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Original article

A pilot evaluation of the online rabies exposure reporting system
(R36) and post-exposure rabies immunization in clinical practice in
selected hospitals in the upper north of Thailand in fiscal year 2016

Arunothong S, Bongjaporn N and Thongchum K
Office of Disease Prevention and Control region 1, Chiang Mai

Objectives The study aimed to evaluate the online rabies exposure reporting system (R36) and rabies post-exposure
prophylaxis (PEP) in clinical practice.

Methods A cross-sectional pilot study was conducted in Wiang Kaen, Chiang Khong and Song Khwae Hospitals during
mid-January 2017. Records for the 2016 fiscal year were reviewed and stakeholders were interviewed. Quantitative and
qualitative attributes of the reports were evaluated. The administration of rabies PEP was also evaluated including the
percentage rate of non-compliance with the Thai-CPG for rabies guidelines 2016 and pitfalls in actual practice. A few
factors associated with the pitfalls were selected for analysis by multivariate logistic regression.

Results Only the Wiang Kaen and Chiang Khong Hospitals used the online R36 reporting system. Ratings of the sen-
sitivity, completeness and validity of the online R36 reports were 73.08%, 98.25% and 70.18%, respectively, for Wiang
Kaen Hospital and 37.12%, 73.47% and 36.73% for Chiang Khong Hospital. The median time from the first dose to
submission of the online report was 91 days in Wiang Kaen Hospital and 38 days in Chiang Khong Hospital. The rates
of inappropriate PEP, i.e.under- or over-dosage of rabies vaccination/immunoglobulin injections, were 34.62%, 55.30%
and 44.44% in the Wiangkaen, Chiang Khong and Song Khwae Hospitals, respectively. Factors associated with non-
compliance with the guidelines occurred most frequently in 13-18 years old patients, head and neck injuries, laceration
wounds and no history of previous adequate rabies vaccination.

Conclusion The time to report in Wiang Kaen Hospital and the quality of the reports (sensitivity, completeness and
validity) in Chiang Khong Hospital needed improvement. Overall, the incidence of inappropriate PEP was high for this
fatal disease, indicating a need for physicians and health care teams to pay closer attention to patients who have the risk
factors. Chiang Mai Medical Journal 2020;59(4):187-95.

Keywords: rabies, report evaluation, clinical practice, risk factors, post exposure prophylaxis

Introduction

Rabies is an acute form of encephalitis or ~ cause more than 59,000 deaths annually (4). The
meningoencephalitis caused by infection with a  estimate mortality is highest in Asia and Africa.
Lyssavirus (1). The disease is fatal once clinical ~ Dogs are responsible for 99% of human cases (4,5).
signs appear, but it can be prevented through Although rabies is currently an uncommon
timely immunization following exposure to the  disease in Thailand, deaths of people and domestic
virus (2). The virus is found in the saliva of rabid =~ mammals from rabies occur every year. Investi-
mammals and is transmitted by bites, scratches  gations have found that the major cause of death
or licking wounds or other mucosal surfaces (3).  is unawareness of the need to seek rabies immuni-
Rabies is present worldwide and it is estimated to ~ zation in a hospital (6). Sadly, one patient died

Correspondence: Surachet Arunothong, MD, Office of Disease Prevention and Control region 1,
447 Lamphun road, Watgade, Muang, Chiang Mai 50000 Thailand.
E-mail: lek_surachet@yahoo.com
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because they went to a private clinic for treatment
after a dog bite, but did not received rabies vacci-
nation (6). In response to the disease burden,
Thailand has a vision of eliminating rabies in the
country by the end of 2020, a vision which has
received both government and the royal support
(the “Animals Free of Rabies; Humans Safe from
the Disease Project” under the wish of Professor
Dr. Her Royal Highness Princess Chulabhorn
Mahidol”). A number of government ministries
have responded to the royal project. The third
strategic plan of the royal project concerns rabies
surveillance, prevention, control and human
patient care (7). An online rabies exposure re-
porting system (R36) is currently administrated
by the Division of Communicable Diseases,
Department of Disease Control, Ministry of
Public Health, Thailand. Health personnel in
hospitals are requested to enter the history and
medical information of patients who have been
bitten, scratched or licked wounds or mucosal
surfaces by mammalsinto the web-based program.
Details of the situation, quality of treatment (whether
adequate or inadequate) and rabies control
measures can be monitored by health personnel
at the hospital, provincial, regional and national
levels.
Control region 1, Chiang Mai (the local branch
of Department of Disease Control, Ministry of
Public Health responsible for the upper North
of Thailand) conducted a pilot evaluation of the
online R36 system and post-exposure rabies im-
munization in clinical practice to assess the effec-
tiveness of the reporting system and the quality of
rabies post-exposure immunization.

The Office of Disease Prevention and

Objectives

1. To conduct a quantitative and qualitative
evaluation of the online rabies exposure report-
ing system (R36).

2. To evaluate post-exposure rabies immuni-
zation in clinical practice.

Methods
A cross-sectional pilot study was conducted
by an evaluation team from the Office of Disease

Prevention and Control Region 1, Chiang Mai
(ODPC1) in mid-January 2017. Three district
hospitals in the upper north of Thailand were
selected for this pilot evaluation. The selected
hospitals were in the three districts which reported
the highest number of rabies positive mammals
in the 2016 fiscal year via Thairabies.net, a system
of rabies surveillance of the Department of Live-
stock Development of Thailand. The three districts,
Wiang Kaen, Chiang Khong and Song Khwae,
had reported a total of 26, 10 and 10 rabid mam-
mals, respectively. Wiang Kaen Hospital, Chiang
Khong Hospital and Song Khwae Hospital were
selected for the study. A two-day review of the
2016 fiscal year medical records of each of those
hospitals, including interviews with stakeholders,
were conducted.

The evaluation report was based on the 2001
US-CDC guidelines for evaluating surveillance
systems (8). Assessment of rabies post-exposure
immunization followed the Thai Department of
Disease Control (Thai-DDC) Clinical Practice
Guideline (CPG) for rabies 2016 (9). Although
the WHO published new rabies guidelines in 2018
(10), the Thai Ministry of Public Health (Thai-
MOPH) has recommended that practitioners
follow the Thai-DDC CPG 2016 for cases of rabies
post-exposure immunization (11).

Medical records from the 2016 fiscal year were
selected using the following criteria:

1. ICD10 code W53 (bitten by rat), W54
(bitten or struck by dog) and W55 (bitten or struck
by other mammals).

2. Living in the sub-district where the hospital
is located.

Quantitative and qualitative attributes were
described in the report evaluation. Quantitative
attributes included sensitivity, predictive value
positive, completeness of data, validity of data and
representativeness. The qualitative attributes were
usefulness, acceptability, simplicity, flexibility
and stability. The quality of rabies post-exposure
immunization was also presented as a percentage
of non-compliance with the CPG and details of
pitfalls in actual practice. Non-compliance with
the CPG included prescription of other than
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recommended dosages of rabies vaccine/immu-
noglobulin as well as provision of more or less
than the recommended number of injections.
Selected factors associated with the pitfalls were
analyzed using multivariate logistic regression.
This pilot evaluation received permission
from the directors of the Wiang Kaen, Chiang
Khong and Song Khwae Hospitals for access to
medical records and the online R36 database. The
R36 database included the same time frame and
study population as the medical records. Individual
records were extracted from the R36 program
using username and password, then the data from
the two sources were compared and evaluated.

Results

Among the three hospitals in this pilot evalu-
ation, only two, Wiang Kaen and Chiang Khong,
used the online R36 reporting system. However,
all three hospitals were evaluated for quality of
rabies post-exposure immunization.

The data flow of the online R36 reports of
the Wiang Kaen and Chiang Khong Hospitals is
shown in Figure 1.

At the Wiang Kaen and Chiang Khong Hospitals,
atotal of 78 and 132 medical records, respectively,
met the selection criteria. The quantitative attri-
butes of the online R36 reporting system in the
two hospitals showed a low level of sensitivity,
but the predictive value positive of the reports
were 100% for both hospitals. Regarding data

completeness and validity, staff of Wiang Kaen
Hospital performed very well, although they took
longer to report than the staff of Chiang Khong
Hospital. Quantitative attributes are described in
Table 1.

Executives and practitioners who were relevant
to the use of the online R36 reporting system in
the two hospitals were interviewed. They realized
the importance of the program and had agreed to
report. There were some limitations in use of the
program as shown in Table 2.

Evaluation of post-exposure rabies immuni-
zation was based on physicians’ notes and orders
in the medical records (Table 3). Because many
records related to the health status of the animal
at the end of ten-day observation period as well as
physicians’ guidance regarding further vaccina-
tion were not available, the researchers agreed to
use administration of at least three doses of PEP
vaccination as indication of adequate treatment
in this study. The proportion of vaccinations with
and prescription of rabies immunoglobulin (RIG)
that did not adhere to the 2016 Thai CPG for ra-
bies was high in all three hospitals. Pitfalls identi-
fied included inadequate doses of rabies vaccine
for the category of the wound, too many or too
few booster doses, and not prescribing RIG for
new cases or patients who had had insufficient
immunization in the past.

Factors associated with non-compliance with
the Thai-CPG for rabies guidelines 2016 in all

The data flow online rabies exposure reporting system (R36)
in Wiang Kaen and Chiang Khong hospitals

The online
R36 system

— Data sending P \

- Public Health Provincial Office

= - Regional Office of Disease Prevention and
control
- Department of Disease Control

~ > Feedback e are able to access the data in each
’¢' “ responsible area.
-~ Y
s i - -
Epidemiology Key data in Epidemiology Extract data
Unit v the R36 Unit \
, system Kev data im Information
i | Telephone ; . data hase
& | notification the R36 .
system 4 |
Emergency Room Emergency Room

Wiang Kaen hospital

Chiang Kong hospital

Figure 1. The data flow of the online R36 report of Wiang Kaen and Chiang Khong Hospitals.
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Table 1. The quantitative attributes of the online R36 reporting system in the two selected hospitals

Quantitative attributes Wiang Kaen Hospital Chiang Khong Hospital
1. Sensitivity (proportion of the true cases 73.08% 37.12%
detected by the R36 reporting system) (57/78) (49/132)
2. Predictive value positive (proportion of the R36 100% 100%
reported cases that are the true cases) (57/57) (49/49)
3. Completeness of data filling in the R36 reporting 98.25% 73.47%
system (56/57) (36/49)
4. Validity of data in the R36 reporting system 70.18% 36.73%
(40/57) (18/49)
5. Median time form first shot of vaccination to 91 days 38 days
report (IQR: 81) (IQR: 77)
Range: 33 to 252 days Range: 2 to 152 days
6. Representativeness’ Same distribution of age Different distribution of age
groups and exposure month  groups™ and exposure month
between the online R36 report between the online R36

and active case finding from  report and active case finding
medical record from medical records

"The researchers intended to describe the representativeness of the online R36 report in text for limitation of excess
figures in this article

" Age groups were classified as preschool (0-5 years old), primary school (6-12 years old), high school (13-18 years old),
adults (19-59 years old) and elderly (> 60 years old)

Table 2. The qualitative attributes of the online R36 reporting system in the two selected hospitals

Qualitative attributes Wiang Kaen Hospital Chiang Khong Hospital

1. Usefulness  Report to the provincial public health office
o Surveillance and warning information to relevant networking such as local adminis-
tration and Chiang Rai livestock office
o Information for logistic planning in following year
o Information during activation of Emergency Operation Center (in situation of rabies
positive in animal/human)

2. Acceptability The users realized the importance of the online R36 report and agreed to report
3. Simplicity o The usersneed was that the online R36 ~ « The usersneed was that the online R36
is able to automatically extract data is able to automatically extract data
from the hospital information system. from the hospital information system.
o In case of referral to a Sub-District o The username and password to access
Health Promotion Hospital (SDHPH) the online R36 took time to obtain. They
for 2m-4™ or 5" dosage of rabies vaccina- should be fixed for the hospital and not
tion, the SDHPH staff was unable to key be rely on an individual because the
in the data of additional vaccination. responsible staff has frequently changed.
« Too much information o Too much information
4. Flexibility The system was able to operate even if there were modifications of case definitions or

technology, and variations in funding or reporting sources.

5. Stability The system was able to operate although a new responsible staff has performed.
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Table 3. The evaluation of rabies post-exposure immunization in the three selected hospitals

The clinical practice of The percentage of non-compliance with the Thai-CPG for rabies 2016 and

rabies post exposure the detail of the pitfalls in clinical practice (Based on the medical records)

immmunization Wiang Kaen Hospital Chiang Khong Hospital Song kwae Hospital

24.36% (19/78)
« No vaccination or .
inadequate doses
(received < 3 doses in

31.06% (41/132)
No vaccination or

25.93% (14/54)

» No vaccination or
inadequate doses
(received < 3 doses in
new cases/ insufficiency

1. Vaccine aspect

inadequate doses

(received < 3 doses in
new cases/insufficiency new cases/ insufficiency
immunization in the
past): 22.22% (12/54)

1 dose booster in patients

immunization in the
past): 25.76% (34/132)
1 dose booster in patients o

immunization in the
past): 16.67% (13/78)
o 3 dose booster in patients e

who received rabies vacci-
nation more than 6 month
in the past: 3.79% (5/132)

who received rabies
vaccination in the past:
7.69% (6/78)

who received rabies vacci-
nation more than 6 month
in the past: 1.85% (1/54)

11.54% (9/78)
No RIG given in category 3
exposure among new cases

2. Rabies immuno-
globulin (RIG)
aspect

Total percentage of

either vaccination or

prescribing RIG that
non-adherence to the

Thai CPG 2016

34.62% (27/78)

No RIG given in category 3
exposure among new cases

3 dose booster in patients o
who received rabies

3 dose booster in patients
who received rabies
vaccination in the past:
1.52% (2/132)

35.61% (47/132)

vaccination in the past:
1.85% (1/54)
25.93% (15/54)
No RIG given in category 3
€Xposure among new cases

55.30% (73/132) 44.44% (24/54)

three selected hospitals are presented in Table 4.
The combined total number of cases of compli-
ance and of non-compliance with the Thai-CPG
for rabies 2016 were 140 and 124, respectively.
There was a higher incidence of physicians not
following the CPG for treatment among high
school age patients and adherence was higher
for the preschool age group than the adult group.
Head and neck injuries, laceration wounds and
either no history of rabies vaccination or fewer
than three doses of rabies vaccination in the past
were significantly associated with non-compli-
ance with the CPG.

Discussion

Rabies is an important notifiable disease in
many countries, including Thailand. Rabies sur-
veillance systems are necessary for initiation of
appropriate responses to outbreaks of the disease.
However, a national reporting system for rabies

exposure is absent in many countries. For example,
there is currently no national reporting system
for rabies exposure in the United States, although
some state health departments do provide animal
bite or post-exposure prophylaxis (PEP) reports
(12). A descriptive assessment of rabies PEP
reporting in four Asian countries (Bangladesh,
Bhutan, Cambodia and Sri Lanka) in 2017-2018
showed no national reporting system for rabies
exposure in any of those countries (13).

In the present study, some cases which just met
the criteria were included in the online R36 system
(low sensitivity reports), especially patients in the
Chiang Khong Hospital. There was no online
R36 reports from the Song Khwae Hospital; in
that hospital, the staff did not have the necessary
username and password to access the program
and it appeared that the staff were insufficiently
supervised by zoonotic program managers in the
provincial public health office. The completeness
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Table 4. Multivariate analysis of factors associated with non-compliance with the Thai-CPG for rabies 2016 in all three

selected hospitals
- Pooled medical records of all the three selected hospitals (n=264)
actors
Adjusted OR 95% CI (p value)
Age groups (years old)
Preschool (0-5) 0.32 0.13-0.78 (0.01)"
Primary school (6-12) 0.52 0.21-1.30 (0.16)
High school (13-18) 4.63 1.12-19.11 (0.03)"
Adults (19-59) Reference Reference
Elderly (= 60) 0.79 0.34-1.84 (0.59)
Male 1.32 0.74-2.36 (0.35)
Body area of exposure
Head and neck 6.41 1.32-31.03 (0.02)"
Trunk 1.10 0.32-3.82 (0.88)
Extremities Reference Reference
No rabies vaccination or having less than 3 dose 6.24 2.82-13.80 (< 0.00)°
vaccination in the past
Laceration wound 9.00 4.73-17.13 (< 0.00)"
Hospital visit more than 2 days after exposure 0.73 0.21-2.54 (0.62)

“Statistical significant at p < 0.05

and validity percentages of reports by the Wiang
Kaen Hospital was relatively high, while the validity
of reports by the Chiang Khong Hospital were
seriously in need of improvement. Similar in-
complete PEP reports have been identified in US
hospitals, e.g., at the Emergency Department in
King County, Washington and Cook County,
Illinois (14,15). The overall reporting completeness
in King County was 62%, while in Cook County
the overall reporting completeness was 25.4%
before intervention, rising to 54.1% after interven-
tion (14,15).

The median time from first vaccination to online
reporting waslonger than would be desired inboth
the Wiang Kaen and Chiang Khong Hospitals.
The median times were 91 days (IQR 81 days)
and 38 days (IQR 77 days), respectively. Reports
should ideally be submitted the next day following
treatment for medical providers using the online
R36 program or within 30 days, i.e., after completion
of a series of vaccinations, if reports are submitted
in batches. Stakeholders using the online R36
reporting system realize the importance of the
program and agree to report. On the other hand,
it was found that in nine of the states which were

assigned to be “model” states for Rabies-Related
Animal Control (RRAC) in the US, none required
both animal bite and PEP reporting, two man-
dated animal bite reporting, five mandated PEP
reporting and two had neither animal bite nor
PEP reporting requirements (16).

Human error in manual entry of medical
record data into the online R36 program was a
major impediment to validity and completeness.
Data input to the online R36 system could be
improved by automatic data transfer from hospi-
tal information systems directly to the online R36
program. The online R36 reporting system is not
yet required by Thai law and is not a requirement
for eligibility for reimbursement under the Thai
National Health Security Office, resulting in sub-
optimal reporting.

Although rabies is a fatal disease, the percentages
of vaccination and prescribing RIG that did not
adherence to the Thai CPG 2016 in Wiang Kaen,
Chiang Khong and Song Khwae Hospitals were
unexpectedly high. An example of over-treatment
is giving three booster doses to a patient who has
received at least three doses of vaccine at some
time in the past. Although the three booster
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doses can protect the patient from rabies, this
practice shows that the physician did not review
the patients’ rabies immunization history, resulting
in unnecessary extra doses and extra cost. A
number of studies also showed a high propor-
tion of improper rabies PEP treatment. A 2006
study in the Emergency Department of Ramathi-
bodi Hospital revealed that “under treatment”
occurred in 71.5% of cases (wound category 2
treated as category 1, wound category 3 treated
as category 1 and wound category 3 treated as
category 2) and that “over treatment” happened
in 1.6% of cases (wound category 1 treated as
category 2 and wound category 2 treated as
category 3) (17). Another study of 48 hospitals
in eastern Thailand, the area with the highest
national prevalence of rabies, reported that just
70% of the rabies exposure patients received at
least three doses of PEP vaccination and only
15% of patients with category 3 wounds received
RIG (18). In Vietnam during 2014-2016, among
14,095 patients who were exposed to potentially
rabid mammals and received a first dose of PEP
vaccination only 64.76% received at least three
doses of PEP vaccination (19).

A study in Australia reported that severe wounds
of the face and head were associated with post-
exposure management failure (20). In contrast,
a study in Delhi showed that wound category 2
exposures were significantly associated with non-
adherence to anti-rabies vaccine schedules when
compared to patients with wound category 3 (21).
Patients who have a new rabies exposure or who
have had insufficient immunization in the past
need to receive a full vaccination schedule of at
least three doses if the suspect animal remains
healthy for ten days. However, in this study, a
number of patients with lacerations or wounds
of the head and neck did not received RIG and
therefore , these category 3 exposure cases re-
ceived significantly inappropriate treatment. A
quarter of our study subjects had not received
vaccine or had received inadequate PEP vaccina-
tion, and thus were in the significant risk group of
non-adherence to the Thai CPG for rabies 2016.

The risk of inappropriate PEP discontinuation
in different age groups has been evaluated several
different studies. The present study found that
the high school age group (13-18 years old) were
a significantly high risk group for inappropriate
treatment, while the pre-school age group had a
higher chance of receiving appropriate care. In
other Thai studies, 16-45 year old patients were
found to be more likely to discontinue PEP proto-
col, while in Viet Nam patients who were at least
15 years old had a higher risk of incomplete PEP
(18,19).

Conclusions

The online R36 reporting system was accepted
and implemented in the Wiang Kaen and Chiang
Khong Hospitals. However, the time to report an
incidence at the Wiang Kaen Hospital needed
improvement and the quality of the reporting (sen-
sitivity, completeness and validity of the report)
in the Chiang Khong Hospital was in need of en-
hanced supervision by zoonotic program managers
at the provincial and/or regional levels. Overall,
the incidence of inappropriate PEP according to
the Thai CPG for rabies 2016 was unexpectedly
high for this highly fatal disease. Risk factors
associated with non-compliance with the guideline
can mostly be classified into two groups. The first
group is category 3 exposures (head and neck or
laceration wounds) requiring RIG administra-
tion. The second group is patients with no history
of immunization or who received inadequate
immunization in the past. These patients have a
higher risk of incomplete vaccination, i.e., of
receiving only one or two doses, than patients who
have received adequate immunization in the past.
Physicians should keep in mind the risk factors
that can lead to inappropriate treatment. Health
care teams should also increase patients’ aware-
ness of the need to strictly adhere to vaccination
schedules to prevent incomplete treatment.

Limitations of the study
This evaluation was based on records in the
online R36 program and hospital information
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systems, so some actual practices might not have
been recorded.

Also, the classification category of a wound
could vary, e.g., an abrasion wound might be re-
corded as a laceration wound and vice versa.
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Assessment of awareness of radiation protection and knowledge
of radiation dose among 5% year medical students and radiology
residents at Maharaj Nakorn Chiang Mai Hospital, Thailand

Sripusanapan A," Jariyawattana K,' Deepan N,' Thansuwonnont P,' Ekpatanaparnich T' and
Inmutto N2

"Medical student, 2Diagnostic radiology division, Radiology Department, Faculty of Medicine,
Chiang Mai University

Objectives Our study aimed to assess the awareness of radiation protection and knowledge of radiation dose of 5" year
medical students and radiology residents.

Methods Forty-seven 5" year medical students and 18 radiology residents participated in this survey during July 10-17,
2019. Participation was voluntary and the identity of the respondents was kept anonymous. The participants were asked
to complete the questionnaire via Google forms within a period of 15 minutes.

Results The survey found that 48.9% of 5" year medical students and 61.1% of radiology residents felt they had sufficient
knowledge of ionizing radiation protection. Counting one point for a correct answers and zero points for a wrong
answer, the overall mean score of the 5" year medical students was 6.2 out of a possible 16 with a standard deviation of
2.2. The overall mean score of the radiology residents was 7.9 out of 16 with a standard deviation of 2.1. Only 14.9% of
the medical students and 38.9% of the radiology residents knew about stochastic radiation damage. However, 57.4% of
the medical students and 88.9% of the radiology residents did know about the “as low as reasonably achievable” (ALARA)
concept. Fifty percent of the medical students did not know that MRI and ultrasound do not produce ionizing radiation.

Conclusion There is evidence of inadequate awareness of radiation protection and knowledge of radiation doses among
both 5% year medical students and radiology residents at Maharaj Nakorn Chiang Mai Hospital, Thailand. To improve
this situation, adding theoretical and practical modules to the standard curricula should be considered. Chiang Mai
Medical Journal 2020;59(4):197-205.

Keywords: CXR, medical students, radiation dose, radiation protection

Introduction

The number of diagnostic imaging investiga-
tions that use ionizing radiation has increased
over the past decade. Between 1996 and 2010, the
use of computed tomography (CT), magnetic
resonance imaging (MRI), ultrasound, and PET
imaging have increased annually by 7.8%, 10.0%,
3.9%, and 57.0%, respectively (1). This indicates
that there is a potential for unnecessary high
radiation exposure among both patients and medical

practitioners. The contribution to the total risk of
cancer from radiation exposure during a CT scan
depends on the scan type, frequency of use, radia-
tion dose, and the individual’s general health (2).
Radiation side effects are a particular concern
among young patients, especially children. Evidence
has demonstrated that the use of a CT scan as part
of a pediatric examination can increase the risk of
developing leukemia and brain cancer (3,4).
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A review of previous research shows that
radiology residents, radiography students, and
medical students often have only a limited aware-
ness of radiation protection and the radiation
risks associated with imaging procedures (5-8).
Furthermore, essential knowledge of radiation
protection topics, e.g., regulations, patient suscep-
tibility to radiation damage, radiation doses
delivered in the normal radiological procedure,
is generally lower among medical students than
among radiology residents (6). This suggests that
many individuals in the medical field may under-
estimate the consequences of not being protected
from ionizing radiation even though they are
regularly exposed to that radiation on a daily basis,
e.g., that such exposure can lead to an increased
risk of cancer and death. Thislacuna in the medical
education process demonstrates a need to evaluate
the awareness of ionizing radiation prevention
issues and knowledge about radiation dose among
the trainee doctors and to develop appropriate
methods to increase that knowledge.

Objectives

The main purpose of this study was to evaluate
the awareness and knowledge of ionizing radiation
prevention among 5" year medical students and
radiology residents at Maharaj Nakorn Chiang
Mai Hospital.

Methods
Data collection

This descriptive and analytic study, conducted
between July 10-17, 2019, included a cross-sec-
tional survey of 5% year medical students and radio-
logy residents at Maharaj Nakorn Chiang Mai
Hospital. The desired sample size was at least 45 of
the 148 the 5™ year medical students and at least
18 of the 23 radiology residents. Inclusion criteria
were the 5% year medical students who had pre-
viously completed a radiology rotation during their
4™ year at Maharaj Nakorn Chiang Mai Hospital
and radiology residents currently training in the
Radiology Department of Maharaj Nakorn
Chiang Mai Hospital. Participants who failed to
fully complete the questionnaire were excluded.

The research tool was a questionnaire about
awareness and knowledge of ionizing radiation
protection. The questions were similar to those
in a previous study by Paolicchi (9). Prior to the
survey, participants, all of whom were volunteers,
were assured that the results of the questionnaire
would be kept anonymous, stored in a database
and used for research purposes only. To avoid bias,
the participants were asked to complete the three-
part online questionnaire within a 15-minute
period via Google Forms (Survey software, Google
LLC).

The questionnaire consisted of the following
three parts:

Part 1. Personal data including gender, age,
and perceived knowledge of radiation hazards.

Part 2. Awareness of radiation protection
focusing on 1) patient’s right to be informed
about potential radiation damage; 2) awareness of
patient sensitivity to radiation damage; 3) aware-
ness of responsibility to avoid excessive radiation
exposure; 4) knowledge of radiation dangers to
individuals working in the field of radiation; 5)
knowledge of the parts of the body that are more
sensitive to radiation injury; 6) knowledge of the
potential consequences of radiation damage; 7)
understanding of the concept of dose optimization.

Part 3. Knowledge about radiation dosage with
a focus on 1) average dose from a posteroanterior
chest x-ray (considered a common reference unit
to compare radiation exposure from different
radiological examinations); 2) background radia-
tion dose received by the general population;
3) lumbar spine x-ray dose; 4) mammography
dose (bilateral, two projections for each side),
5) chest computed tomography dose; 6) pelvic
magnetic resonance dose; 7) positron emission
tomography-computed tomography dose; 8)
abdominal ultrasound dose; 9) myocardial scin-
tigraphy dose (9).

All questions in parts 2 and 3 were multiple-
choice with five and six options, respectively.
Each question had only one correct answer. In
scoring, each question answered correctly was
counted as one point and wrong answers were
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counted as zero. The total points were used to
calculate the mean score for each sample group.

Statistical analysis

SPSS version 24 was used for the statistical
analysis. Categorical variables are given as percen-
tages. Age is shown as mean, while other conti-
nuous variables are presented as mean * standard
deviation. Descriptive statistics were used to
express the percentage of respondents choosing
each option for every question about awareness
and knowledge of ionizing radiation prevention.
Analytical statistics were used to compare aware-
ness and knowledge of ionizing radiation preven-
tion between 5" year medical students and radio-
logy residents of Maharaj Nakorn Chiang Mai
Hospital and are presented as mean + standard
deviation.

Results

Of a total of 148 5" year medical students, 47
(31.8%) completed the questionnaire as did 18
of 23 radiology residents (78.3%). The mean age
of the 5" year medical students and radiology
residents was 22 and 28 years, respectively. Of
the 5"year medical students answering the ques-
tionnaire, 27 (57.4%) were male as were 7 (38.0%)
of the radiology residents.

In self-rating their knowledge level related
to ionizing radiation-related risks prior to com-
pleting the questionnaire, 12 (25.5%) of the 5%
year medical students rated their knowledge as
insufficient, 11 (23.4%) rated it as good, and only
one (2.13%) rated their knowledge as excellent.
Among radiology residents, one (5.5%) rated
their knowledge as insufficient, 6 (33.3 %) rated

it as good and none rated their knowledge as
excellent (Table 1).

Counting correct answers as one point and
incorrect answers as zero points, the overall mean
score of the 5" year medical students was 6.2 out
of a possible 16 with a standard deviation of 2.2.
For the radiology residents, the mean was 7.9
with a standard deviation of 2.1 The difference
in total mean score between the two groups was
statistically significant (p < 0.05).

Radiation protection awareness

Regarding radiation protection awareness (Part
2 of the questionnaire), 47 (100.0%) of the year
medical students and 17 (94.4%) of the radiology
residents showed awareness of the necessity to
inform patients about the fundamentals of radia-
tion damage. However, only 17 (36.2%) of the year
medical students and 5 (27.8%) of the radiology
residents knew which patients had the highest
sensitivity to the radiation. Twenty-five (53.2%)
of the 5" year medical students and 16 (88.9%) of
the radiology residents knew that medical prac-
titioners involved in using radiation must take
responsibility for excessive exposure to radiation.
Just over one fourth (23 or 28.9%) of the 5" year
medical students and 12 (66.7%) of the radiology
residents were aware that interventional cardiolo-
gists and radiologists have the highest potential
for radiation exposure. Twelve (25.5%) of the 5%
year medical students and 12 (66.7%) of the radio-
logy residents were aware that the breast is
the type of tissue most sensitive to radiation.
Leukemia was acknowledged by only 7 (14.9%) of
the 5" year medical students and 7 (38.9%) of the
radiology residents to be a potential consequence

Table 1. Personal data and perceived knowledge of 5" year medical students and radiology residents

5% year Medical students Radiology residents p-value
(n=47) (n=18)

Age (mean; IQR) 222 (22-22) 28.2 (29-28.5) <0.001a
Gender (% male) 57.4 38.9 0.175
Perceived knowledge (%) 0.253
Excellent 2.1 0
Good 234 33.3
Sufficient 48.9 61.1
Insufficient 25.5 5.6

IQR; Q_3-Q_1, *p-value from Mann-Whitney U test
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of exposure to stochastic radiation. Finally, 22 (88.9%) of the radiology residents knew the defi-
(46.8%) of the 5" year medical students and 16  nition of dose optimization (Table 2).

Table 2. Responses of participants regarding radiation protection awareness (Part 2 of the questionnaire). Correct
answers are in bold

5" year medi- Radiology p-value
cal students residents

(n=47)
1. Is it necessary to inform patients about the risks related to the use of ionizing 0.233
radiation for medical purposes?
Yes, Always 100 94.4
Yes, but only patients younger than 18 years old 0 5.6
Yes, but only patients who are going to have a CT scan 0 0
Yes, but only patients younger than 65 years old 0 0
No, Never 0 0
2. Which of the following patients is the most sensitive to ionizing radiation? 0.415
1-year-old male 10.6 11.1
1-year-old female 36.2 27.8
20-year-old female 10.6 0.0
40-year-old male 0.0 0.0
Risk is unrelated to sex or age 42.6 61.1
3. Which of the following professionals are considered legally responsible for 0.099
unnecessary exposure to ionizing radiation and/or improperly performed
radiologic exams?
Only the referring physician 4.2 0.0
Only the radiologist 23.4 11.1
Only the interventional radiologist (other than radiologist) 17.0 0.0
Only the radiographer 2.1 0.0
All of the above 53.3 88.9
4. Which of the following professionals is most likely to be exposed to ionizing 0.277
radiation because of their job?
Nuclear medicine physicians 19.2 0
Radiographers 29.8 27.8
Interventional cardiologist and radiologists 48.9 66.7
Non-interventional radiologists 2.1 5.5
Surgeons 0.0 0.0
5. Which of the following tissues is most susceptible to ionizing radiation damage? 0.020°
Kidney 234 0.0
Breast 25.5 66.7
Bone 27.7 22.2
Liver 213 5.6
Muscle 2.1 5.5
6. Which of the following diseases may be a result of stochastic radiation damage? 0.025°
Dermatitis 21.9 11.1
Leukemia 14.9 38.9
Alopecia 8.1 0.0
Cataract 4.1 11.1
All of the above 51.0 38.9
7. Which of the following best describes the concept of “dose optimization”? 0.218
Prescribed and performed only when vital 6.4 0.0
The dose must be kept as low as reasonably possible 57.4 88.9
The scan volume should be as large as possible 10.6 0.0
Contrast resolution is maximized to assess even the finest image details 6.4 0.0
All of the above 19.0 11.1

"Statistical significant at p < 0.05
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Radiation protection knowledge

In Part 3 of the questionnaire, which dealt with
the comparison radiation dose from various
medical procedures, 18 (38.3%) of the 5" year
medical students and 10 (55.6%) of the radiology
residents knew the correct average dose from a
posteroanterior chest x-ray, but only one (2.1%)
of the 5" year medical students and two (11.1%)
of the radiology residents knew the average
radiation dose from background radiation. Ten
(21.3%) of the 5™ year medical students and one
(5.6%) of the radiology residents correctly chose
50-100 time as the average radiation dose of the
lumbar spine x-ray compare to chest x-ray. Ten
to fifty time was acknowledged by 17 (36.2%) of
the 5" year medical students and 7 (38.9%) of the
radiology residents as the correct average dose
of mammography compare to chest x-ray. The
comparison dose of a chest computed tomography,
about 100-500 times of a chest x-ray was recog-

nized by 14 (29.8%) and 4 (22.2%) of the 5" year
medical students and the radiology residents, re-
spectively. Fifteen (83.3%) of the 5% year medical
students and 2 (11.1%) of the radiology residents,
respectively, knew the correct dose from a pelvis
MRI and positron emission tomography-com-
puted tomography (PET-CT). However, only 22
(46.8%) and 18 (38.3%) of the 5™ year medical
students and the radiology residents, respectively,
were able to recognize the correct pelvis MRI
and positron emission tomography-computed
tomography (PET-CT) doses. Zero mSy, the correct
abdominal ultrasound dose, was recognized by 30
(63.8%) of the 5" year medical students and 16
(88.9%) of the radiology residents. Six (12.8%) of
the 5" year medical students and 1 (5.6%) of the
radiology residents correctly chose more than
500 times as the correct dose from a myocardial
scintigraphy (a two-day protocol with 99mTc-
Sestamibi) (Table 3).

Table 3. Responses of participants related to radiation protection knowledge (part 3 of the questionnaire). Correct

answers are in bold

5% year Radiology p-value
medical residents
students
1. What is the average dose from a posteroanterior chest radiograph? 0.230
<0.01 mSv 12.8 27.8
0.01-0.1 mSv 38.3 55.6
0.1-1 mSv 25.5 55
1-10 mSv 0.0 0.0
10-100 mSv 17.0 55
> 100 mSv 4.3 5.6
2.1fa PA chest radiograph counts as 1 unit, how much is the average dose due 0.243
to natural background radia-tion?
0 10.6 11.1
1-10 36.2 55.6
10-50 29.8 222
50-100 17.0 0.0
100-500 2.1 11.1
>500 4.3 0.0
3. If a PA chest radiograph counts as 1 unit, how much is the average dose 0.493
from a lumbar x-ray examination?
0 2.1 0.0
1-10 42.5 66.7
10-50 27.7 27.8
50-100 21.3 5.5
100-500 6.4 0.0
> 500 0.0 0.0
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Table 3. Responses of participants related to radiation protection knowledge (part 3 of the questionnaire). Correct
answers are in bold

5t year Radiology p-value

medical residents
students
4. If a PA chest radiograph counts as 1 unit, how much is the average dose 0.137
due to mammography (bilateral, two projections each - four images total)?
0 0.0 0
1-10 36.2 27.8
10-50 36.2 38.9
50-100 12.7 33.3
100-500 14.9 0.0
> 500 0.0 0.0
5. If a PA chest radiograph counts as 1 unit, how much is the average dose 0.706
from a chest CT without contrast enhancement?
0 0.0 0.0
1-10 6.4 5.6
10-50 27.7 33.3
50-100 255 33.3
100-500 29.8 22.2
> 500 10.6 5.6
6. If a PA chest radiograph counts as 1 unit, how much is the average dose 0.250
due to a pelvis MRI?
0 46.8 83.2
1-10 4.2 5.6
10-50 17.0 5.6
50-100 12.8 5.6
100-500 14.9 0.0
> 500 4.3 0.0
7. If a PA chest radiograph counts as 1 unit, how much is the average dose 0.323
from a whole-body PET-CT?
0 44 0.0
1-10 2.1 16.7
10-50 mSv 27.6 27.8
50-100 mSv 10.6 16.7
100-500 mSv 17.0 27.8
> 500 mSv 38.3 11.0
8. If a PA chest radiograph counts as 1 unit, how much is the average dose 0.325
from an abdominal ultrasound ex-amination?
0 63.8 88.9
1-10 6.4 5.6
10-50 12.8 0.0
50-100 10.6 5.6
100-500 4.2 0.0
> 500 2.1 0.0
9. If a PA chest radiograph counts as 1 unit, how much is the average dose 0.093
from myocardial scintigraphy (2 days protocol with 99mTc-Sestamibi)?
0 8.5 16.6
1-10 21.3 50.0
10-50 25.5 5.6
50-100 17.0 22.2
100-500 14.9 0.0
> 500 12.8 5.6

" Statistical significant at p < 0.05
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Discussion

This study represents the first survey conducted
Maharaj Nakorn Chiang Mai Hospital, Thailand
focused on awareness of radiation protection and
knowledge of radiological examination doses.
Several types of research demonstrate that the
level of knowledge of the 5% year medical students
regarding ionizing radiation and the need for
radiation protection is remarkably poor (5-7,
10,11).

Both the 5 year medical students and radiology
residents had limited knowledge about stochastic
radiation damage. That lack of knowledge could
be expected to affect a doctor’s ability to advise
patients about the risks and benefits of a radio-
logical test. Additionally, underestimation of the
risks of imaging-related radiation could result in
unnecessary exposure of patients to radiation.

Only 50% of the 5" medical students knew
about the “as low as reasonably achievable”
(ALARA) concept of dose optimization, while
88.9% of radiology residents knew about that
concept, reflecting a gap in radiation awareness
between medical students and radiology residents.
That gap appears to be the result of insufficient
lectures on the subject, currently consisting of
a single one-hour lecture during the radiology
allotment for 5" year medical students. This
knowledge gap should be taken into consideration
when developing the medical student curricu-
lum in order to minimize unnecessary exposure
of individual patients and the community to radia-
tion and its accompanying risk of cancer.

This investigation also found insufficient
knowledge about radiological examination doses
among radiology residents. Currently, radiology
resident training focuses mainly on diagnostic
methods and treatments to benefit patients and
pays relatively less attention to subtle long-term
consequences of exposure to ionizing radiation
which cause a few essential trivial effects.
Techniques which could improve residents’
knowledge of ionizing radiation exposure include,
e.g., providing additional lectures, self-directed
learning and teaching files as well as conferences
on morbidity and mortality.

Finally, the comparison of radiation protec-
tion awareness and knowledge of radiological
examination dosage between the 5" year medical
students and radiology residents shows that ra-
diology residents have a slightly better level of
knowledge than medical students. This difference
can be explained by the nature of the resident
academic curriculum of radiology students which
includes a greater focus on protection awareness
since the students will spend the majority of their
professional careers in the radiation field.

A key strength of this study is it that it repre-
sents the first research effort in Thailand to try to
assess the awareness of radiation protection and
knowledge of radiation dose among medical
students and radiology residents. One limitation
of the study is the small sample size. Studies which
include a larger number of medical students and
radiology residents may generate more accurate
results as could extending the time allowed for
completion of the survey.

Conclusions

There is evidence of inadequate awareness of
radiation protection and knowledge of radiation
dose among the 5" year medical students and
radiology residents at Maharaj Nakorn Chiang
Mai Hospital, Thailand. One potentially effective
way to improve radiation protection awareness
and increase knowledge of radiological examina-
tion doses among the 5" year medical students
and radiology residents would be to add theoreti-
cal and practical modules on those subjects to the
educational curricula.
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Original article

Performance of synthetic mammography in the detection of
architectural distortion: a comparison with conventional 2D
digital mammography

Huntrakul L, Udomphon S, Kongmebhol P, Rujiwetpongstorn J and Mutarak M
Department of Radiology, Faculty of Medicine, Chiang Mai University

Objectives To compare the performance of synthetic mammography (SM) and conventional 2D digital mammography
(DM) in the detection of architectural distortion (AD).

Methods A retrospective review was conducted by three breast imaging radiologists for DM and SM of 33 patients
(16 distorted and 17 non-distorted) to identify the presence or absence of and the location of AD. The results were
checked for consensus with the standard digital breast tomosynthesis (DBT) reference. STATA version 16.0 was used
to analyze the sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) of
each method. 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 two methods.

Results The sensitivity, specificity, PPV, NPV and accuracy of detection of AD with DM versus SM were 62.5% vs
62.5%, 70.6% vs 88.2%, 66.7% vs 83.3%, 66.7% vs 71.4% and 66.7% vs 75.8%, respectively. The AUC (95% CI) of the
SM technique for detection of AD was higher than the DM technique: 0.75 (0.61-0.90) compared with 0.67 (0.50-0.83)
(p=0.32).

Conclusion SM provides equal and potentially better diagnostic performance than DM in the detection of AD. Chiang
Mai Medical Journal 2020;59(4):207-15.

Keywords: architectural distortion, synthetic 2D mammography, conventional 2D mammography, digital breast
tomosynthesis

Introduction

Digital breast tomosynthesis (DBT) is a new
breast cancer screening tool that involves the
X-ray machine moving in an arc around the
breast, making several low dose images (1).
This technique produces an individual plane of
the breast, minimizing the effect of overlapping
breast tissue and can demonstrate some mam-
mographic abnormalities more clearly than
conventional 2D mammograms (DM) (2,3). In
addition, the excellent software algorithm asso-
ciated with the procedure can reconstruct a
synthetic mammogram (SM) from a DBT data

set (4). The use of SM can avoid the use of DM
when used in combination with DBT which also
gives some advantages such as decreased radia-
tion dose, decreased acquisition time, smaller
number of images, and lower interpretation time
(5-7). In some mammography vendors, SM has
also been approved by the FDA for use in com-
bination with DBT for breast cancer screening,
providing higher sensitivity and specificity and
a lower recall rate than DM alone (8-11). We
believe that the SM has the advantage of extracting
information from the multiple projection views

Correspondence: Lalita Huntrakul, MD, Department of Radiology, Faculty of Medicine, Chiang

Mai Univerity, Chiang Mai 50200, Thailand.
E-mail: lalita.h@cmu.ac.th

Received: July 29, 2020; Revised: August 17,2020; Accepted: August 26, 2020



208 Chiang Mai Med J

of the tissue structure which can result in the
identification of subtle changes associated with
breast cancer such as architectural distortion with
greater efficacy than DM. The aim of this study
was to compare the performance of SM with DM
in terms of detection of architectural distortion.

Methods
Patients

A retrospective search for patients with archi-
tectural distortion (AD) using the database of
the Breast Imaging Unit of the Women Health
Center at the Center for Medical Excellence,
Faculty of Medicine, Chiang Mai University for
the three year period from October 2015 through
September 2018 identified 50 patients with AD.
Eight patients were excluded from our study
because the AD was a result of previous surgery
and hence defined as secondary AD. Other
eight patients were also excluded due to in-
complete imaging data on the picture archiving
and communication system (PACS) review. We
enrolled all patients who had all imaging data
of three mammographic techniques including
conventional 2D mammography (DM), synthetic
mammography (SM) and digital breast tomosynthe-
sis (DBT). Of that group, 18 patients who were
found to have AD associated with mass on retro-
spective review were also excluded. Finally, 16
patients with primary AD were included in our
study. We also randomly selected mammographic
images of 17 other patients who had been reported
as BIRADSI or BIRADS?2 without the presence of
AD that performed at Breast Imaging Unit of the
Women Health Center at the Center for Medical
Excellence, Faculty of Medicine, Chiang Mai
University, to randomly mix with the patients
with AD group. Thus, the total number of sets of
mammographic images for reviewing was 33.

Ethical approval

This study was approved by the Research Ethics
Committee of the Faculty of Medicine, Chiang
Mai University (study code: RAD-2561-05866).
For this type of study formal consent of the
patient is not required.

Mammographic machine and techniques

All 33 patients had had bilateral breast mam-
mography performed with combo set protocol
of DM and DBT using a Dimension 1.8.4.4,
Hologic mammographic machine. The SM imag-
es were also reconstructed using Hologic recon-
struction algorithm software, also being known
as C-View. Four DM images from each patient
were grouped as a DM data set, while four SM
images from each patient were grouped as an
SM data set. Four tomographic views from each
patient were used as a standard reference of the
presence of and the location of the AD.

Data collection and imaging evaluation

Patient age and pathological reports were
collected. Of the 16 patients with AD, one had
AD in both breasts, making a total of 17 AD
lesions from 16 patients in our study. The flow
chart of the study is shown in Figure 1.

Both DM and SM data sets were reviewed in-
dependently and retrospectively by three breast
imaging radiologists. The DM data set was
reviewed first and the SM data set was reviewed
two weeks later to reduce recall bias. Each
reviewer recorded the presence or absence of AD
in each patient and, if it was evident, the location
was recorded in a quadrant position. The results
from all three reviewers were summarized into
consensus results derived from the unanimous or
majority opinion of the three reviewers for each
case. The consensus results were checked with
the standard reference DBT before concluding
whether the results were correct or incorrect in
each case. A correct result was defined as a case
where the AD was correctly detected in at least
one image view based on the consensus result. In
the case of the single patient who had AD in both
breasts, each AD had to be correctly detected on
at least one image view to be considered a correct
conclusion.

Statistical analysis

STATA version 16.0 was used for all analyses.
The sensitivity, specificity, accuracy, positive
predictive value, and negative predictive value of
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50 patients with architectural distortion

Primary architectural distortion
n=16 patients (17 AD)

-Secondary AD (8)

- Incomplete imaging data (8)

Excluded

- AD that associated with mass (16)

Non-architectural distortion

n=17 patients

Total 33 patients

,,,,,,,,,,,,,,

[ Original 2D data set ] . DBT is standard reference [ Synthetic 2D data set }

Figure 1. Flow chart of the study

each method were calculated as percentages. The
agreement level between the reviewers was evalu-
ated using the k coeflicient. Logistic regression
was used to calculate the area under curve (AUC)
and a Chi-squared test was used to compare the
AUC between the two methods. The results were
considered to be statistically significant if the
p-value was less than 0.05.

Results
General data

The demographic data are shown in Table 1.
There was no difference in age range between
patients with AD and those without AD (p =0.112).
Most (11) of the incidences of AD in our study
were found in the left breast with 4 in the right
breast; only one patient had AD in both breasts.
Nine AD lesions were determined to be malig-
nant by pathological examination including 7
lesions of invasive ductal carcinoma and 2 lesions
of invasive lobular carcinoma.

Inter-reader Agreement

The three reviewers were breast imaging radio-
logists with between 5 and 15 years of experience.
Agreement between the three reviewers was

assessed using Kappa coefficient analysis and
ranged from slight to substantial for the DM tech-
nique and from moderate to substantial for the
SM technique (Table 2).

Image analysis with conventional 2D mam-
mography and with synthetic mammography

In the case of the DM data set, the reviewers
correctly detected AD in 10 of 16 patients and
correctly interpreted12 of 17 non-AD patients. In
the SM data set, the reviewers correctly detected
AD in 10 of 16 AD patients and correctly inter-
preted 15 of 17 non-AD patients.

The diagnostic performance of each mammo-
graphic technique was analyzed for sensitivity,
specificity, positive predictive value (PPV), negative
predictive value (NPV) and accuracy. The sensiti-
vity of DM and SM techniques were equal at
62.5%, while specificity, PPV, NPV and accuracy
were 70.6% vs 88.2%, 66.7% vs 83.3%, 66.7% Vs
71.4% and 66.7% vs 75.8%, respectively (Table 3).
The AUC (95% CI) with the SM technique for
detection of AD was 0.75 (0.61-0.90) compared
with 0.67 (0.50-0.83) with the DM technique
(p=0.32).
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Table 1. Demographic data of patients included in the study

Clinical characteristic Presence of archi- Absence of archi- Total  p-value
tectural distortion tectural distortion  (n=33)
(n=16) (n=17)
Age range (years) 33-74 36-64 33-74  0.112
(mean) (55.4) (49.6) (52.4)
Site n (%)
Right side 4 (25)
Left side 11 (69)
Bilateral 1(6)
Pathology n (%)
Benign 5(36)
Malignant 9 (64)
Invasive ductal carcinoma 7
Invasive lobular carcinoma 2
No/Unsatisfied 2

Nine AD cases (52.9%) were correctly detected
by reviewers using both the DM and SM tech-
niques (Figure 2). There were five patients with
a total of six AD lesions (35.3%) that could not
be detected by the reviewers using either the
DM or the SM technique. One lesion (5.9%) was
detected by the reviewers using the DM technique
in mediolateral oblique (MLO) view, but was not
detected with the SM technique (Figure 3). One
lesion (5.9%) was detected by reviewers using the
SM technique but not the DM technique (Figure 4).

Discussion
Even though architectural distortion (AD) is
a subtle sign of breast cancer, it is an important

Table 2. Level of agreement among reviewers

Conventional

mammogram mammogram
RIvsR2 k=0.15 (slight) k=0.67 (substantial)
R1vsR3 k=0.70 (substantial) k=0.48 (moderate)
R2vsR3 k=0.33 k=0.55 (moderate)

Synthetic

finding that should not be missed due to significant
malignancy risk (12-14). This study found AD to
be an infrequent finding, with only 24 patients
with primary AD having been identified at the
Breast Imaging Unit of Women Health Center
at the Center for Medical Excellence, Faculty
of Medicine, Chiang Mai University during the
three-year period of this study.

A review of many previous studies found that
44-70% of cases of AD were due to malignant
lesions, with the most frequent pathology of
malignant AD being invasive carcinomas (94.5%),
predominantly with invasive ductal carcinoma
(12, 14). The malignancy rate of AD in this study
was 64% which is in agreement with previous
studies. This study found 100% of the cases of
malignant AD were invasive carcinoma, a rate
higher than that found in previous studies,
although this difference may be due to the small
sample size. Most of the malignant AD cases
in this study were invasive ductal carcinoma
(77.8%) and the rest were invasive lobular carci-

Table 3. Performance of conventional 2D mammography compared with synthetic mammography in the detection of

architectural distortion

Characteristic Sensitivity (%) Specificity (%)

PPV (%) NPV (%) Accuracy (%)

62.5 (10/16)
62.5 (10/16)

70.6 (12/17)
88.2 (15/17)

Conventional
Synthetic

66.7 (10/15)
83.3 (10/12)

66.7 (12/18)
71.4 (15/21)

66.7 (22/33)
75.8 (25/33)
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Table 4. Area under the curve with conventional 2D and with synthetic mammography for the diagnosis of architec-

tural distortion

Original 2D mammogram VS Synthetic 2D mammogram

1.00
1

0.75
1

True Positive rate (Sensitivity)
0.25 0.50
1 1

0.00
1

T

0.25

=
=
S

T T

0.50 0.75 1.00

False Positive rate (1 - Specificity)

—— —-

Reference

R_2D ROC area: 0.6654

—8&— R_s2D ROC area: 0.7537

Figure 2. Example of AD lesion detected in both DM and SM. Screening mammogram of a 74-year-old woman. (A)
The DM of right craniocaudal (CC) view; (B) right mediolateral oblique (MLO) view; (C) SM of right CC; (D) right
MLO; AD at right upper outer quadrant (RUOQ) is clearly evident

noma (22.8%), a finding which also corresponds
with previous studies.

In this study, there was slight to substantial
variation in agreement among the reviewers. This
result corresponds with previous studies which
found that AD was the type of lesion with highest
inter-observer variability (15,16). The reason
why AD has high inter-observer variability may
be due to differences in the experience of the re-

viewers, their level of familiarity with the imaging
technique and misinterpretation of some spiculate
lesions as AD rather than a spiculate mass.
Agreement between reviewers was higher with
the SM technique and appeared to be more
coherent than with the DM technique. We believe
that this result may be due to the images in the
SM technique being reconstructed from multiple
projection views of the soft tissue, helping the
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Figure 3. Example of AD lesion detected by all reviewers only in DM. A 45-year-old woman with right breast pain.
DBT showed AD at upper central of left breast (not shown). (A) The DM of left CC; (B) left MLO; (C) SM of left CC;
(D) left MLO. show faint AD at upper central left breast on retrospective review (arrows).

Figure 4. Example of AD lesion detected by all reviewers only in SM. A 33-year-old woman, screening mammogram.
The DBT showed AD at inner central right breast (not shown). (A) The DM of right CC; (B) right MLO; (C) SM of right
CG; (D) right MLO show AD at inner central right breast in both imaging techniques on retrospective review (arrows).

radiologist better differentiate between a spiculate
mass and an AD lesion.

Two previous studies found that AD was a
frequently missed lesion and that it could be
mammographically occult in about 50% of cases
(17,18). In this study, however, sensitivity in the
detection of AD with the DM and SM techniques
was equal at 62.5%; the mammographically occult
AD incidence in this study was only 35.3%. The
better detection rate and lower mammographi-
cally occult incidence of AD in this study may be

due to our reviewers being aware of the research
objective and therefore possibly more specifically
focused than usual on the detection of AD.

The values of the remaining parameters, speci-
ficity, PPV, NPV and accuracy, in our study were
higher and had a greater AUC with the SM tech-
nique than with the DM technique. Even though
the findings differences were not statistically
significant, perhaps as a result of the small sample
size, but it is not unreasonable to infer that the SM
technique provides more information from the



Huntrakul L, et al.

2D VS s2D MMG.: distortion detection 213

multiple projection plane of soft tissue than the
DM technique. Additionally, the reconstruction
software algorithm is continually being improved
(7). Together, this may suggest that SM has a po-
tentially better diagnostic performance than DM.
Our study had several limitations. First, it was
a retrospective study and although the imaging
reviewers were blinded to the images and, although
they were not given the proportions of distorted
and non-distorted cases in the study population,
some detection bias could still have occurred.
Second, we specifically limited the scope of the
study only to the detection of AD from digital
mammography and did not include other subtle
findings which may have affected the diagnostic
performance of each mammography technique.
A third limitation was that we did not collect
data on breast composition for each group, which
could have affected the visualization of the AD.
Fourth, we only had a small sample and reviewers
were all from a single institution, so the results
are not transferable. Results may differ in a larger
study with a larger sample and reviewers from
multiple institutions. Additionally, we only used
data from a single manufacturer and SM from a
single version of software from the same manu-
facturer; results with equipment from different
manufacturers and different synthetic software
algorithms may provide different results.

Conclusions

The SM technique provides equal or better
diagnostic performance than the DM technique in
the detection of AD. However, the SM technique
should not be used alone, but always in combina-
tion with DBT. Although the results of the com-
bination of DM plus DBT or DBT with SM recon-
struction may not make a significant difference in
clinical management but use of SM in place of the
previously conventional method can reduce the
radiation dose to patients.
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Risk factors for post-operative coagulopathy following hepatic
resection and safety of epidural anesthesia: a retrospective cohort
single center study

Lapisatepun W," Chotpatiwetchkul A, Junrungsee S,? Ko-iam W? and Lapisatepun W?
'Department of Anesthesiology, 2Department of Surgery, Faculty of Medicine, Chiang Mai University

Objectives Hepatic resection is a major abdominal surgery which potentially induced post-operative coagulopathy.
Moreover, coagulopathy has become one of the major concerns about the safety of epidural anesthesia. The aim of this
study is to identify the incidence and risk factors of coagulopathy after hepatic resection and evaluate the safety of
epidural anesthesia.

Methods A retrospective review of elective hepatic resections over a 10-year period was performed. Post-operative
coagulopathy was defined as either INR > 1.5 or platelet level < 100,000/pL. A logistic regression analysis was used to
identify the independent risk factors, which use to calculate the area under the ROC curve to measure the accuracy of
the model.

Results Five hundred and thirty-six patients were included in this study. The incidence of post-operative coagulopathy
was 33 percent. The independent factors associated with post-operative coagulopathy included pre-operative thrombo-
cytopenia (OR=10.380 (4.010-26.872)); pre-operative INR > 1.3 (OR = 17.743 (4.751- 66.255)); delta (POD 1 - preoper-
ative) INR > 0.3 (OR = 18.637 (8.949-38.812)); hepatectomy with hilar resection (OR = 3.354 (1.681- 6.692)); estimated
blood loss >1,000 mL (OR = 2.086 (1.105-3.936)) and colloid administration > 600 mL (OR = 2.056 (1.052-4.019)). The
area under the ROC curve was 0.876.

Conclusion The incidence of coagulopathy after hepatic resection was common. The results showed the possible safety
of epidural anesthesia in patients with normal pre-operative coagulation and underwent minor or major hepatectomy
without hilar resection. The benefits and risks of epidural anesthesia in hepatic resection should be carefully weighted.
Chiang Mai Medical Journal 2020;59(4):215-25.

Keywords: hepatic resection, post-operative coagulopathy, risk factors, epidural anesthesia

Introduction

The liver is a major organ that regulates the
coagulation system by synthesis of coagulation
factors as well as the anticoagulant system. The
impairment of hepatic synthetic function follow-
ing hepatic resection included both the coagula-
tion and anticoagulant system has been reported
in several studies (1, 2). These studies showed the
coagulation profile derangement after hepatic re-
section either minor (< 3 hepatic segments) or
major (= 3 hepatic segments) hepatic resection

(3). In addition, major hepatic resection resulted
in more frequent occurrence of post-operative
coagulopathy. Our region, the northern part of
Thailand, has a high incidence of cholangiocarci-
noma which usually requires a major hepatectomy
with hilar resection and vascular reconstruction
in some cases (4). A Few studies have focused on
attempting to identify the risk factors of coagu-
lopathy after hepatic resection which were dura-
tion of surgery, resected liver weight, volume of
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blood loss, and intravenous fluid administration
(5,6). However, no studies mentioned the exten-
sion of surgery and the type of intravenous fluid
administration.

The use of thoracic epidural anesthesia has
been shown to be beneficial in cases of major
abdominal surgery, resulting in decreased post-
operative pain and opioid consumption (7,8).
Furthermore, several studies showed epidural
anesthesia to be safe, shortening hospital stays
and decreasing post-operative pulmonary com-
plications in hepatic resection (9-11). However,
coagulopathy became a major concern about the
safety of continuous epidural anesthesia after
hepatic resection due to the risk of postoperative
coagulopathy and epidural hematoma (12).

The aim of this study was to identify the inci-
dence and risk factors of coagulopathy after hepatic
resection in our center and evaluate the safety of
epidural anesthesia in that group.

Methods

After approval of the study protocol by the
Institutional Review Board, a retrospective review
was performed of all patients who underwent an
elective hepatic resection in Maharaj Nakorn
Chiang Mai Hospital from January 1, 2007 to
December 31, 2017. Written informed consent
was obtained from patients or their guardians. The
data was collected prospectively from the medical
records. Baseline characteristics included age,
gender, body mass index (BMI), co-morbidity,
the American Society of Anesthesiologist (ASA)
physical status classification, pre-operative diag-
nosis, chronic hepatic disease, and pre-operative
laboratory investigations data were collected.

Intra-operative data including type of hepatic
resection included hilar resection and vascular
reconstruction, hepatic vascular occlusion, epidural
anesthesia, volume and type of fluid administra-
tion, estimated blood loss, blood product trans-
fusion, operative time, lowest temperature, dura-
tion of hypothermia, and presence of acidosis
were collected.

Post-operative data including the incidence
of epidural hematoma, day of epidural removal,

length of hospital stay, 30-day mortality, Interna-
tional normalized ratio (INR), and platelet count
from post-operative day 1 to day 5 were collected.
Post-operative coagulopathy was defined as
either INR > 1.5 or platelet level < 100,000/pL. The
definition of intraoperative hypothermia was
a core body temperature less than 36 °C during
the operation. Patients who received any form of
anticoagulants and did not have post-operative
prothrombin and platelet data were excluded
from the study.

Statistical analysis

The distribution of normality was tested by the
Kolmogorov-Smirnov test. Normal distributed
continuous data was reported as mean * standard
deviation and compared by T-test. Non-normal
distributed continuous data was reported as me-
dian * interquartile range and compared by the
Mann-Whitney U test. Categorical data was
reported in number (percentage) and compared
by Chi-square test. A logistic regression analysis
was used to identify the independent risk factors
of post-operative coagulopathy. All significant
factors in univariate analysis were used in multi-
variate analysis. The significant factors from the
multivariate analysis were used to calculate the
area under the receiving operating curve (ROC)
to measure the accuracy of the model. For all
analyses, the p-value less than 0.05 was considered
statistically significant.

Results

A total of 612 patients underwent hepatic
resection in our center from January 1, 2007 to
December 31, 2017. Eighty-one patients were
excluded from the study due to a lack of available
laboratory data for post-operative coagulopathy.
Five hundred thirty-six patients were therefore
included in the study. The patients were allocated
into 2 groups, those with post-operative coagu-
lopathy and those without. Demographic and
pre-operative data were shown in Table 1. The
median age, gender, co-morbidities, and ASA
classification were not significantly different be-
tween the two groups. The majority of the patients
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Table 1. Baseline characteristics in liver resection patients (n=536)

Baseline characteristics Presence of postoperative Absence of postoperative p-value
coagulopathy (n=177) coagulopathy (n=359)
Gender 0.382
Male 99 (55.9) 215 (59.9)
Female 78 (44.1) 144 (40.1)
Age (yr) 55.00 (48.00-64.00) 56.00 (49.00-64.00) 0.795
BMI (kg/m?) 22.14 (19.52-24.88) 22.00 (19.90-24.21) 0.696
Co-morbidity
Cardiovascular disease 41 (23.2) 86 (24.0) 0.839
Non-cardiovascular disease 80 (45.2) 147 (40.9) 0.349
ASA physical status
1 20 (11.3) 58 (16.2) 0.055
2 129 (77.9) 269 (74.9)
3 26 (14.7) 31(8.6)
Preoperative diagnosis Benign tumor 14 (7.9) 53 (14.8) 0.168
HCC 79 (44.6) 161 (45.0)
CCA 59 (33.3) 107 (29.9)
Liver metastasis 13(7.3) 20 (5.6)
Others 12 (6.8) 17 (4.7)
Chronic hepatic disease 0.291
Hepatitis B 19 (10.8) 54 (13.2)
Hepatitis C 6(3.4) 5(1.2)
Hepatitis B & C 3(1.7) 6 (1.5)
Type of hepatic resection
Minor hepatectomy 69 (39) 154 (42.9) 0.387
Major hepatectomy 108 (61) 205 (57.1)
Hilar resection 58 (32.8) 78 (21.7) 0.006"
Vascular reconstruction 22 (12.4) 37 (10.3) 0.467
Portal vein embolization 2(1.1) 11 (3.1) 0.171
Preoperative laboratory investigation
International normalized ratio 1.12 (1.03-1.23) 1.05 (1.00-1.12) <0.001"
Prothrombin time (sec) 12.10 (11.10-13.28) 11.30 (10.70-12.00) <0.001"
Partial thromboplastin time (sec) 31.30 (29.23-34.48) 31.50 (29.20-33.80) 0.585
Platelet count (x10°/uL) 232.00 (169.50-317.00) 264.00 (205.00-334.00) 0.005
Hemoglobin (g/dl) 12.00 (10.45-13.15) 12.40 (11.40-13.70) 0.001"
Hematocrit (%) 36.00 (32.35-39.90) 38.00 (34.70-41.80) <0.001"
Aspartate aminotransferase (U/L) 47.50 (30.25-79.00) 36.00 (26.00-64.00) 0.001°
Alanine aminotransferase (U/L) 37.00 (22.25-62.50) 29.00 (19.00-55.00) 0.018"
Total bilirubin (mg/dL) 0.94 (0.60-2.27) 0.68 (0.45-1.16) <0.001"
Direct bilirubin (mg/dl) 0.34 (0.16-1.26) 0.19 (0.12-0.48) <0.001"
Alkaline phosphatase (U/L) 132.00 (94.25-217.00) 114.00 (77.00-186.75) 0.016
Blood urea nitrogen (mg/dL) 11.00 (9.00-14.00) 12.00 (9.00 0-14.00) 0.498
Creatinine (mg/dL) 0.90 (0.70-1.10) 0.90 (0.70-1.00) 0.267

Value are median (interquartile range) or number (percentage)

“Statistically significant with p < 0.05

BMI; body mass index, ASA=American Society of Anesthesiologists, HCC; hepatocellular carcinoma,

CCA; Cholangiocarcinoma
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who underwent hepatectomy were diagnosed
with hepatocellular carcinoma (44.78%), followed
by cholangiocarcinoma (30.97%), benign disease
(12.50%), and liver metastasis (6.16%). Pre-
operative laboratory data was shown in Table 1.
Patients with post-operative coagulopathy had
significantly higher pre-operative INR, Prothrom-
bin time (PT), Aspartate transaminase (AST),
Alanine transaminase (ALT), Total Bilirubin
(TB), and Direct Bilirubin (DB). The pre-opera-
tive hemoglobin and platelet count were signifi-
canly lower in the post-operative coagulopathy
group. Major hepatectomy was performed in
58.39%. Among all patients, 25.37% underwent
hilar resection and 11.01% had vascular recon-
struction. Operative data was shown in Table 2.
Operative time and estimated blood loss were
significantly longer and higher in the post-oper-
ative coagulopathy group. The incidence of intra-

operative hypothermia was not significantly
different, but the lowest core temperature during
the operation was significantly lower and the
duration of hypothermia was significantly longer
in the post-operative coagulopathy group. Intra-
operative intravenous fluid administration was sig-
nificantly higher in the post-operative coagulopa-
thy group. The incidence of metabolic acidosis was
not significantly different between both groups.
The incidence of post-operative coagulopathy
was 33%. The maximal median derangement of
INR in the post-operative coagulopathy group
was 1.61 (1.37-1.82) on post-operative day 4-5
and the lowest platelet level was 127.5x10°/uL
(89.5-188) on post-operative day 4-5 as well. In
the post-operative coagulopathy group, thoracic
epidural anesthesia had been performed in 68
patients (38.4%). The numbers of patients in this
group receiving post-operative FFP and platelet

Table 2. Intraoperative data in hepatic resection patients (n=536)

Intraoperative data

coagulopathy (n=177)

Presence of postoperative

Absence of postoperative ~ p-value
coagulopathy (n=359)

Volume of fluids administered during

surgery (mL)

Total intravenous fluid 3150.0 (2240.0-4250.0) 2400.0 (1750.0-3192.5) <0.001"
Crystalloids 2000.0 (1300.0-2900.0) 1745.0 (1250.0-2400.0) 0.006"
Colloids 1000.0 (550.0-1600.0) 500.0 (0.0-1000.0) <0.001"
Starch 1000.0 (450.0-1500.0) 500.0 (0.0-1000.0) <0.001"
Gelatin 0.0 (0.0-100.0) 0.0 0.006"
Estimated blood loss (ml) 1200.0 (600.0-1875.0) 650.0 (400.0-1025.0) <0.001"
Intraoperative transfusion 107 (60.8) 148 (41.5) <0.001"
Volume of PRBC received (ml) 210.0 (0.0-530.0) 0.0 (0.0-250.0) <0.001"
Volume of FFP received (ml) 0.0 (0.0-630.0) 0.0 <0.001"
Units of platelets received (unit) 0.0 0.0 0.004"
Operating time (minutes) 405.0 (310.0-502.5) 350.0 (285.0-435.0) <0.001"
Epidural block 68 (38.6) 157 (44.0) 0.240
Core body temperature at the end of sur- 34.7 (34.0-35.5) 35.0 (34.4 -35.6) 0.013"
gery (°C)

Lowest core body temperature (°C) 34.50 (33.90-35.13) 34.80 (34.30-35.40) 0.003"
Intraoperative hypothermia 143 (89.9) 292 (91.0) 0.716
Duration of hypothermia (minutes) 340.00 (236.25-448.75) 290.00 (180.00-392.50) <0.001"
Acidosis 24 (34.3) 44 (33.6) 0.921
Vascular occlusion (Pringle’s maneuver) 18 (10.2) 35(9.7) 0.878
Duration of Pringle’s maneuver (minutes) 30.00 (8.75-42.50) 15.00 (9.00-24.00) 0.184

Value are median (interquartile range) or number (percentage)

“Statistically significant with p < 0.05

PRBC; packed red blood cells, FFP; fresh frozen plasma
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Table 3. Postoperative outcomes in hepatic resection patients (n=536)
Intraoperative data Presence of postoperative Absence of postoperative  p-value

coagulopathy (n=177) coagulopathy (n=359)

Postoperative transfusion 98 (56.3) 50 (14.2) <0.001"
PRBC transfusion 73 (42.0) 26 (7.4) <0.001"
FFP transfusion 67 (38.5) 31(8.8) <0.001"
Platelet transfusion 18 (10.3) 0(0.0) <0.001"
Epidural hematoma 0(0.0) 0 (0.0) N/A
Length of hospital stay (days) 9.0 (8.0-14.0) 8.0 (7.0-12.0) 0.002"
30-day mortality 10 (5.7) 5(1.4) 0.005"

Value are median (interquartile range) or number (percentage), “Statistically significant with p < 0.05

PRBC; packed red blood cells, FFP; fresh frozen plasma

Table 4. Postoperative INR and platelet data
Parameters All patients (n=536)  Presence of postoperative ~ Absence of postoperative ~ p-value

coagulopathy (n=177) coagulopathy (n=359)

INR POD 1 1.23 (1.12-1.40) 1.50 (1.29-1.63) 1.19 (1.10-1.29) <0.001"
INR POD 2-3 1.37 (1.24-1.60) 1.55 (1.34-1.72) 1.28 (1.16-1.38) <0.001"
INR POD 4-5 1.38 (1.20-1.68) 1.61 (1.37-1.82) 1.20 (1.10-1.31) <0.001"
Platelet POD 1 208.00 (155.0-281.0) 177.50 (113.75-250.50) 218.00 (164.00-293.00) <0.001"
Platelet POD 2-3 186.00 (138.0-253.0) 142.00 (94.00-199.00) 208.00 (163.50-279.00) <0.001"
Platelet POD 4-5 175.00 (117.8-238.5) 127.50 (89.50-188.00) 196.00 (160.00-292.00) <0.001"

Value are median (interquartile range) or number (percentage), ‘Statistically significant with p < 0.05
PRBC; packed red blood cells, FFP; fresh frozen plasma, POD; post-operative day

transfusion were 28 (41.8%) and 5 (7.5%) respec-
tively. These were to correct post-operative coagu-
lopathy before the removal of the epidural cath-
eter. The median of the epidural catheter removal
was on a post-operative day 3 in both groups.
However, there was no incidence of epidural
hematoma recorded in either group. The patients
who had post-operative coagulopathy had signifi-
cantly higher 30-day mortality and longer hospi-
tal stay (Table 3).

Univariate analysis showed a significant asso-
ciation between, pre-operative anemia (Hb < 10
g/dL) (OR = 2.048 (1.172-3.581), pre-operative
thrombocytopenia (platelet count < 150x10*/uL)
(OR = 3.599 (1.986-6.523)), pre-operative INR >
1.3 (OR= 4.688 (2.156-10.190)), delta INR (Post-
operaive INR day 1 - preoperative INR) > 0.3 (OR
= 15.165 (8.712-26.396)), hepatectomy with hilar
resection (OR = 1.756 (1.175-2.624)), estimated
blood loss >1,000 mL (OR = 3.749 (2.561-5.489)),
Colloid administered > 600 mL (OR = 3.349

(2.278-4.925)), Operating time > 360 minutes (OR
=1.774 (1.229-2.560)), and duration of hypother-
mia > 300 minutes (OR = 1.981 (1.346-2.915)).
Multivariate analysis showed the independent
factors associated with post-operative coagulopa-
thy included: pre-operative thrombocytopenia
(OR=10.380 (4.010-26.872)); pre-operative INR
> 1.3 (OR = 17.743 (4.751-66.255)); delta INR >
0.3 (OR = 18.637 (8.949-38.812)); hepatectomy
with hilar resection (OR=3.354 (1.681-6.692));
estimated blood loss >1,000 mL (OR = 0.086
(1.105-3.936)), and colloid administration > 600
mL (OR = 2.056 (1.052-4.019)). The significant
factors from the multivariate analysis were used
to calculated the area under the ROC to evalu-
ate the accuracy of the model. The area under the
ROC curve was 0.876 (Figure 3).

Discussion
The incidence of post-operative coagulopathy
in our study was 33% with the post-operative INR
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Table 5. Risk factors of postoperative coagulopathy in hepatic resection patients

Variable Univariate analysis Multivariate analysis

Odds Ratio (95% CI)  p-value QOdds Ratio (95% CI) p-value
Age > 65 years 0.879 (0.567-1.361) 0.563
ASA classification > 2 1.513 (0.878-2.605) 0.136
Hemoglobin < 10 g/dL 2.048 (1.172-3.581) 0.012 1.880 (0.750-4.716) 0.178
Preoperative platelet count < 150 (x10°/pL) 3.599 (1.986-6.523) <0.001" 10.380. (4.010-26.872) 0.001"
Preoperative INR > 1.3 4.688 (2.156-10.190) <0.001" 17.743 (4.751-66.255) <0.001"
Delta INR > 0.3 (POD 1 INR - 15.165 (8.712-26.396)  <0.001" 18.637 (8.949-38.812) <0.001"

preoperative INR)

Major hepatectomy 0.719 (0.486-1.065) <0.100"
Hilar resection 1.756 (1.175-2.624) 0.006 3.354 (1.681-6.692) 0.001"
Volume of blood loss > 1,000 mL 3.749 (2.561-5.489) <0.001" 2.086 (1.105-3.936) 0.023"
Crystalloid administered > 1,750 mL 1.317 (0.918-1.888) 0.135
Colloid administered > 600 mL 3.349 (2.278-4.925) <0.001" 2.056 (1.052-4.019) 0.035
Operating time > 360 minutes 1.774 (1.229-2.560) 0.002 0.886 (0.432-1.820) 0.743
Duration of hypothermia > 300 minutes 1.981 (1.346-2.915) 0.001" 1.796 (0.930-3.469) 0.081

“Statistically significant with p-value < 0.05
ASA; American Society of Anesthesiologists, POD; post-operative day, INR; International normalized ratio
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Figure 1. Preoperative and postoperative INR values
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reaching the maximum level at post-operative
day 4-5 as well as platelet count. The majority of
our patients underwent a major hepatectomy and
nearly half of them had combined a major hepa-
tectomy with hilar resection. Univariate analysis
showed a significant association between pre-
operative anemia, pre-operative thrombocyto-
penia, pre-operative INR > 1.3, Delta INR > 0.3,
hepatectomy with hilar resection, estimated blood
loss > 1,000 mL, colloid administration> 600 mL,
operating time > 360 minutes, duration of hypo-
thermia > 300 minutes, and Post-operative coagu-
lopathy. Multivariate analysis showed pre-opera-
tive thrombocytopenia, pre-operative INR > 1.3,
delta INR > 0.3, hepatectomy with hilar resection,
estimated blood loss >1,000 mL, colloid admin-
istration > 600 mL were the independent factors
associated with post-operative coagulopathy
patients. Delta INR > 0.3 was the strongest risk
factor of post-operative coagulopathy followed by
pre-operative INR > 1.3 and pre-operative throm-
bocytopenia. This is one of the largest studies
identifying incidence and risk factors of coagu-
lopathy after hepatic resection which included
cholangiocarcinoma patients who required a
major hepatectomy with hilar resection.

One of the major roles of the liver is protein,
pro-coagulant, and anticoagulation factors syn-

Figure 3. ROC curve of the logistic regression model

thesis. Hepatic resection leads to a significantly
decreased number and function of hepatocytes
resulting in post-operative coagulopathy (13-15).
The incidence of coagulopathy following hepatic
resection ranged from 28.2 to 53.5 percent (5,11,
16,17). Regarding the independent factors for
post-operative coagulopathy, pre-operative INR
> 1.3, and pre-operative thrombocytopenia were
associated with a degree of cirrhosis and portal
hypertension (18,19). Patients who had impaired
hepatic function trended to have more incidence
of post-operative coagulopathy which was noted
in many studies (5,6). The extent of surgery also
showed an impact on the incidence of coagulopa-
thy after hepatic resection. Recent studies showed
major hepatectomy and blood loss > 1,000 mL
were significantly associated with post-operative
coagulopathy (5,13). Our study showed that
blood loss > 1,000 mL was an independent risk
factor associated with post-operative coagulopa-
thy as well, however, a major hepatectomy with-
out hilar resection was not a significant risk factor.
Hepatectomy with hilar resection was mainly
operated in peri-hilar cholangiocarcinoma or
intrahepatic cholangiocarcinoma with hilar in-
vasion patients to obtain a negative resection
margin. These operations had a longer operative
time, lower future liver remnant, and higher
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blood loss than major hepatectomy alone which
potentially caused post-operative coagulopathy
(20,21).

The study by Jacquenod et al. showed volume
of fluid administration > 4,000 mL was one of
the dependent risk factors for post-operative co-
agulopathy. Our study separated the total intrave-
nous fluid administration by type to colloid and
crystalloid. Due to a lack of availability of human
albumin-based colloid, more than 95% of colloid
usage in our institute was starch-based. Our results
showed that there was no association between
crystalloid infusion and post-operative coagulopa-
thy. On the other hand, colloid infusion > 600
mL was significantly associated with post-opera-
tive coagulopathy. Several recent studies showed
starch-based colloid had an anticoagulant effect
which was proven by a thromboelastogram and
may increase the risk of post-operative bleeding
(22-24). The mechanism was a dose-dependent
dilutional effect of starch stated by Langenecker
et al. (24). The strongest risk factors for post-
operative coagulopathy in our study were delta
INR > 0.3. In our study, 117 patients had a delta
INR > 0.3 (20%). Seventy-six percent of these had
post-operative coagulopathy even though most of
them had a normal pre-operative INR and plate-
let count (median (IQR)) = 1.1 (1.0-1.2) and 257
(194-328), respectively. To our best knowledge,
no reports regarding delta INR on post-operative
day 1 could predict post-operative coagulopathy
after hepatic resection.

Thoracic epidural analgesia is widely used
in major abdominal surgery including hepatic
resection and showed benefits in reduced post-
operative pulmonary complications, facilitated
early mobilization, and shortened hospital stays
(8-10). One of the largest studies about epidural
anesthesia-related complications in major abdo-
minal surgery showed the incidence of epidural
hematoma was 3.7:10,000. However, only one
patient was associated with coagulopathy after the
administration of anticoagulants (25). According
to a national survey by Cook et al. that included
707,455 cases in which central neuraxial block
was used and the results showed the incidence of

epidural hematoma was extremely low (1:150,000)
(26). Several studies, including our study, demon-
strated coagulative derangement after hepatic
resection, however, there were no reported of
epidural hematoma after combined epidural
anesthesia among these operations (1,3,5,6).

Due to the maximal intensity of post-operative
pain occurring in the first 48 hours, the trend was
to remove the epidural catheter on post-operative
day 3 (27). Moreover, the enhanced recovery after
liver surgery also suggested removal of the epidural
catheter on post-operative day 3 if the pain was
well controlled by oral pain medication to facili-
tate mobilization (12). However, several studies
showed the median range of epidural catheter
removal was on post-operative day 3-5 depending
on each center’s protocol (3,5,28). According to
neuraxial anesthesia guidelines, the derangement
of INR and platelet would be corrected by either
fresh frozen plasma or platelet concentration
before removal of the catheters (29).

This study showed a peak median INR value
on a post-operative day 4-5 which differ from the
previous studies (20,30). Furthermore, removal
of the catheters was mostly on post-operative day
3 in our center. However, there was no incidence
of epidural hematoma associated epidural anes-
thesia even though 33% of our patients had post-
operative coagulopathy. Several studies supported
the conventional coagulation tests detected a
hypercoagulable state (2,31), despite the throm-
boelastography (TEG) tracing revealing normal
coagulation or hypercoagulability after hepatic
resection. (20,30-33). These reasons might explain
why the incidence of epidural hematoma was
extremely low compared to the incidence of coagu
lopathy following hepatic resection. However, the
impaired synthesis of coagulant and anticoagu-
lant factors remains poorly understood and TEG
was not indicated as a better tool to evaluate the
coagulative status before insertion or removal of
the epidural catheter.

One limitation of this study was the retrospec-
tive single study with a lower rate of epidural cath-
eter insertion compared to other studies. Some
important factors and laboratory investigations
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were not obtained by retrospective data such as
degree of cirrhosis, thromboelastography, and
fibrinogen level.Nevertheless, our study could
provide useful information about post-opera-
tive coagulopathy in a more specific population
which had a higher incidence of cholangiocarci-
noma, and required complex procedures such as
hepatectomy with hilar resection. Moreover, our
study had specified data about the type of colloid
which was rarely reported to be associated with
coagulopathy in hepatic resection.

Conclusions

In summary, the incidence of coagulopathy
after hepatic resection was common. The bene-
fits and risks of epidural analgesia in hepatic
resection should be carefully weighed upon an
individual patient bias. The results of our study
showed epidural analgesia may be a safe option in
patients who had normal pre-operative coagula-
tion and underwent minor or major hepatectomy
without hilar resection. Furthermore, one should
consider the potential anticoagulative properties
of colloid solution, especially the starch-based
one, in patients who had an estimated blood loss
> 1,000 mL or underwent hepatectomy with hilar
resection. Also, for the patients with post-opera-
tive delta INR > 0.3, INR and platelet level should
be carefully monitored even if the post-operative
day 1 coagulation tests were within normal limits.
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é’aauﬁgauﬁa biguanides wagngal thaizolidin-
ediones vi3p glitazone 3) naufidudaoulu
alpha-glucosidase (alpha-glucosidase inhibi-
tors) Mdeualéilianmsgedunglaaanailé
a) ﬂfjuﬁé'ugﬂ sodium-glucose co-transporter
(SGTL-2) receptor iln yhldunglaaiianis
Heang endadugAuililutiogiu duaseiy
PIBNTZUIUNNT genetic engineering HlATIATNY
WuReriudugAuiisamenyudaiituuniion
11 Frunudugdu (human insulin) szggniaadl
mMsfnulasBuuudugduliiniseangvdn
flosms FendugAudauasihduriuesunden
(insulin analog) msl#suendndugAuiiviagihe
wwuvded 1 uazuvueded 2 wn
aruauszAuiinalyldasiliiinnae
unandeudeundu wu vueah Andeun
AmEyuaaR nagiinaludons naginig
Tudongeguuse (usu (4) uazansunsndouy
wwuideds SiAalufthefinuaussduinnia
ailfIunaunhlivasadeaunsiadnuay
Tngudaasiviu dwalvioloizwanediu 1w
sruuUszam aues Wl a1 e wih lasuna
nsznuauduaimmiliiAne forzidenansso-
ﬂwwﬁﬂﬂiu%aq@Lﬁawﬁﬂﬁlﬂ (4) Hafinsndes
deornldinglunisguasnudiuauiin
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nsuslaanstulawmsavesiielsauimiu

a d‘ @ v o w [ %)I
wilad 2 \Wuldvadglunmseiuauseiuling
Tuden aslulawsamdunildluansormisuan
el'::l o I~ 1 1 = 1
PUANUINTUADIT MY hATINALAEATIFD
U %21 & o v U
szauinnnatuiden  Arstulawmsayvinliseau
Panaludenlasunlang1asinsinazuin
Wesduagivvlia/Usunamslulansn  sedu
dugduluden uazanssuluvaeiu gUielsn
A A ) aa
WAMUTEAN 2 A2SSUUTENIURNMNSNL
AslulawmsalinefnuAILABINITUDITI9NY
TuustazTu Inediugeuasnassesiuubugiueen
1 TUUSUN AN dULN DR A UALBITEAULIANG
ludeangaunasiienms Hgliszauninia
ludenagluseiuund Auugihvesaunawlse
W usisUsemalng wugtnlruslnausunn
Astlulawmsaviniusesas 50 UBILAADINADA
Tu ieussgrthmngueInNIsAIUANTEAULNGG
Twden seaulviiuludon anusulaiis way
Ptinen sauvatasnulsaunsngau (4,5) fanuy
a ) aa & )
AL ENSTUYSENIUIMISNTASIulaLase T
aunabuUSuanewIE  LasliuuuwNunIs
$UUTENMUDIMTVDILGRZUAAE  N1TNTIVD
Uselovuhasnaldguna01m1sNagsuusenIuy
n1saruauesiulamsaluliunanmuzaud
Ao nnsegUlelsaluvYileT 2
INNTNUNMIUITIUNTTUNHIULINUIN &
MANFIUUTIUTEINENUATI Fdeddgylunisgua
Asuvuidnzimaludengs As N3
muANN1sUstnaemsAsiulanse (6,7) uaz
fnsAnwunentunisusinaemsesiulawmsn
Tugthelsavumanueiing 2 ludsemaand wu
1 glelsavummueiad 2 Insuslaadn

] ) a aa

aretdus1msvan wazdlonsndasiulawmse
ludndiugeasiinnizaiuaang uay 2 lu 3 &

sefuimaluidengs (8) uenaniidinisinu
Aedunslimadaisnsiiuasluleansn 9
Aun1siianuiaunisuilanemisiugday
sawwnueied 2 wasornuduialunis
UfuRdsunismivauamslaaudinang
uaranunsatsansyivinaludenld (9 @
N13ANYINGANTINITUILAAD M TUAEA L
Insunmsvesitheiumueiied 2 Tnsaeuau
WiruARnsUTLAARMS Useliunielaguins
lngldinaeivesivilananiy nan1sANwINUdn
AUaeuvusuUseudnmedundn  uway
fanhmaludenuarenosganiiund (10)
Tuanuddelusnsdsemanuininisinwinisy
SaNMINTEUILNMI UL e IUiaT 2
(11)
Puugihovmulussma somnside (12)

= a Y o ¢ A
LLagﬂTﬁﬁﬂTﬁnLﬂﬂ’JﬂUﬂq{L{ﬂVﬁﬁWWLWEJ

Fenudnszuaunstuusdunssuiunsiids
Havi e uiingAnssunisatuaulse
wwuldituuasAnadetinaarauanag
(13) a1nmsUiRnulszavesidenuigle

4

Tsawwnusied 2 fanduuinsdeiingus]
Uniifsyduihnalubengs  wazddldfinng
Anwuertunisuilnremsaslulansn 3
donnaeItuaNgIUAINGET Jidedeaulafnw
woAnssun1suilnaaidlulansalungud
mueusziuinalild Wetuanisinuian
Nasumslimenagiovuiad 2
fieruauszduinnalaldluaddniuimaiu

TsangnUIaNmIsIvUAsadlrdaaly

T UILaIANTITY
ie@nwinisuilaaaslulawnsnvesdiae

Tsauwwmusiiedl 2 fimuaussduimalails

AaTNlsALUYIY TsameTunauvnguasgedlnl
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35013
nMsiedidunsifouuunssauinuunia
$inv119 (descriptive cross-sectional study)
lnsAnwinisuslaeaslulawmsavesiUielsa
wvmuwiedl 2 fieuesuseiuinaludon
Tildl spmhadoungunau 83 Sunau w.a. 2562

QGHIPRERN

ARLEDNKULLNIZLRY  Tnelinnauds
aanae fe lasunsitededulsaluinnu
¥iad 2 wasilmihaasesulilnadueud
inninfesar 7 Tuseu 3 Weoudkium dnansa
Jeuwardoansnwilvedila uavanunsoneu
foufeafunisfulsemueng 24 Falua
dounaa 3 Ju Mvuavanguieglagld
naaINSIrUAnNguiIeg ety 1y
Joway 25 Y0wUsEvINT (14) NI
wvaiiedl 2 AdedlilnatuweTudunnnd
Foway 7 91uu 557 518 LAnquAleg9ees
oy 140 578 FITELABAKUUTIL WI2LA1E9
(purpososive sampling) ANFUAIDY1ITUR
\132ulATaNS Temun 150 518

wiasdefildlunsise
1. wuutuiindeyadiuyanagUielsaiun
viuadadl 2 1dud e e o1y enaun
FAOTUNNANTE STAUNISAN®Y 81TN S1ele
Tsauszans enfilasu
2. wuudunmwalinisuslaaansluleinsa
Usznaumiy
2.1 wuUduNIwaln1uslnAe1s 24
#lue (24 hours dietary recalled record)
goundaudunan 3 T Wi lagdinlavun-
M3 nsuewsTe (15) lunuisundadlddunivel

Aeatunisuslanaslulawnse  Uszneusae
Fooms drulszneuresenms Usunaems
Snumihe intesssiiRuiiesemsluusias
il 3 Yuitkuan Tesasdendutunen 1
Twihou 2 Tuvesdgndunivel fI3ewnSeus
noudunmaiynade §IdulATusuuzuas
Hneluanninlawuin1susedniesnsiaiumy
anuiidunvaiviesaeuguAnuiasuFeuvinli
JauSaugnsdunival  wazldnindseneu
9IS AIDY1DIMNT Lagluaa1s Tudinan

U s

mouLunuuifindl Jgndunivalnauanuuda
Tidunwalludnsendmeuvsergndunivel
nsenARaUMenULesdsIfeeuteIBnsiAu
ﬁﬂﬁlﬁ]Uﬂﬂﬂ%ﬂ

2.2 wuvdunwalanuilunisuilan
21115 faiulagdtinlavnng nsueunsly (15)
T¥dmivasuammanudlunisuilaaanslule-
wsngthelsaumuviad 2 Wunsdunival
m3uslaamilulawmsadounas 1 ey Uszneu
e siemsemnsiitiansluleinse 6 ngu fe
T1/utls walsl vun 1eesdu 0 wazuw/
wARAeIINUL WanuasAwAYeInsUslaa
Ju u3lnanntu Uilae 2-4 adsedunis
v3lnn 1-2 Asatedn v uilaa 1 adwladuans
wazlidlon Feeuluiuuiuen fgndnnwal
noumauwdliidunwalildugnsendneu
viefjgnaunualnsendmeusnesues Jside
a%ma"“s%ﬂmﬁmﬁwaunﬂﬂ%

NsMAFUANNNLATE T TE
AIdeiuuudunwainisuslanems 24

Hlus wazuuudumuainsuslanmslulainsn

fuelsaumnunied 2 luneaeddiungy

Areg1endanuaudind1endeiunguAIeg19d
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Azfnw (pilot case) 1WA 20 518 UIWINI
AuLdesiu test—retest reliability (16) Tng
neaeuiunguiogafeniu 2 afa Tngnue
8n 1 Flumdwnanuaded 1 ldanude
iy 1.0

QEETU I GHERGHIPLERE

fAfouusindies duasinguszasdunans
Anw sfjgumaumitﬁu%aﬂa JEULLIAINITANY
uinguiesns wasduasdvslunismeuiunie
Ufaslunisinsumsideleglifinansenule ¢
engusegn enguiiegnildamuugon
W13IUN538 Banslunisveginisidnsiunis
Welaglifnansznuladenisinu Teyaiils
Mnnmsifeasinauelunmsusinty wae
mnnguiieg1liveasdyaninsnaaun1uIng
Weldnaeanan sain1s3deldsiunsiuses
A3YFIIUNNTITYIINATIUNITITYTITUNTINY
ANTLIVEMEns  unInendedednd ey
lonansusenail 100/2562 Yudl 7 nauanau
2562 4 6 WewAAU WA, 2563

BnsiusuTwdoys
AidelaUssrduiuslasanside  laenns

Savhluawesinavelasenislionanaiasiil

anuauladisiulasinis deeraaiasiina

va v

aulavasinuantfnunaanivun - {338

=3

'
al

A v a A
nvaeUTeterUlelsAuIIIuYell 2 9
AIUANIEAULIAaLIlaTINSuNsShyNiAdTn

(%
o v A

WU niTuusthi SuasiagUszasd
n9ide uarduneunsideliiunguiiogis
dudunsfvsusnteyadeitews e
nauseg BRIty Wiasunaluenans

Ya o

waghdeanilunsdunivalniuienals anu

Srdudell 1) wuiufindoyaduyaravesiihe
Tsauwmuadindl 2 2) wuvdunivainisuslan
awng 24 Fle dounds 3 u way 3) uuu
Funwalaudveanisuilaaaislulamse
fhelsavmusiing 2 foualdinadszana
30 Wit Teeldanneusenuuwng aniu
HI985IUTINTOYAUALATIADUANANY T
ANUYNFABIYRITRYE WastUayal AT IEY

nsAATideya
fidehdoyailiundinseilaslilusunsy
NutriFacts Jafulsunsuiiinszinmuemng
2SR laevtgIdulavuInig (Nutrition
Research Unit: NRU) augideauinendans
guamuseend  antwideIngnmansaunn
wIngdedesivi Wswunsullauaudandn
fal 1) ansnsoduamAmAmIEII UL
8 viln Ao WAy mslulawnse lasiu TUshu
waawgey lowdey lvans waglaeanesea 2)
AunnBinuasovnsiuiasauldunanuas
puiiansvtonutu uay 3) Auamng
nIzefTemE eI T WNITAN TNty
Uayaunimsizvinieanfsntelusunsy
dufagusensuaniasnud fosay Alade
uazdrudeauunnsgu

NANFANYA

Foyald anmsnwingusiegisiuu
150 578 WU NguMBE L TuNATIRAZ
Fruauwiniu ($evay 50) 01giede 53.3+11.7
¥ wawiltneeny 36-60 Tunfign (Sovay 68.7)
Ftimtiniade 68.0+19.8 Alansu Adiugaais
1.620.1 wes dedvilinanigeglunuaiuni
(BMI =18.5-22.90 nn./a1) Shiwitinifiu (BMI =
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232490 nn/u) wasdulsediussauil 1
(BMI= 25-29.90 nn./u%) 91U Segag 28.0,
25.3 uay 26.0 sua1wu mszaudlulnalue
Jutiade 8.6+1.4% laungusegiedisziu
miﬁﬂww‘i’wﬂ'jwﬂ%igzym%mﬂﬁqm (Goway 54.7)
913n5us1vns Seway 42.0 way f5ulese
Wauleeni1 15,000 UM Jouay 44.7 wazey

M13197 1. Teyaaluvenguiiegns (n=150)

lugag 15,001-30,000 Um ewaz 44.0 My

o U d‘

a1nu (113199 1)
doyan1susinanislulamsalugUislsaun

UATAY 2 KNSR WU nausIeenrte

lsauvnuailan 2 fenuauszauiimalile

finsuilanansiulamsandy 3 u iy

252.02+52.58 n%al ;15797 2) FadlerUSeuiiou

ANYMENEUA20E1 U (A) Jouay
LN
%18 75 50.0
VAN 75 50.0
91y (V) Mean (SD.) = 53.3 (11.7) Min-rax = 30-87
18-35 1 11 7.3
36-60 U 103 68.7
619 quly 36 24.0

Y (hn.)
dugs (1)
ARvTiuanie BMI (nn./u?)
A1 BMI < 185 (thwiindieesmionen)
A1 BMI 18.5-22.90 (1neusiun#)
A BMI 23-24.90 (Ywedniii)
A BMI 25-29.90 (lsmdauseduii 1)
fin BMI 30 Ul (IsAdaussiud 2)
AhnasesusTulnadueud (HbA C) (%)
SEAUNSANEN
FNIUEe e
USeueyes
ganinUSeyen3
DTN
Fus1wns, S5iEnia
Suna, SUINUTEN
ANNY, AINTTEIUA?
Bu g
selasoifauy
a3 15,000 UN
15,001-30,000 umn
30,001-5,0000 U

Mean (SD.) = 68.0 (19.8)
Mean (SD.) = 1.6 (0.1)
Mean (SD.) = 25.8 (6.3)

Mean (SD.) = 8.6 (1.4)

Min-max = 34-174
Min-max = 1.4-1.9
Min-max = 15.1-53.7

7 4.7
42 28.0
38 25.3
39 26.0
24 16.0

Min-max = 7.1-13.9

82 54.7
65 43.3
3 20
63 42.0
56 37.3
10 6.7
21 14.0
67 aa7
66 44.0

17 11.3
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Uhinauanslulawnsaiifineléfudetu fuvsinm
aslulansaiimslesunnaasuveandany
savmsluusagu Tudndmens CHO : fat -
protein = 50 : 30 : 20 (5,9) wuigUeUIlan
mslulaiasnganiniiaaslésu (msned 3)
definrsanaindeyaniuilunisuilan
DINTVRAGNY 9 WU 9nsUsBIANIILazLls
neuegTulsEMUIMImenn iy Sevay 64.4

ynugifulsEudmioniu fovaz 30.7
AU IMNTUTLANVUN/VUNMIU - WUIINGY
feghannieidlivilaaiay fiiesiosndi
Yovay 5.3-6.7 fiuslaamniu dmuerms
Ussianiaiesdn  nausnegsiunu yiduy
WUETINAT warnul ¥y wuteeyniu
wnilan (Govas 12.0 uag 17.7 pudidv) omns
Ussamndansnrannu nausieensulnauuin

M15197 2. Feyan1suslaaesiulawsn (n$) veangusiegiainnisinudeyadeunas 3 fu (n=150)

Sudi -1
mean (SD)

Sudi -2
mean (SD)

Jun -3 ALRAENISUSINA 3 JU

mean (SD) mean (SD)

msustnaastulawmsnves  253.48 (64.49)

naNsIRENg (NS1)

247.82 (61.24)

254.78 (66.11) 252.02 (52.58)

A19199 3. Lﬂia‘uwlauﬂiummﬁﬂammmwﬂaeﬂmummu fulsunanslulawmsnfiaslasuanaaTnges
waumueluusas (total energy expenditure: TEE) Tudngauaiuis (CHO : fat : protein = 50 : 30 : 20)
(5,9) (n=150)

Usunasiulawmsainaisia Asuslaa

SU (nSU/U) (Mean)

A1 TEE (Kcal/dw) Usmnaunsluleiasaiiffiog

IpSusiadu (n3w/3u) (Mean)  aslulainsnvessiae

< 1,500 (n=18) 162.78 225.73 geninfisleisu

1,501-1,800 (n=68) 197.86 256.70 Qan’hﬁm{lé’%’u

1,801-2,000 (n=32) 226.12 239.35 geninfiasleisu

2,001-2,300 (n=29) 252.55 266.31 Qan’hﬁm{lé’%’u

> 2,300 (n=3) 295.53 300.61 geniiiesleisu
UYL

f1 total energy expenditure (TEE) #1884 mmmadm':?waamuﬁuadiwmﬂmaawuﬂum'ﬂsuwanmumaau
e TEE (predictive equation) ldgnsueas Harris Benedict Equation (HBE) laglddauge yan 91
Tumiﬁwmmmﬂ"]wé’amﬁ%’uﬁwamﬁ'ﬁwmaﬁaqmﬂumqv fasting state (17)
ammu’gm TEE = BEE x activity factor x injury factor (type 2 diabetes injury factor : 1.0)
Basal Energy Expendlture (BEE) ianeifig Waamumuawaﬂww’ﬂ,mﬂmﬂiumumimmuaaamaﬂiwﬂwﬂaumw
fnsvihaueesedvazang 9 Tusiene Muuaauwe Y18 BEE = 66.5+(13.8 x W)+(5.0xH) - (6.8xA) LNAIEYS
BEE = 665.1+(9.6xW) + (1.8xH) — (4.7xA) lag W = uwumﬂuﬂiaﬂ'ﬁm H= muaamumummﬁ A= EJT&JL‘UL!’LJ
Activity factors mwuﬂmmmﬁmssmaamma il (7
Restricted (on ventilator) =1.1, sedentary (bed rest) = 1.2, aerobic 3 x/ week (activity Un#) = 1.3,
Exercise 5x/ week =1.5, Exercise 7}/ week = 1.6, true athlete WnAwn) = 1.7
Injury factors AMAUARIUATUIALIY fail
Surgery factor: minor 1.0-1.1, major 1.1-1.2, infection : mild 1.0-1.2, moderate 1.2- 1.4, severe

1.4-1.8 (Uhewumnuviadi 2 injury factor : 1.0)
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nniu inilgn Sevas 24.7 druensuszian
waliidsammuuasalifisawion wuuslaa
WnTusesar 10.0 way 5.3 a1ud1du dn
Tngjaruslinn 2-4 aSy/dUeavi (Govas 67.3 uaz
48.0 MIUAIAU LYULABINUDIMITUTELANIAN
naufeg1esulsEUinan  uazdnauyniuy

Soway 18.7 way 19.3 sudeu (M157197 4)

n1TaAUTIYNa
NNsAnwInguiegeUlelsaluminu

¥iafl 2 fieuausgduimalalls addnun

wNY - Lsaneuiaumsvuasliedud 911

A13197 4. ANUDNITUTINARIMTVBINGURIBE1S (N=150)

$18N1501915 uslan  wslnm 24 wslam1-2  wilam 1l lduslan
undu  asvdUan eSvaua aSy/dunni
Uszeanany wil
IMndey/IMgeniie 27 (18.0) 29 (19.3) 7(4.7) 6 (4.0) 81 (54.0)
4@y 89 (64.4) 34 (22.7) 20 (13.3) 1(0.7) 6 (4.0)
rnilen 46 (30.7)  40(26.7) 24(16.0)  19(12.7) 21 (14.0)
Wumeien 12(8.0)  53(35.3) 38(253) 19(12.7)  28(18.7)
GIIEALY 3(2.0) 40 (26.7)  23(153)  27(18.0) 57 (38.0)
Wuvusdu 2(1.3) 18 (12.0)  38(25.3)  32(21.3) 60 (40.0)
DU 9 LU WWen T 1(0.7) 13 (8.7) 14(9.3) 13(8.7) 109 (72.7)
USLLANVUN/VUNNINY
VUUNFUNTBUAN 8 (5.3) 23(153)  12(8.0) 16 (10.7)  91(60.7)
uLAn YUY 10 (6.7) 32 (21.3) 14 (9.3) 13 (8.7) 81 (54.0)
YUUNIUAN 8 (5.3) 42 (28.0) 20 (13.3) 14(9.3) 66 (44.0)
ToAn3umg 8(53)  27(18.0) 20(133) 23(153) 72(48.0)
Uizymw.ﬂ%‘aiﬁu
U9naL/UInIuY 12(8.0) 22(147) 19(127)  18(12.0) 79 (52.7)
AL ¥ EU MIUFTTUM 18 (12.0)  44(29.3) 11 (7.3) 12 (8.0) 65 (43.3)
Aul v du ues 16 (10.7) 31 (20.7) 14 (9.3) 14 (9.3) 75 (50.0)
Todadu lula 16y 1067  15(100) 17(113)  21(140) 87 (58.0)
AUe Tolaes 5(3.3) 6 (4.0) 14 (9.3) 15(10.0) 110 (73.3)
Uigmmamﬁmeﬁﬁmuu
UUNINGDY ) 12 (8.0) 7(4.7) 8 (5.3) 6 (4.0) 117 (78)
ualalAsn wadsen 10(6.7)  23(15.3)  12(8.0) 2(1.3) 103 (68.7)
UUNIY 12(8.0)  29(19.3)  21(14.0) 4(2.7) 84 (56.0)
ULIA 37(24.7)  40(26.7) 13 (8.7) 9 (6.0) 51 (34.0)
Uizmmaiﬁ .
Naldfdlsamu WY L aUd 15(10.0) 101 (67.3)  4(2.7) 1(0.7) 29 (19.3)
aou m}m
ualdisaSen wu du dudysa 8 (5.3) 72 (48.0)  17(11.3) 1(0.7) 52 (34.7)
UseLnnein
Nnan 28 (18.7)  61(40.7)  35(23.3) 5(3.3) 21 (14.0)
NN 29(19.3)  64(427)  25(16.7) 6 (4.0) 26 (17.3)
Hnaan 3(2.0) 7(4.7) 20 (13.3) 5(3.3) 115(76.7)
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150 518 WU ngusegadunarsuazneds
Jowar 50 whiu aseadsiumMsfnuludanin
argiont  Fmundthowmmudumane
WASVNIIUIUWIN 9 AU (10) m&;m?{a 53.3+
11.7 U uasiitsony 36-60 Jannilgn A
wiiniade 68.0+19.8 Alan3u ngusogiedu
Inggliaduiinanieannnitnunund  Seevay
67.3 Tnwaulvafiendwimaniglunguiwiin
Audosas 25.3 wavngulsndnusziui 1 Jevas
26 wuhadthnanienduiaedsdinmetimin
Aunagdusedui 1 dnmsusnniign Ao
51.3+5D Harseauslalnaduefudiadesesay
8.6£1.4 6'??&Lﬁumszé’uﬁwmaLaﬁaqﬂﬂiwﬂa Ny
MilszdumsAnuiiniUiygatiinian 3
flondnfusivnisuarigianiauiniign
esnnlsseuamnavuaadednl  1u
lssmenuaseunfe dnsuusmsineaulve
sududvsidnlauaziisngladeidoudiulvaje
Tuastiosnin 15,000 U wag 15,001-30,000
UM IUREINUNSANYIVEY 5I5UNA LAy
Az (8) Tnuitheruvuwiindl 2 s
lsaneguraulvan uasReTuns Usswmeand
91TnsUTAITwaznnausgIaniadudu
Inajiguniu
HanIsANwIGInuIngusieg1agUielsn
wvnueiiedl 2 imuauszdutanalaldtins
wElnamslulawnsmeds 3 Ju Wity 252.02+
5258 n3u dadlowSeudisutiinauamilulansn
feldsudeiu futsinamsluleimsainag
¥ suanuasuvemdanuiusluudasfu
ludadueins CHO : fat : protein = 50 : 30 : 20
(59  wuhgaeuslananslulewmsngening
msléfsu fanandlunsed 3 Jadunsiesei
nsustar I saudvineTuIutuaiiu-

lawsn lnensanamndanuse JulvigUieus
azau logtnlaguinsiingsnunmenansiu-
lawsaiigthemslsuimbeduniu Andnda
milulawmsadudesay 50 veandanuiilisu
sou (5,9) VuimenuATToLEaUsLUENISAN
adlulaiaseludnauisnstusenludnidnies
WU 91NNNSANET meta—analysis YodlounDSE Y
uazAny (18) Mugihingiheiwvmumslédu
nasunasiulansniosay 55 MINNAWI
Assudetu azdiuldimsiingusegauilna
ailulainsnganinfimisldSudenasese sy
himaludengwilude Snsdnvnginssu
msuslaamugtheuvusiindl 2 fuusenu
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Carbohydrate consumption among uncontrolled type 2 diabetes
mellitus patients in Diabetic Clinic, Maharaj Nakorn Chiang Mai Hospital

Sutinee Kieudee and Bumnet Saengrut

Nursing Department, Maharaj Nakorn Chiang Mai Hospital, Faculty of Medicine,
Chiang Mai University

Objectives To study carbohydrate intake in uncontrolled type 2 diabetes mellitus. This study is a
descriptive cross-sectional study.

Methods The samples were type 2 diabetic patients 150 people in Maharaj Nakorn Chiang Mai
Hospital who were uncontrolled glucose levels with more than 7 percent hemosglobin Al (HbAlc)
from May to December 2019. The research instrument consisted of (1) The consumption interview
form 24 hours dietary recalled record for three days, (2) Interview form for food consumption,
which was developed by the Bureau of Nutrition, Department of Health. After collecting the data
through the interview method, the researchers analyzed the nutritional data received using the
NutriFacts program developed by the Nutrition Research Unit (NRU), Research Institute for Health
Sciences, Chiang Mai University, Chiang Mai, Thailand. Data were presented by using descriptive
statistics in a cross section (descriptive cross-sectional study).

Results This study showed uncontrolled type 2 diabetes patients, consumed the average 3 - day
carbohydrate equals to 252.02+52.58 grams, inclicating excessive carbohydrates intake when com-
paring to the recommended amount of carbohydrates that the patient should be received per days,
and the amount of carbohydrates that should calculated from the total energy expenditure each
day (TEE: total energy expenditure) in the proportion of food CHO : fat : protein = 50 : 30 : 20 when
considering the frequency data of various daily consumption found. Daily consumption of carbohy-
drates, 64.4 percent eat white rice every day, 30.7 percent eat sticky rice every day. Snacks/sweets,
found more than half of the samples did not consume at all, only 5.3 -6.7 percent consumed daily.
For beverages, the sample group drank plain sweet coffee, iced tea, and little sweet coffee, iced
tea every day 12.0, and 10.7% , respectively. For foods of dairy products, the sample group most
consumed whole milk daily 24.7 percent. For foods that are sweet and citrus fruits found that
daily consumption 10.0 and 5.3% respectively, most were consumed 2-4 times/week (67.3 and
48.0 percent respectively) as well as vegetables, sample group, eating fresh vegetables, and boiled
vegetables every day, 18.7 and 19.3 percent respectively.

Conclusion Patients with uncontrolled type 2 diabetes daily consumed excess carbohydrates.
The results of the study can be used to plan nutritional education and consumption adjustment to
improve the quality of care for diabetic patients in Maharaj Nakorn Chiang Mai Hospital. Chiang Mai
Medical Journal 2020;59(4):227-39.

Keywords: carbohydrate consumption, Patients with type 2 diabetes
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N9 (3U e gnesdamded) 1a (3U e gnAsdend)  willeudnidu (5U f 2nauduns) (Ca.=caudal,
wawd (3U e anesduns) Uanglnaddnvesnsegn  Cr.=cranial, In.=inferior, Med.=medial, Lat.=
Flasduuyudlunudunsggniuesnuidaay  lateral, Su.=superior) JUglagsliey
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M19199 1. fegiwnunisanznseanlunyvduasdninanunsaldduunla

nsEAn anwazdwnn

AUVINL/ VU

nIzgniuwuLywilidnuvusaswsludnivinduasiidnuvueilaadudnusien (3U7 1b)

Yunsegn greater tubercle ludnivzdivunalngusluuywdfivuadnunn fuiidlvg

Usaanglndaia (proximal) aviludiuiivessiuuuy (head of humerus) (U7 1b)
Uaesnulna (distal) veensegnlunywdaziuuanuiilunegs (anteroposterior) weiludid
efinnuvundugunsedvaey (UM 1b)

wruviauasnuly
LATAUUBN

ludhiinsweniuvensegnisaestulianinsauenasnainiuld lnenseanviviouasniu
lugniiigersamilavansegnuivieuansniuuen (JU 1o)

druivenszgnuauriauainuuen (head of radius) Tusmudidunsanauusdludnivin

A & =~
@ua'ﬂusl,ﬁiyll,ﬂuﬂ/ﬁﬂ'gﬂi

Junszan olecranon process Yaanszgnuuuiouasuluvewywdiivwadniuuuei

dniduazuesnundaru (Uil 1)

NIEANAUYINGL/AUN

TudnudunsegniSenda third trochanter fidudangadiusuduuen (5Ui 1d)

Yunszan greater trochanter lunseandnidiulvgiivwnlugiiouwivsalngnitdiui

N3EANAUYINGY (head of femur) (E‘Uﬁ 1d)

ns¥ANTlATY

o [

NIANTUN

o

g1 (centrum) nsEAN

TunywdagnuinfianulAwinnd (U 16

& o

unasesywiziidnuwuswul wiludnidudnlugasnn

fan: Bass, 1989 (2), Mahakkanukrauh, 2012 (7), Nganvongpanit, 2016 (8)

N1SUENAILENBAIENINRAN18INIA (histo-
logy identification)
N1SANYIAIIULANF 19NN BULIANE-
InasenInuyudkazdniliselevilunsly
Uszifiudesdudmivldnounisdinsiadaeg
wiadlamasyiugeanslunsaiifegiedldnny
N nMsAnduunnuandliiuiiiay
LANAI9YBILATIATIINIAN1ETAIATENIN

nszanuywd wazdnd urdsldiinisdrunldasly
AU NTTeR NI AnrateUsens

anwnEN1an1eInIAvaINszan (histology
of bone)

nIgaNUsgnaumenseanIuiL (compact bone)
waznszanlUse (spongy bone) lunszgnuiy

Usgneudesyuuiefiviilunisiidenidnly
Aasadnszgnilegluilonszgnuda (Uil 2a) 1
seaneourmilulassaduuslngnsinats Ju
floguesviofifonin viesnedideu madaEes
idouriuvedainu (lacuna) iundauiuten
T aaan Hwadesanlolev (osteocyte) ag
meluagun wazivievumidniiSend mundgla
(Canatliculi) L%Mizw’j'}aawquﬂ LAgYDUUDNDD
afoous nuLdLFLL (cement line) ioeoa-
geudlaiudl (mature osteon) v3aiSeninoodf-
po8ANFALNil (secondary osteon)
poafovunlldautn YaALINAD DodRoBYA
Usugil (primary osteon) \{useaiesnsiiils
a9 dnwaisfididny Ao lunuduluudiiveu
oosfonss UnndmunsiSesveseeafooss
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luanwagang Wy nssesiaduunl (osteon
banding)  %38N15L389ATUMLBUNITITE9B
(plexiform bone) (9,10) wusnlugndnd uay
vilafiaosdo eoafesusniend wudlidu 4
¥l auguIearesRUsEnau (10,11) fie wiln
71 1 3n791 common osteon wulgvialy dnweus
soafsadnsinawvies ivieaiediiuusgnse
nan Slawaafutuidosdoutu luawaamy
aun SduTwudeguonanvesaniaan viai
2 13910791 embedded osteons WU common
osteon wunALdnegluesaRveuruIAlng vin
7 3 138011 double zonal osteons wutnduee
anesssuuelnalnenielussiiduiwudiinty
fou 1 fu shliduiidnuasvenduBiuus 2 du
Tueeafioass 1 29 wazwdadi 4 Sendn drifting
osteons  wuilfuvetaaaSesadeuiy
vanetuiveusladunilwesesadiooss 1An
NNMESvesesaiesslimfeut Insasy

mesnulasunilannnindnaunila (3 2b)

alaan

Bumedamdvamwam

Woyfnizgn——>
Huwen

;Y—A_Y_}

nIgnULY nazgnlusa

O,

AUUANANTENINYTRdRT (differences
between species)
ANWUENINANIEINIAYRINTEANLULTIAIY
uanenafusErinsgndn iuasdnifiladiud Tude
fiavanevile wu lunyed (12) 1 (13) 1a (14)
g (15) waznseeng (16) waziin1sfnwiludnd
vianevln Wy uyed (17, 18) g (15) dven
Q4 (18), 419 (19) wa (17) ung (17) n21a (17)
vanth (17) uazdniy (17) wuilassadsess-
oaslunspnuAnsTurasinefiruuansaty
wAINNsAnYIUSEUBuTIILeadEnsEgnty
P0ERPBYA YDINTEANAUV ML NTEANUATLUT
wihvieuni nsggnUangvmtiviounas nsgn
AUYIMAY WagNITEANVILTY S8V Uyee 1
unz A9 mnth wazsaily Taeifusegnaan
fundafortu wuh Tunsspnusiazduludad
yiaRefulduueadnszgnluliazooad
oouAflndiABaty (17) Bauanslifiuinlunszgn
uiazliausfisusne  uavruinvesesaRessni
uANFNIiU udwumadnszanfedliuaneariu

JUN 2. a Madnvgn1RanglnAveInsEgnLLuLaEnIEaniUe wanin1sweniuvesssuuiefiaglunm

Tuilonsegn (M7 Nganvongpanit, 2016 (8)) uay b uanwdinumzan1ginIAveINseankil Landlaswasseeds-
€ a  a a a a A = a A a a

29YNNALN 4 TUA AB YUANKLY common osteon (1), ¥UANaBe embedded osteon (II), ¥UANaU double

zonal osteon (Il) wazwdindia drifting osteon (IV) (fin: Creacimano and Stout, 2012 (10))
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n1sldausnieganieininvesnsegnidu
\nTeailonsnviinvesdniuazaywdiiiouselov
MansyUIUNM A mansiduisalasunm
alaiflesann vhldie Aldaneligs Taeldsng
druANUINYRINTEYNIUULAENTEANLUI (20)
wInlassaseeanonyn (9,12,17,18,21-24) A5
AnunUSEUEUANYANENI99aN18Tn 1AV
nsvandniusazsiindnfausnidled wa. 2490 a1
duduiimsfinvidoioadosun wilsenuma
Amsfiindngrudaulud e 2509 g
AnwiSeuiieudnuaizeteeaionsfuainIyen
AUy matludnd 6 ¥ila (Y nzete L gl A
wawle) wazayed ARuilusansnieInim Jour-
nal of Anatomy) wuiluladuds ifuunnd
HIUAUENA1908AR0REA kAT IUINLEUTOUIYIE
gnedeulngiign drlumylunaidniign (12)

lA59a3 199 0aRR0AYRINTEANVUUYS YW
& el 1a ans b wn wagalv dauuansig
YRIANUNU MUYV IBTTY 1

HuAugnaavewiesesifoy  uasidunu

AudnansveseeaRenss (15197 2) wawiinnsadng
auN1sNIuIevlnveedniainlaseas e di-
sosndsfiruuduglunmsuenadnvesdnilaa
Souay 88.5 (23) (3UT 3) uenantudalinisfing

®
.Q ) ¥=109.382+0.462xDC+1.397xD0+6.936Dmm? |

.
| 1
ﬂ@, b)
8 R IO 71070000 0001 560 |
y& ) Y¥=243.370+0.981xDC+0.316xD0+22.720Dmm? |

JUR 3. aunislumsuenviianszgnutiudevosuyue

Y=68.023+0.163xDC+0.739xD0+9.870Dmm? |

¥=59.798+0.163xDC+0.611xDO+9.374Dmm? |

wazdnilagldiduriuaudnaisvetesafionsn lduH1Y
AUONA19YRIMI0TITEU UWarAUNUILULYBITINIY
Viamnai%ﬂu; DC=diameter of haversian canals,

DO=osteon diameter, Dmm?=density of haversian

canal per mm?® (#isn Morales et al., 2012 (23))

A13199 2. lWSsuiguduRugUdna1aveeeafionsn W UALENA1IYeIEI0TITY LarAUYUILILYES

e Iesigeu Mnnseanuiudslunyvduardnd

dad  dudugudnans Wwsiugudnans Aamuulues 31484
Y04909dRD0YA fivgnesidou Yi9gnesidau
(lalasiuns) (lalasiuns) (M31efiadiuns)
m‘tg‘w&? 111.07+£2.25 35.92+2.12 6.23+0.30 Morales et al., 2012 (23)
184.66+28.63 39.71+7.95 - Nganvongpanit et al., 2015 (18)
a4 143.46+26.80 33.74+6.53 - Nganvongpanit et al., 2015 (18)
419 234.50+58.94 73.58+21.48 - Nganvongpanit et al., 2017 (19)
qﬁ‘u 59.39+3.63 12.37+1.91 8.75+0.47 Morales et al., 2012 (23)
157.01+32.87 34.93+9.06 - Nganvongpanit et al., 2015 (18)
317 49.93+3.29 10.60+1.01 8.28+1.63 Morales et al., 2012 (23)
73] 114.76+8.19 40.09+14.82 1.97+0.39 Morales et al., 2012 (23)
1A 118.34+16.40 26.24+3.75 3.65+0.65 Morales et al., 2012 (23)
A 45.73+4.66 29.49+2.18 19.36+1.25 Morales et al., 2012 (23)
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NWUIENYrYeteRaRanyA U1l IgIUen
wilndnild WU Snwazves osteon banding 3o
plexiform bone awnulalugndmiunsviin gy
N9 @ns wavaa (15,22,24)
usnINdnuazUnAfina1NudSailinide
vanguauladnwdnuaen193an1eIn1nves
N3EQATIHIUASEUIUNNTAY 18U M5 938N
WYLAe  N15ANUIaNYAUENI99an183N1ATY
nszgnayuingninlugamgiisnstu 910 100
sarwaldea auds 1,100 esrnwaides lu
1981 20 UI¥ Rafael wazmny (2013) wudn lu
Y99unnil 100-200 eeANIATLA dNuNY
TassainsganeiniaBuingy  usdnsanunse
seylaidudnvarvedasadile dnsunnves
N3EANALLLILTT (longitudinal fracture) usily
Tsgamgidaud 300 f¢ 1,100 esmizaLya
laseasnaganiginiavednseangninatgaulyl
(25)
wanaliiiiudn3sn1sneganieinialainune

a a A o vy
ﬁ?ﬂ?iﬂizq%i@‘uaﬂi’lﬂagLEJEJ@VILLU“UG]%

oti9BsdmSUMIE9TINIuAI NS B ULUE T
Iuﬂﬁﬁ%aaﬂﬁz@ﬂﬁgmm wAtunsElvasALLdu
wubifinadenisiasunlasvedasiadnamia
98N183N1AYBINTEAN (26)

nsuendeUsinaussgiszaulunszn
(Identification using the elements)
wssaaiazanlusaniednd (element accu-
mulate in animals)
Tusrenedsditininisavauuisinluidede
I@SLQWW&LﬁaLéaﬂdmﬁL‘%Sﬂ’j’l mineralized tissue
WU nszgn MU (teeth) WAl (hom/antler) Tu
Usinasiunn efsvinisfuvdsesnisavay
VoIS WA LTI WU windifiey (Mg)
AN (Ca) Weavlesa (P) mdn (Fe) nadund

(Cu)
auvila nszle 1A waving NUILWIEIRMaNY

TNSANYINATIEILITNINIVDIER T
vilafidussduszneu uainuldgannde Mz
S) fewndusidusznouredlusaunesiiy
(keratin) (27) wonINdSimuLIs WAL Loy
wAalTe Woanesa nesea wian wunilidey
uazdanyd (Zn) nuiwvesladuaaidosgsiian
S9891Ae why wavnsyle AnsAnwUSeU
gUeIAUTENDUYDIUI5INYBUYININIE 1T
WU antler AU pedicle bone wuIEesEnY
ThuflosAusznouveupaly weanada fuzdy
wunfli@e ey Inunaldey (K) wnnaneiueels
Nlpdfny LazfanunlonTI@IUYIERTaUTYL
(Sr/wpadion wasuuSen (Ba)/unaidon isng
fuvesdin pedicle U antler Fsazuansliidiv
fardavotomnsfiiniswasundasly  fesnn
RTIEIUVBIENTOUTL/UAATEN UaE WU/
waides luemsusazUssinnuansnadiu sy
MORTIEIUVBIENTOULTLL/WAALTL LWazliuLSaL/
weadey luwnane ansavstasrinemsle

nszan wawily Wuedezndnlunisavauves
wssgluiume  esdUsznauussmidRtAe
lTansanduoulvg (hydroxyapatite) @dlaseasng

(%
=1

JazUsznaulusiy  weal@en  wasneavlesa

Fuvdn Tneiflnsidiuussana 23 wh sy
nszgnuasiiy wrlin1sAnwilunsegnatiadiuiy
48 Fulusnene wuisnsddtauuansa
Tunsegnusiaztiuressianie (28) uenaniid
WULLiﬁ’]G}%ﬁ@Suﬁgﬂﬁﬁ’]Lﬂu (essential  trace
elements) waglidudu (non-essential trace
elements) AB919NY WY WAN Mugdu dangd
NAs Famau (S lasidleu (Cr) lausan (Co)
fntAa (Ni) Tusiiu (Br) anseuden TuaUAT

(Mo) uanidlen (Cd) mzia (Pb) wazusew (He)
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AMULANASSZAINeTInER (differences
between species)

tagthudinsfnwuietunsazan  uazns
nszeimesIsmlunszgn iy sufudode
gouyn (soft tissue) iilosanussimmaneviing
UnUmMAFYReNTEUINNTILTeETTIe
n1sfnwIN1sarauvadLssInInInlanetnly
3987 3mfioldnsusueniananiizveds
wndex (29,30) wazn1sinwiieldlunssuun
BlavodnT (31-39)

Tun1sfinwves de Dios Teruel wazpug (2015)
(31) WisueuaAUsENaUYRILIEI Ll UEILYRY
Fupdouilu (enamel) uaziioiiu (dentine) Tu
fuvesuyud 1o ans wazune M35 wave-
length dispersive X-ray fluorescence (WDXRF)
wuasdUsznavvasnIsgluitulafunywety
frruiloutunnisludundouiiusazieii
WU Noawasa waalden nouwas Twunaige
AaIu  (C)  hazdns1diusenineg  unaldew/
Woamlo¥a Tutuadouiiuiivsinamnnitluile
iy luvagiivinavewundden  muzdy
ansoudon uardunzd ludeilunuannnitly
fupdouiiu Snsfnvivinnuisgfiazaly
ndrsdmivldifuedeaiielunisssyindun
vearnedeviodanenini Tnverfeiniosdiod
Jneildlaglidesdinahatesegns  iles
3nn1suwenviinedisludagdudesedenis
nyREsusnsTL Aeildediin Ae desdanie
anediregausdiuneuiluainansnugnssy
Jmpanisnimataludlunisiensinestis
fianusarildlaglidesinnieinaiedegia
wazannsovldluyniiuil - defidnaugnies
1nnIFesay 90 (33) deunlinsAneuTun

wssiavanlueuasitunsgy (38) 1Ho991n

demgguiimstenslunaiigeiedrudens
nsAnuRAdFUsaussmiiasaludoauas
Hunzgu wenily LLawﬁm%mwzgu 90NNENT
wilady FsliAAnugniesioay 79.3 uenan
fudsldvsslonivesussmiazauluiiunggu
\loszyinnzgudafanaiagondelugilne
wenzsundy  IneldianugnaesisTesay
88.1 Ansfnwldusunausaglunsegn uywd
19 gy uarlaun WUl USHNUIsIREnunse
uenvinvesdsditinantuduresnszgnuasity
lunywduazdnilagnuainugnaedlunisiuen
$owaz 71-100 waznuldszyaudunyudle
fedowar 80 (32,37) Wsludhuvosyudiuil
Usglevtlannlunuidiinermansvesuyue
wanINMTIEUSIILIsI9luNITIATIMUN
yiadniudd Sdinsdan@nwiuenanuuaneig
sevinaa  dnnsafrsaunisiiteldusnnely
wywd lagldusunamssnlunsean Aaldonus
s1afisianumnzandmiuiduidudmiy
wasdeyalvieglusuuuuessasdn  iiloan
ANuRukUsYRsUayalundveseny lnevdninae
Tumsfndonussinivanzan AefluTunadiunn
AU NATEEAYTENIIUNAT LS WEYS
uardAdulsavivesnmudsiu  (coefficient
of variation) tfosn1 Mntuhgedeyadngdiu
dudasziiana stepwise discriminant analy-
sis WarAINAMLgNARIasENNIsluNsIuNg
%131n75 leave one out classification wagy
M cutoff dmiulfiflesnduindunszgnine
yevizendlaoimuaaintisvesdiadslume
Pouand damuiniinaussininglunszgn
wagiuldimunzaulunisldueninaluuywe
(36,39) @oandestunsAnuludnivinduiing
IUnaussnlunseanvisefluludndlimung
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funslduenne lawn v (28) wegu (38) wae
19 (33) FellA1ANgnARluNTTEYNALTES
$away 60-70
widnsldUsnussnazaulunszanvse
fusuenviindnislvienanuudugiroudneas
LALNANANEITaINAUIREINABIANTY U
Havofeg 19T usuiauwssnsaelidu
dylj v = o v a & a
Woaumeansieinsevinlinisiasiziusunm
wssEaly  dmsfnwmuitnszaniiafeue
waanesiunseanilignindeuiinareuuiaus
Ao P | Y ° A o 6a
sl uwagdwwalinisvineviindaiiia (40)
wan3aNUuINIsANwINUI1UTUI LT 5191y
nszgninisnseneffldaiate (28) el
a & a 1 ¥ 0 £ & ada L3
N5IATIEIUTUINS TR0 TiAIa AT IEN
mndunisiasieilaeldndnnisvesenaise
WgeeLsalud (x-ray fluorescence: XRF) Julu
ADINATIEIVANYATLAULNDANULUUE Lo b
ANFIAIIZIAEMALADUY U Laser Ablation
Inductively Coupled Plasma Mass Spectrometry
(LAJICP-SF-MS) (34) anunsadindiograduaule
tae ludndudesdnsegnauimsisiansdu

GELY
witumsgulunswennseanuyudLazdn
Aovsnsenyitusmans uiiBnisuendowuitls
UauoInaudANUEAYTUAINUY Tnslang
Tunsdififinsnududiuvesnszgnsimauuin
$ndudesiiniosilonioiznisdauenidody
iWeduunnszgnuyuduazdaioonaniu s
WENAIUANYUSVINUNAIBINIA LAZNITHINGIE
Uninausswiavadlunsegn  Veaesiniiudsd
wanzfunsiasenibestuitldidunisiane
A19E19 HUdUANE1AY TBUENMIBANUEN

wnnednindndudesendeideayiglunis
URUR  vausinisuenlagldusunausssnasay
lunsegnlaimuneduilegranseanidnisuu
X g a = = v N & o %
\Weuuuituiy visegniadausieasiail deinly
NANNSASIABURANAIALS  d1nsunisweniagld
Bvwganednia  winnegldnalunisesialy
Y wazienldaeldunn wedudsndesinane

megusdi  uagliannsaldlatunsegni
dupudoun sl mvanaisiidesivay

Podnintunmsiluldnunnsineiu wimniienis
nsAnnsedlesiuldmunvauiudnuaensegn
Ny azannsolinadnsniseansnmaniiagn
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The classification of human and animal bones for forensic osteology aspect

Pitakarnnop T,"* Pakdeenarong P' and Nganvongpanit K

'Forensic Science and Criminal Justice, Faculty of Science, Silpakorn University, Nakhon Pathom,
’Animal Bone and Joint Research Laboratory, Department of Veterinary Biosciences and Public
Health, Faculty of Veterinary Medicine, Chiang Mai University

This review article describes the duty of forensic osteology, which is important in the forensic sciences.
Forensic osteology is to prove the bones remain that found at the crime scene, humans, or animals? If
it is human bone, which sex, age, and cause of death? The screening methods used to identify human
and animal bones that will be discussed in this article include; bone anatomy, histological character-
istics, and by using the amount of minerals in the bone tissue. The content of this review article will
know the concept, application, and limitation of each technique. For the benefit of those interested in
the future. Chiang Mai Medical Journal 2020;59(4):241-52.

Keywords: bone, difference, human, animal
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f1e 9 ilemuaunsunde vildinanseny
lngnsesialAsEgia gaunnau IAueinaiuin
Tunsasesdnuaznisguanuiesiiielvivasn e
nMsAnLde ms(ﬂLLaﬂamL%aﬁmmﬁuﬁwé’wﬂ@
fagdulmedraniamilosvesyparnsnianis
wnnd veUssaldgyidoynansvanianns
amLs?gj}amﬂmi%’ﬂm;:iﬂwﬁtﬂuimﬁ galsAsyun
1%a Covid-19 viliAatleynsng o ununevin
IUssmuiieueieniinty fufunisusush
diedufuauasendadinnudfnyed1ebaly
anumanitagtiu unarwilduansauduiug
YBIANUATEA WazlIAdaniea Aunisialia
9alYID3 WITANUATLN NMINDUAUDIVDITINNY
9IMsLANIvBITIARANALATER  VideAuAnn-
fra TasanzanuduiusvoslsanTondein
Lﬂ/iq]ﬂ’lsaj%ﬁal,ljﬂ (post- traumatic stress disorder:
PTSD) fuanuidsslunisifnlsnatesdon (de-
mentia) uazlsadaloiwes iesruuLINg
assauguatlawlsunsuimsianisguanUae
fasfintusteld

AUNUIYVDIANNLATEA (stress)

Hans Selye laliA31inAMuU9IANLATen
1 “AIeREAUNEUDINI TN UAUDIVEITINNY
fiintuegndlaisnmginnzasedefiungnaiy
viesume TneAsiuflauvevionaunanasif
UszaeaviseldfiaUsyasriniy” Senin general
adaptation syndrome (3) Fadunisnevaues
N9E3TIET  (physiological)  WaZNI9IRNINEN
(psychological) sensiasuulasiitiniuain
Jaduneuen laun Jeymlunseunss Jeymnna
wiswgna mslifiawh msgadeunaalunseuniy
wazantaduarelusisneuaziala laun s
Butheisess viemsiduthemelsaieuss wie
N15UEN1930

UIZLANVDIAULATYA

AnuesganUady 2 Usslan fe

1. AnuAsEa@eunauy (acute stress) Wu
mLASEATART UL Wy nsanlaann
Feaasing 9 S1enenuivaninuindeuiide
U wu awdeu Ay puaSondssanil
Sumeazase 9 Uiuliddnnzundlflesadu
M3 INaenm (homeostasis) Voe319MENLLE

2. MNuAIEAEES (chronic stress) 1u
anueseaiavanduszeznaiuu wu Jgmly
Asaundd Jgymlunisviu Jgvimnamswgia
aalenUssnnimdneenldenmadosii
Luusunieliaunsanwgasnimliegly
AnzUndls vilTinsAsunUameinuensual
LAZYARNA TN ?fammisuaamwmﬂ%mﬁ%'gmm
NIIANLATUATUALRLUNSU

NANIINUYDIAIULATEA  AINANTZNIUN
Fushane 3ela onsun] uasngingsu deil

1. A1usene ﬁqwaiﬁm’mé’uiaﬁmqﬁu
nswnzansiinsudansnlalaseasdn (hydro-
chloric acid: HCI) 11AA11UnA 1nALLATER
avandunauiusiliannisasradadeny
ibigdauiulusinmeanas  diludnisiinlsa
ss  Winetu amseSeavhlinenendse sl
nax glucocorticoids (GC) lagianiy cortisol
1A ImaaaﬂmuﬂdmﬁaaﬂqmémmmLumua
ATuresansonsane o lusienie Jsaudiilse
Uzt wwn sesluuilaensedulisssy
ihaludengsduiinund fnsfinusiuaunn
Fnansliiftuinanuesendmansenuidause
msgnanuvedlsa Wy lsausse lsawile lse
vaoniden TsAnesyuulsvam sumlsadale-

o3 (4-8)
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2. sudslanazersual  vilAaaunSilas
awszaiase s vasdu ldauledanndengade
auderiulumues wnweSeaduszezinaiuny
Semeavds cortisol tumnnty sesluuiltng
1nvzviliaduszanuesauendeuaninas
Tnglanzauesduiauauisadu  Inlauay
915u8d (9)

3. PNUNOANTIN HEAMUATEARNATNGFENTTY
fwansnaty Wy Fanaeanar wieles s
uounduyINViseusulinaurasAURnReiU (in-
somnia) JuAaldannTzeTen ANEIANaa
LATAIETULATT 1AEAIIULATEAILNTEAUNT
Fausiuiuresauesiisenin  hypothalamic-
pituitary-adrenal (HPA) axis yil#sUNIUNITUDU
waulwnainansdin (10) dsuraueralasy
wAnssulUlumediRia Wy Augsn Anen landn
unswiu fadm v$esuesuaziuls

Tsadalwiuas (Alzheimer’s disease: AD)
lspoalosgnaunulas Alois Alzheimer
Fadudaunng (psychiatrist) wazinUszam
NPINIAAIERNS (neuroanatomist) V1LY
Tngldsnaausos “A peculiar severe disease
process of the cerebral cortex” 1umsﬂsssqu
311015 “The 37" Meeting of South-West Ger-
man Psychiatrists in Tubingen” Tud A.A. 1906
mﬂmimamﬁaLﬁaamawm@ﬁa%‘imww@ﬂ
01y 50 U derleutufionnsfisunfiniedn led
2INIMNINTLIN (paranoia) NTUBUNAUNAUNR
AILTIBAAY A3 B1INAILUSUTIU dUdu uag
Wetinlu 5 U siaun wudndl abnormal clumps
%aﬂwﬁ’uﬁaﬂiw amyloid plaques Tuileaues
Judhuausnnuagny tangled bundles of fibers
%Qﬂ%ﬁ;ﬁuﬁaﬂd? neurofibrillary, or tau tangles

LLawiamﬂﬁ’uﬁmmaLLWﬁ'iwsmu;EﬂasJSﬂ 3 978
Tl a.A 1909 waydn 1 579 Tl ad. 1911
Alzheimer laidedinlud a.e. 1915 91y 51 U 14
UIUNAIN LA SUAMRUIUTEEIUBVI1IALIY-
mansly Breslau wazdiananuuneuiiteves
(11)
Tsadaluwedidunsdovannvessaduszam

wraznaneusdnyinlg i lululsadl

Julsaiiwuvesiign (Joway 70) wangalsa
aueudon lavdswaliAnnisgaidsaiiudd
ANuuAnsaansaRdayey nsAIa yAanaw
wyAnssuiildsuudasludmasionisdniudin
Usgd1iu (12,13) Imﬂﬁm?%mﬁﬁﬁzgﬁamqﬁ
wntu Bdlvuanmgfiudaviainunstwmen
yosBufiadslusiu vliinnsass beta-amy-
loid peptide AiflS1uunsnezilu 42 f fdnwas
wuwdunIUndfivsanileentsuenivad
Uszam (extracellular amyloid B) Fwiliian
aqidenisdeansniaidenlosveneadusyay
(synapse) wazngluwaduszaminisasns neu-
rofibrillary tangles (NFTS) fiAnnauRaund
YpY tau protein (hyperphosphorylated tau
protein) Miuduyszneureswris microtubule
(microtubule-associated protein: MAP) Wux1n
sl axon vladauszamiian1senLay
wanidonanmduenaniiewang Tnsanewad
Usvamvasauesduiivhuihfiieadestuanud
psuniaENgAnTIN  Feflanuduiusiuennis
Yadlsmoalaiwes (14,15)

nstdaRelsrdaluiues

dlo ALe. 2018 National Institute on Aging
and Alzheimer’s Association Research Frame-
work lgsumsidedelml  Ssarndaldonnis
wansungislunsitadelse  Ysulnalaenisun
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nENFIUTNPUTINN  (biomarker)  LiioYe
T¥ns3dadelsaldndugriuuonanniiazly
91N15N9Aatn  teeArndaaulrdaglanig
Wasuulame biomarker fiRaUnRvesauns
Wity dhumswasuulamniennisuazensual
lognienesnaindArdrinauwaglueglueinis
vodlsadaluwas MINAANUNIHTRTIN NIV
‘Tjﬁa “Beta Amyloid- Tau pathology-Neurode-
generation (ATN)” %1 beta amyloid way tau
pathology ﬁﬂ@:ﬁﬁmﬁﬂ’?ﬂlﬁmﬂﬁ’lLﬂéﬂ%ﬁl,mu
(PET scan) w3eainmstanzinladunds @
neurodegeneration or neuronal injury and dys-
function Aensgnyhanevidenszuaunsiithlug
AMSHEVRIANDY @1U158IAIARIN MRI scan %3e
Pnmszinludunds vy amyloid f
suifuiiosdnunidunedaninues Alzheimer’s
pathologic change uiazdosiive amyloid wag
tau 393¥1538A Alzheimer’s disease miL‘UﬁlsJu—
wasiuanslifiupnuduiusvesiaastusiu
RAUNG msa%maiiﬂmaqﬁﬂaaﬁazLﬂgauLﬂiuﬁu
HugUasfilamzanuinunfdnidosvesniy
aursavesanesa s ddTinUszsTulaunidi
136791 mild cognitive impairment (MCI) mowil
nanenliu Alzheimer’s disease with mild cogni-
tive change immHafiUABulugATinIndTee
\Humsigtheanunsainfiansmsanuuaziden
et msldmdn ATN lnsidedousiug
Saunsizenavziilsaaueswinsuiiiionnis
adeiulsedalowesld azdunisueneinisves
TsmeanluannA1dnanILazdIanAINdUay
lunsifadelsedaluwasla (16)

21n15vedlsndaluiuas

amsluuvadu 3 ssezie (17,18)

1. szezuIn (early symptoms) HUieind
anney lnglanizanudmvsewmnnisaidagiu
U YoUnINTn WREn 4 Fowdu Andmaliisan
AuTeRwemisetoanuil duaufirnie Suedon
o1suallFednonasduadn  waddeansuazii

a o

Aatnsuszaniuld wuigihendulsedaluwes
a = Y v
innzvodlspduiainosay 52

2. 58gnanN (middle stage symptoms) {3
Fo1MITALRAUTY  AIIUTIAABNDEINA 1YL
\euviseyanalunsauaiavasmutehily ligdn
Tu 187 weunaviuliusunaunaneAl LAueen
NnUlulaglifiganuny  weRnssuaeuly

a2 2 & & a =
winaniduauladuinateduniaviinguided
7517 weameuae vseaniiluauesual
o & o & = a an v
Foufndunaneludeursy Ansvlsiiligneias
Leglulanvasnnuase wu Andivsliauuei
wlugves  Andigausauenls  Fudueinish
ganien1sguakasiindiay  uazidonasuly
Alheazsuiilymlunislitinusedriudednduy
FRNALIES
AUV

3. szeenng (later symptoms) §U380IN13
ugad mevEUDIRadITOUTNUBYAY SuUsEnuU
lataas Uminan auaunstumelsls guniw
nyalnsuasadeUiefnifies iadeulmitosas
A 1 dl' 1 A L v v 1
wseliimdeulviay Yremaedieddils liyaa
piAuiugouLeTinilugn1sinieuaside
Finlunian lagsveziiaIiavuanLaLsNIHdy
udsTIRAYUTEN 8-10 U
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AUFNNUSVDIAMULASUALAZAITADY
AUDIVDITNNY

ANULATEAN RS 19N18TN1TADUAUDIN I
ATinenszdummuTee iz q 1ite
POUALBIREAILASER  WAAIALASEATIINNTY
Laztedy  sumeusushauinidusesienes
AUASER (vVicious cycle of stress) Fadwwarilii
Aalspeng ¢ leganigliamsdnusezam Innfia
vselsadunadn elsasing o waninuseauidl
AMNduRuSAunIAnlsAdalemeaslunalfon
(3) T19NEINITROUAUDIHEAIY LATEA (physi-
ological stress response) Tnefinsiasuuas
AnTumuuaunuiiSen hypothalamic- pitu-
itary - adrenal (HPA) axis Bstugfuninuizess
AR WaEAINTULIIRIALATER (19-21)
Ingnalnnisneuaussilgnaiuaulngszuy
Uszamdnlutfuazsesluuaindenldvie Fanis
MOUALDIIDAINLAIEN (stress response) Usznau
#e 3 Sveveall

1. szezsssundon (alarm stage) diog1enie
Fusfedunsiety  Sunmeaseisumieudmiy
IansAvsuRTIBLUUSRIUNR  vilseneLie
mmﬁﬁﬁﬂﬂdw“éj 130 1l (fight or flight)” @us
& hypothalamus gnseAusyUUUsEAM Ssym-
pathetic ddayayailunsedusieunuanladiuly
(adrenal medulla) T¥unas epinephrine 1ay
norepinephrine  8anu1vl#s19ANBLAANTT
Wabuwas 1y sedunglealunssuaeniiiuiy
meladity dhumwens Sasnsduresile
Fiudu wssiudongatu dealuidssdindunde

174

= 3 = ' v v N
aeuntu WumswSeusaniglanseunayd
yendl (22)

2. SeuUEABANU (resistance stage) 19N

WAnNsiUasuwlamnatinenlukne HPA 1ie

weemrosuiuaIATeaLiiels eyl
Amyauna wimnaaeIeatuAnavauog iy
SzuzAUILENeEI hypothalamus 9sW&q
gosluu corticotropin-releasing hormone (CRH)
Tunszduseulsanesdiumi (anterior pituitary
gland) TndaosTu adrenocorticotropic hor-
mone (ACTH) @anunnsesuseuvuIntadILuen
(adrenal cortex) Tﬁmﬁaaaﬁuuﬂdm glucocorti-
coids Tuaywéte cortisol iindudwmaliame
Aoy  Ususfiesnwaninuessanmelidulni
nsvedusionILASER dalssneiUAs LAl
iy denudulafingidu nsnoziluludent
aududuinntu sunsvdesnsalutuiviy
a¥unglaaanarsibilinguarslulawmsalag
afreniUsiunaglatufindy  nsiiinduedn
Wnves cortisol vilvigiauiulusesnieanas
iliiAalsalade (22)

3. Fuvgan ey (exhaustion stage) &
suneeglunnziaseadusseznaiui 113
Usvaumaludupoudl 2 laanansovidliaenie
Shwinnzaunala nisweseautu 9 vilvinaln
Fudansvds cortisol sy dawals cortisol
gnvdsoonunmniAuluhlfiAansyhatevad
Uszamluguesdiu hippocampus, amygdala
uway prefrontal cortex @wiminiAedostu
Anudn ensualuarwgAngsa (4,8,23,24) awy
1852AU cortisol qﬁﬂuﬁﬂwﬁtﬂu PTSD Q’ﬁ
Julsednnfaaily (generalized anxiety dis-
orders) uazgthelsAInnase (neuroticism) (25)

finaaedudarinusedu cortisol getulu
mﬁﬁﬂﬁlﬁmmmm%mmu 9 Wa¥WUIINITIA
81 dexamethasone %ﬂLﬁuaﬂumju glucocorti-
coid  lunmyiidhlsadalawesnuin  amyloid
plaques ifnduluiiedioauss (4,26) wonan
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ifirsnuiinsdnvlsaeisnizesdunydaeg
glucocorticoid NT¥AUNITAIN hyperphospho-
rylation of tau FavliAn neurofibrillary tan-
gles (27) fisneeuiinsiUasunlames HPA
Juawmeyiliiinn1iz  oxidative stress e
amzditleyyadaszinmiuly usiUTinum sy
syyadaseluiiganednaliiinnisvinane
fdwe Tsfu Lo wagluanadu q Wums
Fa18wuU oxidative damage wniAnsaLiies
SeYwsilndosenisinlsausds Tsawile
PINFDA  LIALUIMNU azlsangTzsuuUTEaw
suvilsadalewes (28) fsmeeunsanely
ngufegwfidauUARsuALd  d1uau
1,865 578 WuIMIsiLTWTes cortisol @1unsa
wensaimsinanudssrenisiinisadaluwes
Igghmih 6 U (29) wusenuiilugiidu mid
cognitive impairment (MCI) H5gAUv04 cortisol

¥
a v A

ganndgAlidu MCl (30) wenaniidadinis

]
a v v A

AnwiAtu microglia Saumadgiiduiud
TaauAuvessruuUsEamaIunatsiidunuiy
ddun1aTainenfisndudmiunmsinmaniiy
aunavedsyuUUTEAM finsvhaueniweniBes
Tunsmevauswomuetenisess (udena
Tunsidouloweswadlsvam  sausadiunis
SEUTUALANUNTITT  NTFULEENITYINNIUTDS
microglia  vilAnansdeunmelumaduszam
(intraneuronal neurofibrillary degeneration :
NFD)  @ethlugnisiinandvaneidenniam

(31,32)

ANUENNUSYRY PTSD flunsiinlsadaluiaes

lsAASANenaBumeNISIienss and
Nnnfeldduiatiumgnsaifinsgnunszifion
e 1wu ABAUA N1919N1AT198 NITAMNTTUY

a9ns10 QUAWMR  N13ENYINTIeNeINNIEVIe
mane 1Juiu Jeruineandyesfumanisal

Y 9
= o

& aa Yy A & wva
UU 9 iaﬂsmmlm‘l@ M‘JEJL‘LJUQVIQEUL&SJQW]&EJ

o

a

< Ao % o § Y a =

Junnluvanisaldu 9 i lviiedianunien
N9 uInlavlajuusiuinetaiinansenusie
NslTInUsednTy  laedlsssiia1vesndnuing

STULANUPIALUUREUNGY (acute stress
disorder: ASD) Se8¥AIULASUALUURYUNAUIY
Aaduniely 23 FUansiusn vieUszana 1
PBUNRIRINIIUMANTTITIENS IneUeaed]
9INNSABVAURIAD Ndn AuNTs WiodUaY

2. spogarmiinunAniedsla uszexiifine
Wngnig PTSD udd leertleasddnlaniash
Anuunnsaslunsindeay  Uszansamlunns
yauanas  fuaeftegluszeriiasuansorns
28NN 6 WRUNGIINLAALRNITAITURSS
wioonaintudninduildnuusaniunisal
WINBINTSYBY PTSD d528817a1810N71 3 LADU

a v 1

wnndazitadeingUaedu PTSD wuuises

81n15%89 PTSD

Sloftnedngses PTSD anunsaudsléidu 4
naueMSRsil (20,33)

1. $Andldnduleglummnisaitudnads
(re-experiencing) JUheo1awiunmsN18sEe
w53t o Wunmvaeu Hufeuazdndangnisal
tfusgaue enaidnyndlasgrannmngnisla
nszAuliiindangnisal wsevnnluiupsuseu
youngsaity

2. lsiedanszdu (hyperarousal) £theena
WAABITURIANG 9 BEITULTY UBUNAUYIN
wyovidn Tilnguuse biflaanBanderuadladamil
susionsiusamniuly SEnvmassunuay
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anlade vieeaingAnssuuisesiiiudunme
fogun 1Wu MshuLeanesedniulY vie
msdusady Wusu

3. Mi@niALAINTEAUNA 9 (avoidance/numb-
ing  flheoramenumanidesnursoanuiii
yhlstindammnsaiiensuinduluadeiy uay
neneuliidavielimwefavansaidudn ey
p19dnnsfuanuidnuarilagnisnetenlyl
Sdnezlaiay

4. danudnluwiausaziionsuaigudi (cogni-
tion and mood symptoms) HU3ga13iAuAR
fidunevdslaferiuiomdeddu Wy 1An
AusANEA IAunsEIunsEela dmildaies
¥Fnony YAndunts dngfnssuuenainasaua
uaznguitou liaulafanssuieeveurh liise
wiwla $Anlaidnugy viensdifUagenadlam
Rerfumnumsssife 01msmesenieduy g
HU891300INIAN4 9 WU UInATue Reufisue
fiuss wihiln (Juau wilesen aduld vieude
fadu awsulaings sladus meled uas
n&aiilaings Wudu

AMUFUTUSVRY PTSD flun1izasssidon
Tuuszansialy

Wang uagAmde AnwiAnudunususslsa
PTSD funmzauesdon Tuusswnssmliwiui
lgsumsaidadelu  PTSD  deyatiaseningd
A.A. 2001-2009 WU PTSD fanudessianis
Aannzaussdeuldluszessoun 4.37 wh e
Wsuidieuiugilsiidu PTSD (30) Flatt uazame
Anwrlugniowsiudiuiu 499,844 18 Tutiag
sevined) am. 1996 A50 am. 2001 Tugdidleny
60 B3ulU ffdu PTSD 1w 1,147 918 wuh

(% a [ a = !
AYVAINTARAUNALUUTTELIA AR 8 U WU

;ﬁﬁlt,flu PTSD  fimnuidsssionsiinnmizaues
deulumands 1.59 wh dwlumameiinng
Fog 1.96 W1 (M99 1) waznuifianudes
PTSD
LaZANNMETUASITINAIY  (females: HR =
2.08; 95% Cl = 1.66-2.59; males: HR = 2.06;
95% Cl = 1.47-2.91) (35) wazdls1891UNANE
WUU systematic review 37n91UU 50 518914

' = % ' va &
sanzanaudeniduasuvinlugimly

Tugs¥ A.A. 2009-2019 wuandl inflammatory
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3R wavesual Lawn @ amygdala, hippo-
campus kag frontal cortex iuﬁﬁLfJu PTSD (36)

AMuFURUSYR PTSD flunteauasden
Tunusanufn

fn1sAnwANuduRusIeslsa PTSD AUy
ammﬁaﬂuwmiﬁimﬁﬂ WUU retrospective
cohort study aYARINBIANITNIINIUANYDS
#1358143n1 (Department of Veterans Affairs
medical centers in the United States) 1u;§ﬂ’;8
PTSD fifiony 55 Tiuluengads 68.8 U $1uam
53,155 19 LU%&ULﬁHUﬁUﬂﬁjmﬁlﬁLﬁu PTSD
U 127,938 79 %ﬂlﬁﬁi’%mﬂ;ﬁﬂwmmﬂmdm
oo WU Werd A msAnw 51eld saus
neuropsychiatric symptom (NPS) lagn135nw1
NNTNNGUET wudgUle PTSD LAnn1e
aueadensnnnigiliidu PTSD aouwih uaz
Yovar 10.6 innnzaueudeumdanndu PTSD
7 U (37) wazdlsneaun1sAnyILuy retrospec-
tive cohort study TunmsauAn 91U 182,879
s ey 55 Bull Teeduininuluasns
(prisoners of war: POWs) 91147u 484 318 WU
fynsrudndiou 150 519 1y PTSD wug
i POWs 52U PTSD fimuidsssennzaues
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deutduasuyinileieuiisufugilaidu
PTSD (38) (m1519% 1) fins@nwiannuduius
Y99AILAIEANISIRlatunIsiAnlsAdalY LS
TunmsntuAnaINEIATINAIA Afghanistan war
Waz Iraq war TaTEndnlunseunds ugs
52INU A.A. 1985 DU A.A. 2020 WU trau-
matic brain injury (TBI), psychological stress
uay PTSD ﬁﬂlﬂgjﬂ’r;zl,ﬂ%mmﬁméa%’q WATNU
3l TBI Mswfiunsazay 989 beta-amyloid
peptide, amyloid plaques, neurofibrillary
tansles, Iy phosphorylation of tau avilw
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57 9 HiinsAnvmuduiuduss PTSD fuanie
amau?iammu systematic review 310U 25
unew wuingidu PTSD luvairengiiosndn

40 U wasilvsvaunsalluniseiedluaasiy &
AuduRus fun1sfinaudsaannzauss
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ngulsnInANNeIa (Anxiety disorder)
naulsminndnaidulsandanviinuldves
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QLI RERE
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Wang T-Y et.al, 2016"?

Flatt JD, et al. 2018*

Yaffe K, et al. 2010°"

Meziab O, et al. 2014%°

UsgrnsynIlaniu
31U 1,750 518

Tudsevnsen
LUSAUTIUIY
1,147 51¢

PSHIUANDLUS AU
97U 53,155 519

NI THIUANDLIS AU
Fifudnlnuly
#@9A3U (prisoners
of war: POWs)
91U 484 57

WU PTSD flmnudsssanis
Annnzaueudeulslussasse
11 4.37 Wi dewSeuidieu
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1INNIVUWARE

wudgUag PTSD iinnigases
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hazard ratio [HR]=4.37;
95% confidence interval
[Cl]: 2.53-7.55

females: hazard ratio
[HR] = 1.59, 95% confi-
dence interval [CI] = 1.30-
1.95; males: HR = 1.96,
95% Cl = 1.51-2.55

hazard ratio, 2.31; 95%
confidence interval, 2.24-
2.39

(HR, 2.24; 95% ClI, 1.72-
2.92)
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Anuiduanuduiusiulsadalawes Sednuae
gadlsa danudandnaiinuninUnd Readu
wane 9 1309 Mae 9 WRNISAIMIRAINTIUAN <)
WU mMsnduinmgnsaiie q fuyarailndde
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Qﬁama 91113989 GAD @13 Diagnostic and
Statistical Manual of Mental Disorders, 5"
Edition (DSM-5) (2013) (a1) fidtsil
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Viane 9 1309 May 9 WMAN15AINTEAINTITUAN 9
mufaiinduUes o lidesndn 6 e waxdl
ANuAauniullegsnlay

2. anuinaentumsaiual Anuinalin
fieluflvguasiin Ssoradsumiuiean
ol dndendsldegrsirenis
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329NME 139n155U3 (cognitive symptoms) 8814
doe 3 913 (lwAnfifies 1 9n15dmsuns
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dundnielaaey (impaired concentration or

feeling as though the mind goes blank) 81536
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creased muscle aches or soreness) dtlgym
NTUDU LU NN vaulialin nszdunszds
(difficulty sleeping) FxUNRINEINULLLNANES
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9alYLD3
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ENLLN%H (hazard ratio [HR] 1.18, 95% confi-
dence interval [Cl] 1.07-1.31) (45) \iloi$3 9 i
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The relationship of stress to develop Alzheimer’s disease

Patcharin Ryden

Department of Basic Science, Faculty of Business Administration and Science, Payap University,
Chiang Mai, Thailand

The cause of Alzheimer’s disease still unclear; there is increasing evidence that chronic exposure to
stress is a risk factor for Alzheimer’s and may also adversely affect the cause of the disease. Stress is
becoming increasingly clear in neurodegenerative diseases, especially in the cognitive and memory
areas of the brain where it can also disrupt neural circuits of stress responses. Disrupting these circuits
produces abnormal emotional and aggressive behavior in patients. In addition, added stress drives the
progression of the disease and can exacerbate symptoms. On the other hand, numerous prospective
studies indicate that conditions associated with chronically elevated stress levels increase the risk of
future dementia and Alzheimer’s disease. For instance, retrospective epidemiological studies provide
robust evidence that a diagnosis of post-traumatic stress disorder is associated with an increased risk of
dementia. This review, describes how neural and endocrine pathways activated by stress interact with
ongoing Alzheimer’s disease and the relationship of stress and anxiety with Alzheimer’s. An increase
in stress causes a more rapid development of pathology of the brain leads to Alzheimer’s disease.
Chiang Mai Medical Journal 2020;59(4):253-66.
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