysed =) .E
6 T
(b) Give reasons for non-participation at each stage N/A ) g9
a <
c¢) Consider use of a flow diagram EE
© & NA 2
D c
Descriptive Data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and T d
o C
information on exposures and potential confounders 11 El
o =
(b) Indicate number of participants with missing data for each variable of interest N/A a
(c) Cohort study—Summarise follow-up time (eg, average and total amount) N/A ]
(4
Outcome Data 15* | Cohort study—Report numbers of outcome events or summary measures over ‘F
. a
time N/A cp
Case-control study—Report numbers in each exposure category, or summary ¢
measures of exposure N/A 2
Cross-sectional study—Report numbers of outcome events or summary measures 12-13 g
[«

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


http://bmjopen.bmj.com/

Page 35 of 35

oNOYTULT D WN =

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

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.

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

vs)
BMJ Open s
]
©
Recommendation =%
No. Page No. &
Main Results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates T
and their precision (eg, 95% confidence interval). Make clear which confounders 12 %
were adjusted for and why they were included E
(b) Report category boundaries when continuous variables were categorized 12 Eﬂ
T 9
(c) If relevant, consider translating estimates of relative risk into absolute risk for a % ':
o 3
meaningful time period N/A T S
. . ﬂ’-
Other Analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and o
e ) o A
sensitivity analyses 12-13 g E
Discussion = 9
5 K%
Key Results 18 | Summarise key results with reference to study objectives 14-15 g g
- S d
Sl
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 6" i
imprecision. Discuss both direction and magnitude of any potential bias 15-18 = E
0 M
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, 3 o) g:
2 4
multiplicity of analyses, results from similar studies, and other relevant evidence 18-20 g EN
Q5 g
Generalisability 21 Discuss the generalisability (external validity) of the study results 15-18 © 24
l 3 Wg
X — <
Other Information gg 3
254
Funding 22 Give the source of funding and the role of the funders for the present study and, if Yy Cﬁi
applicable, for the original study on which the present article is based 22 g :52
S0
=}
©

‘salfojouyoa) Jejlwis pue ‘Buiurensy

| @p anbiydeiboljqig asuaby 1e Gzog ‘2 aunr uo ywoo [wqguadolwg//:dn


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Temporal changes in the documentation of neurological
findings among acute ischaemic stroke patients in a single
centre in Japan: a retrospective cross-sectional study

Journal: | BMJ Open

Manuscript ID | bmjopen-2017-019480.R2

Article Type: | Research

Date Submitted by the Author: | 17-Nov-2017

Complete List of Authors: | Komagamine, Junpei; Kokuritsu Byoin Kiko Tochigi Iryo Center, Internal
Medicine
Komagamine, Tomoko; Dokkyo Ika Daigaku, Neurology

<b>Primary Subject

Heading</b>: Neurology

Secondary Subject Heading: | Neurology, Medical education and training

Neurology < INTERNAL MEDICINE, Stroke < NEUROLOGY, Adult neurology

Keywords: | _“\eyROLOGY

* (s3gv) Inauadns juswaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘L sunr uo jwod fwg uadolwgy/:dny woly papeojumod "LT0Z J8aquwiadad T Uo 0876T0-LT0Z-uadolwag/9eTT 0T se paysiignd 1siiy :uadO (NG

ARONE"

M

‘salbojouyoa) Jejiwis pue ‘Bulure) | ‘Buiuiw eIRp pUe 1X8) 01 paje|al sasn Jo} Bulpnjoul ‘1ybliAdoo Aq palosloid

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


http://bmjopen.bmj.com/

Page 1 of 35

oNOYULT D WN =

10

11

12

13

14

15

16

BMJ Open

Temporal changes in the documentation of neurological findings among acute
ischaemic stroke patients in a single centre in Japan: a retrospective cross-sectional

study

Junpei Komagamine, MD'; Tomoko Komagamine, MD, PhD?

1Department of Internal Medicine, Tochigi Medical Center, 1-10-37, Nakatomatsuri,
Utsunomiya, Tochigi 3208580, Japan. E-mail: junpei0919@yahoo.co.jp
*Department of Neurology, Dokkyo Medical University, 880, Kitakobayashi, Mibu,

Shimotsuga, Tochigi 3210293, Japan. E-mail: tkoma@dokkyomed.ac.jp

Running title: Documentation rate of neurological findings

Corresponding author: Junpei Komagamine, MD, Department of Internal Medicine,

Tochigi Medical Center, 1-10-37, Nakatomatsuri, Utsunomiya, Tochigi 3208580, Japan.

Tel.: +81-28-622-5241, E-mail: junpei0919@yahoo.co.jp

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

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

* (s3gv) Inauadns juswaublasug
| p anbiydeiBollqig 8ousby re Gzoz ‘2 dung uo /wod fwg uadolway/:dny wolj papeojumod "LT0Z 18qwiadaq T U0 0876T0-LT0Z-uadolwa/9eTT 0T Sk paysiignd sy :uado (NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

BMJ Open

ABSTRACT

Objective: To evaluate temporal differences in the documentation of neurological

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

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

patients between internists and neurosurgeons.

Design: A retrospective medical chart review.

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

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

patients (including up to 10 patients per physician).

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

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

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

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

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

differences in outcomes between neurosurgeons and internists.

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

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

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

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

by neurosurgeons on each day but not on discharge.

Conclusions: The documentation rate of neurological findings by physicians during

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

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

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

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

Key words: Documentation, Neurology, Stroke

Strengths and limitations of this study

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

neurological findings by the same physicians in acute stroke patients.

® An association between documentation and patient outcomes was not

evaluated.

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

of patients.
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INTRODUCTION

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

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

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

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

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

physicians, particularly non-neurologists, often omit important neurological

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

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

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

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

reducing the documentation of neurological findings. This is problematic because

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

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

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

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

which the documentation of neurological findings in stroke patients decreases after

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

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

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

training and interest in neurology, neurosurgeons might document neurological findings

more frequently than internists.

METHODS

Study design and participants

A retrospective medical chart review was conducted to assess data obtained

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

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

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

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

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

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

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

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

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

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

* (s3gv) Inauadns juswaublasug
| p anbiydeiBollqig 8ousby re Gzoz ‘2 dunr uo jwod fwg uadolway/:dny woly papeojumod "LT0Z 18qwiadaq T U0 0876T0-2T0Z-uadolwa/9eTT 0T Sk paysiignd isiy :uado (NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

BMJ Open

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

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

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

characterize temporal changes in the documentation rate of neurological findings in

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

evaluated differences in the documentation rate of neurological findings between

internists and neurosurgeons on each hospital day.

Usual care

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

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

internists or neurosurgeons care for most acute ischaemic stroke patients without

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

physician without handoffs from admission to discharge. Additional physicians rarely

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

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

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

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

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

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

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

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

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

evaluation period.

Characteristics

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

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

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

the database of Tochigi Medical Center.

Outcome measures

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

sought to evaluate only documentation by a single principal physician.

Statistical analysis

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

define the characteristics of neurological documentations by physicians in ischaemic

patients. However, we expected a dramatic reduction in the documentation of
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10

neurological findings and therefore selected 10 patients per physician. Assuming that

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

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

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

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

per physician were included.

The baseline and demographic characteristics of patients and physicians were

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

determined the documentation rate of any neurological finding in ischaemic stroke

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

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

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

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

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

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

significance was set at 5%.

Patient involvement

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

ov]
Page 1&0f 35

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

(s3gv) Jnauadns wwawaublasug
| p anbiydeiBollqig 8ousby re Gzog ‘2 dunr uo /wod fwg uadolway/:dny wolj papeojumod "LT0Z J8qwadad T U0 0876T0-LT0Z-uadolwg/9eTT 0T Se paystignd 1slly :usdo


http://bmjopen.bmj.com/

v )
Page 11 of 35 BMJ Open s
S
11 S
1 =
2 7
. E
4 7
5 2
6 179 No patients were involved in determining the research question or outcome =
7 7]
8 . : . . . v S
9 180  measures nor were they involved in developing plans to design or implement the study. S 0.':\‘o
10 8 2
12 181  No patients were asked for advice during the interpretation or writing up of the results. g °
©
13 8 o]
. : . . SN
1? 182  There are no plans to disseminate the results of this research to study participants or the s 2
Q
16 Z 8
= [(e}
17 183  relevant patient community. s &
18 S ©
19 ‘g S
20 184 > '5
21 c @
22 Al
23 185 RESULTS 20T
®3
24 2S5
25 o . . . . g
26 186 We identified 474 consecutive acute ischaemic stroke patients who were cared =
27 S0S
28 - . : o . . =53
29 187  for by 29 physicians during the study period. Forty-six patients (9.7%), including nine o3
S
30 oS¢
g; 188  patients who had died, were excluded due to discharge before the seventh hospital stay. g > 3
=.m 3
33 =85
34 189  Of the remaining 428 patients, 172 who were cared for by 27 physicians (19 internists i TE
35 = -
36 S g
37 190  and 8 neurosurgeons) met our inclusion criteria. Among these 172 patients, 105 were 5 3
38 & 5
39 . o . 3 3
40 191  discharged to home, 40 to rehabilitation facilities, and 27 to other hospitals or long-term - %
=. o
41 3 3
42 e . . . ol 2 o
43 192  care facilities. The baseline characteristics of the patients and physicians are presented = o
(] c
44 g =
45 193  in Table 1. s
46 Q N
2
47 2
48 194 R
49 g
50 5
51 195  Table 1. Characteristics of patients with acute ischemic stroke and physicians. Values o
52 =
53 . 5
54 196  are shown as numbers (percentages) unless stated otherwise. %
55 _S-
56 2
57 o
o
58 @
59

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


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open
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 22 (81.5) 7 (87.5) 15 (78.9)
Mean (SD) experience of doctor (years) 8.5(7.5) 14 (10.9) 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
198 Figure 1 shows the temporal changes in the documentation rate of any

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

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

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

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

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

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

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

206  day but not at discharge.

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

208  frequently documented during the initial seven hospital days (Table 2). Mental status,
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In this study, the documentation rate of neurological findings by principal

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

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

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

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

physician interest in neurological findings in stroke patients dramatically decreases after

the third hospital day.

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

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

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

textbook describes that these important neurological assessments are unfortunately often

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

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

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

such documentation may not reflect physician awareness.

We did not expect that neurological findings would be more frequently

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

this result should be interpreted cautiously. Unlike in the internal medicine ward,
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quality indicators affect medical record documentation.[26-28] However, the

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

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

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

neurological findings by physicians. Furthermore, documentation itself is also

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

were unable to retrospectively learn or perform detailed discussions about brain

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

physicians who are more interested in neurological findings will more thoroughly

document them.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

documentation of neurological findings continued to gradually decrease after the eighth

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

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

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

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

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

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

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

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

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

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

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

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

load on outcomes.

Meaning of findings

Several factors could have caused the observed reduction in the documentation

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

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

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

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

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

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

phenomenon could occur in the documentation of non-neurological findings in
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C. Miller Fisher described many syndromes and mechanisms using thorough

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

significant contributions was an understanding of the relationship between carotid artery

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

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

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

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

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

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

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

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

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

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

about neurology stroke by stroke.[42]

CONCLUSIONS

The documentation rate of neurological findings by physicians in usual stroke

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