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Critical Incident Reports Related to Ventilator Use: Analysis of
the Japan Quality Council National Database
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Objective: This study aimed to assess the factors associated with medical
device incidents.
Methods: In this mixed-methods study, we used incident reporting data from
the JapanCouncil for Quality Health Care. Of the 232medical device–related re-
ports that were downloaded, 34 (14.7%) were ventilator-associated incidents.
Data related to patients, situations, and incidents were collected and coded.
Results: The frequencies of ventilator-associated accidents were 20
(58.8%) during the daytime and 14 (41.2%) during the night/early morn-
ing. Ventilator-associated accidents occurred more frequently in the hospi-
tal room (n = 22 [64.7%]) than in the intensive care unit (n = 4 [11.8%]).
Problems with ventilators occurred in only 4 cases (11.8%); in most cases,
medical professionals experienced difficulty with the use or management
of ventilators (n = 30 [88.2%]), and 50% of them were due to misuse/
misapplication of ventilators (n = 17 [50.0%]). Ventilator-associated acci-
dents were caused by an entanglement of complex factors—hardware, soft-
ware, environment, liveware, and liveware-liveware interaction. Communica-
tion and alarm-related errorswere reported to be related, as were intuitiveness
or complicated specifications of the device.
Conclusions: Our study revealed that ventilator-associated accidents
were caused by an entanglement of complex factors and were related to in-
adequate communication among caregivers and families. Moreover, alarms
were overlooked owing to inattentiveness. Mistakes were generally caused
by a lack of experience, insufficient training, or outright negligence. To re-
duce the occurrence of ventilator-associated accidents, hospital administra-
tors should develop protocols for employment of new devices. Medical de-
vices should be developed from the perspective of human engineering,
which could be one of the systems approaches.
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T he prevention and reduction of serious medical incidents are
important challenges worldwide.1 In the United States, an es-

timated 400,000 premature deaths per year are associated with
preventable harm,2 and in Japan, the associatedmortality numbers
are estimated to be 1326 to 1433 deaths per year.3 Therefore, med-
ical errors are a substantial threat to patients and their families.
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A ventilator is a device that helps patients breathe when they
have a respiratory disease by enabling the exchange of oxygen
and carbon dioxide and reducing the burden on the respiratory
system. However, ventilator use is also associated with complica-
tions, such as ventilator-associated pneumonia. The treatment of
ventilator-associated pneumonia has been extensively studied.4,5

Human failure and machine malfunction can lead to medical
practice errors.6 Several studies on ventilator-related adverse events
have focused on human factors.7–9 Ventilator-related errors are often
related to specific usability issues, exacerbated by staff often work-
ing with unfamiliar ventilators.10 Incident reporting systems are es-
sential for true learning, sustainable risk reduction, and patient safety
improvements.11 The Pharmaceuticals andMedical Devices Agency
in Japan has collected data on all adverse effects and defects reported
by companies or medical personnel since April 2004.12 Although
these systems can help solve problems with medical devices, errors
related to health care devices are still not well understood.13 Incident
reporting for medical devices is currently performed in Canada,
and in Germany and Austria, use of incident reporting devices
is enforced by law. The Canadian/European Union regulations
on incident reporting are intended to improve monitoring and re-
duce the recurrence of incidents related to medical devices.14,15

In Japan, the number of medical expense claims for artificial respira-
tionguidance at home,which covers the fee associatedwith home teach-
ing and monitoring of equipment by medial staff, was 228,862 for the
2019 fiscalyear16 and216,300 for the 2016 fiscalyear.17 Theproportion
of individuals 65 years or older was 29.1% in 2021.18 Therefore, Japan
requires serious policy challenges with respect to its aging society.
Moreover, the average length of hospital stay has been decreas-
ing,19 and patients receiving medical care, such as mechanical ventila-
tion, are discharged to their homes directly. Thus, the number of patients
usingmechanical ventilation outside a hospital setting is also increasing.

As the number of home-care patients on mechanical ventilators
increases, the number of cases in which ventilators used at home
are brought back to hospitals will also increase. Hospitals gener-
ally use 2 to 5 types of ventilators; some even use more than 5 dif-
ferent types of ventilators and such hospitals account for approx-
imately 83% of the respondents.20

Ventilator-related accidents can be life-threatening for patients. The
present study aimed to assess factors related to medical device inci-
dents, especially those related to ventilators. To the best of our knowl-
edge, this is the first study to examine the causes of accidents related to
ventilators based on incident reports from nationwidemedical institu-
tions. The results of this study may provide patient safety administra-
tors or medical device development engineers insight into the causes
of ventilator accidents to develop recurrence prevention measures.

METHODS

Data Sources
Since 2004, the Japan Council for Quality Health Care (JCQHC)21

has collected adverse event information and evaluated medical
services provided at hospitals. As a neutral third-party organiza-
tion, the JCQHC publishes near-miss/adverse event information
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TABLE 1. Characteristics of Ventilator-Associated Accidents

n (%)

Day
Weekday 26 (76.5)
Weekend/holiday 8 (23.5)

Period
Night/early morning 14 (41.2)
Daytime 20 (58.8)

Situation
Hospital room 22 (64.7)
ICU 4 (11.8)
Other 8 (23.5)

No. related persons
1 25 (73.5)
2 6 (17.6)
>3 3 (8.8)

Patient complications
No impairment/no probability of impairment 19 (55.9)
Reversible patient harm 9 (26.5)
Permanent harm 4 (11.8)
Death 2 (5.9)

TABLE 2. Summary of Ventilator-Associated Incident Reports

n (%)

Problem with the ventilator itself 4 (11.8)
Corruption of ventilator 4 (11.8)

Problem with the usage or management of ventilators by
medical professionals

30 (88.2)

Misuse/misapplication (misuse of unfamiliar equipment,
such as home ventilators, or rental equipment,
misapplication of battery, standby mode)

17 (50.0)

Disconnection (e.g., tracheal cannula, artificial nose) 15 (44.1)
Setting error (e.g., forgot to set the alarm volume, forgot
to change the respiratory setting)

4 (11.8)

Connection error (e.g., misconnection of ventilator
exhalation and inspiratory circuits, misconnection
between the artificial nose and the humidifier)

4 (11.8)
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on the JCQHC Web site. In the years 2019 and 2020, 1512 and
1531 medical institutions, respectively, participated in this project
on either a voluntary or mandatory basis, accounting for 0.9% of
all medical institutions in Japan in 2020 (n = 178,724). Among those
hospitals, 660 and 661, respectively, provided case reports of inci-
dents to the JCQHC, accounting for 0.4% of the total. From those
reports, we collected data related to near-misses and adverse events.

Sample Data
Data reported from January 2019 to December 2020 were col-

lected from the JCQHC database. A total of 232 reports on ad-
verse events, assigned as patient harm event cases by the partici-
pant hospitals, due to medical device incidents were downloaded
from the JCQHC Web site; 34 of the 232 reports (14.7%) were
ventilator-associated incidents. Data related to the person, situa-
tion, and incident were collected in detail.

Analytical Approach
Incident reports include 2 types of data—qualitative and quan-

titative. First, we analyzed ventilator-associated errors quantita-
tively. Next, the textual data of the qualitative data in the reports
were analyzed using content analysis, which can be used induc-
tively and deductively.22 Two research nurses were involved: one
with experience as a patient safety manager and the other, a qual-
ified clinical engineering technologist, with surgical nurse experi-
ence. Both had experience inmixed-methods research and content
analysis.23 The researchers independently read the incident reports
several times and the reasons for errors coded according to the
Mattox report13 and the SHELLmodel.24 The SHELLmodel con-
sists of 4 domains: software (procedure, protocol, and training),
hardware (machines and medical instruments), environment (op-
erating theater, wards, and consultation room), liveware (human
factors: doctors, nurses, and other health care professionals, or pa-
tients), liveware-liveware (human factors: people surrounding the
person, people who were with the person). Mattox reported that
factors contributing to medical device errors could be divided into
4 large categories and 60 small categories: device (12 small cate-
16 www.journalpatientsafety.com
gories), organizational factors (17 small categories), environment
(12 small categories), and device users (19 small categories).13 Af-
ter the 2 researchers discussed and agreed on the division of codes,
a third researcher, a nationally qualified clinical engineer, checked
the divisions. The codes were not forcefully assigned, and when
data could not be coded per the Mattox report, new codes were
created. The discussion was continued until researchers reached
a consensus.

Ethical Considerations
This study was conducted using secondary data from the

JCQHC. The data are open access, and sensitive information
was deleted by the JCQHC staff. All information was anonymized
to prevent the possible identification of individuals and facilities.
RESULTS

Characteristics of the Accident “Conditions”
Table 1 shows the characteristics of ventilator-associated acci-

dents. Ventilator-associated accidents occurred more frequently
on weekdays (n = 26 [76.5%]). The situation period was divided
into daytime and night/early morning, which accounted for
58.8% (n = 20) and 41.2% (n = 14) of cases, respectively. The
highest frequency of ventilator-associated accidents occurred in
the hospital room (n = 22 [64.7%]), and the most common number
of related persons was one (n = 25 [73.5%]).

Although not shown in the table, the total number of related
persons, excluding 1 casewithmissing data, was 46, and incidents
most commonly involved nurses (n = 35 [76.1%]), followed by
physicians (n = 6 [13.0%]) and clinical engineers (n = 5 [10.9%]).
The most common outcome was no impairment/no probability
of impairment (n = 19 [55.9%]), although patient death occurred
in 2 ventilator-associated accidents.

Summary of Ventilator-Associated
Incident Reports

Ventilator corruption was the only ventilator-related problem
that occurred (n = 4 [11.8%]); postaccident investigations noted
the probability of failure in the ventilator switch and power supply
unit as well as continued use of a medical device beyond the
manufacturer-defined, planned maintenance interval. The re-
maining 30 cases were caused by mistakes committed by medi-
cal professionals with respect to ventilator use. A summary of
the ventilator-associated incidents is shown in Table 2. The most
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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common error was misuse/misapplication (n = 17 [50.0%]),
which included cases of home ventilators, rental equipment, or
power supply errors. This was followed by disconnection errors
(n = 15 [44.1%]). Although not shown in the table, there were
4 cases (11.8%) related to issues with the standby mode of the
ventilator, 4 cases of problems with home ventilators (11.8%),
and 5 cases (14.7%) where the error occurred during the transfer
of patients.

Patient complications and ventilator issues are shown in
Appendix 1. Two cases of death and 3 of 4 cases of permanent harm
were assigned to disconnection. The number of ventilatory-associated
incidents per ventilator type is shown inAppendix 2. By type, 16 cases
(47.1%) occurredwith general hospital-use ventilators, 7 (20.6%)were
with general/transport ventilators, 6 (17.6%) were with home/
hospital ventilators, 1 (2.9%) occurred with a mask ventilator.
Factors Related to Ventilator-Associated Accidents
Table 3 shows the factors related toventilator-associated accidents.

The people involved in ventilator-associated accidents were physi-
cians, nurses, clinical engineers, patients, and patients’ families.

The factors related to ventilator-associated accidents were di-
vided into 43 items: hardware (5 items), software (8 items), envi-
ronment (7 items), liveware (14 items), and liveware-liveware in-
teraction (8 items). Mattox’s report13 has 60 categories, but these
categories were assigned to 29 items (48.3%); there were 4, 5, 4,
13, and 4 Mattox categories in hardware, software, environment,
liveware, and liveware-liveware interaction, respectively.

Hardware had one original item, “power,” which was the most
frequent error. Power-related cases included examples such as “the
ventilator was kept in the standby mode or was battery-powered,
but medical staff did not notice until the patient’s oxygen gas
monitor rang an alarm.” A design-related code included in hard-
ware was the degree of intuitiveness of the design (n = 4 [11.8%]).

The software contained 3 original codes: “there are no rules for
managing the device before, during, or after using the device,” and
“there are rules, but the atmosphere is that of ignoring the rules,”
and “existence of local rules.” These original codes were related to
hospitals/wards. The code, “there are no rules for managing the
device before, during, or after using the device” occurredmost fre-
quently (n = 25 [73.5%]). This code included other cases, such as
“the hospital did not have rules for using a ventilator that had al-
ready been used for a patient, so another medical staff considered
the ventilator to be disinfected and reused it for another patient.”

The environment had 3 original items, namely, “environment
change,” “not familiar devices,” and “multiple types of devices
adopted in the same department/hospital.” The most assigned
code was “the schedules overlap, multiple tasks” (n = 11
[32.4%]), followed by “use during patient transport or transfer”
(n = 8 [23.5%]).

Liveware had one original item: “lack of information-sharing
among staff ” (n = 8 [23.5%]). Liveware-liveware had 4 original
items: “lack of information sharing among staff,” “unexpected be-
havior of the patient,” “lack of education and instruction for fam-
ilies,” and “lack of information sharing with families.” The most
assigned itemwas “lack of awareness of risk or falsely low percep-
tion of risk” (liveware: n = 26 [76.5%]; liveware-liveware interac-
tion: n = 18 [52.9%]).
Complicated Specifications of Ventilators
There were 14 cases in which the user wanted the equipment

to be improved. Table 4 shows the list of the improvements,
equipment-related points, and reason for the equipment being
difficult to use.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
The following 14 cases were included in these parts. Nine of
the 14 cases were assigned to “intuitiveness of design” when a
user encountered trouble. These included the problems of display
message, connection parts. The code of the “robustness of devices
and device accessories” was assigned to 3 cases. Moreover, the
“improvement of alarm function” was assigned to 2 cases, and
“automatic calculation of the system” was assigned to 1 case.

DISCUSSION
Our study revealed 3 major findings with respect to factors as-

sociated with ventilator-associated accidents, which in turn relate
to patient safety at the hospital. First, ventilator-associated acci-
dents were caused by an entanglement of complex factors, such
as hardware, software, environment, liveware, and liveware-liveware
interaction. Second, inadequate communication among caregivers
and families was related to ventilator-associated accidents. Third,
alarms were overlooked owing to inattentiveness. Nurses are the
sharp end of patient care,25 but when faced with ventilator-related
issues, they were unable to troubleshoot.

Detangling Complex Factors by A Systems Approach
Medical care circumstances are changing with the use of vari-

ous kinds of medical devices. Consequently, patients with chronic
illnesses requiring ventilation are treated in general wards. How-
ever, the types of ventilation equipment involved are complex.
The types of medical devices used should be uniform to improve
patient safety. When patients with home-based ventilators are ad-
mitted to a hospital, hospital staff are faced with a complex situa-
tion. On one hand, substituting the patient’s homeventilator with a
hospital-ventilator imposes a heavy physical burden on the pa-
tient. On the other hand, our findings revealed that medical device
accidents were not caused by problems with the ventilator itself,
but by the usage or management of ventilators by medical profes-
sionals. Most ventilator-related incidents are caused by human
factors, education, and training systems, rather than the failure
of the device itself.7,26

In this study, a lack of risk awareness, inadequate problem-solving
skills, and inattentiveness were frequent causes of ventilator-
associated accidents. Mistakes were generally caused by inade-
quate experience, insufficient training, or outright negligence. Re-
ducing the risk of slip-ups requires attention to the designs of pro-
tocols, devices, and work environments using checklists so that
key steps are not omitted, thus implementing functions forcefully
to minimize workarounds.27 Power failure and intra-hospital
transfer have been recognized as important risks to patients,7,28

a trend that was also recognized in our study. Our results focused
on the administrative rules for ventilator usage, with respect to
their software-related aspects. Canadian registrations suggested
potential abnormal uses, such as continued use of a medical de-
vice beyond the manufacturer-defined, planned maintenance in-
terval because of the users’ failure to arrange for maintenance.12

We found only one case of ventilator corruption because medical
device beyond the manufacture-defined maintenance interval.
Moreover, using new devices creates a burden for the hospital
staff with respect to education, training, and financial resources.

In Japan, enforcement regulations in the Medical Care Act are
set to ensure the safety management of medical devices. In this
system, one appointed person oversees the safe use of medical de-
vices, and he/she is responsible for providing employee training
for the safe use of these devices.29 When introducing a new med-
ical device, training should be provided to those who plan to use
the medical device, and the content of the training should be re-
corded. Whereas advanced treatment hospitals regularly conduct
training (approximately twice a year) on medical equipment that
www.journalpatientsafety.com 17
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TABLE 3. Factors Related to Ventilator-Associated Accidents

Hardware
Power (OI) 7 (20.6) Nos. 7, 9, 10, 15, 22, 30, 33
Degree of intuitiveness of the design 4 (11.8) Nos. 4, 19, 21, 30
Transparency of operations (i.e., can users easily determine what the
device is doing?)

2 (5.9) Nos. 16, 30

Improper maintenance, testing, or repair 2 (5.9) Nos. 8, 22
Default mode (poor feedback to users about default mode, inadvisable,
unsafe, or unexpected default mode)

2 (5.9) Nos.13, 16

Software
There are no rules for managing before, during, or after device-use (OI) 25 (73.5) Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 13, 14, 15, 16, 19, 22,

24, 25, 26, 28, 29, 30, 31, 32, 33, 34
Policy or protocols are not consistent with manufacturing guidelines;
failure to heed warnings or adhere to guidelines related to the safe use of
a device

9 (26.5) Nos. 9, 12, 14, 17, 22, 25, 26, 30, 32

There are rules, but there is a tendency to ignore the rules (OI) 5 (14.7) Nos. 2, 9, 12, 32, 34
Introduction of devices without adequate education before implementation 2 (5.9) Nos. 1, 24
Improper storage of devices 2 (5.9) Nos. 9, 14
Existence of local rules (OI) 2 (5.9) Nos. 9, 14
Introduction of devices without adequate assessment before
implementation

1 (2.9) No. 2

Organizational responsiveness to poorly designed or suboptimal devices
and work-arounds

1 (2.9) No. 2

Environment
Overlapping schedules, multiple tasks 11 (32.4) Nos. 6, 7, 12, 13, 20, 23, 24, 25, 27, 29, 30
Use during patient transport or transfer 8 (23.5) Nos. 2, 4, 13, 17, 30, 32, 33, 34
Staffing levels 7 (20.6) Nos. 4, 6, 7, 9, 22, 24, 34
Environment changing (i.e., private room, administration from home) (OI) 7 (20.6) Nos. 1, 6, 11, 12, 14, 18, 28
Not familiar devices (OI) 5 (14.7) Nos. 14, 17, 18, 33, 34
Physical layout of care setting 4 (11.8) Nos. 9, 21, 30, 32
Multiple types of devices adopted in the same department/hospital (OI) 3 (8.8) Nos. 19, 22, 31

Liveware
Lack of awareness of risk or falsely low perception of risk 26 (76.5) Nos. 1, 2, 5, 6, 7, 9, 11, 12, 13, 14, 15, 16, 17, 18,

20, 21, 22, 23, 24, 25, 26, 27, 29, 30, 32, 33
Low attentiveness 18 (52.9) Nos. 1, 2, 5, 7, 9, 10, 12, 13, 16, 19, 20, 22, 24, 25,

26, 30, 31, 34
Problem-solving skills 12 (35.3) Nos. 3, 4, 5, 9, 10, 15, 16, 19, 21, 22, 27, 31
Poor ability to hear and interpret sounds, including alarms and other tones 11 (32.4) Nos. 3, 4, 5, 9, 12, 22, 25, 26, 30, 31, 34
Lack of information-sharing among the staff members (OI) 8 (23.5) Nos. 1, 7, 10, 11, 13, 24, 30, 34
Cognitive level of task (automatic or skill-based, rule-based, or
knowledge-based tasks)

6 (17.6) Nos. 4, 5, 17, 19, 31, 33

Degree of formal and informal training on the device 6 (17.6) Nos. 3, 5, 7, 25, 27, 34
Personal interpretation of the meaning of actions and commands such as
return or restart or enter

5 (14.7) Nos. 10, 15, 27, 30, 34

Use in environments or care settings for which a particular device was not
intended, but no awareness of potential risks

5 (14.7) Nos. 8, 15, 16, 17, 21

Failure to detect a modified or malfunctioning device 4 (11.8) Nos. 4, 13, 22, 26
Alert fatigue 4 (11.8) Nos. 9, 12, 30, 32
Low degree of reporting among front-line staff experiencing difficulty
with devices

4 (11.8) Nos. 5, 15, 21, 22

Emotional state (anxiety, fear, stress level) 2 (5.9) Nos. 9, 33
Failure to adhere to safety mechanisms 2 (5.9) Nos. 2, 33

Liveware-liveware
Lack of awareness of risk or falsely low perception of risk 18 (52.9) Nos. 6, 7, 9, 12, 13, 14, 16, 17, 18, 22, 23, 24, 25,

26, 27, 29, 33, 34
Problem-solving skills 11 (32.4) Nos. 3, 4, 5, 9, 10, 15, 16, 22, 25, 27, 28
Lack of information sharing among staffs (OI) 6 (17.6) Nos. 1, 7, 10, 13, 24, 34
Unexpected behavior of the patient (OI) 5 (14.7) Nos. 6, 11, 23, 25, 26

(Continued next page)
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TABLE 3. (Continued)

Alert fatigue 3 (8.8) Nos. 9, 12, 32
Lack of education and instructor for families (OI) 2 (5.9) Nos. 6, 17
Lack of information-sharing among families (OI) 1 (2.9) No. 6
Personal interpretation of the meaning of actions and commands such as
return or restart or enter

1 (2.9) No. 25

Numbers show the assigned cases. These are items where multiple answers were allowed.

OI, original items that are not included in Mattox’s results.
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requires technical proficiency, including ventilators, other hospi-
tals do not have such an obligation. Although a previous study13

did not list factors related to hospital regulations or policies, our
findings revealed original findings related to policies in different
institutions. In Japan, there are no regulations for hospitals regard-
ing the management of medical devices. To prevent incidents re-
lated to medical devices, hospital administrators need to make
corresponding policies or protocols and set rules for managing de-
vices before they are used. The education and training on the use
of medical devices are often regarded as the responsibilities of
professional medical staff, but we believe that education and train-
ing are responsibilities of the hospital administration.

Improve Communication Among Staff, Patients,
and Families

Inadequate communication among caregivers and families is
caused by complex factors. The Joint Commission, a U.S. task force
that aims to continuously improve health care for the public, proposed
7 goals for hospital national patient safety in 2022.30 The goals focus
on problems in health care safety, and one of them is “improvement
in staff communication.”Communication breakdown is an impor-
tant cause of adverse events in clinical practice, particularly dur-
ing handovers.31 Communication errors are frequently reported
in the intensive care unit (ICU) and operating room.32,33

Our findings revealed that lack of information or education shar-
ing among staff and families was related to ventilator-associated ac-
cidents. Hesitancy to speak up can be an important cause of com-
munication errors that affect the safety culture, the perceived risks
for patients, and the ambiguity or clarity of the clinical situation.34

“Lack of awareness of the risk or false low perception of risk”
was also the most common human-related contributing factor for
ventilator-associated accidents in our study. The people involved
in ventilator-associated accidents were physicians, nurses, clinical
engineers, patients, and their families. Lack of perception of risk
by health care workers can lead to severe patient impairments. En-
TABLE 4. Complicated Specifications of Ventilators

Issues

Intuitiveness of the designwhen users encounter some trouble Th
w

Th
(

Tw
Robustness of design: alarms and accessories cannot be easily
removed

Mo
w

The alarm continues to sound when a device has an issue Th
m

Automatic calculation system when the ventilator is
connected to mobile oxygen gas

Th
r
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couraging patients to advocate for themselves is an important pa-
tient safety policy.
Improvement in the Use of Alarms for
Patient Safety

The 2022 Joint Commission Hospital National Patient Safety
goals included improvements to ensure that alarms on medical
equipment were heard and promptly addressed. Our results sug-
gested that liveware and liveware-liveware interactions were associ-
atedwith alarm-related errors: the ability to hear and interpret sound
and alert fatigue. Frequent false alarms reduce attention or suppress
the response to alarms.35 In our study, the attentiveness-related as-
pects of liveware included reduced attention to the alarm, lack of
awareness of risk, or false low perception of risk related to alert fa-
tigue. In some cases, long-sounding alarmsmeant that medical staff
did not have adequate problem-solving skills and failed to detect a
modified or malfunctioning device. Ventilators have numerous
functions, such that even when a skilled medical worker, such as
a nurse, encounters ventilator-related trouble, they cannot pin-
point the exact source of trouble. This leads to delayed reporting
of device-related troubles among front-line staff.

In Japan, the mean number of clinical engineers in the hospital
is 20.6 (range, 2–70),36 and the mean number of clinical engineer
enrollments per 100 beds is 3.1 (range, 0.6–8.5).36 The percentage
of full-time clinical engineers with daytime and nighttime shifts is
39.7%, and that for only daytime shift is 21.7% in acute hospital
sections, such as ICU and the emergency department.37 Our study
revealed that 41.2% of ventilator-associated accidents occurred
during the night/early morning. A shortage of clinical engineers
among the nighttime staff might worsen ventilator trouble, as the
staff might hesitate to contact the clinical engineers on call or there
may be a delay in service because of the clinical engineer’s travel
time from home to hospital. Although our study comprised only
few cases, our findings indicate that the number of clinical engineers
Cause for Specifications Not Being User-Friendly

e device has no display, or display message not easy to understand
hen users encounter some trouble

e device does not start working just by pressing the start button
concluded as standby mode)
o accessories can be connected for different purposes
nitoring equipment (e.g., SPO2 monitor) or the ventilator’s accessories
ere easily removed with external force

e trouble was not resolved, but the alarm bell stopped ringing, or the
onitor screen notified the trouble

e user needs to calculate how much oxygen can be kept from the
emaining gas amount and the gas flow rate of the oxygen cylinder
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staffed during the daytime and night/early morning might be in-
sufficient to maintain and provide a high level of intensive care.

Improvement in Intuitiveness and Design for
Patient Safety

Human factors and systems engineering to improve patient safety
have been demonstrated in several areas, such as medication safety,
medical device design and usability, and reliability design.38 How-
ever, our findings suggest that medical devices are complicated and
unintuitive for users.Medical device incidents are reportedly related
to poor medical device design.13 Usability problems have the poten-
tial to create a high cognitive burden on nurses and increase the like-
lihood ofmistakes.38 Thus, improvement in the design and usability
of medical devices may reduce medical device incidents.

Limitations
Our study has some limitations. First, the number of cases was

small because we only used 2 years of data. Opportunities to use
medical devices are expanding; the functions of medical devices
are becoming more diverse and complex, and circumstances sur-
rounding medical care are dynamically changing. Thus, we stud-
ied data over a short term to collect analogous cases. Two previous
studies indicated that organizational and personal barriers hin-
dered reporting behavior.39–41 We do not know if the number of
ventilator-associated accidents is underreported by hospital staff
because we used secondary data from the JCQHC, which is partly
based on hospital records. A study by Tomas et al26 reported that
the proportion of ventilator-related incidents was 164 (16.1%)
among 1021 incident reports. This percentage was similar to our
study result, wherein the proportion of incident reporting data
for ventilators was 11.8%. Second, although our study results
showmany incidents reported from general wards, there are no in-
cident reports from the operation room. We collected medical de-
vice incident reports, but the JCQHC codes medical device inci-
dents that occur during surgery as surgery incidents. Moreover,
the JCQHC does not record information about whether patients
are on home or hospital ventilators, or on how many patients were
on ventilators during the survey period. Therefore, we cannot ar-
guewhether our results for the probability of ventilator-related ac-
cidents are reasonable relative to the number of ventilators used.
Third, the staff and hospital administrators experience complex
feelings and barriers to reporting incidents, the risk of litigation is-
sues, which makes it difficult to collect incident reports and hos-
pital information. Incident reporting research has focused on
nurses, physicians, and pharmacologists, but there are few studies
focusing on other hospital staff, including hospital administrative
staff,42 nursery teachers, and care-certified staff.23 Fourth, this is a
cross-sectional study; thus, we cannot investigate the causal rela-
tionship between the improvement of complicated specifications
of ventilators and the actual prevention of errors. Because this
study was based on the data collected by the JCQHC, it cannot
be said whether these codes improved or if the accidents were pre-
ventable. Nevertheless, intuitive and robust designs could un-
doubtedly reduce device-related accidents.

CONCLUSIONS
Our study demonstrated that ventilator-associated accidentswere

related to an entanglement of complex factors, including not only
human factors but also hardware, software, and the environment
surrounding humans. Medical professionals had problems with
the usage or management of the ventilators in 30 of the 34 cases;
only 4 cases involved a problem with the ventilator itself. To
ensure patient safety, it is necessary to educate and train medi-
cal staff and improve the design of medical devices.
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Inadequate communication and responsiveness to alarms were
important factors causing accidents. It is the hospital administra-
tion’s responsibility to set adequate rules and educate staff to pre-
vent medical device accidents. In addition, when using a medical
device that functions in a complicatedmanner and an error occurs,
the user cannot easily understand the meaning of the error and
cannot immediately address the error. Because system approaches
are important to prevent errors caused by human factors, hospital
administrators need to consider securing personnel to handle
nighttime errors and adapting the system to friendly and intuitive
designs for users.
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APPENDIX 1. Patient complications and ventilator issues

Complications No. Ventilator Issue

Death 17 Disconnection
26 Disconnection

Permanent harm 23 Disconnection
28 Misuse/misapplication Disconnection Setting error
31 Misuse/misapplication Disconnection
32 Misuse/misapplication Corruption of ventilator

Reversible patient harm 18 Misuse/misapplication Disconnection
19 Disconnection
25 Disconnection
34 Disconnection
35 Misuse/misapplication
37 Disconnection
39 Disconnection
41 Disconnection
43 Disconnection

No impairment/no probability of impairment 15 Misuse/misapplication
21 Misuse/misapplication
22 Corruption of ventilator
27 Setting error
29 Misuse/misapplication Corruption of ventilator
30 Misuse/misapplication Setting error
33 Misuse/misapplication
36 Corruption of ventilator Misuse/misapplication
38 Misuse/misapplication
42 Disconnection
45 Disconnection
46 Disconnection
47 Misuse/misapplication Disconnection
16 Misuse/misapplication
20 Disconnection
24 Misuse/misapplication
40 Disconnection Setting error
44 Misuse/misapplication
48 Misuse/misapplication

Akiyama et al J Patient Saf • Volume 19, Number 1, January 2023
APPENDIX 2. Type of ventilator

Type of Ventilator n

Hospital ventilator 16 (47.1)
Ventilator/transport ventilator 7 (20.6)
Home/hospital ventilator 6 (17.6)
Mask ventilator (noninvasive ventilation machines) 1 (2.9)
Not clear 4 (11.8)

22 www.journalpatientsafety.com © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

www.journalpatientsafety.com

