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Ultrasound in Patients With Clinically Suspected Submandibular Gland Disease

Phatthawit Tangkittithawornl, Supatcha Khampaen', Suphaneewan J aovisidha',

Rawee Manatrakul', Patarawan Woratanarat’, Pawin Numthavaj’, Praman Fuangfa'

' Department of Diagnostic and Therapeutic Radiology, Faculty of Medicine Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand

? Department of Orthopedics, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

* Department of Clinical Epidemiology and Biostatistics, Faculty of Medicine Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand

Background: The submandibular gland is quite common to be affected by various ~ Corresponding Author:
disease processes in all age groups that may be difficult to differentiate clinically. =~ Praman Fuangfa
Its superficial location makes it readily accessible to ultrasound evaluation. Department of Diagnostic
) . and Therapeutic Radiology,

Objective: To evaluate sonographic features of abnormal submandibular gland.

Faculty of Medicine
Methods: Ultrasound images and medical records of patients who presented with ~ Ramathibodi Hospital,
clinically suspected submandibular gland disease at a single institution were ~ Mahidol University,
retrospectively reviewed. Demographic data, final diagnoses, further management, = 270 Rama VI Road,
and sonographic findings were evaluated. Thung Phaya Thai, Ratchathewi,
Bangkok 10400, Thailand.
Telephone: +66 2201 1212

Email: time_today@hotmail.com

Results: Eighty-one patients were identified, 56 females and 25 males (mean [SD]
age, 53 [16] years; range, 1 - 87 years). The main presenting symptoms were palpable
mass (31 [38.3%]) and pain (23 [28.4%]) involving the left (30 [37.0%]), the right
(27 [33.3%]), and bilateral submandibular area (24 [29.6%]). Only 6 patients (8.1%)
underwent further imaging. The most common final diagnoses were acute
sialadenitis (38 [46.9%]), Sjogren syndrome (14 [17.3%]), tumor (6 [7.4%]), and
stone (4 [4.9%]). Submandibular glands were normal in 17 of 81 patients (21%);

9 of 17 (52.9%) had abnormal lymph nodes. Among various disease entities,
a significant correlation was found between Sjogren syndrome and small gland
size, stone and ductal dilatation, and abnormal lymph nodes with enlarged
nodal size (P < .001).

Conclusions: Two-thirds of the patients had inflammatory/infectious diseases,
with tumor and stone in minority. Certain ultrasound findings can suggest
diagnosis. Less than 10% underwent further imaging, suggesting that ultrasound

can be used to detect and guide further management of submandibular disease.

Keywords: Submandibular gland, Submandibular disease, Salivary, Ultrasound,

Sjogren syndrome
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Introduction

Diseases of submandibular gland are quite common
in people of all age groups and could indicate variety of
conditions. Inflammatory diseases are the most common
diseases affecting the submandibular gland."* Salivary
calculi are most often located in the submandibular gland
(60% - 95% of cases),” whereas salivary gland neoplasms
are located in the submandibular glands (10% - 12%)."

Patients tend to clinically present with palpable
unilateral or bilateral glandular enlargement that may or
may not be painful.’ It is quite difficult to ascertain on
physical examination whether such swelling is related to
the submandibular gland itself or due to enlargement of
an adjacent structure. Clinical examination alone is also
not able to differentiate the nature, location, extent and
cause of such lesion.

Being highly effective, noninvasive, inexpensive,
lack of radiation and easy to perform, salivary gland
ultrasound has become widely use among subspecialties to
assess salivary gland abnormalities.”” For submandibular
gland, ultrasound shows good reliability and high spatial
and contrast resolution due to the its superficial location.™*
Furthermore, ultrasound allows both extraglandular and
intraglandular lesions to be visualized, localized and
differentiated. These lesions may be further characterized
as being benign or malignant. Moreover, it can be used
to determine the extent of extraglandular component.
Ultrasound is the first-line investigation in the assessment
of sialolithiasis because of its high specificity and
sensitivity.” " In addition, in the cases of infectious
sialadenitis, ultrasound can be used to demonstrate the
presence and guide the drainage of abscesses, along with
having an important role in the assessment of chronic
inflammatory disorders such as Sjogren syndrome.’

The purpose of this study is to retrospectively review
ultrasound studies in patients with clinically suspected

submandibular gland diseases by using histopathology

2 Rama Med J Vol.47 No.4 October - December 2024

and clinical follow-up as the reference standard.
In addition, the authors would like to evaluate whether
ultrasonographic findings can suggest or correlate with

disease entities.

Methods
Study Population

This cross-sectional retrospective study was approved
by the Institutional Review Board prior to data collection.
The studied population were patients who had undergone
ultrasonography of submandibular gland in consecutive
65-month period (from April 1, 2011, to August 31, 2016)
at Ramathibodi Hospital. The inclusion criteria were
1) patients with clinically suspected submandibular
gland disease, 2) patients whose medical records were
available for review, and 3) patients whose imaging reports
and images were available in the picture archiving and
communication system (PACS). The exclusion criteria
were 1) patients whose clinical and/or imaging data was
incomplete or unavailable, 2) patients whose definitive
diagnosis was unknown, and 3) patients who had prior

surgery/intervention of submandibular gland.

Imaging Technique

The sonographic imaging was completed by residents
in radiology and attending radiologists as part of patient
care, using Philips iU22 high resolution ultrasound
instrument (Philips Medical Instrument, Bothell,
WA, US) with linear transducer (L9-3 MHz, L12-5 MHz).
The sonographic examination focused on the symptomatic
areas and according to the history and physical examination.
Imaging planes varied to the characteristics of the lesions.
Both the long and short axes of submandibular glands
were studied according to our institutional protocol.
Power and/or color Doppler imaging was routinely used to
demonstrate whether there was internal blood flow signal

within the lesions.
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Data Collection

The ultrasound images and reports were reviewed by
a final-year radiology resident and an attending radiologist
with consensus agreement, using the data available in PACS
but blinded to medical record. The demographic data
included the age, gender, presenting symptoms, and
laterality of the symptoms were collected. The sonographic
findings of submandibular gland included the size,
echotexture, vascularity, contour of the gland, presence of
stone and duct dilatation, and presence of extraglandular
lymph nodes were collected. Calcification in the main or
intraglandular salivary duct that caused ductal dilatation
was regarded as intraductal stone, whereas calcification
without ductal dilatation was considered intraglandular
calcification. Sonographically calcification is an echogenic
structure with a posterior acoustic shadow. The clinical

history and clinical reports were blinded.

Follow-Up Results

Patients may undergo further imaging modalities,
receive medical/conservative treatment, or surgical treatment.
Pathology was available to be reviewed in the group who
underwent surgical resection. Those who received medical
or conservative treatment were followed for at least 3 months
with or without further imaging studies such as computed

tomography (CT) or magnetic resonance imaging (MRI).

Statistical Analysis

Continuous variables (age) were present as mean,
standard deviation (SD), median, and range. Categorical
variables (sex and imaging findings) were summarized as
count and percentage using Stata version 14 (StataCorp.

Version 14. College Station, TX: StataCorp LP; 2015).

Results

Ninety-two patients, 184 submandibular glands,

underwent sonography during this 65-month period.

Six patients did not have available clinical information,
6 patients lost to follow-up, and 2 patients had previous
surgery of submandibular glands.

These resulted in 81 patients included in the analysis.
The age of the patients ranged from 1 to 87 years
(mean [SD], 53 [16] years). Fifty-six patients were female,

25 were male (Supplementary Table S1). The presenting

symptoms or indication for ultrasound were palpable
mass (31, [38.3%]), pain (23, [28.4%]), suspected Sjogren
syndrome (16, [19.7%]), pain and swelling (8 [9.9%]), and
swelling alone (3 [3.7%]).

Among these 81 patients, 6 had further imaging;
each 2 had plain radiography, sialogram, and MRI

(Supplementary Table S2). Final diagnoses were obtained
by fine needle aspiration (FNA) alone (n = 1), FNA
followed by surgical excision (n = 5), and surgical
excision (n = 9). Nonsurgical diagnosis was performed
in 66 patients (81.5%) by medical treatment and
follow-up.

The final diagnoses were shown in Supplementary
Table S3 and Supplementary Table S4. All 81 patients

can be characterized into 2 groups; benign (78 [96.3%])
and malignant (3 [3.7%]). There were 56 women (72%) and
22 men (28%) in the benign group, whereas the malignant
group had 2 men (66.7%) and 1 woman (33.3%).
Thirty-one patients presented with palpable mass;
6 of 31 patients were proven to have a mass lesion
involving submandibular gland by ultrasound (Figure 1).
All 6 patients underwent a biopsy (Supplementary
Table S4). In 9 patients, the palpable masses primarily
thought to be submandibular diseases, were abnormal
lymph nodes with normal submandibular glands

(Supplementary Table S3). Pathological diagnoses of

lymph nodes were lymphadenitis (n = 6) and reactive
lymphoid hyperplasia (n = 2) (Figure 2), and lymphoid
proliferation (n = 1). Ultrasound could be used to
differentiate between intraglandular and extraglandular

lesions in all of our patients.
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Figure 1. Mucosa-Associated Lymphoid Tissue Lymphoma

Grey scale (a) and color doppler (b) ultrasound of the right submandibular gland reveals a heterogeneous hypoechoic mass

with slight intralesional flow.

Figure 2. Reactive Lymphoid Hyperplasia

Grey scale (a) and color doppler (b) ultrasound reveals a slightly heterogeneous hypoechoic mass with hypervascularity.

Sixteen of 31 patients who presented with a
palpable mass and 50 patients who presented with pain
and/or swelling (Supplementary Table S1) were found to
have acute sialadenitis (n = 38), calcification detection
(n = 4), and normal submandibular gland (n = 8).

In patients with clinically and sonographically
suggested acute inflammation, clinical follow-up

at least 3 months was used to verify the diagnosis.

4 Rama Med J Vol.47 No.4 October - December 2024

Among 38 patients with the final diagnosis of acute
sialadenitis (Figure 3); 1 of them had an abscess detected
by ultrasound, aspiration was performed followed by
medication. In 4 patients whom ultrasound revealed
calcification; 1 of them was shown on plain radiograph,
but the other 3 were not. All 4 patients had main duct
(Wharton duct) dilatation; consistent with intraductal

stones (Figure 4).
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Figure 3. Immunoglobulin G4 -Related Sialadenitis

Grey scale ultrasound (a) reveals enlarged, lobulated, hypoechogenic bilateral submandibular glands. Color doppler scan of

the right side (b) shows hypervascularity.

Figure 4. Stone

Grey scale ultrasound reveals a large stone (between cursors) with posterior acoustic shadowing obstructed the Wharton duct,

causing ductal dilatation (arrow).

Among 16 patients with clinically suspected Sjogren
syndrome, 14 patients had characteristic features of Sjogren
syndrome in the submandibular glands on ultrasound

(Figure 5). One of these patients underwent a histologic

examination which was proved to be Sjogren syndrome.
Two patients were diagnosed as chronic sialadenitis by
ultrasound, but further clinical and laboratory follow-up

did not support Sjogren syndrome.

Rama Med J Vol.47 No.4 October - December 2024
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In 8 patients, submandibular glands were normal.
Therefore, a total of 17 patients had a normal submandibular
gland by ultrasound.

Regarding the laterality of involved submandibular
glands, 30 patients had abnormalities on the left side,
27 patients on right side, and 24 patients had the diseases
bilaterally.

The correlation between ultrasound findings and
disease entities was revealed (Table 1). Regarding the gland
size; only Sjogren syndrome cases were found to have small
gland size whereas majority (4 of 6 [66.67%)]) of the tumor
cases and 24 of 38 (63.16%) of acute sialadenitis cases
revealed enlarged gland size (P < .001). For the gland
echogenicity; all cases of stones and majority (9 of 14
[64.29%]) of Sjogren syndrome revealed heterogenous
pattern, whereas majority of other diseases showed
homogenous pattern (P =.001). Glandular vascularity did
not show any significance among diseases (P = .055) and

was mostly normal. In term of the gland contour; majority

(4 of 6 [66.67%]) of the tumor cases exhibited lobulated
contour whereas majority of other diseases had smooth
contour (P =.016). Ductal dilatation was observed in all of
the cases of stones, but not in other diseases (P <.001).
There was 1 case of tumor in which the duct was obstructed
by the tumor.

Among the cases with the final diagnosis of abnormal
lymph nodes (n = 9), we found that majority (7 of 9
[77.78%]) of such nodes were enlarged, whereas almost
all of the lymph nodes that were accompanying other
diseases were normal in size (P < .001). In addition,
the submandibular glands in these 9 cases were all normal.

In summary, about two-thirds (66.7%) of the patients
with clinically suspected submandibular gland diseases had
inflammatory/infectious diseases of the gland. Stone was
found in 4 cases (7.4%), all of which had ductal dilatation.
Seventeen patients (21%) had normal submandibular gland
by ultrasound; 9 of 17 (52.9%) had abnormal lymph nodes

that may account for the clinical palpable masses.

Figure 5. Sjogren Syndrome

Grey scale ultrasound (a, b) of bilateral submandibular glands exhibit typical findings of Sjogren syndrome: many hypoechogenic

nodules inside the parenchyma of a rather small-sized submandibular glands.

6 Rama Med J Vol.47 No.4 October - December 2024
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Table 1. Ultrasound Findings in the Patients With Submandibular Gland Diseases

No. of Final Diagnose

Ultrasound Finding Acute Sialadenitis Stone Tumor' Abnormal LN  Sjogren P Value
(n=38) m=4) (n=6) (n=9) (n=14)
Gland size
Normal 24 3 2 9 9
Enlarged 14 1 4 0 0 <.001
Small 0 0 0 0 5
Gland echogenicity
Homogeneous 22 0 5 9 5
.001
Heterogeneous 16 4 1 0 9
Gland vascularity
Normal 27 2 6 9 13
.055
Increased 11 2 0 0 1
Gland contour
Smooth 31 4 2 9 0
.016
Lobulated 7 0 4 0 0*
Ductal dilatation 0 4 1 0 0 <.001
Extraglandular LNs
Normal 35 4 5 2 13
<.001
Enlarged 3 0 1 7 1

Abbreviation: LN, lymph node.

" P value from Fisher exact test. P value indicates statistical significance (P <.05).

" In tumor cases, the parameters of ultrasound findings shown in this table are findings of the submandibular glands, not the tumors.

* The gland contour in Sjdgren syndrome was not recorded in the reports. We did not try to estimate the gland contour in the images,

since the nature of this disease may show ill-defined contour that make it difficult to outline.

Discussion

Ultrasonography/sonography can be used by primary
physicians and specialists to assess the salivary glands.
Submandibular gland is one of the major salivary glands
that is easily evaluated by ultrasound due to its superficial
location. Only 6 patients (8.1%) in our study required
another imaging modality in additional to an ultrasound.
Clinicians were comfortable using the ultrasound
results to guide their decisions for further intervention

and treatment.

In terms of treatment, we found that 49 patients
(60.5%) received specific treatment (eg, surgery and
specific medical treatment). Other 32 patients (39.5%)
received symptomatic treatment and/or reassurance and
advice. These may be due to the time interval between
the first visit and the ultrasound examination which may
be long. The patients may seek specific treatment
themselves which was not recorded in the hospital file.
At the time of ultrasonographic examination they
may be partially or completely treated. The ultrasound

findings may be diminished and the clinical setting

Rama Med J Vol.47 No.4 October - December 2024 7
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was much improved, resulted in no further specific
treatment except symptomatic treatment and/or advice.
In addition, many patients had normal ultrasound of
submandibular glands at first, so no specific treatment

was needed.

Inflammatory Diseases

Normally, the echotexture of submandibular gland
is homogeneous and slightly higher than adjacent neck
muscles.' In cases of acute inflammation, submandibular
glands are usually enlarged compared with healthy
contralateral side, and the echogenicity of the gland
becomes more heterogeneous. When abscesses are
presented, the echotexture is focally cystic and there
may be regional lymphadenopathy. In our study, majority
of acute sialadenitis showed significant correlation with
enlarged glandular size, homogenous echogenicity, and
smooth contour. Increased vascularity showed some
correlation with acute sialadenitis but not statistically
significant (P =.055).

Sjogren syndrome is an autoimmune disease
primarily targeting the exocrine glands, and ultrasound
is imaging modality of choice for submandibular
salivary gland assessment over other imaging
modalities.™ "> "* The progression of ultrasound changes
reflects the various stages of this inflammation
and correlates with histologic involvement.” Often,
the glands are heterogeneous because of inflammation.
In pronounced cases, many hypoechoic lesions or
nodules can be shown sonographically and the glands
become fibrotic and atrophic. Sjogren syndrome in
our study revealed uniquely significant correlation with
small gland size whereas other diseases in this study
did not show this finding (P < .001). Also, there was
significant correlation with heterogeneity of the glandular
parenchyma. These findings corresponded with previous
studies, and suggested that our cases of Sjogren syndrome

were chronic cases.

8 Rama Med J Vol.47 No.4 October - December 2024

Sialolithiasis

More than 80% of salivary calculi are localized
within body of submandibular gland or the Wharton duct.”
The submandibular gland itself is more likely to produce
sialolithiasis due to its anatomical position, its longer
and more convoluted canal (ascendant and more sharply
angle), and the generation of mucin-rich alkaline saliva.
All of these make it more difficult for the saliva to flow

14-16

against gravity. ~ The exact localization of a calcification

is important for optimal therapy.'*'*"’

On ultrasound, stones appear as hyperechoic
curvilinear foci casting posterior acoustic shadowing.
When stone is smaller than 2 mm, this shadow may be
missing. Normal intraglandular ducts are only rarely
visualized.” In symptomatic sialolithiasis, a concomitant
ectasia of the ducts and inflammatory changes is often
visualized sonographically, along with hypervascularization
detected by color doppler scan.”'* Therefore, ultrasound is
usually successful in differentiating between intraductal
stones that causing ductal dilatation (obstruction) and
intraglandular calcifications. Intraductal localized salivary
calculi are more prevalent than intraglandular calculi.’

About 20% to 40% of salivary calculi are not
radiopaque.” "’ Our results show that ultrasound is
superior to plain film in the detection of submandibular
gland calculi due to its ability to detect nonopaque stones.
All of our cases with calcification (4 cases) had
accompanying ductal dilatation, indicating that such
calcifications are all intraductal stones. We did not find
intraglandular calcification in this study. We therefore
would like to suggest that when the patients present
with submandibular gland symptoms and dilated duct,

sialolithiasis should be considered.

Space-Occupying Lesions
Salivary gland tumors are more frequent in parotid
gland, with only 14% of salivary gland tumors occurring

in submandibular gland. However, there is a greater
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incidence of malignancy of submandibular gland tumors;
approximately half of submandibular gland tumors are
malignant compared with 10% of all parotid gland tumors.”
Pleomorphic adenoma is the most common salivary gland
neoplasm (24% - 71%) and being the most common
submandibular gland neoplasm as well.> ">

On ultrasound, these tumors are well-defined with
rather-homogenous hypoechogenicity and lobulated

= 9,15
margin.

All tumors in our study were well-defined
heterogeneously-hypoechoic with increased vascularity.
Two cases of pleomorphic adenomas in this study showed
ultrasound appearance similar to other tumors, and therefore
cannot be diagnosed sonographically.

Primary lymphoma rarely occurs in the submandibular
gland and the gland is usually involved secondarily via
hematogenous spread.” Another cause of lymphoma in
salivary gland is the increased incidence in Sjogren
syndrome.” The ultrasound findings of lymphoma are
rarely described. Our study found 2 cases of primary
lymphoma and ultrasound findings of heterogeneous
hypoechoic masses with hypervascularization, not differ
from other tumors found in this study.

Metastases to submandibular gland are rare, occurring
mainly via hematogenous spread. They are mainly from
head and neck tumors or melanoma. The ultrasound
findings of submandibular gland metastasis are not
well-described.” Our study found only 1 case of
submandibular gland metastasis from nearby tonsillar
carcinoma. The ultrasound findings demonstrated a large
heterogeneous hypoechoic lesion occupying almost
entire submandibular gland, not differ from other tumors
found in this study. The adjacent pathologic lymph nodes
were also detected.

Not all space-occupying lesions are tumors.
One mass-like lesion in our study was reactive lymphoid
hyperplasia seen as a well-defined heterogeneous
hypoechoic lesion with hyperemia; the findings that were

similar to other tumors in this study.

In summary, our study cannot differentiate between
benign and malignant masses as well as the pseudotumor.
Hence, ultrasound could be used to guide further intervention

or further imaging.

No Sonographic Abnormality of Submandibular Gland

In this series; no abnormality was detected in
submandibular glands of 17 patients totally, but there were
abnormalities in the adjacent lymph nodes in 9 cases.
The pathologic lymph nodes appear enlarged in 7 of 9,

in which they appeared round and loss of normal fatty hilum.

Limitations

Certain limitations deserve to be acknowledged.
First, this is a routine-to-research study which is
retrospective in nature. Some data may not be completed.
Second, the reviewers used static images along with
the reports available in PACS, the reviewers did not
perform all studies themselves. Third, the small number of
patients (n = 81) hence limited the statistical analysis.
Further study with larger number of patients will provide

more impact information.

Conclusions

In patients with clinically suspected submandibular
gland diseases in this study; about two-thirds were due to
inflammatory/infectious diseases of the gland. Stone was
found in 4 cases and all showed ductal dilatation.
About one-fifth of patients had normal submandibular
gland by ultrasound; half of them had abnormal
lymph nodes. Only 6 patients (8.1%) in our study required
another imaging modality in additional to an ultrasound.
Clinicians were comfortable using the ultrasound results to
guide their decisions for further intervention and treatment.
Ultrasound should be performed on both sides of
the submandibular glands because many diseases

occur bilaterally. When comparing among diseases, certain

Rama Med J Vol.47 No.4 October - December 2024 9
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ultrasound appearances of submandibular glands showed
significant correlation with some disease entities. Almost
all cases of ductal dilatation correlated with stone, and
small glandular size correlated with Sjogren syndrome

in this study.
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Quality of Life in Patient of the Comprehensive Diabetes Care Clinic, Family Medicine,

Ramathibodi Hospital

Maneenuch Manchu', Weena Pinichwattana', Ampika Kongphisutkunl, Wasakorn Ketprayoonl,

. . 1
Sasikarn Praison

' Department of Family Medicine, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

Background: Diabetes has been increasingly prevalent around the world.
It causes acute and chronic consequences that affect the physical, psychological,
and overall quality of life. This study describes patients’ quality of life, which is

necessary to improve diabetes care.

Objectives: To investigate the quality of life of diabetic patients in the
comprehensive diabetic care clinic, Family Medicine outpatient unit, Faculty of
Medicine Ramathibodi Hospital.

Methods: Survey the quality of life of diabetes patients receiving care from
the comprehensive diabetes care clinic, Family Medicine outpatient unit,
Faculty of Medicine Ramathibodi Hospital, from April 1, 2023, to July 31, 2023.
Thirty-three cases were evaluated using the WHOQOL-BREF-THAI questionnaire.

Results: The overall quality of life in the sample group had an average total
score of 103.18 (SD 11.11), and the majority (81.8%) had an excellent overall
quality of life. Environmental and psychological health were determined at
“good” levels (84.8% and 63.6%, respectively), while physical health and
social relationships were determined at “moderate” levels (57.6% and 54.5%,

respectively).

Conclusions: The quality of life of diabetes patients who received health care at
the comprehensive diabetes care clinic was ata “good” level. Information obtained
from the questionnaire could be used to evaluate the quality of holistic care

further and guide how to improve diabetic patient’s quality of life.
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Background: Interactive e-books, which incorporate multimedia elements, have
had a positive impact on students’ learning achievements. There has been limited
research on the impact of interactive e-books on nursing students’ satisfaction

and perceptions, particularly in online learning in epidemiology courses.

Objectives: To describe nursing students’ satisfaction and perceptions regarding

an interactive e-book for online learning in an epidemiology course.

Methods: This study utilized a descriptive research design. Secondary data
analysis collected nursing students’ satisfaction and perceptions from existing
evaluation forms regarding the interactive e-book used in the epidemiology course
for the 2020 academic year, completed by 196 second-year nursing students from
a nursing institution in Thailand. The quantitative data was analyzed by using

descriptive statistics, and qualitative data was analyzed by using content analysis.

Results: The results indicated that the mean satisfaction score for the interactive
e-book was at a very high level, with a score of 4.53 out of 5. Furthermore,
the mean scores of the content, system, and utility aspects were at very high levels.
The content analysis related to the perception of the interactive epidemiology
e-book among nursing students was categorized into 5 themes: 1) concise content
and easy-to-understand, 2) effective presentation, 3) interactive quizzes to verify
correct answers and build understanding, 4) easy use and access anywhere at

any time, and 5) increased motivation to study.

Conclusions: This study has demonstrated that interactive e-books positively
enhanced nursing students’ satisfaction and learning in an epidemiology course
during the COVID-19 pandemic, suggesting further research on their effectiveness

in various educational outcomes.
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Introduction

The COVID-19 pandemic has not only affected
the healthcare system but also has led to an impact on
the economy, society, polities, and changes in human
behavior.”* The impact of the pandemic was severe
and varied in each country, specifically the educational
activities around the world that have been significantly
affected.”” Most students and youths, approximately
1.5 billion around the world, experienced a lockdown.
In 2020, schools and universities in over 188 countries
had to be closed due to the COVID-19 pandemic.’
Teaching and learning processes in higher educational
institutions across the world were disrupted. Traditional
classroom-based teaching had to be changed to online
learning for education to continue during the COVID-19
pandemic.”""

Online learning has been widely accepted and used
by various nursing education institutions in developing and
developed countries.'” Online learning is still limited by
some students’ unequal access in learning, because some
students live in remote areas with limited internet access,
and some students’ internet downloads less quickly, which
limits the use of video conferencing, streaming or other
technologies that need good quality access. Some students
cannot afford necessary equipment (computers or tablets)
or lack device capabilities and books or textbooks.'™ '*
Among nursing students, there were limitations to reading
text in traditional paper-based books and textbooks
due to library closures during the COVID-19 pandemic.
Textbooks are an essential part of the teaching and learning

"1 The above factors

material for an epidemiology course.
might be significant factors that transformed students’
learning outcomes.

Aninteractive e-book has various interactive elements.
Currently, digital technology allows for informative content
integration and preparation through texts, sounds, images,

graphics, animations, videos, and hyperlinks. Learners can

24 Rama Med J Vol.47 No.4 October - December 2024

read books through digital devices (eg, smartphones,
tablets, and computers). Interactive e-books have had
a positive effect on student learning achievement.'” "
The results of a previous study showed that interactive
e-books were highly effective. Additionally, learning
through interactive e-books has been shown to be
more effective for low-achieving students than for
high-achieving students.”” An interactive e-book could
also help students to learn complicated concepts more
efficiently,”” because of concise content and easy-to-
understand, effective presentation, interactive quizzes
to verify correct answers and build understanding,
easy use and access anywhere at any time, and increased
motivation to study.

Research on the effects of interactive e-books on
nursing students’ satisfaction and perceptions remains
limited."” Additionally, there has been a lack of studies
examining the application of instructional design in
interactive e-books for online learning in epidemiology
courses. Given these gaps, the present study aimed to
describe nursing students’ satisfaction and perceptions
regarding the interactive e-book for online learning in
an epidemiology course during the COVID-19 pandemic.
Interactive e-books, which integrate multimedia elements,
have shown a positive impact on students’ learning outcomes.
However, the specific effects of these resources on nursing
students’ satisfaction and perceptions, particularly in
the context of online learning in epidemiology, have not

been thoroughly investigated.

Methods
Design and Setting

This study utilized a descriptive research design.
Secondary data analysis collected nursing students’
satisfaction and perceptions from existing evaluation forms
regarding the interactive e-book used in the epidemiology

course during the 2020 academic year at a nursing
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institution in Thailand. This institution was the first to
provide nursing courses in Thailand and is under the care
of the Thai Red Cross Society, overseen by government
agencies. Its mission is to facilitate study, research,
and training in nursing and related disciplines, provide
academic services to the public, and engage in cultural
preservation, all while maintaining the good image of

the Thai Red Cross Society.

Participants

The study researchers analyzed secondary data from
196 second-year nursing students enrolled in epidemiology
courses during the 2020 academic year at a nursing
institution in Thailand. The inclusion criteria for the
study included all second-year nursing students actively
participating in the epidemiology curriculum during
that academic year, ensuring a representative sample

of the target population. Exclusion criteria comprised

students with incomplete data records, those who were
not enrolled in the course for the entire academic term,
and individuals who withdrew from the program before
its completion, thereby maintaining the integrity and

reliability of the findings.

Intervention

The interactive e-book for online learning in the
epidemiology course was designed and developed
based on the ARCS-V model20 by the course instructors.
The ARCS-V model of motivational design provides
a theoretical framework regarding the motivational
needs of learners in face-to-face and online learning.
Each component (an acronym for attention, relevance,
confidence, satisfaction, and volition) serves as a guide
for strategy creation for learning motivation. Then,
the ARCS-V model was applied. The motivational

strategies for the design are shown (Table 1).

Table 1. The Design of the Interactive E-Book Based on the ARCS-V Model

Component Motivational Method Application in the Interactive E-Book
Attention Active participation Create interactive quizzes to keep their engagement active.
Perceptual arousal Use multimedia (images, graphics, animations, and video) to
attract attention.
Real-world examples Provide real-life stories, examples, and case studies.
Variety Include different colors and interactive functions.
Relevance Perceived present worth Show learning objectives.
Motive matching Design hyperlinks to be related to the information.
Confidence Communicate with objectives Arrange the content in an orderly fashion.
Facilitate self-growth Set content that is neither too difficult nor too easy.
Success opportunities Add supplemental documents to help students understand
complicated concepts.
Satisfaction Intrinsic reinforcement Promote student’s enjoyment with challenge tests for both basic
and advanced levels.
Praise or rewards Provide instant feedback when students enter the correct answers.
Volition Monitoring on learners’ attempts Remind the student about their interactive quizzes via Line messages

to help them stay on the interactive e-book.
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The contents of the interactive e-book comprised
9 sessions as follows: concept of epidemiology, natural
history of diseases, health index, epidemiological study,
screening for risk factors, epidemiological surveillance,
epidemiological investigation, and prevention and
infection control for health care and community settings.
Nine sessions were set by the study researchers (Table 2).
The interactive e-book included a title page, author
information, table of contents, learning objectives,
contents, supplementary learning materials, interactive
quizzes, and references. At the end of each unit, students
could engage with interactive quizzes that allowed for
self-evaluation and provided instant feedback with pop-up
messages when correct answers were entered, reinforcing
their knowledge of the subject. After completion, course
instructors evaluated the e-book. Five course instructors
assessed it based on 6 domains: learning content and
structure, learning design, assisted learning design,
multimedia and interface design, motivational strategies,
interactivity, and additional comments. Their feedback
indicated substantial approval of the content’s validity.

This interactive e-book was utilized in a 4-week
epidemiology course worth 1 credit. Nursing students
attended online lectures and used the e-book.

All materials were uploaded to the FlipHTML5 website

(https:/fliphtml5.com) and Microsoft Teams, allowing
students to access the e-books online, practice quizzes, and
download them to computers, tablets, or smartphones.
This enabled learning to take place anywhere and at

any time.

Instruments and Data Collection

Demographic Characteristics of Respondents
Demographic characteristics of the respondents’

questionnaire included gender, age, and previous

experience using the interactive e-book. This part of

the questionnaire was developed by the course instructors.

Satisfaction of Nursing Students on the Interactive
E-Book

The course instructors developed a questionnaire
to measure the satisfaction of nursing students
on the interactive e-book after a literature review.
The questionnaire consisted of 3 aspects, including
content, system, and utility aspects. The questionnaire
consisted of 17 items, and each answer was given a point
based on a 5-point Likert scale (strongly disagree = 1,
disagree =2, unsure = 3, agree = 4, and strongly agree = 5).
The interpretation of the satisfaction of nursing students on

the interactive e-book questionnaire was interpreted by

Table 2. The Contents of the Interactive E-Book

Session Content Time, min
1 Concept of epidemiology 60

2 Natural history of disease 120

3 Health index 120

4 Epidemiological study 120

5 Screening for risk factors 60

6 Epidemiology surveillance 90

7 Epidemiology investigation 90

8 Prevention and infection control for health care settings 60

9 Prevention and infection control for community settings 120
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the means scores as follows: 4.21 - 5.00, very high level
of satisfaction; 3.41 - 4.20, high level of satisfaction;
2.61-3.40,average; 1.81-2.60, below average; 1.00 - 1.80,

low level of satisfaction.

Perception of Nursing Students on the Interactive
E-Book

Open-ended questions were used to collect nursing
students’ perceptions on the interactive e-book. Nursing
students were asked to describe the experience using
the interactive e-book.

Content validity was verified by 5 epidemiology
course instructors. Cronbach’s alpha coefficient was
used to determine its reliability (determination of internal
consistency), and the total reliability of the questionnaire
was 0.96. After students finished the epidemiology course,

online questionnaires were sent to all of the students.

Data Analysis

The secondary data analysis focused on nursing
students’ satisfaction and perceptions of the interactive
e-bookused for online learning in the epidemiology course.
This analysis was conducted with permission from
the institute. The quantitative data were analyzed by using
descriptive statistics (frequency, percentage, mean, and
standard deviation [SD]). The analysis in this study was
performed by using SPSS version 23.0 (IBM SPSS
Statistics for Windows, Version 23.0. Armonk, NY: IBM
Corp; 2015). The qualitative data were analyzed by using
content analysis by Miles et al”' to describe the major phases
of data analysis: data condensation or data reduction,

data display, and conclusion drawing and verification.

Results

Demographic Characteristics of Respondents

Nursing students who participated in this study

were second-year nursing students studying in their

epidemiology course for the 2020 academic year.
The majority of the subjects of the study were females
(177 [90.31%]). The mean (SD) age of the participants
was 20.37 (0.70) years (range, 19 - 24 years). Only half of
the subjects (101 [51.53%]) of the study had experience

using the interactive e-book (Table 3).

Satisfaction of Nursing Students on the Interactive
E-Book

The results showed that the mean score of satisfaction
on the interactive e-book was at the very high level
(mean [SD], 4.53 [0.47]). The mean scores of the content
(mean [SD], 4.49 [0.50]), system (mean [SD], 4.56,[0.47]),
and utility aspects (mean [SD], 4.54 [0.52]) were also at
the very high level (Table 4).

Perception of Nursing Students on the Interactive
E-Book

The initial codes were classified into themes based
on their meaning and conceptual similarity. As a result,
5 themes emerged from the data (Table 5). The content
analysis resulted in 5 themes related to the perception of
the interactive epidemiology e-book among nursing
students: 1) concise content and easy-to-understand,
2) effective presentation, 3) interactive quizzes to verify
and build understanding, 4) easy use and access at any time

and everywhere, and 5) increased motivation.

Table 3. Demographic Characteristics of Respondents

Characteristic No. (%)

Age, mean (SD) [range], y 20.37(0.70) [19 - 24]

Gender
Female 177 (90.31)
Male 19 (9.69)

Experience using interactive e-book
Yes 101 (51.53)
No 95 (48.47)
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Table 4. The Satisfaction of Nursing Students on the Interactive E-Book

Satisfaction Mean (SD) Interpretation
Content aspect 4.49 (0.50) Very high
Providing clear and concise learning objectives 4.65(0.52) Very high
Learning objectives are consistent with the content 4.53(0.57) Very high
Content that encourages active learning 4.42 (0.63) Very high
Concise content and easy-to-understand 4.31 (0.69) Very high
Up-to-date content in accordance with the current situation 4.55(0.58) Very high
System aspect 4.56 (0.47) Very high
Accessibility everywhere at any time 4.63 (0.55) Very high
Clear and easy to read fonts with proper colors 4.65(0.52) Very high
Include different colors and interactive functions 4.65(0.51) Very high
Picture relates with the content 4.56 (0.60) Very high
Content was arranged in an orderly fashion 4.47 (0.64) Very high
Quizzes with immediate interactive feedback to keep their engagementactive ~ 4.37 (0.66) Very high
Utility aspect 4.54 (0.52) Very high
Students can understand the content much better 4.48 (0.64) Very high
Promote self-directed learning 4.61(0.58) Very high
Students can review their lesson everywhere at any time 4.69 (0.51) Very high
Promote students learning enjoyment 4.36 (0.68) Very high
Promote students learning motivation 4.42 (0.67) Very high
Promote students independent learning 4.64 (0.53) Very high
Overall 4.53(0.47) Very high

Table 5. Perception of Nursing Students on the Interactive E-Book

Theme Quote
Concise content and “Produce content that is easy to understand, clear, and concise.”
easy-to-understand “Use plain and clear language, not complicated or difficult to understand.”

“Encourage independent learning and self-studying.”

“Explain in great detail clearly and easy to understand by an example.”
Effective presentation “This structure makes it easier to read comfortably.”

“It is colorful and that makes it interesting to read.”

“Text presentation is easy to understand.”

“It is interesting and colorful without boredom.”

“There are pictures and diagrams to make it more understandable.”
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Table 5. Perception of Nursing Students on the Interactive E-Book (Continued)

Theme Quote

Interactive quizzes to verify

and build understanding

“Interactive quizzes at the end of the learning session to build understanding.”

“Interactive quizzes to build a better understanding.”

“I can remember things that I could not remember during quizzes.”

“Interactive quizzes can be used to verify understanding.”

Easy to use and access

at any time and everywhere

“Easily to access interactive e-books at any time and everywhere.”

“Portable and lightweight. It is easy to carry around.”

“Fonts in an interactive e-book can be resized, making it easier to read on small screens.”

Increase motivation

“Improve motivation to learn.”

“There were real-life stories or case studies that make them more interesting.”

“Get motivated and interested to read more and shows an increased motivation to read.”

Discussion

This study aimed to analyze the satisfaction and
perception of nursing students on the interactive e-book
for online learning in their epidemiology course during
the COVID-19 pandemic. The results showed that
the interactive e-book enhanced the satisfaction of
nursing students. Regarding the three aspects of
the satisfaction of nursing students on the interactive
e-book questionnaire, the results showed that all
these aspects were at the very high level. Therefore,
the present findings showed that the perception of
nursing students on the interactive e-book was highly
effective in improving learning outcomes and building
satisfaction.

This study’s findings align closely with previous
research, reinforcing the effectiveness of interactive
e-books in teaching and enhancing learner satisfaction.”*
This alignment adds credibility to the observed positive
impact of interactive e-books in educational contexts.
In contrast to broader studies, the current research brings
a focused perspective by concentrating specifically on
epidemiology within nursing education. This targeted

approach enhanced the applicability of the findings for

nursing course instructors navigating online learning
environments, especially in the intricate field of
epidemiology.

It is essential to recognize that, despite consistent
outcomes, subtle variations in instructional contexts and
subject matter may influence applicability. While prior
studies have established the general efficacy of
interactive e-books, the present study goes further
by emphasizing their strategic integration in nursing
education, particularly in courses related to epidemiology.
Scholarly discourse on this research has not only
validated existing evidence on the positive impact of
interactive e-books on teaching and learner satisfaction,
but also contributes by offering a specialized lens for
nursing educators. This comparative analysis enriches
scholarly discussions, providing a nuanced understanding of
how interactive e-books can be thoughtfully incorporated
into the unique landscape of nursing education, and
specifically within the realm of epidemiology.*” *
Therefore, the results suggest and support nursing course
instructors in using an interactive e-book in epidemiology
or other courses for online learning environments.

The study has aligned with previous research on the

effectiveness of interactive e-books in nursing education,
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particularly in epidemiology.’* *

In a comparative
analysis with video-based learning, interactive e-books
stand out for their unique strength in fostering active
engagement through features like quizzes, and enhancing
knowledge retention. While video-based learning
is recognized for its visual and auditory appeal,
the participatory dimension of interactive e-books adds
value, making learners active participants. This dimension
is especially beneficial for complex subjects such as
epidemiology. This study has also highlighted the
accessibility and flexibility of interactive e-books,
allowing learners to access content at any time and
location, catering to diverse schedules. The choice
between these methods requires careful consideration of
factors like learning objectives, content complexity, and
learner preferences. In summary, the study has contributed
insights into the ongoing discourse on effective
pedagogical approaches, emphasizing the distinctive
advantages of interactive e-books in nursing education.”*

Five themes were generated from the perception of
nursing students on an interactive e-book, comprising
concise content and easy-to-understand, effective
presentation, interactive quizzes to verify and build

understanding, easy to use and access at any time and

everywhere, and increased motivation.

Concise Content and Easy-to-Understand

The findings of this study and the previous
studies indicated that the interactive e-books had
easy-to-understand content. The interactive e-books were
more effective for low-achieving students than for
high-achieving students."’ The application of information
technology to e-books led to a deeper understanding
of students’ learning conditions.” We also found that
interactive e-books provided clear and concise learning
objectives. The learning objectives were consistent with
the content and were up to date, concise and corresponded

with the current situation.
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Effective Presentation

The presentation of the interactive e-book used
multimedia (images, graphics, animations, diagrams, and
video clips) to attract attention, including different colors
and interactive functions, and hyperlinks that linked to
the related information. This was in line with the study of
Morris et al,” who stated that multimedia and interactive
components were incorporated into the design of each
e-book, because they were considered to support
conceptual understanding and improved knowledge
retention. The integration of multimedia material caused
the interactive e-book to increase the effectiveness of

the information presentation.'’

Interactive Quizzes to Verify and Build Understanding

At the end of each session, students completed
interactive quizzes to perform a self-assessment for
understanding. The scores, incorrect answers, and correct
answers were displayed at the end of the test. They could
go back and directly see the page related to their problems
that helped them strengthen their knowledge.'” This finding
was consistent with the study by Liu etal," which showed
that an interactive e-book could help students learn
complicated concepts more efficiently. This indicated that
the interactive quizzes could build better understanding

and recall memories of the test.

Easy to Use and Access at Any Time and Everywhere

The results also indicated that students perceived
the interactive e-book to be easy to use and that it
could be accessed everywhere at any time. Similarly,
Ebied et al”* found that an e-book provided opportunities
to view content everywhere at any time without restrictions
so that some students might download an e-book on their
mobile phones to review the information and study at
any time. In this regard, it could be said that interactive
e-books can help students access knowledge through

digital technology that provides more varied and higher
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quality digital learning. This study confirmed that
the interactive e-book was easy to use and could be

accessed at any time and everywhere.

Increased Motivation

Nursing students encountered limitations in accessing
books and textbooks due to library closures during the
COVID-19 pandemic. In this study, the ARCS-V model
motivational strategies were applied in the interactive
e-book development. The content structure was arranged
in a theoretical framework regarding the motivational
needs of learners in online learning with interactive
features. This study’s findings supported the previous
evidence that interactive e-books had a positive impact
on promoting students’ learning motivation.'’ Similarly,
Sun et al*® found that e-books enhanced enjoyment in
learning and promoted higher motivation. This meant
that the ARCS-V model of motivational design served as
a guide for the creation of different learning motivational
strategies.

This study had several limitations that should be
acknowledged. The data utilized were exclusively
secondary data from a single nursing school, which
limits the generalizability of the findings. Additionally,
the focus on nursing students’ satisfaction and perceptions
of the interactive e-book presents another constraint.
The evaluation was conducted by current students,
potentially introducing social desirability bias,
as participants might have given responses they
deemed more acceptable rather than their true feelings.
Furthermore, self-serving bias may have led students to
rate their experiences more positively to reflect favorably
on their choices or the institution. Acquiescence bias
could also have influenced results, with some students
inclined to agree with statements regardless of their
actual opinions, potentially skewing satisfaction scores.
These biases may have affected the reliability and validity

of the findings, and it is important to consider them when

interpreting the results. Future research should explore
the effectiveness of interactive e-books on academic
achievements, learning motivation, self-directed learning,

and other outcomes for nursing students.

Conclusions

Nursing course instructors can effectively utilize
interactive e-books in online learning environments.
This study offers valuable insights into nursing students’
satisfaction and perceptions of the interactive e-book
employed in their epidemiology course during the
COVID-19 pandemic. The findings reveal that the
interactive e-book had a positive impact on students’
learning experiences, enhancing their engagement and
comprehension of complex concepts. The data indicates
that integrating interactive elements into educational
resources can significantly boost satisfaction levels
among nursing students, especially during disruptions to
traditional learning methods. Future research should focus
on evaluating the effectiveness of interactive e-books
concerning academic achievement, learning motivation,
self-directed learning, and other educational outcomes

for nursing students.
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Introduction

The World Health Organization (WHO) in 2023
estimated globally that there were 249 million cases of
malaria compared to 233 million cases in 2019, with deaths
occurring in 61% of children under 5 years of age.'
Although there are a number of explanations for this rise
in malaria morbidity and mortality, an unescapable fact
is the development of parasite resistance, particularly by
Plasmodium falciparum, to all antimalarials currently in
clinical use, with the notable exception of pyronaridine.”
This review discusses the structure and mode of action
of pyronaridine, which may help explain the basis for
the lack, to date, of parasite resistance to this drug, and
also highlights the development of novel compounds based
on the deaza-pyronaridine (acridine) scaffold, which could
replace this antimalarial when inevitably it become ineffective.

In 1970, a group of medicinal chemists at the Institute
of Chinese Parasitic Disease, Chinese Academy of
Preventative Medicine, Shanghai synthesized a novel
benzonaphthyridine, named pyronaridine, an aza-analog
of the known antimalarial quinacrine (also known as
mepacrine), which is a 9-aminoacridine, but containing
a side chain modified from the antimalarial amodiaquine
(Figure 1)." In the following year, attention of the malaria
drug community was focused on the discovery at
the Institute of Chinese Materia Medica, China Academy
of Chinese Medical Sciences, Beijing of artemisinin
(“ginghaosu™), the potent active sesquiterpene lactone
containing a unique endoperoxide moiety responsible for
its mode of action, which was isolated from Artemisia
annua L. (sweet wormwood, “qinghao”), the extract
of which had been advocated since the 1st century CE
for treating jungle fever (malaria).* Both pyronaridine
and artemisinin have since been successfully used as
monotherapies for malaria in China.

A single drug treatment for malaria is no longer

advocated due (in general) to the rapid appearance of

resistance in the parasite, particularly P. falciparum,
the most virulent of the 5 species of Plasmodium spp
infecting humans, the other 4 being P. malariae, P. ovale,
P. vivax, and P. knowlesi (a recently recognized zoonotic
parasite originating from infected rhesus macaque).’
Since 2005 WHO has recommended all antimalarials
used for treating P. falciparum infection to be in the form
of a drug combination therapy.® This usually consists of
an artemisinin analog (a fast-acting drug targeting
Plasmodium early ring stage, but with rapid blood
clearance within a few hours) together with another
drug with longer half-life (ie, with a more favorable
pharmacokinetics profile). The dual drug administration
is named artemisinin combination therapy (ACT).
A pyronaridine-artesunate combination was approved
on February 16, 2012, by the EU Commiittee for Medicinal
Products for Human Use outside the EU and is marketed
as Pyramax, a film-coated tablet formulation (180 mg of
pyronaridine tetraphosphate and 60 mg of artesunate)
for adults and children over 20 kg, and as a granule
formulation (60 mg of pyronaridine tetraphosphate and
20 mg of artesunate) for children and infants between
5 and 20 kg, taken once-a-day for 3 consecutive days.”"
Pyronaridine has a high blood-to-plasma distribution ratio
due to its tendency to accumulate in blood cells (facilitating
killing of intraerythrocytic parasites), a rapid oral
absorption (a peak concentration within approximately
2 hours after oral administration), large volume of
distribution and low total body clearance, resulting in a

long terminal apparent half-life (13 - 15 days).”*

Status of Pyramax in Treating Uncomplicated
Plasmodium falciparum Malaria

A recent meta-analysis of Pyramax in treating
uncomplicated P. falciparum malaria, involving 10
randomized controlled trials, comprising 5711 participants

(4465 from 13 sites in Africa and 1246 participants from
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Figure 1. Antimalarial Analogs of Quinoline (Amodiaquine, Chloroquine) and Acridine (Methylene Blue, Pynacrine,

Pyronaridine, Quinacrine)
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5 sites in Asia, and including 541 children aged less than
5 years), concluded that pyronaridine-artesunate was
efficacious against uncomplicated P. falciparum malaria,
achieving a polymerase chain reaction (PCR)-adjusted
treatment failure rate of less than 5% at days 28 and
42, and was at least as good as, or even superior than,
other marketed ACTs.” Pyronaridine-artesunate increased
the risk of mild liver injury (moderate- to high-certainty
evidence), but there was no evidence of any liver injury

resulting from Pyramax treatment that was severe or
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irreversible. Trials involving 904 children age 12 years
and under showed that pyronaridine-artesunate treatment
did not differ in terms of efficacy or safety from
artemether-lumefantrine.” "’

Pyramax was also applicable for the treatment of
blood-stage P. vivax malaria, but was unable to kill
the latent liver hypnozoite stage." A desired property of
any antimalarial is that it should act at both asexual and
sexual stages (ie, it should cure the patient and also prevent

transmission). Although it was previously reported that
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pyronaridine demonstrated P. falciparum gametocidal
activity in vitro,' this effect was not observed with
mature gametocytes in P. falciparum-infected patients.’
The in vitro experiments were conducted on young stage I1
and III gametocytes, which reside within the bone marrow
and so may not be accessible to pyronaridine administered
to the infected subjects. "’

Given that pyronaridine does not kill Plasmodium
liver stages, it is unlikely to be recommended as a
malaria prophylaxis, but it could be a suitable candidate
to enhance efficacy of current malaria vaccines. In 2021,
WHO recommended use of the pre-erythrocytic malaria
vaccine RTS,S/AS01 (Mosquirix) for the prevention of
P. falciparum malaria in children 5 to17 months of age
living in regions with moderate-high malaria transmission.*
The RTS,S vaccine consists of a portion of the P. falciparum
circumsporozoite protein (CSP) gene, which includes part
of the central repeat domain and the C-terminal flanking
region fused to a hepatitis B virus surface gene to generate
a virus-like particle, and is delivered together with
an AS01 adjuvant. However, the vaccine efficacy against
clinical malaria decreased from 74% at initiation of
vaccination to 28% after 12 months. More recently (2023),
WHO has also recommended R21/Matrix-M™ vaccine,
which is similar to RTS,S but lacks the hepatitis B virus
surface gene, therefore providing a higher density of
CSP epitopes on the particle surface, which produces
higher levels of anti-CSP antibodies, and is formulated
with Matrix-M™ adjuvant."’ In children 5 to 36 months
of age, R21/Matrix-M™ vaccine had an efficacy of
75% at the primary vaccination, which waned only to
68% after 1 year. Interestingly, it was recently reported
that a combination of the RTS,S/AS01 vaccine with
malaria chemotherapy enhanced the vaccine efficacy. '’
As falciparum parasites have the ability to rapidly
develop resistance to (almost all) antimalarials used,
pyronaridine would be the drug of choice should this

strategy become widely adopted.

Pyronaridine Mode of Action

Pyronaridine mode of action (MOA) is not obvious
from a cursory inspection of its structure (Figure 1).
Morphological examination using electron microscopy of
pyronaridine-treated P. falciparum parasites shows a marked
enlargement of the food vacuole and the formation of
intravacuolar vesicles and membranous whorls suggesting
the site of pyronaridine MOA lies at the membrane or
within the digestive vacuole.'” Reexamining pyronaridine
structure indicates the presence of the chloroquine
signature 7-Cl-4-NH-quinoline scaffold, which is also
present in the 7-Cl-4-NH-quinoline congeners amodiaquine
and quinacrine (Figure 1). Hence, using standard in vitro
assays of chloroquine MOA it was possible to demonstrate
that pyronaridine mirrored all the chloroquine properties
tested, namely, inhibition of -hematin formation
(at a concentration equal to that of chloroquine), production
of a hematin complex with a drug:hematin stoichiometry
of 1:2, enhancement of hematin-induced red blood
cell lysis (but at 1/100 of the chloroquine concentration),
and inhibition of glutathione-dependent degradation of
hematin."® Of note, to date, there is no direct evidence that
pyronaridine MOA in cellulo is located within the parasite
digestive vacuole. In a recent review, Bailly"” noted that as
pyronaridine was able to intercalate DNA, it could also act
as a topoisomerase II (topo II) inhibitor. Using a KCI-SDS
precipitation assay to detect the presence of protein-DNA
complexes within parasite cells, an indicator of topo II
inactivation, Auparakkitanon et al’® reported that
pyronaridine did not generate such protein-DNA
complexes compared to the well-known topo II inhibitor
amsacrine, an antitumor drug.”'

The main source of amino acids required by malaria
parasite metabolic processes comes from the digestion
of host hemoglobin imported into the parasite digestive
vacuole.” This process results in the release into

the parasite vacuole compartment of large quantities of
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toxic Fe[ll] heme (that is rapidly oxidized to Fe[III]
hematin), which the parasite detoxifies by forming
hemozoin, an inert crystalline material composed of
hematin dimers (and other minor components).23
There has been much debate whether chloroquine
MOA was by forming a soluble chloroquine-hematin
complex that was unable to form hemozoin or that
the complex binds to the hemozoin crystal itself thereby
inhibiting its further growth.”* Using time-resolved in situ
microscopic surface observation of f-hematin crystal,
a synthetic form of hemozoin, Olafson et al** showed that
chloroquine- and pyronaridine-hematin complexes bind to
the growing faces of the 3-hematin crystal, competitively
inhibiting attachment of hematin dimers and hence
crystal growth. Given the differences in the structure
between chloroquine and pyronaridine, the chloroquine-
hematin complex was shown preferentially to bind
B-hematin crystal “axial” {011/011} growing faces, thereby
inhibiting further extension and producing short and
wide crystals. On the other hand, pyronaridine-hematin
complex binds to both “upper/lower” {100/100} and
“side” {010/010} growing B-hematin crystal faces
generating crystals tapering at both axial termini.” It is
worth noting that the formation of drug-hematin complexes
does not necessarily predict their MOAs in the heme
detoxification process. For example, amodiaquine forms
a hematin complex that does not strongly interact with
the B-hematin crystal surface yet exhibits suppression of
crystal growth without any morphology aberrations,
which is brought about by decreasing the pool of hematin
dimers required for crystal proliferation.”

The MOA of artemisinin and its analogs (collectively
termed ART) also lies within the parasite food vacuole
where they interfere with the heme detoxification process.
ART are pro-drugs, requiring activation through
cleavage of the endoperoxide bond via a Fe[Il]-mediated
Fenton reaction. ART are susceptible to reaction with

Fe[lI] heme in vitro and in cellulo (where almost all
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Fe[lI] hemes are located within the parasite food vacuole),
a process that first involves the generation of an O-centered
(O’) ART radical followed by rapid rearrangement into
a C-centered (C") form that alkylates Fe[III] hematin.*
Time-resolved in situ atomic force microscopy revealed
that the hematin-ART adducts produce large amounts of
nucleation of nonextendable nanocrystals, which are
incorporated into the larger growing crystals, thereby
preventing further generation of B-hematin crystals.”’
Thus, some 40 years after their advent and separate
applications to treat malaria in China, the 2 drugs were
united in a combined therapy (Pyramax) to combat
this disease outside the country. Interestingly, they have
similar MOAs (ie, act in the parasite food vacuole to
derail heme detoxification), which is a vital and unique
process present (to the best of the author’s knowledge)
only in malaria parasites.

As there was no previous report from China of
malaria parasite resistance to artemisinin, although used
as a monotherapy (7-day drug regimen), thus it came
as a shock to the malaria control community that
P. falciparum in the Greater Mekong Subregion had
evolved tolerance (also variously termed resistance,
partial resistance, and reduced sensitivity) to ART,
manifested in a patient by a longer parasite clearance
time on the first day of a 3-day ACT regimen.”* Of note,
resistance to ACT requires ART tolerance accompanied
by co-resistance of the partner drug. The confusion
regarding the nomenclature of ART “tolerance/partial
resistance/reduced sensitivity” stems from the observation
that the affected P. falciparum parasites did not show
the standard 10 folds or higher ECSO (concentration to
inhibit in vitro growth by 50%) values but displayed
a dormancy (or delay) in ring-stage development,
from which these early-stage parasites recover after
a few hours and resume normal, but accelerated
development to attain the 48-hour intraerythrocytic

growth cycle (at least under standard culture conditions).”
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In vivo, resumption of normal development appears
to be a stochastic process, the mechanism of which
remains unknown.”

As regards pyronaridine, there has been, to date,
no report of overt resistance by P. falciparum worldwide.
One of the first clinical trials of pyronaridine outside
China was conducted in 1996 in Thailand, which showed
that pyronaridine alone at a total dose of 1800 mg
prescribed over 5 days was well-tolerated in 101 patients
suffering from acute uncomplicated malaria and had
activity against multidrug-resistant falciparum malaria.
The patients were admitted to a university hospital
in a nonendemic region of the country (Bangkok) for
28 days to avoid the possibility of reinfection.” However,
the authors did not recommend use of the drug alone
in Thailand due to the high (12%) recrudescence rate.
Nevertheless, there has been no increase in EC50 and EC95
values in recrudescent parasites.’’ A more recent study
of 118 parasite isolates collected from endemic areas
along the Thai-Cambodian and the Thai-Myanmar border
regions from 1989 to 2014 found no significant changes to
ECSO values from a previous study of isolates collected
from eastern and northern Thailand 30 years prior.” *
However, of 296 isolates collected between April 2008 and
August 2012 from 21 malaria-endemic countries in Africa,
16 isolates (5%) showed ex vivo reduced susceptibility
to pyronaridine, which was associated with a K76T
mutation in the pfert gene (discussed below) (P =.004).
However, the odds ratio for reduced susceptibility to
pyronaridine associated with the K76T mutation was 4.47
(95% confidence interval [CT], 1.39 - 18.84) compared to
that for chloroquine of 96.4 (95% CI, 41.8 - 244.8) for
the same set of parasite samples.™

P. falciparum isolates with chloroquine resistance
were first described by Krogstad et al*’ to be due to
enhanced efflux and not reduced uptake of chloroquine,
resulting in a lower level of the drug in the food vacuole

of resistant parasites. The transporter responsible for

chloroquine export is a food vacuole mutant membrane
transporter, named P. falciparum chloroquine resistance
transporter (PfCRT), the normal function of which is
to transfer short peptides from the food vacuole to
the parasite cytosol for further enzymatic degradation into
free amino acids.’® Interestingly, the only homolog of
PfCRT is a plant transporter, CRT-like transporter (CLT),
located in the plastid membrane for the export of
glutathione (a tripeptide) from plastid to the cytosol.”
PfCRT needs to acquire a set of nonsynonymous single
nucleotide variants to become a chloroquine transporter.
A ubiquitous amino acid substitution in the chloroquine-
resistant alleles, regardless of origin, is the K76T
mutation accompanied by additional region-specific
multiple mutations. For example, the Southeast Asian
P. falciparum Dd2 CRT isoform harbors 8 mutations
compared to the chloroquine-sensitive strain.® It is
expected that it will take some period of time before
the pfert gene acquires the requisite set of mutations
to achieve a comparable ability to ferry pyronaridine
out of the food vacuole.

Using a mouse malaria model where stable
pyronaridine-resistant P. berghei ANKA lines were
generated by in vivo drug pressure, no point mutation was
discovered in the pbmdr1 gene, which codes for multidrug
resistance transporter 1 (MDR-1), but the expression level
of the gene increases concomitantly with rise in resistance,
suggesting that elevated transcription levels may be linked
to pyronaridine resistance in this murine parasite model.*
MDR-1 is located in the parasite food vacuole membrane
and imports various antimalarials, such as amodiaquine,
chloroquine, mefloquine (a quinoline analog), and
piperaquine (a bis-chloroquine derivative) into the vacuole,
and resistance to these drugs have been linked (in part)
to point mutations of the pfindr! gene.” However, it is
counter-intuitive to directly link elevated expression of
pbmdrl gene with pyronaridine resistance, as this

transporter, if responsible for the transport of the drug
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into the food vacuole, should cause an increase in
pyronaridine sensitivity. Thus, either POMDR-1 is
a pyronaridine transporter and the abovementioned
resistance phenomenon is due to an accompanying
epistasis with another locus, or that PPMDR-1 is not
related to pyronaridine import into the food vacuole and
a different explanation must be sought. Nonetheless,
to extend the useful lifespan of Pyramax, it would be
perspicacious not to introduce this ACT into regions
where parasite resistance to quinoline antimalarials

currently exists or did in the past.

Pyronaridine in Triple Artemisinin
Combination Therapy

Given the emergence of ART tolerance/partial
resistance in P. falciparum and the spread of its signature
genetic markers across Asia and even into some parts of
eastern sub-Saharan Africa, suggestions have been raised
to include another drug to existing and/or future ACTs,
termed triple (T)ACT, to prolong the useful lifespan of
the ACTs.” The rationale of having two partner drugs to
ART in TACT is that if the parasite develops resistance
to one partner drug, the other should still be efficacious,
because it is presumed extremely unlikely that a parasite
would evolve resistance to both partner drugs over
a similar period, particularly if the 2 drugs are chosen
to have different MOAs. The main problem in finding
2 antimalarials for inclusion in a TACT is the avoidance
of any undesirable side effects (eg, antagonism between
the 2 partner drugs or epistatic effects that may reduce
TACT potency).” Given the recalcitrance of pyronaridine
to parasite resistance, an obvious TACT to develop is
by including another antimalarial to Pyramax. However,
cross-resistance of pyronaridine to amodiaquine was
reported in P. falciparum isolates (n = 161) from Senegal,
Africa. However among P. falciparum isolates (n = 183)

from Cameroon, Africa, were observed a synergy

40 Rama Med J Vol.47 No.4 October - December 2024

between pyronaridine and primaquine, additive effects
with 4-aminoquinolines (chloroquine and monodesethyl-
amodiaquine, the active metabolite of amodiaquine) and
weak antagonism with antifolates (pyrimethamine and
cycloguanil), halofantrine (a phenanthrene analog) or

mefloquine (a quinoline analog).*"**

Using a multidrug-
resistant P. falciparum K1 line (from Thailand), a weak
antagonism was observed between pyronaridine and
concanamycin A, a potent antiplasmodial macrolide
(EC50 = 0.2 nM) that inhibits a V-type H'-ATPase
located in the parasite digestive vacuole membrane.”
Tu (discoverer of artemisinin) and her colleagues have
advocated the continued usage of ACTs, but with vigilant

monitoring for early appearance of treatment failure

and/or of drug resistance genetic marker(s) (if known).*

Novel Drug Development Based on
Deaza-Pyronaridine (Acridine) Scaffold
Should the inevitable evolution of malaria parasite
resistance to pyronaridine occur, an acridine analog of
pyronaridine, named pynacrine (Figure 1), has been
synthesized, which is as potent as pyronaridine in inhibiting
P. falciparum growth in culture as well as having all other
in vitro properties of hematin targeting, but a 50-fold
less effectiveness in inhibiting B-hematin formation,
suggesting that pynacrine has other off-target(s) effects.”
Previously, a series of 9-aniline analogs of amsacrine
was shown to inhibit P. falciparum growth in culture
by targeting hematin in vitro (using the same set of
criteria described above) and interestingly, also acting as
parasite DNA topo II inhibitor in vitro and in situ.*
However, the crisis brought on by malaria
parasites’ rapid evolution of resistance (or partial
resistance) to all other clinical antimalarials in current
application, has hastened efforts to revitalize former drugs,
such as quinacrine and methylene blue, a thia-analog

of acridine (Figure 1). Quinacrine, the first synthetic
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antimalarial drug with potent blood schizonticidal activity,
was used extensively during the Second World War
by allied forces in North Africa and the Far East,
but it has serious side effects, thereby discouraging
further development of antimalarials with an acridine
scaffold, and quinacrine was rapidly replaced when
synthetic chloroquine became available.”” However,
promising derivatives of quinacrine have recently been
synthesized, with compounds having 9-NH linked to
aromatic cores via urea linker, to quinolizidinylalkly
moieties or to furyl and alkyl groups showing low
M EC50 values."

Methylene blue was the first synthetic antimalarial
to be used when Ehrlich and Guttmann, in 1891,
administered the compound to treat 2 malaria patients
in a Berlin hospital, and since has been prescribed for
malaria treatment globally until the early 20th century,
when it was replaced by newer synthetic antimalarials."
In a systematic review of 1504 malaria patients (2/3 children)
in Africa, the American continent, Asia, and Europe,
Lu et al’ reported that methylene blue was consistently
highly effective in all endemic areas and demonstrated
a strong effect on P. falciparum gametocyte reduction.
In glucose-6-phosphate dehydrogenase (G6PD)-deficient
African patients, methylene blue caused a slight, but
not clinically significant drop in hemoglobin level.
Oral administration resulted in a maximal plasma
concentration within 2 hours, with a plasma half-life
of around 20 hours. Thus, methylene blue could be
included in TACT to provide gametocidal activity.
A recent study using dynamic molecular modeling showed
methylene blue to be a strong competitive inhibitor of
P. falciparum glutathione reductase, which catalyzes
the reduction of this compound to produce parasitotoxic
reactive oxygen species, mainly HZOZ.S' In addition,
methylene blue has high efficacy against the P. vivax
asexual stages and inhibits transformation of vivax zygotes

into ookinetes.™

Other approaches, such as developing acridine-
based compounds with dual MOAs against Plasmodium
either by the same molecule (eg, interference of heme
detoxification in the food vacuole as well as being
a DNA topo II inhibitor in organelles with DNA
replication capability as exemplified by the 3,6-diamino-
9-analinoacridines),” or as hybrid molecules (eg, acridine-
quinoline combinations),” should assist in guiding
the future development of acridine-based molecules for

the treatment of malaria.

Conclusions

It would be naive to expect the current lack of
malaria parasite resistance to pyronaridine will persist
until malaria is eliminated. This review has described
recent efforts to develop modifications to quinacrine as
possible replacements for pyronaridine, including the work
on pynacrine, its acridine analog. The importance of
substituents with OCH3 at position 2 and Cl at position
6 of the acridine scaffold for efficacious antimalarial
activity has become clear. Another alternative antimalarial
suggested is methylene blue, a thia-acridine that also
possesses gametocidal activity. Future developments of
2-OCH3-6—C1 thia-acridines and other forms of aza-acridines
should not be neglected, otherwise the lessons learned

from pyronaridine would have gone to waste.
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Advance Care Planning in Older Adults

Thagoon Kanjanopasl, Saran Thanapluetiwong2
' Department of Internal Medicine, Hatyai Hospital, Songkhla, Thailand

? Department of Medicine, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

Advance care planning (ACP) is a process that empowers patients to communicate Corresponding Author:

their healthcare wishes, goals, and preferences with family and healthcare Thagoon Kanjanopas

providers, in anticipation of a time when they may be unable to express these Department of Internal

themselves. Effective ACP upholds patient autonomy, enabling individuals to  \r1adicine Hatyai Hospital

182 Rattakarn Road, Hatyai,
quality of life for both patients and their caregivers while alleviating the burden ¢ ongkhla 90110, Thailand.

actively participate in decisions about their end-of-life care. This enhances the

on families. Despite its recognized importance, healthcare providers often initiate 4 ephone: +666 5895 1941
ACP discussions only in the advanced stages of illness, limiting time for preparation g .41 tha kan2@gmail.com
and emotional adjustment. Furthermore, both healthcare providers and the general
public often fear engaging in conversations about death and dying, which presents

a significant barrier to ACP. Initiating these conversations earlier, preferably

before a crisis occurs, allows individuals to express their preferences, values,
and goals for care. This ultimately leads to more personalized and meaningful

healthcare decisions.
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Healthcare organizations are increasingly embracing data-driven approaches to
enhance patient care, reduce costs, comply with regulations, and drive innovation
through data analytics. Such approaches require collaboration between data
professionals. Having data professionals such as data scientists, data analysts,
data engineers, and machine learning engineers together and managing them
to work on a given task is the new challenge for healthcare organization
that usually employs domain experts who have data skills at the beginner
to intermediate level. Such a practice might work on a small scale. However,
for the enterprise level, the large scale of data in cloud environment requires
much more than just an intermediate level. This article describes the role and
responsibilities of data professionals to contribute to a healthcare organization
with illustrative examples from an analytic project. This article would guide

healthcare organizations to acquire the right data professionals to the right tasks.
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Introduction

In the rapidly evolving landscape of the healthcare
industry, the role of data professionals has become pivotal
in spearheading transformative changes. Data scientists,’
data snalysts,2 data engineers,3 and machine learning (ML)
engineers are at the forefront of this revolution, harnessing
the power of data to drive informed decision-making and
enhance patient care. These professionals bring a unique
blend of technical expertise and healthcare knowledge,
enabling the extraction of meaningful insights from
vast and complex datasets. Their work ranges from
analyzing patient data for improved treatment plans,’
to implement predictive models for disease outbreaks” and
ensure the seamless integration of emerging technologies
like artificial intelligence (AI) and ML in clinical settings.
As healthcare continues to shift towards a more data-centric
approach, the contributions of these data experts become
increasingly vital, not only in optimizing operational
efficiency and managing healthcare costs, but also in
paving the way for innovative medical breakthroughs and
personalized patient care.’

In the healthcare industry, the specialized roles of data
scientists, data analysts, data engineers, and ML engineers
are integral to effectively utilizing data to improve patient
outcomes and operational efficiencies.’ Data scientists
in healthcare focus on methodologies of modeling as
the proof of concepts to solve healthcare problems.’
Data analysts play a crucial role in interpreting healthcare
data’, providing actionable insights for patient care
optimization and healthcare management. Data engineers
are responsible for constructing robust and secure
data pipelines, including infrastructures, and ensuring
the integration and accessibility of diverse healthcare
data sources.* ML engineers,oon the other hand, focus on
developing intelligent systems and applications deployed
from the proof of concepts on the robust infrastructure

such as cloud computing. Together, these professionals

62 Rama Med J Vol.47 No.4 October - December 2024

form a dynamic team, driving the digital transformation in
healthcare and enabling a more data-driven approach to

patient care and healthcare management.

Specific Roles and Skill Spectrum

In a healthcare organization, the collaborative efforts
of data scientists, data analysts, data engineers, and ML
engineers are essential for harnessing the full potential of
data-driven healthcare. Data engineers lay the foundational
groundwork by building and maintaining a robust data
infrastructure, which ensures the seamless collection,
storage, and accessibility of vast healthcare data sets.
Utilizing this infrastructure, data scientists aid in research
and development with solid scientific methodologies.
Data analysts then take these insights and translate
them into understandable and actionable information,
helping healthcare administrators and practitioners make
informed decisions. Meanwhile, ML engineers develop
intelligent systems and tools on top of the research and
development from data scientists to make production ready.
This synergistic approach leverages the strengths of each
role to improve patient care, enhance operational efficiency,
and drive innovation in healthcare solutions. There are
various discussions about the skill spectrum of such
data professionals. Since the skill spectrums are slowly
changing over time due to the changes in business
models, competition in industries, and technological
readiness, we only picked one interesting skill spectrum
in 2023 obtained from the AI Powered Data Products. "
Such skill spectrums were discussed broadly in professional
communities such as LinkedIn. Figure 1 illustrates the skill
spectrum of each data professional. Each category was

aligned based on the responsibilities.

Data Engineer
Data engineers play a pivotal role in the healthcare

industry by constructing sophisticated data pipelines that
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Figure 1. Skill Spectrum of Data Professionals

Abbreviations: ML, machine learning; Ops, operations.

ensure seamless data integration from multiple sources,
maintain data quality and consistency essential for
patient care, and automate data processes for efficiency
and accuracy.'' Their expertise in designing scalable
systems is crucial for handling the increasing volume
of healthcare data, enabling real-time data analytics for
urgent decision-making, and ensuring compliance with
healthcare regulations like the Health Insurance Portability
and Accountability Act (HIPAA)."> Moreover, they are
responsible for implementing secure data practices to
protect patient privacy and managing the data lifecycle
to support cost-effective healthcare operations. Therefore,
databases and data pipelines are highly important skills
for data engineering.

Data engineers must be versed in ML operations (Ops),
deployment, and ML modeling to effectively bridge the
gap between data science and production. This ensures
the seamless transition of ML models from concept
to operational systems. They require an acceptable
proficiency level in ML Ops to automate and scale
ML pipelines, manage version control, and maintain
the infrastructure necessary for monitoring and updating

model postdeployment. Furthermore, a basic understanding

of ML modeling helps not only for supporting data
scientists but also for optimizing data pipelines to work
together with ML engineers for feature engineering to

enhance the performance of ML algorithms.

Data Scientist

Data scientists are required to possess strong capabilities
in research, experimentation, ML modeling, and statistics,
as these competencies are foundational to their role.’
Research prowess is essential not just for innovation and
staying current with emerging data science trends but also
for understanding the specific challenges and nuances of
the domain in which they operate. Experimentation skills
are critical for methodically testing hypotheses and refining
models through an iterative process that leverages empirical
data. Proficiency in ML modeling is at the heart of a data
scientist’s toolkit, necessary for developing predictive
models that drive decision-making and uncovering patterns
within complex datasets. Lastly, a deep understanding of
statistics underpins a data scientist’s ability to interpret
data accurately, conduct sound inferences, and validate the
performance of models with statistical rigor. These skills
intertwine to enable data scientists to convert raw data
into actionable insights, driving strategic outcomes and
innovation within their organizations.

Data scientists must also be proficient in data
visualization, reporting, storytelling, and deriving business
insights. Mastery in data visualization allows them to
present intricate data in an accessible and intuitive format,
simplifying complex concepts for better comprehension
by both technical and non-technical stakeholders.
Reporting skills are vital for regularly updating project
progress and model performance, ensuring transparency
and accountability in their work. The art of storytelling is
still important to effectively communicating scientific
findings to broader audiences. It may not be as good as
data analysts but it is practically understandable between

project stakeholders.
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Data scientists benefit from experience in ML Ops
and deployment, areas typically prioritized by ML
engineers, as it enhances their ability to collaborate
efficiently with the engineering teams, manage the full
life cycle of ML models, and take the end-to-end
ownership of projects. This knowledge empowers them
to develop models that are not only theoretically sound
but also practical and scalable within the production
environments. Understanding the operational aspects of
model deployment helps data scientists build models
that are aligned with real-world constraints, such as
computational efficiency and regulatory compliance.
Additionally, familiarity with ML Ops fosters an
appreciation for the importance of a feedback loop in
model deployment, allowing for continuous improvement
based on real-world performance. Such experience is
invaluable in rapidly prototyping and testing models in
a production-like environment, leading to more robust
and effective solutions. In essence, while not their
primary focus, proficiency in ML Ops and deployment
equips data scientists to create models more aligned
with technical and business realities, thereby enhancing

the overall impact of their work.

Data Analyst

Data analysts must be proficient in data visualization,
business insights, reporting, and storytelling to effectively
translate complex data into actionable insights for
business decision-making. Mastery in data visualization
is crucial for them to communicate intricate findings
clearly, enabling stakeholders to easily grasp patterns,
trends, and outliers. Their ability to extract and convey
meaningful business insights ensures that data analysis
is not just an academic exercise but directly contributes
to achieving organizational goals. Reporting skills are
equally important, as they provide regular, accurate
updates on key metrics and progress, maintaining

transparency and accountability in business operations.
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Furthermore, storytelling is a powerful tool in their
arsenal, allowing them to present data in an engaging
narrative form. This not only captures the attention of
stakeholders but also contextualizes the data, making
it more relatable and understandable. Through these
combined skills, data analysts bridge the gap between
raw data and strategic business decisions, ensuring that
organizations can capitalize on their data assets to drive
success and growth."”

Although not as deeply involved in research,
experimentation, and statistics as data scientists, data
analysts still benefit from a foundational understanding
of these areas to enhance their analytical capabilities.
A grasp of research methodologies equips them with
the skills to conduct informed analyses, critically evaluate
relevant studies, and stay abreast of evolving trends and
techniques in the field. Knowledge in experimentation,
such as understanding basic experimental design
and hypothesis testing, allows them to validate their
findings and employ iterative approaches for refinement,
crucial in scenarios like A/B testing.'* Additionally,
a fundamental understanding of statistics is essential
for accurate data interpretation and quantitative analysis.
It enables data analysts to understand data distributions,
apply appropriate statistical tests, and make data-driven
recommendations with confidence. This blend of skills
bolsters the quality of their analysis and facilitates more
effective collaboration with data scientists, contributing
to robust, insightful decision-making processes within

their organizations.

ML Engineer

ML engineers require proficiency in ML Ops,
deployment, and ML modeling to effectively operationalize
and manage ML projects. Expertise in ML Ops is essential
for automating and optimizing the ML workflow, ensuring
streamlined development, testing, deployment processes,

maintaining reproducibility, and version control of models
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and datasets. Deployment skills are critical for not just
placing models into production environment, but also
guaranteeing their performance, efficiency, and reliability
in real-world application, along with continuous monitoring
and maintenance. Furthermore, a solid grounding in ML
modeling, including feature engineering and selection,
is vital for creating accurate, efficient, and scalable models.
This comprehensive skill set enables ML engineers to not
only develop technically sound models but also ensure
these models are practical, maintainable, and effectively
integrated within the operational infrastructure, thereby
playing a crucial role in transforming ML concepts into
tangible, value-adding applications. "’

In summary, each skill in the spectrum into 5 main
groups: science (statistics, ML modeling, research, and
experiment), infrastructure (databases and data pipelines),
production (deployment and ML Ops), knowledge
discovery (data visualization and business insights), and
communication (reporting and storytelling). Data engineers
focus more on infrastructure and production while
science, knowledge discovery, and communication are
the second priority. Data scientists focus heavily on science
skills, while other skills are required at a practical level
to bridge with other data professionals and healthcare
stakeholders. Data analysts focus on knowledge discovery
and communication to transform insights into actions.
Lastly, ML engineers focus on deploying scientific projects
to production that require skills related to science,

infrastructure and production environments.

Collaboration of Data Professionals in a
Data Project

We use a real-world problem, COVID-19 screening
from a chest x-ray, to explain how data engineers,
data scientists, data analysts, and ML engineers
work together based on the following flow: problem

understanding, data understanding, and implementation.

Problem Understanding

The first task to conduct a data project is problem
understanding. Data scientists perform problem abstraction.
COVID-19 screening from chest x-ray is considered an
image classification task where the input is a chest x-ray
image, and the output is radiology findings related to
COVID-19 with predictive probability. The heatmap was
overlayed on a chest x-ray image to locate such findings.

Data analysts may investigate the prevalence of
disease over time categorized by locations by working with
various data sources in both internal and external data.
They may also investigate the throughput of current
screening methods in healthcare institutions. Estimating
the workload of a particular healthcare unit to handle
such COVID-19 screening cases, including evaluating
technological readiness for the proposed screening method
by data scientists. These works link to the policy maker
of healthcare organizations to decide which site to be
deployed the screening model proposed by data scientists.

Data engineers translate the proposed solution from
data scientists and analysis plan from data analysts to
identify internal and external data sources. Possible payload
of the system from normal situations to peak situations
is investigated, and designing which data infrastructure
suits the problem is the following step.

ML engineers explore the objective and constraints
from users to design intelligence solutions that maximize,
objective, in this case, is to screen COVID-19 efficiently,
subject to constraints such as how fast the system
runtime required by the users. The last step is to
translate objectives and constraints into proper solution

architectures for production.

Data Understanding

Data understanding is the prerequisite task before
the experiment and implementation. To create high
performance COVID-19 screening model from chest x-ray

images, data scientists delve deep into the dataset using
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advanced analytical techniques such as image segmentation
to understand the characteristics and distribution of the
x-ray images, formulating hypotheses about features that
could indicate specific conditions. They focus on feature
analysis, identifying key aspects of the images crucial for
accurate classification, and engage in feature engineering
to enhance the effectiveness of their models. Evaluating
the quality of the image data is another critical task, where
they look for issues like varying image resolutions, artifacts,
or missing information and strategize on data preprocessing
methods to address these challenges. Through exploratory
data analysis, including visual examination and statistical
methods, data scientists gather insights into the image
data, documenting these findings to inform their modeling
approach. This phase also involves close collaboration
with other team members to ensure a comprehensive
understanding of the data and its nuances and to
communicate initial insights, laying a solid foundation for
developing robust and accurate image classification models.

Data analysts perform a series of essential tasks
starting with an initial data exploration to assess the
quality and completeness of the dataset, employing
descriptive statistics to grasp its basic characteristics.
They focus on identifying and selecting key variables
crucial for the project’s objectives, and conduct correlation
analysis to understand the relationships and patterns
within the data. Data visualization plays a significant role
at this stage, as analysts create various charts and graphs
to aid in understanding complex data structures and
communicating preliminary findings effectively. They also
document methodologies, initial observations, and
any potential limitations or assumptions made during
the analysis. Throughout this phase, data analysts
collaborate closely with data engineers and scientists to
ensure alignment on data structures, quality, and analytical
approaches, providing valuable feedback that informs
subsequent iterations of data collection and preparation.

This comprehensive approach allows them to set a
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solid foundation for more detailed analysis and model
development in the later stages of the project.

Data engineers encompass a range of critical tasks that
lay the foundation for successful data analysis. They begin
by sourcing and extracting data from various internal and
external sources, followed by a thorough assessment of
data quality, including profiling, to understand its structure,
content, and relationships. Data engineers are instrumental
in integrating and consolidating data from multiple sources,
ensuring consistency and coherence across the dataset.
They engage in data cleaning and transformation, rectifying
inconsistencies, handling missing values, and reformatting
data for optimal usability. Additionally, they set up and
manage the necessary data infrastructure, such as databases
or data warehouses, and select appropriate tools for data
exploration and analysis. Throughout this process, they also
create detailed documentation and metadata, clarifying
on data sources, preparation methods, and the overall
data environment. This comprehensive approach by data
engineers ensures that the data is high-quality, reliable,
and well-prepared, and is documented for subsequent
analysis and insight generation.

ML engineer involves a technical evaluation of
the image dataset to ensure its suitability for production.
They assess key aspects such as image quality, resolution,
and format, identifying any potential limitations in
deployment, such as images obtained from different x-ray
machine configuration that could affect model performance.
ML engineers also plan and implement preprocessing
pipelines in production, such as image normalization
and augmentation, often automating these processes
for efficiency and consistency. They work closely with
data scientists to align model architecture appropriate

for the classification task.

Implementation
During the implementation phase, data scientists

conduct scientific experiments to come up with the x-ray
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image classification model that yields acceptable
performance for practical uses. Working closely with ML
engineers for seamless model deployment and with data
engineers to ensure the data pipeline supports model training
and validation needs. Data scientists conduct iterative
testing and refinement of the models, experimenting with
different architectures and hyperparameters to fine-tune
performance. Throughout this process, they document
their methodologies and findings and prepare detailed
reports on model performance, providing insights and
recommendations for further enhancements. This holistic
approach ensures the development of a reliable, efficient
x-ray image classification system, primed for deployment
in a healthcare setting.

Data analysts implement analytic dashboards to
report various key performance indicators (KPIs) related
to operation and management when the screening system
is deployed. They focus on user experience, ensuring
the dashboard is intuitive and meets the specific needs of
radiologists and healthcare administrators. This involves
extensive data preparation and integration, where analysts
gather, clean, and structure data from various sources,
including radiology information systems and patient
records, by working closely with data engineers.
Collaboration is a key aspect, with analysts working
closely with stakeholders to align the dashboard with
user needs and incorporating feedback for continuous
refinement. Rigorous testing is conducted to ensure
data accuracy and performance optimization, and
they also handle documentation and user training.
After implementation, data analysts monitor and update
the dashboard based on user feedback and evolving
requirements, ensuring it remains a valuable, data-driven
decision-making tool in the radiology department.

Data engineers play a pivotal role in building and
refining the data infrastructure necessary for effective
model development. They design and optimize data

pipelines specifically tailored for handling large volumes

of image data, ensuring efficient ingestion, processing,
and storage of x-ray images. Data engineers are also
responsible for managing databases and storage solutions
optimized for storing large image datasets, ensuring quick
retrieval and efficient handling of these data types.
They focus on implementing robust security measures and
maintaining compliance with healthcare data regulations
to protect patient privacy and data integrity. Setting up and
maintaining the necessary computational infrastructure
is another key responsibility, which involves configuring
high-performance computing resources to handle the
intensive demands of image processing and deep learning
model training. Collaborating closely with data scientists
and ML engineers, data engineers ensure that the
infrastructure supports the specific requirements of x-ray
image classification, such as graphics processing unit (GPU)
optimization for deep learning tasks. They provide ongoing
technical support and guidance throughout the project
and document the data infrastructure and processes to
ensure continuity and clarity. This foundational work
by data engineers is crucial for the project’s success,
enabling the efficient processing and analysis of x-ray
images and the development of accurate and reliable
classification models.

ML engineers are crucial in transitioning the ML
models from the development stage to a real-world
clinical setting. Their primary responsibility is deploying
these models into production environments, ensuring they
are integrated seamlessly with existing healthcare systems
or established as standalone applications. This involves
optimizing the models for operational efficiency and
scalability, managing the required computational
resources, and integrating the models with data pipelines
for consistent image input and output management.
ML engineers are also tasked with ongoing monitoring
and maintenance of the models, keeping an eye on
performance metrics and updating the models as

necessary to adapt to new data or changing requirements.
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They work closely with data scientists for technical insights
and with information technology (IT) and healthcare
professionals for effective system integration while also
ensuring that the deployment adheres to healthcare
regulations and ethical standards. The documentation of
the deployment process and maintenance protocols is also
a crucial part of their role, providing clarity and continuity
in the project. Through these efforts, ML engineers ensure
that the x-ray image classification system is not only
technically sound but also practical, reliable, and ready

for use in healthcare diagnostics.

Impact and Challenges

Healthcare organizations encounter several challenges
in incorporating data professionals such as data scientists,
data analysts, data engineers, and ML engineers. One of
the primary hurdles is recruitment and talent acquisition.
The demand for skilled data professionals is exceptionally
high, and healthcare sectors often compete with other
industries like technology or finance, which may offer
more lucrative salaries and benefits. This competition is
compounded by the need for professionals who have
expertise in data science and understand the unique
nuances of healthcare data and its regulations. Ensuring
compliance with stringent healthcare regulations, such as
HIPAA in the US, is critical and necessitates professionals
who are adept in data management and knowledgeable in
specific healthcare data privacy and security practices.
This requirement for specialized knowledge creates a
significant barrier to entry.

Additionally, integrating data professionals into
healthcare organizations involves overcoming cultural
and communication barriers. These professionals must
effectively collaborate with medical practitioners, who
may not have a deep understanding of data science,
necessitating a unique combination of communication

and technical skills. The challenge here is technical and
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organizational, as integrating data-driven decision-making
into healthcare settings that may traditionally rely on
different operational approaches requires careful change
management. The complexity and diversity of healthcare
data add another layer of difficulty. Healthcare data
encompasses a wide array of types, from structured
electronic health records to unstructured clinical notes and
imaging data. Managing, integrating, and standardizing
these diverse data sources for effective analysis and
model development is complex. Budget constraints can
further complicate these issues, especially for public
and nonprofit healthcare entities, limiting their ability
to invest in advanced data analytics initiatives and
necessary technologies. Lastly, the rapid evolution of data
science and Al fields presents a challenge in keeping up
with the latest advancements and ensuring continuous
professional development of the data workforce.
Healthcare organizations must also contend with potential
limitations in IT infrastructure and computing resources,
essential for supporting large-scale data analytics and
ML projects. Overcoming these challenges requires a
strategic approach that involves attracting the right talent,
fostering an environment conducive to continuous learning
and technological adaptation, and effectively integrating

data-driven methodologies into healthcare practices.

Conclusions

In healthcare organizations, data scientists focus on
developing predictive models and advanced analytics
to derive insights from complex healthcare data,
often leveraging ML and AI to improve patient
outcomes and operational efficiency. Data analysts
interpret and visualize data, generating reports to
support decision-making, track performance metrics, and
identify trends in patient care or resource utilization.
Data engineers are responsible for building and

maintaining the infrastructure required for data generation,
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storage, and processing, ensuring data is accessible,
clean, and well-organized for analysis. Meanwhile,
ML engineers design and implement algorithms and models
to automate decision-making and optimize processes,
such as diagnostic tools, predictive models for disease
progression, or personalized treatment recommendations,

ensuring these models are scalable and integrated with
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