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ABSTRACT

Development and Implementation of a Mobile
Handheld Device for Automated Anesthesia
Record Keeping: Enhancing Operability, Safety,
and Workflow Efficiency

Hiroshi Ueyama, MD, PhD

This paper presents a novel mobile phone-based
input for automated anesthesia recording systems.
The device utilizes a 6-inch Android smartphone and
addresses the limitations of conventional mouse and
keyboard input, which include cumbersome opera-
tion, difficulty in real-time data entry, concentrated
input during specific periods, and poor user interface
design.

The handheld device offers intuitive touch-screen
operation, facilitating real-time data entry and mini-
mizing input steps. It also incorporates an electronic
checklist to enhance patient safety.
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Future plans include developing a similar hand-
held device for nurses, enabling seamless data col-
lection across the care team. This innovative in-
put method overcomes the limitations of traditional
interfaces, improving both operability and safety
in anesthesia recording. We anticipate widespread
adoption within clinical settings.

Keywords: Anesthesia record, Mobile handheld
device, Real-time input, Electronic checklist, Work-
flow efficiency, Safety

Department of Anesthesiology, Kansai Rosai Hospi-
tal
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SBP < 90 mmHg or > 30% decrease | 5.7
from baseline
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ABSTRACT

AneXam-GPT construction: ChatGPT solves the
anesthesiologist certification board written exam!
Teiji Sawa, MD, PhD

ChatGPT is a chat generation artificial intel-
ligence (generation AI) released by OpenAl in
November 2022. Following the 2020 GPT-3, the
latest 2023 GTP-4 model was released. This time,
using OpenAI-API, we created AneXam-GPT, a
database for the anesthesiologist certification writ-
ten exam in which Chat-GPT provides answers
with explanations, and Chat-GPT offers answers to
the anesthesiologist certification written exam (61st
2022). Out of 135 questions (80 general questions
and 55 case questions), 94 questions (70 general
questions and 24 case questions) that did not include
image data were targeted for the exam. Tests were
conducted with both GPT-3.5 and GPT-4.0. By
adding the ChatGPT answer function to the written
test past question database, it was possible to check
and confirm the answer reasons efficiently. As a re-
sult, the correct answer rate for GPT-3.5 was 21.4%
for general questions and 62.5% for case questions,
for a total of 31.9%, while the correct answer rate for
GPT-4 was 82.9% for general questions and 95.8%
for case questions, for a total of 86.2%. The evolu-
tion of generative Al is remarkable, and we have en-
tered a new era of Al in which we are thinking about
how to use generative Al in creating test questions
and learning.

The University Hospital of Kyoto Prefectural Uni-
versity of Medicine



50— goboooboooooooooobooooooobooooooon

goooobbogoooooboggad
Joooobobgogoon

g oggbood o

0 d

FAATLA1Z
ER-EELNFRESND

000000000000000000000
0000000000000000000000
0000000000000000000000
0000O000000000000000000
0000000000000000000000
0000000000 0000000000000 01000000
0000000000000000000000
00000000000000000 TIVADD
0000000000000000000000
00000000000000000000

000000000000000000000
00000000000000000000000
0000000000000000000000
000000000 200000000000
0000100000000000000000
ooooooooooooooooooooon ()
0000000000000000000002
000000000000000000000
0000000000000000000000 | omanzc
0000000000000000000000 i
0000000000000000000000
0000000000000000000000
oooo

B

.

g d

o300o0o0oon

0000000000000 000000 (0 00000000000 (ml/h)DO0OO0OOO
1,2300)00000000000000000 0DO0O0UO0OOOO0OOOOOOOOOOOOOOOO
00000000000 0O00000O000O00 0O0O0OU00O0O0OO0OOo0OUO0oO0 1w%ooooog
obooooboooooooobooboo 100000 booooboooboobooobooboboooo
Uobo0obobooobboodbOesp32000 0O00O00O0O0O0O0CODOO0OOOO0O0OOO esp32
gbooobOob1boooobobooooboecd OOOOOOODOOOOOOODOOODOOOO0OO0

KKROOOOOOOO 00O



ooo0oooooooooono 2024 51—

450 O000000000Arduino IDEO DO OO Sketch
00ooO0oooO
§ "‘-—._.‘.. O O
5 s 0000000000000
%m . 000D0000000000000000
N .. (Linearity) 00000000000 400ml 0O
R=10 000000 105mO000000000000
o 0000000000040000000000
T Cesismm 0000001000000 Linearity 0000 0
D40 0000000000000 goooooooood
Linearity 00O 000000000000000000000

oo000ooooOoOopPCOO0OOOOOO OOOOOOOOOOO28000000010, 50,

5§50 50 540 100 500 150
~ERe ~E8® ~Ei
-3 (/) - (ml/n) 90 ~ M (ml/h) 0
40 480
545 _ 530 - N
= EFla 0 T m =
§ HE HE g
¥ —Hﬁ 30 i B . E B i
!\! 540 H é 520 ) o & FE 120 =
" 1 A 1
- ©HE /\ \ B o -
® N - 1B \ \. / LB 10 4
£,y A € 8, e g & 3
/N A tio \/ a0 {~/ \ -
S\ N 40 v AY » 100
530 o 500 30 450 20
0 5 10 15 0 5 i 15 0 5 10 15
A /min AR/ min AR min
Fig.5-1 8180 A 10ml/hI SB B LI-BF Fig 5-28 8% B 50ml/hl < I FE LT-F5 ) Fig.5-3 $AEE 100mI/ =B E LI 0D
EET SR B FRTC TR ERTCLHERTRE
500 250 600 350 450 450
et ] ] ]
o B (ml/h) 240 R (ml/h) 340 =B (ml/h) 440
- 550 - 400 .
2 e e =
3 0 g3 wWE 3 430 H
i 8 s gl P 3
P [ = | =
; 220 g 1‘ 500 320 g ;:w 420 g
-] o | I
; 210 ; ; 310 ; ; 410 ;
* N4 M € ¥, A s €, 5 3
380 4\ VoS /NS | \ - 300 ™\
350 190 400 200 250 300
] 5 10 15 o 5 10 15 o 5 10 15
BB FH/min AR, min A min
Fig.5-4 R BE200mI/hIZBE EL =B O Fig.5-5 B B 300mI/hIZEELI-F D Fig.5-6 8 8E B 400ml/hI<BELT=FE )
FERECLHERTRE ERECLHEREE FEE TR
350 550
e ¢
~ M (ml/h}
300 540
"_;: 530 fE
520 3
) 520 g
B 5
= 510
z H
150
YaAvVaui.
- N/ V
N
100 490
o 5 10 15
FERBBE N/ min
Fig.5-7 #BGE BE500ml/hiZ B E LT-B D
ERFCEREEE

Oos000000000000



100, 200, 300, 400, 500 ml/h 00000000
0000000000000000000000
00000000 (O 5-1~7)0200 ml/h 000
0000000000000000000000
+ 3ml/h000000000 (O 5-4 5-7)0 100
ml/h0000000000000000000
0000000000000000000000
000000000+ 6ml/h(+ 2SD)000 (O
515-3)00000000000 0.05%0000
00500g00000000000.25¢00000
000000000 1000000006000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000

g d

ooooooboboooobobooobbooooDo
gobooobooooboobooobooooobog
gobooooboooboooooboooooboong
oobooobooboooooooooboboobooo
gobooboooooobooboooooboo
gobooooobooooooobooooboobooa
oooooooooooobooooooooogoo
ooboooboooobooobooobobooooboo
oooooooooboooooooooboooooo
gobobooboooooooooboooboooa
ooboobooooooobooboooooboo
ooooo

goboooboooooooooobooooooobooooooon

Limitation00O 0 4000001000000
gboboooboooooooboooobooo
gboooooooooooooooooooon
gobo2000000000000000DO0O
gbobooobooooooooooooboooo
gbooooobooobooboooobooobooaoo
gboooooooboboobooooboooboon
goboooooooooboooooosoooo
0000000000000 0OO0oOoo 10%00
gbooooooboobooooboooobobosno
goboooooooboooooooooboobooo
gbo40000000DO00DO0O0DOODOO
gbobooobooobooooboooooboooo
gbobooooosooboooobooobooboon
gboooog

gooooooopooooo Icogoooo
oooooooooIicooooooooood
gbobO10ooboooooooobooooooon
gobooobooooooobooboobobooo
gbobooobooobooooboooooboooo
gboooobobooboobooooooooogon
gbooobooboooobooboooboobooooon
gooooboooboooboooboboobobooo
gbobooobooooboooboooboooboooo
obooooboooooooo

goboooobooooobooooobooooobooo
goobooboboboboobobooooooo
gboooooboooboboooooobooobooboao
gboooboooooooooooboooooon
oon



ooo0oooooooooono 2024

Creating a Program for Visibility in Surgical

Departments’ Operational Efficiency

Shinju Obara*" | Rieko Oishi*' , Shin Kurosawa!

and Satoki Inouef

Introduction

With 778 beds, the Fukushima Medical Uni-
versity Hospital is the only advanced treatment
hospital in Fukushima Prefecture (population of
The
number of operating rooms in the hospital in-
creased from 12 to 14 in October 2017. Since

2020, two rooms for local anesthesia surgeries,

approximately 1.77 million as of 2023).

operating only twice a week, have begun to be
used. In fiscal 2022, 6303 surgeries were per-
formed.

Efficiently managing a surgical department re-
quires a great deal of data to understand exist-
ing situations. In particular, understanding the
total amount of labor used is important to prop-
erly assess work efficiency and personnel deploy-
ment in the department. Usually, the number of
operations is used for this purpose. However,
the number of operations alone is an insufficient
metric as time requirements vary substantially
among different surgical procedures. Time pa-
tients spend in the operating room can be a
proxy for time used for actual patient care and
is in agreement with intuitive estimates by the
site staff. However, if this data is not part of a
hospital’s healthcare record, it has to be created
using raw data downloaded from a data ware-
house. Since fiscal 2016, the Fukushima Med-

ical University Hospital has assessed and pub-

lished this data monthly in the hospital, using
a program invented by the author (VIPLESS
Software(©), programmed by S.O). During the
past five years, many efforts have been made
to increase the number of operations performed
and to improve operational efficiency. This pa-
per describes these efforts and their effects on

the data obtained with this program.

1. Methods

Approval of the hospital’s ethics committee

was not required to prepare this report.

(1) Program Details
To the

Fukushima Medical University Hospital uses

manage surgery-related work,
a “surgical department system” that runs on
an electronic medical record system. Data re-
lated to the surgery department’s operations are
recorded along with other types of data that are
input from an anesthesia information manage-
ment system, separate from the surgical depart-
ment’s system. Our surgical department system
can output raw data in CSV formats, such as
operating room entry/exit times, surgery and
anesthesia start and end times, the operating
rooms used, whether the case was managed by
the anesthesiology department, and whether the

surgery was scheduled or an emergency.

*Surgical Operation Department, Fukushima Medical University Hospital
fDepartment of Anesthesiology, Fukushima Medical University School of Medicine
Corresponding author: Surgical Operation Department, Fukushima Medical University Hospital,
1 Hikarigaoka, Fukushima, Fukushima, JAPAN 960-1295
E-mail: obashin99@gmail.com, FAX: +81-24-548-0828, TEL: 481-24-547-1342
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(a) Entering operating room within scheduled time and departing outside scheduled

time
| | | Dayof
o o o o operation
o < — =
et Al <
o [e] r; N

(b) Example of complicated entry and exit schedule: entry outside of the scheduled
time (night) and exit the next day within the scheduled time

Day of
i ‘ operation
Day following
o o) ITe) o operation
o < — o
. S 3 &
o [se] r~‘_|- N

(c) First scheduled surgery and turnover time

8:45 —

17:15I

*

Figure 1. Time Spent in Operating Rooms as Calculated by the Program.

The program calculates the time spent within the scheduled time for operations (black), as well as
the time spent outside the scheduled time (gray), based on records of the time spent in the operating
room in the surgical department’s system. (a). For an example case that entered the operating
room at 10:00 and left at 19:00, the scheduled time spent in the operating room is 435 minutes
(10:00-17:15), and the unscheduled time spent in the operating room is 105 minutes (17:15-19:00).
(b) Combinations of scheduled and unscheduled times are varied and complex, and the program
recognizes and categorizes each case when calculating the time spent inside and outside scheduled
times. (c¢) Time for the first scheduled surgery (arrow) and turnover time (O ). If the operating
room entry time for a first surgery is not delayed and the turnover is quick, it is possible to shorten
the amount of time spent in the operating room outside the schedule. In this analysis, the scheduled

time period was set from 8:45 to 17:15, though it can easily be reset.

Visual Basic Editor,

Excel®), was used to create a program for calcu-

part of Microsoft

lation of various operational metrics. The pro-
gram’s basic function is to calculate the time pa-
tients spend in operating rooms for all surgery
cases (from entry/exit time records, separated
by scheduled times versus non-scheduled times
(Figures la and 1b)). Based on this data, the
clinical metrics discussed below can be calcu-
lated.

The aforementioned CSV file is downloaded

once a month and pasted as a spreadsheet into

an .xlsm file that includes the program. A cal-
endar for the corresponding month is created in
a set spreadsheet format in the same Excel file.
The calendar displays the number of operating
blocks for each day. For example, a weekday
has 12 blocks, whereas non-weekdays have none
(Operating blocks will be discussed in more de-
tail later). When the program is run, a report
is created that details the surgical department’s
monthly operational status. The following infor-

mation is calculated.

A) Data for all days
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a. Sum (in minutes) of scheduled surgeries in-
volving an anesthesiologist, within set times
b. Sum (in minutes) of scheduled surgeries in-
volving an anesthesiologist, outside of set times
c. Sum (in minutes) of unscheduled surgeries
involving an anesthesiologist, within set times
d. Sum (in minutes) of unscheduled surgeries in-
volving an anesthesiologist, outside of set times
e. Sum (in minutes) of scheduled surgeries not
involving an anesthesiologist, within set times
f. Sum (in minutes) of scheduled surgeries
not involving an anesthesiologist, outside of set
times
g. Sum (in minutes) of unscheduled surgeries
not involving an anesthesiologist, within set
times
h. Sum (in minutes) of unscheduled surgeries
not involving an anesthesiologist, outside of set
times

The sum of the above (a-h) is the total time
spent in the operating room. a-+c+e+g is the
length of time spent in the operating room
within the set time, and b+d+f+h is the length
of time spent in the operating room outside of
set time.
B) Data for workdays (regular weekdays
only)
i. Sum (in minutes) of scheduled surgeries in-
volving an anesthesiologist, within set times
j- Sum (in minutes) of unscheduled surgeries
involving an anesthesiologist, within set times
k. Sum (in minutes) of scheduled surgeries not
involving an anesthesiologist, within set times
1. Sum (in minutes) of unscheduled surgeries not
involving an anesthesiologist, within set times

m. Sum of “operating block” times (in min-

utes); sum of (number o blocks x set operating

room operating time!) on workdays

n. Sum of “operating room” times (in minutes);
sum of (number of operating rooms x set oper-
ating room operating time!) on workdays
Operating blocks are times when rooms and
personnel (nursing staff and anesthesiologists)
able to participate in a surgery are assigned
by the surgical department to various other de-
partments during scheduling. This information
includes days of the week, number of rooms,
and times (A.M. and/or P.M. within set time).
Prior to September 2017, there were 12 operat-
ing rooms and 9 or 10 operating blocks. In 2023,
there are 16 operating rooms (two for local anes-
thesia surgery, which are only used twice a week)
and 12 or 13 blocks. Operating block utilization,
which has been examined in many studies, effec-
tively measures how efficiently operating rooms
and human resources are being used for sched-

uled surgeries?).

Operating room utilization also measures how
well operating rooms are used within set times.
This metric can be improved by reducing open
time prior to the start of a surgery, shortening
time to patient entry from exit of the previous
patient (patient turnover time) (Figure 1c), and
revising schedules on an ongoing basis based on
the overall progress of surgeries.

C) Time (in minutes) spent in the operat-
ing room by department and its percent-
age of overall time (%)

This shows the percentage of time-based oc-
cupancy by each department to overall surgical

department time.

D) Median time of operating room entry

LOperating room times are 8:45 A.M. to 5:15 P.M.(8.5 hours).

Operating block utilization =(i+j+k+1)/m (%)
Operating room utilization =(i+j+k+1)/n (%)



for the first-scheduled surgery (Figure 1c)

Operating room entry time is when operating
room entry information is input into the elec-
tronic anesthesia record.

E) Median patient turnover time (Figure
1c)

The time between the exit of one patient and
the entry of the next into the operating room
where two operations are scheduled to be per-
formed in a row in the same operating room.

The aforementioned report was released,
along with the number of operations by each
department, in a monthly surgery department
liaison meeting and used in various discussions.

This study shows changes over an nine-year
period of time spent in the operating room
(in total, within scheduled time, and outside
of scheduled time), the number of operations,
rates of utilization of operating blocks and op-
erating room, operating room entry times for
first-scheduled surgeries, and lengths of patient

turnover time.

(2)

circumstances during this period and

Changes in surgery department
changes made to improve work
A) Increasing the number of operating
rooms and operating blocks

In October 2017, the number of operating
rooms was increased from 12 to 14 (one op-
erating room with MRI capability and an-
other hybrid operating room). One year ear-
lier, the surgery department consulted multi-
ple times with other departments and increased
the number of operating blocks substantially as
described earlier. Anticipating the additional
labor needed, the hospital hired more nurses
and radiological technologists. Since 2020, two
rooms for local anesthesia surgeries, operating

only twice a week, have begun to be used.

Creating a Program for Visibility in Surgical Departments’ Operational Efficiency

B) Early identification of unused operat-

ing blocks

Regular scheduling is done as follows. Every
Thursday, each department requests the operat-
ing blocks they need for surgeries, and the head
nurse or the assistant head nurse allocates oper-
ating rooms. Afterward, cases needing anesthe-
siology management are allocated to the anes-
thesiologist in charge, and on Friday, the sched-
ule is finalized and published, after which un-
used operating blocks are reserved for any de-
partment’s unscheduled or emergency surgeries.
The starting dates and times for these additional
surgeries are determined based on available op-
erating rooms, nursing staff, and anesthesiolo-
gists.

Starting in 2016, an “open operating block
calendar,” updated daily, was created, with open
blocks accessible at any time from electronic
healthcare records. When departments come
to know that they do not need future operat-
ing blocks, they contact the surgery department,
and the information is shared using the calendar.
Departments looking for operating rooms then
secure open blocks on a first-come, first-served
basis. Since April 2023, the rule that such re-
porting should be done three weeks prior has

been strictly enforced.

C) Directly preventing longer patient
turnover time

Since 2015,

cleaning done by a contractor between surgeries

a. Cleaning between surgeries:

has been simplified than end-of-the-day clean-
ing, while maintaining a required level of clean-
liness.

b. Alleviation of hindrances at operating room
entrances: Entrances to operating rooms allow
up to two patient stretchers to pass simulta-

neously. To prevent patient mix-ups, patient
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confirmations were done at entrances and ex-
its. However, because these confirmations de-
layed entry and exit times, their management
was changed as follows.

i. Single set of footwear: In the past, shoe
racks were always placed at the entrance to the
surgery department, for changing into sandals
exclusively for the operating room. This rule
was changed in 2017. Those already wearing
hospital footwear could enter the operating room
without having to change their shoes, and in-
dividuals not wearing hospital footwear could
use disposable shoe covers. This is expected to
quicken the flow of patients.

ii.  Relaxation of regulations for changing
clothes: Previously, all medical staff entering
the operating room had to change into surgical
scrubs. This rule was also changed. As long as
individuals do not go into the operating arena,
the supply hall, or other areas requiring anti-
sepsis preparation, they are allowed to enter the
surgery department wearing their hospital uni-
form, a cap, and a mask.

iii. Patient handoffs in operating room: In 2018,
the place where the ward nursing staff handed off
patients to the operating room nursing staff was
changed from the surgery department entrance
to inside the operating room. This provided the
surgical nursing staff additional time to prepare
the operating room for surgery.

c. Surgical equipment packaging: In 2018, the
hospital started using a specialized company to
provide packaged surgical equipment for most
typical and common surgical procedures. Hence,
the surgery staff no longer had to pick up sur-
gical equipment in the surgery department in
selected surgical procedures. As of November
2023, this service is available for 45 different sur-

gical procedures.

2. Results

(1) Total daily work

Figure 2 shows the total amount of work
and the number of surgeries each day. Total
time spent in the operating room was 1,226,216
minutes with 6,225 surgeries in fiscal 2015,
1,242,851 minutes with 6,280 surgeries in fis-
cal 2016, 1,282,270 minutes with 6,677 surg-
eries in 2017, and 1,379,742 minutes with 6,950
surgeries in 2018, showing an increasing trend.
These growths were assisted by the two operat-
ing rooms added in October 2017 and the re-
sulting rise in operating blocks (see arrows in
Figure 2). Due to the COVID-19 pandemic, the
total time spent in the operating room peaked at
1,455,822 minutes with 7,094 surgeries in the fis-
cal 2019 and subsequently experienced a decline,
with a recovery beginning in early 2023. Total
time spent in operating rooms changed over time
in a similar manner to time spent in the operat-

ing room within the set time.

(2) Operating block and operating room
utilization on workdays

Figure 3 shows the utilization of operating
blocks and operating rooms on weekdays (i.e.,
days that the hospital regularly schedules surg-
No months stand out as having ei-
After

the increase in operating rooms and operating

eries).

ther extremely high or low utilization.

blocks in October 2017, operating block utiliza-
tion dropped and did not increase again until
May 2018. Although operating block and op-
erating room utilization peaked at 87.2% and
75.4%, respectively, in February 2020, these in-
dices declined due to the COVID-19 pandemic,
with recovery beginning in early 2023.
(3) Operating room entry time for the first-
scheduled surgeries

In fiscal 2014, the median operating room en-
try was often later than 8:50 (8:50-8:53), but
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Figure 2. Time spent in the surgical department and the number of operations.

from fiscal 2020, it remained stable at 8:46.
(4) Patient turnover time

Figure 4 shows median lengths of patient
turnover time, which were between 25 and 33
minutes in fiscal 2014 (when they were first
tracked), started lengthening in October 2017,
and then shortened at the start of 2019 to about
33 minutes. During the COVID-19 outbreak, it

was extended to 30-37 minutes.

30 Discussion

Operating room efficiency continues to be a
high priority for hospitals?). The improved ef-
ficiency requires proper assessment of existing
situations, for which the number of operations
performed has been used traditionally. How-

ever, as operating blocks are continuous time

periods, examining their use requires considera-
tion in “time” units, rather than the number of
operations. Time spent by patients in a surgery
department also can be viewed as the amount
of care given to a patient; it is an easily mea-
surable index of the amount of work they do,
although a surgical staff generally does a lot of
work unrelated to surgery. Accordingly, total
time spent in the operating room can serve as a
proxy for the amount of work done in relation
to the proper deployment of personnel and the
existing situations of facilities.

Using a program created by hospital staff with
extensive experience in the surgery department,
the Fukushima Medical University Hospital pe-
riodically assesses and publishes surgery depart-

ment workflow metrics as shown in the Results
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Figure 3. Utilization of surgical blocks and operating rooms.

section. This method has several benefits. First,
it is free, and glitches can be fixed immediately.
Further, input errors and abnormal data result-
ing from integrating the anesthesiology record
system and the surgery department system can
be found in calculated data and program irregu-
larities. Meanwhile, outsourcing data for analy-
sis reduces the opportunity to have the raw data
checked by healthcare professionals, or detect
and correct data abnormalities.

Several problems arise when assessing the sta-
tus quo using the number of operations as the
sole metric for amount of work done. For ex-

ample, nurses and anesthesiologists working in

the operating room recognize that there is not a
proportional relationship between the number of
surgeries and the amount of labor that goes into
them. For example, it is difficult to intuitively
accept as similar aggregate assessments of an
ophthalmological case that requires only 15 min-
utes and a cardiovascular surgery that requires
much more time and more staff involvement. Be-
cause these two cases do not legitimately assess
the amount of labor involved, treating them as
equal could lead to faulty administrative deci-
sions.

Since October 2017, the greater number of op-

erating rooms and operating blocks has led to a
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higher number of operations. This is presum-
ably why the total length of time spent in the
operating room increased. Although the number
of operations and total time spent in the oper-
ating room showed similar patterns of change,
the latter appeared to be more easily acceptable
as a measure of the amount of work rather than

the number of operations alone.

From 2014 through the first half of 2017, rates
of utilization of operating blocks in most months
exceeded 80%.
ter October 2017, when the number of operat-

This percentage decreased af-

ing rooms and operating blocks rose. Utilization

decreased because (a) surgeries were constantly
scheduled more than available operating blocks
prior to the 2017 increase in operating rooms
and thus the apparent utilization rate was high,
and (b) the total number of operating blocks was
increased in 2017 according to requests from de-
partments, but increased operating blocks were
not used fully because some departments did not
have sufficient manpower. Schedule updates and
reallocation of operating blocks to departments
with excess manpower and many patients requir-
ing surgery appear to be effective, as suggested

by an increase in overall utilization of operating
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blocks.

Operating room utilization was below 70% for
all months in 2014, increasing because of im-
provements to 75% in July 2019. It has been re-
ported that more operating rooms can decrease
utilization, even when the number of operations
performed increases®. The same mechanism
presumably underlies the observation at our hos-
pital that utilization decreased somewhat after
the operator room increase in October 2017, but

then rose over time.

Too high an operating room utilization rate
may indicate that the availability for emer-
gency surgeries is limited in some time zones.
Fukushima Medical University Hospital per-
forms many emergency cesarean section births
and other emergency surgeries that cannot be
handled by other hospitals in the region. Thus,
having open operating rooms for emergency use
is a major benefit. Operating rooms in Japan
with capacity utilization above 75% are rated
top-class®). At Fukushima Medical University
Hospital, the 75% utilization rate is near its
maximum, and it seems that little additional
utilization improvements are realistically achiev-
able.

Prior to 2018, as noted in the Methods section,
the hospital verified and handed off patients at
operating room entrances. This caused conges-
tion for the first surgeries of the day (entry start-
ing at 8:45 A.M.) at the surgery department en-
trance. Fortunately, this congestion dissipated
after the handoff procedure changed. The data
reflected the more efficient entry of patients into

the operating room.

Patient turnover time has been used in many
studies as a parameter reflecting hospitals’ ef-
ficiency, and many hospitals work to decrease

i¥). Patient turnover also is important to build

teamwork and encourage the institution’s fo-
cus on achieving maximum throughput in op-
erating rooms®). As described in the Methods
section, Fukushima Medical University Hospital
made efforts for efficiency improvement and pre-
dicted that turnover times would go down. How-
ever, no major reduction was seen initially. In
fact, patient turnover times increased for certain
time periods, possibly caused by: (1) locating
new operating rooms in a separate building ad-
joining the surgery department via a corridor,
which lengthened the distance between operat-
ing rooms and wards and (2) entering patient in-
formation after operating room handoffs or pa-
tient confirmations, and (3) Increase in proce-
dures necessary for infection prevention due to
the COVID-19 pandemic. Additionally, the hos-
pital had limited manpower for patient trans-
portation and surgery operations; this might
have caused unavoidable delays. Turnover times
in May 2015 and June 2017 were shorter than
other months, because many brief ophthalmo-
logical surgeries (with local anesthesia) were per-
formed during these months (averaging 106 per
month in 2015, with 113 performed in May 2015,
and averaging 121 in 2017, with 135 performed
in June 2017).

sity hospitals noted that patient turnover times

A review of multiple univer-

ranged from 34 to 66 minutes® . This wide range
suggests that the length of patient turnover time
varies depending on institutions and surgical
procedures; therefore, significance of reducing a
particular measure is unclear and excessive focus
on turnover time may be counterproductive5).
The Fukushima Medical University Hospital, in
contrast, simply observes changes in turnover
times and makes no extreme efforts to reduce
them.

4. Conclusion



A program was created to quantitatively ana-
lyze the management of the surgery department,
and the actual data focused on changes in the
hospital over a nine-year period were analyzed.
In summary, until just before the COVID-19
pandemic, both the number of surgeries per-
formed and the total time spent in operating
rooms were trending upward. However, the per-
centages of utilization of operating blocks and
operating rooms initially declined in 2017, fol-
lowing an increase in the number of operat-
ing rooms, and were further impacted by the
COVID-19 pandemic.
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ABSTRACT

Efficiently managing a surgical department re-
quires the visibility of a great deal of data to under-
stand existing situations. Metrics calculated from
time spent by a patient in an operating room rep-
resent a promising way to show the total amount of
labor in a surgical division. Percentages of utiliza-
tion of operating blocks and operating rooms in set
weekday time periods can be calculated and used as
metrics of operational efficiency.

Calculating these metrics is not a function of the
healthcare information system in our hospital. Since
fiscal 2016, the hospital has used a program that
the author created with Visual Basic Editor to as-
sess and publish monthly data in the hospital. Data
accumulated between 2014 and 2023 were used to
examine the impact of a change in the number of
operations and the many efforts to improve opera-
tional efficiency in the surgical department.

The number of operations and total time spent
in the operating room were increasing in particular
since the inclusion of two operating rooms in Octo-
ber 2017. The percentages of utilization of operat-
ing blocks and operating rooms decreased somewhat
with this increase in room number but later returned
to previous levels in a year. The number of opera-
tions and total time spent in the operating room
reached a record high in the fiscal year 2019 but
declined due to COVID-19; the pandemic of Coro-
navirus disease 2019; it has been recovering since
early 2023.

By having data about how much time patients
spend in operating rooms through this homebuilt
program, one can quantitatively assess effects of var-
ious efforts that are unclear from the number of op-
erations alone.

Key words: Operating room, operating block, ef-
ficiency, time spent, patient turn over time
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ABSTRACT

Development of surgical time management
system (good or bad)

*Michiyoshi Sanuki,tNaoyuki Takahashi,
tYuhei Adachi

The basis of efficient operating room operations
is to complete surgeries on time. The large discrep-
ancy between the scheduled operation time and the
actual operation time makes it difficult to grasp the
prospect of completing the operation on time.

Therefore, we developed a system in cooperation
with Fujifilm Medical IT Solutions Co., Ltd. to dis-
play the discrepancy between the scheduled opera-
tion time and the operation time on a status monitor
in real time in the operating room, and started its
operation in January 2022.

In the first year of implementation, the new sur-
gical time management system not only reduced the
difference between the scheduled time and the actual
time, but also decreased the variation.

This system contributes to the awareness of sur-
geons regarding the accuracy of surgical time decla-
rations.

*Department of anesthesiology, Critical Care and
NHO Kure Medical Center and
Chugoku Cancer Center

TFUJIFILM Medical IT Solutions Co., Ltd.

Pain Medicine,
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e-mail: msanuki@msanuki.com
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ABSTRACT

Attempt to automatically convert and display
numerical values of patient status during
maintenance of general anesthesia
at the end of surgery

*Michiyoshi Sanuki,fNaoyuki Takahashi,
tYuhei Adachi

Currently, the only way to detect abnormalities in
monitored patient status during general anesthesia
is to open the anesthesia chart and look through the
entire anesthesia record. Therefore, we attempted
to detect cases with ongoing abnormal monitor val-
ues by sequentially evaluating monitor values during
general anesthesia and scoring them as an overall
score at the end of surgery.

For the five items of circulation, respiration, tem-
perature, anesthesia depth, and muscle relaxation
as the general anesthesia state during the anesthesia

maintenance period from the start of surgery to the
end of surgery, the time when the anesthesia state
deviated from a certain range for more than 3 min-
utes was accumulated and evaluated using the point
reduction method. Since evaluation using only the
prime scores would result in a point-only compari-
son, deviation values were employed for comparison
with past cases.

As a result, by sequentially scoring patient con-
ditions during general anesthesia, it became easier
to find cases with continued abnormal values during
anesthesia maintenance. The intraoperative sum-
mary screen displayed at the end of the surgery was
able to clearly display intraoperative progress for
each of the following items: circulation, respiration,
body temperature, anesthesia depth, and muscle re-
laxation monitoring.

*Department of anesthesiology, Critical Care and
Pain Medicine, NHO Kure Medical Center and
Chugoku Cancer Center

tFUJIFILM Medical IT Solutions Co., Ltd.
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Introduction

Intraoperative hypotension is reportedly as-
sociated with increased postoperative morbidi-
ties and mortality in patients undergoing non-

1.2) " Lowest mean blood pres-

cardiac surgery
sure (MBP) during surgery < 55 mmHg was
significantly associated with the development
of postoperative complications after non-cardiac
surgery?) . On the other hand, a recent study us-
ing meta-analysis reported that intraoperative
hypotension showed no association with post-
operative mortality, and inversely reduced the

length of hospital stay after surgery®.

Higher surgical invasiveness also facilitates the
development of postoperative complications. Al-
though moderate surgical stress responses facil-
itate and support postoperative recovery, exces-
sive surgical stress responses caused by higher
surgical invasiveness increases the incidence of

postoperative complications*~6).

The nocicep-
tive response (NR) index, as one of the nocicep-
tion monitors used during general anesthesia, is
a dimensionless number between 0 and 1, with
higher values reflecting increased surgical stress
during surgery under general anesthesia®. The
averaged values of nociceptive response index

(mean NR) from the start of surgery to the end

of surgery > 0.85 was reportedly associated with
an increased rate of postoperative complications
in patients undergoing elective laparoscopic gas-
trointestinal surgery”).

To evaluate associations between postopera-
tive complications, lowest MBP, during surgery
and mean NR index during surgery, we per-
formed a retrospective observational study
in adult patients undergoing gastrointestinal

surgery in the present study.

Method

This multi-institutional, observational study

was approved by the Ethics Committee at Hyogo

Patients

Participants comprised consecutive patients
who underwent gastrointestinal surgery under
general anesthesia from March 2019 to July 2020
at the surgical centres in Hyogo Medical Uni-
versity and in University of Fukui. Exclusion
criteria were age < years, American Society of
Anesthesiologists — physical status (ASA-PS) >
V, and no perioperative data of serum concen-
trations of C-reactive protein (CRP), MBP, and
NR.

Data collection

To assess the primary outcome of this study,

IDepartment of Anesthesiology, Hyogo Medical University Faculty of Medicine

*Equally contributed.

2Department of Anesthesiology & Reanimatology, Faculty of Medicine Sciences, University of Fukui



as the association between the incidence of post-
operative complications, lowest MBP during
surgery < 55 mmHg, and mean NR index dur-
ing surgery > 0.85, we obtained perioperative
data of age, sex, body mass index, ASA-PS,
emergency status, surgical procedure, anesthetic
management, serum concentrations of CRP be-
fore surgery and at postoperative day (POD) 1,
and complications occurring within 30 days after
surgery from our institutional medical records.
We retrospectively reviewed these data, which
were obtained from medical records in two insti-

tutions.

Data collection

Postoperative complications were graded ac-
cording to the extended Clavien-Dindo classifi-
cation, which includes seven grades: grade I, any
deviation from the normal postoperative course;
grade II, normal course altered; grade I1la, com-
plications that require interventions performed
under local anesthesia; grade IIIb, complica-
tions that require interventions performed un-
der general or epidural anesthesia; grade IVa,
life-threatening complications with single organ
dysfunction; grade IVb, life-threatening compli-
cations with multi-organ dysfunction; and grade
V, death 8. Postoperative complications were
defined as Clavien-Dindo grade II or greater in
the present study.

The NR index is calculated using the three
variables of heart rate (HR), systolic blood pres-
sure (SBP) and perfusion index (PI),

2

NR = 1+ ¢ (0.01HR+0.025BP—0.17FPI)

L,

representing intraoperative nociception 9. Tt is
presented as a dimensionless number between 0
and 1, with * 1’

tion. This equation for NR index was installed

representing greater nocicep-

Postoperative complications after gastrointestinal surgery under general anesthesia

on the anesthesia information managing system
(ORSYS; Philips Japan, Tokyo, Japan) in all the
operation rooms at our institution, and the NR
value has been calculated and stored every 1 min
during surgery in all patients since May 2018.
BP was measured either every 1 min using di-
rect measurement, or every 5 min using indirect
measurement during surgery. In the latter cases,
the latest value of SBP was used to calculate
NR values. Thereafter, both lowest MBP and
mean NR index during surgery were obtained
for each patient, using Vi-Pros data-search soft-

ware (Dowell, Sapporo, Japan).

Anesthetic management during surgery

No patients received premedication. General
anesthesia was induced with propofol, in addi-
tion to fentanyl and rocuronium, followed by
insertion of a tracheal tube or supraglotic air-
way. Anesthesia was maintained with sevoflu-
rane, desflurane or propofol, in addition with
fentanyl, rocuronium and continuous infusion of
remifentanil. Doses of remifentanil and fentanyl
were adjusted to maintain mean blood pressure
within the range of £ 20% of the pre-anesthesia
level. Additional requirements for regional anes-
thesia were determined by the anesthesiologists
in charge. Bispectral index was maintained be-
tween 40 and 60 by adjusting the concentration
of sevoflurane, desflurane or propofol. Rocuro-
nium bromide was used for muscle relaxation

during surgery, as needed.

Statistics

All statistical testing was performed using
JMS Pro version 14.2.0 (SAS Institute Inc.
Cary, NC, United States). Multivariate logis-
tic regression analysis was used to determine
the correlation between postoperative complica-
tions, lowest MBP, and highest NR index. To
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exclude confounding the effects, we selected pre- ables for multivariable logistic regression analy-

operative variables of age, sex, BMI, ASA-PS sis.

and preoperative CRP levels, as candidate vari-

Table 1. Patients’ characteristics and perioperative variables

Preoperative variables

Age (SD) in years
Sex, n (%)
Male
Female
MI (SD) in kg m~2
ASA-PS, n (%)
<III
>II1
Emergency surgery, n (%)
Preoperative CRP level (SD) in mg-dL~!

61 (17)

684 (62.5)
411 (37.5)
21.6 (4.0)

285 (26.0)
810 (74.0)
4.5)

Intraoperative variables

Gastrointestinal surgeries, n
Gastric surgery, n (%)
Small bowel surgery, n (%)
Large bowel surgery, n (%)
Others, n (%)

Lowest MBP (SD) mmHg
Mean NR index (SD)
Duration of surgery (SD) in min
Duration of anesthesia (SD) in min
Blood loss (SD) in mL.
Urine volume (SD) in mL.

0.819

1095
200 (18.3)
64 (5.8)
690 (63.0)
141 (12.9)
58.8 (10.8)

(0.056)
210 (152)
284 (162)
171 (336)
271 (277)

Postoperative variables

Clavien-Dindo grade, n (%)
<II
>11

706 (64.5)
389 (35.5)

Data are expressed as numbers (Anesthesiologists — Physical Status,
BMI: body mass index, CRP: C-reactive protein, MBP: mean blood
pressure, NR: nociceptive response, RBC: red blood cells, SD: standard

deviation.

Subgroup analysis were performed using the unpaired t-test. Nor-

mality of data was assessed using the normal

We divided the patients into two groups, in-
cluding patients with and without postoperative
complications. Comparisons of lowest MBP dur-

ing surgery and mean NR index during surgery Results

quantile plot, and values of P < 0.05 were con-

sidered to indicate statistical significance.



In the present study, 1,095 patients were en-
rolled (Table 1). Postoperative complications,
defined as Clavien-Dindo grade > II, occurred
in 389 patents (35.5%).

We performed multivariable logistic regression
analyses to determine the association between
postoperative complications, lowest MBP < 55
mmHg, and mean NR index > 0.85. Eight pre-

operative and intraoperative variables of age >

Table 2.

Postoperative complications after gastrointestinal surgery under general anesthesia

70 years, male sex, BMI > 25 kg-m~2, ASA- PS
> III, emergency surgery, preoperative CRP lev-
els > 1.00 mg: dL~! were selected as candidate
variables'® . Multivariable logistic regression re-
vealed that both emergency surgery, preopera-
tive CRP levels > 1.00 mg- dL~!, and mean NR
index > 0.85 were independent risk factors for
the development of postoperative complications

within 30 days after surgery (Table 2).

Multivariable logistic regression analysis of periop-

erative variables related topostoperative complications (Clavien-

Dindo grade > II)

Pre- and intraoperative Odds ratio P
variables [95%CI1]
Age, years <75 Ref

>75 0.98[0.73—1.31]  0.871
Male sex 0.89 [0.68—1.76] 0.871
BMI, kg- m—2 <25  Ref

>25  1.24 [0.88—1.76] 0.214
ASA-PS <IIT  Ref

>III 1.21 [0.89—1.65]  0.225
Emergency surgery 2.46 [0.27—0.61] <0.001**
Preoperative CRP <1.00 Ref
level, mg- dL~! >1.00 2.23 [1.61-3.68] <0.001**
Lowest MBP, mmHg <55 Ref

>55 1.00 [0.75—1.32]  0.981
Mean NR index <0.85 Ref

>0.85 1.68 [1.26—2.25] <0.001**

ASA-PS: American Society of Anesthesiologists—Physical Status, BMI:
body mass index, CI: confidence interval, CRP: C-reactive protein,
MBP: mean blood pressure, NR: Nociceptive esponse. Statistical sig-

nificance was defined at **P<0.01.
In the subgroup analysis, we divided all pa-

tients into two groups with (n=386) and without
postoperative complications (n=706). Although

there was no significant difference in lowest MBP

during surgery between two groups, mean NR
index in patients with postoperative complica-
tions was significantly higher than that in those

without postoperative complications (Table 3).
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Table 3. Comparisons of lowest MBP and mean NR during surgery between patients
with and without postoperative complications

Clavien-Dindo grade Clavien-Dindo grade P

<II >11

n = 706 n = 389
Lowest MBP (SD) mmHg 59.0 (10.7) 58.5 (10.8) 0.391
Mean NR index (SD) 0.810 (0.057) 0.833 (0.052) 0.001**

MBP: mean blood pressure, NR: Nociceptive Response, SD: standard deviation. Statistical

significance was defined at ** P<0.01.

Discussion

The present results are comparable to our pre-
vious studies showing a significant correlation
between the development of postoperative com-
plications and intraoperative mean NR index in
patients undergoing gastrointestinal surgery un-
71 Lowest MBP dur-

ing surgery < 55mmHg, however, showed no as-

der general anesthesia

sociation with postoperative complications, and
there was no significant difference in lowest MBP
during surgery between patients with and with-
out postoperative complications in the present
study. Due to the wide range of surgical proce-
dures performed in this study (heterogeneity in
surgical invasiveness), the resulting variations in
surgical stress responses might mask the impact
of intraoperative hypotension on postoperative
complications.

This study has limitations. First, it was a ret-
rospective observational study, which inherently
weakens the ability to establish cause-and-effect
relationships. Second, data on the duration of
hypotension, another factor known to influence
postoperative complications, was not collected.
Future prospective studies are needed to defini-
tively assess the impact of both NR- and MBP-
guided general anesthesia on postoperative com-
plications.

In summary, the development of postoperative
complications is likely associated with mean NR

index during surgery, although it showed no as-

sociation with lowest MBP during surgery in pa-
tients undergoing gastrointestinal surgery under

general anesthesia.
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Abstract

Postoperative complications after gastroin-
testinal surgery under general anesthesia
and their association with nociceptive re-
sponse index and mean blood pressure during
surgery

Kenta Takeda, Sachiko Oshita, Akane Kido, Yuka
Matsuki., Munetaka Hirose

Although intraoperative hypotension has been
known to associate with the development of post-
operative complications, opposite results were also
reported. On the other hand, higher surgical stress
responses also facilitate the development of postop-

Postoperative complications after gastrointestinal surgery under general anesthesia

erative complications. To evaluate associations be-
tween postoperative complications within

30 days after surgery, intraoperative hypotension,
and surgical stress responses, We performed a multi-
institutional retrospective observational study in
patients undergoing gastrointestinal surgery under
general anesthesia. Multivariable logistic regression
analysis was performed to evaluate the association
in consecutive adult patients, enrolled from March
2019 to July 2020. The lowest mean blood pres-
sure (MBP) during surgery was collected as an in-
dicator of intraoperative hypotension, and the av-
eraged value of nociceptive response (mean NR) in-
dex during surgery was also obtained as an indica-
tor of surgical stress responses with other perioper-
ative variables from our institutional data records.
The multivariable analysis revealed that both mean
NR index > 0.85, emergency surgery, and preop-
erative C-reactive protein levels > 1.00 mg-dL~!
were independent risk factors for the development
of postoperative complications. Lowest MBP <
55 mmHg, however, showed no significant correla-
tion with postoperative complications. These results
suggested that the development of postoperative
complications is likely associated with higher levels
of mean NR index during gastrointestinal surgery
under general anesthesia.

Key words: hypotension, nociception, surgical
invasiveness, postoperative morbidity.
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ABSTRACT

All matter is nonlinear waves
Hirotoshi Yokoyama

Light is a mysterious physical object. This is be-
cause it has both particle and wave properties. In
the world of quantum mechanics, the fact that a
physical object has both particle and wave proper-
ties is considered unexplainable within the scope of
classical mechanics. For this reason, in relation to
explaining the dual nature of light, quantum me-
chanics cannot paint a geometric picture of a physi-
cal object, and the essence of physics is considered to
be probabilistic. The law of causality, which is the
essence of physics, cannot be established in quan-
tum mechanics. It is stated in quantum mechan-
ics textbooks that nothing with the properties of
a particle and a wave exists in classical mechan-
ics, but is this really true? Nonlinear waves were
reported numerically in Physical Review Letters in
1965, and analytical results were reported two years
later. Nonlinear waves are waves with particle-like
properties. The emergence of a physical object with
both particle and wave properties within the scope
of classical mechanics should have prompted a reex-
amination of quantum mechanics in terms of nonlin-
ear waves, but in reality this did not happen. This
may be because quantum mechanics is dominated
by the Copenhagen school of interpretation, which
could not be challenged.

If we consider that the electron has a nuclear point
inside and is connected to the surrounding wall by

-105—

a nonlinear elastic relationship, the relationship be-
tween mass and energy in matter can be explained
in terms of its internal structure. It has already been
experimentally shown that the electron is spherical.
Here, we will assume that the electron is a sphere.
If there exists a nonlinear relationship between the
walls that make up the electron’s periphery and the
nuclear point at its center F = kr2.

If the relationship between the electron’s wall and
the nucleus exists, the total internal energy of the
electron can be calculated as follows. However, in
this case, the nuclear point is not yet in motion and
is the internal energy when it exists at the center of
the electron, i.e., at the center of the true sphere.

Matter is composed of protons and electrons, each
of which can be considered to be composed of non-
linear waves. Therefore, we can say that all matter is
composed of nonlinear waves. Since light (electro-
magnetic waves) and gravitational waves are both
nonlinear waves, nonlinear waves must be of strong
interest to mathematicians and physicists. Nonlin-
ear waves, which are currently unnoticed, are in fact
an important core concept in physics. Nonlinear
waves must be better known and studied. This is
because it is believed that all matter must be con-
sidered to be composed of nonlinear waves.

Keywords[ nonlinear waves , quantum physics ,
proton , electron ,quantum mechanics

Department of Anesthesiology, National Hospital
Organization Kanazawa Medical Center
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ABSTRACT

The heart cannot push blood out into the aorta
as a mechanical pump.
Hirotoshi Yokoyama

The heart pumps blood from the left ventricle to
the aorheartta. Thus, almost all textbooks on car-
diac physiology describe the heart’s powerful me-
chanical pumping action as the mechanism by which
the heart beats from the left ventricle to the aorta.
The heart’s powerful mechanical pumping action is
the mechanism by which it beats from the left ven-
tricle to the aorta. Anatomically speaking, the pres-
ence of an aortic valve between the left ventricle
and the aorta makes it clear that it is a mechan-
ical pump. If it is not a mechanical pump, what
other method of ejection is there? But is this re-
ally the case? The heart is a small organ, weighing
only 200 to 300 grams, and can it contract vigor-
ously throughout the day? Having studied nonlinear
waves for a long time, I will now try to explain from
what angle it is impossible for the heart to perform
a mechanical pumping action. I will also try to show
that there are more energy-efficient alternatives.

The mechanism by which the heart beats blood
into the aorta must be considered to be the move-
ment of matter by nonlinear waves, not mechani-
cal pumping action. However, there are almost no
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descriptions of nonlinear wave action, nor of non-
linear wave-induced mass transfer. However, it is
clear that the cardiac pumping action of the human
heart must be performed efficiently with a very small
workload. This is because the heart does very little
work in beating blood. Therefore, it is very difficult
to reach the true beating mechanism of the heart,
since there are almost no textbooks on nonlinear

wave transfer of materials. This is a very unfor-

-111-

tunate situation, but we must somehow push the
concept of non-linear wave transfer to the position
of common knowledge, so that we can reach an un-
derstanding of the true function of the heart.

Keywords] heart pomp function , nonlinear waves
, mechanical pumping action

Department of Anesthesiology, National Hospital
Organization Kanazawa Medical Center
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dexV 00 LIV(%)0OO0HFNCOOOMMV O O (PythonCodeso]
D00000000000000 pythonCodes)d [Python Code #9 OUT]

confusion matrix =

(28 7]

[717]]

accuracy = 0.763

o Data ROX-LIV
o o HFNC survived

60 ° o o MV survived
= = MV died
et, 40 . & E‘? Og -m
> o n,ﬁ’u °5%8 o °
= o8 0O

20 1 s ® o Q e

o p °
0 T T

T T T
00 25 5.0 75 10.0
ROX index

125 150

@® ROX index0ODODO0 2000000000

gooood

O0000000OROX indexOO0O HFNCO
OMvVOODOOOODOOOODOOOOO

00000000000 pythonCodestrH

@™
2 precision = 0.708
2 -—- 7 17 recall = 0.708
=10 f1 score = 0.708
| |
0 1
Predicted

O0O00ROX indexOO OO ROCO AUCO

0.8340 000 pythonCode#10)U
[Python Code #10 OUT]

1.0 7
o - roc curve (area = 0.834)
E random
= deal
% 054
Q
(=1
Q
2
~ 00+
1 I T
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false positive rate
avc = 0.834
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@ LIVOOOO20000000000000
oo

OO0 LIvOooooooooooooo
O0OO00OD0 HFNC OO MV OOOODDO
oboobooboobooboobd

[PythonCode#11],[PythonCodex12)J 0 0 O 0O O LIV
O00Q0OooooDoOOoO 3.5% 00000

[Python Code #11 OUT]

MAE = 0.169,
score = 0.831
Coef = [0.22727056]

Intercept = [-8.06167609]
Threshold of LIV = 35.472

RMSE = 0.412

[Python Code #12 OUT]

Cut-off valve = 35.472

Logistic Regression: LIV alone

o Py
60 o — LogisticRegression
o HFNC survived
) o s o MV survived
o t! 0o [=!
= 4 & @ = MVdied
> OpT0 &% O o
5 o ogc 00
=] o
20 o @ o o o
o p o
0 T

T T T T
0.0 25 50 75 100 125 150

ROX index
LIVOODODODOOoODOoOOoOOoOOO HENC OO
MVOOOODOOOO0OOOO (accuracy) 0.8310 0
O (precision) 0.81800 0 O (recall) 0.7500 F O
00783 0000ROX indexOODOOOOd
gboobodobbooboooboobooo
U [PythonCode#13)1

[Python Code #13 OUT]

confusion matrix =

[[31 4]
30 [618]]
_ o 6 accuracy = 0.831
N 20 precision = 0.818
Ej recall =0.750
-=- 4 -10 f1score =0.783

|

0 1

Predicted

Livooooooo ROCO AUCO 0.8920
ooo [PythonCode#léL]D

00000ooO0o0oo0ooooooocovib-1900ooo0ooooooooooog

[Python Code #14 OUT]

1.0
—— roc curve LIV (area = 0.892)

random

=== ideal
0.5+

true positive rate

004
T T T
00 05 1.0
false positive rate
auc = 0.892

® ROX index 0 LIVODOOOODODO 200
0oO0DOooO0ooO0ooon

OO0OROX indexO LIVOOODOODOODODOO
HFNCOO MVODODOOODOOODOOODO
000000000000D0000000

log(p/(1 —p)) = Bo + Biz1 + B2
SCORE = coef1[0] x [ROXindex
+ coefi[1] x [LIV]+ intercepty

00 SCORE = —0.742 x [ROX index] 4+ 0.190
[LIV]-181 000000000000 p=0.5
000000000-0.742% [ RO X index]+0.190%
[LIV]-1.81=00000LIV = 3.80 « ROX +

9530000 [PythonCode#lS]D[PythonCode#lG]D
[Python Code #15 OUT]

MAE = 0.153, RMSE = 0.391
score = 0.847
Coef= [-074187745 0.1902778]

Intercept = [-1.80717029]

[Python Code #16 OUT]

Logistic Regression: Rox index & LIV

- |ogisticRegression
o HFNC survived
o MV survived
= MVdied

00 25 50 75
ROX index

ROX index 0 LIVOOOOOOODOOO
HFNCOO MVOOOOOOOOOOOO (accu-
racy) 0.8470 0 O (precision) 0.8260 0 O O (re-
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call) 0.7920F 00 08090 000000000
UoooooodoUOl [pythonCodeg17)U

[Python Code #17 OUT]

confusion matrix =
[[31 4]
[519]

t_b
= accuracy = 0.847
3 - precision = 0.826
recall = 0.792
| f1 score = 0.809

0 1
Predicted

ROX indexO LIVOOOOOOO HFENCOO
MVOOOOOOOROCO AUCDO 0.937000
U [PythonCodez18)J
[Python Code #18 OUT]

1.0
- roc curve ROX & LIV (area = 0.937)

random

=== deal
0.5

true positive rate

004Y . .
00 05 1.0

false positive rate
ave = 0.937

gbo3000ooooboobobobooboon
0000 ROCOOOOOOOODOOOOOO
poooooooo [PythonCode#lQ]D

[Python Code #19 OUT]

o
1

- roc curve ROX&LIV (area = 0.937)
roc curve ROX (area = 0.834)

roc curve LIV (area = 0.892)

=== random

=== ieal

true positive rate
(=]
[+
1

(=]
o
1

T T
00 05 1.0
false positive rate

3) Python 0000000 3: DOOOOOO
gbooobgoo 2000

O000ooO0oOooooooo (SsvM)ooo
020000 HFNCODOD MVODOOOOODO

000000000000 00 (Support Vector)

obooooooboobooobobooobod
ooboobooooboooboooboooooboo
oobooobooooobooobooobobooooboo
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goboobo20b00b0b00oo0oboooo
40%)QQ00000000000000000
gboooooboooboooboooobooboon
gobobooooboooboboboboooboobo
gboboooboooboooooooboooobooao
gbobooobooooboooooooooboooo
obobooooooobooog

O 00000000000 00D0O000O000
ooo 2000

oo00oOoooooooOoOooooooooog
000000000000 [pythonCode#20] )0
[Python Code #20 OUT]

Soft-margin Linear SVM

o  HFNC survived
o MV survived
= MV died

T T
00 25 50 75 100 125 150
ROX index

gbobooobooobooobooooobooa
oobDoOooOHFNCOO MVOOODOODOO
000000 (accuracy) 0.8640 0 O (precision)
0.8640 0 0 O (recall) 0.7920F OO 0.826 0 O
gbooooboooboooooooboooboon
000000 PythonCodeg21)U
[Python Code #21 OUT]

confusion matrix =
[[32 3]
[519]]
accuracy = 0.864
precision = 0.864
recall = 0.792

f1 score = 0.826

Actual

Predicted

000000000000 00000000
000000000000 00000O HENC
OO0 MVODOODOOOODODODOOOODOOOOO
000000000000 00000000
25)0 0 O O O O sklearn.Preprocessing 0 0 0 O
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00000ooO0o0oo0ooooooocovib-1900ooo0ooooooooooog

00000000 StandardScaler() 000 OO [Python Code #26 OUT]

gobooobooooobooooooooo
oobooobooooooobooobooooooo

u [PythonCode#22]D[PythonCode#:QB]|:| goooon
O000000000sklearn.svm O SVCOOODOO

gooooooo

[Python Code #22 OUT]
[Python Code #23 OUT]

Non-linear SVM

- o y
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= = MV died
t 191d % ag .01
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ROX index

@ 0DDO0O00D0O00DO000D (DO0O000
00)ooo 2000
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OO00O0Oooooo (poly)y DOOUODO

[PythonCode#24]0 [PythonCode#25] O

[Python Code #24 OUT]
[Python Code #25 OUT]

Non-linear SVM

o 4 o HFNC survived
p o MV survived
MV died
8 mmog" predicted HFNC
= predicted MV survived
predicted MV died

;_/, & o

o0 o

-3 -2 -1 0 1 2 3
ROX index

oobooboboobobooobooboboon
HFNC OO MVODOOOOODOODODOOO
(accuracy) 0.8640 O O (precision) 0.8640 O O
O (recall) 0.7920F OO 0826 000000
OO0O0oOooOooOo svcooooooooo

[PythonCode#26] g

30 confusion matrix =
R 3 [ (32 3]
3 2 (519
E accuracy = 0.864
-=- 5 precision = 0.864

recall = 0.792

0 1 f1 score = 0.826

Predicted

® 0oD0DD0O0O0O0O00oO0OOoOoO (DoOoo
00)ooo 2000
goooooooooboooooooooon
0000000000 (RBFORadial Basis Func-
tion) D0 U OO (pythonCode#27]0 [PythonCodes28]

[Python Code #27 OUT]
[Python Code #28 OUT]

Non-linear SVM
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HFNC survived
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cision) 1.0000 0O (recall) 0.8330F OO 0.909
0000000 pythonCodest29]U

[Python Code #29 OUT]

o 0
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confusion matrix =
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precision = 1.000
recall = 0.833
f1 score = 0.909

gboooooobooboooooooooboo
oooooooooooooooooMvOoDO
gbobooooooooooboooon



ooo0oooooooooono 2024

4) Python 0000000 4: 00O0O0OOOO
oooooob 2000
ooboboooobOb0oooobboooaon
oboobooboobooboobd
0O (ooooooooQo) oooo
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OODOO0OHFNCOO MVOOOOODDOODOO
000 (accuracy) 0.83100 O (precision) 0.7920
000 (recall) 0.7920F 00 0.792000000
ggboboobuoobobooboobboboba
000000000 pythonCode#33)

2
[PythonCode#30]0 [PythonCode#31]0 [PythonCode#32] 6)D[Python Code #33 OUT]

oobooooboooboooboooooo
goboobooooboobooooooobog
gobooooooboooboooooobog
oobooooboooobobooobobooooooo
gooooooo

[Python Code #30 OUT]
score = 0.831

[Python Code #31 OUT]
[Python Code #32 OUT]

Gaussian Naive Bayes

o HFNC survived
o MV survived
L] = MV died

o 0o

o
o
o
1

00 25 5.0 75
ROX index

10.0 12.5

obooooobooooboooboooonn

F21. 7 OOAVEET AT L AR

0 confusion matrix =
- 5 (30 3]
g 20 [ 5 19])
E accuracy = 0.831
- - 5 -10 precision = 0.792
recall = 0.792
I —
0 1 f1 score = 0.792
Predicted

5. ygbbougooboboooodon
goboobog

gooobob 7voooooooooboooo
O0000000Oo (0 1)00oo0d SVM(kernel =
RBF)0OOOODOOODOODOOOOOOOOO
gooboobobobobooooooboooog
goobooboobobobobobobooog
000 SVMOOO0OO SVM(kernel = poly) O
ggboooobooo

methods accuracy precision recall f1 score
Logistic Regression ROX 0.763 0.708 0.708 0.708
Logistic Regression LIV 0.831 0.818 0.750 0.783
Logistic Regression ROX & LIV 0.847 0.826 0.792 0.809
Soft Margin Linear SVM 0.864 0.864 0.792 0.826
Non-Linear SVM  kernel=poly 0.864 0.864 0.792 0.826
Non-Linear SVM  kernel=rbf 0.932 1.000 0.833 0.909
Gaussian Naive Bayes 0.831 0792 0.792 0.792
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Appendix: Supplementary Python (ver 3.8) program code
(https://anesth-kpum.org/blog_ts/?p=4063)

#-[Python Code #1]

import numpy as np
import matplotlib.pyplot as plt

import pandas as pd

import seaborn as sns

import IPython.core.display as display
import IPython.display

%matplotlib inline

from
from
from
from
from
from
from
from
from

sklearn.model_selection import train_test_split
sklearn.metrics import mean_squared_error
sklearn.metrics import mean_absolute_error
sklearn.metrics import confusion_matrix
sklearn.metrics import accuracy_score
sklearn.metrics import precision_score
sklearn.metrics import recall_score
sklearn.metrics import classification_report
sklearn.preprocessing import StandardScaler

# pip install openpyxl
# you may need to restart the kernel to use updated packages.

#-[END]
#-[Python Code #2]

# Read Excel Database raw_data_f16.xlsx, and preprocessing

df =

pd.read_excel(’raw_data_f16.xlsx’)

print (df . columns)

df_copy = df.copy()
df_copy.rename(columns = {’ResipratoryTherapy’: ’Therapy’, \

’ROX index’: "ROX", \
LIV (%)7: "LIV", \
’Gender’: "Gender", \

Age’: "Age", \

’BMI’: "BMI", \
SWBC (u /L)?: "WBC", \
’Cr (mg/dL)’: "Cr", \
CRP (mg//dL)’:
JLDH (U/L)’: "LDH", \
’d-dimer (u /L)’: "d-dimer", \
JPSI’: "PSIM, \
5CCI’: "CCIM, \
’Days to Hostital (days)’: "DtoH", \
’Days to HFNC (days)’: "DaystoHFNC", \
’Mortality’: "Mortality" }, inplace=True)
print("")
print (df_copy.columns)

"CRP", \

data = df_copy[["Therapy", "ROX", "LIV", "Mortality"l]

print("")
print(data.head(3))
print("")
print(data.tail(3))

# Therapy data: simplify to [’HFNC’, ’MV’]
def therapy_convert(x):

if x == ’High-flow Nasal Cannulation’:
return ’HFNC’
elif x == ’Mechanical Ventilation’:

return MV’

# Mortality: fix misspell [’survivied’] to [’survived’]
def mortality_convert(x):
if x == ’survivied’:
return ’survived’

# Therapy: simplify the data description
data["Therapy"] = data["Therapy"].apply(therapy_convert)

# Fix misspell in Mortality
data["Mortality"] = data["Mortality"].apply(mortality_convert)

print("")
print(data.head(3))
print("")
print(data.tail(3))
#- [END]

#-[Python Code #3]
# Pair Plot
sns.set(style="ticks")

sns.pairplot(data, hue=’Therapy’, markers=[’o’, ’,’], \
palette={’HFNC’: ’green’, ’MV’: ’red’})

plt.show()

#-[END]

#-[Python Code #4]
#Numericalization of categorical data
data_0 = data

class_mappingl \

= {’HFNC’:0, ’MV’:1}

data_O[’Therapy’] \

= data[’Therapy’] .map(class_mappingl)
class_mapping2 \

= {’survived’:0, ’died’:1}
data_O[’Mortality’] \

= data[’Mortality’].map(class_mapping2)
data_0.head(3)

#-[END]

#-[Python Code #5]

data_1 = data_0.iloc[:,1:3]
data_2 = data_0.iloc[:,1:
data_3 = data_0.iloc[:,
Mortality = data_0.iloc[:,3:4]
Therapy = data_0.iloc[:,0:1]

IPython.display.display(data_1.head(3))
IPython.display.display(data_2.head(3))
IPython.display.display(data_3.head(3))
IPython.display.display (Mortality.head(3))
IPython.display.display(Therapy.head(3))
#- [END]

#-[Python Code #6!
# Classifying patients to 3 subgroups
df_group_1 = data_O[(data_0[’Therapy’] == 0) \
& (data_O[’Mortality’] == 0)]
df_group_2 = data_O[(data_0[’Therapy’] == 1) \
& (data_0[’Mortality’] == 0)]
df_group_3 = data_0[(data_O[’Therapy’] == 1) \
& (data_O[’Mortality’] == 1)]
# Plot data
plt.figure(figsize = (4,2.5))
plt.scatter(df_group_1[’ROX’], df_group_1[’LIV’], \
label="HFNC survived", \
color="white’, s=20, marker="o
edgecolor="green’)
plt.scatter(df_group_2[’ROX’], df_group_2[’LIV’], \
label="MV survived", \
color=’white’, s=20, marker=",", \
edgecolor="red’)
plt.scatter(df_group_3[’ROX’], df_group_3[’LIV’], \
label="MV died", \

"
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color=’black’, s=20, marker=",", \ % (roc_auc_score(y_true=Therapy, y_score=Y_score_2)))
edgecolor="black’) #- [END]
plt.title("Data set") #-[Python Code #10.
plt.x1im(0,15) from sklearn.metrics import roc_curve, auc
plt.ylin(0,80) Y_score_2 = logreg_2.predict_proba(data_2)[:, 1]
plt.title("Data ROX-LIV", fontsize=16) fpr_2, tpr_2, thresholds_2 \
plt.xlabel("ROX index", fontsize=16) = roc_curve(y_true=Therapy, y_score=Y_score_2)
plt.ylabel("LIV (%)", fontsize=16)
plt.grid() plt.figure(figsize=(2,2))
plt.legend(loc="upper left’, bbox_to_anchor=(1,1)) plt.plot(fpr_2, tpr_2, label \
#-[END] =’roc curve (area = %0.3f)’ % auc(fpr_2, tpr_2))
#-[Python Code #7] plt.plot([0, 1], [0, 1], linestyle=’ , label=’random’)
BB plt.plot([0, 0, 1], [0, 1, 1], linestyle=’--’, label=’ideal’
# Logistic Regression ROX plt.legend(loc="upper left’, bbox_to_anchor= (1, 1))
HEHHE R plt.xlabel(’false positive rate’)
from sklearn.linear_model import LogisticRegression plt.ylabel(’true positive rate’)

plt.show()
# Split the data to training and test data sets
# X_train, X_test, Y_train, Y_test from sklearn.metrics import roc_auc_score
# = train_test_split(data2, Therapy, test_size = 0.2, random_state=0) print("auc = %.3f" \
X_train = data_2 % (roc_auc_score(y_true=Therapy, y_score=Y_score_2)))
Y_train = Therapy
X_test = data_2 #- [END]
Y_test = Therapy #-[Python Code #11

FEHHEHEHE
# Evaluation # Logistic Regression LIV
Logreg_2 = LogisticRegression() R
Logreg_2.fit(X_train, Y_train) X_train = data_3

Y_train = Therapy
# Logistic Regression
Y_pred_2 = logreg_2.predict(X_test) # LogisticRegression

logreg_3 = LogisticRegression()
# Evaluation

# mean absolute error(MAE) logreg _3.fit(X_train, Y_train)
mae_2 = mean_absolute_error(Y_test, Y_pred_2)
# root mean squared error (RMSE) # Prediction [J
rmse_2 = np.sqrt(mean_squared_error(Y_test, Y_pred_2)) Y_pred_3 = logreg_3.predict (X_test)
# Score
score_2 = logreg_2.score(X_test, Y_test) # Evaluation
# mean absolute error(MAE)
coef_2 = logreg_2.coef_[0] mae_3 = mean_absolute_error(Y_test, Y_pred_3)
intercept_2 = logreg_2.intercept_ # root mean squared error(RMSE)
rmse_3 = np.sqrt(mean_squared_error(Y_test, Y_pred_3))
print("MAE = %.3f, RMSE = %.3f" % (mae_2, rmse_2)) # Score

print("score 3f" % (score_2)) score_3 = logreg_3.score(X_test, Y_test)
print("Coef = ", coef_2) coef_3 = logreg_3.coef_[0]
print("Intercept = ", intercept_2) intercept_3 = logreg_3.intercept_

#-[END]

#-[Python Code #8] print ("MAE = 3f, RMSE = %.3f" % (mae_3, rmse_3))

# Plot Logistic Regression print("score = %.3f" % (score_3))
plt.figure(figsize = (4,2.5)) print("Coef =", coef_3)
plt.scatter(df_group_1[’ROX’], df_group_1[’LIV’], \ print("Intercept =", intercept_3)

label="HFNC survived", color=’white’, \ print ("Threshold of LIV = %.3f" % (-intercept_3/coef_3))
$=20, marker="o", edgecolor=’green’) #- [END]
plt.scatter(df_group_2[’ROX’], df_group_2[’LIV’], \ #-[Python Code #12]

label="MV survived", color=’white’, \ # Plot Logistic Regression

$=20, marker=",", edgecolor="red’) plt.figure(figsize= (4, 2.5))

plt.scatter(df_group_3[’ROX’], df_group_3[°LIV’], \ plt.scatter(df_group_1[’ROX’], df_group_1[’LIV’], label="HFNC survived", \

label="MV died", color=’black’, \ color=’white’, s=20, marker="o", edgecolor=’green’
§=20, marker=",", edgecolor=’black’) plt.scatter(df_group_2[’ROX’], df_group_2[’LIV’], label="MV survived", \

color="white’, s=20, marker=",", edgecolor=’red’)

line = np.linspace(0, 70) plt.scatter(df_group_3[’ROX’], df_group_3[’LIV’], label="MV died", \
plt.plot((line * O - intercept_2 / coef_2), line, c=’b’, \ color="black’, s=20, marke: ", edgecolor=’black’
label="LogisticRegression")
print("Cut-off value = %.3f" % (- intercept_2 / coef_2)) line = np.linspace(0, 15)
plt.ylim(0, 70) plt.plot(line, line * O - intercept_3/coef_3, c \
plt.x1im(0, 15) =’b’, label="LogisticRegression")
plt.title("Logistic Regression: Rox index alone", fontsize=16) print("Cut-off value = %.3f" % (- intercept_3/coef_3)
plt.xlabel("ROX index", fontsize=16) plt.ylim(0, 70
plt.ylabel("LIV (%)", fontsize=16) plt.x1in(0, 15)
plt.grid() plt.title("Logistic Regression: LIV alone", fontsize=16
plt.legend(loc="upper left’, bbox_to_anchor=(1, 1)) plt.xlabel("ROX index", fontsize=16)

#- [END] plt.ylabel("LIV (%)", fontsize=16)

#-[Python Code #9] plt.grid()

# Making Heat Map plt.legend(loc="upper left’, bbox_to_anchor= (1, 1)

cm = confusion_matrix(Y_pred_2, Therapy) #- [END]
plt.figure(figsize = (2,1.5)) #-[Python Code #13]

sns.heatmap(cm, annot=True, cmap=’Blues’) # Making Heat Map
plt.xlabel("Predicted", fontsize=13, rotation=0) cm = confusion_matrix(Y_pred_3, Therapy)
plt.ylabel("Actual”, fontsize=13) plt.figure(figsize = (2, 1.5))
plt.show() sns.heatmap(cm, annot=True, cmap=’Blues’)

plt.xlabel("Predicted", fontsize=13, rotation=0)

from sklearn.metrics import confusion_matrix, accuracy_score, \ plt.ylabel("Actual", fontsize=13)
precision_score, recall_score, fi_score plt.show()
print("confusion matrix = \n", \

confusion_matrix(y_true=Therapy, y_pred=Y_pred_2)) print("confusion matrix = \n", \
print("accuracy = %.3f" \ confusion_matrix(y_true=Therapy, y_pred=Y_pred_3))

% (accuracy_score(y_true=Therapy, y_pred=Y_pred_2))) print("accuracy = %.3f" \
print("precision = %.3f" \ % (accuracy_score(y_true=Therapy, y_pred=Y_pred_3)))

% (precision_score(y_true=Therapy, y_pred=Y_pred_2))) print("precision = %.3f" \
print("recall = %.3f" \ % (precision_score(y_true=Therapy, y_pred=Y_pred_3)))

% (recall_score(y_true=Therapy, y_pred=Y_pred_2))) print("recall = %.3f" \
print("f1 score = %.3f" \ % (recall_score(y_true=Therapy, y_pred=Y_pred_3)))

% (f1_score(y_true=Therapy, y_pred=Y_pred_2))) print("f1 score = %.3f" \

% (£1_score(y_true=Therapy, y_pred=Y_pred_3)))
from sklearn.metrics import roc_auc_score #-[END]

print("auc = %.3f" \ #-[Python Code #14]
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Y_score_3 = logreg_3.predict_proba(data_3)[:, 1] % (recall_score(y_true=Therapy, y_pred=Y_pred_1)))
fpr_3, tpr_3, thresholds_3 \ print("f1 score = %.3f" \
= roc_curve(y_true=Therapy, y_score=Y_score_3) % (f1_score(y_true=Therapy, y_pred=Y_pred_1)))
#- [END]
plt.figure(figsize= (2, 2)) #-[Python Code #18
plt.plot(fpr_3, tpr_3, label \ Y_score_1 = logreg_i.predict_proba(data_1)[:, 1]
=’roc curve LIV (area = %0.3f)’ % auc(fpr_3, tpr_3)) fpr_1, tpr_i, thresholds_i \
plt.plot([0, 1], [0, 1], linestyle=’--’, label=’random’) = roc_curve(y_true=Therapy, y_score=Y_score_1)
plt.plot([0, 0, 11, [0, 1, 1], linestyle="--’, label=’ideal’)
plt.legend(loc="upper left’, bbox_to_anchor=(1, 1)) plt.figure(figsize= (2, 2))
plt.xlabel(’false positive rate’) plt.plot(fpr_1, tpr_1, label \
plt.ylabel(’true positive rate’) =’roc curve LIV (area = %0.3f)’ % auc(fpr_1, tpr_1))
plt.show() plt.plot([0, 11, [0, 1], linestyle=’--’, label=’random’)
plt.plot([0, 0, 1], [0, 1, 1], linestyle=’--’, label=’ideal’
print("auc = %.3f" \ plt.legend(loc=upper left’, bbox_to_anchor=(1, 1))
% (roc_auc_score(y_true=Therapy, y_score=Y_score_3))) plt.xlabel(’false positive rate’)
#-[END] plt.ylabel(’true positive rate’)
#-[Python Code #15] plt.show()
# Logistic Regression O ROX & LIV print("auc = %.3f" \
\ % (roc_auc_score(y_true=Therapy, y_score=Y_score_1)))
#- [END]
from sklearn.linear_model import LogisticRegression #-[Python Code #19]
plt.figure(figsize=(2, 2))
# Split the data to training and test data sets plt.plot(fpr_1, tpr_1, label \
# X_train, X_test, Y_train, Y_test = train_test_split(datal, =’roc curve ROX&LIV (area = %0.3f)’ % auc(fpr_1, tpr_1)
# Therapy, test_size = 0.2, random_state=0) plt.plot(fpr_2, tpr_2, label \
X_train = data_1 =’roc curve ROX (area = %0.3f)’ % auc(fpr_2, tpr_2)
Y_train = Therapy plt.plot(fpr_3, tpr_3, label \
X_test = data_1 =’roc curve LIV (area = %0.3f)’ % auc(fpr_3, tpr_3)
Y_test = Therapy plt.plot([0, 11, [0, 1], linestyle=’--’, label=’random’
plt.plot([0, 0, 1], [0, 1, 1], linestyle=’--’, label=’ideal’
# LogisticRegression plt.legend(loc="upper left’, bbox_to_anchor= (1, 1))
# logreg = LogisticRegression(penalty=’12’, solver="sag") plt.xlabel(’false positive rate’)
logreg_1 = LogisticRegression() plt.ylabel("true positive rate’)
logreg_1.fit(X_train, Y_train) plt.show()
#- [END]
# Prediction [ #-[Python Code #20]
Y_pred_1 = logreg_1.predict(X_test) HHHHHHEEEE
# Soft Margin Linear SVM
# Evaluation HHHHHHEEEEEE
# mean absolute error(MAE)
mae_1 = mean_absolute_error(Y_test, Y_pred_1) # Split the data to training and test data sets
# root mean squared error (RMSE) # X_train, X_test, Y_train, Y_test = train_test_split(datal,
rmse_1 = np.sqrt(mean_squared_error(Y_test, Y_pred_1)) # Therapy, test_size = 0.2, random_state=0)
# Score X_train = data_1
score_1 = logreg_1.score(X_test, Y_test) Y_train = Therapy
X_test = data_1
coef_1 = logreg_1.coef_[0] Y_test = Therapy

intercept_1 = logreg_1.intercept_
soft_linear_svc = SVC(C=0.1, kernel=’linear’)

print ("MAE = 3f, RMSE = %.3f" % (mae_1, rmse_1)) soft_linear_svc.fit(X_train, Y_train)
print("score 3f" % (score_1))
print("Coef = ", coef_1) y_test_pred = soft_linear_svc.decision_function(X_test)
print("Intercept = ", intercept_1) y-test_len = len(y_test_pred)
#-[END] Y_pred_S = soft_linear_svc.predict(X_test)
#-[Python Code #16]
# Plot Logistic Regression plt.figure(figsize= (4, 2.5))
line = np.linspace(0, 15) plt.scatter(df_group_1[’ROX’], \
df_group_1[’LIV’], label="HFNC survived", \
plt.figure(figsize=(4, 2.5)) color=’white’, s=20, marke , edgecolor=green’)
plt.scatter(df_group_1[’ROX’], \ plt.scatter(df_group_2[’ROX’], \
df _group_1[’LIV’], label= "HFNC survived", \ df_group_2[’LIV’], label="MV survived", \
color="white’, s=20, marker="o", edgecolor=’green’) color="white’, s=20, marker: , edgecolor=’red’
plt.scatter(df _group_2[’ROX’]1, \ plt.scatter(df_group_3[’ROX’], \
df_group_2[’LIV’], label="MV survived", \ df_group_3[’LIV’], label="MV died", \
color="white’, s=20, marker=",", edgecolor=’red’) color=’black’, s=20, marker=",", edgecolor=’black’)
plt.scatter(df_group_3[’ROX’1, \
df_group_3[°LIV’], label="MV died", \ plt.ylim(0, 70
color=’black’, s=20, marker=",", edgecolor=’black’) plt.x1im(0, 15
xlim = plt.xlim(Q)
plt.plot(line, -(line * coef_1[0] + intercept_1) / coef_1[1l, \ ylim = plt.ylinQ)
c=’b’, label="LogisticRegression")
plt.ylim(0, 70) xx = np.linspace(x1im[0], x1im[1], 30)
plt.x1im(0, 15) yy = np.linspace(ylim[0], ylim[1], 30)
plt.title("Logistic Regression: Rox index & LIV", fontsize=16) XX, YY = np.meshgrid(xx, yy)
plt.xlabel("ROX index", fontsize=16) xy = np.vstack([XX.ravel(), YY.ravel(01).T
plt.ylabel("LIV (%)", fontsize=16) Z = soft_linear_svc.decision_function(xy).reshape (XX.shape.
plt.grid() plt.contour (XX, YY, Z, colors=’k’, \
plt.legend(loc="upper left’, bbox_to_anchor=(1, 1)) levels= [-1, 0, 1], alpha=0.5, linestyles= [’--’, ’-’, ’--’]
#-[END]
#-[Python Code #17] plt.title("Soft-margin Linear SVM", fontsize=16)
# Making Heat Map plt.xlabel("ROX index", fontsize=16)
cm = confusion_matrix(Y_pred_1, Therapy) plt.ylabel("LIV (%)", fontsize=16)
plt.figure(figsize = (2, 1.5)) plt.grid(
sns.heatmap(cm, annot=True, cmap=’Blues’) plt.legend(loc="upper left’, bbox_to_anchor= (1, 1))
plt.xlabel("Predicted", fontsize=13, rotation=0) #- [END]
plt.ylabel("Actual", fontsize=13) #-[Python Code #21]
plt.show() # Making Heat Map
cm = confusion_matrix(Y_pred_S, Therapy)
print("confusion matrix = \n", \ plt.figure(figsize = (2, 1.5))
confusion_matrix(y_true=Therapy, y_pred=Y_pred_1)) sns.heatmap(cm, annot=True, cmap=’Blues’)
print("accuracy = 3"\ plt.xlabel("Predicted", fontsize=13, rotation=0)
% (accuracy_score(y_true=Therapy, y_pred=Y_pred_1))) plt.ylabel("Actual", fontsize=13)
print("precision = %.3f" \ plt.show()

% (precision_score(y_true=Therapy, y_pred=Y_pred_1)))
print("recall = %.3f" \ print("confusion matrix = \n", \\
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confusion_matrix(y_true=Therapy, y_pred=Y_pred_S)) scaled_features_train = np.hstack((scaled_features, \
print("accuracy = %.3f" \\ X_train[’Therapy’].values.reshape(-1, 1), \

% (accuracy_score(y_true=Therapy, y_pred=Y_pred_S))) X_train[’Mortality’].values.reshape(-1, 1)))
print("precision = %.3f" \\ pt_plot_mortality(scaled_features, \

% (precision_score(y_true=Therapy, y_pred=Y_pred_s))) X_train.values, scaled_features_train[:, 3:4])
print("recall = %.3f" \\ plt.legend(loc="upper left’, bbox_to_anchor=(1, 1))

% (recall_score(y_true=Therapy, y_pred=Y_pred_S))) plt.show()

print("f1 score = %.3f" \\ #- [END.

% (£1_score(y_true=Therapy, y_pred=Y_pred_S))) #-[Python Code #24
#- [END] # Step 2. Training the model
#-[Python Code #22] # kernel = Guass
HHHHE knl = ’sigmoid’
# Non-Linear SVM # kernel options
HEBHRHR # knl = ’poly’
import sklearn.model_selection # knl = ’sigmoid’
from sklearn.svm import SVC
gma = 5
def pt_plot(x1_x2, label): dgr = 2
plt.figure(figsize=(4, 2.5)) # cost parameter C
plt.grid(True) c_values = [0.01, 0.1, 1.0, 10, 100]
#plt.ylim(0, 70)
#plt.x1im(0, 13) # Step 2: Split the training data
plt.title("Non-linear SVM", fontsize=16) k=5
plt.xlabel("ROX index", fontsize=16) skf = sklearn.model_selection.StratifiedKFold(n_splits=k, \
plt.ylabel("LIV (%)", fontsize=16) random_state=0, shuffle=True)
datalen = len(x1_x2) # Step 2: Cross validation
for cnt in range(datalen): # List of evaluation index
if label[cnt] == 0: scoring = [’f1_macro’, ’precision_macro’, ’recall_macro’]
plt.scatter(xi_x2[:, 0][cnt], x1_x2[:, 1][ent], \ scores = None
label="HFNC", \ for ¢ in c_values:
color="white’, s=20, marker="o", edgecolor=’green’) if knl == ’rbf’:
elif labell[cnt] == 1: clf = SVC(kernel=knl, C=c, gamma=gma)
plt.scatter(x1_x2[:, 0][cnt], x1_x2[:, 1][cnt], \ i ’poly’:
label="MV survived", \ clf = SVC(kernel=knl, C=c, gamma=gma, degree=dgr)

color="vhite’, s=20, marker=",", edgecolor=’red’) else:

clf = SVC(kernel=knl, C=c)

def pt_plot_mortality(xi_x2, label, mortality):

plt.figure(figsize= (4, 2.5)) score = sklearn.model_selection.cross_validate(clf, \
plt.grid(True) scaled_features, Y_train,
plt.title("Non-linear SVM", fontsize=16) scoring=scoring, cv=skf, )
plt.xlabel("ROX index", fontsize=16) x = pd.concat ([pd.Series(np.full(k, c), name=’C’), \
plt.ylabel("LIV (%)", fontsize=16) pd.DataFrame(score)], axis=1)
scores = pd.concat([scores, x])
x1_x2_1 = np.empty(2) print(scores)
x1_x2_2 = np.empty(2)
x1_x2_3 = np.empty(2) # Step 2: Training using training data sete
group_1_cnt = 0 best_c = scores.loc[scores.loc[:, ’test_fi_macro’] \
group_2_cnt = 0 == max(scores.loc[:, ’test_fl_macro’]), ’C’].values[0]
group_3_cnt = 0
if knl ‘rbf’:
datalen = len(x1_x2) clf = SVC(kernel=knl, C=best_c, gamma=gma
for cnt in range(datalen): print (kernel=’, knl)
if labellcnt, 0] == 0: print(’bestC=’, best_c)
x1_x2_1 = np.append(x1_x2_1, x1_x2[cnt], axis=0) print(’gamma=’, gma)
group_1_cnt += 1 elif knl == ’poly’:
if labellcnt, 0] == 1: clf = SVC(kernel=knl, C=best_c, degree=dgr)
x1_x2_2 = np.append(x1_x2_2, x1_x2[cnt], axis=0) print (’kernel=’, knl)
group_2_cnt += 1 print(’bestC=’, best_c)
if mortalitylent, 0] == 1: print(’degree=’, dgr)
x1_x2_3 = np.append(x1_x2_3, x1_x2[cnt], axis=0) print(’gamma=’, gma)
group_3_cnt += 1 elif knl == ’sigmoid’
clf = SVC(kernel=knl, C=best_c)
x1_x2_1 = x1_x2_1.reshape(group_1_cnt+1, 2) print (kernel=’, knl)
x1_x2_2 = x1_x2_2.reshape(group_2_cnt+1, 2) print(’bestC=’, best_c)

x1_x2_3 = x1_x2_3.reshape(group_3_cnt+1, 2)
clf.fit(scaled_features, Y_train)

x1_x2_1 = np.delete(x1_x2_1, 0, 0) #-[END]
x1_x2_2 = np.delete(x1_x2_2, 0, 0) #-[Python Code #25.
x1_x2_3 = np.delete(x1_x2_3, 0, 0) # Prediction of train data [

Y_pred_SM2 = clf.predict(scaled_features)
plt.scatter(xi_x2_1[:, 0], x1_x2_1[:, 1], label="HFNC survived", \

color="white’, s=20, marker="o", edgecolor=’green’) # Display the Boundary
plt.scatter(x1_x2_2[:, 0], x1_x2_2[:, 1], label="MV survived", \ plt.figure(figsize=(4, 2.5))
color="white’, s=20, marker=",", edgecolor=’red’) _x0 = np.linspace(-3, 3, 600)
plt.scatter(x1_x2_3[:, 0], x1_x2_3[:, 1], label="MV died", \ _x1 = np.linspace(-3, 4, 700)
color="black’, s=20, marker=",", edgecolor=’black’) x0, x1 = np.meshgrid(_x0, _x1)
X = np.hstack((x0.ravel() .reshape(-1, 1), x1.ravel().reshape(-1, 1)))
def false_positive_rate(y_true, y_pred): y_decision = clf.predict(X).reshape(x0.shape)
tn, fp, fn, tp = confusion_matrix(y_true, y_pred).flatten()
return fp / (tn + fp) # Plot test data
#- [END] pt_plot_mortality(scaled_features, \
#-[Python Code #23] Y_train.values, scaled_features_train[:, 3:4])
X_train = data_0 plt.contourf(x0, x1, y_decision, levels= [y_decision.min(), \
Y_train = Therapy 0.1, y_decision.max()], alpha=0.3)
plt.legend(loc="upper left’, bbox_to_anchor= (1, 1))
# Classifying patinets to 3 subgroups plt.show()
X_train_1 = X_train [(X_train[’Therapy’] == 0) \ #- [END]
& (X_train[’Mortality’] == 0)] -[Python Code #26]
X_train 2 = X_train [(X_train[’Therapy’] == 1) \ # Making Heat Map
& (X_train[’Mortality’] == 0)] cm = confusion_matrix(Y_train, Y_pred_SM2)
X_train_3 = X_train [(X_train[’Therapy’] == 1) \ plt.figure(figsize = (2, 1.5))
& (X_train[’Mortality’] == 1)] sns.heatmap(cm, annot=True, cmap=’Blues’)
plt.xlabel("Predicted", fontsize=13, rotation=0)
scaler = StandardScaler() plt.ylabel("Actual", fontsize=13)

scaled_features = scaler.fit_transform(X_train.values[:, 1:3]) plt.show()
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print("confusion matrix = \n", \
confusion_matrix(y_true=Y_train, y_pred=Y_pred_SM2))

plt.xlabel("Predicted", fontsize=13, rotation=0)
plt.ylabel("Actual", fontsize=13)

print("accuracy = %.3f" \ plt.show()

% (accuracy_score(y_true=Y_train, y_pred=Y_pred_ SM2)))

print("precision = %.3f" \ #from sklearn.metrics

% (precision_score(y_true=Y_train, y_pred=Y_pred_ SM2))) # import confusion_matrix,

print("recall = %.3f" \ # accuracy_score, precision_score, recall_score, fi_score

% (recall_score(y_true=Y_train, y_pred=Y_pred_ SM2)))

print("f1 score = %.3f" \ print("confusion matrix = \n", \

% (fi_score(y_true=Y_train, y_pred=Y_pred_ SM2))) confusion_matrix(y_true=Y_train, y_pred=Y_pred_SM1)

#-[END] print("accuracy = %.3f" \

#-[Python Code #27] % (accuracy_score(y_true=Y_train, y_pred=Y_pred_SM1)))

# Step 2. Training the model print("precision = %.3f" \

# kernel = Guass % (precision_score(y_true=Y_train, y_pred=Y_pred_SMi))

knl = ’rbf’ print("recall = %.3f" \

# kernel options % (recall_score(y_true=Y_train, y_pred=Y_pred_SM1)))

# knl = ’poly’ print("f1 score = %.3f" \

# knl = ’sigmoid’ % (f1_score(y_true=Y_train, y_pred=Y_pred_SM1)))
clf.fit(scaled_features, Y_train)

gma = 5 #- [END]

dgr = 2 #-[Python Code #30]

# cost parameter C HHHHHHEREEEE

c_values = [0.01, 0.1, 1.0, 10, 100] # Gaussian Naive Bayes

S
# Step 2: Split the training data from sklearn.naive_bayes import GaussianNB
k=5

skf = sklearn.model_selection.StratifiedKFold(n_splits=k, \
random_state=0, shuffle=True)

# Split the data to training and test data sets
# X_train, X_test, Y_train, Y_test = train_test_split(datal,
# Therapy, test_size = 0.2, random_state=0)

# Step 2: Cross validation X_train = data_1
# List of evaluation index Y_train = Therapy
scoring = [’f1_macro’, ’precision_macro’, ’recall_macro’] X_test = data_1
scores = None Y_test = Therapy
#
for ¢ in c_values: # Classification test
if knl == ’rbf’: clf = GaussianNB()
clf = SVC(kernel=knl, C=c, gamma=gma) clf.fit(X_train, Y_train)
elif knl == ’poly’:
clf = SVC(kernel=knl, C=c, gamma=gma, degree=dgr) # Prediction O
else: Y_pred_G1 = clf.predict(X_test)

clf = SVC(kernel=knl, C=c)
# Evaluation
score = sklearn.model_selection.cross_validate(clf, \ score_G = clf.score(X_test, Y_test)
scaled_features, Y_train, scoring=scoring, cv=skf)

x = pd.concat([pd.Series(np.full(k, c), name=’C’), \ print("score = %.3f" % (score_G))

pd.DataFrame(score)], axis=1) #-[END]
scores = pd.concat([scores, x]) #-[Python Code #31
print(scores) # data, initial value set, preprocessing
# X, Y values
# Step 2: Training using training data sete XY = data_1
best_c = scores.loc[scores.loc[:, ’test_fl_macro’] \ # label value
== max(scores.loc[:, ’test_f1_macro’]), ’C’].values[0] L = Therapy.astype(np.int)
# Maximum value of X
if knl == ’rbf’: A = int(max(data_1[’R0OX’]))
clf = SVC(kernel=knl, C=best_c, gamma=gma) # Maximum value of Y
print (’kernel=’, knl) B = int(max(data_1[’LIV’1))
print (*bestC=’, best_c) C, D = np.meshgrid(np.arange(A), np.arange(B))
print (’gamma=’, gma) # Combination of X and Y
elif knl == ’poly’: E = np.hstack((C.reshape(A*B, 1), D.reshape(A*B, 1)))
clf = SVC(kernel=knl, C=best_c, degree=dgr) # Classification
print (’kernel=, knl) clf = GaussianNB()
print (’bestC=’, best_c) clf.fit (XY, L)
print (’degree=’, dgr) Y_pred_G2 = clf.predict(E)
print(’gamma=, gma) #- [END!
elif knl == ’sigmoid’: #-[Python Code #32]
clf = SVC(kernel=knl, C=best_c) # Plot Gaussian Naive Bayes
print (’kernel=’, knl) plt.figure(figsize= (4, 2.5))
print(*bestC=’, best_c) # Plot boundaries
#- [END] plt.pcolormesh(C, D, Y_pred_G2.reshape(C.shape), alpha=0.3
#-[Python Code #28] plt.scatter(df_group_1[’ROX’], \

# Prediction of train data O
Y_pred_SM1 = clf.predict(scaled_features)

df_group_1[’LIV’], label="HFNC survived", \
color="white’, s=20, marker:

plt.scatter(df_group_2[’ROX’], \

# Display the Boundary df_group_2[’LIV’], label="MV survived", \

plt.figure(figsize= (4, 2.5)) color="white’, s=20, marker

_x0 = np.linspace(-3, 3, 600) plt.scatter(df_group_3[’ROX’], \

_x1 = np.linspace(-3, 4, 700) df_group_3[’LIV’], label="MV died", \

x0, x1 = np.meshgrid(_x0, _x1) color=’black’, s=20, marker=",", edgecolor=’black’

, edgecolor="green’)

, edgecolor=’red’)

X = np.hstack((x0.ravel().reshape(-1, 1), \ plt.grid(True)
x1.ravel() .reshape(-1, 1))) plt.ylim(0, 70)
y_decision = clf.predict (X) .reshape (x0.shape) plt.x1in(0, 13)
plt.legend(loc="upper left’, bbox_to_anchor= (1, 1))

# Plot test data plt.title("Gaussian Naive Bayes", fontsize=16)
pt_plot_mortality(scaled_features, \ plt.xlabel("ROX index", fontsize=16)

Y_train.values, \ plt.ylabel("LIV (%)", fontsize=16)

scaled_features_train[:, 3:4]) plt.show()

plt.contourf(x0, x1, y_decision, \
levels= [y_decision.min(), 0.1, \
y_decision.max()], alpha=0.3)
plt.legend(loc="upper left’, bbox_to_anchor= (1, 1))
plt.show()

#-[END]
#-[Python Code #29]

# Making Heat Map
cm = confusion_matrix(Y_train, Y_pred_SM1)
plt.figure(figsize = (2, 1.5))

sns.heatmap(cm, annot=True, cmap=’Blues’)

#- [END]

#-[Python Code #33]
# Making Heat Map
cm = confusion_matrix(Therapy, Y_pred_G1)
plt.figure(figsize = (2, 1.5))

sns.heatmap(cm, annot=True, cmap=’Blues’)
plt.xlabel("Predicted", fontsize=13, rotation=0)
plt.ylabel("Actual", fontsize=13)

plt.show()

print("confusion matrix = \n", \
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confusion_matrix(y_true=Therapy, y_pred=Y_pred_G1))
print("accuracy = %.3f" \

% (accuracy_score(y_true=Therapy, y_pred=Y_pred_G1)))
print("precision = %.3f" \

% (precision_score(y_true=Therapy, y_pred=Y_pred_G1)))
print("recall = %.3f" \

% (recall_score(y_true=Therapy, y_pred=Y_pred_G1)))
print("f1 score = %.3f" \

% (£1_score(y_true=Therapy, y_pred=Y_pred_G1)))

#- END

ABSTRACT

Clinical diagnosis and machine learning binary
classification models: Python programming
with a dataset of COVID-19 acute hypoxemic
respiratory failure

In computer-assisted diagnosis and treatment pol-
icy decisions, a computer learns accumulated data
(supervised machine learning), finds rules and pat-
terns behind the data, creates a model, and makes
predictions based on learning outcomes. In the cause
analysis studies, we consider the decision results as
objective variables and related factors involved in
the decision as explanatory variables and apply clas-
sification models or regression models to the think-
ing patterns of clinicians regarding diagnoses and
treatment strategies. By constructing this system,
the background of decision-making is expected to be
explored, leading to more accurate computer diag-
nosis and treatment policy decisions. The authors

00000ooO0o0oo0ooooooocovib-1900ooo0ooooooooooog

recently reported on the decision-making of attend-
ing physicians regarding selecting respiratory ther-
apy for patients with acute hypoxemic respiratory
failure (AHRF) due to COVID-19. This time, us-
ing this dataset of COVID-19, in this report, bi-
nary classification programming and plotting func-
tions were performed using the computer language
Python.

Keywords:
COVID-19, machine learning, multiple logistic re-

acute hypoxemic respiratory failure,

gression, ROX index, support vector machine.
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