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Original article

Initial prototype Chiang Mai University single-occupant electric
vehicle for paraplegic wheelchair-seated drivers

Sawattikanon N, Keratibumrungpong W, Jurnsawang N and Kovindha A
Department of Rehabilitation Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai

Objectives To describe the initial prototype Chiang Mai University single-occupant electric vehicle for paraplegic
wheelchair-seated drivers and to demonstrate paraplegic wheelchair users’ satisfaction with the vehicle.

Methods A used 2-seat Chinese electric vehicle was modified including invention and installation of a remote-
controlled rear-door-to-ramp conversion which provided access for a wheelchair as well as a securement system for the
wheelchair. The prototype electric vehicle had two rear motor hubs, an electric motor with peak power of 2.1 kW, and a
60V, 80Ah lead-acid battery pack. A motorcycle handlebar/brake system had also been added. The vehicle’s maximum
speed was 48 km/h. Ten paraplegic wheelchair users who regularly drive a modified sidecar motorcycle test-drove the
prototype while seated in a Japanese light-weight manual wheelchair with an adaptor installed for wheelchair docking.
The pariticpants rated their satisfaction with the prototype, compared it with their modified sidecar motorcycles and
provided suggestions for further improvement.

Results All participants were able to drive the prototype without difficulty with the exception of reverse parallel
parking. They all stated they were very satisfied with the prototype. Compared to their modified sidcar motorcycles,
the prototype had higher average satisfaction scores for safety (p = 0.05) but slightly lower for performance (p = 0.414).
Higher ramp side rails, lower wheelchair docking, an audio obstacle warning system for reverse parallel parking, and a
smaller turning radius were suggested improvements.

Conclusions Paraplegic wheelchair users were very satisfied with the initial prototype Chiang Mai University single-
occupant electric vehicle for wheelchair-seated drivers, although adjustments to improve performance are needed.
Chiang Mai Medical Journal 2021;60(3):271-9. doi: 10.12982/CMUMED]J.2021.24

Keywords: Technological invention, Automobile, Electric vehicle, Wheelchair users, Wheelchair-seated driver, Para-
plegia

Introduction

The Director-General of the World Health
Organization, Dr. Margaret Chan, stated in the
International Perspectives on Spinal Cord Injury
(2013) that, “The international symbol of disability
is the wheelchair and the stereotype of a person
with disability is a young man with paraplegia”
(1). After rehabilitation, expected outcomes of
individuals with paraplegia include independent
self-care, indoor and outdoor mobility with a
wheelchair and driving, followed by returning to

education or resuming employment (1,2). Pro-
ducts for mobility such as motorized wheelchairs,
scooters, and automobiles for wheelchair users
have been widely available in high-income coun-
tries, but their availability has been very limited in
low- and middle-income countries (1). According
to a recent survey of people in 22 countries with a
spinal cord injury, lack of or insufficient short- and
long-distance transportation was noted as one of
the most significant barriers, and that more barriers
were experienced in low-income countries (3).

Correspondence: Apichana Kovindha, MD., Department of Rehabilitation Medicine,
Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand.

E-mail: apichana.k@cmu.ac.th

Received: February 9, 2021; Revised: April 20, 2021; Accepted: April 23, 2021
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In Thailand, motor vehicle accidents were
reported to be the main cause of spinal cord injury
and disability (4). Enhancement of self-efficacy by
providing skills for self-management in activities
of daily living and gaining self-confidence should
be emphasized in rehabilitation programs (5).
For example, in 2004 the Department of Reha-
bilitation Medicine, Faculty of Medicine, Chiang
Mai University started training paraplegics who
had in the past ridden a motorcycle to learn to
drive a modified motorcycle with a sidecar to
help them resume their community activities and
to earn a living (Figure 1) (6). A subsequent study
documented that the ability to drive a modified
motorcycle with a sidecar was a strong predictive
factor for having remunerative employment and
for being able to return to work (7). The same
finding was reported in Malaysia (8). In Thailand,
many wheelchair users who cannot afford a car
or van with a hand control system instead ride a
modified motorcycle with a sidecar.

In North America and Europe, it is common
to see paraplegics driving a personal car or van
which has been modified with a hand control sys-
tem. Usually, they transfer themselves from their
wheelchair to the driver’s seat, lift the wheelchair
up and put it into a car, reversing the process when
getting out of the vehicle. Long-term repetition of
those physically strenuous steps has been reported
to cause shoulder pain and degeneration (9). To
reduce the risk of shoulder degeneration, a ramp

or a lift can be installed and the driver’s seat
removed so the person can sitin a wheelchair while
driving (10). Recently, single-occupant electric
vehicles have been introduced as an alternative
where the individual can drive while seated in a
wheelchair, e.g., the Kenguru and the Chairiot™
solo, which are available in the US and Europe
(11-14), but until now they have not been offered
for sale in Thailand.

To improve the opportunity for paraplegics in
Thailand to drive a better vehicle, we designed the
initial single-occupant electric vehicle prototype
for wheelchair-seated drivers. Approval of the
vehicle by the Department of Land Transport is
expected in the near future.

Objectives

The objectives of this study were to describe the
initial prototype Chiang Mai University single-
occupant electric vehicle which was developed
for paraplegic wheelchair-seated drivers and to
evaluate paraplegic wheelchair users’ satisfaction
with driving the prototype vehicle including
comparison with modified sidecar motorcycles
and to solicit their suggestions for improvement
of the prototype.

Methods

This project was approved by the Research
Ethical Committee, Faculty of Medicine, Chiang
Mai University (REC-25610829-14533).

Figure 1. The modified motorcycle with a sidecar for wheelchair users designed by the Department of Rehabilitation

Medicine, Faculty of Medicine, Chiang Mai University in 2004. (A) The wheelchair user rolls up the ramp by holding

the side rails and pulling themselves along. (B) The wheelchair-seated rider controls the motorcycle with handlebars

installed at the front of the sidecar.
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Participants

Paraplegic wheelchair users driving a modified
motorcycle with sidecar in daily life were asked to
give their informed consent prior to test-driving
the prototype vehicle. Among the 10 paraplegic
wheelchair users participating, 7 were males and
3 females. Table 1 shows the participants’ demo-
graphic data. Half had spinal cord injured caused
by road traffic crashes. Their average experience
driving a modified motorcycle with a sidecar was
8.7 years.

Equipment

The initial prototype Chiang Mai University
single-occupant electric vehicle began as as 2-seat,
2-door electric vehicle made in China that was

modified to be a single-occupant electric vehicle
for paraplegic wheelchair-seated drivers (Figure
2A). A newly devised rear door system that opens
with a wireless remote control and converts to a
wheelchair access ramp was installed (Figure 2B
and 2C). Two additional shock absorbers were
mounted at the rear wheels to support the added
weight of the rear door. The car’s seats were
removed and replaced by a newly designed wheel-
chair docking system for the driver. The docking
system was attached to the floor of the car (Figure
3A) including a system to lock the wheelchair to
the docking station (Figure 3B). The features of
the vehicle are shown in Table 2. The two newly
designed components, the rear door that opens
and converts to a ramp for access and the wheel-

Table 1. Demographic data of the 10 paraplegic wheelchair users participating in the test-drive

Age (years)"
Cause of paraplegia?

Duration of paraplegia (years)'
Modified motorcycle with a sidecar used?

Average driving speed'

Duration of driving a modified motorcycle with a sidecar (years)*
Frequency of driving a modified motorcycle with a sidecar (days/week)’

45.50 (10.55) [25-59]

Road traffic crashes 5

Falling from height 4

Gunshot 1

21.20 (12.25) [3-44]

Honda/Yamaha 9/1

100 cc/125¢cc  4/6

Maximum speed: 120 km/h 4
150 km/h 6

47 (21.11) [20-80]

8.70 (6.38) [1-17]

5.40 (2.63) [1-7]

'Mean (SD) [range], ‘number

cc, cubic centimeter; km/h, kilometers per hour

Figure 2. The initial prototype Chiang Mai University single-occupant electrical vehicle for paraplegic wheelchair-

seated drivers. (A) profile view. (B) the rear door when opened converts to a ramp with side rails for access. (C) the

wheelchair-seated driver rolls up into the vehicle.
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Figure 3. The newly invented wheelchair securement system. (A) the red docking mechanism is mounted to the car
floor. (B) The locking adaptor is installed beneath the wheelchair frame. (C) the wheelchair-seated driver reaches down

to push the yellow toggle of the docking mechanism to manually release the wheelchair.

Table 2. Features of the initial prototype Chiang Mai University single-occupant electric vehicle for

paraplegic wheelchair users

Features Specifications
Autobody Fiberglass
Rear door Wireless remote control converts door to a ramp with side rails

Ramp: length 1,250 mm, width 810 mm, slope 8 degrees
Side rails: length 1,070 mm, height 430 mm

Overall dimensions

Outer: length 2,180 mm, width 1,280 mm, height 1,660 mm

Inner: length 1,680 mm, width 990 mm, height 1,290 mm

Curb weight 300 kg (with batteries)
Wheelbase 1,480 mm

Wheels & tires

Brakes Four-wheel disc brakes

Power train
Electric motor

Battery

Charger

Input power 220V AC
Charging time 6h
Maximum speed 48 km/h
Driving range 30-60 km
Turing radius 5.15m

Interior

Digital LCD panel, radio

11 inches (28 cm) aluminum alloy, 400/10-R11 tires

Two rear-wheel hub motors

DC motor, peak power 2.1 kW

Ten 6 V, 80 Ah lead-acid batteries in series
AC on-board charger (60 V, 50 Ah)

A, ampere; AC, alternating current; Ah, ampere-hour; DC, direct current, h, hour; kg, kilogram;

kW, kilowatt; LCD, liquid crystal display; m, meter; mm, millimeter; V; volt

chair securement system, are shown in Figures 2
and 3.

A light-weight wheelchair (OX Engineering,
Chiba, Japan) Integral super quick turn (serial
number 0000101962) with a 36 cm wide seat, a
total width of 60 cm, and a weight of 12 kg was
used by all the participants while driving the

prototype. A newly developed adaptor for the
docking system, weighing 1.2 kg, was installed at
the front part of the wheelchair frame (Figure 3B).
The wheelchair-seated driver can release the
wheelchair from the docking apparatus by manu-
ally pushing a toggle to the left (Figure 3C).
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Figure 4. (A) the motorcycle-type steering handlebar/brake system. (B) front-view. (C) side-view of the wheelchair-

seated driver wearing a standard three-point safety belt.

Participant evaluation

The innovator who designed the prototype
vehicle (NS) introduced the participants to the
car, explained all the components including the
wireless remote control for the rear door/ramp,
the wheelchair docking system, the motorcycle
steering handlebar/brake system (Figure 4A), and
the standard three-point safety belt (Figures 4B,
4C) then demonstrated their use and showed the
participants how to drive the vehicle.

Test driving by the participants consisted of
1) driving forward and backward, 2) stopping the
vehicle, 3) turning, 4) parallel parking, 5) reverse
parallel parking, 6) head in parking at an angle of
90 degrees, and 7) driving up a hill.

Following the demonstration and a 30 minute
practice drive, each of the participants drove the
prototype on the grounds of the Thongyoo
Cheshire Home, a facility for disabled individuals
in Chiang Mai. They were allowed to try each
of the above-mentioned maneuvers three times.
The participants’ driving was observed by the
researchers. After the test-drive, participants rated
their satisfaction with the prototype vehicle and
compared driving the prototype with driving
their own modified motorcycle with a sidecar.
The satisfaction scale ranged from 1 - not satisfied;
2 - slightly satisfied; 3 - satisfied; 4 - very satisfied;
to 5 - extremely satisfied. The participants were
then asked for suggestions to improve the vehicle

and to estimate the selling price of such a single-
occupant electric vehicle.

Statistical analysis

Demographic data are provided as numbers,
percentages, means, standard deviations and
ranges. Comparison of participant satisfaction
with driving the prototype and driving their own
modified motorcycle with sidecar was analyzed
using Wilcoxon signed rank test.

Results

All participants were able to drive the proto-
type with no apparent difficulty with the excep-
tion of reverse parallel parking. Some partici-
pants mentioned that when driving the modified
motorcycle with a sidecar they had no difficulty
in parallel parking, only in reverse parallel park-
ing. They were able to lock the wheelchair to the
docking station with some difficulty but had no
problem bending down and pushing the docking
bar manually to release the wheelchair from the
docking station. There was sufficient space be-
tween the motorcycle handlebars and the drivers’
knees while driving and turning (Figures 4A &
4C).

Comparison of participants’ satisfaction with
driving the prototype compared with their pre-
vious experience driving their modified motorcy-
cles with a sidecar is shown in Table 3. Satisfaction
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Table 3. Paraplegic wheelchair users’ satisfaction with driving the prototype Chiang Mai single-occu-

pant electric vehicle compared with driving their modified motorcycles with a sidecar

Single-occupant Modified motorcycle  p-value
electric vehicle with a sidecar
Easy to drive 3.6 (0.97) [2-5] 4.0 (0.67) [3-5] 0.357
Easy to roll in and out 4.0 (0.82) [3-5] 3.9 (0.57) [3-5] 0.705
Safety of the vehicle 4.4 (0.52) [4-5] 3.2 (0.79) [2-5] 0.050
Performance of the vehicle 3.8 (0.63) [3-5] 4.0 (0.47) [3-5] 0.414
Overall preference 4.2 (0.63) [3-5] 4.0 (0.47) [3-5] 0.414

Satisfaction: 1, not satisfied; 2, slightly satisfied; 3, satisfied; 4, very satisfied; to 5, extremely satisfied.

Mean (SD) [range]; Wilcoxon signed rank test, significance level 0.05

with the safety of the prototype was significantly
higher than for modified motorcycles with a
sidecar (p = 0.05). However, average satisfaction
scores for performance and ease of driving of the
prototype were lower than for the modified motor-
cycles with a sidecar. Participants’ suggestions
for improvement of the prototype included raising
the side rail height for easier rolling up the ramp,
lowering the docking height, adding a rear-view
mirror and an audio obstacle warning alarm to
aid reverse parallel parking, and reducing the
turning radius. Their estimation of the sales price
of the prototype vehicle ranged from 60,000-
80,000 baht (about 2,000-2,700 USD); they felt the
price should not be much higher than a modified
motorcycle with a sidecar which range from
40,000-70,000 baht (about 1,300-2,300 USD).

Discussion

Driving a modified motorcycle with a sidecar
on a road seems dangerous because it lacks the
driver protection provided by a car. This study
suggests there is a potentially significant demand
for vehicles like the Chiang Mai University single-
occupant electric vehicle prototype from wheel-
chair-seated drivers in Thailand as well as in low-
and middle-income countries around the world.
Its interior volume of less than 2,405 liters is simi-
lar to other single-occupant electric vehicles for
wheelchair users sold in developed countries (11-
14). The overall size of the vehicle is small, com-
parable to the participants’ modified motorcycles
with a sidecar. After test-driving, all participants

were very satisfied with the prototype and were
able to drive it without difficulty. As expected, the
motorcycle handlebars make it easy to control
even when driving the prototype for the first time.

Wheelchair access to the vehicle is less compli-
cated as the rear door opens down and becomes
a ramp, unlike other commercial single-occupant
electric vehicles for wheelchair-seated drivers
where the rear door lifts up and a separate ramp
opens downward (11-14). The ramp of the proto-
type had aslope of about 8 degrees which is greater
than the recommended slope of an outdoor wheel-
chair ramp in Thailand (4.75 degrees, gradient
1:12) (15). However, the prototype ramp was only
1,250 mm long and had 430 mm high side rails
for the wheelchair user to pull themselves up
the ramp. One suggestion from the participants
was to raise the height of the side rails to provide
more pulling force better leverage for rolling the
wheelchair up the ramp. Universal design guide-
lines for outdoor ramps suggest the height of side
rails should be 900-1,000 mm for the upper rail
and 600-750 mm for the lower rail for users with
a lower height (16). The lower rail dimension
seems more suitable for wheelchair users when
they roll up the ramp. When holding the side
rails, their shoulders would be in more of a flexion
angle with the shoulder flexors stretched to their
optimal length, thus producing more pulling force
in addition to the force from elbow flexors con-
traction (17). Higher side rails (600 mm) are
being considered for the next prototype.
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During test-driving, the observed difficulty
in reverse parallel parking was another concern.
One limitation of the prototype was that the rear
door obscured visibility (Figure 2B). Installing
a front-mounted rear-view mirror would not be
useful; however, improving the side rear-view
mirrors and adding an audio obstacle warning
alarm to aid backing or reverse parallel parking
could be beneficial.
parking is its total length of the vehicle including
the ramp which was about 3,500 mm which is
less than the recommended space for disabled car
parking spaces (minimum, 4,800 mm long, with
a 1,200 mm wide safety and access zone) (15,16).
Thus there is sufficient space for parking the pro-
totype either 90 degrees to a sidewalk or parallel to
the sidewalk. It was suggested that the prototype
turning radius of 5,150 mm should be reduced.
The turning radius of a vehicle is a function of the
wheelbase, and a smaller turning radius makes
a U-turn easier. The prototype wheelbase was
1,480 mm. The possibility of reducing the turning
radius of the prototype should be investigated.

In terms of safety, the participants reported
significantly greater satisfaction with the proto-
type than with their modified motorcycles with a
sidecar (Table 3). As would be expected, driving
in a well-protected car is safer than riding a
motorcycle, and a four-wheel car provides more
stability than even a three-wheel motorcycle with
a sidecar. However, the newly designed wheel-
chair securement system does prevent wheelchair
movement and the standard three-point safety
belt provides stability for the driver’s trunk while
driving and turning. Nevertheless, wheelchair-
seated drivers are still at risk of serious injury in
vehicle crashes (10). An airbag and an automatic
tightening safety belt are recommended to pro-
tect a wheelchair driver from injuries (10) and are
being considered for the next prototype.

In terms of performance, the participants
reported slightly less satisfaction with the perfor-
mance of the prototype than with their modified
motorcycles with a sidecar, perhaps due to their
long experience with the latter and insufficient
time to become familiar with the prototype before

Another issue related to

the test drive. Additionally, the electric motor of
the prototype had a peak power of 2.1 kW and
60 V (10 x 6 V) with 80 Ah lead-acid batteries in
series, producing a maximum speed of 48 km/h
(Table 2), less than the maximum speed of their
current motorcycles, but nearly the same as what
they reported as the average speed of their modi-
fied motorcycles with a sidecar (Table 1). To im-
prove performance of the prototype, we reviewed
the features of the Chairiot™ solo, the first low-
speed, wheelchair-accessible electric vehicle in
the world certified by an independent authority
to be in conformance with the U.S. Federal Motor
Vehicle Safety Standards (12). The ChairiotTM
solo has twin hub motors rated at 3 kW each built
into the rear wheels and a 48 V. AGM battery pack
with a capacity of 7.5 kW for propulsive power
(12).

A final important issue is the price of a single-
occupant electric vehicle for paraplegic wheel-
chair users. The participants’ estimated price for
the prototype was about one tenth the price of
ChairiotTM Solo and the Kenguru SOV wheel-
chair cars sold in the US which range from 19,000
to 25,000 USD (13,14). According to the latest
Thai regulations (2017), small electric vehicles
weighing less than 450 kg should have an electric
motor with rated power not less than 4 kW and
maximum speed not less than 45 km/h (18). In
this regard, we have already planned to install an
electric motor providing higher peak power and
a battery pack with higher capacity in the next
prototype to be in conformance with the Thai
Department of Land Transport Safety Standards
for electric vehicles. Of course these changes will
increase the price of made-in-Thailand single-
occupant electric vehicles for wheelchair-seated
drivers, but every effort will be made to keep the
price as low as possible so that paraplegic wheel-
chair users in the country will be able to afford to
buy and drive them rather than driving a modi-
fied motorcycle with a sidecar.

Among the limitations of the study is that in-
stead of test-driving on main roads with traffic,
a residential area with no traffic was chosen out
of concern for the participants” safety. Also, the
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short practice period and limited driving distance
did not allow a full test of the maneuverability of
the initial prototype. With the next prototype, we
will seek a more appropriate facilty for test driving
so that maneuverability as well as its maximum
speed and braking distance can be evaluated.

Conclusions

Paraplegic wheelchair users who had experience
driving a modified motorcycle with a sidecar
were very satisfied with the initial prototype
Chiang Mai University single-occupant electric
vehicle for wheelchair-seated drivers. Adding
some accessories and changing some features,
e.g., the battery and electric motor to conform
with the Department of Land Transport standards
for electric vehicles, would improve the perfor-
mance of the anticicpated next prototype.

Acknowledgements

We would like to thanks our collaborators, the
Dali Vehicle (Thailand) CO., LTD.; the Depart-
ment of Industrial Promotion, Ministry of In-
dustry; the Machinery Industrial and Supporting
Cluster of Thai Trade Association (MIC-T); the
Chiang Mai Foundation for the Well-being of the
Disabled; and the Siri Wattana Cheshire Founda-
tion for their support of the project. We would
also like to thank Mrs. Kanticha Ruangdang, a
practical nurse and wheelchair user, at the Re-
habilitation Ward, Maharaj Nakorn Chiang Mai
Hospital, for permission to use her photos in this
paper and Asst. Prof. Dr. Niti Kammuang-lue,
Department of Mechanical Engineering, Faculty
of Engineering, Chiang Mai University, for proof-
ing and correcting this manuscript.

Conflict of interest
The authors declare no conflict of interest of
any kind.

References
1. Bickenbach J, Officer A, Shakespeare T, von Groote P.
World Health Organization; International Spinal Cord
Society. International perspectives on spinal cord in-
jury. Geneva: World Health Organization; 2013.

10.

11.

12.

13.

14.

15.

Consortium for Spinal Cord Medicine. Outcomes fol-
lowing traumatic spinal cord injury: clinical practice
guidelines for health-care professionals. Washington
DC: Paralyzed Veterans of America; 1999.

Reinhardt JD, Middleton ], Bokel A, Kovindha A,
Kyriakides A, Hajjioui A, et al. Environmental barriers
experienced by people with spinal cord injury across 22
countries: results from a cross-sectional survey. Arch
Phys Med Rehabil. 2020;101:2144-56.

Kovindha A. People with spinal cord injury in Thai-
land. Am J Phys Med Rehabil. 2017;96:5121-3.
Attawong T, Kovindha A. The influencing factors of
acceptance of disability in spinal cord injured patients.
NJNS. 2005:2;67-70.

Ovatakanont P, Kovindha A, Wittayanin W, Mongkol S.
Mobility and self-care activities related to the ability to
drive and control a modified motorcycle: a pilot study
in paraplegic persons. ] Thai Rehabil Med. 2006;16:85-
97.

Vongpakorn P, Kovindha A. Employment rate of Thais
with spinal cord injury and predictive factors. J Thai
Rehabil Med. 2014;24: 28-36.

Ramakrishnan K, Chung TY, Hasnan N, Abdullah SJ.
Return to work after spinal cord injury in Malaysia.
Spinal Cord. 2011;49:812-6.

Dalyan M, Cardenas DD, Gerard B. Upper extremity
pain after spinal cord injury. Spinal Cord. 1999;37:191-5.
van Roosmalen L, Ritchie Orton N, Schneider L. Safety,
usability, and independence for wheelchair-seated driv-
ers and front-row passengers of private vehicle: a quali-
tative research study. ] Rehabil Res Dev. 2013;50:239-52.
Wikipedia. Cars for wheelchair users [Internet]. 2020
[updated 2020 Dec 17; cited 2021 Jan 17]. Available
from: https://en.wikipedia.org/wiki/Cars_for_wheel-
chair_users

Wikipedia. ChairiotSolo [Internet]. [update 2019
Nov 23; cited 2021 Jan 20]. Available from: https://
en.wikipedia.org/wiki/Chairiot_solo
Chairiot-mobility.com. ChairiotTMsolo [Internet].
2013 [cited 2021 Jan 17]. Available from: http://www.
chairiot-mobility.com/The_Chairiot.html

Startup selfie. Kenguru, world’s first drive-from-wheel-
chair electric car [Internet]. 2018 [cited 2021 Jan 20].
Available from: https://www.startupselfie.net/2018/05/
04/kenguru-worlds-first-drive-from-wheelchair-elec-
tric-car/

Ministerial Regulation defining characteristics or
provision of equipment, facilities or services in other
buildings, places or public services so that persons with
disabilities can access and make use of them, B.E. 2556.
20 [Internet]. 2013 [cited 2021 Jan 20] Available from:
https://www.doe.go.th/prd/assets/upload/files/BKK_
th/d2d8¢77204d9b6d2853cd9cd9240c23f.pdf



Sawattikanon N, et al. Electric vehicle for wheelchair users 279

16

17.

. Centre for Excellence in Universal Design. National pincott Williams & Wilkins, Wolters Kluwer business;
Disability Authority. Building for everyone: a universal 2009.
design approach [Internet]. 2020. [cited 2021 Jan 20]. 18. Department of Land Transport. Determine the power
Available from: http://universaldesign.ie/Built-Envi- of electric motors used to drive cars under the automo-
ronment/Building-for-Everyone/1-External-Environ- bile Act, B.E. 2560. [Internet]. 2017 [cited 2021 Jan 18].
ment.pdf Available from: https://www.dlt.go.th/th/announce/
Oatis CA. Kinesiology: the mechanics and pathome- view.php?_did=1620

chanics of human movement. 2" ed. Philadelphia: Lip-

v % a a v A 1o (4 v W = 1 o 4
WI.JLLUU’EQIW‘W']‘INﬂuLﬂEJ'JﬁJ%']’JVIEJ']ﬁEJL“U‘c’J\ﬂWNﬁ"M’iUﬂu‘U‘U’e)ﬁJ‘W’Wlﬂ’Na’]\iLLa&"UQ’JaLL‘U’i

uS9ATI adamniuwm, 1eN1 ATAUITINNA, unshtl [uadne wag afvun letune
AMATYAERSHUY ATUNNEmans uineraedeslu

Wauszasd  ieuansssaziBeaduluusalnilsrudeiuninetdeledudl wasnaneaeulngaudu
Judunina3sansuaziiaiauys

B hsalwihwuegesiilennuszmeRundaulas Usshuvgussandsilunainbesfinauauiedoygia

£% o 1

malnauayseuuBansdausaniuse  sasuwuuldinudusadnseueudnioussuuiusn  uamessudenasg
vils wewmesluillvindsgegn 2.1 Alatnd uazyauummeInziangm 60 Taad, 80 wouuUsdalus mnuisgean
a8 Alawasdedaliug ausuminaiianililauriuardusndnsousudvasinioudas 10 au lihsumaseudy
sofuuuulpeiiaurithuiniuranussmadiuiiiafadniontusruuBariviauss andussyssduanuiis
welawSeuifleussrinssosunuuiusadnseusuimnsinaiaulas ndeslvidelausiusilonsusuuss

wansAne ynAudusasuuuuldliion eniuneenduiovensavurumari neunelasadunuuinn e
Wisuieuiusadnseruewivinednsdnudas azuuuanuiianeladesasuwuugenitluiuaiulaendy (p =
0.05) wiFnIduaNssauE (p = 0.414) Jouuzhliun U%“Uiné“umqmmiﬁqa%u andhinnsiauyslias
Aesadsafournrnossn uadliaihadeuauag

aU Audumsassanailiiaursfianelasnndusunuusaliiihedatdsauioamninerdododm msuiulge
e lvillanssaugdvn Weelualnvans 2564;60(3):271-9. doi: 10.12982/CMUMEDJ.2021.24

a s

AdnAny: Asshvgmamalulad saewd saluih auldiaus audunsdauss Suninaseans







Original article

Performance of deep learning in differentiating between distal ure-
teric calculi and non-calculous calcifications on a KUB radiographs

Viriyaroj J," Wantanajittikul K,? Inmutto N and Huntrakul L'

'Department of Radiology, Faculty of Medicine, 2Department of Radiologic Technology,
Faculty of Associated Medical Sciences, Chiang Mai University, Chiang Mai

Objectives The objective of this study was to evaluate the performance of deep learning (DL) in the differentiation of
distal ureteric calculi and non-calculous calcification on kidney, ureter and bladder (KUB) radiographs.

Methods A retrospective review of KUB radiographs of 204 patients with 235 distal ureteric stones and 138 patients
with 235 non-calculous calcifications that had been previously identified by investigation, including CT, IVP or URSL,
performed at the Department of Radiology, Faculty of Medicine, Chiang Mai University from September 2013 to
September 2019. Every calcified density was selected and was cropped into small images. A total of 185 images from
each group were randomly selected to be a training dataset and were applied to three pretrained DL networks (AlexNet,
GoogLeNet and ResNet50). The remaining 50 images in each group were reserved to be a blind testing dataset. STATA
version 14.2 software was used to analyze the sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV) and accuracy of each network. Logistic regression was used to calculate the Area Under the Curve (AUC)
and the Chi-squared test was used to compare the AUC between the three networks.

Results The sensitivity of the three DL networks was more than 80%, specificity more than 65%, PPV more than 70%,
NPV more than 80% and accuracy about 80%. The AUC (95% CI) of the AlexNet network in differentiation of ureteric
calculi and non-calculous calcification was 0.79 (0.71-0.87) compared with 0.81 (0.74-0.88) for GoogLeNet and 0.82
(0.74-0.90) for ResNet50 (p = 0.43).

Conclusions DL provides good results in the differentiation of distal ureteric calculi and non-calculous calcification
from KUB radiographs. Chiang Mai Medical Journal 2021;60(3):281-90. doi: 10.12982/CMUMED]J.2021.25

Keywords: Distal ureteric stone, Non-calculous calcification, Phlebolith, Deep learning, transfer learning, pretrained
network

Introduction

Urolithiasis is one of the most important
health issues in Thailand, and has an incidence
rate that is rising significantly (1). As most uro-
lithiasis are opaque on kidney, ureter, and bladder
(KUB) radiographs but there are some limitations
in the detection of calculi as well as the low sensi-
tivity of KUB radiographs, the American College
of Radiology (ACR) has suggested that non-con-
trast CT (NCCT) abdomen and pelvis is the most
rapid and accurate technique for evaluating acute

onset flank pain where stone disease is suspected,
whereas a KUB radiograph has less utility (2-6).
However, in Thailand only about 29% of health
care institutions have a CT machine and most of
those are located in the big city (7). The number
of radiologists, important person who can make a
more accurate diagnosis of urolithiasis, is also in-
sufficient in Thailand. According to the database
of the Medical Council of Thailand in 2019 there
were only approximately 2,400 radiologists in the
country (8). This resource insufficiency particularly
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affects public hospitals, especially those in suburbs
which may not have either high diagnostic machines
like the CT or specialist like radiologists.
Artificial intelligence (AI) refers to an intelli-
gent agent that is capable of learning, reasoning,
problem-solving and self-developing has been
well known worldwide for many years (9). AI has
been used in the development of many augmented
algorithms used in medical imaging. Deep learn-
ing (DL), developed from machine learning (ML),
is an image-based algorithm that can analyze
input data from image pixels directly without an
image segmentation and feature extraction process,
and thus can provide more accurate results making
it suitable for complicated tasks (10-12). DL has
become popular in medical imaging in recent
years. It is a powerful image processing tool that
can be used in many areas of radiology (11,13).
Because of its efficacy, open-source software and
the relatively low cost of computer hardware (13,
14), it is possible for healthcare providers to develop
DL tools for use in their daily clinical practice.
Among all ureteric calculi, the calculi located
in the distal ureter are the most difficult to diag-
nose because they are located deep in the pelvic
cavity and mostly of non-calculous calcification
also locate in the pelvic cavity that may mimic
calculi, especially phleboliths, the most published
pitfall in distinguish from distal ureteric calculi
(15,16). To the best of our knowledge, there has
been no published data regarding the use of DL
to differentiate between distal ureteric calculi
and non-calculous calcifications on a KUB radio-
graphs. We believe with the combination of DL,
with its low radiation dose and the low cost of
KUB radiography, can help physicians in medical
centers that do not have a CT machine or a
trained radiologist make more accurate diagnoses
of calculi. The aim of our study was to evaluate
the performance of deep learning in the differen-
tiation of distal ureteric calculi and non-calculous
calcifications on a KUB radiographs.

Methods
Patient and Image Acquisition
There were two groups of patients in this study:

those with a distal ureteric stone and those with
non-calculous calcification in the pelvic cavity.
Details of data collection in each group are as
follows.

To identify patients with a distal ureteric stone,
we conducted a manual search of the database of
the Faculty of Medicine, Chiang Mai University,
for ICD-10 code N201 calculous of the ureter
during the period September 2013 to September
2019. The search identified 2,839 cases of ureteric
stones. Our inclusion criteria were patients older
than eighteen years with a confirmed diagnosis
of distal ureteric stone by at least one diagnostic
method, e.g., computed tomography (CT) abdo-
men/urography/stone protocol, intravenous pyelo-
gram (IVP) or ureteroscopic lithotripsy (URSL).
Patients with a diagnosis of proximal or middle
ureteric stone were excluded from the study. We
enrolled those patients who had a KUB radio-
graph performed within six months of the diag-
nosis date which was available for review on the
picture archiving and communication system
(PACs). The KUB radiographs of these patients
had to present radiopaque distal ureteric calculi
as determined by consensus of an experienced
radiologist in genitourinary imaging and a third-
year resident training in radiology during a retro-
spective review. Any stones non-visualized on
a KUB radiograph were defined as radiolucent
stones and were excluded from the study. KUB
radiographs that had included a retained ureteric
stent were also excluded from the study. Finally,
there were 204 patients with 235 distal ureteric
calculi included in this group.

For patients with a non-calculous calcification
in the pelvic cavity, a manual search of PACs for
CT urography/stone protocol and IVP was per-
formed in the Department of Radiology, Faculty
of Medicine, Chiang Mai University. This process
consisted of a backward search beginning with
September 2019 and continuing until 235 non-
calculous calcifications lesions had been identi-
fied, equal to the number of stones in the distal
ureteric calculi group. The consensus of a retro-
spective review of CT or IVP conducted by an
experienced radiologist in genitourinary imaging
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and a third-year radiology resident was used to
verify that these images were negative for distal
ureteric calculi but did show the presence of other
calcifications in the pelvic cavity. Patients that
had both a distal ureteric stone and other calci-
fications in the pelvic cavity in the same investi-
gation were excluded from this group. The KUB
radiograph of these patients had to have been
performed within six months from the date of the
CT/IVP. A total of 235 non-calculous calcifica-
tions were obtained from 138 patients.

Ethical approval

This study was approved by the Research
Ethics Committee, Faculty of Medicine, Chiang
Mai University (Study Code: RAD-2562-06738).
For this type of study formal consent of the pa-
tient is not required.

Deep learning

DL is an algorithm that uses multilayer compu-
tational models resulting in the ability of the algo-
rithm to learn image features and to classify im-
ages directly from image pixels. DL with convo-
lutional neural network (CNN) is one of the most
popular supervised learning models for learning
from labelled data (11-13). The high task accuracy
of DL, however, is dependent on massive training
data which is expensive, computer-intensive and
memory-demanding (17,18). Due to the limits of
the data sample in our study, we used the transfer
learning method to solve these problems of DL
with CNN. Transfer learning allows a CNN to
learn from limited training data by transferring
knowledge from the a pretrained network of large

u—.

Knowledge from
pretrained model

l

‘ Our learning task —

-

Limited
domain

datasets to the target domain (17,18) (Figure 1).
This method preserves only important neurons
while removing unimportant neurons, resulting
in a smaller sized CNN, thus reducing computa-
tional costs while still maintaining the ability to
contribute to the target domain without degra-
dation of accuracy (17,18). All the training and
testing datasets were applied with three open-
source pretrained DL networks: AlexNet (19),
GoogLeNet (20) and ResNet50 (21).

Data collection and image analysis

Patients’ demographic data, including sex,
age, size of the lesion and the diagnostic tests of
each patient, were collected.

A total of 342 KUB radiographs (204 from
the distal ureteric calculi group and 138 from the
non-calculous calcification group) were retro-
spectively reviewed and combined with CT/IVP/
URSL findings to identify and outline the loca-
tion of every calcification in the pelvic cavity on
the KUB radiographs.

Manual selection and cropping of a region of
interest (ROI) for each calcification in the KUB
radiograph was done with the patient’s name and
hospital number anonymized (Figure 2). The
radiograph of each lesion was cropped to the
actual size of the lesion and saved as a Portable
Network Graphic (PNG) image and then was
re-scaled into 256x256 pixels before being applied
to each pretrained DL network.

Input data

The full input dataset of distal ureteric calculi
and non-calculous calcifications was comprised

Figure 1. DL with transfer learning process
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4

Figure 3. All input datasets were divided into (a) 185 images of distal ureteric calculi for training dataset, (b) 50 images

of distal ureteric calculi for blind testing dataset, (c) 185 images of non-calculous calcifications for training dataset, and

(d) 50 images of non-calculous calcifications for blind testing dataset

of 470 images, 235 images in each group. The
images from each group were computerized and
randomly divided into 185 images for the train-
ing dataset and 50 images for the blind testing
dataset (Figure 3).

First, the 370 images in the training dataset
were applied and auto-augmented by each of the
pretrained DL networks (AlexNet, GoogLeNet
and ResNet50). After that, the 100 images of the
testing dataset were applied and adjustment of
the parameters of convolutional layers in each
DL network was accomplished. Then the training
dataset follow with the testing dataset were
applied repeatedly to achieve the best satisfied

performance in differentiating between distal
ureteric calculi and non-calculous calcifications
by each DL network. The summarized input data
are shown in Figure 4. The parameter settings that
resulted in the best performance by each DL net-
work in differentiating distal ureteric calculi and
non-calculous calcifications is shown in Table 1.
The performance of the DL in differentiating
ureteric calculi and non-calculous calcifications
was analyzed for sensitivity, specificity, positive
predictive value (PPV), negative predictive value
(NPV) and accuracy using STATA version 14.2
software. The results are reported as percentages.
Logistic regression was used to calculate the area
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Distal ureteric calculi

235 images (204 patients)

I Randomized

Non-calculous calcification

235 images (138 patients)

Randomized |

185 images | 50 images |

| 185 images | 50 images

Step 1: Apply
training Step 2: Apply
images testing images
3 pretrained DL |
network e—
Step 4: Adjust
AlexNet °p Jus Step 3: Collect
parameters result
GoogLeNet

=+ Steps 1 to 4 were repeated with each DL network until their best

performance was achieved

Figure 4. The summarized input data and steps in calculating performance values

Talbe 1. Parameter settings at which each DL network achieved the best performance in differentiating distal ureteric

calculi and non-calculous calcifications

Network Learning rate  Translation  Scaling factor Rotation Max epoch Mini batch
(pixels) (degrees) size

AlexNet 0.0001

GoogLeNet 0.0001 [-10-10] [0.8-1.2] [0-360] 20 8

ResNet50 0.00001

under curve (AUC) and the Chi-squared test was
used to compare the AUC among the three DL
networks. Results were considered to be statisti-
cally significant when the p-value was less than
0.05.

Results
General data

The study included 342 patients with a calci-
fied density in the pelvic cavity as shown on KUB
radiographs made between September 2013 and
September 2019. There were 204 patients with
a confirmed diagnosis of distal ureteric calculi
(235 calculi) and 138 patients confirmed as non-

calculous calcifications (235 lesions). Our study
included both male and female patients, with the
number of males higher than females in both
study groups. The mean age of the patients in the
two groups was not statistically significantly dif-
ferent: 55.9 (* 13.9) years for the patients with
distal ureteric calculi and 57.1 (+ 13.1) years for
the patients with non-calculous calcifications.
The minimum and maximum size of lesions in
both groups was also not significantly different,
with the distal ureteric calculi ranging from 0.31
to 3.80 cm. at the widest diameter, and non-cal-
culous calcifications ranging from 0.20 to 3.15
cm. in the widest diameter. Demographic data of
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Table 2. Demographic data of patients

Information Distal ureteric calculi Non-calculous calcifications All

Total patients 204 138 342

Male 120 77 197
Female 84 61 145
p-value 0.012 0.173 19-87 (56.3+13.6)
Age (years)” 19-86 (55.9+£13.9) 26-87 (57.1+13.1)

Size (cm.) 0.31-3.80 0.20 - 3.15

"Data shown are range (mean and standard deviation)

the patients is shown in Table 2.

There are many types of investigations that can
be used to confirm the diagnosis and location of a
distal ureteric stone. Confirmation in more than
60% of cases in this study had come from the re-
sults of ureteroscopy lithotripsy (USRL) and the
rest come from reviewing the CT images. For the
non-calculous calcifications group, most of the
original confirmations were based on a review of
CT images. A summary of the types of investiga-
tion used to confirm the diagnoses in each group
are shown in Table 3.

DL test results

After training and testing, the datasets were
applied to each pretrained DL network including
multiple adjustments of the parameters of the
convolutional layer in each DL, the results were
very satisfactory. AlexNet correctly diagnosed
calculi in 44 of 50 lesions and correctly diagnosed
non-calculous calcifications in 35 of 50 non-calculi
lesions. GoogLeNet correctly diagnosed calculi in
48 of 50 lesions and non-calculous calcifications
in 33 of 50 lesions. ResNet50 correctly diagnosed
both calculi and non-calculous calcifications in
41 of 50 lesions (Table 4). Each of the pretrained

Table 3. Type of investigation used to confirm diagnosis
of calculi or non-calculous calcification.

Investigation Distal ureteric ~ Non-calculous
calculi (number) calcifications
(number)
VP - 8
CT 67 130
URSL 137 -
Total 204 138

DL networks performed well in differentiating
ureteric calculi and non-calculous calcifications.
The sensitivity was more than 80% for all three
networks, with GoogLeNet the highest at 96%.
The specificity was more than 65% for all three
networks with ResNet50 the highest at 82%. PPV
was more than 70% for all three networks, with
ResNet50 again the highest at 82%. NPV was
more than 80% for all three networks with the
highest being GoogLeNet (94.3%). Accuracy was
about 80% with all three networks (range 79-
82%). The sensitivity, specificity, PPV, NPV and
accuracy of each DL network are shown in Table 5.
The AUC (95% CI) of the performance among the
three networks in differentiating ureteric calculi

Table 4. Results of each DL model using the test dataset

Network Character Stone (number) Non-stone (number) Correct (%)
Stone 44 6

AlexNet Non-stone 15 35 79
Stone 48 2

GoogleNet Non-stone 17 33 81
Stone 41 9

ResNet50 Non-stone 9 41 82
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Table 5. Performance of each DL network in differentiating ureteric calculi and non-calculous calcifications

Network Sensitivity Specificity PPV (%) NPV (%) Accuracy (%)
(%) (%)

AlexNet 88.0 70.0 74.6 85.4 79.0

GoogLeNet 96.0 66.0 73.8 94.3 81.0

ResNet50 82.0 82.0 82.0 82.0 82.0

Table 6. Area under the curve of each DL network’s performance in differentiating calculi and non-calculous

calcifications

ALexNet VS GooglLeNet VS ResNet50

0.50 0.75 1.00
1 1 1

True Positive rate (Sensitivity)
0.25
1

0.00

o L

T T T

T
.00 0.25

0.50 0.75
False Positive rate (1 - Specificity)

T

1.00

—e— AlexNet ROC area: 0.79

—m=— ResNet50 ROC area: 0.82 Reference

—a— GooglLeNet ROC area: 0.81

and non-calculous calcification were not signifi-
cantly different (p = 0.43). The AUC (95% CI) of
each network is shown in Table 6.

Discussion

Urolithiasis is one of the most common uro-
logic problems, and its prevalence has progres-
sively increased in Thailand (1). In our study, we
found that the incidence of ureteric stones is quite
high, nearly five hundred cases per year (2,839
patients over a six-year period). Factors likely
related to that increasing prevalence are multifac-
torial, e.g., changes in social and economic status
common to developing countries, an increase in in-
dustrial workers, higher average temperatures and
increased exposure to sunlight (2,3,15). Another
factor could be the increasingly widespread use
of CT to evaluate patients with abdominal pain,
not only in the emergency room but also in other
outpatient units.

Many studies have reported that urolithiasis
mostly affects middle aged patients, with the peek
incidence occurring in patients between 30-60
years old (1,22). In our study, the mean age of
patients with distal ureteric calculi was 55.9 years
(range 19-86). That range age in the present study
appears wider than in previous publications. One
reason could be the longer lifespan of people and
the better health care received by younger indi-
viduals, including earlier access to the health care
services, resulting in more early investigations
and early diagnoses.

Urolithiasis usually effects more males than
females with ratios ranging from 1.3-5:1 (1,2),
similar to our study which found a ratio of 1.4:1
(p = 0.012). The non-calculous calcifications had
no gender predilection (p = 0.173).

Although the number of lesions identified
by investigation was equal in the distal ureteric
stones group and the non-calculous calcifications
group (235), the number of patients was not: there
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were 204 patients in the former group and only
138 in the latter. This result suggests that multiple
lesions are more likely with non-calculous calcifi-
cations than with distal ureteric calculi.

DL with a CNN is an effective supervised
learning model that can analyze images pixel di-
rectly with no need to manually specify the algo-
rithm for geometric parameters that differentiate
between calculi and non-calculous calcification
as described by Lee (22). However, normally mas-
sive training data is needed to the high accuracy
task of the DL. Due to the relatively small quantity
of training data in our study, the transfer learning
method using a pretrained DL network was used.
This method allows a CNN to learn from a limited
amount of training data without degradation
of accuracy (17,18). In our study, we used three
well-known open source pretrained DL networks,
AlexNet, GoogLeNet and ResNet50, which are
not computation-intensive and memory-de-
manding. By training the networks first before
repeatedly testing the datasets, collaborating with
the adjusted parameters of each of the pretrained
DL networks, the performance of each network
in differentiating between ureteric calculi and
non-calculous calcifications was quite good. A
sensitivity of more than 80% was achieved with
each of the networks, higher than the 60% sen-
sitivity of KUB radiographs in stone detection
(2,4,5). This result may be due to the ability of DL
because all 100 testing images were “new lesions”
which the algorithm had never seen before, thus
there was no opportunity for an image recogni-
tion effect. However, the high sensitivity in our
study may also be a result of selection bias as our
study included only radiopaque stones, but in
actual clinical practice we may be faced with radio-
lucent stone which would decrease the sensitivity
of KUB radiography. In terms of overall perfor-
mance, applying DL to the KUB radiographs in
our study was superior to conventional KUB ra-
diography alone, had comparable performance
with the US but was inferior to the performance
of CT scans (4,5). The DL method will help alle-
viate the problem of insufficient availability of
high diagnostic radiologic machines as well as

of radiologists in non-urban areas of Thailand.
Healthcare providers will be able to use this open-
source software and low cost computer hardware
with KUB radiographs to achieve better perfor-
mance in ureteric calculi differentiation, resulting
in better management decisions for patient care.
DL has the potential to continue to develop in the
future, further improvement and data input can
be served more and more (13). So, we believe that
with a larger amounts of input training data be-
come available and newer algorithms of DL are
developed, it will result in continued improve-
ment in the performance of the algorithm in the
future.

Radiologists should not be afraid of being re-
placed by DL because, even in a controlled envi-
ronment, DL can at best only be as good as but
not better than humans. In real life the environ-
ment is not stable, data may be noisy and atypical
patterns may occur (13). Thus, combining algo-
rithms with the knowledge and ability of radiolo-
gists will lead to ever better diagnostic accuracy.
To that end, radiologists should begin to prepare
for the coming era of hybridization between
humans and machines.

There were some limitations in our study.
First, the training datasets were gathered from a
single tertiary hospital and included only a small
number of training images. Even though trans-
fer learning allows the use of a small number of
training images, giving DL a greater number of
training images could potentially improve clas-
sification accuracy. Second, the specific features
that differentiate between calculi and non-calculi
lesions were analyzed directly by DL and thus
each of the geographic parameters could not be
individually specified. Third, DL can be utilized
only when there is a sufficient level of calcifica-
tion density in the pelvic cavity on the KUB
radiograph, and radiolucent stones may result
in a false-negative when DL is applied to a KUB
radiograph.

In future aspect of this study, more training
datasets should be resourced and DL should be
developed into a program that can be run on an
imaging viewer workstation and can be used with
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KUB radiographs to make it easier for radiolo-
gists and physicians to make diagnostic determi-
nations.

Conclusions

DL provides good performance in the differ-
entiation between distal ureteric calculi and non-
calculous calcifications on KUB radiographs.
Further algorithm development with a greater
number of training datasets would improve the
diagnostic accuracy.

Acknowledgements

We would like to express our sincere gratitude
to Asst.prof. Nakarin Inmutto for invaluable help
and research advising. Special thanks are extended
also to Ms. Sumintra Katib for advice regarding
the statistical analysis.

Funding

None

Conflicts of interest
None

References

1. LiuYG, Liao B, Luo D, Wang K, Li H, Zeng G. Epidemi-
ology of urolithiasis in Asia. Asian Journal of Urology.
2018;5:205-14.

2. Cheng PM, Moin P, Dunn MD, Boswell WD, Dud-
dalwar VA. What the radiologist needs to know about
urolithiasis: part 1--pathogenesis, types, assessment,
and variant anatomy. AJR Am ] Roentgenol. 2012;198:
W540-7.

3. Kambadakone AR, Eisner BH, Catalano OA, Sahani
DV. New and Evolving Concepts in the Imaging and
Management of Urolithiasis: Urologists’ Perspective.
Radio Graphics. 2010;30:603-23.

4. Brisbane W, Bailey MR, Sorensen MD. An overview of
kidney stone imaging techniques. Nat Rev Urol. 2016;
13:654-62.

5. Coursey CA, Casalino DD, Remer EM, Arellano RS,
Bishoft JT, Dighe M, et al. ACR Appropriateness Cri-
teria (R) acute onset flank pain--suspicion of stone dis-
ease. Ultrasound Q. 2012;28:227-33.

6. Fulgham PE Assimos DG, Pearle MS, Preminger GM.
Clinical effectiveness protocols for imaging in the man-
agement of ureteral calculous disease: AUA technology
assessment. ] Urol. 2013;189:1203-13.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Srisubat A, Cheapudee S, Thaiyakul A. Study of num-
bers, distribution and characteristics of high technol-
ogy radiodiagnostic imaging in Thailand unknown:
unknown; [updated 2018 Feb 2; cited 2020 Jan 26].
Available from: http://medicaldevices.oie.go.th/article.
aspx?aid=8236. [in Thai]

The Medical Council of Thailand. Physicians Statistics:
[updated 2020 Jan 8; cited 2020 Jan 26]. Available from:
https://tmc.or.th/statistics.php [in Thai]

Thai Programmer. What is Artificial Intelligence (AI):
(Nessessence, Editor, Thai Programmer) [updated 2018
Dec 15; [cited 2020 Jan 25]. Available from: https://
www. thaiprogrammer. org/2018/12/whatisai/. [in Thai]
Suzuki K. Overview of deep learning in medical imag-
ing. Radiol Phys Technol. 2017;10:257-73.

McBee MP, Awan OA, Colucci AT, Ghobadi CW, Ka-
dom N, Kansagra AP, et al. Deep Learning in Radiol-
ogy. Acad Radiol. 2018;25:1472-80.

Introducing Deep Learning with MATLAB [cited
2020 Jan 11]. Available from: https://www.mathworks.
com/campaigns/offers/deep-learning-with-matlab.
html?elqCampaignId=10588.

Saba L, Biswas M, Kuppili V, Cuadrado Godia E, Suri
HS, Edla DR, et al. The present and future of deep
learning in radiology. Eur ] Radiol. 2019;114:14-24.
Bergstra J, Breuleux O, Bastien F, Lamblin P, Pascanu
R, Desjardins G, et al. Theano: A CPU and GPU math
compiler in Python. In: Stefan W and Jarrod M, editors.
Proc 9. Texas: Python in Science Conf; 2010. p.3-10..
Traubici J, Neitlich JD, Smith RC. Distinguishing pelvic
phleboliths from distal ureteral stones on routine un-
enhanced helical CT: is there a radiolucent center? AJR
Am J Roentgenol. 1999;172:13-7.

Ebrahimi S, Mariano VY. Image quality improvement
in kidney stone detection on computed tomography
images. Journal of Image and Graphics. 2015;23:268-
76.

Tan C, Sun F, Kong T, Zhang W, Yang C, Liu C. A Sur-
vey on deep transfer learning. In: Kirkové V, Manolo-
poulos Y, Hammer B, Iliadis L, Maglogiannis I, editors.
Artificial Neural Networks and Machine Learning -
ICANN 2018. Switzerland: Springer; 2018. p. 270-9.
Wang K, Gao X, Zhao Y, Li X, Dou D, Xu C, editors.
Pay Attention to Features, Transfer Learn Faster CNNs.
International Conference on Learning Representations;
2020.

Krizhevsky A, Sutskever I, Hinton GE. ImageNet classi-
fication with deep convolutional neural networks. Pro-
ceedings of the 25" International Conference on Neu-
ral Information Processing Systems - Volume 1; Lake
Tahoe, Nevada: Curran Associates; 2012. p. 1097-105.
Szegedy C, Wei L, Yangqing ], Sermanet P, Reed S, An-
guelov D, et al, editors. Going deeper with convolu-



290 Chiang Mai Med J

tions. 2015 IEEE Conference on Computer Vision and 22. Lee HJ, Kim KG, Hwang SI, Kim SH, Byun SS§, Lee SE,

Pattern Recognition (CVPR); 2015 7-12 June 2015. et al. Differentiation of urinary stone and vascular cal-

21. He K, Zhang X, Ren S, Sun J, editors. Deep Residual cifications on non-contrast CT images: an initial expe-
Learning for Image Recognition. 2016 IEEE Confer- rience using computer aided diagnosis. ] Digit Imaging.
ence on Computer Vision and Pattern Recognition 2010;23:268-76.

(CVPR); 2016 27-30 June 2016.

UszAnSninvasnisiteuiiedn (deep learning) Tun1suenszuineiiarluvieladuvaneaan
iUy uslindu (non-calculous calcification) NUTINYUUAMNEBLENBITIVDS
szuumaAulaanaz (KUB radiograph)

1 Feelsal,! Andide 1555uLInfng,” uAsuns Buyela’ uas adan Sunsena’
LANA3598INYN ATwIngAEns 2nadvnsednatla AuzmmalanISwNNg unnIneduedll

wauszasd nsAnwilfiidmunefiefnwUsedninimues Deep learning Tunisuensenineilaluviels
drudangesnanfiuyuriinduniusnguunmaigienaisdvesssuumaiulaais

Fns Wunmsfinwmumudounds lideyaanamaieenasdssuumaiuiiaansvesiiog 200 efifiin
Tusieladutany (fomasiuau 235 soslsn) uay ammeenesdssuumaiulaansoaine 138 s1o7d
fuyuriaduitlilialumafulaans Gmundunu 235 seslsa) seslsaiomaldfumsitadesensmsa
furognslaetnmieiilsmernaumaeuasidedmilurinan Wouduseu we. 2556 8 Wourugiou
W.f. 2562 BeUsznaudie CT IVP wio URSL i@ﬂiﬁﬂﬁ’wmgmﬁaﬂLLamsaUﬁm (crop) 9NANANEELDNDLTE
pdniuseslsndinan 185 seslsnvasisaninduazgndusenuifielfifudoyadmiunsiinaey  deep
learning Weanslasstnedasynausae AlexNet GoogleNet uag ResNet50 @ 50 seelsailvdovosudas
nauazgnlfidutoyalunismasoulsyansamues deep learning ustagsa nsdnwifld STATA version 14.2
Wemuaumeanal (sensitivity) AusIng (specificity) AMweInsaduauan (PPV) Arneinsainaau (NPV)
wazAUONABY (accuracy) wagly logistic regression test \iaruauAn AUC 109 deep learning TeEnuede
P19 wahuUseuiisuiuse Chi-squared test

wan1sAnen Aaailaves deep leaming Tianuiaietneiiangsnifesas 80 AT uEgInIIYeray 65
AmeINTaiNaUINEINIITaEaY 70 Mnensalnaaugeninfesas 80 uaziiaugniesszanudesay 80 wul
fin AUC (95% Cl) 984 AlexNet network lumsuensgninsihluvieladiuuanseenanniiuyuriaduiivsinguu
AnaetengLsdvessrUUMaAUtaaazyindu 0.79 (0.71-0.87) Wisudu 0.81 (0.74-0.88) w83 GoogleNet
Wy 0.82 (0.74-0.90) ¥ad ResNet50 (p = 0.43)

a3U Deep leaming vansiedotneiiUszdvnmiilunisusnsenisinluielndudasesnaniiuuvindud
Usinguunmaieienasgresssuumsiulaanis Wesludiivans 2564;60(3):281-90. doi: 10.12982/
CMUMEDJ.2021.25

AdAey: Wiluvialndiuuane non-calculous calcification uyunenluvaenidon N15Seusldedn transfer

learning pretrained network




Original article

Prognostic indices of upper gastrointestinal bleeding in patients in
the Emergency Department
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Objectives Upper gastrointestinal bleeding (UGIB) is a common but potentially fatal condition often seen in the emer-
gency department (ED). This study aimed to investigate prognostic factors, including the emergency department length
of stay (ED LOS), office hours vs. non-office hours visits, performance of an esophagogastroduodenoscopy (EGD)
including time from admission to performance of the EGD which could potentially affect in-hospital all-cause mortality.

Methods A retrospective study was conducted of patients with UGIB in the ED of Maharaj Nakorn Chiang Mai Hospital
during 2017. Univariable and multivariable logistic regression were used.

Results A total of 132 patients were included with a total of 19 deaths (14.4%). Logistic regression showed the presence
of any liver disease, systolic blood pressure < 90 mmHg, hemoglobin < 7 g/dL, platelet count < 100,000 per mm?,
International Normalized Ratio (INR) >1.2, a high Glasgow-Blatchford bleeding score, intravenous fluid 1,000 mL,
administration of blood components, use of octreotide and/or tranexamic acid were found to be associated with
increased mortality (p < 0.05). There was no evidence that either ED LOS =180 minutes after admission or a non-office
hours visit were associated with mortality (p > 0.05) although EGD following admission was associated with decreased
mortality (odds ratio [OR] 0.19, 95% confidence interval [CI] 0.07 to 0.52, p = 0.001). In multivariable analysis, only
EGD following admission (OR 0.01, 95% CI 0.01 to 0.1, p = 0.001) was associated with decreased mortality. In multi-
variable subgroup analysis, no evidence was found that EGD within the first 24 hours after admission (early EGD) was
related to decreased mortality compared with EGD after the first 24 hours (late EGD).

Conclusions EGD following hospital admission can decrease mortality. However, there was no evidence that a longer
ED LOS, whether admission occurred during office hours or outside of office hours or early vs. late EGD were associated with
in-hospital all-causes mortality. Chiang Mai Medical Journal 2021;60(3):291-302. doi: 10.12982/CMUMED].2021.26

Keywords: esophagogastroduodenoscopy, gastrointestinal hemorrhage, emergency department length of stay, mortality

Introduction

Upper gastrointestinal bleeding (UGIB) is a
serious and common condition in the emergency
department (ED). The incidence rate is approxi-
mately 90 people per 100,000 population (1).
UGIB requires proper and prompt management.
Such treatment includes medical treatment, es-
ophagogastroduodenoscopy (EGD), fluid and
blood component transfusion, and other invasive
procedures. Due to variation in the availability of
resources in different hospitals, the patient

mortality rate in each hospital can vary widely,
ranging from 3-10% (2-5).

Recent studies have tried to identify factors
associated with the mortality of UGIB patients
including age, hematemesis, syncope, comorbidi-
ties, chronic alcohol drinking, shock, low hemo-
globin, low platelet count, increased level of blood
urea nitrogen (BUN) level (2,5-8), and elevated
the international normalized ratio (INR) (9-11).

In the area of general patient care, an increase
in emergency department length of stay (ED
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LOS) has been shown to be related to mortality
(12,13). Other factors potentially related to mor-
tality which have been studied include whether
the mortality rate is associated with the time a
patient arrives at the hospital (during office hours vs.
outside office hours). Some studies have reported
that non-office hours arrivals are associated with
an increase in the time from arrival at the ED to
when the EGD was performed (time to EGD) (14-
17). However, results of studies of the associa-
tion between ED LOS and office hours vs. non-
office hours arrival on mortality in UGIB patients
have been inconclusive. There have been no
previous studies of this relationship conducted in
Thailand. We hypothesized that longer ED LOS,
no EGD following admission and non-office hours
visits could be associated with an increase in
mortality.

Although there are currently recommenda-
tions that EGD be performed within 24 hours of
admission to the ED(18), details of the appropriate
timing are controversial (19-21). This study aimed
to identify prognostic factors associated with
in-hospital all-cause mortality including ED LOS,
office hours vs non-office hours visits, and time
from admission to EGD.

Methods
Study design

This retrospective prognostic analytic study
was conducted and approved by the Ethics Com-
mittee of the Faculty of Medicine, Chiang Mai
University (Study No.: 413/2018) on 30 October
2018. Written informed consent was waived due
to the retrospective design. Patient identification
data was protected for privacy reasons, so another
person could not access sensitive data. This study
was registered in the Thai Clinical Trials Registry
(www.thaiclinicaltrials.org, TCTR20201201005).

Study setting and population

Patients with UGIB treated in the ED of
Maharaj Nakorn Chiang Mai Hospital, a univer-
sity-based, tertiary care hospital during 2017
were included. The inclusion criteria were all
patients treated in the ED that met the criteria

specified in the 10™ revision of the International
Statistical Classification of Diseases and Related
Health Problems (ICD-10) code as UGIB and
related codes (K25-K29, K31.811, K57, K62.5,
and K92.0-K92.2). Patients who were under 18
years old, pregnant, referred to another hospital,
or denied initial treatment were excluded.

Data collection

Patients” data in the hospital electronic medi-
cal records were retrospectively reviewed by a
clinician-researcher using ICD-10 codes. Indepen-
dent variables, including baseline characteristics
and potential prognostic factors were collected.

Baseline characteristics, including age, sex,
severity of UGIB, provisional diagnosis as variceal
bleeding, level on the Canadian Emergency Depart-
ment Triage and Acuity Scale (CTAS) (which is
routinely used in our hospital), comorbidities,
current use of nonsteroidal anti-inflammatory
drugs (NSAIDs), antiplatelets, anticoagulants or
steroids, a history of smoking or chronic alcohol
consumption, previous UGIB, presence of esopha-
geal varices and peptic ulcers, and signs of chronic
liver disease were collected. Severity of UGIB was
classified as massive or non-massive. Massive
UGIB was defined as a patient who presented in
the ED with evidence of UGIB with hemodyna-
mic instability including systolic blood pressure
(SBP) < 90 millimeters of mercury (mm Hg), shock
index (pulse rate/SBP ratio) > 1, signs of hypoper-
fusion (confusion, delayed capillary refilled time,
oliguria or anuria) or who required blood trans-
fusion of at least 4 units in a 24-hour period (22).

Potential prognostic factors pre-specified
based on evidence from previous studies included
age, symptoms, comorbidities, vital signs, hemo-
globin level, platelet count, BUN, INR, pre-endo-
scopic Rockall score, Glasgow-Blatchford bleeding
score, administration of intravenous fluid, blood
components, use of proton pump inhibitors,
octreotide, and tranexamic acid (7,23,24). We
categorized ED LOS as either > 180 or < 180
minutes. Based on a pilot chart review of LOS in
resuscitation patients in our ED, the average LOS
was maintained at < 180 minutes to prevent ED
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overcrowding. We also recorded whether the ED
visit occurred during office hours or during non-
office hour periods as well as the time to EGD.
We noted whether the patient received EGD
after admission or not and whether the time to
EGD was less than 24 hours (early EGD) or > 24
hours (late EGD) after admission based on
current recommendations that EGD be adminis-
tered within 24 hours (18).

Outcome measures

The study aimed to identify prognostic factors
associated with in-hospital all-cause mortality.
Subgroup analysis was conducted to compare
in-hospital all-cause mortality between late versus
early EGD in patients who had EGD performed
after admission.

Study size estimation

We based the sample size on the odds ratio of
mortality in patients with UGIB who had EGD
performed (0.38) and the incidence of EGD in
the survival group (76%) (4). The sample size, 120
patients, was calculated with an alpha level of 0.05
and a power of 80%.

Statistical analysis

Descriptive data are presented as a number,
percentage, mean, median, standard deviation
(SD), or interquartile range (IQR) as appropriate.
Categorical data were compared using the chi-
square test or Fisher exact test. Continuous data
with a normal distribution were compared using
the t-test. Continuous data with no normal dis-
tribution were compared by means of the Mann-
Whitney U test or the Kruskal-Wallis test, depen-
ding on the number of groups. The Shapiro-Wilk
test and data visualization were used to test for
a normal distribution. Missing data was handled
with the multiple imputation method. Univariable
and multivariable logistic regression, including
subgroup analysis, were used to analyze factors
potentially associated with mortality in UGIB.
Statistically significant factors in univariable
analysis (p < 0.05) and prespecified factors of in-
terest including ED LOS, ED visit during office

hours or non-office hours and EGD following
hospital admission were analyzed using multi-
variable analysis. Statistical significance was es-
tablished as p <0.05. Stata version 16 (Stata Corp
LLC, College Station, TX, USA) was used for
calculation and analysis. The datasets are availa-
ble from the corresponding author on reasonable
request.

Results

One hundred seventy-one patients met the
initial inclusion criteria. However, after exclusion
criteria were applied, 39 of those patients were
excluded (Figure 1).

Of the 132 patients included, 85.6% were male.
The median age was 55 years (IQR 41 to 65). Sixty-
seven percent had at least one underlying disease.
The most common comorbidity was liver diseases
(32.8%) followed by cirrhosis (18.2%), malignan-
cies (18.2%), renal diseases (13%), heart diseases
(11.5%), and respiratory diseases (7.6%). Current
medications consisted of NSAIDs (18.2%), anti-
platelets (12.2%), steroids (6.8%), and antico-
agulants (5.3%). Sixteen percent of the patients
had massive bleeding, while 20.5% had variceal
bleeding. Nineteen patients (14.4%) were in the
death group. There were no statistically significant
differences in baseline characteristics between the
survival group and death group with the excep-
tion of the severity of disease (massive and non-
massive UGIB), provisional diagnosis (variceal
and non-variceal bleeding), triage level, and the
comorbidity liver disease (Table 1). The massive
bleeding group had a higher incidence of mortali-
ty than the non-massive bleeding group (odds ra-
tio [OR] 5.59, 95% confidence interval [CI] 1.90
to 16.45, p = 0.003). No missing data was found.

Univariable logistic regression to determine
the association between various variables and the
mortality of UGIB patients found that any liver
diseases as a comorbidity, systolic blood pressure
< 90 mmHg, hemoglobin < 7 g/dL, platelet count
< 100,000 /mm?, INR > 1.2, Glasgow-Blatchford
bleeding score (GBS), intravenous fluid > 1,000
milliliters (mL), the use of blood components,
octreotide, and tranexamic acid were all associated
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Patients diagnosed with upper gastrointestinal bleeding in the ED

(n=171)
Excluded (n = 39)
Referred to another hospital (n = 23)
Denied initial treatment (n = 13)

A 4

Age < 18 years (n = 2)
Pregnant (n = 1)

Data collection: baseline characteristics and potential
prognostic factors (n = 132)

/\

Survived (n =113)

Died (n=19)

Univariable and multivariable analyses

Figure 1. Study flow

Table 1. Baseline characteristics

Characteristics Overall (n =132) Survived (n=113) Died (n=19) p-value*
Age - years (IQR)" 55 (41-65) 54 (34-64) 56 (51-74) 0.069
>60 - n (%) 45 37 (82.2) 8(17.8) 0.442
<60 -n (%) 87 76 (87.4) 11 (12.6)
Male - n (%) 113 94 (83.2) 19 (16.8) 0.073
Symptoms
Hematemesis — n (%) 67 59 (88.1) 8(11.9) 0.464
Hematochezia — n (%) 18 13 (72.2) 5(27.8) 0.141
Syncope 37 32 (86.5) 5(13.5) 1
Severity of UGIB - n (%)
Massive 21 13 (61.9) 8 (38.1) 0.003
Non-massive 111 100 (90.1) 11 (9.9)
Provisional diagnosis — n (%)
Variceal bleeding 27 19 (70.4) 8 (29.6) 0.026
Non-variceal bleeding 105 94 (89.5) 11 (10.5)
CTAS Triage level - n (%)
Resuscitation 10 5 (50) 5 (50) 0.004
Emergent 33 25 (75.8) 8(24.2)
Urgent 81 75 (92.6) 6(7.4)
Less urgent 5(100) 0(0)
Not urgent 3 (100) 0(0)
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Table 1. Baseline characteristics

Characteristics Overall (n =132) Survived (n=113) Died (n=19) p-value*
Comorbidities — n (%)
Any liver diseases 43 32 (74.4) 11 (25.6) 0.013
Cirrhosis 24 18 (75) 6 (25) 0.114
Malignancies 24 18 (75) 6 (25) 0.114
Renal diseases 17 14 (82.4) 3(17.6) 0.713
Heart diseases 15 13 (86.7) 2 (13.3) 1
Respiratory diseases 10 10 (100) 0(0) 0.356
One or more 89 74 (83.1) 15 (16.9) 0.299
Current medications — n (%)
NSAIDs 24 23 (95.8) 1(4.2) 0.195
Antiplatelet 16 13 (81.3) 3(18.8) 0.462
Anticoagulant 7 7 (100) 0(0) 0.593
Steroid 9 8 (88.9) 1(11.1) 1
History of smoking - n (%) 55 46 (83.6) 9(16.4) 0.611
Chronic alcohol consumption - n (%) 78 64 (82.1) 14 (17.9) 0.123
History of UGIB - n (%) 38 33 (86.8) 5(13.2) 1
History of varices — n (%) 20 15 (75) 5 (25) 0.156
History of peptic ulcer - n (%) 16 14 (87.5) 2 (12.5) 1
Signs of chronic liver disease — n (%) 33 26 (78.8) 7 (21.2) 0.251
Vital signs
Systolic blood pressure - mmHg
<90 -n (%) 12 7 (58.3) 5(41.7) 0.015
>90 - n (%) 120 106 (88.3) 14 (11.7)
Pulse rate — beats per minute
>100 -n (%) 64 53 (82.8) 11 (17.2) 0.460
<100 - n (%) 68 60 (88.2) 8(11.8)
Respiratory rate — breaths per minute
>20-n (%) 26 20 (76.9) 6(23.1) 0.093
<20 - n (%) 102 92 (90.2) 10 (9.8)

Laboratory investigation
Hemoglobin - g/dL

<7-n(%) 30 22 (73.3) 8(26.7) 0.031
>7-n(%) 101 91 (90.1) 10 (9.9)
Platelet count — x 10°/mm’
<100 - n (%) 32 23 (71.9) 9 (28.1) 0.015
> 100 - n (%) 99 90 (90.9) 9(9.1)
BUN - mg/dL
>20-n (%) 70 61 (87.1) 9(12.9) 0.622
<20 -n (%) 60 50 (83.3) 10 (16.7)
INR
>1.2-n(%) 57 42 (73.7) 15 (26.3) 0.001
<1.2-n (%) 74 70 (94.6) 4(5.4)
Pre-endoscopic Rockall score (IQR)' 3 (2-4) 3(1-4) 4(3-4) 0.045
Glasgow-Blatchford bleeding score 9 (4-13) 9 (4-13) 11 (9-14) 0.043

(IQR)'
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Table 1. Baseline characteristics

Characteristics Overall (n =132) Survived (n=113) Died (n=19) p-value*
Treatment
Intravenous fluid > 1,000 mL - n (%) 26 17 (65.4) 9 (34.6) 0.003
Blood component — n (%) 21 13 (61.9) 8 (38.1) 0.003
Proton-pump inhibitor - n (%) 116 101 (87.1) 15 (12.9) 0.248
Octreotide — n (%) 29 21(72.4) 8 (27.6) 0.034
Tranexamic acid — n (%) 26 19 (73.1) 7 (26.9) 0.059
ED LOS - minutes
> 180 - n (%) 66 56 (84.8) 10 (15.2) 1
< 180 - n (%) 66 57 (86.4) 9 (13.6)
ED visit
Non-office hours - n (%) 99 85 (85.9) 14 (14.1) 1
Office hours - n (%) 33 28 (84.8) 5(15.2)
EGD following admission - n (%)
Yes 98 90 (91.8) 8(8.2) 0.001
No 34 23 (67.6) 11 (32.4)
EGD diagnosis - n (%)*
Variceal bleeding 40 35 (87.5) 5(12.5) 0.124
Non-variceal bleeding 56 54 (96.4) 2(3.6)

'p < 0.05 are defined as statistically significant.

f; Data presented as median (interquartile range), ¥ patients with EGD following admission,

BUN, blood urea nitrogen; CTAS, Canadian Emergency Department Triage and Acuity Scale; ED, emergency de-

partment; EGD, esophagogastroduodenoscopy; INR, International Normalized Ratio; IQR, interquartile range;

LOS, length of stay; NSAIDs, Nonsteroidal anti-inflammatory drugs; UGIB, Upper gastrointestinal bleeding;

g/dL, gram per deciliter; mg/dL, milligram per deciliter; mm?, cubic millimeter; mL, milliliter; mmHg, millimeter of

mercury.

with higher mortality (Table 2,3).

Using univariable logistic regression, no
evidence was found that ED LOS > 180 minutes
was associated with mortality (OR 1.13, 95%CI
0.43 to 2.99, p = 0.804). Visiting the ED during
office hours versus during non-office hours was
not associated with mortality (OR 0.92, 95%CI
0.31 to 2.79, p = 0.886). No associations persisted
in the multivariable regression. To explore the
association of ED LOS > 120, > 150, and > 210
minutes and mortality, we performed univari-
able post-hoc analysis which found no evidence
that either ED LOS = 120 (OR 1.29, 95%CI 0.35
to 4.82, p = 0.705), = 150 (OR 2.14, 95%CI 0.66
to 6.86, p = 0.203) or > 210 minutes (OR 1.58,
95%CI 0.59 to 4.21, p = 0.359) were associated

with mortality. Post-hoc multivariable analysis
similarly found no evidence that ED LOS > 120
(OR 0.61, 95%CI 0.04 to 8.79, p = 0.720) or = 150
(OR 3.33, 95%CI 0.32 to 34.47, p = 0.314) or
> 210 minutes (OR 2.04, 95%CI 0.34 to 12.37,
p = 0.438) were associated with mortality.
Univariable and multivariable logistic regres-
sion showed that the mortality of patients who
had EGD performed at admission was lower than
those who did not have EGD performed at ad-
mission. There was no evidence of differences in
EGD following admission between non-massive
(72.1%) and massive UGIB (85.7%) (p = 0.277).
Among the 34 patients with no EGD following
admission, 3 patients (8.8%) with massive UGIB
and 8 patients (23.5%) with non-massive UGIB
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Table 2. Univariable analysis of association of potential prognostic factors with mortality

Variables Univariable analysis
Odds ratio (95% CI) p-value*
Age — years
> 60 - n (%) 1.49 (0.55-4.03) 0.428
<60 -n (%) Ref
Symptoms
Hematemesis — n (%) 0.67 (0.25-1.78) 0.417
Hematochezia — n (%) 2.69 (0.83-8.71) 0.098
Syncope 0.90 (0.30-2.72) 0.857
Comorbidities — n (%)
Any liver diseases — n (%) 3.98 (1.42-11.17) 0.009
Liver cirrhosis — n (%) 2.44 (0.82-7.25) 0.110
Vital signs
Systolic blood pressure - mmHg
<90 - n (%) 5.41 (1.51-19.37) 0.010
>90-n (%) Ref
Pulse rate — beats per minute
>100 - n (%) 1.56 (0.58-4.16) 0.378
<100 - n (%) Ref
Respiratory rate — breaths per minute
> 20 -n (%) 2.76 (0.90-8.47) 0.076
<20 -n (%) Ref
Laboratory investigation
Hemoglobin - g/dL
<7-n(%) 3.31(1.17-9.36) 0.024
>7-1n(%) Ref
Platelet count — x 10*/mm?
<100 -n (%) 3.91 (1.40-10.97) 0.010
> 100 - n (%) Ref
BUN - mg/dL
>20-n (%) 0.74 (0.28-1.96) 0.541
<20 -n (%) Ref
INR
>1.2-n(%) 6.25 (1.95-20.09) 0.002
<1.2-n (%) Ref
Pre-endoscopic Rockall score 1.21 (0.94-1.56) 0.133
Glasgow-Blatchford bleeding score 1.13 (1.01-1.27) 0.034
Treatment
Intravenous fluid > 1,000 mL - n (%) 5.08 (1.80-14.35) 0.002
Blood component use — n (%) 5.59 (1.90-16.45) 0.002
Proton-pump inhibitor use - n (%) 0.45 (0.13-1.56) 0.207
Octreotide use — n (%) 3.19 (1.14-8.90) 0.027
Tranexamic acid use — n (%) 2.89 (1.01-8.28) 0.049
ED LOS - minutes
>180 - n (%) 1.13 (0.43-2.99) 0.804
<180 - n (%) Ref
ED visit
Non-office hours — n (%) 0.92 (0.31-2.79) 0.886
Office hours - n (%) Ref
EGD following hospital admission - n (%)
Yes 0.19 (0.07-0.52) 0.001
No Ref

'p < 0.05 are defined as statistically significant.

Abbreviations: BUN, blood urea nitrogen; CI, confidence interval; ED, emergency department; EGD, esophagogas-
troduodenoscopy; INR, International Normalized Ratio; LOS, length of stay; Ref, reference; g/dL, gram per deciliter;
mg/dL, milligram per deciliter; mm’, cubic millimeter; mL, milliliter; mmHg, millimeter of mercury.
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Table 3. Multivariable analysis of association of potential prognostic factors with mortality

Multivariable analysis

Variables Odds ratio (95% CI) p-value’
Any liver diseases — n (%) 6.84 (0.94-49.62) 0.057
Vital signs
Systolic blood pressure - mmHg
<90 -n (%) 4.58 (0.44-47.4) 0.202
>90 - n (%) Ref
Laboratory investigation
Hemoglobin - g/dL
<7-n(%) 1.98 (0.23-17.49) 0.537
>7-n (%) Ref
Platelet count — x10°/mm?
<100 -n (%) 2.6 (0.34-19.81) 0.355
> 100 - n (%) Ref
INR
>1.2-n(%) 21.5 (0.81-572.72) 0.067
<1.2-n (%) Ref
Glasgow-Blatchford bleeding score 0.94 (0.76-1.17) 0.572
Treatment
Intravenous fluid > 1,000 mL - n (%) 2.45 (0.26-23.5) 0.436
Blood component use — n (%) 4.58 (0.38-55.3) 0.231
Octreotide use — n (%) 1.14 (0.14-9.59) 0.905
Tranexamic acid use — n (%) 5.68 (0.63-51.27) 0.122
ED LOS - minutes
>180-n (%) 0.86 (0.15-5.02) 0.864
<180 - n (%) Ref
ED visit
Non-office hours - n (%) 0.32 (0.05-2.04) 0.227
Office hours - n (%) Ref
EGD following hospital admission - n (%)
Yes 0.01 (0.01-0.1) 0.001
No Ref

'p < 0.05 are defined as statistically significant.

Abbreviations: CI, confidence interval; ED, emergency department; EGD, esophagogastroduodenoscopy;
INR, International Normalized Ratio; LOS, length of stay; Ref, reference; g/dL, gram per deciliter; mg/dL,
milligram per deciliter; mm?®, cubic millimeter; mL, milliliter; mmHg, millimeter of mercury

did not have EGD following hospital admission
due to their death occurring before EGD could be
performed. Patients with non-massive UGIB had
a lower incidence of mortality (OR 0.18, 95%CI
0.06 to 0.53, p = 0.002). Among the 98 patients
with EGD following admission, the number of
patients with non-massive UGIB was higher
(81.6%) than those with massive UGIB.
Ninety-eight patients (74.2%) had EGD per-
formed following admission. Of those, 41.8%

had early EGD within 24 hours of admission and
58.2% had late EGD. In univariable subgroup analy-
sis of early EGD and late EGD, the patients with
late EGD had lower mortality (OR 0.09, 95%CI
0.01 to 0.74, p = 0.025). After adjusting for other
prognostic factors with multivariable analysis,
it was found that mortality with late EGD was not
significantly different than with early EGD (OR
0.01, 95%CI < 0.01 to 7.24, p = 0.122).
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Discussion

Among patients visiting the ED, those with
UGIB have a serious condition which can result
in death. We found that the in-hospital all-cause
mortality was 14.4% and higher in patients who
did not receive EGD following hospital admission
(32.3%). Hearnshaw et al. similarly reported that
overall mortality was 10% and 45% in patients
those not receiving EGD following hospital ad-
mission (4). However, Kaya et al. and Imperiale
et al. found lower overall mortality (6.3% and
3.1%, respectively) in hospitals in developed
countries. That difference might be due to the
fact that developing countries generally have
more limited facilities (2,5). For example, a hier-
archical system for referral of patients to an EGD-
capable hospital in a developing country might
result in delayed treatment. We compared our
results with a previous study in Thailand which is
similar in context. The present study found morta-
lity from variceal and non-variceal bleeding
were 12.5% and 3.6%, respectively. Those results
are similar to Sangchan et al. which reported the
mortality rate from variceal and non-variceal
bleeding in tertiary care hospitals in Thailand to
be 12.4% and 7.4%, respectively (25).

Using univariable analysis, we found that
comorbidities, includinganyliver diseases, systolic
blood pressure < 90 mmHg, hemoglobin <7 g/dL,
platelet count < 100,000 /mm?, INR > 1.2, Glasgow-
Blatchford bleeding score, intravenous fluid use
> 1,000 mL, use of blood components, octreotide,
and tranexamic acid were associated with in-
creased mortality, but that the mortality rate of
patients who received EGD following admission
declined. Our results are consistent with many
other studies that found those variables to be
associated with mortality in UGIB patients.
Variables previously found to be associated with
mortality were comorbidities, shock, low hemo-
globin, and elevated INR (2,5,6,8-11,26,27).

After multivariable logistic regression was
applied in our study, only EGD following admis-
sion was found to significantly decrease morta-
lity compared with no EGD following admission.
However, Quan et al. found no evidence that

EGD following admission was related to the
adjusted odds ratio of in-hospital mortality. This
difference might be the inclusion in the Quan
study of only patients who presented with UGIB
secondary to peptic ulcer disease which less severe
than variceal bleeding (28), whereas our study
included patients who presented with UGIB from
all causes, including variceal bleeding.

Surprisingly, we found no evidence that pro-
longed ED LOS was associated with mortality.
These results differ from our initial hypothesis
that prolonged ED LOS would be expected to be
associated with higher mortality. In investiga-
tions of other common emergency conditions,
previous studies have found that prolonged ED
LOS is associated with increased hospital morta-
lity in patients with sepsis (29). A possible explana-
tion is that the quality and seamlessness of care
in the ED, the intensive care units (ICU), and
the general wards might be similar to that in an
academic hospital setting. Patients with unstable
hemodynamics whose mortality is higher might
be rapidly transferred to the ICU in which case
ED LOS might not be associated with mortality.
No previous comparative study has investigated
the effect association of ED LOS with mortality in
patients with UGIB. However, shortening the ED
LOS might, in real clinical practice, be considered
a means of minimizing the risk of ED over-
crowding, a factor that should be investigated in
further studies.

Findings of previous studies regarding the
association of arrival during office hours versus
non-office hours and time to EGD with mortality
have been inconsistent. Shaheen et al. reported
that arrival during non-office hours was associ-
ated with both increased mortality and a longer
time to EGD (14). However, a systematic review
and network meta-analysis as well as other studies
conducted in an EGD-capable hospital such as
the hospital in the present study found no difference
between office hours and non-office hours visits
in mortality or time to EGD (30,31), results
which are in agreement with the present study:
after adjusting for the effect of time to EGD using
multivariable analysis, no evidence was found
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of an association between office hours and non-
office hours on mortality. Medical centers which
are capable of performing EGD have a specialist
team (including residents, fellows, and attending
staff in many fields), as well as sufficient labora-
tory examination facilities and medical equip-
ment always available. Patients who visit during
non-office hours can be cared for to the same
standard as those who visit during office hours.

We found that mortality among patients who
received EGD following hospital admission was
lower compared with patients who did not receive
EGD following admission. Non-massive UGIB
was also associated with lower mortality compared
to massive UGIB, and the number of patients
with non-massive UGIB represented the majority
of patients who received EGD following admis-
sion. However, there were 8 patients with non-
massive UGIB (23.5%) who did not receive EGD
following hospital admission due to end-of-life
conditions which lead to their death before EGD
could be performed.

We found no evidence of a difference in mor-
tality with early EGD (within 24 hours of admis-
sion) compared with late EGD in subgroup analy-
ses. A previous study likewise found no mortality
benefit with early EGD (32,33). Laursen et al. also
reported that EGD within 24 hours of admission
was not associated with a reduction of in-hospital
mortality (20). Another study found no difference
in 30-day mortality between patients receiving
EGD within 6 hours of admission and those re-
ceiving EGD at between 6 and 24 hours (34).

Limitations

There were some limitations in our study. De-
tails of some prior treatments by other hospitals,
the dosage of medications, length of stay of criti-
cal care unit, and total length of hospital stay were
not included in the analysis because they were not
directly related to our primary objective. Further
research regarding these factors and their asso-
ciation with mortality should be investigated.

Conclusions

No evidence was found that either ED LOS or
office hours vs. non-office hours visits were asso-
ciated with
Although EGD following hospital admission may
decrease mortality, early EGD within 24 hours of
hospital admission versus late EGD might not be
associated with mortality.

in-hospital all-cause mortality.
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Survey of knowledge, perceptions and practices regarding
biosafety of medical students in the Faculty of Medicine,
Chiang Mai University in Academic Year 2019
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Sastraruji T2 and Sookkhee S3

"Third year medical students, Faculty of Medicine, ?Dentistry Research Center, Faculty of Dentistry,
3Department of Microbiology, Faculty of Medicine, Chiang Mai University, Chiang Mai

Objectives The study was designed to identify differences and correlations among the knowledge, perceptions and
practices regarding biosafety of medical students in the Faculty of Medicine, Chiang Mai University.

Methods This cross-sectional descriptive and analytical study was conducted with 321 2™ through 5* year medical
students via a self-administered questionnaire survey.

Results In the area of knowledge of biosafety, the 2" year students had more knowledge regarding disinfection with
70% alcohol and cleaning materials than 3" and 5" year students (p = 0.023 and p = 0.002, respectively). There was a
greater lack of knowledge regarding biohazard signs (p = 0.01 and p = 0.001) and biosafety levels (p < 0.001 and p <
0.001) among clinical students than among 2™ year students. As to perceptions regarding biosafety, clinical students
tended to ignore risks of infection from their used ward clothes (p = 0.008 and p = 0.003), lack of hand washing (p <
0.001 and p < 0.001), and cleaning their lab coat or ward coat (p = 0.007 and p = 0.013) more than the 2" year students.
In the area of practice of biosafety, incorrect practices were more common among clinical students than 2™ year stu-
dents, e.g., cleaning the lab bench after working with human pathogens (p < 0.001 and p < 0.001), bringing food and drinks
into the operating area (p < 0.001 and p < 0.001), and improperly disposing of infectious-trash (p = 0.006 and p = 0.007).
Spearman’s rank correlation coeflicient showed strong correlations among the level of agreement with statements
regarding wearing shoes coverings in a biosafety level 2 laboratory (r = 0.404), disposing of contaminated lab gloves,
gauze, and cotton (r = 0.479), and decontaminating accidentally spilled chemicals/specimens (r = 0.474), as well as the
frequency of cleaning the lab bench after working (r = 0.430), performing microbiology activities without using aseptic
techniques (r = 0.524), and wearing laboratory slippers inside a laboratory or ward (r = 0.442) with the average percep-
tion and practice scores of the 2™ to 5" year students.

Conclusions Clinical students tended to ignore some important knowledge, perceptions and practices. There were strong
correlations in the average scores of statements regarding perceptions and practices. A campaign should be instituted
to improve knowledge, establish correct attitudes and promote appropriate practice related to biosafety. Chiang Mai

Medical Journal 2021;60(3):303-15. doi: 10.12982/CMUMEDJ.2021.27

Keywords: biosafety, knowledge, perception, practice, medical students

Introduction the community, and the environment (1).
Unsafe practices of microbiological operators Unsafe practices in the laboratory, e.g., drop-
can result in an outbreak of biohazardous patho-  ping culture plates, contaminated hands and mis-

gens which could endanger health care workers,  handling of inoculum, can increase the exposure
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risk (1). Unsafe practices of laboratory practition-
ers found in Ahmad’s report include improper
personal protective equipment, mouth pipetting,
inappropriate syringe disposal, and using labora-
tory work benches without prior disinfection (2).

Kreunin, et al. reported in 2014 that the most
common risk factors for laboratory accidents
were a lack of perception and knowledge of labo-
ratory safety management on the part of labora-
tory operators (3). According to the findings of
a 2017 study by Sreedharan et al., less than half
of nurses are aware of the danger when handing
specimens diagnosed as infectious, resulting in
uncautious practices (4).

More importantly, medical students have to
handle biohazardous organisms in microbio-
logical laboratories and wards. In an article by
Chaicom, et al. published in 2013, knowledge was
found to be positively correlated with attitude.
Although some medical students had a high level
of knowledge, their practices fell below standard
and need to be improved (5).

Meyoutam, et al. stated that, “More than half
of clinical laboratory workers had low level of
knowledge: safety and emergency response”. (6)
Based on these findings, we performed a descrip-
tive, analytical cross-sectional study to assess the
level of and correlations among knowledge, per-
ceptions and practices of biosafety among 2" to
5" year medical students in the Faculty of Medi-
cine, Chiang Mai University. Differences between
the different years of study of the medical stu-
dents were also identified. We hypothesized that
more senior medical students tend to lose some
knowledge of and to fail to implement practices
related to biosafety, thus some significant differ-
ences between pre-clinical and clinical medical
students in terms of knowledge, perception and
practice were expected.

Methods

The present study of the knowledge, percep-
tions and behavior regarding biosafety among
medical students in the Faculty of Medicine,
Chiang Mai University, was conducted using a
cross-sectional survey with a self-administered

questionnaire via Google Form.

Among 794 medical students, 321 students
were recruited according to the Krejcie-Morgan
calculation to achieve a 95% confidence interval
[CI]. All student volunteers were requested to
answer the questionnaire.

This survey was conducted with 2" and 3" year
medical students who had been studying at the
Faculty of Medicine, Chiang Mai University and
4™ and 5% year students who had been practicing
at Maharaj Nakorn Chiang Mai Hospital during
the 2019 academic year.

Data collection

The survey was conducted between October
and November 2019 using a self-administered
questionnaire distributed via Google Form.
Ethical approval for the study was given by the
Ethics Committee, Faculty of Medicine, Chiang
Mai University (certificate of approval no. COM-
2562-06695). Verbal informed consent of the
participants was received before distributing the
questionnaire. To help ensure validity, the ques-
tionnaire was tested by 3 professors and the re-
liability was analyzed with 15 subjects who were
not recruited into the study. The results revealed
a Cronbach’s alpha coefficient of 0.964 which is
greater than 0.6, indicating that questionnaire
had a good index of trust.

The closed-ended questionnaire consisted of
3 parts as shown in Table 1 (parts II-IV) with 9
items in each part. The first part was the socio-
demographic section information including sex,
year of medical school in 2019, accidents in the
laboratory and frequency of operating in labora-
tory or ward, were collected from respondents us-
ing both nominal and ordinal scale measurement
(Table 1, part I).

The second part was designed to assess general
knowledge associated with biosafety, including
universal precautions, laboratory equipment, and
waste disposal. Answers were in either nominal
or ordinal scale. Each item had three options: ‘Yes,
‘No' and ‘Not sure’ Participants who responded to
the statements correctly scored one point, whereas
incorrect responses and ‘Not sure’ scored zero
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Table 1. Questionnaire regarding knowledges, perceptions, and practices of medical students in the Faculty of Medi-
cine, Chiang Mai University during the Academic Year 2019

Part I General sociodemographic data
Please check v the box or mark the blanks which best reflect your situations

1. Gender
O Male
O Female
2. In academic year 2019, in what class were you studying?
0O 2" year student
0 3" year student
0 4* year student
0 5% year student
3. Have you ever attended a training about biosafety?
O Have attended
O Have not attended
4. How many times a week did you work in the biosafety laboratory or the infectious wards in the last month?
O Never
01-2
o3
0 4-5
06-7
5. Have you ever had an accident while working in the biosafety laboratory or in the infectious wards, e.g., cutting
yourself with a sharp object?
O Yes
O No

Part II. General knowledges related to biosafety
Please check v the box or mark the blanks which best reflect your knowledge about the statement

Knowledge answer

Item Statement

Yes No  Not sure
Control of infection according to principles of universal precaution
1 Hand washing with soap is effective in eliminating infection in the laboratory.
2 Pathogens can contaminate lab coats and can grow and spread to other areas in
daily life.
3 Drug-resistant pathogens can survive on lab benches or work tables in wards

before they are cleaned with alcohol.
Covershoes should be worn while in the laboratory or the operating ward.

5 Absorbent materials such as paper towels with disinfectants should be used to
clean a contaminated lab bench.

General practices regarding operating rooms with biosafety level 2

6 A biohazard sign means that there is currently radiation in the room.

7 Microbiology laboratories and wards at the Faculty of Medicine, Chiang Mai
University are classified as a biosafety level 2 areas.

8 If the air conditioner in the microbiology laboratory or infectious ward is not
operating, you can open a window.

Infectious waste management

9 Used syringes are classified as general waste.
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Part ITI. Perceptions regarding biosafety
Please check v the box or mark the blanks which best reflect your perception about the statement.

Perception
Item Statement Strongly Agree Neutral Disagree Strongly
agree disagree
Control of infection according to principles of universal precaution
1 Hands should be washed after removing operating gloves.
2 Laboratory coats are more biologically contaminated
than ward coats.
3 Items placed on a lab bench in a microbiological labora-
tory or infectious ward can be contaminated.
4 Wearing covering boots is allowed in biosafety level 2
laboratory
5 If pathogens are accidentally spilled on a lab bench,
decontamination with 70% alcohol should be performed.
General practices regarding to operating rooms of biosafety level 2
6 If you see the “Biohazard” sign anywhere, it means that
food and drink should not be brought into that area.
7 Operators using a microbiology laboratory do not need
to be trained regarding biosafety.
8 Hand washing sinks should to be installed in a labora-
tory or ward.
Infectious waste management
9 It is not necessary to dispose of contaminated lab gloves,
gauze and cotton in a bin with a lid.
Part I'V. Practices related to biosafety
Please check v the box or mark the blanks which best reflect your practices.
Frequency of practice

Item Sentences
Always Often Sometimes Infrequently Never

Control of infection according to principles of universal precaution

1 I wash my hands before leaving the laboratory or ward.

2 I wash a used lab coat or ward coat and let it dry in
the sun.

3 I put a telephone or lecture sheet on the lab bench of

microbiology room or infectious ward.
Do you have worn laboratory slippers?

5 Do you clean the laboratory table after working with
human pathogens?

General practices regarding an operating room with biosafety level 2

6 I bring food or drinks into the laboratory or ward.

7 I have taken a non- medical third party into a micro-
biological laboratory or infectious ward.

8 Do you have performed microbiology practice?

Infectious waste management

9 I have disposed of contaminated lab gloves, gauze and
cotton in a red bag contained in a waste bin.
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points. Answers were classified into 3 levels: good
(7.00-9.00 points), moderate (5.00-6.99 points),
and poor (0.00-4.99 points).

Perception of biosafety, including universal
precautions, laboratory equipment, and waste
disposal were assessed in the third part. The state-
ments were divided into two aspects: positive
and negative perceptions. Responses were on a
5 level interval scales, i.e., ‘strongly agree, ‘agree,
‘neutral, ‘disagree’ and ‘strongly disagree. Each
response was scored from five points to one point
for positive perceptions and from one to five
points for negative perceptions. Finally, the mean
scores were calculated and classified into 3 levels:
good (3.50-5.00 points), moderate (2.50-3.49
points), and poor (1.00-2.49 points).

The last part covered respondents’ biosafety
practices including universal precautions, labora-
tory equipment, and waste disposal where each
item contained a five level interval scale from
‘always’ to ‘never’ which was scored from five
points to one point for positive practices and the
opposite for negative practices. Mean scores were
summarized into 3 levels: good (3.50-5.00 points),
moderate (2.50-3.49 points), and poor (1.00-2.49
points).

Data analysis
Data were analyzed using IBM SPSS Statistics

Table 2. Socio-demographic data

Base. Socio-demographic data is presented as fre-
quency, percentage and standard deviation. In
order to investigate the differences and correla-
tions of statistical values for knowledge, percep-
tion and behaviour among 2" to 5% year medical
students, Analysis of Variance (One-way ANOVA)
and Pearson correlation was used.

Results
Socio-demographic characteristics

Three hundred and twenty-two 2™ to 5" year
medical students at Chiang Mai University were
recruited into this study of whom 167 (52.02%)
were male. Most clinical students (61.11%) had
worked in the ward 6-7 times per week, whereas
56.14% of the pre-clinical students had worked
in the laboratory 1-2 times per week. Moreover,
241 (75.08%) of the respondents had never had
an accident in a laboratory or ward. Other socio-
demographic characteristics are shown in Table 2.

For the negative knowledge statement, “Drug-
resistant pathogens can survive on a lab bench or
working table in a ward before cleaning with alco-
hol’, the average knowledge score of 2™ year stu-
dents was significantly lower than that of the 3™
year students (p = 0.023) as shown in Fig. 1a. This
statement evaluated inaccuracies of the know-
ledge in the students as drug-resistant pathogens
are in fact killed by cleaning with 70% alcohol. In

Year of medical students in 2019

2" year (n=94) 3"year (n=114) 4%"year (n=59) 5" year (n=54) Total (n=321)

Sex
Male 54 (57.45) 41 (35.96) 35 (59.32) 37 (68.52) 167 (52.02)
Female 40 (42.55) 73 (64.04) 24 (40.68) 17 (31.48) 154 (47.98)
Frequency of operating in laboratory or ward (times/week)
6-7 1(1.06) 1(0.88) 32 (54.24) 33 (61.11) 67 (20.87)
4-5 8(8.51) 3(2.63) 12 (20.34) 11 (20.37) 34 (10.59)
3 18 (19.15) 12 (10.53) 5(8.47) 5(9.26) 40 (12.46)
1-2 33 (35.11) 64 (56.14) 8 (13.56) 5(9.26) 110 (34.27)
Never 34 (36.17) 34(29.82) 2(3.39) 0 70 (21.81)
Accidents in laboratory
At least once 14 (14.89) 45 (39.47) 6(10.17) 15 (27.78) 80 (24.92)
Never 80 (85.11) 69 (60.54) 53 (89.83) 39 (72.22) 241 (75.08)
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Figure 1. (a) Average response scores for the statement, ‘Drug-resistant pathogens can survive on a lab bench or work

table in a ward before cleaning with alcohol’ (b) Average response score for the statement, ‘Absorbent materials such

as paper towels with disinfectants should be used to clean a contaminated lab bench’ (c) Average response score for

the statement ‘A Biohazard sign means that there is currently radiation in the room. (d) Average response score for the

statement, ‘Microbiological laboratories and wards at the Faculty of Medicine, Chiang Mai University are classified as

areas that must be operated according to the rules of biosafety level 2’

fact, only alcohol concentrations of 70% or higher
are effective. This suggests that 2" year students
have more knowledge regarding disinfection with
70% alcohol than 3™ year students. For the posi-
tive statement, “Absorbent materials such as pa-
per towels with disinfectants should be used to
clean the contaminated lab bench” as shown in
Fig. 1b, there was a significant difference between
the 2" and 5" year students (p = 0.002). The 2™
year students had better knowledge about disin-
fection than 5" year students. Misunderstanding
regarding the biohazard sign by clinical students
was demonstrated by the next negative statement,
“A biohazard sign means that there is currently
radiation in this room” as shown in Fig.1c. There

was a significant difference between 2" year stu-
dents and other years (p = 0.004, p = 0.001, p =
0.001), suggesting that the 2" year medical stu-
dents had more knowledge regarding biohazard
signs than other students. A significant difference
was also demonstrated between 2™ year students
and clinical students regarding the statement,
“Microbiology laboratories and wards at the
Faculty of Medicine, Chiang Mai University are
classified as a biosafety level 2 areas” (p < 0.001) as
shown in Fig. 1d. Similarly, significant differences
were found between 3™ year students and clinical
students for the same question (p = 0.005, p =
0.002). This suggests there was a lack of knowledge
regarding biosafety level 2 among clinical students.
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Figure 2. (a) Average response scores to the statement, ‘Laboratory coats are more biologically contaminated than ward
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cotton in a bin with lid’ (c) Average response scores to the statement, ‘T wash my hands before leaving the laboratory or
ward. (d) Average response scores to the statement, ‘T wash a used lab coat or ward coat and let it dry in the sun.

Perceptions regarding biosafety

Fig. 2a shows the significant difference between
2" year students and 4™ and 5" year students in
responses to the statement, “Laboratory coats are
more biologically contaminated than ward coats”
(p = 0.008, p = 0.003), respectively. This suggests
that clinical students tended to ignore the risk of
infection from used ward clothes. Most 5™ year
medical students agreed with the next negative
statement, “It is not necessary to dispose of conta-
minated lab gloves, gauze and cotton in a bin with
a lid”, a result significantly different from 2™ year
medical students (p = 0.015) (Fig. 2b). This suggests
that 5" year medical students should be reminded
of proper disposal of contaminated objects.

Practice of biosafety

Significant differences were found between
2" year medical students and clinical students
in responses to the statement, “I wash my hands
before leaving the laboratory or ward” (p < 0.001,
< 0.001). Significant differences were also found
between 3" year medical students and clini-
cal students for the same statement (p = 0.031,
p = 0.038) as shown in Fig.2c. This suggests that
clinical students wash their hands less often than
pre-clinical students. Significant differences were
also found in responses to the positive statement,
“I wash my used lab coat or ward coat and let it
dry in the sun” between 2" year medical students
and 4™ and 5" year medical students (p = 0.007,
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Figure 3. (a) Average response scores to the statement, ‘I clean the lab bench after working with human pathogens’

(b) Average response scores to the statement, ‘T have brought food or drinks into the laboratory or ward. (c) Average

response scores to the statement, ‘T have disposed of contaminated lab gloves, gauze and cotton in a bin with a red bag’

0.013) as shown in Fig. 2d. This suggests that the
clinical students tended to clean their lab coat or
ward coat less often than 2" year students.
Significant differences were found between 2
year medical students and clinical students in re-
sponses to the positive statement, “I clean the lab
bench after working with human pathogens” (p
< 0.001, <0.001) as shown in Fig. 3a. Significant
differences were also found between 3 year stu-
dents and clinical students for the same statement
(p < 0.001, < 0.001). This suggests that clinical
students had inappropriate practices regarding
cleaning the lab bench after working with human
pathogens. For the statement, “I have brought
food or drinks into the laboratory or ward”, signi-
ficant differences were shown between the res-
ponses of preclinical and 2™ year students and

those of other clinical students (p = 0.018, =
0.001). Significant differences in responses to the
same question were also found between 3™ year
and 5" year students (p = 0.003) (Fig. 3b). This
suggests that clinical students tended to ignore
rules against bringing food and drink into the op-
erating area more frequently than pre-clinical stu-
dents. Significant differences between preclinical
students, especially 2™ year students, and clinical
students in response to the statement, “I dispose
of contaminated lab gloves, gauze and cotton in a
red bag contained in a waste bin” (p = 0.006, p =
0.007) (Fig. 3c). This suggests that the concept of
proper infectious-trash disposal should be raised
among pre-clinical students.

The Spearman’s rank correlation coefficient
showed a strong correlation and significant dif-
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ference between 2™ to 5" year students (r = 0.404,
p <0.001) in the level of agreement with the state-
ment, “Wearing shoe coverings is allowed in a
biosafety level 2 laboratory” as shown in Fig. 4a.
In Fig. 4b, Spearman’s rank correlation coefficient
showed a strong correlation and significant dif-
ference between the level of agreement with the
positive statement, “It is not necessary to dispose
of contaminated lab gloves, gauze and cotton in a
bin with lid” and the average perception score (r
=0.479, p < 0.001). There was a strong correlation
and significant difference between the level of
agreement with the positive sentence, “If patho-
gens are accidentally spilled on the lab bench,
decontamination with 70% alcohol should be
performed” and the average perception scores of
(r = 0.474, p < 0.001) (Fig. 4c).

Spearman’s rank correlation coefficient showed
a strong correlation and significant difference

between the frequency of practice for the state-
ments, “I clean the lab bench after working with
human pathogens” (Fig.5a), “I conduct microbi-
ology activities without using aseptic techniques”
(Fig.5b), and “I have worn laboratory slippers
inside the laboratory or ward” (Fig.5¢) with average
practice scores (r = 0.430, p <0.001, r=0.524, p
<0.001, and r = 0.442, p < 0.001, res-pectively).

Discussion

From the analysis of the relationship among
all three aspects, knowledges and perceptions
about biosafety had a weak positive correlation as
did the correlation between perceptions and prac-
tices. This finding is in the same direction as in a
study by Griffin (7). However, the results of the
present study indicate that there were differences
in biosafety principles among different students
at different levels of study.
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According to the analysis, the test results
showed that perceptions and practices had a
positive correlation (p = 0.007) which agrees with
the finding that clinical students and 4" and 5%
year medical students possess significantly lower
levels of both perceptions and practices compared
to pre-clinical students. This was possibly due to
more time being spent in the laboratory or ward
by clinical students leading to normalization
of some negative attitudes. A similar result was
published in a Chaicom, et al. study (5) of 4™ year
medical students in the Department of Internal
Medicine, Khon Kaen University. This suggests
that improvement of perceptions about biosafety
can lead to better practices. To improve percep-
tions regarding biosafety, the biosafety level 2
operating guidelines and the importance of trans-

mittable pathogens should be emphasized with
clinical students.

The 3" year medical students scored highest in
the knowledges section and were significantly su-
perior to 2™ year students’ scores. Supporting this
statement, 3™ year students had more experience
in the laboratory through the learning system ac-
cording to the faculty’s curriculum. All medical
students have studied the courses Human Patho-
gens 1 and 2 and have learned about the theoreti-
cal knowledges and practical guidelines. For that
reason, they should be aware of the need to protect
against the spreading of pathogens from lessons
on universal precautions, aseptic techniques,
important transmittable pathogens, and waste
management. Despite having recently studied
Human Pathogens 1, a course which covers bac-
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teriology and mycology, and Human Pathogens 2
which covers virology and parasitology, 2" year
students still require biosafety knowledge promo-
tion above and beyond what is provided by the
existing courses. Implementing this change may
yield better performance by clinical students in
the future because more knowledge leads to more
accurate perceptions. It is suggested that addi-
tional knowledges regarding biosafety for medi-
cal students in these courses could be important
for training about the variety of biosafety topics
described above and for prevention of the trans
mission of pathogens. Additional required courses
concerning biosafety would provide further
opportunity to refresh biosafety skills at both the
preclinical and clinical levels.

In order to improve all aspects of knowledges,
perceptions and practices, significant items related
to each of those aspects need to be periodically
reviewed. Hence, topics such as survival of drug-
resistant pathogens on lab benches, the meaning
of biohazard signs, laboratory rules, and safety
troubleshooting should be intensively provided
to the 2° year medical students before they begin
to work in a microbiology laboratory. Moreover,
2" year medical students should be informed
more extensively about the dangers of contami-
nated objects and proper waste disposal as shown
in Fig. 2b.

For clinical students, 4® and 5" year medical
students, rules concerning biosafety level 2 labo-
ratories and disinfection methods should be em-
phasized. Clinical students tended to ignore the
risk of infection from their used ward clothes and
to follow biosafety practices less closely. The risks
should be emphasized in order to raise awareness
of this issue. Campaigns and warning signs about
universal precautions should include, as often as
possible, promotion of hand washing, washing
then drying lab coats properly, and cleaning the
lab bench after working with human pathogens.

The average scores for perception were at a
high level, so this area requires no further pro-
motion. The frequency of following these posi-

tive practices is high among all medical students.
However, efforts to maintain these habits should
still be applied constantly.

Clinical students frequenlty exhibit negative
habits, e.g., not cleaning the lab bench after work-
ing with human pathogens and bringing food
into the laboratory or ward, more frequently than
do preclinical students. Clinical students need to
be more concerned about these negative behaviors.
This study confirms that the clinical students need
to be repeatedly trained to refresh their skills in
microbiology laboratories of biosafety level 2
before they practice in infectious wards.

Conclusions

Clinical students tended to have higher
knowledge scores than other student groups;
however, their perceptions and practices ranked
last. From the 2™ to the 5% year, knowledge of
microbiology and infectious disease was continu-
ously rehearsed, but actual practices and percep-
tions were not included in that effort, leading to
a decline in understanding over time. Important
aspects of perceptions and practices should be
highlighted annually with all medical student
groups in order to promote safer practices.
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Determining the minimum number of endotracheal intubation
cases necessary to develop the skills of medical students

Weerayutwattana R,” Teeratchanan T,” Poopipatpab S' and Supawattanabodee B2

'Department of Anesthesiology, Faculty of Medicine, 2Department of Research Methodology and
Medical Innovation, Faculty of Medicine, Vajira Hospital, Navamindradhiraj University, Bangkok

Objectives This study aimed to define the minimum number of cases necessary for 5" year medical students to develop
endotracheal intubation skills during Anesthesiology Department training by means of the construction of a learning
curve.

Methods In this longitudinal descriptive study, 5% year medical students performed endotracheal intubation (ETI)
on live patients under the supervision of anesthesiologists. The number of intubation attempts and the results of those
attempts were recorded. The generalized linear model (probit family) was used to construct the learning curve. The
secondary outcome was determination of the overall confidence of the students in their ETI skill at the end of the
session as measured using a 4-point Likert scale.

Results Data of seventy-four students was analyzed in this study. None of the students had had previous experience
in ETI with a patient. The mean number of ETI attempts per student was 5.26 (SD 1.23, range 3-10). The probability
of a successful ETI was 92.8% in the 3" attempt and 100% in the 4™ attempt. Self-reported levels of overall confidence
in their ETI skills were as follows: 55 (74.3%) students would attempt ETT alone, 9 (12.2%) students were completely
confident in their ability, 9 (12.2%) students would seek supervision, and 1 student (1.3%) was completely uncomfort-
able in doing the procedure.

Conclusions During their Anesthesiology Department rotation, medical students should be provided the opportunity
to make at least 3 intubation attempts to achieve a 90% probability of a successful ETI. The specific course syllabus
should be designed for each individual institution. Chiang Mai Medical Journal 2021;60(3):317-23. doi: 10.12982/
CMUMED]J.2021.28

Keywords: endotracheal intubation, learning curve, medical students, medical education research

Introduction

Endotracheal intubation (ETI) is an essential
clinical skill for medical students. The Medical
Council of Thailand has stated that endotracheal
intubation is one of the competency assessment

patients was easier and the success rate was higher
than with non-anesthetized patients (2-4). In
Thailand, fifth-year medical students are required
to participate in a 2-4 week rotation, depending

criteria for a National License (1). Due to the spe-
cialized nature of this basic skill, the Anesthesiology
department plays a major role in the process of
developing an effective curriculum. Several studies
have shown that practicing ETI with anesthetized

on the individual institutions curricula, in the
Anesthesiology Department. During this session,
the medical students learn ETI using a combina-
tion of basic theory, manikin practice, and live
experience in the operating theatre.
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Assessment of skill level is important to the
validation of the utility and effectiveness of the
educational curricula (5). In our institution, we
recommend at least 3 cases of ETI with a live
patient for each student during the 4 weeks period
of the anesthesiology rotation. This minimum
number was, however, established based on the
expected number of patients during this limited
period, not on the number needed to develop
competency in this valuable skill. This study aimed
to determine the minimum number of ETI with
live patients necessary for medical students to
achieve an anticipated success rate of 90%. We also
assessed the self-confidence of the medical stu-
dents in performing ETT at the end of the session.

Methods

Following receipt of approval by the Institu-
tional Ethical Committee, this longitudinal des-
criptive observational study was conducted
between June 2017 and May 2018 at the Faculty
of Medicine, Vajira Hospital, Navamindradhiraj
University, Thailand. Seventy-eight fifth year
medical students who had completed a four-week
training in the Department of Anesthesiology
were enrolled into the study after giving their in-
formed consent.

Prior to practicing ETI in an operating theatre,
all medical students had to participate in a basic
airway management program that includes
standard lectures and simulator-based training
under the direction of the same instructor team
which consists of two anesthesiologists. The
medical students had to achieve two consecu-
tive successful ETIs using a high-fidelity manikin
during this training to complete the program.
After that, the students were allowed to perform
actual ETTs in adult patients (age > 18 years) who
were scheduled for elective surgery.

The patients were evaluated preoperatively by
supervising anesthesiologists. Patients scheduled
for emergency surgery, those who were pregnant
with a gestational age > 20 weeks, cases where dif-
ficult airways were anticipated, e.g., limited mouth
opening (less than 3 fingerbreadths), a thyromen-
tal distance of less than 6.0 cm, a Mallampati score

of 4, limited neck movement, abnormal pathology
of the head and/or neck or a previous history
of difficult ETT were excluded. Patients’ demo-
graphic data, including age, gender, weight, height,
body mass index (BMI), American Society of
Anesthesiologists (ASA) classification, Mallam-
pati classification, and laryngoscopic view grade,
were recorded.

On the day of the surgery, the patients were
monitored with 3-lead electrocardiography (ECG),
non-invasive blood pressure (NIBP), pulse oxime-
try (SpO,), and capnography. General anesthesia
was induced and muscle relaxants were used to
facilitate tracheal intubation. The medical stu-
dents then performed conventional direct laryn-
goscopy using a Macintosh blade under direct
supervision of the attending anesthesiologists.
During the procedure, assistance in handling of
the equipment and performance of the backward,
upward, rightward pressure (BURP) maneuver
by the nurses was allowed when requested by the
students.

Successful intubation is defined as achieving
direct laryngoscopy, visualization of the endotra-
cheal tube through the vocal cord, and confirma-
tion of correctendotracheal tube (ETT) placement
using capnography and auscultation of equal
breath sounds in both lungs. The attending anes-
thesiologists were instructed to intervene with
the procedure if a medical student could not
perform the proper steps of ETI if the patient
became desaturated (SpO, < 95%), and/or if there
was potential for an airway injury. Failure to place
the ETT into the trachea and any interference or
physical assistance by the attending anesthesiolo-
gists was recorded as an unsuccessful intubation.
If the medical students failed on the first attempt
and were allowed to perform a subsequent ETI
in the same patient, they had to report both the
unsuccessful first attempt at intubation as well as
the successful second ETI. The number of intuba-
tion attempts, results of each of those attempts
and any complications were recorded in the stu-
dent’s logbook after being reviewed and approved
by the attending anesthesiologists.
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At the end of the session, the medical students
were asked to complete a self-assessment of their
overall confidence in their ETI skills using a
4-point Likert scale (1=completely uncomfortable,
2 = would seek supervision, 3 = would attempt
alone, 4 = completely confident) (6). Numeric data
are presented as mean + standard deviation (SD)
or as percentages. Cumulative probability univa-
riate analysis with a generalized linear model
(probit family) was used to estimate the probabili-
ty of a successful intubation and to construct the
learning curve. Statistical analyses were performed
using STATA V14 (StataCorp LLC, College Sta-
tion, Texas, USA).

Results

Of the seventy-eight medical students enrolled
in this study, four were excluded due to an in-
complete record in their student logbooks. Data
from a total of 74 medical students were used in
the analysis. None of the students had previous
experience performing ETI in a live patient.
Patient demographic data are shown in Table 1.
The patients were mostly female (64.4%) with a
mean age of 50.1 (SD 15.2) years. More than half
(57.3%) were ASA class II, while 24.7% and 18.4%
were ASA class IIT and I, respectively. The majority
of the patients (56.7%) had a laryngoscopic view
of either grade I or grade II (41.5%).

Table 1. Patient demographic data

Patient information

Age (years) 50.1 (SD15.2)
Gender

Male 138 (35.6%)

Female 250 (64.4%)
BMI (kg/m’) 24 (SD 4.2)
ASA classification

I 70 (18%)

II 222 (57.3%)

III 96 (24.7%)
Mallampati classification

I 187 (48.2%)

II 201 (51.8%)
Laryngoscopic view grade

I 220 (56.7%)

II 161 (41.5%)

III 5(1.3%)

v 2(0.5%)

Data are presented as mean (SD) or number (%)
BMI, Body mass index; ASA, American Society of Anes-
thesiologist physical status

A total of 388 recorded intubation attempts
were included in this study. The mean number of
intubation attempts per student was 5.26 (SD 1.23,
range 3-10). The probability of a successful ETI
in the first and second attempts were 17.5% and
60.5%, respectively (Figure 1). The probability

Adjusted Predictions with 95% Cls
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Attempt number

Figure 1. Learning curve of successful tracheal intubation in medical students.

N,number of students in each attempt
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of a successful ETI reached 92.8% in the third
attempt and finally reached 100% after the fourth
attempt. The most common reasons for intuba-
tion failure were inability to visualize the vocal
cord due to poor laryngoscope position (91.6%)
and unexpectedly difficultly in intubation (7.4%).
No perioperative hypoxia, respiratory or cardio-
vascular events were reported.

At the end of the session, overall confidence
in their ETT skills were as follows: 55 (74.3%) of
the students would attempt to perform the proce-
dure alone, 9 (12.2%) were completely confident
in their ability, 9 (12.2%) would seek supervision
and only 1 student (1.3%) felt completely uncom-
fortable to do the procedure (Figure 2).

Discussion

Learning the underlying theory, demonstra-
tion of skill proficiency, repetitive skills practice,
and constructive feedback are considered part of
an effective curricular process for clinical skill
education (5,7). It is also necessary to assess the
students’ skills after a session to evaluate and op-
timize the effectiveness of the curricula. These
evaluation results can be beneficial in validating
and augmenting the effectiveness of clinical
skills teaching (8,9). Following this fundamen-
tal guideline, we developed a basic airway train-
ing program for learning intubation skills that
consisted of a standard lecture, simulator-based
training, and performing ETT with live patients in
the operating theatre. The theoretical lecture pro-
vides core knowledge and the simulator training

Completely
uncomfortable

[ [1.3%l

Would seek
supervision
[12.2%]

Complete
confidence
[12.2%)]

alone
[74.3%]

y -

enables students to practice and make mistakes
without time restrictions and with no risk to
the patient (10-12). Our institution has various
methods for assessment of ETI skills including
observation, a check-list, and Objective Struc-
tured Clinical Examination (OSCE). Neverthe-
less, the most important determinant of skills and
knowledge retention is repetition (13). Practicing
ETI in living patients is a key process in develop-
ing those skills. In this study, we attempted to de-
termine the minimum number of cases necessary
for medical students to achieve the goal of a 90%
probability of successful intubation by means of
constructing a learning curve to identify the op-
timal number of cases of performing ETI with a
living patient during the Anesthesiology training
rotation and to further improve the curriculum.
In 2008, Tatiyanupunwong S and co-workers
conducted a study to determine the optimum
number of ETI with live patients necessary for
fifth-year medical students to achieve an 80%
success rate in endotracheal intubation (14). The
results of that study suggest that 10 cases of ETI
experience with a living patient are needed to
achievethatgoal. In2011, Tarasi PG and co-workers
prospectively reviewed the logbooks of 178 third-
year medical students rotating in the Anesthesi-
ology Department and found that the students
required at least 17 ETI encounters with a live
patient to achieve a 90% predicted ETTI success rate
(15). In the present study, we found that to achieve
a 90% probability of successful intubation, the
medical students should attempt at least 3 intuba-

Would perform

Figure 2. Confidence of intubation skill after the
Anesthesiology rotation
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tions in the operating theatre. The minimum
number of ETI attempts in this study is lower
compared to previous studies. Reasons for that
difference might include the combination of the
use of high-fidelity simulation with specific as-
sessments and the selection of patients.

At our institution, the basic airway training
program consists of a 1-hour conventional lec-
ture and 2 hours of manikin practice using high-
fidelity simulators (Difficult Airway Management
Simulator-Assessment System, Kytokagaku, Ja-
pan). Although there is currently only limited
data on the general improvement of trainee out-
comes compared to low-fidelity simulation for
ETI training, the high-fidelity simulators can
provide additional objective and quantitative in-
formation such as real-time visualization of the
laryngoscope position and of the lifting of the ep-
iglottis to expose the vocal cord, the force on the
tongue and incisor (in Newtons) and the proper
position of the endotracheal tube placement. This
allows instructors to give pertinent constructive
feedback and specific suggestions for improve-
ment of future attempts. Assessment methods
for simulation training at our institution include
observation and a checklist. After a 2-hour prac-
tice session with a high-fidelity manikin, medical
students are required to achieve two consecutive
successful ETIs and to complete the 10 steps of
the intubation checklist at the objective struc-
tured clinical examination (OSCE) station. This
process of assessment helps to ensure competency
and skill before practicing with live patients. We
also specifically excluded patients who are antici-
pated to have difficult airways in order to avoid
harmful complications for the patients. In this
study, all patients had Mallampati class I and II.
This differs from previous studies which included
high Mallampati score patients. We consider that
all these factors together played a major role in
the success rate observed in our study.

The most common reason for a failed intu-
bation in our study was inability to visualize the
vocal cord due to poor laryngoscope position.
Discussion with the supervising anesthesiolo-
gists and repetition of the exercise improved the

success rate in subsequent attempts. At the end
of the session, 74% of the medical students indi-
cated they would feel confident to perform ETI
alone and 9% were completely confident in their
ability to do the procedure.

There are some limitations in this study. First,
this was a single-center, observational study. Sec-
ond, the probability of successful intubation in
living patients depends largely on the effective-
ness of the basic airway training and the process
of assessment and selection of patients for prac-
ticing ETI. A different training program model
might produce dissimilar results.

Conclusions

Clearly defined learning objectives, proper
assessment of trainees, and a well-organized cur-
riculum are important for developing medical
clinical skills proficiency. We have found that at
least 3 intubation attempts should be provided
for medical students to achieve a 90% probability
of successful ETI by the end of the Anesthesiol-
ogy Department rotation in our institution. The
specific course syllabus should be adjusted for
each individual institution in order to ensure the
clinical skill competency of the medical students
meets professional standards.
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Original article

The relationship between inpatient nurse burnout and safety
outcomes in a teaching hospital in Thailand

Witoonsut C, Aekplakorn W, Phaipayom N and Wongrathanandha C
Department of Community Medicine, Faculty of Medicine Ramathibodi Hospital, Mahidol University

Objectives To identify the prevalence of inpatient nurse burnout and determine the association between burnout and
safety outcomes based on self-reports and system reports, including medication errors, and sharp object injuries.

Methods A cross-sectional study was conducted of 1,464 inpatient nurses at a teaching hospital in Thailand. A self-
administered questionnaire was used to collect demographic data, burnout assessment, and self-reported safety out-
comes. System-reported safety outcomes were obtained from hospital incident occurrence reports (IOR). Mixed effect
logistic regression and negative binomial regression models were used to explore the association between inpatient
nurse burnout and both self-reported and IOR safety outcomes.

Results Of the 702 participating inpatient nurses, 27% reported high emotional exhaustion, 13% reported high
depersonalization, and only one nurse reported low personal accomplishment. The high emotional exhaustion dimen-
sion was statistically associated with self-reported medication errors (ORadj 1.90, 95%CI 1.1-3.2) and self-reported
sharp object injuries (ORadj 3.12, 95%CI 1.2-7.9). For each one-point increase in emotional exhaustion on a 7-point
Likert scale, the rate of reported sharp object injuries increased by 15% (p < 0.05).

Conclusions Emotional exhaustion among inpatient nurses was noticeable and could potentially impact on patient
and personnel safety. Identification of nurses with emotional exhaustion and provision of support should be considered
as a part of included in policies to improve safety outcomes in the healthcare services. Chiang Mai Medical Journal
2021;60(3):325-34. doi: 10.12982/CMUMED]J.2021.29

Keywords: burnout, inpatient nurse, medication errors, sharp object injuries, safety outcomes

Introduction

Safety is an issue of significant concern in
many occupational settings, including the health-
care sector. Healthcare accreditation organiza-
tions worldwide, including Thailand’s Healthcare
Accreditation Institute, are determined to pro-
mote and enhance safety policies in health facili-
ties to provide safe healthcare delivery. In 2017, a
national health policy, the ‘Patient and Personnel
Safety Goals (2P safety)’ was initiated in Thailand
to encourage high-quality healthcare services
that are safe for both patients and healthcare per-
sonnel. Several outcomes, including medication

errors and sharp object injuries, were specified as
2P safety indicators (1).

Medication errors can occur at various stages
of the medical delivery process; however, they
occur most frequently during the administra-
tion phase, and are most frequently committed
by nurses (2). A study of Southeast Asian coun-
tries reported that the rate of administration
errors was between 15.2% and 88% (3). The con-
sequences of medication errors can range from
no harm to patient death. These errors can result
in an increased mortality rate, increased duration
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of hospitalization, and increased medical costs
(4). Regarding sharp object injuries, the United
States Centers for Disease Control and Prevention
(CDC) has estimated that approximately 385,000
healthcare workers in the U.S. are exposed to per-
cutaneous injuries every year and that more than
1,000 injuries occur each day (5). In Thailand, a
study by Honda et al. found that 55% of nurses
had been injured by sharp instruments within the
previous 12 months (6). Although the majority of
sharp object injuries are not life-threatening, possi-
ble severe consequences include transmission of
infectious diseases such as hepatitis B, hepatitis
C, and human immunodeficiency virus infection.

Factors leading to medication errors and sharp
object injuries among nurses can be classified as
active failures and latent conditions. Based on
Reasons Swiss cheese model, active failures are
defined as unsafe acts executed by individual
nurses and latent conditions are the flaws within
organizations (7). One of the individual nurse-
related factors recently found to be associated
with medication errors and sharp object injuries
was burnout (8,9). Burnout, an occupational phe-
nomenonresultingfrom theunsuccessful manage-
ment of chronic workplace stress, consists of
three dimensions: emotional exhaustion, deper-
sonalization, and a low degree of personal accom-
plishment (10). It mostly occurs among various
professions who work with people in challeng-
ing situations, including the nursing profession
(11). A previous study of nurse burnout in nine
countries by Aiken et al. (2011) found that 42%
of nurses in Thailand reported a high level of
burnout (12). The problem is that nurse burnout
can affect both the well-being of nurses and the
quality of healthcare delivery (13). Additionally, a
systematic review by Hall and colleagues reported
a significant association between burnout and
patient safety (14).

In Thailand, there have been few studies of
the association between burnout and medication
errors. One previous study documented a posi-
tive association between burnout and medication
errors among nurses, but the study was conducted
exclusively in a community hospital setting (8).

Studies in large hospitals or teaching hospitals
where the number of care procedures are higher
and safety programs are presumed to be much
more organized, however, have been very limited.
In addition, no studies have investigated the rela-
tionship between nurse burnout and sharp object
injuries, especially injuries reported via the hospi-
tal incident occurrence report (IOR) system.

Objectives

The objective of this study was to identify the
prevalence of burnout and investigate the asso-
ciation between burnout and safety outcomes, in-
cluding system-reported and self-reported medi-
cation errors and sharp object injuries, among
inpatient nurses at a teaching hospital in Thailand.

Methods

This cross-sectional study was conducted
among 1,464 inpatient nurses in 71 selected wards
of one teaching hospital. The required minimum
sample size, 700 inpatient nurses, was deter-
mined by applying the sample size guideline for
logistic regression in large populations (15). The
actual initial sample size was based on an anti-
cipated non-response rate of 50%. All inpatient
nurses who had been working in the hospital for
one year or more were invited to participate in
the study. Nurses who agreed to participate were
requested to complete a questionnaire, which
included an explanation of the study’s purposes
and assurance that their responses would be kept
confidential and anonymous. The study was con-
ducted between July and August 2020 and was
approved by the Institutional Review Board of
the Faculty of Medicine, Ramathibodi Hospital,
Mahidol University. (MURA 2020/510)

Research instruments

This study used primary data from a self-
administered questionnaire and secondary data
from the hospital record system. The questionnaire
consisted of three parts. The first part was demo-
graphic data, including personal and working
history. The second part was a Maslach Burnout

Inventory (MBI) questionnaire, a burnout
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questionnaire for healthcare personnel. This
questionnaire was translated into Thai by the
Mental Health Center 7, Khon Kaen, and tested
for internal consistency with a Cronbach’s alpha
coefficient of 0.80 (16). It was composed of 22
questions measuring three dimensions of burnout:
emotional exhaustion (EE) 9 questions, deperso-
nalization (DP) 5 questions, and personal accom-
plishment (PA) 8 questions. The questions were
written in the form of statements about job-
related feelings, e.g., “I feel emotionally drained
from my work” The emotional exhaustion and
depersonalization dimensions were measured
using a seven-point Likert scale (from 0 = never
to 6 = every day), while personal accomplishment
was reverse scored (6 = never, to 0 = every day)
and was based on respondent experiences. An
EE score of 27 or higher indicates high emotional
exhaustion, a DP score of 13 or higher indicates
high depersonalization, and a PA score of less
than 32 indicates a feeling of low personal accom-
plishment. Scores of 17 to 26 on the EE dimen-
sion, 7 to 12 on the DP dimension, and 32 to 38
on the PA dimension show evidence of moderate
burnout. Scores of 16 or lower on the EE dimen-
sion, 6 or lower on the DP dimension, and 39 or
higher on the PA dimension show evidence of
low burnout. Individuals with high emotional
exhaustion and depersonalization combined with
low personal accomplishment were categorized
as having burnout syndrome as defined by the
World Health Organization (WHO) (10). The last
part of the questionnaire was self-reported medi-
cation errors and sharp object injuries. A medica-
tion error was defined as any error in the process
of drug preparation or drug administration that
harmed or could have harmed the patient, e.g.,
wrong drug, wrong dose, or unordered drug. (17)
A sharp object injury was defined as an incident
that caused a blade, needle, or other medical in-
strument to unintentionally penetrate the skin
of the respondent while working (18). Respons-
es were obtained from two yes-no questions: 1)
“Have you ever made a medication error during
the past year?” and 2) “Have you ever had an in-
jury from a sharp object during the past year?”.

Reports of medication errors and sharp object
injuries were obtained from the hospital IOR
online reporting system. In this hospital, person-
nel were required to report all incidents, including
medication errors and sharp object injuries, via
the reporting system. The cumulative number of
incidents in each ward during the past year were
obtained. This data did not include any personal
information of those involved in the incidents.
Additionally, the data on the number of nurses,
number of beds, and length of hospital stay in
each ward for the same period were collected to
control for confounding.

Statistical analysis

Descriptive statistics were used to measure
the characteristics of participants and the overall
picture of burnout. Categorical variables, e.g.,
gender and marital status, were calculated as per-
centages. Continuous variables such as age and
nursing experience were reported as means and
standard deviations (SD).

Inferential statistics were used to explore the
association between nurse burnout and safety out-
comes at both the individual and ward levels. For
the individual level, self-reported safety outcomes
were treated as dichotomous variables. The data
were analyzed using a mixed logistic regression
model to take into account differences among
inpatient wards. Odds ratios (OR) and 95% confi-
dence intervals (CI) were calculated. Variables
were selected based on previous knowledge and
potential association with outcomes at a p < .15
from the Chi-squared tests (19). These variables
were assessed for multicollinearity using variance
inflation factors (VIF) before being included in
the final model. At the ward level, the reported
number of medication errors and sharp object
injury incidents in each ward were regressed on the
average scores of the burnout dimensions using a
negative binomial regression model to take into
account the potential overdispersion of the data.
The covariates in the models included the nurse-
to-bed ratio, type of inpatient ward and bed occu-
pancy rate. The inpatient wards were categorized
as private, general, intensive care units (ICU) or
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semi-ICUs. Bed occupancy rates were calculated
using the formula: (number of inpatient days x
100)/(number of beds x 365). Incidence rate ratios
(IRR) and 95% CIs were calculated. All analyses
were conducted using STATA 14.0. A p value of
.05 was set as the level of statistical significance.

Results

A total of 702 nurses from 68 inpatient wards
completed the questionnaire (a 48% response
rate). The participants were predominantly female
(97.4%), with an average age of 32 years. The majo-
rity of the nurses were single and had graduated
with a bachelor’s degree. The average length of
working experience as a nurse was 9.62 years. Six
hundred and forty-eight of the nurses (92.3%)
worked in shifts. The average hours worked per
week and number of night shifts per month were
46.50 (SD = 8.84) and 6.09 (SD = 3.22), respec-
tively. Approximately 52% and 48% of the nurses

had been trained on how to prevent sharp object
injuries and how to avoid medication errors,
respectively (Table 1). Regarding burnout, 27% of
the nurses had high emotional exhaustion, 13%
had high depersonalization, and only one nurse
had a low personal accomplishment. None of the
nurses had burnout syndrome as defined by the
WHO (Figure 1). At the ward level, the mean
score for each burnout dimension was 20.02 (SD
= 5.2) for emotional exhaustion, 6.6 (SD = 3.5) for
depersonalization, and 13.44 (SD = 3.4) for per-
sonal accomplishment.

There were 22 private wards (32.4%), 30 general
wards (44.1%), and 16 ICUs and semi-ICUs (23.5%).
The average number of nurses in each ward was
20.5 (SD = 9.8). The mean number of inpatients per
year was 865.91 (SD = 581.62). The mean number
of beds was 15.4 (range 4-41), and the average
nurse-to-bed ratio was 1.77. The average occu-
pancy rate was 71.5%, varying between 28.1% in

Table 1. Baseline characteristics of inpatient nurses, n=702

Variables Numbers (%)
Age (years), mean + SD 3217 +£7.47
Gender

Female 684 (97.4)

Male 18 (2.6)
Marital status

Single 512 (72.9)

Other (Married/Divorced/Widowed) 190 (27.1)
Level of education

Bachelor’s degree 614 (87.5)

Master’s degree 88 (12.5)
Income (baht per month), mean + SD 34,916.70 + 8,960.05
Nursing experience (years), mean + SD 9.62+7.35
Shift work (%) 648 (92.3)
Number of night shifts per month, mean + SD 6.09 £3.22
Work hours per week, mean + SD 46.50 + 8.84
Training on medication error prevention (%) 337 (48.0)
Training on sharp object injury prevention (%) 362 (51.6)
Burnout syndrome 0
Burnout dimensions

High emotional exhaustion (EE score > 26) 190 (27.1)

High depersonalization (DP score > 12) 93 (13.3)

Low personal accomplishment (PA score < 32) 1(0.1)

Data are presented as number (%) and mean + SD
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Figure 1. Prevalence of burnout among inpatient nurses, n=702

Table 2. Number and percentage of self-reported medication errors and sharp object injuries by burnout dimensions

Medication errors

Sharp object injuries

Factors Yes No p-value Yes No p-value
(n=192) (n=510) (n=39) (n=663)
Emotional exhaustion
Low 55 (18.8) 238 (81.2) < 0.001 7 (2.4) 286 (97.6) 0.008
Moderate 66 (30.1) 153 (69.9) 17 (7.8) 202 (92.2)
High 71 (37.4) 119 (62.6) 15 (7.9) 175 (92.1)
Depersonalization
Low 102 (22.9) 344 (77.1) 0.002 21 (4.7) 425 (95.3) 0.419
Moderate 58 (35.6) 105 (64.4) 11 (6.7) 152 (93.3)
High 32 (34.4) 61 (65.6) 7 (7.5) 86 (92.5)
Personal accomplishment
Low 0 1 (100) 0.582 0 1 (100) 0.677
Moderate 2 (16.7) 10 (83.3) 0 12 (100)
High 190 (27.6) 499 (72.4) 39 (5.7) 650 (94.3)

Data are presented as number (%) and mean + standard deviation
The p values correspond to Student’s t-test, Fisher’s exact test, and Pearson’s chi-squared test

the obstetrics and gynecology ward to 122.4% in
the emergency observation ward.

Regarding safety outcomes, 27% of inpatient
nurses (n=192) reported having made medica-
tion errors and 6% (n=39) reported sharp object
injuries in the last year. A higher proportion of
the nurses who reported medication errors and
those who reported sharp object injuries also had

a higher incidence of moderate or high emotional
exhaustion levels (Table 2). The number of medi-
cation errors and sharp object injuries reported in
the IOR system during the same period were 329
and 51 incidents, respectively. The mean number
of system-reported medication errors was 4.8 (SD
= 6.2), with a range of 0-28. The mean number
of system-reported sharp object injuries was 0.75
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Table 3. Odds ratio (OR) for association of medication error and sharp object injury with burnout dimensions

Medication error (n=192)

Sharp object injury (n=39)

Crude
OR (95%CI)

Burnout dimensions

Adjusted’
OR (95%CI)

Crude Adjusted™
OR (95%CI) OR (95%CI)

Emotional exhaustion (level)

High 2.54 (1.66-3.88)*
Moderate 1.85 (1.22-2.80)*
Low 1.00

Depersonalization (level)

High 1.74 (1.06-2.86)"

Moderate 1.82 (1.22-2.73)*

Low 1.00
Personal accomplishment (level)

High 1.00

Moderate 0.54 (0.11-2.54)

Low N/A

1.90 (1.12-3.21)*
1.63 (1.04-2.56)"

3.48 (1.38-8.76)*
3.45(1.40-8.51)*

3.12 (1.23-7.92)*
3.29 (1.33-8.15)*

1.00 1.00 1.00
1.04 (0.56-1.95)  1.65 (0.67-3.10) N/A
1.39 (0.89-2.18)  1.44 (0.67-3.10) N/A
1.00 1.00 N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A

*Significant at p < 0.05

"Adjusted for age, marital status, level of education, income, nursing experience, shift work, number of night shift per

month, training on sharp object injury prevention (according to p < 0.15)
"Adjusted for marital status, shift work (according to p < 0.15)

N/A: not applicable

(SD = 1.1) and had a range of 0-4.

The mixed logistic regression results of the as-
sociation of burnout with self-reported medica-
tion errors and self-reported sharp object injuries
are presented in Table 3. In multivariable analy-
sis, emotional exhaustion was found to be signifi-
cantly associated with both self-reported medica-
tion errors and sharp object injuries. Moderate
and high emotional exhaustion were both signi-
ficantly associated with increased odds of self-
reported medication errors (ORadj 1.63 and 1.90,
respectively) as well as self-reported sharp objects
injuries (ORadj 3.29 and 3.12, respectively).

Additional analysis using IOR of the associa-
tion of sharp object injuries and average burnout
score showed that a one-point increase in the
seven-point Likert scale for emotional exhaustion
was significantly associated with a 15% increase
in system-reported sharp object injuries after ad-
justing for nurse-to-bed ratio, type of inpatient
ward, and bed occupancy rate (IRR 1.15;95%CI
1.06-1.26, Table 4).

Discussion

The present study found that one in four nurses
had a high level of emotional exhaustion and about
one in ten nurses reported high depersonali-
zation although only one nurse reported experi-
encing a feeling of low personal accomplishment.
This predominance of the emotional exhaustion
dimension is consistent with a previous study
among nurses in academic medical centers in
Iran (20). It has been suggested that emotional
exhaustion is a core dimension of burnout and
that it is the most obvious manifestation of this
complex syndrome (21). When people describe
themselves as experiencing burnout, they often
are referring to a feeling of exhaustion. However,
the high burnout in each of the three dimensions
found in this study is lower than in a previous
study of nurses in community hospitals (8) and
lower than an earlier survey of staff nurses in a
teaching hospital in Thailand (22). A possible ex-
planation for these differences is that high work-
load and extended work hours are more common
in community hospitals (23). In addition, it is
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Table 4. Incidence rate ratio (IRR) for association of medication error and sharp object injury with burnout dimensions

Burnout dimensions

Medication error (n=329)

Sharp object injury (n=51)

Crude
IRR (95%CI)

Adjusted”
IRR (95%CI)

Crude Adjusted’
IRR (95%CI) IRR (95%CI)

1.07 (1.01-1.13)*
1.05 (0.95-1.16)
1.13 (1.01-1.26)*

Emotional exhaustion

Depersonalization

Personal accomplishment
(score, continuous)

1.06 (0.99-1.13)
0.94 (0.87-1.09)
1.11 (1.01-1.24)*

1.11 (1.03-1.19)* 1.15 (1.06-1.26)*
1.04 (0.95-1.15) 0.94 (0.84-1.06)
1.02 (0.11-3.21) 0.94 (0.82-1.07)

* Significant at p value < 0.05

" Adjusted by nurse-to-bed ratio, bed occupancy rate, type of inpatient ward

possible that burnout in the teaching hospital
which is the subject of this study had been re-
duced by improved working conditions resulting
from the quality improvement programs regular-
ly instituted by the hospital over almost the past
30 years.

Our study found that the number of self-re-
ported medication errors and sharp object inju-
ries were lower than the figures obtained from
the incident reporting system (medication errors
192 vs. 329 and sharp object injuries 39 vs. 51).
This differs from several other studies in which
the numbers of errors recorded in the incident
reporting system were usually underestimated
(24,25). However, the self-reported numbers in
the present study might be lower than the actual
number because the yes-no question format in
the questionnaire did not account for nurses who
might have made medication errors and/or had
sharp object injuries more than once. Also, the
missing data in the non-response group could
have resulted in a decrease in the number of self-
reported safety outcomes.

This study highlights the impact of nurse
burnout on medication errors and sharp object
injuries. These results are consistent with several
previous studies. For example, a study among
nurses in Thailand by Nantsupawat et al. reported
that a high level of burnout resulting from emo-
tional exhaustion was associated with the nurses’
perceptions of adverse patient outcomes, espe-
cially medication errors (8). Research previously
conducted among nurses in China by Wang et al.
found that emotional exhaustion was positively

correlated with the occurrence of sharp object
injuries (9). That relationship may be explained
by the conservational of resource theory which
states that when peoples’ resources are exhausted,
they may enter a defensive mode to preserve them-
selves and may alter their investment of future
resources (26). When nurses feel exhausted, they
may be more likely to pull away from the job,
including patients, and may focus only on the
parts of the job they like which may lead to a lower
quality of healthcare. Another possible explana-
tion is that burnout symptoms may be related to
cognitive dysfunction (27), attention deficit (28),
and insomnia (27). In addition, the relationship
between burnout and sharp object injuries may
also be partially explained by the positive asso-
ciation between burnout and safety workaround
(29), an alternative work process that bypasses
required organizational safety procedures or
rules, violations of safety procedures that are one
of the causes of accidents at work.

This study explored the association between
burnout and safety outcomes among nurses in a
teaching hospital. The researcher assessed medi-
cation errors and sharp object injury incidents
using self-reported questionnaires and incident
occurrence reports (IORs). However, the cross-
sectional design of the study does not confirm
a causal link between variables. The research
setting for this study was only one tertiary care
institution;nevertheless, the results may be appli-
cable to other large hospitals with similar charac-
teristics and working process.
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Conclusions

This study indicates that emotional exhaus-
tion is a substantial problem among inpatient
nurses and that it has a significant impact on pa-
tient and personnel safety. Identifying nurses with
emotional exhaustion and providing appropriate
support, including discussing mental health fac-
tors as part of Root Cause Analysis (RCA) should
be considered for inclusion in policies to promote
safety in healthcare services.
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Comparison of lead levels in blood collected by using general and
special tubes

Poonkla U, Brohnmwitak C, Wechapanich S and Yeekian C

Queen Savang Vadhana Memorial Hospital, Chonburi

Objectives The objective of this study was to compare the lead levels in blood samples from two
types of collection tubes: general blood collection tubes (lavender top tubes) and special blood
collection tubes (royal blue-top tubes).

Methods A total of 22 samples were harvested from lead-exposed workers in the eastern region of
Thailand. General demographic data of the participants was gathered by questionnaires, after which
approximately 7-8 milliliters of venous blood was taken and equally divided into the two types of
tubes. The samples were then analyzed using inductively coupled plasma mass spectrometry (ICP-
MS) to measure the lead levels.

Results The study found no statistically significant difference between the mean values of the
lead level in the blood collected in the two types of tubes. The serial mean blood lead level of
the general and special tubes were 33.74 + 27.18 mcg/dL and 35.94 + 28.77 mceg/dL, respectively.
The difference in serial mean blood lead levels in the two types of tubes was 2.20 + 6.39 mcg/dL
(p = 0.121). Of the 22 blood samples, there were 2 samples in which lead levels in both types
of collection tubes differed by more than two standard deviations and were considered outliers.
When the two outliers were excluded and the data reanalyzed, the mean lead level in blood col-
lected in general blood collection tubes and that collected in special blood collection tubes was
32.11 + 27.67 mcg/dL and 32.61 + 27.47 mcg/dL, respectively. The mean difference after excluding
the outliers was only 0.50 + 3.20 mcg/dl (p = 0.494).

Conclusions Lead levels in blood collected using the two types of collection tubes were not
statistically different, Indicating that the different types of blood collection tubes can be used in-
terchangeably. Chiang Mai Medical Journal 2021;60(3):335-44. doi: 10.12982/CMUMEDJ.2021.30

Keywords: blood collection tubes, Blood lead levels, Lead exposed workers
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10-2.5 (
N3insERu PM,, 9s53uUsua PM,, nly

P8) IINAUNTT PM,,, = P, - PM,,  Wd353Y

10-25 — 2.5

foyametiluaduseiu lnsuvudaesi 114
Aade 24 92l uazuuudansi 2 ldegegn
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PM, . 11437 137436 1 12 27.85+22.40 uAn./a’ 22 37 305
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S0, 0 2+4 0 0 1.35+1.99 ppb 1 2 171
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co 0 0 0 0.4 0.56+0.23 ppm 0.5 0.7 4.1
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M15199 3. AuENTUSIENINTEAU PM, , WasTIeTl (WUUT188d 1) wasungasnedu (Wuudnaed 2) Adiutu 10
1an./y’ Aumsuilsanetuiamelsanfazylalulsevnsnaviun

wuudaes 1 : 1sa LAG ADJ. IRR 95% CI wuudaes 2: 1sa LAG ADJ. RR 95% CI
AN AT
Uongrtuisesarnzy 1 106 (101-111)  Ueashiau 7 102 (1.005-1.00)
fndemadumelad 6 1.04™ (102-107)  Gndenadumeladnin 6 1.02*  (1.01-1.03)
WA : Y mamelaviovwe 2 1.01*  (1.001-1.02)
ﬂamqmﬁv’m‘g@%’&ﬁ%‘%u 1 109" (103-1.15) e :ve
Andenafumelodiy 7 103" (1002-100)  Aadomadumdladuuy 6 1.02¢ (1.002- 1.03)
gl 2 102" (1003-1.04) 1wl : e
LWA 2 IS Usrdnigny 0 1.04*  (1.01 - 1.06)
Uardniau 0 107" (102-1.12)  #enusmsguyys : guyvd
Tdwinlug) 2 081" 069-094)  ldnislvey 1 1155 (101-1.25)
FOUEMSGUYYS : gUYVE anmusmsguyy : biguyvi
Uongartuesariy 0 107 (101-113)  Ueadniau 0 102 (1.01-1.04)
senuzmsguyys : biguyn Andomadundaduiy 6 1.02%%  (1.01-1.04)
nswelarton 3 102 (1001-108)  wnelasion 3 L0T* (1001 - 102)
ngua1Y : 918 0- 14 Y naxey : 918 0- 14U
Fndemnadunelednay 7 105 (102-109)  Aedemsdwngladnuy 7 1.02¢ (1002 - 1.03)
manelavivn 7 106" (103-109)  mamelaviovn 7 1.02% (101 - 1.03)
ndueny : 9y 65T Fuly Tsauszsavasdiiony 65 Y ul :
Uamqmﬁguéa%’dﬁﬁu 0 1117 (1.05-1.17) Uaﬂqﬂﬁy’uga%’aﬁﬁu 1 1.05*  (1.01- 1.09)
Yangniay 1 107" (02-111)  Tsauszsndavesdileny 65 Y Fulu : rwidniladinga
Tiwiolve) | 058  (035-09)  vesgeiudesaiidu 0 103 (100-1.06)
manelavivn 1 104" (102-107)  vlauasviaondestivan 6 101*  (1.001-1.02)
wlaaseondoniomn 6 105 (100-105  Tsauszdndavesdfiieny 65 9 July : luifilseia 4 1o
Tsauszsndnvasfitony 65 U Fuly : wwmu Andevnadumdladiiy 0 114 (1.03- 1.25)
Tdwinlveg 2 040" 0.19-0.75)  fivdudrfynneadd o < 0.05; “p < 0.01; p < 0.001
Wi onluauasmursounn q 082" (073-093)  Lag wasdesruruiuseninafufinnuduiussedu PM,
walauazveendeniiavin 6 103" (1006-1.06) e fuduitudiusasgtinisainisuuungnidusslsety
Tsauszsndnvasfiiony 65 U Ful : Avadulaings Adjusted IRR vsnefisdnsgifnisal (RR) ilemuauiladvdu
Uorgriuidesaindy 0 1.10" (104-1.18)  Iindnefuuds (sedvuaiivieiurindu gailoninerseiu
Jandniau 0 1.06" (1001-1.13)  wagiumgn)
sruummnelaviain 1 1.03" (1.00-1.07)
lauasviaonideniivun 6 1.0* (1.01 - 1.05)

TsauszdnRavesineny 65 U uly : luduluidangs

Uerganuizesaiizy 2 107 (1.001 - 1.13)
o v { 3 & o
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Correlation between the daily fine particulate matter (PM,,) level and
the number of visits with respiratory and cardiovascular diseases at
Ratchaburi hospital, Amphoe Mueang, Ratchaburi province

Denduangchai S', Wiwatanadate P” and Jiamjarasrangsi W’

'Division of Occupational Medicine, Department of Outpatient Service, Phramongkutklao Hospital,
“Department of Community Medicine, Faculty of Medicine Chiang Mai University, *Department of
Preventive and Social Medicine, Faculty of Medicine, Chulalongkorn University

Objectives To study the association between daily PM,. levels in Ratchaburi District and daily
emergency department (ED) visits at Ratchaburi Hospital due to respiratory and cardiovascular
diseases.

Methods A time-series study was conducted using air pollution data from the Thai Pollution Con-
trol Department (Thai PCD), meteorological data from the Thai Meteorological Department and
medical records of patients who visited the ED of Ratchaburi Hospital between 1 August 2014 and
30 April 2020. Analysis was done using a generalized linear model.

Results The daily average and maximum levels of particulate matter 2.5 micrometers or less in
diameter (PM,,) and 10 micrometers or less in diameter (PM,,), ozone (O,) and sulfur dioxide (SO,)
during the study period were higher than Thai PCD and World Health Organization (WHO) standards.
The daily PM,  average level exceeded Thai PCD and WHO standards for an average of 137 + 36
days and 137 + 36 days per year, respectively. During that period, there were a total of 38,377 ER
visits of which 26,762 and 16,345 visits were due to respiratory and cardiovascular diseases, respec-
tively. A 10 ug/m’ increase in the daily PM,, level was statistically significantly associated with an
increase in ER visits for acute exacerbation of chronic obstructive pulmonary disease (Lag 1; IRR 1.06
95% ClI 1.01-1.11) and upper respiratory tract infection (Lag 6; IRR 1.04 95%C| 1.02-1.07). Persons
aged between 0-14 years and those 65 years or more with an underlying disease had a greater
magnitude of association.

Conclusion Daily PM,, levels in Mueang District, Ratchaburi Province exceeding recommended
standards was associated with increased ED visits for both respiratory and cardiovascular diseases,
especially in the high-risk population. To reduce the incidence of disease, PM, source control
measures should be rigorously and regularly enforced. During periods of high levels of air pollution,
public health agencies should communicate that risk and advise citizens, especially individuals at
high-risk, on how to reduce their PM, . pollution exposure, and hospitals should prepare for an in-
crease in the number of visits by sick individuals. Chiang Mai Medical Journal 2021;60(3):345-58.
doi: 10.12982/CMUMEDJ.2021.31

Keywords: particulate matter PM, ., acute coronary syndrome, acute ischemic stroke, pneumonia,
influenza, acute asthmatic attack, chronic obstructive pulmonary disease with acute exacerbation
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meladuuu 0.0272Windspeedy, s + 0.0016HUMIdityj,, 7 - 0.0034Raing, » - 0.0288Pressure, 7 - 0.0625Tempy, 5 + 0.3091Holiday + log(Pop. at Risk)

5 (0g(E(Sick) = 18.9501 + 0.0057PMys, 17 - 0.0038PMig.95 17 - 0.012205 g7 - 0.001150 e 7 - 0.2502C07 + 0.0196NO, g5 -
manelaviaiun

0.0129Windspeediz, s + 0.0046Humidityi,e 7 - 0.0027Raini,, 7 - 0.0258Pressureq, 7 - 0.06Tempy, s + 0.2016Holiday + log(Pop. at Risk)

. z
ngueng : 918 65 U ulY

ﬂamqmﬁsuga% log(E(SIck)) = 7.2117 + 0.0102PMys 5 - 0.003dPMyg55, 1263 + 0.006905, 5 1 + 0.0017S0; g5 - 0.4217C0O - 0.0246NO, 1591 +
AFu 0.0013Windspeed, ; - 0.0045Humidity (s, - 0.0031Rain, 5 - 0.0159Pressure,,, ; - 0.03d3Temp, 1 + 0.1038Holiday + log(Pop. at Risk)
Jondhian log(E(SIck)) = -17.4224 + 0.0064PM;5, 126 1 + 0.0018PMyg55 1250 - 0.000205 1394 + 0.006750;, g5 - 0.3569CO155 1 - 0.0056NO, 135 +
0.052Windspeediyq 3 - 0.0002Humidlity (s, o - 0.0032RaiNg, 1 + 0.0076Pressure e, - 0.0115Tempy, 5 - 0.0671Holiday + log(Pop. at Risk)
TiwSelonal Log(E(Sick)) = -178.9263 - 0.0551PMs g 1 + 0.0358PMig.25 g7 - 0.019205 5 1 - 0.972250; 150 + 1.4779C04 + 0.0063NO, g6 -
N 0.043Windspeedi,, s - 0.0833Humidityjsg o - 0.0497RaiNi,, 4 + 0.177Pressurey, ¢ - 0.2219Temp,, 1 - 0.5014Holiday + log(Pop. at Risk)
mraelanm Log(E(SIck)) = -9.0694 + 0.0042PM5, 16 1 - 0.0023PM 55129 3 + 0.001205 153 + 0.004550; 15g'5 - 0.193C00q1 - 0.0021INO, g5 +
0.013Windspeedi,, 5 - 0.0026Humidityjye 3 + 0.0005RaiN,q 4 + 0.0009Pressure, 4 - 0.0179Tempy, s + 0.0858Holiday + log(Pop. at Risk)
Hlauavieen (09(E(SICk) = ~13.6635 + 0.0026PMys, 155 + 0.0002PM 125 g - 0.001605 g + 0.01150; g5 - 0.1125C0 5.4 - 0.0016NOy g q +
Lﬁaﬂﬁgwm 0.002Windspeed, q - 0.0012Huridity(y, 3 - 0.0011RaiN, 6 + 0.0058Pressurey, q - 0.0185Tempiy, 4 + 0.0927Holiday + log(Pop. at Risk)

o pry
Tsauszadvasdiiong 65 Y 3wl : Wy

(Og(E(Sick) = -103.2443 - 0.0928PMys 1 + 0.0028PM 1095 g7 + 0.035705 g - 0602550, g6 - 0.8673C0u 1 + 0.0597NO s -

T ¥alvey
3 0.5722Windspeedi,q 4 - 0.0875Humidity,, 7 - 0.3938RaiN;,, s + 0.108Pressurey, 7 - 0.3199Tempy,, s - 0.9756Holiday + log(Pop. at Risk)

Gudenlusse Log(E(SIck)) = -26.7893 - 0.0193PMys, g q + 0.0112PMyg55 156 + 0.0205 g - 0014450, 153 + 0.3004C0q 5 - 0.0228NO;, g4 +
FurSounn 0.0127Windspeediy, 4 - 0.0061HuMIdity(z, 4 - 0.0215Raing, s + 0.0175Pressureg, o - 0.0383Tempy, 7 - 0.0781Holiday + log(Pop. at Risk)
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Tsn AUy

Filauayviaon log(E(Sick)) = -15.4595 + 0.0033PMy5, 1256 + 0.0018PMyg55 125 7 - 0.003905 1396 + 0.031650;, g6 - 0.0138C0p5 3 - 0.0019NO; 3 +

Lﬁa@ﬁ"’wm 0.017Windspeed, ; + 0.0012Humiditye o - 0.0031Raing 3 + 0.0076Pressure 4 - 0.0199Temp, s + 0.108Holiday + log(Pop. at Risk)

Tsauszsiavasditony 65 3 Ful : mmwdilaiinga

Uaﬂqmﬁ&uga%'ﬂ Log(E(Sick)) = -12.592 + 0.0099PM;5, 1250 - 0.0017PMyg 25, 15g 3 + 0.004605 19 1 + 0.009250; iag 5 - 0.1383C01g 5 - 0.021INO; 1 +

AFu 0.0186Windspeedi,, > + 0.0033Humidityiq o - 0.0026Rainiy, » + 0.0022Pressure,, ; - 0.0099Temp, 1 + 0.0791Holiday + log(Pop. at Risk)

Jondin Log(E(Sick)) = -12.1888 + 0.0062PM;5, 1240 - 0.0004PMyg.55, 13 1 - 0.000803 s + 0.01450; 1396 - 0.3907COq 1 - 0.0078NO, 1590 +
0.0449Windspeed,,, 5 - 0.001 7Humidity ;.o - 0.002RaiN,,, 1 + 0.0033Pressurey,yq - 0.0362Temp,, 3 - 0.0625Holiday + log(Pop. at Risk)

szuumanela Log(E(SIck)) = -9.7727 + 0.0032PM5, 1291 - 0.0026PM 55129 3 - 0.0006053, 1551 + 0.003450; 5 - 0.1632C04 3 + 0.012NO; g 5 +

ﬁu’wm 0.0189Windspeediy, 3 - 0.0002Humidityjz, 5 + ORaiNe 4 + 0.0015Pressure, 3 - 0.0226Temp, s + 0.0663Holiday + log(Pop. at Risk)

Mlauazraon Log(E(Sick)) = -12.9352 + 0.0026PMy5, 1295 + 0.0003PMyg55, 125 6 + 0.00090;, g 0 + 0.011250; 195 - 0.1973C0046 - 0.0021INO, 1594 +

Lﬁaﬁ]ﬁvwm 0.0001Windspeedigq + 0.0011HumMidity(,, o - 0.0004RaiN, 5 + 0.0051Pressure ,, q - 0.0196Tempy,, 5 + 0.0826Holiday + log(Pop. at Risk)

Tsauszindavasdiitony 65T Tl : lusfuludongs

ﬂaﬂqoﬁv'uéaﬁ'a Log(E(Sick)) = -28.924 + 0.0064PM5, 2. - 0.0051PM 55 1397 + 0.001905 g 1 - 0.06850; 33 - 0.2961C0O 4 + 0.0163NO, g 7 +

AEU 0.056Windspeed,, » - 0.0009HuUMidity(s, o - 0.0001RaiN, » + 0.0186Pressurey, - 0.0086Tempy, 3 + 0.0267Holiday + log(Pop. at Risk)

Tsauszindvasitony 65T Fulu : Tsauenizoss

Uamqmﬁguéai"q log(E(Sick)) = 10.9789 + 0.0078PMy5, 135 - 0.0002PMyg.25 g 3 + 0.00505 15 1 + 0.0011S0; 1pg 5 - 0.2525C004¢ - 0.013INO; g1 +

A5 0A0016V\ﬁnd5peed.‘Eg 2- 040054Humiditylé,g 6 OAOO34RaimEg 5 - 0.0178Pressure;, 4 - 0.0178Temp,, 1 + 0.1025Holiday + log(Pop. at Risk)

E(Sick) f«i’ﬂmuﬁﬁmumuﬂqmau, AnadpsieTuras PM,s (pg/m?) PMy, (pg/m?) Os (ppb) NO, (ppb) SO, (ppb) CO (ppm) Windspeed
AN (knot) Humidity AuEuduing (% Tneiien 0 - 100%) Rain Usunasindu (mm) Pressure A21unmenae (hPa) Temp
gaumgdl (Q), uaz Holiday \Juumeavieli (1 Tungn 0 Tusssunn)
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o v v - . o o & . o oo d X 30 o
A19°99 2. AUNSALAINNITIATIEAANUENNUSTENTNTEAY PM, 5 gaanseTuiiindu 10 pg/m’ Audiuaunis
wdunsshwnununaniduluusiaglsandny

Tsm LAG
AT
i Log(E(Sick)) = 3.7554 + 0.0021PMys, g + 0.0019PMi5 g - 000303 7 - 0.004450, g - 0.1289C01 5 - 0.0009NO g +
ond ey

0.0306Windspeed,q 5 + OHumidity(s 7 + 0.0005RaiN,, 5 - 0.0234Pressurey,, 5 - 0.0143Tempy, - 0.1122Holiday + log(Pop. at Risk)

Aadlevmaiy log(E(Sick)) = 11.915 + 0.0019PM5 129 6 - 0.0032PMig.25 g 6 - 0.002205 547 - 0.008250; g 7 - 0.0895C0g. + 0.0069NO, g 1 -
yneladuuy 0.0272Windspeedigs + 0.0046HuUMidityisq 7 - 0.001RaiN g6 - 0.0565PressuUre , 3 - 0.0209Tempyg o + 0.4101Holiday + log(Pop. at Risk)

mynela log(E(Sick)) = -1.8727 + 0.0009PMy5, 1553 = 0.0015PMyg55 129 6 - 0.001405 157 = 0.005850, g 7 - 0.0519C0154, + 0.0041INO; 155, -
Y199 0.0081Windspeeds, > + 0.0019HuMidityisq 7 - 0.0029RaiNg, 4 - 0.0384Pressurei, 5 - 0.0066Tempy, 3 + 0.1939Holiday + log(Pop. at Risk)
LNF : e

Fadenuiu log(E(Sick) = 5.283 + 0.0017PMys, 1395 - 0.0034PM1g.55, 1ag 6 - 0.004053, 159 5 - 0.003550, 154 7 - 0.0969C0)50 + 0.0085NO, 55, -
yeladuu 0.025Windspeed,yg ¢ + 0.0029Humidiity (s, 7 - 0.0045RaiN;, 1 - 0.0552Pressurey, s - 0.0141Tempyg s + 0.3793Holiday + log(Pop. at Risk)

LA VIEUS

log(E(Sick)) = 22.7297 + 0.0036PMy5, 120 - 0.0015PMsg55, 129 6 = 0.000705 g 6 - 0.0237S0 5 3 - 0.2327COpg 4 + 0.0002NO;, g4 +
0.0245Windspeedy,q 5 + 0.0071Humidity(., 7 - 0.0018Raini,, 7 - 0.0509Pressure ¢ - 0.0329Tempy, - 0.106Holiday + log(Pop. at Risk)

Yorsnigu

A0MUEMIFUYWS : gUuwa

l0g(E(SIcK)) = = -61.2165 + 0.0136PMys g1 + 0.0097PMug 95 1pg 7 - 0.025305 g5 - 0116750 g 5 - 0.1946C0pg4 - 0.0016NO;, 15 +
Tdnielngy 0.3298Windspeed,, - 0.0119HumMidity,, s - 0.0517Rain(lag -0.0517) + 0.1853Pressure 7 + 0.0415Tempy, ; - 0.3763Holiday +
log(Pop. at Risk)

A0MUEMIFUUY : iguyns

log(E(Sick)) = 7.1191 + 0.0028PMp5, 1360 - 0.0009PMig.5, sg 6 - 0.002103, 5 7 + 0.00550, 1394 - 0.1731C0Op4 5 - 0.002INO, 1554 +
0.0364Windspeeds, 3 + 0.0026Humidity,g 7 + 0.0004RaiN 5 5 - 0.03Pressurei,y; - 0.0175Tempy, o - 0.1253Holiday + log(Pop. at Risk)

Yanoniau

Fadomaiiu log(E(Sick)) = 18.4203 + 0.0022PMys, 1546 - 0.0029PMyg.5, ag 6 - 0.002303 7 - 0.008950, 37 - 0.1016COpq ¢ + 0.0075NO g1 -
yeladuuu 0.0268Windspeediyg s + 0.0069HuMidity(s, 7 - 0.0038Rainy, 7 - 0.0607Pressurey, , - 0.0273Tempy, o + 0.4112Holiday + log(Pop. at Risk)

mynela log(E(Sick)) = 4.7558 + 0.0008PM5, 129 3 - 0.0019PMig25 12g 6 - 0.001505 1597 - 0.004550; g 7 + 0.0209C0,q 5 + 0.0037NO, g -

ﬁgwm 0.0003Windspeedi, o + 0.0036Humidity(,, 7 - 0.0034Rain, 4 - 0.0425Pressure, 3 - 0.0132Tempy, 3 + 0.2086Holiday + log(Pop. at Risk)
ngseny

219 0-14 Y

aml,%amﬂ@u log(E(Sick)) = 13.4924 + 0.0018PMys5, 157 - 0.003PMig.25 1250 - 0.003205 1597 - 0.0067S0; g 7 - 0.1382C0g. + 0.0053NO g0 -
meladuuu 0.04Windspeedy, s + 0.0014HuMidity(,, 7 - 0.0038Rain,, » - 0.0668Pressurey, 5 - 0.0204Temp,, 7 + 0.3Holiday + log(Pop. at Risk)

asmela log(E(Sick) = 11.5271 + 0.002PMys, g7 - 0.0025PMig25, g 0 - 0.004303 g 7 - 000450, g 7 - 0.0552C05 + 0.0024NO3, g -
YI9AUA 0.0263Windspeedi, s + 0.0031Humidityisq 7 - 0.0034Raing, 7 - 0.0671Pressurey s - 0.0181Tempy, 7 + 0.1917Holiday + log(Pop. at Risk)

o { 9
Tsauszdndnvasdinany 65 U aull : wwnmu

Uonggiiy l0g(E(Sick)) = 2.3054 + 0.005PMy5 sg 1 - 0.0101PM1g.55 g + 0.007905 g s + 0.003650;, g6 + 0.1994C04 6 - 0.0056NO g -
oSS 0.0792Windspeedig o + 0.0016HUMidity s + 0.0125Rain, 7 - 0.0358Pressure , s - 0.0121Temnpy,q + 0.0164Holiday + log(Pop. at Risk)

o { &£ o a
TspUszdndnvasdiniay 65 U aull : anuaulaiings

Uaﬂ@ﬂﬁu log(E(Sick)) = 0.0799 + 0.003PMys 1290 + 0.0006PMsg.55, 121 + 0.003305 1591 + 0.011350; 43 - 0.0191C0Og4 + ONO,, g 1 +
5oy 0.0344Windspeedy,q , + 0.0032Humidity(,, o - 0.0008Rain, » - 0.0058Pressure, 1 - 0.0107Temp, ; + 0.0844Holiday + log(Pop. at Risk)

Tlauay
log(E(Sick)) = -11.5052 + 0.0012PM,5, ag6 ~ 0.0002PM1g55 2g 6 = 0.000103, 1550 - 0.001750;, 15g 4 - 0.042C0 46 + 0.0014NO, g 1 +

0.0032Windspeedig4 + 0.0005HuMidity(., o - 0.0002Rain;,, 5 - 0.0188Pressure 5 + 0.0037Temnpy,qq + 0.0786Holiday + log(Pop. at Risk)

TaenEen
YIALA

Tsauszsinvasdiiteny 65T Aul : laisflsashe 4 Tan
Alomadiy  Log(E(SIcK) = -169.0567 + 0.0138PMys g - 0.0125PNMyg 55 1 7 - 0018905, g - 0133350 5g + 0.2881C0¢ + 0.016NO, g5 +
yeladuuu 0.0694Windspeed, 4 + 0.039Humidity(, 1 + 0.0134Rain, ; - 0.0495Pressurey , + 0.1542Tempy, 5 + 0.5855Holiday + log(Pop. at Risk)

E(Sick) ﬁi’wmu@'ﬁmt,l,munqmau, FANE9EAT18 VDY PM, 5 (ug/m?) PMy, (ug/m?) O5 (ppb) NO, (ppb) SO, (ppb) CO (ppm), Aade
578 uv89 Windspeed AMuL52au (knot) Humidity wBuEINS (% Tnefien 0 - 100%) Rain Usunasiinu (mm) Pressure A7
nmeINAl (hPa) Temp gaugil (O), uaz Holiday WWuiungansely (1 Juven 0 Tusssunn)
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3515 JumsAnwiuu Cross-sectional Analytic Study Uszneumetniuniviinunsounss 364 518 wag
gundivinuased 345 518 Aivhnsugndmluiuidwingiunsedisles 1 U Wiudeyalamavnmedis 3
Wouuaz 1 UMNIUNY WagAMANTIANINEUAINAMBLUUEBUATN YINNTIATIEYiNEdfnY Chi-square Way

Binary logistic regression

Han1sANE ¥ 3 LﬁauﬁmumwummiﬂmﬂémLﬁammﬁqﬂwnmﬁ”’aamﬂdu dutas 1 Yk wu
pnstnRswzanniigalurmuniiaendy  waeileisuifisudnuurvoimisiudulymauam wui
ynunihinuasaiianuduiustuanunfdiuturesennisviends (adjusted OR=3.10, p = 0.04) kaztn
nénile (adjusted OR=2.19, p < 0.01) ARV IINYRTBUNISeEhsditudfnsedn wazamuniivh
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SUMUUMSINEAS  IAANSNERTTuYSNuaE
finslgansialieng 9 Tunszuiunsuanunndu
lpeunliumaiid1ingdunsienensinyms
WuIudsSoaz 56 Tugiedulanniuin (5)

naiuUSIansltansiadeng o Tunszuiu-
N15Ugn11e dawasiesyuuiiiamiannnisanes
yosansiadiludanaen Larddwasdeaguslnn
lnenuToray 73.9 909UEsIVIERINTIBIRAIR
finsvudeouarssuaiutnwiialuslud  (6)
wenINIlMIaviideTInanasimilmandng
Wolugae 3 U aadla 1,715 519 Swnugied
Sunssnwslulsanenuia 13,908 518 vl
goydeauszanaAdnwinegunanidu 62.81
auum (7)

a N a Yo a =

LR TBUNIIINTulAsUANTBNNINTUY
= = a 1% Ao o v 1
Wesannlifianswidianadluiivdn vilviussns
luiugauauysal vandeaigdnsinunsnldans
PIFLATIZRNN 9 (8) BalinnsAnwazliniu
aulanaresn1svinnunsdunsglunialszme
) 1 I % =
Wuegneun waludszmalnedanunisdnw
13991 lnaanisnansenusiegunnlauiniin

QUszasA

WeAnwnuToulisuauynvesd g
guAm 22 81M15 Tue 3 Wouuar 1 U uae
SEAUANNMTINNIGUAINTENINIUNTIVA
inumsBun3gfurnunivinnuasieiludmia
guns

ad
9N179

A15ANEIASILTUNITANEINIAGATILT
WATIEA (cross-sectional analytic study)

Uszannsniglunsfnwnsell A ¥1u1Ndnis

Ugndnluiiuiifmingunsesnation 1 T lae
wady 1) vnudiviinunsdunsd uar 2)
yiiinwesiell fulnmueanguiiesng
lngldgnsves Dupont (1998) (9, 10) Mwua
AUYNVBINITAADINITNISGUA WG FUETa
grenuiantuiosay 24 wavaunbuglaiduda
HuFosay 15 (11) nduhnsfiswuinngy
megeseray 20.0 Falevuadiegdluusag
nauu 407 Au (Fmsn 1:1) inisdusiedg
Tneldnsduuuunansdunou (multistage ran-
dom sampling) t@anFLNL 4 91A 13 91LAD
mudndugameidouvantidunsd  lnengy
yuniiunuasdundlanedeainnissiud
Hungu 9 ay 5-80 AU Namzideuiuaudide
Tnaunitadumhsnuanmeigiiguaises
1M537U Organic Thailand Tudandn diungu
yuiviinuasiaiildnedeangameaidou
fuinunssnne  edpsdiofldlunuiteaded
Hunuuaeuauiviavan 5 danded 1) Toya
dauyAna 2) TayaaunIn 3) Yeyanisusenau
013w 4) FoyaiAvansdusiaansildlunsiun
5 wuuUssuaunnIANIEunIm WHO-
QOL-BREF-THA|
Uszaunuanaudifednaiunidsazdedls

o @ 4 I 4
vinmsiiudeyalaediug

SunsEnrunuteimuANInIgIY (protocol
training) T3 duifatudioliAnemudila
Tuilovuadl¥dnvmuemanuvosiuvasuany
Lludimmaferiunnay Ineviinisdunivel
NANFIDYUUUFINDA

nsneideyauaradainld
TlUsunsudnsagu STATA version 14.0

Anngiveyaadfdmssann ldun Aede

dudsnuunesgiu muiuaiosas Ainse



91785 UeNUSENDY, azAmae

Anuyndayynaunineniu - 365

adddeeyuuiiieldIsuifisunazmiaang
duiusszninusznnnsyiundunisiiaty
FUNINUATTTAUANAINAIANIGUAIN Lo
Chi-square 38 Fisher’s exact Way Binary
Logistic Regression AuAudadusuniu laun
lsaUszandn 01 seaumsfny el wag
nsltgunsailiostiudiuynnasamnzan 7

v v o w

sesutloddedu 0.05

o

NAaN1SAN®

nnsudeyayuivgndludmie
guns  laduunguiiegwivun 709 A

Tnglunguynuiviunuasdunid Tivinnsdu
sie¥eannguitaamzidoulifugudidedn
Asunsudafutoyavomnaelungudeniy
suaufonun 430 au aunsntidoyau
Baszild 364 Ay Andudnsinisidngy
Yowaz 84.7 duwlunguvnuniiununsied
yhmsduaederfiofiudeyaianunsiuiu 407
AL ansadndeyaNIATIEild 345 AU AR
Judnsnmadnsiuiosas 84.8
Toyasutladoyanaifvatuenguazina
vossaesnduirnalndifety dudoyaien
funsfinu Anaiiesneveselaluaseunia
uazlsauszad dauuansnaiu fansei 1

M13199 1. Wisufiguteyadadediuyarasenitsmuiininunsduniduasiviinunsiall (n=709)

FNNEATOUNTY  HINEnsIAdl
(n=364) (n=345) p-value
fauus U (Gowaz)  Iwau (Gevaz)

91y (V) 0.93
Mean (SD) a6.6  (6.9) 46.7  (13.3)

Min 33 24
Max 60 81

e’ 0.12
BY 269 (73.9) 272 (78.8)

‘Vlin\‘] 95 (26.1) 73 (21.2)

AsAnE’ <0.01
UszounSasni 190  (52.2) 81 (23.5)
dseuvsolfiguinii 160  (44.0) 264  (76.5)
Useyan3auly 14 (3.8) 0 (0)

ANieanevessglalunsouasa’ <0.01"
Wiganauardituiy 58 (159) 72 (20.9)
Wiganaudldiundaiiu 115 (31.6) 273 (79.1)
Tiflsaneuazdunt 161 (442) 0 (0)

Ujiasnaumaiy 30 (8.3) 0 (0)

Tsauszada’ <0.01
i 29 (8.0) a4 (12.8)
laidl 335 (9200 301  (87.2)

'Chi-square; ‘Unpaired t-test
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M13197 2. madSeuiisudeyamunisiinlymguainlugis 3 weuway 1 Uk usnvesniiviinens

dunsduazinumsiadl

Tun9 3 ouneinuu

Tuging 1 Vi

dun3d 1Al dun3d LAl

(n=364) (n=345) p-value (n=364) (n=345) p-value
fauds AU MUY AU AU

(Bowaz)  (Sowaz) (5owaz) (Sovaz)
annsAuTiRams 0(0.0) 26(70) <001 14(3.9) 28 (8.1) 0.02"
A adufiuuns 0(0.0) 19(55 <001 14(39) 27 (7.9) 0.02
Randaduauiig 0 (0.0) 0 (0.0) - (0.0) 3(0.9) 0.08
AR 0 (0.0) 1(0.3) 0.30 0 (0.0) 16 (4.6) <0.01
fruthlauazeu 000 206 015 000 2675 <001
fildish o 0 (0.0) 1(03) 030 (0.0) 2(0.6) 0.15
Uaaen 0(0.0) 1(0.3) 0.30 14 (3.9) 8 (2.3) 0.24
SELAELARIAN 14 (3.9) 11 (3.2) 0.64 28 (7.7) 16(4.6) 0.09
Uinfsuy 14 (3.9) 14 (4.1) 0.89 6(23.6) 104 (30.1) 0.05
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wiuAYN ARYN 7(1.9) 3(0.9) 0.23 2 (11.5) 6 (16.2) 0.07
o/ loflauny 0(0.0) 0 (0.0) - 0 (0.0) 9 (2.6) <0.01"
welalaidy 0 (0.0) 0 (0.0) - 15 (4.1) 4(1.2) 0.02"
wiu/Adunthen 0 (0.0) 0 (0.0) - 0 (0.0) 2(0.6) 0.15
wielafidasiein 0(0.0) 103 030  0(0.0) 0(0.0) -
Joems 0(0.0) 0(0.0) - 0(0.0) 2(0.6) 0.15
N938n 0 (0.0) 0 (0.0) - 14 (3.9) 21 (6.1) 0.17
Noude 3(0.8) 0(0.0) 0.09 15 (4.1) 21 (6.1) 0.23
/AR 0 (0.0) 0 (0.0) - 0 (0.0) 0(0.0) -
LU/ 1DDULT 0 (0.0) 3(0.9) 0.08 0(0.0) 0(0.0) -
Y Yaneiie Uanawin 0 (0.0) 2 (0.6) 0.15 0(0.0) 3(0.9) 0.08
Uanndanile 12(33)  15(a4) 047  59(162)  70(203) 0.16

Foyarunsifindaauainwansiiiuin
Tugas 3 Weufiniuun suiiviinensdunsd
wummsﬂmné’mﬁamﬂﬁqm (Soway 3.3) 509
aqn lewA @InssyAeiAssnarlin@ses
($ovaz 3.9) dusnwiinuasadinueinis
Fuiimilasnniian Fevaz 7.0) s0saen léun
annsimladufiunns Geves 5.5) wardaSou
fluss $ovaza.9) auddu Tute 1 Vikauun

Wi unsBunisiienisUindsus
wniign (Fovay 23.6) sosasunliun 81n153s
Feuiiuss Govaz 20.0) waztiandunile (o
16.2)
UnAswzanniign (Fovay 30.1) sosaunlaun

ay AUVNUNVNEHTALNUBINT
1M1 MDsUTLN Gpeay 24.9) wazUinnany
-ds} v o U -dl o

e (598ay 20.3) AUa1nU Lazliueninig

Aps1zilae Chi-square %39 Fisher’s exact
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M13799 3. HanFATIEANdUTUSIEIUsTInsiu (eeinunsBuniadungudnsds) dunsiindym

guamlugas 3 Whow way 1 YR

fauus Tugae 3 saufisiuun Tugae 1 Wikuan
Adjusted OR' Adjusted OR'

OR (95%Cl) p-value OR (95%CI)  p-value
g - - - 211 (0.98-4.56) 0.06
Avtadufiuwas - - - 198  (0.92-4.26)  0.08
Rvfaduauiiy’ - - - - - -
Randalitauan’ - - - - - -
fruthlauazdy’ - - - - - -
fildeh 9 - - - - - -
iiplalo - - - 1.16  (0.36-3.72) 0.80
SEANYLADINN 200 (0.43-933) 038 157 (0.50-488)  0.44
Undsuyy 3.89 (0.82-18.42) 0.09  1.05 (0.69-158)  0.82
U U - - - 1.43  (0.92-2.23)  0.11
wiuaYN ANYN 013  (0.01-207) 015 098 (0.58-1.66)  0.95
lo/ lofliaung’ - - - - -
melalidy - - - 312 (0.19-52.12)  0.43
wiu/duminent - - - - - -
welafideaivin® - - - - - -
Jeomns' - - - - - -
indda - - - 130  (0.62-2.75)  0.48
Vioade - - - 310  (1.24-7.78)  0.02°
f/m s’ - - - - - -
LUL/U19DULI" - - - - - -
Yy 91 Uanede Yarewin’ - - - - - -
Urnndanile 336 (1.09-10.38)  0.04° 219 (1.35-3.57) < 0.01

"fudsauruusznauie lsausednd 81y seiunsiny s1eld waznsldaunsaiesiudiuynmasene
wineay, lanansadnseiteyaldilosainvuinnguitegidliiivme

wuduie 2 ngu fdgmmsguninlugg
3 Foudriuan winsnsfuannegefitudfy
NNEDR 5 91015 AD BINTITAURINLG RIN
Hufiuues Sedeuiius ieads wazwaunseu
use dnlugng 1 Bfehusnwuiuannetuy
pgeltud1AEYMISERRA 6 91715 Ao BINITAU
Ronds Aavdaduiiuuns Romdausiouazuan
Huuwa Sruilauasdu lovdelofiauny woy
welalidy Famnsnsdl 2

N1TIATIEANNTURUTIENINNUTEANNT
wnunsiiadymauan 1ag Binary Logis-
tic Regression AYUANUTEMIMU LsAUsEIN
1 018 seun1sAnw T1ele wagnisldaunsal
Joafiudiuuanaagnavangay Wyl n1svinun
invnsiafianuduiustuamugniiisiures
Joymauamlutg 3 Wouinusnegraiids
dndyyneadifiog 1 99n13 Wud vaandanile
(OR (95%Cl): 3.36 (1.09-10.38), p-value 0.04)
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LAZNUIINITVIULAYATLATIIANUFURUS AU
Aranifisduvestamaualutag 1 Ui
e iidudAyneatifiey 2 91013 laun
oy (OR (95%Cl): 3.10 (1.24-7.78), p-value
0.02) uazthnndmiile (OR (95%Cl): 2.19
(1.35-3.57), p < 0.01) 15197 3

TayanuAMNINAInLandbAANIIYIU

v (%
v 1 oY

Masinguiudlnginun ndinseaua lny
Aaduferar 67.9 Tugamniiviinunsdunie
wazdorar 99.4 Turnuivhinuesed e
AnTzaideada Chi-square Wuingmuma 2
nausiszAuAMAINTIAuANA uLINaE 19Ty
AFneadi Fwnsedl 4 wawdlolasied
AUANNUSIZUINUIZANAITYIIUAUTZAY
Qmmw%ﬁ‘mé”m Binary Logistic Regression
muaudadeau Tsausedm na 91y @nu-
AIMENTA TEAUNITANEY wazsield wuan
ynuidiineasaiifinuynuesnunmdin
maguanssFURvTwdafisufuriuniivh
NwRTBUNIE (OR (95%Cl): 69.08 (16.50-
289.17), p < 0.01) faw97197 5

afUTeuazasUNa

Tuns@nwiauynvesdaymavninniy
LA TEIUANAINTINNIFVNINYBIY1IUN Y
Jandngsuns Usemalve wudn Tue 3 wiau
i nguamuniviinunsiadifinnugnues
maAndamauaneesiidodfynsadifide
iuAunguanniviinumsBunidey 1 01013
#ud vaandandle warlugae 1 Bkiuan 2
9113 éun Feuds wawtanndaie danly
SessrfuaaAMTIANIEuAIN U 1117
N EATATIANUYNVDIAUN N IANGUA TN
sEAuRganIneuTiunuasBunEdessdile

AAYNNADH Fall

a

YU EATIATTAIUYNVBINISLAR
v = < ] d' a [

g sisadegutu 3.06 Wi Wameuiugn i
A o a s = = &
NNNYATOUNTY (o = 0.02) BINANITANYIU
lilamnnanaiun1sAneued Hutter (2018) Nl
NUAIULFLIADNITENNDINITAINATINUTY (11)
uAdOAARDINUNISANYY Patriquin (2000) 7
PNUIINITVLNEATDUNTTANUTOANAINULEES
ABNNSNNBINTSYIDNEY LAYRNIZANTD E.coli

M13°99 4. WisulsudeyaimusEAuAMANIIANINEUA YR IUITIIINYATBUNSSuazINYATIAT

fauds NMnuAsIUNIY (n=364)  vinuastadl (n=345)  p-value
37U (Govaz) U (Fowasz)
AMANTING 247 (67.9) 343 (99.4) <0.01"
ANNNTINUIUNETY 117 (32.1) 2(0.6) -
AMNNTIN LG 0(0.0) 0(0.0) -
M5afl 5. audiudseninsssamsiunduseuaunmiansaunw
Crude OR Adjusted OR'
fiawus OR (95%CI) p-value OR (95%CI) p-value
AMNNTING 8124 (19.89-331.82) <001  69.08 (16.50-289.17) < 0.01°

"Adjusted OR fuusiimiuau fie lsAUsednda e 818 anunnausa seaunisiine wagsals
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YoV
Tneiduns@nuilunguinunsnsiiugnin
Ugnd1n Ugndes uasiivdu q (15) dawadi
WANANAUDIAANINANINAITNIY NIT1Y
9UNTAlN19LNBATAA 19 UTENI LN BATNS
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Unfuaznszgnlasasisiiumneinaiu
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o w

Jaymguamesiadideddgluie 3 wieaud

o

U (1 99n19) Yosnanlugag 1 Unenun (2
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¥ A A = = A [
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PIIUNNVINABATDUNT 01T d Ay 9aia
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= ~ !
Ainw1ue4 Esteban A. WazANE INUIILNYATNT
A o s a N e aa
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. R y %
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= o aa & a 19
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AR LY IRAaEN1SANYITAIINLAN

(subjectivity)
1 % = o % = d‘
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VBALALUBIINAVDIUIY

v v
v A

= < =
nsAnwesatinodumsfinwiusn 9 Tu
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FENTNNTNUNYATEUNTI uazinunTIALAY
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dosfudruynnauazarunuiuysilunis
WANUFUTUSTENIUTELANNYINUAUNIS
Aadagmavam  ediinvesnsAnyn  Ae

= [ 1
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Prevalence of physical health problem and health-related quality of
life among rice farmers in Surin province, Thailand

Tangprakob A and Jiamjarasrangsi W

Department of Preventive and Social Medicine, Faculty of Medicine, Chulalongkorn University,
Bangkok

Background Thailand is an agricultural country where rice is produced for domestic consumption
as well as for export. The current acceleration of productivity has lead to increased use of chemi-
cals and their related subsequent effects on health. To ameliorate the situation health impact,
organic farming has been attempted promoted as an alternative. The objective of this study, to
compare the prevalence of certain selected health problems and quality of life between chemical
and organic rice farmer groups in Surin Province, Thailand

Methods A cross-sectional analytic study of 345 chemical and 364 organic rice farmers was con-
ducted in 2020, among farmers who had been planting rice in Surin Province for at least 1 year.
Data about the target health complaints during the past 3-month and 1-year periods as well as
current quality of life measures were collected using a set of interview questionnaires. Chi-square
and binary logistic regression were used for inter-group comparison.

Results Over the previous 3-months, muscle pain was the most frequent symptom in both groups
of farmers, while headache was the most frequent symptom for the past year in both groups. The
prevalence of diarrhea (OR = 3.10, p = 0.04) and muscle strain (OR = 2.19, p < 0.01) was significantly
higher among the chemical rice farmers than among the organic rice farmers. Quality of life, how-
ever, was significantly higher among the chemical rice farmers than the organic rice farmers.

Conclusions To ameliorate adverse health effect of chemicals used in rice farming, oreanic rice
farming should be encouraged by considering the while concurrently seeking a balance between health
and quality of life. Chiang Mai Medical Journal 2021;60(3):363-72. doi 10.12982/CMUMEDJ.2021.32

Keywords: organic farm, pesticides, farmers, health effects
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TuAy AELNNEAERNSASTIINGIUNE URTINEN-
Soufina Judl 4 Slurau e 2562 sHAlATINNT
848/2561 (EC3) uwaslasunisatiuayuaniu
Tunsise Uszanil 1 eazunverians
AswneIuna uwiingduiina Sunounis

[y

39y samaluil
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sumeuii 1 asa¥reenisUsadfiuaany
anansalunsviudhi

MMINAILILUUUTEEIUANUELNTR AT
VTRTUIIE  BBUAINNINUNIUITIUNTSY
AerfugunuuvesuuuUszliuniludagdy
vasnslneuazsinsUssna  antuthunusuly
wngfuusuniianunsoldle fuitvanivndn
Tnefwuady 4 519015 Asusediu Ao 1)
ANNANIAtUNISURURMY  (performances)
FeUseneusne 3 @ufe home performances,
school attendance, activities of daily living
2) Frunginssudes (risk-taking behaviors)
Fausznause 4 sufe danger to self, danger
to others, conduct behaviors, substance use
3) gullemiiuans (presenting symptoms)
FeUsznouse 5 f1ufe depression, anxiety,
psychotic symptoms, attention deficit/im-
pulse control, oppositional behaviors Wag
4) fugaudveyana (strength) FaUsznou
faY 3 e A9 family/care giver, interpersonal
relationship, well-being ShviedEy 15 Fofany
nsAnAzwu WUseiiudenysediumuded
aonndesiugiae  wazgnivuadunzuuy
Faust 0-3 Tag 0 Ao sTigthelsiannsaufiR
wihiluguiiy 9 WWasvFedtoiansedly
seiuguuss Tuvaued 3 Ao fUheannsnufoa
wihilwiudy 9 Iiewdelifidamiians
1n8318az198ATDIANDSUNBINUNNTUTE LR
wnsseaniluderon axuuwfiuvoniatiu
WU 45 AU

Funaudl 2 N1IATIVEHDUANNTNVBUUY
Ussiiuauanansalumsiming  Tugas
WAUILUUUIZIEY  1AURTI9d0UAINUATILTY

e uavAudenAneITE NI UTHLEl

nsnIdeUAIsiioatue laldnisngia
#OUAUATLTNLLENM (content validity) 1ng
WTeivey 3 v Fausenaumy Inunmg

v a

Wnuazdegu 1w 2 viaw uagidndmavien
ﬂaﬁﬂﬁ.L%S?%W@Iuﬂﬂiﬁ%ﬂﬂLLUUUizLﬁu U
1 YU ATIEDULAYINAIAINADAANDITZIING
JarnuLarInUsEasd (index of item-objec-
tive congruence; 10C) TuumagtoA1an Usu
widefanufifian 10C foenin 0.5 aufuugii
vouTengy  iedademanuiliaenndes
gon fauwuulssdiuatuiinuanudiures
Aievgiiethlunaasufiuteyatisesiu
AGIZPRERN

TwuuUszdiuauannsalunisvhuindii
rumsUSumdelaue e siieny 1
naaedldiugUiednuin 2 18 vinsuseidu
Tnefussifiuiiiiunisousiiuds  uazman
ANUADAARBITENINAUTHIY (rater agree-
ment index; RAIl) Ay 10 Au wazUuwuy
Uszlllunasanneaadld  AuAIAINEDAARDY
AWiUTeNINNINSoYaz 80

Suneudl 3 N1INATOUAMNTNVBIUUY
Ussiiuanuanansalumsviuti - Taenis
VAR TR TULAZ AL UATIVE LU

Usziluaduauysal

UseynsuaznguAlagig
TuNMIAINILIANGUAIRE1Y 81989370
afRmsulENMsvesithelm Musundilieuen
wazhUagly anvndnninuasiosy Auy
WNnEmanIAITIINeIUIa Usednd w.e. 2560
sy 683 au Feinrsanldgrsves Taro
Yamane ilosanmsfinsifumadeiitvun
Us3NIINWILLIN UAENTIUTINIUUTEIINS

NANWY AILEAS
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N=  NZ
aNe*+Z°

fvun A Z uwnusadinesgulildsnii
uuAAaLAdeuvin 2 Airvns luAusos
Az 5 11 1.96 wavA1 e WNUAIAIIUAAIN
ideufiseniuld fid1 0.05 ldnguioga
$1unu 246 au \letoualinsudniosas 5
I¢surunguihegieiain 258 au

AnLiannauiiog1elngn1sguiuulaIng
(quota sampling) Qﬂaaﬁﬁﬁumﬁﬂmswdn
Wouunseu-fugney wa. 2563 wundu 2
19978 Ao 6-12 U uay 12-18 U lnevweosiiy
luBesaunsud iy

naINSARERNUTEIINSNAUAIRENS  (in-
clusion criteria) léuA fUheeny 6-18 Y fiudh
Sumssnwiusungiasusnuazunungiiely
aINYANERTINIANLEL TETU ANSUNTIE-
MANSASIIINIUNE Waglasunsguasnwian
e Tnnsoideuuiu 1 ey

o

n1stiuteyavviiwuuyssfiuiiviuy

39
9
W

wenlufiudayasss Tnegthe 1 518 2sdigi
wuuUseLiY 1 A vkuuyUseiu 2 90 Ae WUy
Usziduanuansnsalunisimiiilugiae
Invdnuaziosy uazuuuUszidu Children’s
Global Assessment Scale (CGAS) (8) fiUsziilu
UsenoufBunngiiaau 5 au wasiuaniondn
A UnInIngadiin 4 au uazdnfanssudidn
1 au wavsedluguagUieilunaedtes 1
Ao feilfuszidiuasduginsondoyatiugumes
Adae lawn e e1g n153tasevian (principle
diagnosis) n193Ha8lsATIN (comorbidity)
Ms3Tasedu (other diagnosis) §98198991n

wIRsgIunstisalse  adu 2017

(Standard Coding Guidelines Version Edition
2017) (12) svezafisnwwazusunlunis
S
BRI

fifonaaeummainmidesiu (reliability)
WaZANLLLUATY (validity) U9suuuUsziiuaiy
auysal

yadeuAMITeiy 9InMImeNEnRdes
el (internal consistency) 91n@1 Cronbach’s
alpha coefficient hazAULUUATY 1ABATT
MIAMULNUATUTLUILBY (convergent validity)

971nA1 Pearson’s Correlation

NANISANEI

v v
Ay v a

AT TSE 250 AU wagldluuaa Uy
AuangUssidiudiuan 243 atu Teeudadu
naueny 6-12 U 131uu 146 AU wazNguae
12-18 U d9wu 97 au naudiegedulvg
Hugitheiuwungithouen Andudesas 97.9
Iiunmsinvudiissesnan 24.19 feu
WAy o1gieds 11.5 U meidedemdnding
wnfign 3 Suduusn Ae aunddu Tuied uay
oofiatu fllsasamdinuanniian 3 Suduusn Ae
amrunwemumatond aunsdu wowany
unmdeaenIwl  eIdadeduinuinnilan
Ao Jymanuduiusseninsunasesian lu
yauffUsziudnngiduunnd  Anduiesay
71.6 (aziBoadamned 1)

Tunuuszifiuanuamsalunisimiiig
vo3ifUrsdnnviinuazJoguilradoves
AzuuuLUUUsdiuisaty ogfl 3855 Az
NALUUAL 45 AzLUL (SD 4.959, range
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A19197 1. YoyaiiuguvesUssunsidnw (n=243)  M13199 1. YeyaiugiuvesUssinsidne (n=243)

Hoyaily U Hoyaily 19U
(3ovaz) (508az)
LN USUNMINITSY
M8 159 (65.4) wrungUguen 238 (97.9)
IR 84 (34.6) Tsanenunanansiu 4 (1.6)
ana @) wrungUaely 1(0.4)
6-12 146 (60.1) ;Eﬂig[,ﬁu
12-18 97 (39.9) LA 174 (71.6)
REBIRLE I TnInInen 54 (22.2)
Faa$ 153 (63) nAanssuthdn 15(6.2)
AU 49 (0.2)
a7aT 9 (23.7) o - “ A
. o v 23-45) Yaugnuuusziiy CGAS UALRa8UDY
AMIFUANTBINNNTTEU] 6 (2.5) P .
Annig 4(1.6) AZLUWIRTUBYN 67.2 ATLUN INAZUUULGAY
1sARBRDAY 3(1.2) 100 AzLuU (SD 14.5, range 35-85)
Iﬁﬂmmmj’” 3(1.2) Tugrsnisimunnuuysedy WUy
Isalulnans 3(1.2) - o v A v
o o - Yszfiumnuaiuisalunisyinnainue e ule
NMEUNALLBNAULATYA 3(1.2) B K
Fu g 14 (4.2) IVANLALILTU  AAIAIUADANNBITENIN
S asnEy, TOANULATIAUTEAIANNINAIY 0.5 BINT
Yeymanuduiudsynang 27 (11.1) mui’mqﬂizmﬁﬁmﬂu%’aaaz 73 M3dnIg
v @ 1
JUnesasuazian USuusanuaugihvesieiyyludegaiing
159U 4(1.6) 4 ) . 9 .
v Ao 1399 well-being La¥MAIANNADAARDITELUIN
ANMTNUBIDIRINY 2(0.8) .
nq’ggﬂﬁauﬂ%”]ﬂé’]%’n 2 (08) “U’e)ﬂ’]ﬂ’]@JLLa%}ﬂ‘lJi%ﬁﬂﬂ i’e)‘U’dEJ\‘i Iﬂ&Jllﬂ'Wlil’]ﬂ
Azlivanlulsasou 2(0.8) N 0.5 AnduSeay 100 wazAIAILADAAADY
laiszy 204 (84.0) 5813195 UsEIY (RAI) Wiy 0.871 Fauaned
mAledelss fAANunsuBailent Aeudned
AMPUNNIDINNNTITYUJ 41 (16.9) - . : -
-2 INNITBATIZIRATILLLUATIVDILUUUSE LU
AUDAY 10 (4.1) , )
TS DI 6 (2.5) ANUaInsalunsvimTnvessUle Inlauan
labszy 131(539)  wazdesuivadu WSsuileuiuwuuUseiiy
SrELIANTISNYY (Wew) 119597 CGAS  1A8n1sMIAULIUATITS
(nq8 24.19, range 1-164, 5D 26.2) wilew wudreglunaein lae Pearson’s cor-
o 671210 lation fAwidy 0.781 (p = 0) ( 9
612 46 (18.9) re atlcl)n ganAu 0. p = 0) (3188
12-24 53 (21.8) PNIUN 1)
1INNIT 24 77 (31.7)
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35 45 a5

Y
v
U 1w o

PNATUATIERANUTOAU  (reliability)
TnginAANugennaein1ely (internal con-
sistency)  voauUUsEEUANNEINTA LT
minfivesuaednnanuaziagunsadu
571 15 98A101Y 3A1 Cronbach’s alpha co-
efficient 1¥1AU 0.825 LAZINNTIATIENIY
JoA0Y WUIHAT corrected item-total cor-
relation 11N 0.3 SIUYREU 12 TAI0IN T4
Y v o ) o PN
wangIndesar 80 vesdamanuliuA1aIud
winzanlunisuinyszdiuauaunsalunig
Vimthiveslednnvinuasiugu (easden
o A
AIAITIN 2)

Fa150d

PNMSANINUIN oS uNgunuwUU
Uszdiunfgussfiuduaminndn wuulssdu

AuansatunsimiivesUaedanivin

TosunatuIsuiiiguiuwuuysziliuannsgiu CGAS

& 75 85 95
CGAS

JUT 1. Aamduius Pearson’s correlation Taswuudszdiuanuaansatunsyihmihfivesitiedaavinuas

wardesu daranuudunseeglusedun Wy
enfusuuUszidiu CANS-MH 7ifl convergent
validity iU 0.617 wagdlFamnuusiunssigs
nlunuuUsziiy CALOCUS B50€jf1 0.11-0.527
uenanidanuidesiueglussdugaduiion
U CAFAS fififn Cronbach’s alpha reliability
0.63-0.787 CGAS #ififneudesiuegil 0.84
CANS-MH  ifienesdesiuegil 0.75-0.847
uay CGAF fifAnuidesiuegi 0.83-0.917
nsfnwaiaiifigaduiie Wunsiauiuuy
Uszifiuanuanansalunsyiivifvesiuae
Inndnuaziogu faunsoldliiunmduas
fuamindn TuriunvesUssmelneg Gadalal
wefnrou fedeenmusunsuasanuidesy
vovuUstidiuiiativoglunnsia awnsni
TUldlunsusediy fnmuuagiauanunsinm
Tugthednnvanuaz Jogu
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A13199 2. AAuaenrasanielu (interal consistency) Cronbach’s alpha ¥essuUUszidiuaNaINTalY

msvimihiivesiaisdnuinuaz Jogu

Cronbach’s  Corrected
Frufivszidiu swazideadafiaiu alpha if item  item-total
deleted correlation
AuAuanTatun1sUfURa 1. Home performance 802 614
(performances) 2. School attendance 816 .450
3. Activities of daily living 813 .480
wAnsLdes 1. Danger to self 823 312
(risky behaviors) 2. Danger to others 815 444
3. Conduct behaviors .823 .324
4. Substance use .830 .000
Poymiiuans 1. Depression 820 381
(presenting symptoms) 2. Anxiety 818 396
3. Psychotic symptoms .826 212
4. Attention deficit/Impulse control 831 .249
5. Oppositional behaviors .802 .625
'«qmvﬁwamﬂﬂa (strength) 1. Family/care giver .803 607
2. Interpersonal relationship .804 594
3. Coping 193 116
Haatiy 394 15 U9 825

1%
Ao Y o

Patifideantnu1susents lawn 1iiaganneae

14

Afudeya egluriafounnsau-fueieu w.e.
2563 Fainsunssruinvedlsaladn-19 Tu
Usznalne shlsinssnwuuunguil day hos-
pital Fosmgalutangnn finmsidoutiagied
Hfuuing Ausundanudnuasosu b
n1sandnuiugUigluvedUqely  vinlvingy
HegraidesnsAnulailinszaneinnely 3
U3un wazoaldliuansdalsamnednndu « 9
wulugheinuay Jesu 1w lseianiaa n1ag
unnseamsadiyan Jaymiduensuaidu 9
Tsngdng i (Jusu ﬁﬂﬂngudﬁmuimy}umﬁ
Usstiuduunmd ownanmssanuuasinai

nsAnLdenUsEIININquited1anfedlasuNIs
SnwnnTinamINTnNesetoy 1 1hou F9aeq
1AsUNIRTUsElunLUNgNINaU SIS
A UleunguiiiIsunisinwsiaiileuas
91150991 N33 UUINT Tneansiiiuun
v I & @ 1 I
AUaeuen asdunsnuwnmdiludnule
1 =3 il a (% a

pg1alsNan  wiinaziinsusukuuUssiiu
AuENnsalun YN Nve R Uaednavin
Wy mumuurivealidetvey nedl 3
YoANUNNAT corrected item-total correla-
tion UawnI1 0.3 A Vs substance use, psy-
chotic symptoms iLa¢ attention deficit/Im-

pulse control Lasanuan1susziiiuluimde
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AananlinuvainvateAsutatoslungy
fhoehs meinsastives 3 deman lail@dma
feAnuidesiuveuuUszdiuiatu  wazlng
7l lunsussdfiupnuannsalunisvief
Yosthednnvinuaziegy AIsimiteninis
wanafinuyeswarAmdsensldansianie
Fofunsinie 3 desen szdwaliusziuld
ASUOIU TuduvesnsAnaziunluwuuUsTiiu
Hunsiawasieas laiflgada (cutoff point) 1
aylduaniisnnanuy SIRITEAUAIIIUNNTDS
Tunti?l (functional impairment) @%LL‘U‘U
Usaiflumsasemingdsdosnini
sninsinwedstidunidethses Fatiu
MINALLerUSUURTINTUsTEY 1nNaeinTs
Usziuliilanundede Saduldnsiese
%’azﬂaﬁwaﬁaﬁugm lAwA convergent validity
kae internal consistency whﬁ?u Tunsfine
Susaly nsnszimsadfsy 9 WU N3
Anreiesiszney meruwiuasimsiiem
AeanderiuseninagUssifiuvesuuuyssdiy
atuauysal (interrater reliability) ANAUAST
YOILUVUTZLEU NI5IIAN test-retest reliability

£%

Wudu azahelimesesdiothluvenenalauiniy

#54

9

FAdeleiamniadesiiolumsuszifiuaiy
annsalunsvhniiivesdihsinnudnuas
Juguusenousie 4 Mtednu fie AuAY
annsalumsufoRnu wadnssudss Jomi
uans waraudsvasynna sauviedu 15 4o wa
NsANwINUI wuudszuauainsalunis
vihmihfivesiiredanusinuayiosu danny
wiusssuazadosiuaglunasin 1uusslovd

d1rsunnng wazanivi¥nlunisuseeiiu
AAMIULATYTIIINNUNITT AN

AnRNIIUUTENA

AId8veveUAN  AUNYING  WIUNeR
919159UsERa1vIAnvAIaRsIAnLaz Tu gy
APIYPIFAIYANENST  ABUNNEANERSATINY
WYTIA SANY.ANT DATUNIY Uag 5A.0T.
g0 fMIEnITIn 819159NAYAIUININYT
ATEN NIAIYIFAIVAIENT ASUNNEFENS
Amwmeiva Aoy gilunma
aouamAAIosiloluTsTRLLUUU SRy
AUIIANG anunilly dnadauseiiniain
Invemans AvEUSnwduada i
YOIMNNTINIATARWANLAZIBTY AR
Invmans filienueyaneiiuteyaiiy
ot enAfedlisunuaduayunsidean
ATUNNEANANTATIIINGIUIE  UNINeIAY
uiina
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The development of Children’s and Adolescents’ Functional
Assessment Rating Scale

Inthongpan P, Punyapas S, Pattanapotikul T, Thana-ariyapaisan P, Punjui P, Sudsakorn P and
Atsariyasing W

Division of Child and Adolescent Psychiatry, Department of Psychiatry, Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok

Objectives To develop and test the validity and reliability of a functional assessment rating scale
for use with children and adolescents with mental illness in Thailand.

Methods Documents and studies related to functional rating scales both in Thailand and other
countries were reviewed and used in developing a clinician-rated functional assessment rating
scale. The scale consists of 15 items in 4 functional domains: performance, risky behaviors, pre-
senting symptoms and strengths. The draft questionnaire was evaluated for content validity by
three experts using the index of item-objective congruence (I0C). The rater agreement index (RAI)
was calculated. Patients of the outpatient, inpatient and day hospital units of the Division of Child
and Adolescent Psychiatry at Siriraj Hospital, Bangkok were recruited into this study. The 10 clini-
cians who rated the patients included physicians, psychologists and occupational therapists. The
standardized Children’s Global Assessment Scale (CGAS) was used as a comparator for convergent
validity. Cronbach’s alpha was used to measure reliability and the Pearson correlation was used to
measure validity.

Results The study identified 250 eligible patients, 243 of whom were included in the analysis. Most
of the participants were male (65.4%) and the mean age of the group was 11.5 years. The three
most frequent principle diagnoses were attention-deficit/hyperactivity disorder (63%), depression
(20.2%) and autistic spectrum disorder (3.7%). The Cronbach’s alpha coefficient for the functional
assessment rating scale was 0.825 and the Pearson correlation coefficient between the newly
developed scale and CGAS was statistically significant (r = 0.781).

Conclusions The Children’s and Adolescents’ Functional Assessment Rating Scales demonstrated
good validity and reliability. This instrument is appropriate for use by clinicians in evaluating,
following up and developing treatment plans for patients. Chiang Mai Medical Journal 2021;
60(3):373-82. doi: 10.12982/CMUMEDJ.2021.33

Keywords: Questionnaire Function Children and Adolescents Validity Reliability
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UNUYGAURBUY
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anuynuazdadendunusiuanuddndunisslunisguavesiauadgeany

q

AnLRe9luaNaaUUINDY FINIALTE LIl

Yeyedan dulne, Wy wauds, gaal luaauana wag wal Beviyna

NIAIYIIVAIANSATOUATI ANSUNWNEAITNT UNINERENTe 98

'
o [

mpUszasd  Anwinnuynuasladeiiduiiusiuanuidndunisslunsguavesipuadaeeneiadeduding
fulnes Janiadedinl

B Anvwvudnrnadeglduuvasuawlufouadaseefinfedudinedulines dwmiadedml udeya
sswhafeunuaviuiafeunsngian wa. 2563 Uszneumedeyariluvespuanazigeoigfinfies uuy
Uselllu Zarit Burden Interview (ZBI) wuuuseiiy Pittsburg Sleep Quality Index (PSQI) haghuuUseiiiu
Patient Health Questionnaire-9 (PHQ-9) Ainsigvitadeiidmmuduiuiuanuidndunisslumsgualagly
ATILATIZY Multivariable logistic regression

a =

wan1sAn douauaziigensfnisiomadiuau 136 g fauainnuidndunmsylumaguatosar 80.15 11
Houaviun uvadusedudosisliunans Sovas 38.24 seduttunansieguusidosay 38.97 sefusuusedonas
2.94 Auadsazuuunnuianidunisslumsqua 34.65 + 1551 azsuuu Jedoidesiidamudiniusiumuidndu
ansylunsquasgsiifoddmsadn Ae Aunmmsusuvduilia duiusiuanuidndunsylunisquain
Tu 8.87 Wh (95%Cl = 1.32 - 59.52, p=0.02) wagdniladeilirlndmsiidedfeyneeda fe M3 RREes
dhoammanlsamessuulsramiayaues duiusiuarudanidunisslunisquasnntu 5.21 wh (95%C1 =
0.94 - 28.78, p = 0.05)

au enuddnidunsslunsquadaeengindsadunnsinulives uazduiusiuamnimmsusundulsifves
foua Tnslamenguiigeenyfifaissnlsamessuutssamuavauos fadu Tamslianuddylunsdanses
arwdAndunsylumsguauagaanmsusunduresiaualunisquadigiengnauil Wedlusineans 2564;
60(3):383-94. doi: 10.12982/CMUMEDJ.2021.34

LY Vg

AdAny: aAnudAndiunise gunmnsueundu faua faseny Andes lsamessuuyssamuazased

UNUI

Yagduimlanmideirudigdenudaseny  Usswinseny 60 Yaulududadiuunnniidey
muesinsantsenilaienuinUsemeledl  az 10 viseliusvvinseny 65 Taulduinni

AndiatigaiuuNAN: WAl B9na, WU, MATNINYANARSATOUATY ANEWNVIEANERS @ @ @
uMIngdueslu 0.5le9 2. @elval 50200, Usvwelne L‘EH

da: nalineey@hotmail.com

JUTUIEDY 16 WeAIneY 2563, Judanily 3 duiay 2564, TugauSuNISANAN 22 Wwey 2564
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Sovay 7 vesUssrinsviamadiotiussmaiiy
Iondnddanuaeeny (1) dwsudszmalngla
Wddauggeeneuariiuildudndiuggaensy
diuduegnaianiios mnadinisdisaUszing
{a901y  Fuil 31 Sunan Y wa. 2561 sy
fiffgeonefovas 16.06 vosdwuUsEINTIN
Uszine uazA1ndnlul we. 2564 Uszielng
wngdinngriveganysal fe Ndndu
Uszrnsony 60 Uiuldgediefesar 20 (2)
dwiudwmin@edlnl I9wulssnnsigeeny
Sovay 17.96 unnilludusiv 3 vesszmnelne (3)
TRIINNFANNUMIUATUATUATIIVEN (2) Tu
Srunuiiinduindsen fovaz 91.7 nqufinatin
Soway 7.02 uazfnuiios Sowar 114 fiudl
sunedutmenduiuiififienunigeeigin
Founniigaluimindedmitsesas 1.65 (3)
madngfnugegdmansenuiamaaTygia
deu 115y wardymauaimainanaden
yo90¥e1zsns 9 MnadANUIEgeegTiengIn
N1 65 U dangiinsuazynnaninainlse
#9  Seray 20.1 19U aupsdey lsanasnidon
aues lsnnszgnuazde vioavn du q (4,5)
Tnsdosar 1.5 vefgeoremarieglungin
Wee  ldaunsatewdonuedunisinaing
Usgduld (2) desflemndpuaiiietiomdely
nsUeaiun1IzuNINgouIINNITAALFL (6,7)

doua el yamadlvinisaduayuuas
PrgmFen1nuiangsurng q kAt 81a
Juaundnlupseunss viseldliaulunseunss
Ald (8-10) dwsuuszmelnenuingguandn
drulveiluandnluaseunsivsedanuyniiu
yaeSeaAfudtan (11) unumwihivesy
AualusrereasadmansEnudeLaLala
ynsaiandsanuynd seunds 1een Ien

fna uaznnefuai Jadoniieudanidu
miﬂumiQLLa (caregiver burden) (9, 12-16)
mnlilsfunisdansoravilsigguannalniioy
auagUaesialy (caregiver burnout) ddwalyt
AUaelasunisauaanas viegnasiagls (15,16)
n1sAnwIANNYnveIANsAndunisylunis
guadgeengiluluussmdlnenulsfssosay
48 usin1sAnwlusdesUseinanuauynves
anuiandunisglunisauarasenggeiisiesas
84.6 (17) wazifisnnniuludgensfiogluanme
FoaNsNNSRaNIIIN (12,18)
Taeiadeiiietesiuanuidndunisdly
nsguarigeenganmsAneieundnd  wudl
vaneilady 1wy faeengiitheegluannizitan
nn Jouadunendgs  quadUlsuluszes
naunu Mhanguadihenaedlusiotu qua
FUeifissnufodlaglsifinuantisduiaey
duusnmszinsduanazithelii anus
MaATYgialia  fAessuiinveuguartienal
NANAY VISR INERY 0T8T
wiAnntna  Jadewmdrdazduiusiuany
Sndunsrluguadiuniu (12,14,16) uenan
itgmnsueunduunsdquarzsengdudn
Hoyyiwulsves  fnmsdnwinuindauagtoe
geoefifuauesdendalumosiidymamnin
Myusunduiliid - fdwaudluansusundu
tfoy UszAnSnwnisuouvdulii fuley way
fsvovnandoundufiudy (18-21) n1sueuy
naulsiAdsaduamundswiensiAanadwsilaid
segunm wu dhmaludengedu dwiindu
lsAneszuunaenien  ANNaNsaRnaula
nsfusuazauntanas veseddymduas
wagInnAnaTINee (14,19) d@wansznune
AunmTiniaiheuastioua  (22,23) lushs
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Usemasinsfinenfmuenudiniusseninenin
SAnduniselumsguanasAun NI TUOUNAY
vosfjpua Tnefuaiitenuidnidumsziniy
WNUAMAMNTUDUNEUTIUEAS (13, 24-26)

1NNINUNINITTUNTTUIUUTEIN AN
LifinsfnwiAeafiutadoiTesnmnimnsuou
wauiuauianiduniselunisguavesdguary
guoginfies dafudviridedeaulauasdati
dAudRyveInsAnetymningn  lag
fnnuszasdansnsAnuildesnisfinuaing
ynuaziladeifinnuduiusduauidnduy
msglumsquavesiguargeoiginifios  Lile
Joafumsinanuiandunselunsgua e
919dwarogunMTIndiAvesguanazas
a1yAndealanaly

/19
nseneIseiidumsAneuuunAfnang
(cross-sectional  study) %ﬂﬁﬁuﬂﬁiﬂﬁiaqﬁa
IINAMLNTIUNIITETITUN T Uayee 159
wervnadulines  Sowiadedud  (aed
1A39M15398 019/2562) vhmsifiudeyasening

WaUAUATUSIURBUNINYIAN W.A. 2563

nguUsEYINg
NANUTEIINTAR  EAUAVANUDINEIRYRN
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a o U 1 1 v
e Tugnedudines Jwmiadusdul Tnggas
a a a | =
DIYAALRIEY UDTE > 60 U wazdAgluunig
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ADL) 0-4 1aedl
¢ [ } 74 £ 1 % a 3 1
NA9INISAALN LA Aauaiiengfaus 18

Yull oween@euls warduyaunNINNIS
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NaFINISAREN LAkA HawaraoneNings
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Shwddlulsaneuia guanidamiviadnggg
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firzu vdeitymideanisdears liaunse
naukuUasUnle

MvuavwInnguimeg  Aalagldgns
Infinite population proportion &[ffjjﬁﬂm’]qu
voanuianilunistlunisguavesiqualy
AUawEaeny WiiuIaway 48 (12) A1syauAIy
AaAREUIIAY 0.1 AviunseuiTddsy
Wity 0.05 Iénduiegnsluamideiesnatios
96 AU

insesilefldiiudoya

wuuApUny favan 5 dwfe 1) wuu
aounudayafiugiuvesgua 2) wuudsUa
JoyangengRnAes 3) wuuaeunuUTid
AUNIMNISURLUMAUatUNWlne (Pittsburgh
sleep quality index; PSQI) fiTaA10u 9 U9
AZLULLAY 21 AZLUL N1TWUANE AZWULTIN
> 5 Azl Mg Iaunimnisusumdulag
suldlf (27) 4) wuudszdiuanuidndunise
lun1seua (Zarit Burden Interview; ZBI) adu
aelng Tadaudiwau 22 4o Azuuudy
88 AvULUY lauAzLUL 0-20 AzWUW Medl
Lifinrselunisgua Avhuy > 20 AvLUY e
falmselunisgua wusladu 2140 Azwuu
wnefadunisedesfiauiunans 41-60 Avuwuu
61-88
Azwul Mnefaduniseguusy (28) uay 5)

= I~ =
WEas WuN192UIUNaN0ITUL

LUUIRUTELIUANUTULAST (Patient Health
Questionnaire-9; PHQ-9) (29)
° % < vala
U 9 VD AZLUULGN 27 AZLUY Imatyj‘mu

a vV o
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ATLUUTI > 9 DTN TULASN
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ASIATIZHNIEDR
Taseitoyansaninlngldlusunsy Stata
version  16.0 ﬁﬂLauaﬂagaﬁaiﬂﬁasaﬁaL%ﬂ
WsWdIEAIAE Avndeuaraiudonuy
19U EUeANLLANANNYBTRLABIN Y
1neld Independent t-test, Pearson’s chi-
squared test wag Fisher’s exact test AnuUA
e p < 0.05 faduriiuansnsegnaditedday
veadn  Ieedadeiiflanuuansnsiuluges
nauedrafidedAynadaasiluduinen
yundvsnandmasenisiinnuidnidunisy
1uﬂﬁi@LLa Tagld multivariable logistic re-

gression analysis

NAN1S28

Toyaluvesdiguanaztladeiiiendasiv
anuidndunselunisguadaeonafafios
;:J@JLLaﬁ;]'jwmai’mu 136 au a@wlnaidu
memdjsfosar 72.79 018vesguatade 50.67
+ 8.63 U anunmausasosay 79.85 Usenay
01wdesaz 79.85 lnsiinsmilahendniuiig
ﬁ@LLﬁﬁiﬁﬂlﬁLaﬁaﬁaLﬁau 6,005.60 + 4,785.67
v fllsauseddnfesay 19.12 AuduuS
fudUaedulngduunsvausovas 84.56 ¢4
wandlunsei 1
Hauatiszernaquaindesusiuguarias
2.40 + 2.15 Y dunuiluaedeilflunisgua
fuhesiatu 10.47 + 4.09 lus erdurugie
Tunanansiufesas 94.81 Tjguatilsifiounda
Wagudesar 5852 wagldunsanfuayuma
msuanyarsduluaseuniiosar  86.67
wuANAnYeuaniauidnidunseos
av 80.15 uunluseiudesfiauiunansiovay

38.24  szeulunanedguIeeras  38.97
szaugulssfosaz 2.94 uaslinuanuiandu
asglumsquatosay 19.85 Aadsazuuy ZB
score 34.65 + 1551 ANNYNYDIQUAT
auawsueuvduiilifisesas  93.28 A1
\AsAzUYL PSQI score 8.02 + 1.84 AzLUY A
uailamzdueiiesas 17.04 Fiadvaziuy
PHQ-9 score Bl 6.07 + 3.11 AZUUL Fauans
Tupnssdi 2

Hgonefaiesdnunu 136 au ddunands
Yovay 58.82 010i0AY 73.97 + 8.46 T Alade
AzluuN AU InsUszdniu 298 + 1.15
szevaedeiiueunifies 2.41 + 2.25 U 1sn
Aduannnvesnisueudaifesdulng fe
SuUNgNY/dunniosas 78.52 guRMANATYY
Sovay 22.96 Linugilegegiafiesainisa
wzise frelivseifreusulsmeiuianiely
3 \fiou Jewaz 3235 fUhedidesldfunisiii
wnan1sluusiagiu dnmswanda Sewar 95.59
una Sewar 22.06 misguaagaiutaaniy
Jeway 12.50 uaglownimeaneynsiogas

10.29 fauanslunnsied 3
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M15797 1. Wisuieudeyariluvespuasazanuidndunselunisgua

anudEntuntstlunisgua

Uad o Gowaz) iifi (zB1<20)  § (zBI > 20) pvalue
N=136 (n=27) (n=109)
3y (Bowaz) uu Govaz)

LNATEYS 99 (72.79) 23 (85.19) 76 (69.72) 0.10°
91y (¥), mean + SD (missing=1) 50.67+8.63  51.92+10.31  50.35+8.19  0.40°
stlinane (nn/4°), mean + SD (missing=3)  21.91+2.27 22.59+2.55 21.74+2.17  0.08°
#01UNIN (missing=2)

Tan/men319/mine 27 (20.15) 7(25.93) 20 (18.69) 0.40°

Auva 107 (79.85) 20 (74.07) 87 (81.31)
3EAUNIANY (missing=1)

luilaSeumisde - TseuAnwinousu 78 (57.78) 21 (77.78) 57 (52.78) 0.02°

isufnwineutany vivegenin 57 (42.22) 6 (22.22) 51(47.22)
flonUsyiiuuenainguagtie (missing=2) 107 (79.85) 19 (73.08) 88(81.48) 038"
seldveguariaiiou (Um), mean + SD 6,005.60 6,711.53+ 5,835.64 0.40°
(missing=2) +4,785.67 4,764.81 +4,794.19
selensaFeudeifiou (L), mean + SD 16,203.01 15,760.00 16,306.56 0.65°
(missing=3) + 5,387.29 +6,689.73 +5,070.28
sedenidlumsquaiiiesediou (m) 3,102.27 2,940.00 3,140.18 0.28°
mean + SD (missing=4) + 827.36 +931.84 + 801.07
HlsnUszansn 26 (19.12) 4 (14.81) 22 (20.18) 0.52°
AuduusugUae

andl/nssen 17 (12.50) 5(18.52) 12(11.01)  <0.01°

YR3/viau 115 (84.56) 18 (66.67) 97 (88.99)

fRdu ¢ 4.(2.94) 4(14.81) 0(0)

*Independent t-test, "Pearson’s chi-squared test, “Fisher’s exact test

wounduiilld (p < 0.05) Fauandlunnsned 1
wag 2
Hadusuguaeiviligquadaanuunnsing
vosnusaniunistlunmsguasgneditduddiy
veadi louA fUnediengies fUneRiafes
NnaunglianessuuUsEamLazates  §
UsgiRueulsmenualussezioa 3 Wweu gihe
fflsaUszddusiuse wagdieidesliiy
nshimanis tawn nsliemsvnsansens

WazNIINENA (o < 0.05) AIuandlunITI9N 3

1NNTIATIEYAIEITNTEONAILUTUG
FLUUIATIZI multivariable logistic regres-
sion M85 backward elimination wuindady
Alanuduiusiuanuidnidunsslunisqua
pgatlduddgynisana 1 1 Jade Ae Aaunw
msusunduiilsifl fouaiifinaummnsusundy
Alsiffausanduamsylunsquatnninggua
fiflnaunmsueuMAUTIA 8.87 W (o = 0.02)
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a397 2. Wisuieuladeiieitesiudguasazanuidndunsslunmsoua

anudEntuntstlunisgua

Uade dwu Gevas) hifl (zB1<20) i (zBI > 20)
p-value
N=136 (n=27) (n=109)

T Gesaz) 3y (Gewaz)
stusnanfiGuguadinonde (), mean + SO 240+2.15 2.21£3.01 244+189  0.62°
Sruautlusiiguagiaesiody, mean + SD 10.47+4.09 12612638  9.96+3.14 < 0.01°
(missing=3)
nmsondeiugieluiainaedu (missing=1) 128 (94.81) 21 (80.77) 107 (98.17) < 0.01°
laifleutiondniuasunsgua (missing=1) 79 (58.52) 14 (53.85) 65(59.63)  0.59°
ffpuitegldinugua (missing=2) 50 (37.31) 5(19.23) 45 (41.67)  003°
iumnutiomdensnsiuanyanadly 117 (86.67) 18 (69.23) 99 (90.83)  <0.01°
ATBUATI (Missing=1)
ﬂzLLuu@mmwmiuawﬁmaﬁa (PSQI), 8.02+1.84 6.11+1.92 8.46+1.52 <0.01°
mean + SD (missing=2)

AN M sUBUnaULIA (PSQI > 5) 125(93.28) 19 (73.08) 106 (98.15) < 0.01°
azuuunzailugguaiade (PHQ-9), 6.07 £3.11 3.14+2.21 6.80+2.87  <0.01°
mean = SD (missing=1)

finmydei (PHQ-9 29) 23 (17.04) 0 (0.00) 23(21.30) <001
azuuuaiEndunsslumsguaiade 34.65+1551  9.70+1.19 40.83:0.94 < 0.01°

(ZBl score), mean + SD

“Independent t-test, PPearson’s chi-squared test

s o aa v Ao L
wenanil daldnUadenianuduiusiuaiy
SAndunsglunisgua  wilimulideddyni
aom  Ae  NsnEUheRnFeRInamrlsAnIg
spuulszamiavaues  gauagUlengulsail
a | I 1
nenuidnidunsglumsauaunnndt 5.21
= = o v O v e
widlaiiguiugguagUaenlusilsanieszuy
Uszamuazaueas (p = 0.05) fananslunisnei 4

ORUEREIAG)

v 6

= 4‘ v Ao
ﬁ]’]ﬂﬂ’]iﬂﬂi"}’]ﬁ@(‘lﬂ’ﬂﬂﬁﬂLLag{jﬁ]ﬁ]EWlﬁﬂquﬁ

4

Auausdndunisslunisguavesiauaras
p1gAnisslugunedulines  Jamiadedln

wuhauaiinnugnuesaudndunsyovas
80.15 AaABALLUL ZBI 34.65 + 15.51 AUy
oluszutioefisUiunans ameniigauazan
lABAzUUY ZBI AdBAdsTUNSANITINILIN
finansetAinmsainisinanuidndunssly
msquariadlugauadigieny vanensAnwny
THAUANUANNEAUNANIATALD N1SHENAINIG
dony dadupseadiudinazaunIealy
AsauAdufinduilesnanauRasnves
UNUIMNISAUAEES1Y (17,30)

Y v
a

NNWIFLTUL NUTIAUAINNITUBUNAUTN
Lifvespuaduiusiuauidniduniselu
NSALANENRIYAARE  NUANUYNVBIEALAT
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a13197 3. Wisuiflsudadenineadesiuitisuaranuddndunsglunisgua

anudEntuntstlunisgua

2y oy Bevaz) il (zBI<20) T (ZBI > 20)
p-value
N=136 (n=27) (n=109)
I Gawaz) 3wy (Gewaz)
L‘Wﬂ‘wﬂjﬁ 80 (58.82) 15 (55.56) 65 (59.63) 0.70°
21¢ (‘lﬂj), mean + SD 7398 £8.46 77.29 +10.62 T73.15x7.67 0.02°
AOIUNN
Tan/m81519/mse 63 (46.32) 13 (48.15) 50 (45.87) 0.83°
Fusd 73 (53.68) 14 (51.85) 59 (54.13)
AMNEILNsalunsUsEnoufainsUseIniu 2.98 + 1.15 277 +1.31 3.03+1.10  0.29°
(ADL) mean + SD
WEJZL’Ja’ﬁ?lIL%Uﬂ’JEJUEJuaﬂLaENLQa‘IEJ (ﬂ), 241 +2.25 2.14 +3.03 2.48 + 2.01 0.47°
mean + SD
Tsalduanimmuesnsusudaifies (e 1 51
flsafiduanglévanslsa) (missing=1)
Neurological disorder (§ungni/sumnis, 123 (91.11) 21 (77.78) 102 (94.44) < 0.01°
gURmevnaRsuy, ausudon/daluiued)
éﬂaa#ﬁﬂazﬁuauﬁawaﬂuwaiuﬁzaznm 3Pou 44 (32.35) 4(14.81) 40 (36.70) 0.03"
Tsauszdmduvesiilie (mwsilatings
Wy freanidess geeslimes Andeiotle?
Tuduludengq)
Taigd 54 (39.71) 16 (59.26) 38 (34.86) 0.02°
Y 82 (60.29) 11 (40.74) 71 (65.14)
WonsfigeailuusasTu
QUPISULV ST RREREIER 14 (10.29) 0 (0.00) 14 (12.84) 0.04°
ek Ghle! 130 (95.59) 23 (85.19) 107 (98.17) 0.01°
NMIYALANNENIUNNVABAUAD 1(0.74) 0 (0.00) 1 (0.92%) 1.00°
mapuameataany/autiemntuedesn 17 (12.50) 2(7.41) 15(13.7¢)  0.37°
N3YIULNE 30 (22.06) 6 (22.22) 24 (22.02) 0.98°

*Independent t-test, Pearson’s chi-squared test, “Fisher’s exact test

fnaammsueunduitliififeiesas 93.38
puamatasdimnddndunisslunsquamn
Yufls 8.87 uhidlonBeuieusudauaiifinunm
MsusundUin  Wisuifisuduteyanisine
rounthiflugpuaditiogeenglsnauaadeunn

srgynuIuaiesar 50-74 wulllymueu
Taivdu (18-20,31,32) Wiosunanvdnuazainy
quuswedlsaauaudoniiuansafudinanss
nusonTueUNdUTaauaTiuansaty T
n1sgnsunuINNgAnsTuEUIelunaunaafu
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a13197 4. Yadenduiusiuanuidnilunsglunisguaresipuadaeisfnfiedagds multivari-

able logistic regression analysis

Uady OR (95%Cl) p-value
Uaduanurgua adjusted 1y e1guazinALauA
nsAnwszAulseuAnwnauUats-Useygiien 4.00 (0.90-17.80) 0.07
FluslunsguagUiesody 0.94 (0.84-1.05) 0.30

nsguagUlglunainaisfiu
ffpueglimnugua
i¥uanuteimdenieanisiuainyaeady
ANINNITURUMEU LA

UadeaugUae adjusted Lag AUl
Fuheiifongunn
FhefiaigsanavalsAnsaLes
Usginsueulsaneruianielu 3 wieu
Fuheiflsausyidaognadusom
FUhefidaanswan

6.21 (0.66-58.43) 0.11

1.30 (0.36-4.75) 0.69
0.42 (0.10-1.83) 0.25
8.87 (1.32-59.52) 0.02"
0.96 (0.50-3.64) 0.28
5.21(0.94-28.78) 0.05
2.60(0.91-7.42) 0.07
1.64 (0.60-4.50) 0.33
4.11 (0.61-27.86) 0.15

o

TdedAgnieada p < 0.05

(19) viomsznuanmIguagiiefnidesdill
anansaviemdedeld Hauarestiemasly
nsviRanssuene q viligauagUlefnumed
A mmsueuilifiunningouaguaealy
aendesfiunuitoneunthinuhithegeoy
flenuannsolumsUssneuininsusyanum
AAuAIEiAUATER FNiea uazdaduidn
Hunssanniu dealipuaintamnisuon
muan (15, 33-35) dn1sAnwinuingauaroe
aupsdeniianedsazuuumnuiandunsyly
MsQuATEAUUIUNANNTITULT AT ALY
Juduiusfuazuuuanufinunfveanisuoy
Mé’UﬁLﬁwﬁuaﬂNﬁﬁfﬂﬁﬁ@ (25,26) LWuLRe?
AunuidelugguadUqslsanisAuduinuin
azuuunNuiAnidunistlumsguaiiiiintuay
AntusrugnwueuvduTindassuiu (24)

uenNFesnsueuvdy  nsAnwiigny
Iguagtheifairesanlsameszuulszam
wavanoainauiFnidunisslunisquaiiia
Ju 521 whdlefeuiugguadiaeiliilse
NeTEUUUsTaLazaNasLalinunsiitodfgy
needn  Houadigeengfidnisaanaiivalse
MeszuUUsEauazaNesiinuidnidunise
Jewar 94.44 leefiAnAnugninalAgsiuns
Anwianusdaniduniseludguasinnisdne
noumind  wudifpuadasenglsnaueuden
wazlsAnaonienaueailaUYNYeIANTEN
unnseewar 90.3 wavSewas 87.5 aud1au
uaziidedsasiuy 7Bl 37.60 + 15.44 uag
38.18 + 14.57 AzLUY MUa10U (36,37) AL
gnueansiinausanilunissvesdguara
o1efiRnABIInlsAMssEUUUSTA LAY ANDA
Jannnimsguagaeengily (12) fesan
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FUaefiygvmassuudsramuaraueaiinig
Sudanmevhauvesaesdeunosal fua
dosdinsglumguanindu wu n1swdne
nslomsmsansens wenanifiheuiene
galinnuraUNANIINgANTIL osualazInle
vlsfauadasguaolaldinniuisdianudes
flaziAnenudniduaszannnitgouadiaed
AALAEIIINANUANITNIT N EI0E 19
e (38,39)

msfnwiiiifeiduie 1) WunsAnwa
SAndunistlumsguanasAunInTUEUNAY
vosgfauarasenyinifostdulssinalnedd
Joyadnin 2) drvveyalurururuunan
wilovesuszimalnelagladoyaanyauaras
ogAnindlaenss eglsfinumsfnuiiive
in lewn 1) Wunmsfinviduwuuniedn
Y19 lE130 5 YANUENTUSTIE MR T8I
Uadusing 9 uazmuddnilunisslunisquals
2) 913ARIINNITADULUUABUNLINAIY
nssdvdemnudilatedaunainndoues
Amnau 3) MsAnwviluviunvessnedutines
Feorauanendluanuudy  edunaanu
dustustonalalanmsni gl uusunduld
nsnwlueanAIsIinsAnuluiuAfs
SausssuuazuIuniuanssiuly
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Ausdndunisglunisqualasonefinifies
wulsssuazduius fugaininnisueundud
Lifvesoua lnslaneiauataioigfniieain
aglsANesEUUUsEaTLATaNY AItid A3
TiaudAglunisdnnsesausdnidunise
wagapINMNTULNAUTRuATEIenyndull
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Prevalence and factors associated with caregiver burden in caregivers of
elderly dependents in San Pa Tong District, Chiang Mai

Inthai P, Khrueapaeng P, Choksomngam Y and Yingchankul N
Department of Family Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai

Objectives To study the prevalence of and factors associated with caregiver burden in caregivers
of elderly dependents.

Methods A cross-sectional study was conducted using questionnaires to collect data from caregiv-
ers of elderly dependents [age = 60] in San Pa Tong District, Chiang Mai, Thailand between February-
July 2020. The questionnaires included general demographic data of the caregivers and their elderly
dependents plus the Zarit Burden Inventory (ZBI), the Pittsburg Sleep Quality Index (PSQI) and the
Patient Health Questionnaire-9 (PHQ-9). Multivariable logistic regression analysis was used to exam-
ine the association between factors and caregiver burden.

Results A total of 136 pairs of caregivers and their dependent elderly patients were included in
the study. The prevalence of caregiver burden was 80.15%, divided into low to moderate (38.24%),
moderate to severe (38.97%) and severe (2.94%). The Mean ZBI score was 34.65 + 15.51. There
was a statistically significant association between poor sleep quality of the caregivers and caregiver
burden. Caregivers with poor sleep quality were 8.87 times more likely to have caregiver burden
than caregivers with good sleep quality (95%Cl = 1.32 - 59.52, p = 0.02). In addition, caretakers of
patients whose dependence was due to neurological disease were 5.21 times more likely to have
caregiver burden than those of patients without neurological disease. The difference approached
statistical significance (95%Cl = 0.94 - 28.78, p = 0.05).

Conclusions Caregiver burden in caregivers of dependent elderly patients is common and is sie-
nificantly associated with poor sleep quality in caregivers, particularly where the cause of depend-
ence is neurological. Screening for caregiver burden and sleep quality should be performed for
caregivers of elderly dependents. Chiang Mai Medical Journal 2021;60(3):383-94. doi: 10.12982/
CMUMEDJ.2021.34

Keywords: caregiver, burden, sleep quality, elderly, dependent, neurological disease
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Aanssuene o sawfudunan 2.5 $alus (25)

nsiAn superspreading Tadolada SARS-
Cov-2 Semulglunuifoadsassdiaundame
Susuusnn wu lusnuussnuidniululssme
sosunudlodouiivian wa. 2563 Hudnuils
F0819989n15WU Covid-19 superspreader Tu
nuitudaveadiannuiinsindola SARS-
Cov-2 wagléilu superspreader fiviiliAnnTs
Anslevoudeluffiiuau 76 91830 360 31
TunsdlffdideTin 1 30 (23)

Tuniviedle fhege superspreader 7y
U1iluie 1w wdieeny 61 ?JﬁLﬁaaLLwﬂQ Uszine
wndld tedulseladn-19 aufi 31 vesUszive
Fuil 9-16 nuaus wa. 2563 15oldlusnis
meAauwazssoanastuluan 4 wie lagly
Tuadfmsnuigidusiuaunn vlimgediuns
Woldiuauiiindinfiginnndn 40 v wavyinld
Lﬁ??aﬁmimzmmuﬁ;ﬁﬁmﬁﬁaqﬁq 4,000 57 (26)

Tuusewelne fisreuidelada SARS-Cov-2
wnsszuiauuUnieadusnluiuil 6 fhuney
wa. 2563 luaumsnequitd Tnenuflgiidnly
sumssnnelututuiniomnnnd 80 51 uddh
lil#fimsaevauilandudunsdesuriliiaa
ﬂﬂiizuwmﬁ(d) wdinnsszuiandaiiy Usvindlne
WUHN55TUINLUUNA1vendelada  SARS-

Cov-2 \Antudnaddlutudl 17 Sunen wa.
2563 finananansis dminaymsanns Taogfn
Foseusnidugiifiodndivslunainnaneds
wiell BelaifivsyiRnsiumalusnalssmea (@)
LLasLﬂmmu’ifwé’qwuﬂamL%@iwmﬂﬁ” MU
HRmtala¥a SARS-Cov-2 Tudminaymsanas &
nsiduegmdaduiou 700 518 lag
FusBunuinisszuinvedolida SARS-Cov-2
TufousuAu w.A. 2563 AuiAuiiuay w.a.
2564 wuilgRntiola¥a SARS-Cov-2 Tudmin
AUNTANATHEININATY 16,000 518 (4) wazaIN
mﬁmmmﬁauwL%qqﬂmmwzé’awuﬁwmuﬁ
Andeifiutuetweiior Inensszuinvede
1h%a SARS-Cov-2 luUszmelnesvaeniidesi
wuinisnszneveadeninamanaity dmin
auvsaasiUluvanedaninusema ogslion
a5 Favindiwugfnidelada SARS-Cov-2 fiuse 1
Fouleafunananansts  dwinasmsanas  (4)
UONININIAALNTANATHAT  SanuTin1sseun
WU evendela¥a SAR-Cov-2 iinduludn
naedamdn WU Jwinszeel YAyl uaw
nyammavuas (@) Wudu TaonuiifRnideria
Fudusunnluszeznasunnidmdaennd
nsasanugAndenuusnluusiay S infing
1 waridedfinsunsnsyaneednesngariil
wufgfaidioninmin 50 :esetu (@) nudinas
LNSTHUIALULIIN9veTela3d  SARS-COV-2
syaonfiaesiifnluaniuiifgeudusiuauunn
sdfievAanssusuiuy sanan 15y
uApIEssA vosauEumsnil Hudu @)

dziuliin fuswuiinisszunavedlsalaie-
19 $9EAEITUNISANNITUNTTZUIARULIN
N9 38 superspreading vouTel¥a SARS-
Cov-2 annsanulglumaneaniufivilan
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TasAa Covid-19 superspreader

L‘TJUﬂ’ﬁmﬂﬁf\]waﬂd’wﬂmeu superspreader
voudela¥a SARS-Cov-2 tlasnnifiinidolaia
SARS-CoV-2 Vlb’flfdiﬁuﬁﬂﬁﬁlﬂu superspreader
(20)
uannil lunsingolasa SARS-Cov-2 s

=l 1 v v
p193zLanIvseliuanta1n1svadlsanle

nsanudslalumaiumelavesiinndeld
Tussiuitgdlutag 1 & 3 Juroufifiidndens
wansernts  yhlARndeunsslaiuansoinisil
annsoundidelifugBuld (27) dedu Jgyuni
ﬁwﬁ’mmﬂmﬁmmiLLWi'LG?TEﬂ’J%’a SARS-CoV-2
Tundueudafinanmsdffndoflivanteins
wiannsaunselitugBuld esangfinide
h¥a SARS-Cov-2 fluansenmsdmiausinguun
Tiuflazuendaesangduuazidrfunssnuily
Tseneuna (28) luvasiinuiidndeusliuans
g1nsnselionnsifisadndesnialigunsdn
s Tsiomasdliiinnuunaludiay e
winowilVETRnTo 1A SARS-Cov-2 119318
filsinansornsguussenaiiailu superspread-
er voaMIunTde wadiunumyilviAnmaun
spunvedlsaladn-19 Awgiluaiuiu (28)

winla Covid-19 superspreader Raunside
Tugauldunnituni

Tunshndiogadn (iandeynauilontai
futssunsi¥elsiiugau (29) ogndlsfinmu Tulse
Anudedniluamuin fRndeifiosdutioowinty
ﬁazLLwiL%aiﬁﬁuﬁgu LL@%@@@L%@U’N?’]EJ@’H]J?
mma’umiaﬁLumiLLwéLﬁﬁdﬁﬁ’uﬁﬁulé’qqmﬂ R
sevhliRansindeluauldidusuiuan  lu
MMSANEINSSEUIABLSA TNSEUInIneIagldan

basic reproduction rate (R)) M%aml,aﬁaﬁr}gﬂw 1

seazundideliBulungudssainslusemind
fimsssuavesdenielsatuy 9 (Judsiass
vonilsaiuasiinsunsssunldsnduiods
(30) Tnwen R, asfusiugiidndelnesaied
Lﬁmﬂﬂﬁgﬁa@ﬁ?ﬁmw&,iﬂ gNAI0E 1YY 91AT R, =
2 Mg ai’wmumaﬁ'%wuﬁaﬂL%@%Lﬁwﬁu
aoavhangAndenilne Guanginde 1 910
wasounddelRiBulin 2 918 anifuae
unslEBulaBndu 4 s wuilludes q o
aswmmsewndielantarnuen R, vadlsalain-19
agj‘ﬁlﬂizmm 2-2.5 (31) ﬁqwmwaﬂmmd’];ﬁa@
Wola¥a SARS-CoV-2 mileseannsaunsioly
fugBuls 23 519 wieaBuaidliifusuiy
ﬁiamaLﬁuiﬂlﬁdﬂﬁ‘ﬁ'amL?}jaﬂml,iﬂa’lﬁnl,wiv??aﬂ[,ﬁ
fufau 4 19 uagdfnido 2 Tu 4 Metuentay
Lifimsunsidelitugdu Tuvasiidindosn 1
iW‘EJEJ’H]LLW’ilL%EJSLﬁI}E?J‘Iu 3 318 Lmz;ﬁﬁms‘?}j@%ﬂ 1
sworhliidRndeiudu 24 1o Seiidnde
melmloariliinsindeelmisondolifle
msldlumanispdnmandifiennnisaiieniu
muannselunsunsidelada SARS-Cov-2 lu
goens wuindevar 80 veInIARTElITA SARS-
CoV-2 'izaafflmjLﬁmnﬂmmwév‘gamﬂ;ﬁa@
Folundusnifiesdosa 19 Wiy (32) vl
ssuminendeilumsindela¥a SARS-Cov-2
ﬁﬁﬁamL%@Lﬁmﬁauﬁaawhﬁ?uﬁ%ﬁﬂﬁlﬁmmi
Pnsevaatiolussrdu

Undinsunsidiela¥a SARS-Cov-2 {intuann
a1sfandevesuiunielafivassesnuily
Snuarazoaslosruisivg (droplet) finszane
ponanfteluiies 1-2 wns udamngiumu (9)
Humglitas 1 1e shliAnmsindeluay
Tnddnldogrann 23 sewiiiy uilunsdves
n131AA Covid-19 superspreading Iag Covid-19
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superspreader ﬁgﬂui’lﬁﬁﬂwﬁ%ﬁmaﬂLﬁ&h‘iéfﬂ
swugdululuad (26) vieuruaneniauiidd
pvinudadosiadosing @) Dudnvasfiaed
anvilifinisUdesansdavdaveamaiumela
senuluazestlesvuadn (aerosol) fiananse
wuasgegluemalinarsdaluanazaninse
wsnszanglluondldlng (33) dledelaa
SARS-CoV-2  finsapsassagluaimanilenia
ﬁﬂﬁﬂuﬁagﬁwaaﬂiﬂﬁuﬁumeﬁé’ammm
melaentoinosegluenmatiinguenunsin
el Faduammyhliiauannndy 50 519 o)
Tugeuilidertuindela¥a SARS-Cov-2 lglu
Tudenfiu (4,25,26) Jagiuiindngutuduuad
JWTela¥a SARS-Cov-2 amnsauninszansly
9INALUUATDBINBEYUALAALA (9)

UJadenegadasniunisiia Covid-19 super-
spreading

A5 AANITSEUIAT LN 19vealsaladn-19

dnnuluaauniiiauansiudvinnanssuuazed

'
=

Tndgaswrudunaiuie  Fdwnaridutade

[

éfngﬁﬁﬂﬁsﬂLﬁmmﬁt,l,wéizmm

1. #01ufi N15TIBNUNISANNITUNITZUN
wuulunsneweadela¥a SARS-Cov-2 shny
Tuaouififinnsseusenneldd veduaonud
Yniifinsszuigenievionisinaieueinied
13l 1 Tumanman (4) HosUszadidnlulsausy
Wi001A15UA (24,25) auuung (4) luad (26)
veTaadmEswng 9 (23) Wudy

2. $ruauAu Aanssudivihsaudy vanitld
lunsegsauiu uazmshisuvininaunide

uenwdleananuiiuds  Usnaauiogly

A0NUNUY SIUNININTTUNVIN I ULaEIA DY

sufiluaondiiy g Aduladeiiiedesiu
N33z UInRdlIAlAln-19 wazn1siin Covid-19
superpreading

nsiAa Covid-19 superspreading sinwulu
anuifisiausndueg usuiusnn  lefingy
aumnog TuAududwaumnluanuiivnilees
dinaudesiidoszunslifuaulunguduld
wn Tnstewzidelia SARS-Cov-2 fimsio
mamamgla  eewuindnyaaaiimsdudalng
Inifuifianideluszosiionnd 6 v azfislonna
FlmAnmsindelunusiuumnlunanieiu
(9) msfitinguesnufusnndaufislenaiiazs
;Eﬁm%aﬁlﬂu Covid-19 superspreader aglunu
nauTuLY

aiinansaufinguaurhsmiluanuiidy q
nimudRenisiia Covid-19 superspread-
ing TnelanizegnsbsanssuiviliAnanisnszane
yosasfnmdsvesmaiumela Wy mMsyene
W@eoans nMsazlnu () N33eanas (25,26) Aanssu
il RAnazesmosvunAEnvesE TS
yosmaiiumelafiinszansegluoinia dadums
amﬁiaﬁéwﬁmﬁuaqt,%ah%’a SARS-CoV-2 (9,20) lae
av009lasUUIALENTDIAITAAVAIVEINILAY
melaiazdaundnnd 5 lulaswns luvaed
aveoslosvualngfinainnislenioruasdl
gualngndn 10 kilasung (34) vlislonela
\inginang AW IAENVOIANIAANAT
vosmahumelaasiilontaasanlutelen vinlu
delafiuudeuegluaroomosmariiinnis
Andeiiioitiovenuavinliinoimsvelsadi
JULTIRWANN (13,35) uenanilazessesuun
Anvesansfandivewnaiunigladiauise
wvuaesogluenmielduiuvansdalu (10) way
unsnszarglueinialalnaninavessiesauin
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TngfiAnannsleviesiudndae (33) uazdnly
amuﬁﬁ'juﬁpﬁam%aﬁlﬂu Covid-19 superspreader
oeflungueufiinsausiianssuiu favillonia
ﬁﬁamﬁﬁaﬁﬁu Covid-19 superspreader AEHhN3
\Fesenumasdandmesmaiumelaiily
avenslosil VilvideannsnfiadeludaBusin
mamsmelavienisdudatuderivudouans
Fandatle

& e a ) a
wenanil  annildlunisedsiuiuluaniun

Qe

tu 9 vesnguauTwifufidudntadonis
fidgrtestunsia Covid-19 superspreading
Benguauiinsmiiuinislfinaed sty
nanufagBafialeniadideladavsiinisung
nsvanelugauiit 9 wazviliinnsindely
naueutuléinn (25 Tnevsgudaunuuay
Josiulsnvedansgewsni (Centers for Disease

Control: CDQ) lamvunnianiigeglnagaiuaui

AAwalisa SARS-CoV-2 agdimnuvdedlunisia

fudere nsldanswiuethetios 15 Wit (36)
nsliauvinineungedudnanummiled
vinlidelnda SARS-Cov-2 unsnseaneluaniudi
A 9 waziedestunisinderinuluaanud
thi fnsdnemuinsaamthnneunsivazda
annsunsonazannisinieldognadituddey
dlefisuiunsllanuminninewsds (17,18)
auidiulddmnvinsaevaiunauluieaiv
msszuaiRatuiiuanwedselain-19 91n
uﬂﬂaﬁ'ﬁ]u Covid-19 superspreader fveinng
sreausnieuntnt  sswuimsiamssEun
wanufianuiedesiutiedeiinanun e
sztfunissindifuegluaniuiifiinisssune
a1n1eldfAnsoanuidanaznisiifanssud
FlHANN1INTEA18 DA TR ANSIVEINILAY

melatududuiaiuiu  sudenishiaiuniin

nneusunzedluanuiity silunanan Tu
nsUsyyudu Msdeuseanas n1sdeassa
ANg 9 TauBanN s BiesuaeluauILINg AIULAL
SARS-
Cov-2 v sudadfislonaleuiitu Covid-19

daasulAanansunsnsEaeveadin e

superspreader  @313ALNINTEIEOIATUKDY
Tounngsvulusme

s

usnandadesing 9 finannan mananeus
veadoliafonadudnledonisiivhlniinns
szualunaninedsalain-19  feglatu
delafa SARS-Cov-2 fifinsnanetusvasnsn
pzillusunus 614 veslusfudlufrannsnued
U1s#n (aspartic acid, D) WWulnadu (glycine, G)
(D614G) Finusimsszualuilanegesinsiay
Aensunufidelfadunedlsifimsnaneiug (37)
vieufelafa SARS-Cov-2 naneudeiin B.1.1.7
Famumsszunedusnioungednien O .
2020 ludsewmedengy  wazlutagtunuinig
uwnssEUeven el iuudannntt 80 Ussinai
Tan msfnelasldlunadalaundnduazlumg
meadRlunIsARNINUIelsa SARS-Cov-2
nanesugylla B.1.1.7 1#1 reproductive number
ainidenareiugduuasiauanunolunis
AarauarnisunsszuIngenindenaeiugiu
(38)

unagy

msvign superspreader Junayuadidgylu
msdudanisszuinveaie Tuvauziivans
Uszinasuanuinsnislunistesiunisuns
szuravedlsaladn-19 as Suliuszasuldiin
palnd  vilvlenafiauazinegsuiudy

| | a X o o A ° v a
naulgiudwdnAss Msanlanianazyilviin
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wansaiffnIsunsnsyaeveatiol¥a  SARS-
CoV-2 wuullinaening (superspreading event)
DumnuvmevesusazUsemaiivgiinnsudms
Sansvaaunisalil lunsfndel$a SARS-
Cov-2 wuiifissdudiohiuvosiinnded
Huanuvmddyroinisssuevende  fudums
Jostumshnseangiinndenduiiuazdiely
nsaunulsale  neyuadiAgAsn1IMInan1e
finzstiliiAn  superspreading  laenssnsn
A15150MAY WS wazadaRn1s (Ministry of
Health, Labour and Welfare) ‘Uaﬂﬂszmﬂajﬁu
IuugilussorvundnidoangAnssudiiu
HadeTnasensunsszuia M3endt 3 C Ao 1)
legluanuifiduiuitauasiinsszune
el (closed spaces with poor ventila-
tion) 2) nEndesiigusuitauegitu it
(crowded spaces) wag 3) vanidganseglnddn
iy (close-contact) (39) \leanloniafias
SARS-

CoV-2 Pazinlugmsssuintvgjvedlsalain-19

MIAARNITLNT B WAL NS UL D ITa

Tunguuszrnsdnass atinisundssuinveade
Th%aldldiAnananuansavesdelunisuns
szuavitiy uinguauludauffunuinlunis
WngsEUInveateufy  39nn3inwsEeEeing
(17) mimmﬁﬁmﬂauwﬁmﬁaag”l,uﬁmmim
(17,18) UagMIaNilenIeayn3alaanagod.an
Wulsedn (19) aztredestunisindeuazan
Msunsnszaneveela¥a SARS-Cov-2 I
uennidlonuiifiifndiol¥a SARS-Cov-2
Wudwuannlunanienty  asaeuaiulse
Tagmsinauminsanioiniuaniila uay
mﬂiaqﬁluﬁfu 5 U (backward contact tracing)
LAEYNNIIATIAUALANAILG AL IBUBNLREINIT

LNISEUNA waztglunistesnunisiindululu

awen (36) nslilumansndinanansiiionn
mMsalieafunaresnsiin contact tracing WU
M9 contact tracing $afumaneniinide
oNINEBUILTIBANNITUNTTEUINYB D 13
SARS-CoV-2 aslaunniieieuag 50 (40)

Fafu n1saiansal waznISLENLEEUIE
319y (identify) ;Eﬁll,flu superpreader daLdu
ANNINIENNNITHNNIUALNITATITUEY R
asiAetasfun1sannslsALaznIASELNIT
dmduunumssuiionisszuinadl
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Superspreading of Covid-19 by Covid-19 Superspreaders

Sriburi R
Department of Microbiology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Covid-19 is an infectious disease caused by the SAR-CoV-2 virus. Covid-19 has become a major public
health problem worldwide since its first identification in December 2019. A Covid-19 superspreader is
a SAR-CoV-2-infected individual who transmits the virus to a large number of people, an event known
as superspreading. Covid-19 superspreading usually occurs when a large group of people wearing no
masks gather in indoor spaces with poor ventilation for a prolonged period of time. By using back-
ward contract tracing to identify the Covid-19 superspreader and interrupting superspreading events,
it would be possible to significantly reduce viral transmission and slow the Covid-19 outbreak. Chiang
Mai Medical Journal 2021;60(3):395-406. doi: 10.12982/CMUMEDJ.2021.35
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