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Abstract

The School of Graduate Studies,
The Open University of Japan
Nobuhiro Mori

1. Thesis title
Study on a medical equipment information data model focused on sepsis in

intensive care units

2. Summary of the paper

It is necessary to ensure the safety of medical equipment in the treatment of
critically ill patients in the intensive care unit, and a dedicated clinical
engineer promotes the management of medical equipment. Clinical engineers
specialize in the operation of life support systems such as ventilators and
dialysis machines. In the intensive care unit, their task is to maintain the
effectiveness of the medical equipment used in the surrounding area, such as
infusion pumps using vasopressors and electrocardiography monitors
showing vital signs of cardiac function. However, the ideal way of managing
medical equipment, including the operation and maintenance of medical
equipment in the intensive care unit, has yet to be established. As the surgical
rate in the intensive care unit increases due to the infection explosion, we
have developed a database based on a data model that can effectively utilize
medical equipment maintenance and inspection data and clinical engineers
have developed the intensive care unit. It is necessary to empirically identify
the ideal medical equipment management method that can ensure medical
equipment quality and safety.

To grasp the actual situation of sepsis using medical equipments in the
intensive care unit, this study implemented a medical equipment information
data model that can utilize the data of the medical equipments in the intensive
care unit and a clinical engineer used the medical equipments. The

purpose



of this study was to systematically show the management method for

ensuring medical equipment safety.

In Chapter 1, entitled “Design of Medical Equipment Information Data Model,”
after describing the background and purpose of the research, we conducted
a survey of related literature. In the analysis of the actual condition of sepsis
and defects of medical equipments in the intensive care unit, previous
research is lacking on the data model, the information basis of the database
required for clinical engineers to operate and maintain the medical

equipments. There is a need for further research in this field.

In Chapter 2, entitled “Designing a Medical Equipment Information Data
Model,” we describe the process of designing a medical equipment
information data model for an intensive care unit based on the reference
information model. We clarified that it is a practical data model used to
implement a database in the intensive care unit when a clinical engineer uses

and maintains the medical equipment in the intensive care unit.

In Chapter 3, entitled “Development of a Medical Equipment Information
Database,” we analyze the epidemiology of sepsis and defects in medical
equipments to ensure medical equipment quality and safety in intensive care
units. This study aimed to develop an expensive database. Based on the
medical equipment data model designed in Chapter 2, here we verified that a
database can be developed. In this chapter, we clarified that a database of
highly effective medical equipments can be implemented in the intensive care
unit to collect medical equipment data when a clinical engineer uses and

maintains the medical equipments in the intensive care unit.

In Chapter 4, entitled “Analysis of Sepsis in renal replacement therapy
database,” A database was developed by defining a data model for a dialysis
machine.ln a comparison of groups of people with sepsis and septic shock, 14

people with sepsis and 108 people with septic shock were identified. In



addition, in an RRT enforcement scan, 37 cases of sepsis of intermittent
hemodialysis (intermittent hemodialysis: IHD) and 336 cases of septic shock
were identified. Regarding enforcement for persistent RRT (continuous renal
replacement therapy: CRRT), 34 cases of sepsis and 85 cases of septic shock
were identified. As a result of the epidemiological analysis of the eligibility
criteria in this chapter, the following items have been clarified:

- The median age of septic shock patients was 72 years, and 67% of the
patients were men.

- The median number of RRTs and intensive care units in the intensive care
unit was 2.5. and 6.0 days.

- The highest hazard ratio (HR) was 2.33 for maintenance dialysis patients.

In Chapter 5, entitled “Analysis of dialysate flow rate of continuous renal
replacement therapy database in sepsis, we have described a data model for
dialysis equipment to clarify the mortality rate from sepsis for dialysis solution
volumes greater than medical fees in CRRT treatment lasting longer than 24
hours. In a comparison of groups, dialysate volume was 800mL/h or less or
801mL/h or more (standard group). Comparing large groups of standards; 22
people, large group; nine people were identified. Regarding CRRT
enforcement, 78 cases were identified for the standard group, and 39 cases
were identified for the large groups. As a result of the epidemiological analysis
of the eligibility criteria in this chapter, the following has been clarified:

- The 90-day mortality rate of patients in large groups was 89%, and
increasing the amount of dialysate in CRRT did not contribute to a decrease

in mortality.

In Chapter 6, entitled “Analysis of non-anticoagulant therapy using RRT
database in sepsis, we have described a data model for the dialysis apparatus
to understand the achievement rate for non-coagulation therapy in RRT, which
can be used for sepsis, and provided an epidemiological analysis of sepsis.
The anticoagulant group and the anticoagulant group were compared; 47

people were identified with the non-coagulation group and 62 people with the



anticoagulant group. Additionally, RRT was analyzed by layering IHD based on
four hours of treatment and CRRT for 24 hours or more. Regarding IHD
enforcement, 116 cases were included in the no anti-coagulation group, and
225 cases were associated with the anticoagulant group. In terms of CRRT
enforcement, 17 cases were identified with the non-coagulation group and
105 cases with the anticoagulant group. As a result of the epidemiological
analysis of the eligibility criteria examined in this chapter, the following items
have been clarified:

- The four-hour achievement rate from non-coagulation therapy in IHD was
82% (high).

- The 24-hour achievement rate of non-coagulation therapy in CRRT was 29%

(low).

In Chapter 7, entitled “Analysis of driving pressure using ventilator
management database in ARDS, we have defined a data model of a ventilator
to perform an epidemiological analysis of the driving pressure (AP) of a
ventilator administered in the intensive care unit for acute respiratory distress
syndrome (ARDS). For the low pressure group (AP < 14cmH20), 13 people
were identified; for the high pressure group (AP < 15cmH20), 19 people were
identified. As a result of the epidemiological analysis of the eligibility criteria
in this chapter, the following items have been clarified:

- The 90-day mortality rate for the low pressure group was lower compared
to the rate for the high pressure group.

- Regarding the classification of ARDS as severe, a low survival curve was

found.

In Chapter 8, entitled “Analysis of medical equipment using rounding
maintenance database for sepsis, we focus on inspection data accumulated
from the use of medical equipment to clarify use during sepsis treatment. We
developed a database by defining the data model for medical equipment. In
the intergroup comparison of sepsis and septic shock cases, 31 people had
sepsis, and 174 people were identified as having septic shock. In addition,
36



inspections for sepsis and 247 inspections for septic shock were noted. As a
result of analyzing safety information for medical equipment in the eligibility
criteria described in this chapter, the following items have been clarified:

- The number of medical devices used for septic shock was large, especially
in terms of infusion pumps and electrocardiogram monitors.

- The average number of medical equipment defects identified during

treatment for sepsis was 1.3+2.3 days/patient.

In Chapter 9, entitled “Summary Conclusions and Prospects,” after
summarizing the conclusions of each chapter, we examined a future system

for managing medical equipments in the intensive care unit.

This paper includes five application cases of medical equipment
management in the intensive care unit with an epidemiological analysis of
their use and maintenance. | tried to describe this quantitatively from the
viewpoint of a clinical engineer.

Scientifically evaluating the safety management of medical equipments is
currently a large issue for clinical engineers. This was an important study that
aimed to allow clinical engineers to accumulate knowledge required to build
the information infrastructure necessary to ensure the safe management of
medical equipments in the intensive care unit. Few attempts have been made
to quantitatively document sepsis while designing and developing a data
model, as shown in this paper, and implementing it in the intensive care unit
for the use and maintenance of medical equipments. We believe that the trials
presented in this paper will be utilized to ensure medical safety and model
strategic situations of upstream management planning to realize good
medical equipment management. To effectively convey the work of clinical
engineers in the intensive care unit to multiple occupations, an information
infrastructure is required that can centrally and comprehensively manage the
collection, analysis, and evaluation of medical equipment data. Research can
propose a solution to this problem.

In the future, using information technology, we will add functions to support



decision-making, such as data automation and artificial intelligence, and
effectively utilize the data of medical equipment in the intensive care unit to
clarify related problems. | plan to continue my research. Furthermore, we will
visualize the life cycle cost of medical equipment, identify the optimal number
of machines, and determine the ideal medical equipment management system

throughout the hospital.
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