
1

Vol.:(0123456789)

Scientific Reports |        (2021) 11:16717  | https://doi.org/10.1038/s41598-021-96320-9

www.nature.com/scientificreports

External validation for sensitivity 
of the Ottawa subarachnoid 
hemorrhage rule in a Japanese 
tertiary teaching hospital
Tomoharu Suzuki1*, David Itokazu2 & Yasuharu Tokuda3

The Ottawa subarachnoid hemorrhage (OSAH) rule is a validated clinical prediction rule for ruling out 
subarachnoid hemorrhage (SAH). Another SAH rule (Ottawa-like rule) was developed in Japan but was 
not well validated. We aimed to validate both rules by examining the sensitivity for ruling out SAH 
in Japanese patients diagnosed with SAH. We conducted a retrospective cohort study by reviewing 
the medical records of consecutive adult patients hospitalized with SAH at a tertiary-care teaching 
hospital in Japan who visited our emergency department between July 2009 and June 2019. Sensitivity 
and its 95% confidence interval (CI) were estimated for each rule for the diagnosis of SAH. In a total 
of 280 patients with SAH, 56 (20.0%) patients met the inclusion criteria and were analyzed for the 
OSAH rule, and a sensitivity of the OSAH rule was 56/56 (100%; 95% CI 93.6–100%). While, 126 (45%) 
patients met the inclusion criteria of the Ottawa-like rule, and the rule showed a sensitivity of 125/126 
(99.2%; 95%CI 95.7–100%). The OSAH rule showed 100% sensitivity among our Japanese patients 
diagnosed with SAH. The implementation of the Ottawa-like rule should be cautious because the 
false-negative rate is up to 4%.

Abbreviations
CPRs  Clinical prediction rules
GCS  Glasgow Coma Scale
OSAH  Ottawa subarachnoid haemorrhage
SAH  Subarachnoid hemorrhage

Subarachnoid hemorrhage (SAH) is a critical condition that may need prompt neurosurgical intervention to 
decrease mortality and  morbidity1. Due to its potential fatality, making a timely diagnosis of SAH is warranted. 
However, while patients with acute headache account for 1% of patients who visited an emergency department, 
only about 0.7–2% of these patients suffer from  SAH2,3, because of its infrequency, differentiation of SAH from 
other 99% causes of headache is also important in terms of radiation exposure and cost of imaging studies (e.g., 
computed tomography: CT). If the rule is positive, workups including CT imaging may be employed appropri-
ately, and it may save expenditure by preventing missed SAH by the high specificity of CT  imaging4.

Misdiagnosis of SAH was found more commonly in patients with acute headache who showed less severe 
 symptoms1,5, and misdiagnosis worsened the prognosis of these  patients5. The Ottawa subarachnoid hemorrhage 
(OSAH) rule is a simple clinical decision rule with high sensitivity (95% CI 97.2–100.0%) to rule out SAH in 
patients who visited the emergency department complaining of acute peaking headache within an  hour6. The rule 
consists of six items: (1) age ≥ 40 years, (2) neck pain or stiffness, (3) witnessed loss of consciousness, (4) onset 
during exertion, (5) thunderclap headache (instantly peaking pain), and (6) limited neck flexion on examination. 
If all of the six items are absent, the patients with acute headache are thought to be at low risk of SAH.

It can be easily used for patients with acute headache who present with mild symptoms suggestive of SAH in 
the emergency department and contribute to rule out SAH safely. The OSAH rule has been validated as highly 
sensitive by studies in North America and  China7,8.

Japan is known to have a higher incidence of SAH compared to Western and other Asian countries. The SAH 
incidence in Japan was estimated to be 28.0 per 100,000 person-years, and in other Asian countries, the incidence 
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was estimated to be 3.7 per 100,000 person-years. Over the last three decades, the incidence has declined in 
Western and other Asian countries, but it has increased by about 60% only in  Japan9. Thus, it is crucial to avoid 
a misdiagnosis of SAH, which might have different clinical manifestations in this country. On the other hand, 
the Ottawa-like rule (positive if any one of the following criteria is present: age ≥ 40 years, neck pain or stiffness, 
altered level of consciousness, or onset during exertion) was recently proposed by Japanese investigators for the 
assessment of patients presented emergency department complaining of an acute headache, regardless of a new 
neurological  deficit10. As shown in Table 1, the OSAH rule is implemented for very specific populations, which 
may limit the clinical application, while the Ottawa-like rule seems to be easier to employ than the OSAH rule.

In the current study, we aimed to assess the sensitivity of the OSAH rule and the Ottawa-like rule focusing 
on Japanese patients diagnosed with SAH.

Materials and methods
Design and setting. This was a retrospective cohort study conducted by reviewing the discharge sum-
mary of all consecutive patients who visited the emergency department and were hospitalized and eventually 
diagnosed with SAH at a tertiary care teaching hospital in Okinawa, Japan in a 10-year period. Data extraction 
was conducted by two health information managers (HIMs) according to the International Classification of 
Diseases, 10th Revision codes for subarachnoid hemorrhage from electronic health records (EHRs), and the 
data were double-checked by the HIMs. Then TS reviewed all the extracted, anonymized discharge summaries 
and EHRs for confirmation of diagnosis and data gathering. The diagnosis of SAH was confirmed by head CT 
scan, MRI, or confirmation of red blood cells (> 1 ×  106/L) or xanthochromia of cerebrospinal fluid. The ethics 
research board of the Muribushi Okinawa Project for Teaching Hospitals approved this study (No. 2019-2), and 
waived written informed consent due to the retrospective nature of the study.

Cohort description. We focused on adult patients (16 years old or older) who were diagnosed with SAH 
from 2009 to 2019, different from a prospective validation study of the OSAH rule by Perry et al. They recruited 
consecutive adult patients with nontraumatic acute headache with a peak of intensity presenting within one hour 
from the onset. Thus, they included patients with acute headaches with or without  SAH6.

To assess the sensitivity of the Ottawa-like rule, we excluded patients who were referred to us with a definite 
diagnosis of subarachnoid hemorrhage from other institutions; those who were unconscious of the initial assess-
ment at the emergency department defined as the patient responded to pressure or not in terms of eye-opening, 
and their verbal responses were vague (words or sounds) or none; those who had sustained head trauma within 
the past one week; those who had had a similar headache three or more times in the last six months with a con-
firmed diagnosis or when a patient or his/her representatives opted out of participation in the study.

In addition, to assess the sensitivity of the OSAH rule, we excluded patients whose Glasgow coma scale 
(GCS) < 15; who had a headache for more than 14 days after onset of headache; those who had already undergone 
head CT and lumbar puncture and presented for reevaluation; those who had papillary edema on fundoscopy; 
those who presented with new focal neurological deficits; or those who had known cerebral aneurysm, suba-
rachnoid hemorrhage, brain tumor, ventricular shunt or hydrocephalus, the same as the exclusion criteria of 
the validation study by Perry et al.7.

When one or more of item(s) of each clinical prediction rule (CPR) described in the Table 3 is applicable for 
the participants, they are considered as at risk of SAH.

Table 1.  The inclusion and exclusion criteria of the Ottawa subarachnoid hemorrhage rule and the Ottawa-
like rule. GCS, Glasgow Coma Scale; SAH, Subarachnoid hemorrhage.

Inclusion criteria The Ottawa SAH rule The Ottawa-like rule

Age 16 years or older No less than 15 years old

Setting Emergency department

Definition of headache A nontraumatic headache that reached maximum intensity within 1 h Acute headache

Onset of headache Within 14 days

Absence of a traumatic event Previous seven days –

Consciousness GCS of 15/15 –

Exclusion criteria

An established recurrent headache syndrome which occurred three or more times over six months

An established recurrent headache syndrome which occurred three or more times over six months

Referred from another hospital with a confirmed diagnosis of SAH

Returned for a reassessment of the same headache if al- ready investigated with both CT and 
lumbar puncture

Papilledema on fundoscopic examination

New focal neurologic deficit

A previous diagnosis of a cerebral aneurysm, subarachnoid hemorrhage, brain neoplasm, or 
hydrocephalus

Headache caused by trauma, drugs or alcohol

Unconscious at the beginning of the assessment
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Data collection. Patient age, sex, past medical history, smoking history, and vital signs were obtained from 
the hospital chart. In addition to clinical data and demographics, data on the OSAH rule criteria were obtained 
from EHRs. The Ottawa-like rule (age ≥ 40 years, neck pain or stiffness, altered level of consciousness, or onset 
during exertion) was similarly evaluated.

Outcome measures and statistical analyses. The outcome of interest in the current study was the 
sensitivity of the OSAH rule and the Ottawa-like rule in patients with SAH and its 95% confidence interval (CI).

Data were analyzed using STATA version 15 (Stata Corp LLC, College Station, TX, USA). Patients with 
missing data were omitted from the analysis. We reported count (proportion) for categorical variables and 
mean ± standard deviation (SD) for continuous variables, where appropriate.

Consent to participate. Patients or the public were not involved in the design, conduct, reporting or dis-
semination of this study.

Ethics approval. We conducted this study ethically in accordance with the World Medical Association Dec-
laration of Helsinki. This study was an observational study without any intervention to the participants. Thus, we 
offered patients the opportunity to opt out by posting information about the potential eligible case for this study 
and the ways to contact the primary investigator.

Results
We found 280 patients aged 16 years or older diagnosed with SAH during the study period. For the validation 
study of the OSAH rule, 222 patients were excluded. Common reasons for the exclusion were GCS < 15 (n = 118), 
referred cases after diagnostic confirmation of SAH at other clinics/hospitals (72), new-onset neurological deficits 
(29), and past history of a cerebral aneurysm (2). Three patients with missing data in the GCS or OSAH rule 
were also excluded. The remaining 56 patients were included in the study (Fig. 1).

While, we included 126 patients for the validation study of the Ottawa-like rule (Fig. 2). One hundred forty-six 
patients were excluded, and the reasons for exclusion were the referral case (72), patients with head trauma (3), 
and unconscious patients at initial presentation to our emergency department (71). Missing data were observed 
in GCS (7) and Ottawa-like rule (1).

Table 2 shows the demographic and clinical characteristics of the patients. Among the patients who validated 
the OSAH rule, the mean age was 57.5 (SD, 14.4), and there were 39 women (69.6%). Twenty-four patients had 
hypertension, and 20 were current or past smokers. The mean BMI was 24.2 (SD, 4.5). Median systolic blood 
pressure was 162 mm Hg (IQR 142–188) mm Hg. Among the patients who were included for the validation 

Figure 1.  Flow diagram for the validation study of the Ottawa subarachnoid hemorrhage rule. GCS=Glasgow 
Coma Scale, SAH=subarachnoid hemorrhage.
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of the OSAH rule (56), head CT imaging and MR imaging found SAH in 96.4% (54/56) and 83.3% (5/6) of 
patients, respectively. In the patients included in the validation of the Ottawa-like rule, head CT imaging and 
MR imaging revealed SAH in 96.8% (122/126) and 78.6 (11/14) of the patients, respectively. Lumbar puncture 
was applied in two patients, and both of them presented with xanthochromia. In the cohort of the Ottawa-like 
rule, xanthochromia confirmed SAH in one patient with negative imaging results.

Figure 2.  Flow diagram for the validation study of the Ottawa-like rule. GCS=Glasgow Coma Scale, 
SAH=subarachnoid hemorrhage.

Table 2.  Demographic characteristics of patients with subarachnoid hemorrhage. Reported count 
(proportion) for categorical variables and median (interquartile range) or mean ± standard deviation (SD) 
for continuous variables, where appropriate. Lumbar puncture was applied in two patients, and both of them 
presented with xanthochromia. In the cohort of the Ottawa-like rule, xanthochromia confirmed SAH in one 
patient with negative imaging results. Missing (Ottawa subarachnoid hemorrhage rule): Smoking history = 1; 
Diastolic BP = 1; Pulse rate = 9; Respiratory rate = 7; Body temperature = 15. Missing (Ottawa-like rule): 
BMI = 1; smoking history = 3; diastolic BP = 1; pulse rate = 2; respiratory rate = 19; body temperature = 38. BMI, 
body mass index; BP, blood pressure; CT, computed tomography; GCS, Glasgow coma scale; MR, magnetic 
resonance; SAH, subarachnoid hemorrhage.

Characteristics The Ottawa subarachnoid hemorrhage rule (n = 56) The Ottawa-like rule (n = 126)

Age at admission—yr 57.5 ± 14.4 57.6 ± 14.4

Female 39 (69.6) 89 (70.6)

BMI, kg/m2 24.2 ± 4.5 24.1 ± 4.4

Smoking

Current or past smoker 20 (36.4) 48 (39.0)

Past medical history

Hypertension 24 (43.6) 55 (43.7)

Dyslipidemia 3 (5.5) 7 (5.6)

Vital signs

Systolic BP (mm Hg) 162 (142–188) 162 (142–189)

Diastolic BP (mm Hg) 89 (80–107) 90 (80–107)

Pulse rate (pulses/min) 83 (70–92) 82 (71–91)

Respiratory rate (breaths/min) 20 (18–22) 20 (18–24)

Body temperature (Celsius) 36.4 (35.9–36.8) 36.3 (35.9–36.7)

Imaging study for confirmation of SAH

CT 54/56 (96.4) 122/126 (96.8)

MR 5/6 (83.3) 11/14 (78.6)
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As shown in Table 3, the most frequently fulfilled criterion was thunderclap headache (n = 44/46, 95.7%), 
followed by age ≥ 40 (n = 50/56, 89.3%). The sensitivity of the OSAH rule for the diagnosis of SAH was 56/56 
(100%; 97.5% CI 95.4%–100%, one-sided). The Ottawa-like rule in our patients showed a sensitivity of 125/126 
(99.2%; 95% CI 95.7%–100%). Misclassification occurred in one patient, a 30-year-old man presented with new 
right hemi-paresthesia. He underwent MR imaging, which showed a slight SAH; however, an emergency physi-
cian missed the finding, and the patient was discharged. Two days later, a radiologist suggested the presence 
of subarachnoid hemorrhage on MRI. Thus, the patient was called and admitted to our hospital immediately. 
Additional imaging studies did not reveal the specific etiology of SAH, such as an aneurysm or arteriovenous 
malformation, and he only needed close observation. Eventually, he was discharged without any disability. 
Because of the new neurological deficit, he was excluded from the analysis of the OSAH rule.

Discussion
Our results based on Japanese patients diagnosed with SAH show that the OSAH rule has high sensitivity, 
which is similar to that of the original derivation study and subsequent validation studies in North America 
and  China6–8,11. Although the current study followed the study in  China8 and was the second validation study 
in Asia, SAH is recognized with the highest prevalence in  Japan9; thus, the validation is most important in this 
country, and physicians could use the rule to carefully exclude SAH in walk-in patients with headache safely.

The OSAH rule may be useful to rule out SAH for alert and oriented patients with acute peaking pain, 
although it may be implemented for a very specific population. Including patients with consciousness distur-
bance to be eligible for rule application, the development of another clinical decision rule for ruling out SAH was 
attempted in Japan by using the Ottawa-like rule with a sensitivity of 100% (95% CI 98.6–100%)10. Our patients 
showed one misclassification case and low sensitivity based on the Ottawa-like rule. The misclassified case that 
did not fulfil the Ottawa-like rule had a new hemi-paresthesia, and the patient was not eligible for the analysis 
of the OSAH rule because of the neurological deficit. The Ottawa-like rule does not exclude patients with focal 
neurological signs for evaluation; this may not be feasible in clinical practice. In fact, the rule missed a SAH case 
in our cohort; nevertheless, easier to apply than the OSAH rule.

There were several limitations in the present study that must be considered when interpreting the results. First, 
this study has a risk of selection bias because we included only patients with SAH in a tertiary teaching hospital 
and might have failed to include all patients with acute peaking headache. Thus, different from the validation 
study by Perry et al.7, we did not include all patients with acute headache without SAH. Our results focused on 
the sensitivity of the CPRs among patients with SAH and are at risk of overestimation and the absence of the data 
about patients with acute headache but not diagnosed as SAH might have weakened the validity of our results 
because we could not address negative predictive value or negative likelihood ratio of the OSAH rule. Second, we 
could apply the CPRs for a limited number of patients because of the exclusion criteria, which might have limited 
the clinical utility and generalizability of the CPRs. Third, this study has a possible risk for underestimation of the 
sensitivity of the CPRs because of the lack of data involving the CPRs. Data were retrospectively collected from 
EHRs in the emergency department, and physicians might have potentially failed to document some features 
of patients, including elements of the OSAH rule because physicians might be occasionally overwhelmed due 
to some reasons (ex. a severe condition of a patient with SAH, overcrowding or multitasking in an emergency 
department) and deprived of enough time for the documentation. Finally, this study was based on data from 
a single-center study with a limited number of eligible cases, so our results might have less generalizability. To 
overcome these limitations, a multicenter, prospective, large cohort study among patients with acute peaking 
headache should be planned in Japan.

Table 3.  The sensitivity of the Ottawa subarachnoid hemorrhage rule and those of the Ottawa-like rule 
and each criterion. Missing (OSAH rule): Neck pain or stiffness = 14; Witnessed loss of consciousness = 3; 
Exertional onset = 8; Thunderclap headache = 10; Limited neck flexion on examination = 31. Missing (Ottawa-
like rule): Neck pain or stiffness = 42; Exertional onset = 7. SAH, subarachnoid haemorrhage. *97.5% CI, one-
sided.

The Ottawa subarachnoid hemorrhage rule 
(n = 56) %(n/N) 95% CI The Ottawa-like rule (n = 126) %(n/N) 95% CI

Age ≥ 40 years 89.3 (50/56) 78.1–96.0 Age ≥ 40 years 89.7 (113/126) 83.0–94.4

Neck pain or stiffness 85.7 (36/42) 71.5–94.6 Neck pain or stiffness 81.0 (68/84) 70.9–88.7

Witnessed loss of consciousness 15.1 (8/53) 6.7–27.6 –

– Altered level of consciousness 34.9 (44/126) 26.6–43.9

Exertional onset 62.5 (30/48) 47.4–76.0 Exertional onset 58.1 (61/105) 48.1–67.7

Thunderclap headache 95.7 (44/46) 85.2–99.5 –

Limited neck flexion on examination 76.0 (19/25) 54.8–90.6 –

The Ottawa SAH score ≥ 1 100 (56/56) 93.6–100* The Ottawa-like score ≥ 1 99.2 (125/126) 95.7–100.0
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Conclusion
In summary, the OSAH rule showed 100% sensitivity among our Japanese patients diagnosed with SAH, while 
the Ottawa-like rule misclassified one patient with SAH. The implementation of the Ottawa-like rule should be 
cautious because the false-negative rate is up to 4%, and one misclassification, suggesting low generalizability 
when the rule is implemented for the larger Japanese population with acute headache.

Data availability
The datasets generated and/or analyzed during the current study are available from the corresponding author 
on reasonable request.

Received: 15 March 2021; Accepted: 2 August 2021

References
 1. Kowalski, R. G. et al. Initial misdiagnosis and outcome after subarachnoid hemorrhage. JAMA 291, 866–869. https:// doi. org/ 10. 

1001/ jama. 291.7. 866 (2004).
 2. Chu, K. H. et al. Acute headache presentations to the emergency department: a statewide cross-sectional study. Acad. Emerg. Med. 

24, 53–62. https:// doi. org/ 10. 1111/ acem. 13062 (2017).
 3. Morgenstern, L. B. et al. Headache in the emergency department. Headache 41, 537–541. https:// doi. org/ 10. 1046/j. 1526- 4610. 

2001. 04100 6537.x (2001).
 4. Perry, J. J. et al. Prospective implementation of the Ottawa subarachnoid hemorrhage rule and 6-hour computed tomography rule. 

Stroke 51, 424–430. https:// doi. org/ 10. 1161/ STROK EAHA. 119. 026969 (2020).
 5. Ois, A. et al. Misdiagnosis worsens prognosis in subarachnoid hemorrhage with good hunt and hess score. Stroke 50, 3072–3076. 

https:// doi. org/ 10. 1161/ STROK EAHA. 119. 025520 (2019).
 6. Perry, J. J. et al. Clinical decision rules to rule out subarachnoid hemorrhage for acute headache. JAMA 310, 1248–1255. https:// 

doi. org/ 10. 1001/ jama. 2013. 278018 (2013).
 7. Perry, J. J. et al. Validation of the Ottawa subarachnoid hemorrhage rule in patients with acute headache. CMAJ 189, E1379–E1385. 

https:// doi. org/ 10. 1503/ cmaj. 170072 (2017).
 8. Cheung, H. Y., Lui, C. T. & Tsui, K. L. Validation and modification of the Ottawa subarachnoid haemorrhage rule in risk stratifica-

tion of Asian Chinese patients with acute headache. Hong Kong Med. J. 24, 584–592. https:// doi. org/ 10. 12809/ hkmj1 87533 (2018).
 9. Etminan, N. et al. Worldwide incidence of aneurysmal subarachnoid hemorrhage according to region, time period, blood pressure, 

and smoking prevalence in the population: a systematic review and meta-analysis. JAMA Neurol. 76, 588–597. https:// doi. org/ 10. 
1001/ jaman eurol. 2019. 0006 (2019).

 10. Kimura, A. et al. New clinical decision rule to exclude subarachnoid haemorrhage for acute headache: a prospective multicentre 
observational study. BMJ Open 6, e010999. https:// doi. org/ 10. 1136/ bmjop en- 2015- 010999 (2016).

 11. Bellolio, M. F. et al. External validation of the Ottawa subarachnoid hemorrhage clinical decision rule in patients with acute 
headache. Am J Emerg. Med. 33, 244–249. https:// doi. org/ 10. 1016/j. ajem. 2014. 11. 049 (2015).

Acknowledgements
The authors thank the individuals for their participation and our colleagues who cared the participants of this 
study in the Urasoe General Hospital. We are grateful to Dr. Shunichi Kinjo (Urasoe General Hospital), Dr. 
Takuhiro Moromizato (Okinawa-Asia Clinical Investigation Synergy), Dr. Kyoko Kitazawa (Kyoto Pharma-
ceutical University) and Dr. Shunzo Koizumi (Choosing Wisely Japan) for their warmest assistance. Finally, we 
appreciate the editors, reviewers, and Okinawa-Asia Clinical Investigation Synergy for the invaluable advice for 
this study.

Author contributions
T.S. and Y.T. conceived the study and designed the trial. Y.T. supervised the conduct of the trial, and T.S. collected 
the data. Y.T. provided statistical advice on study design, and T.S. analyzed the data; Y.T. chaired the data oversight 
committee. T.S. drafted the manuscript, and D.I. and Y.T. edited the manuscript, and all authors contributed 
substantially to its revision. T.S. takes responsibility for the paper as a whole.

Funding
None.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1001/jama.291.7.866
https://doi.org/10.1001/jama.291.7.866
https://doi.org/10.1111/acem.13062
https://doi.org/10.1046/j.1526-4610.2001.041006537.x
https://doi.org/10.1046/j.1526-4610.2001.041006537.x
https://doi.org/10.1161/STROKEAHA.119.026969
https://doi.org/10.1161/STROKEAHA.119.025520
https://doi.org/10.1001/jama.2013.278018
https://doi.org/10.1001/jama.2013.278018
https://doi.org/10.1503/cmaj.170072
https://doi.org/10.12809/hkmj187533
https://doi.org/10.1001/jamaneurol.2019.0006
https://doi.org/10.1001/jamaneurol.2019.0006
https://doi.org/10.1136/bmjopen-2015-010999
https://doi.org/10.1016/j.ajem.2014.11.049
www.nature.com/reprints


7

Vol.:(0123456789)

Scientific Reports |        (2021) 11:16717  | https://doi.org/10.1038/s41598-021-96320-9

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	External validation for sensitivity of the Ottawa subarachnoid hemorrhage rule in a Japanese tertiary teaching hospital
	Materials and methods
	Design and setting. 
	Cohort description. 
	Data collection. 
	Outcome measures and statistical analyses. 
	Consent to participate. 
	Ethics approval. 

	Results
	Discussion
	Conclusion
	References
	Acknowledgements


