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article info abstract
Article history: Background: Although electronic health record systems (EHRs) and emergency department information 2!
Received 4 February 2014 systems (EDISs) enable safe, efficient, and high-quality care, these systems have not yet been studied well. 22
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Here, we assessed (1) the prevalence of EHRs and EDISs, (2) changes in efficiency in emergency medical 2

practices after introducing EHR and EDIS, and (3) barriers to and expectations from the EHR-EDIS transitionin 2 5

Available online xxxx EDs of medical facilities with EHRs in Japan. 2

Materials and methods: A survey regarding EHR (basic or comprehensive) and EDIS implementation was 27
mailed to 466 hospitals. We examined the efficiency after EHR implementation and perceived barriers and 2 8
expectations regarding the use of EDIS with existing EHRs. The survey was completed anonymously. 2
Results: Totally, 215 hospitals completed the survey (response rate, 46.1%), of which, 72.1% had basic EHRs, 3C
4.2% had comprehensive EHRs, and 1.9% had EDISs. After introducing EHRs and EDISs, a reduction in the time 31
required to access previous patient information and share patient informaticn was noted, but no change was 3!
observed in the time required to produce medical records and the overall time for each medical care. For 3!
hospitals with EHRs, the most commonly cited barriers to EDIS implementation were inadequate funding for 3
adoption and maintenance and potential adverse effects on workflow. The most desired function in the EHR- 35
EDIS transition was establishing appropriate clinical guidelines for residents within their system. 3
Conclusion: To attract EDs to EDIS from EHR, systems focusing on decreasirg the time required to produce 3 7

medical records and establishing appropriate clinical guidelines for residents are required. 3

© 2014 Published by Elsevier Inc. 39
41

1. Introduction

Developed primarily for use in general inpatient and outpatient
care, electronic health record systems (EHRs) have improved patient
care worldwide [1-3]. However, extending EHRs to the emergency
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department (ED) setting has been a challenge due to differences 4'
between the requirements of general medical practice and those of an 4¢
ED. Specifically, EDs must routinely treat several patients simulta- 41
neously, and many patients do not schedule their visits [4-6]. 5!
Therefore, EDs require customized emergency department informa- 51
tion systems (EDISs) that reflect the unique procedures and 5 2
treatments performed in emergency care settings [4,7]. 51

First proposed in 1975 [8], EDISs are now defined broadly as “EHRs 54
designed specifically to manage data and workflow in support of ED 5t
patient care and operations [9].” Cumulative evidence indicates that 5¢
EDISs have improved workflow and patient care in the ED [10]. 5
However, to the best of our knowledge, although there has been only 5¢
one report on the prevalence of EDIS from the United States [11], the 5¢
prevalence of EDISs in Japan is not known. 61

In Japan, EHR adoption started in the 1990s [12,13], but it is 6.
assumed that the prevalence of EDISs remains low [14,15]. Consid- 62
ering the shortage of medical staff and the increasing number of 61
patients visiting EDs, widespread adoption of user-friendly EDISs is 6
urgently needed to improve workflow and the quality of patient care 6 5
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[13]. To facilitate hospitals’ adoption of such systems (thereby
supporting prompt, safe medical treatment in the ED), it is
particularlyimportantto determine why hospitalswith EHRshesitate
tointroduce EDISs. The aim of this multicenter survey was to identify
current problems with EHR and the barriers to EDIS adoption in Japan.
To this end, we conducted a questionnaire survey on (1) the
prevalence of EHR and EDIS adoption, (2) the changes made after
EHR introduction, and (3) the barriers to and expectations for EHR-
EDIS transitions in Japanese emergency medical facilities with
existing EHRs.

NNSNSNSN~NOO OO
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76 2.Method
7 7 2.1. Setting: emergency medical facilities in Japan

In Japan, emergency medical facilities are designated as primary,
secondary, or tertiary care facilities [16], and paramedics choose the
appropriate health carefacilities depending on the patient’s condition.
Primary care facilities donot have beds, as they are designed for walk-
in patients who do not require in-hospital care. Secondary care
facilities provide inpatient care to both walk-in patients and those
transported by ambulance; these facilities are used to examine and
treat patients with moderately severe conditions. Tertiary care
facilities offer intensive treatment to critically ill or injured patients
in all medical specialties [17].
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2.2. Sample

The questionnaire was sent to the ED directors of 466 hospitals listed
as accredited training institutions by the Japanese Association for Acute
Medicine in 2012 [18]. The survey was initially mailed in February 2013;
all hospitals received reminder letters, and responses were accepted until
the end of April 2013. The survey was completed anonymously.
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2.3. Survey content

Electronic health record systems interact with clinical documen-

tation, computerized provider-order entry (CPOE) [19], and clinical
decision-support system (CDSS) [20]. The CPOEiscommunicatedover
a computer network to the medical staff or to the departments (eg,
prescription, laboratory, or radiology) responsible for fulfilling the
0 order. A CDSS is an interactive decision-support system designed to
1 assist physicians with decisions such as patient diagnosis. Thus, we
2 divided EHR functions into 4 categories: “clinical documentation,”
3 "testandimagingresults,””CPOE,”and “CDSS.”
4 Respondents were first asked whether their hospital (1) had EHR
5 for all departments, (2) had an EHR only for general inpatient and
6 outpatient use but not in the ED, or (3) had no EHR for any hospital
7 department. If they reported having an EHR in place for the ED, they
8 were asked to specify the type of EHR according to the classification
9 systemofJhaetal[21]: “basic EHR"(demographicinformation, CPOE,
0 and laboratory and imaging results) or “comprehensive EHR” (the
1 functions listed for the basic system as well as electronic prescribing,
2 radiographicimage display, and CDSS). Detailed information regard-
3 ing the classifications is presented in Table 1. Accordingly, we divided
4 the hospitals into 4 categories: hospitals with comprehensive EHR,
5 those with basic EHR, those with EHR for inpatient or outpatient
6 departmentsbutnotforthe ED, andthose withno EHR in the hospital.
7 Respondents with EHR were further asked to specify whether (1)
8 their EHR had been developed exclusively for use in an ED or (2) their

PR R RPRRPRRPRRERRRERPRRERRERER ©OO©OO© O
P PRPPRPRPPRPPOOODODOCOO0O0OO0OO0C ©OWNO O

1 9 EHR was designed for general inpatient and outpatient care and was
2 0 partially customized for use in an ED. We defined the former as EDIS
2 1 because there are no standardized definitions or required functions in
2 2 EDIS [22].

23 Second, respondents with EHR and EDIS were asked whether they
1 2 4 thought thatintroducing the EHR had improved the efficiency of their

L

[y

Table 1 t:
Requirements for the 2 types of EHR systems

t
Requirements Comprehensive EHR Basic EHR t

Please cite this article as: Inokuchi R, et al, Motivations and barriers to implementing electronic health records and ED information
systems in Japan, Am J Emerg Med (2014), http://dx.doi.org/10.1016/j.ajem.2014.03.035

Clinical documentation
Demographic characteristics of patients
Physician notes
Nursing assessments
Problem lists
Medication lists

AN NI N NN

Discharge summaries

Advance directives”
CPOE

Laboratory tests
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Radiology tests
Medications
Consultation requests

ENENENENEN
N

Nursing orders
Test and imaging results
Laboratoryreports
Radiology reports
Radiology images
Diagnostic test results
Diagnostic test images
Consultantreports
CDSS
Clinical guidelines

ENENENENENEN

Clinical reminders

Drug allergy alerts

Drug-drug interaction alerts
Drug-laboratory interaction alerts”
Drug-dose support®
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That is, do no. resuscitate.
For e.mple, digoxin and low level of serum potassium. t
Fr. exam, '¢, renal dose guidelines. t

emergency practices. [tems in this section were rated as “improved,” 1 2 5
“no change,” or “worsened.” 126
Third, respondents with EHR were asked to identify factors that 127
they considered to be (1) major barriers, (2) minor barriers, or (3) no 1 2 8

barriers regarding “cost,” “ED practice,” “introducing an EDIS,” and 129
“data privacy.” Items in this section were rated as “major barrier,” 1 3 0
“minor barrier,” and “not a barrier.” 131
Finally, respondents with and without EHR were asked to rate 1 3 2
their expectations for EDIS as “essential,” “very desirable,” “desirable,” 133
or “no need.”The questions and response categories used are listedin 1 3 4

the Supplementary file A and B. 135
2.4. Statistical analysis 136
2.4.1. Difference in hospital size between respondent and 137
nonrespondent hospitals 138

First, we conducted Pearson x> test to investigate differences 1 3 9
between respondent and nonrespondent hospitals in terms of 1 4 0
hospitalsize. 141

2.4.2. Adoption of EHRs and EDISs 142
We then calculated the percentage of respondent hospitals with 143
and without EHRs. The former was further divided into the 2 types of 144
EHRs (basic or comprehensive EHR), and the latter was divided into 2 145
types (EHR in the inpatient or outpatient departments but not in the 146
ED and no EHR in the hospital). Next, we explored bivariate 1 4 7
relationships among key hospital characteristics (hospital size, 148
ownership, teaching status, and medical facility classification) and 1 4 9
adoption of basic or comprehensive EHR using Pearson x* or Fisher 1 5 0
exact tests, as appropriate. 151

2.4.3. Impact of introduction of EHRs and EDISs 152

Second, we carried out Kruskal-Wallis tests to compare the effects 1 5 3
of introducing EHR on the respondent hospital emergency practices, 1 5 4
as measured by 7 questions 155
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2 Table2

Characteristics of survey respondents and all survey hospitals
2
3 Respondents,n=215(%)
2 Size
3 Small (0100 beds) 5(2.3)
8 Medium (100-399 beds) 48 (22.3)
2 Large (=400 beds) 149 (69.3)
8 Unknown/no response 13 (6.0)
k) Ownership
:10 National 38 (17.7)
21 Municipal 49 (22.8)
-2 Public 47 (21.9)
23 Private 72 (33.5)
1 Unknown/no response 9 (4.2)
25 Teaching status
26 Teaching 185 (86.0)
27 Nonteaching 10 (4.7)
28 Unknown/no response 15 (7.0)
:2 9 Totalhospitalbeds(mean+SD) 551 + 248
2 0 Total observation beds (mean + SD) 5.4+3.1
:2 1 Total ambulance admissions per year (mean + SD) 4007 += 2074
:2 2 Medical facility classification
23 Tertiary care 117 (54.4)
24 Secondary care 94 (43.7)
25 Primary care 0 (0
26 Unknown/no response 4 (1.9

5 6 2.4.4.BarrierstoEHR-EDIS transition
57 Third, we analyzed the scores of 11 questions regarding barriers,
5 8 rated as 2 (“major barrier”), 1 (“minor barrier), or 0 (“no barrier”).

5 9 We divided these questions into 4 categories and compared the
6 0 difference in categories by using the Kruskal-Wallis test.

6 1 2.4.5. Expectations regarding the functionality of EDISs

62 Finally, we compared the characteristics of hospitals with and
6 3 without EHR by using univariate comparisons of reported expectation
6 4 scores, with either Student t test or the Wilcoxon-Mann-Whitney U
6 5 test,asappropriate.

66 We compared the characteristics of respondents with all survey
6 7 hospitals using STATA software, version 13 (Stata Corp, College
6 8 Station,TX).Forallanalyses, statisticalsignificancewassetas2-tailed

3. Results 170
171
172
173

Among the 466 hospitals contacted, 215 completed the survey
(46.1% response rate) (Table 2). There were no significant differences
in hospital size between respondent and nonrespondent hospitals.

3.1. Adoption of EHRs and EDISs 17
17
17
17
17
17
18
18

Among the 215 respondent hospitals, F55+472+%)-had EHRs in
their EDs. Only 9 hospitals (4.2%) had comprehensive EHRs, but 160
{#4-4%)hadbasic EHRsintheir EDs(Table 3). Teaching hospitals were
more likely to use EHRs. We found no relationship between hospital
size, ownership status, or medical facility classification and level of
adoptionof EHRs. Withregard to EDISs, 4 hospitals (1.9%) had EDISs;
all were large teaching hospitals with basic EHRs.

PO © o NOo O,

3.2. Adoption of CPOE and CDSS functionality 18
As shown in Table 4, all EHRs (N 95%) included all the expected 183
functions in the categories of “clinical documentation,” “CPOE,” and 184
"test and imaging results;” a smaller percentage of hospitals reported 185
that they already had “advanced directives” (73%) and “nursing 1 8
orders” (88%) functions. The lowest scores belonged to the CDSS 187
category. Most hospitals had alerts for “drug-allergies” (77%), 1838
“drug-drug interactions” (60%), and “drug-dose support” (59%); 1 8 9
however, a minority of hospitals had functionality related to “drug- 190
laboratory interactions” (28%), “clinical guidelines” (18%), or “clinical 1 9 1
reminders” (11%). 192

3.3. Impact of introduction of EHRs and EDISs 193
Respondents were asked to describe how EHR or EDIS implemen- 194
tation had affected patient care (improved, no change, or worsened). 195
As presented in Table 5, the survey shows that the directors felt that 196
EHRs and EDISs improved information sharing (95.1% =+ 1.7%; mean 1 9 7
=+ SD), providing explanations (82.7% =+ 3.0%), access to previous 1 9 8
patientinformation (81.6% = 3.4%), and medical safety (73.4% == 199
3.7%), but that time spent on medical records (36.9% = 3.9%) and 2 0 0

¢

6 9 Pb.05. overall medical care (31.4%+ 3.7%) were worsening. 201
3 Table3
Use of comprehensive and basic EHR according to hospital characteristics
3
3 Total respondents (n=215)
3 EHRin ED (n=371) No EHR in ED (n = 40) P
8 Comprehensive EHR (n=9) Basic EHR (n=155 EHRforinpatient/outpatientdepartments(n=12) No EHR within hospital (n=28)
8 % Ofhospitals
3 Size 507
8 Small (b100 beds) 0 50.0=:28.9 0 50.0-:28.9
9 Medium (100-399beds) 4.5 =+ 3.2 75.0+6.6 4.5+3.2 15.9+5.6
20 Large (=400 beds) 4.9+1.8 76.3+3.6 6.9+2.1 11.8+2.7
21 Ownership 541
32 National 3.1+3.1 68.8+8.3 12.5+5.9 15.6+6.5
33 Municipal 2.1+2.1 80.9+5.8 6.4+ 3.6 10.6+4.5
24 Public 4.2+2.9 85.4+5.1 2.1+2.1 8.3+4.0
25 Private 4.4+25 70.6+5.6 5.9+2.9 19.1+4.8
3 6 Teaching status b.001
37 Teaching 5.0+1.6 77.7+3.1 5.6+1.7 11.7+=2.4
28 Nonteaching 0 30.0£15.3 0 70.015.2
:19 Medical facility classification 581
30 Tertiary care 4.5+2.0 72.34+42.4 6.3+2.3 17.0+3.6
31 Secondary care 4.5+2.2 79.5+4.3 5.7+2.5 10.2+3.2
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t41  Table4
Functionality of EHR system in the ED
t4:2
t4:3 Fully implemented Implementation Implementation No implementation, with no
inED within 1 s under consideration specific plans for ED

t4:4 %-0f hospitals

t4:5 Clinical documentation

t4:6 Patient information® 97.7

t4:7 Physician notes 97.1 0.6

t4:8 Nursing assessments 96.6 0.6 0.6

t4:9 Problem lists 97.1 0.6

t4:10 Medication lists 97.7

t4:11 Summary 97.7

t4:12 Advance directives” 73.1 0.6 1.1 21.7

t4:13 CPOE

t4:14 Blood test order 97.7

t4:15 X-ray order 97.7

t4:16 CT, MRI order 97.7 0.0

t4:17 ECG order 96.0 0.6 0.6
Q2t4:13 Echocardigram order 97.7

t4:19 Prescribed medication 97.7

t4:20 Consultation requests 95.4 0.6 1.1

t4:21 Nursing orders® 88.0 1.7 6.9

t4:22 Test and imaging results

t4:23 Laboratory reports 97.7

t4:24 X-ray images 97.1

t4:25 CT, MRI images 97.1

t4:26 ECG images 93.1 0.6 1.1 2.9

t4:27 Echocardigramimages 94.3 0.6 1.1 1.1

14:28 Radiology reports 97.1

t4:29 Echocardigram reportsd 94.9 0.6 1.1 0.6

t4:30 Consultantreports 95.4 1.7

t4:31 CDSS

t4:32 Clinical guidelines® 17.7 1.1 8.0 66.3

t4:33 Clinical reminders’ 11.4 1.1 8.0 68.6

t4:34 Drug-allergy alerts 76.6 7.4 12.0

t4:35 Drug-drug interaction alerts 60.0 0.6 6.9 25.7

t4:36 Drug-laboratory interaction alerts® 28.0 8.0 56.6

4:37 Drug-dose supporth 59.4 5.1 30.3
Q3 Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; ECG, electrocardiogram.

t4:39 * Age, sex, address, etc.

t4:40 " Do not resuscitate.

t4:41 ¢ For example, call order.

t4:42 4 For example, echocardiogram.

t4:43 ¢ For example, Bblockers after myocardial infarction.

t4:44 ! For example, pneumococcal vaccine.

t4:45 £ For example, digoxin and low level of serum potassium.

t4:46 " For example, renal dose guidance.

2 0 2 3.4.BarrierstoEHR-EDIS transition

203 Among hospitals with EHRs, the most commonly cited barriers to

2 0 4 transitioning to EDIS from EHR were inadequate capital for purchas-

ing the system, concerns about maintenance costs, and future support 205
from the providers (Table 6). Among ED practices, the most cited 206
barrier to implementation was potential adverse effects on workflow 2 0 7
(P b .0001). 208

t5:1  Table5
Impact of introduction of EHR system
t5:2
t5:3 EHR in ED (n=171) EDISin ED (n = 4)
t5:4 Improved No change Worsened P Improved No change Worsened P
t5:5 %-Of hospitals %-Of hospitals
15:6 Effects on medical care in ED b.001 .0045
15:7 Clinical documentation
t5:8 Shortened time for clinical documentation 36.9+3.9 29.2+3.6 33.84+3.8 0 66.7+33.3 33.3+33.3
t5:9 CPOE
t5:10 Shortened time for imaging and laboratory orders 57.2+3.9 28.94+3.6 13.8+2.7 66.7+33.3 33.3+£33.3 0
t511  CDSS
t5:12 Improved medical safety 73.4+3.7 25.9+3.6 0.7+0.7 100 0 0
15:13 Others
t5:14 Shortened time for overall medical care 31.4+3.7 48.1+4.0 20.5+3.2 0 66.733.3 33.3+33.3
t5:15 Improved access to previous patient information 81.6+3.4 7.3+£2.1 11.0+2.5 100 0 0
15:16 Improved providing explanations to patients 82.7+3.0 16.0+=2.9 1.2+0.9 100 0 0
5:17 Improved sharing patient information with staff 95.14+1.7 3.7+1.5 1.2+0.9 100 0 0
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Table 6
Perceived barriers regarding the adoption of EDIS for hospitals with and without EHR

B EHRinED P

8 Score (mean=SD)

6 Barriers”

6 Cost 145
B The amount of capital needed to purchase and implement an EDIS 1.84+0.4

8 Concerns about the ongoing cost of maintaining an EDIS 1.7+ 0.5

8 Concerns about a lack of future support from vendors in upgrading 1.74+0.5

6 0 ED practice b.0001
B 1 Resistance to implementation from ED physicians 0.6+0.7

B 2 Resistance to implementation from other staff (eg, RNs, NPs, PAs) 0.8+0.7

® 3 Concerns about adverse effects on workflow 1.1+0.7

8 4  Introducing EDIS 589
B 5 Lack of interoperable IT systems on the market 1.3+=0.7

B 6 Lack of adequate IT staff when trouble occurs 1.6+0.6

@7 Finding an EHR that meets hospital needs 1.2+0.7

68 8 Data privacy 956
® 9 Concerns about inappropriate disclosure of patient information 1.2+0.8

20 Concerns about illegal record tampering or “hacking” 1.240.8

Abbreviations: RNs, registered nurses; NPs, nurse practitioners; PAs, physician assistants; IT, information technology.

8 2 “minor barrier;” and 0, “not a barrier.”

® In hospitals with EHR, we asked the extent to which these items were a barrier in adopting EDIS. Possible multiple-choice responses to each item were 2, “major barrier; 1,

0 9 3.5. Expectations regarding EDIS functionality interactions, providing clinical guidelines, and clinical reminders were 234
seldom present. Although most nonparticipating hospitals have no plans 235
10  As shown in Table 7, hospitals without EHRs in the ED had to adopt these features in the near future, the Ministry of Health, Labour 236
1 1 significantly higher expectations than those with EHR for a system and Welfare lifted the ban on the sale of separate CDSS software in 237
12 dev.elioped ext;luswe}y for use 1n _the ED set.tmg P = '00.18)' In February 2013; this may boost the development of CDSS software and 238
13 addltl_on’ hosp1ta1§ w1thEHR1n thelr.EDshadhl.gher exp(itatloils for increase its use. In contrast, the advantages of CPOE were well 239
1 4 showingappropriateclinicalguidelinesforresidents (P=.033). understood early on in Japan, spurring the adoption of this function 240
[23]. Today, CPOE has a higher rate of adoption in Japan [24]. 241
1 5 4. Discussion Consequently, comprehensive EHR shouldincreasein Japan. 242
16  To the best of our knowledge, this is the first comprehensive 4.2. Impact of introducing EHRs 243
1 7 national survey of EHRs and EDISs in Japanese hospitals to explore
1 8 barriers to and expectations for EDISs implementation in hospitals According to the present survey, hospitals recognized that although 244
1 9 with existing EHRs. First, the current survey identified that only 9 CPOE shortened time for imaging and laboratory orders and CDSS 245
2 0 hospitals (4.2%) had comprehensive EHR, and only 4 hospitals (1.9%) improved medical safety in emergency care, it did not lead to a noticeable 246
2 1 had EDIS. Second, ED directors reported that the introduction of EHR change in the time required to create medical records or overall clinic 247
2 2 did not change the Fm.ne requlrefi to create medical records and did hours after the introduction of EHR. A previous study showed that 248
2 3 not reduce overall chm? hours. Flnally ? t}‘lé su‘rvey also revealed that physicians did not expect that EHR would decrease documentation time 249
2 4 the most common barriers against transitioning to EDIS from EHR . . .. . .
. in ED settings [25], but emergency physicians would expect this function 250
2 5 were cost and potential adverse effects on workflow. However, ED . . .
.. N . . L. [26]. Our study showed that hospitals without EHR in the ED had 251
2 6 physicians expect that EHR-EDIS transition will provide clinical o . R .
[ . .. significantly higher expectations for a system developed exclusively for 252
2 7 guidelines for resident physicians. . ) . .
use in ED than hospitals with EHR, suggesting that they have more 253
2 8 4.1. Adoption of EHRs and EDISs in Japan expectations for this function. Thus, emergency physicians and providers 254
should match the expectation by specifically focusing on systems that 255
decrease the time required to create medical records. 256
29 Although most hospitals surveyed had EHR, very few had compre-
3 0 hensive EHR. Ouranalysisalsorevealed that most hospitalsinJapan with 4.3. BarrierstotheEHR-EDIS transition 257
3 1 afullyimplemented EHR in the ED do not have efficient CDSS. This low
3 2 prevalence may be the result of a previous ban on selling separate CDSS The survey identified that, among hospitals with EHR, the most 2 5 8
3 3 software and that CDSS functionality such as flagging drug-laboratory commonly cited barriers to introducing an EDIS system were 2 5 9
4 Table 7
Expectations regarding the adoption of EDIS for hospitals with and without EHR
4
3 Expected functions® EHR NoEHR P
Z Score (mean=SD) Score (mean=SD)
B Allows for cooperation with other facilities 2.3+0.9 2.240.9 .55
B EHR was developed exclusively for EDs 1.5+1.1 2.1+1.0 .0018
7 Provides explanation sheets to patients (eg, exercise caution after head trauma) 2.0£0.9 2.0+0.9 .95
8 Clinical decision support system (eg, drug-overdose alerts) 2.3+0.8 2.4+0.8 .65
R Provides clinical guidelines for resident physicians 2.2+0.9 1.9+0.9 .033

* Hospitals were asked to identify desired functions in EDIS. Possible multiple-choice responses to each item were 3, “essential;” 2, “very desirable:” 1, “desirable;” and 0, “not

:Z 0 needed.”
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0 inadequate funding for the initial purchase and maintenance costs.
1 Importantly, we also found that they believed that the transition of
2 EHRto EDIS would have anegative effect on workflow. These negative
3 findings may indicate a failure to attend to workflow changes created
4 by the system, which may have severe consequencesin an ED [27]. For
5 example, Han et al [28] reported an increase in mortality after the
6 introduction of EHR, and an Australian study found a significant
7 increase in patient waiting times, treatment time, and total time to
8 discharge patients after the implementation of an EDIS created in the

9 United States [29]. Thus, it is important to develop EDISs to match
0 each ED,including country.

1 4.4, Expectations regarding the functions of EDISs

2 Hospitals without EHR in the ED had significantly higher
3 expectations for a system developed exclusively for use in the ED
4 setting. This is important to note because it suggests that these
5 hospitals would not implement their present EHRs in their EDs. In
6 addition, hospitals with EHRs in their EDs have higher expectations
7 for showing appropriate clinical guidelines for residents to make
8 better use of their systems. Thus, for an EDIS to be successfully
9 adoptedin ahospital without EHR, its integration into routine clinical
0 workflow within the ED must require no extra work on the part
1 of clinicians [30,31]; providing appropriate clinical guidelines

2 for residents would strongly stimulate EDIS adoption by hospitals
3 with EHRs.

4 5. Limitations

5 The present study has several limitations. First, we achieved only a
6 46.1% response rate, and the hospitals that did not respond to our
7 survey were somewhat different from those that did respond. We
8 found no significant hospital size difference between the hospitals that

9 did and did not respond to our survey. However, because this survey
0 was completed anonymously, it was difficult for us to follow the
1 nonrespondents. According to the supplemental small-scale phone
2 interviews after the survey, we have an impression that nonresponder
3 hospitals tended not to have EHR systems, compared with those
4 responding; therefore, we cannot deny the presence of some selection
5 bias. Namely, the true prevalence of EHRs and EDISs might be lower
6 than our results. Second, we did not ascertain whether EHR users were
7 satisfied with them. Finally, few hospitals in our sample had EDISs in
8 place that had been developed exclusively for ED use. There may not be
9 enough information on the characteristics that predict EDIS adoption.
0 We recommend that this portion of the study be repeated again with
1 hospitals having EDISin place, to gain a better understanding of the ED
2 characteristics associated with EDIS adoption.

3 6. Conclusion

4 We found that very few hospitals have comprehensive EHR
5 systems or EDIS in Japan. As EHR-EDIS transitions become faster,
6 providers and emergency physicians together should focus on
7 developments that decrease cost, shorten the time to create medical
8 records, and incorporate clinical guidelines.
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Current policies on informed consent in Japan
constitute a formidable barrier to emergency
research

@ CrossMark

Sir,

Emergency medicine research is mired in an ethical dilemma:
Do researchers discontinue valuable research when unable to
obtain informed consent or include patients in clinical trials with-
out their informed consent?! During emergency treatments (e.g.,
resuscitative care), patients are unable to sign informed con-
sent forms when admitted. The United States has had guidelines
since 1996 concerning the steps researchers can take when prior
informed consent cannot be obtained in clinical trials.” Further-
more, the European Commission introduced rules regarding clinical
research for European countries in 2001, although consensus was
not reached then on how researchers should act when prior
informed consent cannot be obtained®; in 2010, however, new
regulations were established, and it was hoped that these would
stimulate clinical research in emergency medicine across Europe.*

In Japan, no reported emergency clinical studies with inter-
ventions have been conducted without first obtaining informed
consent. This may be because ethical guidelines regarding clinical
studies in Japan differ from those in Europe and the United States,
where clinical studies are reviewed by institutional review boards
(IRBs) in accordance with internationally accepted good clinical
practice (GCP) guidelines. In Japan, clinical studies can be broadly
classified into “clinical trials” and “clinical studies.”

Clinical trials are conducted to gain regulatory approval to man-
ufacture and sell new medicines, or to expand indications and
additional or altered dosages or amounts of established medicines.
Clinical trials are reviewed by the Ministry of Health, Labour and
Welfare (MHLW), and are conducted in accordance with GCP guide-
lines.

Conversely, clinical studies involve prospective research and
interventions, and are conducted to improve diagnoses and treat-
ments by using confirmed diagnostic techniques or medicines.
Additionally, clinicalstudiesareconductedinaccordancewithgov-
ernmentalethicalguidelinesand donotfollow GCPguidelines, thus
differing from clinical trials. Clinical studies can further be classi-
fied into two types: with and without interventions. Confusion has
arisen in researchers because of the subtle differences in the ethical
guidelines between study types. In addition, despite having ethics
committees in relevant institutions, there is still a lack of legal reg-
ulation and government monitoring of clinical studies. Thus, in the
future, itis anticipated that all clinical studies in Japan will be sub-
jecttothe GCP guidelinesand bereviewed by IRBs, justasin Europe
and the United States.

Nevertheless, itis currently impossible in Japan to conduct clin-
ical trials and clinical studies with interventions in emergency
medicine when informed consent cannot be obtained; researchers

0300-9572/$ - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http:/ /dx.doi.org/10.1016/j.resuscitation.2013.09.026

may only proceed with trials by obtaining consent from a legal
representative of the patient. The Japanese Association for Acute
Medicine proposed revision of these ethical guidelines to the
MHLW on 12 December 2012; discussions regarding these revi-
sionsare currently underway.

If these guidelines are revised, it would be particularly impor-
tant to gain the trust of the general public so that clinical studies
in emergency medicine can be conducted even when informed
consent cannot be obtained.” Accordingly, it would be necessary
to conduct information sessions and awareness campaigns for the
general public regarding their participationin clinical studies.
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The proportion of clinically relevant
alarms decreases as patient clinical
severity decreases in intensive care

units: a pilot study

Ryota lhokuchi! Hajime Sat?Yuko Nanp,' M asahio Echigo} AoiTanaka,
Takeshilshii} Takehiro M atsubara,! KentDoi! M asataka G unshin}

Takahio Hirum a,! Kensuke Nakam ura,! KazuakiShihohara YokhiK isut
Susum u Nakajima,' M itsuo Um ezu, NaokiYahagt

ABSTRACT

Objectives: To determine (1) the proportionand
number of clinically relevant alarms based on the type
ofmonitoring device; (2) whether patientclinical
severity, based onthe sequential organfailure
assessment (SOFA) score, affects the proportion of
clinically relevant alarms and to suggest; (3) methods
for reducing clinically irrelevant alarms in an intensive
care unit (ICU).

Design: A prospective, observational clinical study.
Setting: A medical ICU at the University of Tokyo
Hospital in Tokyo, Japan.

Participants: All patientswho were admitted directly
to the ICU, aged 218 years, and not refused active
treatment were registered between January and
February 2012.

Methods: Thealarms, alarmsettings, alarm
messages, waveforms and video recordings were
acquired in real time and saved continuously. All
alarmswereannotated with respecttotechnicaland
clinical validity.

Results: 18 ICU patients were monitored. During
2697 patient-monitored hours, 11591 alarms were
annotated. Only 740 (6.4%) alarms were considered to
be clinically relevant. The monitoring devices that
triggered alarms the most often were the direct
measurement of arterial pressure (33.5%), oxygen
saturation (24.2%), and electrocardiogram (22.9%).
The numbers of relevant alarms were 12.4% (direct
measurement of arterial pressure), 2.4% (oxygen
saturation) and 5.3% (electrocardiogram). Positive
correlations were established between patient clinical
severitiesand the proportion of relevantalarms. The
total number of irrelevant alarms could be reduced by
21.4% by evaluating their technical relevance.
Conclusions: We demonstrated that (1) the types of
devicesthatalarmthe mostfrequently weredirect
measurements of arterial pressure, oxygen saturation
and ECG, and most of those alarms were not clinically
relevant; (2) the proportion of clinically relevantalarms
decreased as the patients’ status improved and (3) the
irrelevance alarms can be considerably reduced by
evaluating their technical relevance.

ARTICLE SUMMARY

Strengths and limitations of this study

= We evaluated the technical and clinical relevance
of each alarm by using 24 h video monitoring.
This technique reduced bias introduced by
bedside evaluations.

= This study was limited by the small sample size
(18 patients, total).

BACKGROUND

In an intensive care unit (ICU) setting, a
large number of medical devices are
attached to patients, generating numerous
alarm signals every day. Several studies have
demonstrated that most of these alarms are
not clinically relevant’~® and tend to lower
the attentiveness of the medical staff and, in
turn, lower patient safety.* ® In addition,
alarm sounds are associated not only with
patient delirium,®**° which increases mortal-
ity,™ but also with medical staff memory and
judgementdisturbances, decreased sensitivity
and exhaustion.® " Many attempts have been
made to reduce the number of clinically
meaningless alarms by using statistical
methods and  artificial intelligence
systems.® 2 Some examples include extend-
ing the time between the incident and the
sounding of the alarm, shutting off alarms
prior to performing procedures on patients,
and calibrating machines to detect gradual
changes in the patient condition. However,
alarm devices having high sensitivity and spe-
cificity have not been developed because dis-
crepancies remain between the priorities of
equipment manufacturers, who are seeking
devices with high sensitivity, and those of
medical professionals, who desire machines
with high specificity.

Inokuchi R, Sato H, Nanjo Y, et al. BMJ Open 2013;3:e003354. doi:10.1136/bmjopen-2013-003354
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Previous studies have demonstrated that of the three
types of alarms—threshold alarms, arrhythmia alarms and
technical alarms—<clinical relevance is the lowest for
threshold alarms.™® However, the impact of patient clinical
severity on the proportion of clinically relevant alarms
remains unknown. Our objectives were (1) to determine if
the number and proportion of clinically relevant alarms
differ based on the type of monitoring device; (2) to deter-
mine whether patient clinical severity, based on the
sequential organ failure assessment (SOFA) score, affects
the proportion of clinically relevant alarms and (3) to
suggest methods for reducing clinically irrelevant alarms.
To answer these questions, we used video monitors to
collect 24 h continuous data from ICU patients.

MATERIALS AND METHODS
Study setting and patient population
This study was conducted in a 6-bed, mixed ICU at the
University of Tokyo Hospital, where patients are mainly
admitted followingambulance transport. The study ICU
is organised in an ‘I’ shape, with two individual patient
rooms on the west side and two double patient rooms on
the east side, with a central monitoring station. The
doors to the patient rooms are left open unless proce-
dures are being performed or privacy is required. The
unitis staffed with one nurse for every two patients. Most
patients monitored during the study had sepsis, respira-
tory failure, acute respiratory distress syndrome, multisys-
tem organ failure, renal failure, heart failure or trauma.
The following inclusion criteria were used to enrol
patients in the study: (1) admitted directly to the
University of Tokyo Hospital mixed ICU, not stepped-
down from other ICUs and (2) age >18 years. Patients
were excluded if they were (1) already admitted to this
ICU or (2) the patient refused active treatment. This study
was approved by the Ethics Committee of the University of
Tokyo Hospital, and all patients or their family provided
signed informed consent before the beginning of the
recordings.

Data collection

General patient information, such as age, gender and
disease, was recorded. All patients were continuously
videotaped using a network of cameras (JVC-Kenwood,
V.NET@Web, Tokyo, Japan), attached to the ceiling
above each bed, to record patientand/or system manip-
ulations. Each patient was monitored for heart rate, inva-
sive or closely monitored non-invasive arterial blood
pressure, respiratory rate, oxygen saturation (SpO-),
end-tidal carbon dioxide (ETCO,) and temperature. In
addition, any changes in the equipment used for each
patient were recorded throughout the study period. In
addition, the acute physiology and chronic health evalu-
ation (APACHE II) score* was calculated for each
patient within 24 h of admission, and the SOFA score™®
was calculated every 8h. Patient data were

pseudonymised and the electronic files and videos were
stored in locked, encrypted hard drives.

Alarm systems and settings

During the study period, all patients were monitored
with a standard cardiovascular monitoring system
(BSM-9101 & CNS-9701, Nihon Koden, Tokyo, Japan).
The numerical measurements, waveforms, alarms, alarm
settings and alarm messages were acquired in real time
and saved continuously (CNS-9600 & CAP-2100, Nihon
Koden). The alarm information consisted of the param-
eter causing the alarm and the alarm message (table 1).
The alarm messages were divided into three types:
threshold alarms, arrhythmia alarms and technical
alarms. The technical alarms indicated technical pro-
blems, such as a disconnected probe.

The initial alarm limits and every modification of
these during the observation period were registered with
corresponding time stamps and automatically recorded
(CNS-9600 & CAP-2100, Nihon Koden). Chambrin et al*
determined the initial limits for heart rate and systolic
arterial pressure by using the rule, ‘initial value observed
during a stable period £30%’. This rule was used in this
study as well. When the prehospital patient heart rates
and arterial pressures were not obtained, the initial
limits were 156/56 mm Hg (120/80+30%) for systolic
arterial pressure/diastolic pressure and 78 and 43 bpm
(60+30%) for upper and lower heart rate limits, respect-
ively. In addition, the SpO; limit was 93%, except for
patients with chronic obstructive pulmonary disease or
acute respiratory distress syndrome, where the limit was
90%; a temperature limit of 38.3°C was also used. After
theseinitial settings, the alarm limits could be modified;
any changes were automatically recorded.

Technical annotations

After completion of the data collection for a particular
patient, two nurses and two intensivists, with at least
6years’ experience in intensive care medicine, anno-
tated the data. The two nurses first analysed the tech-
nical validity of the alarms, and divided the alarms into
three categories, technically true, technically false and inde-
terminable. They referred to the multimonitoring wave
shapes or pulse rate when the monitor described alarm
messages, rather than using the video record. Alarms
were classified as technically false, unnecessary alarms if
the monitor referred to other waveforms or pulse rates
at the same time.

The classifications were defined, in detail, according
to the following criteria. For ECG, SpO,, direct measure-
ments of arterial pressure and ETCO,, if the waveform
was obviously an artefact produced by movements
or procedures, the alarm was determined to be technic-
ally false. For waveforms in which the origin of the arte-
fact(s) or arrhythmia(s) was uncertain, other waveforms
or pulse rates (eg, a direct measurement of arterial pres-
sure (ART) or SpO,) at the time of alarm generation
were also referenced. Alarms thatdid not meet any of

2 Inokuchi R, Sato H, Nanjo Y, et al. BMJ Open 2013;3:e003354. doi:10.1136/bmjopen-2013-003354
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Table1 The alhm ihfom aton conskted o1the param etercausing the abkm and the alam m essage
Threshold
Devices alarm Arrythmia alarm Technical alarm
ECG Bradycardia Asystok Checkekctrodes
Tachycardia ST(Dchange cannotanalyse
Ventricu Brfbrilhtion
Ventrcubkrtachycard a
Ventrcubkrprem ature contraction
nn
0 xygen saturaton (Sp0 ;) Spo, Notconnected
Check probe
Check probe site
Cannotdetect
puke

D rectm easurem entofarterialpressure
(ART)

ART (systolc)
ART distlc)
ART (n ean)

Non-nvasive bbod pressure (N BP) NBP (systic)

NBP @sblc)

NBP (mnean)
Capnometer ETCO,

C0, APNEA)
Them om eter Thhd

T2
Centralvenous pressure m onior
Ventibtor VENT
0 ther

Notconnected
Check sensor
Check kbel
Cuffocclispbn
Notconnected
Moduk faiire
M ead tin e-out
Cannotdetect
puke
Notconnected
Check sensor
Notconnected
Check sensor
Check sensor
Check sensor
Systm failre

ETCO,,end-tdalcarbon dbxide;Thhkd,bbddertem perature.

the above criteria were considered technically true. All
technical evaluations that could not be determined from
the relevant monitor’s waveform recording were defined
as indeterminable. For temperature alarms, all upper and
lower limits of the temperature alarms were defined as
technically true. Finally, for non-invasive blood pressure
(NIBP) determinations, if an apparently abnormal value
was obtained for the NIBP measurement, the patient’s
movements and concurrent procedures were also consid-
ered. Other values, for example, ART or SpO, were also
referenced as they may have triggered the upper and
lower limit alarms. In such instances, these alarms were
considered technically false.

Clinical annotations

After the technical analyses, the two physicians divided
the alarms into three types. These types were relevant
alarms, helpful alarms that were not relevant and irrele-
vant alarms; these were classified by referring to the
video and medical records. In this study, an alarm was
defined as relevant when an immediate clinical examin-
ation plus diagnostic or therapeutic decision (eg, ECG,
echocardiography or drug administration) were neces-
sary. When the situation required clinical examination
but did not require a diagnostic or therapeutic decision,
it was classified as a helpful alarm but not relevant.

Intensivists determining the clinical relevance could see
the result of technical validity.

Statistical analyses

All included patient characteristics were described using
means and SDs for continuous variables, along with
medians and ranges. After obtaining the descriptive statis-
tics regarding the alarm counts and their proportions,
thebivariaterelationship ofthealarms (the totalnumber
of alarms and the proportions of relevant alarms) to
patient (SOFA) scores was examined by fitting cross-
sectional, time-series models for panel data. Alarms from
different monitoring devices were examined separately
and together. In a preliminary analysis, the numbers and
proportions of alarm types were regressed against SOFA
scores by fitting either fixed-effects or random-effects
models, using the Hausman test. The Hausman test indi-
cated that the random-effects estimates were consistently
more appropriate than the fixed-effects estimates.'®
Therefore, the results obtained by the random-effects
model were adopted. The interpretation of the statistical
significance of relationships was made following multiple
comparisons using the Bonferroni method.!” The NIBP
data were not suited for univariate analysis because the
amount of data and statistical power were inadequate.

Inokuchi R, Sato H, Nanjo Y, et al. BMJ Open 2013;3:e003354. doi:10.1136/bmjopen-2013-003354 3
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Table 2 Study popubton baseline characterstrcs

Subject description (n=18) Mean+SD
Age 69.2+14.0
Male/female 10/8(55.6%/44.4%)

APACHE score

SOFA score

The equipment rate of monitoring devices
Direct measurement of arterial pressure (%)
Electrocardiogram (%)
Oxygen saturation (%)
End-tidal CO2 (ETCO3) (%)
Bladder temperature (%)
Indirect blood pressure measurement (%)

ICU admission ICU discharge

18.5+8.3

6.2+3.8 4.1£3.2
77.8 33.3
100 100
100 100
61.1 444
100 94.4
100 100

APACHE ,acute physbbgy and chronic health evaliaton;S0 FA,sequentilorgan failire assessm ent

The intraobserver and interobserver variabilities
between the two physicians performing the clinical
annotations of alarms, and the two nurses performing
the technical annotations of the alarms were judged by a
k test.'® To evaluate the intraobserver variability, 300
alarm situations were reannotated by the same observer
after a period of approximately 6 months. Statistical ana-
lyses were conducted using STATA Special Edition V.12.1
(StataCorp, College Station, Texas, USA).

RESULTS
Patient characteristics
Between January and February 2012, a total of 15229
alarms were recorded for 20 patients. Two patients were
excluded because of their poor clinical condition at the
time of admission and of their families’ lack of expected
benefit from invasive treatment. Therefore, a total of
11591 alarms for 18 patients were included in this study,
corresponding to 2697 person-monitored hours. The
observation time for the cases averaged 150+113 h.
Table 2 describes patient characteristics on admission.
During their treatmentin the ICU, 66.7% of the patients
improved (SOFA scores decreased), while 22.2% deterio-
rated (SOFA scores increased). The ECG, SpO; and
NIBP devices were attached to all ICU patients through-
out their time in the ICU.

The interobserver variabilities in the technical and clin-
ical annotations, as estimated by the « coefficient, were
0.98 and 0.68. Similarly, the intraobserver validities were

Technical Annotations

1.95 and 0.73. These values are within the range of substan-
tial (0.61-0.80) or almost perfect (0.81-1.00) agreement.

In addition, false-negative situations were not recorded
during the 2697 patient-monitored hours.

Alarm classifications

A total of 11 591 alarms were included in the analysis,
classified as technically true (71%), technically false (21.4%)
and indeterminable (7.7%) alarms (figure 1 and table 3).
The overall contribution of each alarm type to the
11 591 alarms is shown in table 3. Only 6.4% of all
alarms were relevant, whereas 32.8% were helpful
alarms but not relevant, and 60.8% of all alarms were
irrelevant. During an 8 h shift, on average, ICU nurses
would hear a total of approximately 32 alarms, of which
only two were relevant.

The monitoring devices that triggered alarms the most
often were ART (33.5%), SpO2 (24.2%) and ECG
(22.9%; figure 2). The numbers of relevant alarms were
12.4%(ART),2.4% (SpO2)and 5.3% (ECQG).

Effect of patient status on the alarms

The results of the cross-sectional time-series analysis are
shown in table 4. ART demonstrated a positive correl-
ation between the SOFA score and the proportion of
relevant alarms, as well as between the SOFA score and
the total number of alarms, and also between the SOFA
score and the total number of relevant alarms. The
SpO,; and ECG monitors demonstrated positive

Clinical Annotations

Figure 1 Technical and clinical

annotations. After an evaluation . — )

made by two nurses, an n=2,294 n=8,224 n=740

evaluation of cllnlgal relgvgnce Threshold alarms Technically false Helpful, but

was made by two intensivists. = 8.801 iyl not relevant, alarm

n=3,800
Arrythmia alarms Indeterminable Irrelevant alarm

n =496 _J n=888 n=7,049
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Table 3 The total number of all alarms and the number occurring every 8 h

Alarms (/overall period: 2697 patient-monitored hours) n Per cent of total
Total numbers 11591
Technical annotation
Technically true 8224 71.0
Technically false 2479 21.4
Indeterminable 888 7.7
Clinical annotation
Relevantalarm 740 6.4
Helpful, but not relevant, alarm 3800 32.8
Irrelevantalarm 7049 60.8
Indeterminable 2 0.02
Alarms (count/8 h) MeantSD Median (ranges)
Total numbers 31.8£28.6 23.5(1-200)
Relevantalarm 2.0£7.7 0 (0-60)
Helpful, but not relevant, alarm 10.4£13.3 6 (0-178)
Irrelevantalarm 19.4+£20.9 13.5(0-96)
Indeterminable 0.005+0.1 0 (0-2)

correlations only between the SOFA score and the pro-
portion of relevant alarms.

Allthe devices demonstrated that the SOFA scores had
statistically significant positive coefficients when regressed
against the total number of relevant alarms (p<0.0001),
aswellas against the totalnumber of alarms (p=0.0061)
and the proportion of relevant alarms (p<0.0001). The
results indicated that as the SOFA score decreased, the
number of alarms, the number of relevant alarms and
the proportion of relevant alarms decreased; the con-
verse was also true.

The inclusion of a regression variable that indicated
whether an event occurred during a day or night shift,
in the time-series model, indicated that the time of the
alarm did not demonstrate a statistically significant rela-
tionship with the SOFA score.

Technical validity

Relevant alarms comprised those that were technically
true and those that were indeterminable, but did not
include those that were technically false. Thus, the irrele-
vant alarms could be reduced by 21.4% by evaluating
their technical relevance.

DISCUSSION

General statement

ICU patients are surrounded by medical devices that
regularly sound alarms, but most of the alarms are not
clinically relevant.'™ These irrelevant alarms cause a
lower quality of patient care by distracting the medical
staff™" and contributing to patient delirium.’ '° Thus,
attempts to reduce the number of clinically irrelevant
alarms are important as solutions for this national
problem are sought.'® The present study demonstrated
that (1) the devices that alarm the most frequently are
ART, SpO, and ECG; (2) the proportion of relevant
alarms decreases as patient status improves and (3) the

irrelevant alarms can be reduced by combining the data
for the waveforms or pulse rates of each device.

Prior to this study, Siebiget al'® were the first to record
data with a 24 h video monitor, with the help of two physi-
cians, to evaluate the clinical relevance of alarms. This tech-
nique reduced the possible bias introduced by bedside
evaluations. The same method of evaluation was used in
this study, with the added evaluation of alarm frequency for
each device, and the determination of the fluctuations in
alarm relevance and clinical severity for individual patients.

Alarm types and their relevance

The vast majority of alarms triggered in the ICU is
either false alarms or are irrelevant for patient treat-
ment. The present study shows that only 6.4% of all

Total number of alarms
000 3,000 4,000

1,000

ART SpO, ECG Temp ETCO, NIBP

Types of devices

WY, -~ TN i i

Irrelev

Figure 2 The numbers and types of different alarms. The
monitoring devices that triggered alarms the most often were
the ART, ECG and SpO; monitors. ART, direct measurement
of arterial pressure; SpO3, oxygen saturation; Temp; bladder
temperature; ETCOg, end-tidal carbon dioxide; NIBP,
non-invasive blood pressure.
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Table 4 Relationship of patient condition with alarm numbers and relevance

Regression coefficients of severity score (SOFA) Tt

Total number

Total number of

Percentage of

Alarm types of alarms p Value relevant alarms p Value relevant alarms p Value

Direct measurement of 1.840.5 0.0001* 0.6£0.2 <0.0001* 2.2+0.6 0.0003*
arterial pressure

Electrocardiogram -0.4+0.4 0.3018 0.1£0.1 0.066 2.4+0.4 <0.0001*
Oxygen saturation 0.1£0.3 0.7191  0.05+0.03 0.167 0.7+0.2 0.0018*
Bladder temperature 0.4£0.2 0.0166  0.002+0.01 0.8704 -0.1x0.4 0.7307

End-tidal CO, -0.02£0.2 0.9363 0.004x0.004 0.4143 0.4+0.2 0.0726

*Attained statistical significance (p<0.05) after the adjustment for multiple comparisons by Bonferroni method.

TOnly the regression coefficients of severity scores on the (numbers and proportions of) alarms are shown, which were obtained by the
cross-sectional time-series analyses (analysis conducted for each kind of alarm).

FConstant terms were included in the random effect models obtained, but they are not shown.

SOFA, sequential organ failure assessment.

alarms triggered in the ICU were relevant. These data
are similar to the results of multiple prior studies from
various institutions, which indicated that approximately
10% of alarms are relevant.' ?° The number of alarms
that were technically annotated as being indeterminable
was 7.7%. When the amplitude of waveforms was small
or when the arrhythmia indications and noises were
mixed, the technical annotations were difficult.

The ART alarms had a positive correlation between
the SOFA score and the number and proportion of rele-
vantalarms. In contrast, the SpO;and ECG alarms only
showed positive correlations between the SOFA score
and the number of alarms. These findings indicate that
the SpO, and ECG alarms sound regardless of the clin-
ical severity. Therefore, the SpO, and ECG alarms are
the primarily clinically irrelevant alarms, especially in
patients with decreasing SOFA scores. However, this
study revealed that the ECG and SpO, devices were
attached to all ICU patients, for safety reasons, from the
time of their ICU admission. Therefore, establishing cri-
teriafor removingthese devices would be difficult.

How can we reduce the noise in the ICU?
We demonstrated that clinically irrelevant alarms were
reduced by 21.4% by evaluating their theoretical tech-
nical relevance. When evaluating technical relevance,
two nurses combined the data for waveforms or pulse
rates for each device. After annotation, their intraobser-
ver and interobserver correlations demonstrated almost
perfect agreement and the relevant alarms comprised
those that were technically true and indeterminable, but not
those that were technically false. Thus, manufacturers can
decrease the number oftechnicallyfalsealarms by combin-
ing the data from each device. In particular, the ART
monitoris often used in the ICU setting, and a reduction
in the number of clinically irrelevant alarms might be
possible by combining the ART waveform with the data
fromthe SpO, monitorand ECG.

The number of ART monitor alarms and the propor-
tion of relevant alarms that were associated with the
patient SOFA scores implied that there should be a

criterion established to remove this device when the
SOFA score has decreased to some appropriate level. We
found that when the SOFA scores were <2, there were no
relevant ART alarms. Thus, when the SOFA scores are <2
and the patient’s condition is not likely to change sud-
denly, the ART device may be removed. As a generalrule,
if the sensitivity and specificity of a given test are constant,
the positive predictive value (PPV)isassumed toincrease
as the (true) prevalence/incidence becomes higher.
According to this rule, if alarms are being triggered con-
stantly, then PPV is higher when the patient illness sever-
ity is higher. Thus, as the patient illness severity increases,
the number of alarms increases, and these alarms
include a large number of relevant alarms. In contrast, as
the patient illness severity decreases, the number of
alarms decreases, but these alarms include only a small
number of relevant alarms. If the significance of medical
treatment, measured by the alarms, is constant, the PPV
would be more desirably held constant regardless of the
patient’s condition. Thus, when the patient illness sever-
ity is low, an increase in PPV is important, strictly accord-
ingto the standards of sensitivity and specificity.

Why has this problem not resolved over the past decade?

The most serious problem encountered with these
alarms was that although they provided PPVs (relevant
alarms/allalarms), their sensitivity and specificity cannot
be ascertained. These data cannot be ascertained
because the evaluation of false negatives and true nega-
tives are not possible in cases where the monitor does not
alarm in clinical practice. Therefore, manufacturers need
to produce alarmed devices that have higher sensitivities
in order to avoid medical accidents. In this study, we did
not detect false-negative situations. According to studies
by Tsien® and Siebig et al'® the sensitivity of the current
alarms is close to 100%. However, their specificity, which
is important for medical staff, could not be determined.
Another reason for the failure to reduce the number of
clinically irrelevant alarms is that physicians may be rela-
tively insensitive to alarm problems because they do not
stand by patient beds as often asnurses. Thus, physicians,

6 Inokuchi R, Sato H, Nanjo Y, et al. BMJ Open 2013;3:e003354. doi:10.1136/bmjopen-2013-003354
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nurses, researchers and medical companies need to
establish an evidence-based practice model and find a
mutually acceptable solution to this matter.

Study limitations

his study has several limitations. The first is that the sample
size was small, with only 18 patients. The second limitation
isthatalthough a determination could be made regarding
whether an alarm was technically true or false, a strict defin-
ition of the clinical annotations was more difficult. There
are relevant alarms that require clinical examination, plus
diagnostic or therapeutic decision, but this annotation
may differ from a definition considered by intensivists.
Finally, we did not analyse ventilator and infusion pump
alarms, because detailed ventilator alarm messages were
notrecorded by our system; thus, annotation of their clin-
ical relevance could not be performed. In addition, infu-
sion pump alarms could not connect our system. These
irrelevant alarms also need to be decreased,?! and should
be the subject of a future study.

CONCLUSION

Excessive alarms in clinical settings are linked to lower
medical attentiveness and poorer treatment environments.
Manufacturers should work to decrease the number of
technically false alarms by combining waveform data with
the device measurement, especially for ART. Physicians
should remove ART when patient conditions improve suffi-
ciently and they are not likely to change suddenly.
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Unscheduled care defines any unplanned contact with health care services by a person requiring
or looking for care,help or advice. The demand for such contact can occur at any time,and
healthcare services (which includes urgent care and emergency care) must be available to meet
this demand 24 hours a day.
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acclaimed publication from the Manchester T1 iage interface that ._allows the cIInICIa_n to follow the
Group and published by Wiley Publishi 10 Emergency Triage protocols whist at the same
time maintaining clinical independence.
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signed an agreement to deliver Emergency Triag implement d in many hospitals worldwide and
@ version 2 as an optional application within the are seen by many inthe NHS as the de facto
Ascribe Symphony suite of products. standard for Triage.
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At the hospital, it can
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or do not know their
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clinical staff. 17
Dr Kassim-Ali-Emergency
Department Consultant,
Fairfield General Hospital
The NHS Summary Care Record (SCR) in England h order to provide this functionality, Ascribe
suppo ft s patient treatment in emergency and systems allow the user to see when a record is
unschedul mdcarese ngs, by P oviding available and access it directly, without any fu th
information about the pati nt where that login or searching The viewed SCR becomes
information is not currently held, and at times pa of the contemporaneous patient record,
when the GP records suppo ing clinical audit and providing evidence
cannot be easily accessed. for treatment and intervention decisions.
The Ascribe Summary Care record solution
provides direct access to a patient’'s Summary
Care Record from within the Ascribe applications.
( Benef/ s
@n‘lproved Quality of Care - Acc e fici y & Effectiveness - Redt Ci 1g time, effo
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referral decisions, allowing appropriate care to medicines reconciliation inhospital pharmacy.

be delivered in the most appropriate s ng.
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of prescribing errors and adverse reactions to
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Clinicians in all health care settings will be able to
view p mary care details for patients in real-time
while the patient is in their clinical care, enabling

The Ascribe GP Dataviewer module allows users
to view a summary of patient details available

on the Medical nteroperability Gateway (MIG).

The patient details available are provided by th i
I GP practice via their MIG compliant system
including EMIS and n Practice Systems' GP
management software.

The patient details will include summary information,
medications and problems. The view will be
available to all the Ascribe integrated products
including Emergency Care, Pharmacy,ePrescribi ig
and Mental Health.
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Ascribe have developed the ability to display data
held within their Unscheduled Care system, Ascribe
Symphony on web pages. Using the SQL data
tables held within your Ascribe system, itis possible
to arrange and display this information on a web
page that can bet ggered in a number of ways

from within the system. d EO
i @ g Qre, 1 veng hea

A number of web pages are readily available to
you now. Sites that are using the web pagesfi Id
the ease of access to aggregated data on a single
page reflects the workflow of the ED. Clinicians
can gain easy access to data in a single click and
the pages are easily printable for patient transfer
purposes and inclusion in case notes.

Ca— =
. 1S

Can display data ina way that is more user
friendly supporting information for patients.

%b Davice inde t - ca 1be used tispl |

rffo naatio 1on po able devices - providing
key clinical information such as MEWS scores.



a that can b displayed include:

n Display; Patient Summary; Medications
sations Charting and eNotes display -
ata.

be driven from the next action menu or
ther a pop up before a Data Entry
ards. The data can also be presented
y - such as the Patient hformation

ed to display data on waiting times by
vaiting area providing real time patient
, isalso used to display the departmental

audit information supporting clinical
‘nance.

nd information provision to non
cy Care areas such as bed
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Ascribe S Unscheduled Care System - Symphony,
is provided with an optional scanning modul

MIDAS -th  Ascribe Em rgency Care
Medical indexing and document access
system.

This module allows for the real time management
of paperdocumentsinthe Unscheduled Care
Department. The process of scanning canbe
automated, with recognition ofthe documentand
auto-indexing the paperto match the attendance
record for the patient.

( Benefi s

E¢ Huge savi on age space. er

the ability to store 20-30,000 attendance
cards and other patient records on a small
computer disk. Most departments would be
able to hold five full year s records on 250Gb
of storage.

E& Avoids lost or mis-filed The ability to

search for a record by allorpa of a name,
date of birth or episode number, and the fact
that this is online for authorised personnel
provides immeasurable savings in terms of
staffing costs. The chances of a lost card are
dramatically reduced with MIDAS.
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Documents can be stored at the patient lev
against the Patient Master ndex (PMI) or at the
attendance level.

The system allows the authorised user viewing
access to any associated documentation with

the patient record, providing high speed retrieval
without the need to search for paper in a filing area.

Th  fectiveness of this ste

savi iginthe time is takes foryou sta to
find the records, allowing them to concentrate
on more impo ant things to hand.

EasilyAccessible-easeofacc to m io 1
forclinicalsta is immeasurable.

Securityaccesscont ols-togainaccesstoa

record,the user must have the rightlevel of
password access. The chance of information
getting into the wrong hands is minimised.
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The Ascribe - Adastra interoperability system
integrates your Out of Hours (OOH) and urgent
care centres, with the acute hospital Ascribe
Unscheduled Care system.

f a patient attends at an urgent care 0 OOH
setting and the staff feelthat an ED attendance is
needed,the patients clinical as well as demog aphic
data,issenttothe Ascribe Unscheduled Care system
so that the staff in the acute setting have all the
details prior to the patient arriving
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Conversely, ifa patient attends the acute setting,
the clinical information can be sent to the OOH
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route to treatment.
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canvas.
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The Ascribe Eye Casualty
solution is far simpler, far
more efficient and has
completely changed the
way that we work over

n

the last five years.

Julie Tillotson

Nurse Consultant

The Royal Bournemouth and

Christchurch Hospitals NHS
Foundation Trust
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Ascribe Eye Casualty isa web-based departm
ntal clinical management tool that allows
members of the Eye Casualty team to intuitively
and accurately record all assessment, triage,
examination, treatment follow up and discharge
information

for their patients.

Ascribe Ey Casualty also enables attendances
and re-attendances to be planned based on
clinical need.
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Regulation of clinical trials conducted in emergency settings without
informed consent in the U.S.A.:
History, current regulations and guidance, and agendas for discussion

Hajime Sato  Ryotal \qych

National Institute of Public Health, Department of Health Policy and Technology Assessment
The University of Tokyo, Graduate School of Medicine, Emergency and Critical Care Medicine

R

F—7—F

Abstract

Research regulations reflect the guiding ethical principles of respect for persons, beneficence, and
justice. In emergency situations, however, patients might have diminished capacity to provide informed
consent, and are considered as a special class of vulnerable persons who need special protection in
clinical research/trials. The long-standing policy agenda is to provide robust protections for research
participants, and at the same time to allow research to promote evidence-based emergency medicine,
and the production of effective and efficient diagnostic/therapeutic interventions.

Inthe U.S.A., current regulations allow for a waiver of consent for interventions and clinical research
(trials)inemergency settings under strictconditions. In 2011, the Food and Drug Administration issued

2-3-6, Minami, Wako, Saitama, 351-0197, Japan.
Tel: 048-458-6223 Fax: 048-469-3875 E-mail: hsato@niph.go.jp
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“Guidance for Institutional Review Boards, Clinical Investigators, and Sponsors: Exception from
Informed Consent Requirements for Emergency Research.” It presents a set of Federal codes and
regulations governing such research, outlining the conditions to be fulfilled for emergency research
conducted without informed consent. Besides a set of required conditions concerning patients and
clinical interventions (research), consultation with the community in which the research will occur,
public disclosure of the study design and risks prior to the study, and public disclosure of study results
are to be accomplished.

This article aims to describe the current regulations of emergency research without informed
consent, recapitulating the above mentioned guidance, the Federal regulations, and their historical
backgrounds in the U.S.A.. Points of concern and controversy about such research and related
regulations are also presented.

keywords: Emergency research, informed consent, waiver of consent, regulations, United States of

America
(accepted for publication, 31st January 2014)
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clinical trials in

emergency medicine emergency research []

[]
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EBM

clinical trials

[]
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FDA
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evidence-based medicine

[]

Food and Drug Administration
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National Commission
for the Protection of Human Subjects of Biomedical and
Behavioral Research

National Research Act []

institutional review board IRB

Belmont Report

FDA Department of Health and Human
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CFR
IRB
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Common Rule
D

deferred consent
IRB
[, 1]
IRB
National Institute of Health, NIH

Office for Protection from Research Risks,
OPRR

minimal risk

IRB [,

FDA
CFRSec. . a DHHS
CFR Sec. d Sec. . c

CFR Sec. . a
placebo

CFR , Subparts A-
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