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Enhancing Adolescent Self-Esteem: A Pilot Randomized 
Controlled Trial of the Online Mindfulness-Based 
Intervention Program (MBSI Online)

ABSTRACT
Objective: This study aimed to develop and assess the effectiveness of the MBSI online program in enhancing self-
esteem, mindfulness, and resilience among adolescents, while also evaluating its feasibility and participant satisfaction. 
Materials and Methods: The MBSI online program is an adapted form of mindfulness-based interventions (MBIs), 
developed by integrating specific aspects of mindfulness that are related to self-esteem and the core processes of 
Acceptance and Commitment Therapy (ACT), following consultations with mindfulness experts and program 
trials. The study enrolled 70 adolescents aged 15 to 18 years with low to moderate self-esteem, from diverse Thai 
regions. Participants were randomly assigned and equally allocated to intervention and waiting-list control groups. 
The intervention group underwent an 8-week MBSI online program. Self-esteem, mindfulness, and resilience were 
assessed at baseline, week 4, week 8, 1 month, and 3 months post-intervention. 
Results: The self-esteem, mindfulness, and resilience scores within the intervention group have significantly 
increased over time compared to baseline on week 4, week 8, 1 month, and 3 months post-intervention (p < 
0.001). Furthermore, between-group comparisons revealed statistically significant improvements in self-esteem, 
mindfulness, and resilience (p < 0.05) at corresponding intervals, with medium to large effect sizes. The dropout 
rate was 25.7%, while participant satisfaction with the MBSI online program was remarkably high, averaging 4.73 
out of 5, with 76.9% expressing the highest level of satisfaction. 
Conclusion: The MBSI online program significantly improved self-esteem, mindfulness, and resilience in adolescents, 
achieving high participant satisfaction. This program presents a valuable intervention for adolescents with low self-
esteem, aiming to prevent psychological issues stemming from diminished self-esteem. 
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INTRODUCTION 
	 In recent years, there has been increasing attention 
directed toward the mental health and well-being of 
adolescents due to the intricate challenges encountered 
in the contemporary world. Self-esteem, defined as 
an individual’s comprehensive positive self,1 plays a 
pivotal role in influencing emotional resilience, academic 

achievement, and interpersonal relationships during the 
transformative phase of adolescence.2,3

	 Low self-esteem is strongly correlated with internalizing 
symptoms such as depressive mood, somatic complaints, 
and anxiety. In serious cases, it can lead to various problems, 
including delinquency, self-inflicted injuries, and even 
suicide.4,5 Previous studies have found that one-third to 
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one-half of adolescents struggle with low self-esteem.6  
During the COVID-19 pandemic, research in Thailand 
revealed that adolescents experienced a lower level of 
self-esteem, with 51.9% reporting reduced self-esteem.7 

	 Mindfulness-based interventions (MBIs) have 
demonstrated their effectiveness in enhancing subjective 
well-being, reducing stress, anxiety,8 and depression,9 as 
well as improving emotion regulation, self-control, and 
enhancing executive, behavioral, and socio-emotional 
competences.10-12 However, in the realm of enhancing 
self-esteem among adolescents, the outcomes remain 
inconclusive.13 
	 Previous studies on MBIs in adolescents have been 
limited by factors such as a lack of randomization,14 absence 
of a control group,15 short-term follow-up,15,16 small-to-
medium effect sizes,17 and feasibility assessments.18 Some 
adapted online MBIs did not demonstrate significant 
changes in improving self-esteem.19,20 Furthermore, 
within the context of Thailand, there has been no study 
on the effectiveness of online MBIs in enhancing self-
esteem among adolescents.
	 The recognition of MBIs has significantly grown 
with the advent of mindfulness-based stress reduction 
(MBSR)21 and mindfulness-based cognitive therapy 
(MBCT).22 MBIs have continued to evolve, including 
approaches like dialectical behavior therapy (DBT)23 and 
acceptance and commitment therapy (ACT).24 Various 
platforms now offer MBIs, ranging from traditional 
in-person groups to online programs accessible via 
computers, laptops, or mobile phones.
	 However, traditional MBIs often rely on formal 
therapeutic procedures delivered by psychiatrists or 
psychologists, heavily emphasizing meditation techniques 
that may not fully engage adolescents. Explicit references to 
depression, anxiety, or other mental health conditions can 
be limited by stigma within participants’ cultural contexts. 
In Thailand, adolescents face challenges accessing MBIs 
due to barriers such as limited mental health services, 
time constraints, confidentiality concerns, social stigma, 
high private healthcare costs, and geographical barriers 
in rural areas.
	 To bridge these gaps, we have developed an online 
mindfulness-based intervention for self-esteem improvement 
group program (MBSI online). It integrates mindfulness 
aspects related to self-esteem25 and core principles of 
Acceptance and Commitment Therapy (ACT) that 
pertain to self-esteem.26 We have employed creative 
and adolescent-friendly strategies while preserving the 
essential MBI concepts, informed by consultations with 
mindfulness experts and program trials. 
	 This program is designed to target primary outcomes 

related to self-esteem and secondary outcomes linked 
to mindfulness and resilience, with a specific emphasis 
on secondary prevention of psychological illnesses. The 
choice of the program’s name is aimed at promoting a 
positive direction and addressing social stigma concerns 
within the participants’ context. Additionally, the group 
intervention for adolescents provides them with the 
opportunity to share their personal experiences and 
perspectives, contributing to heightened self-awareness.27,28 

The online platform enhances accessibility, especially in 
remote areas, saving time and costs,29 while also addressing 
concerns related to confidentiality and social stigma.
	 In the present study, we conducted a pilot randomized 
controlled trial. The primary objective was to develop 
and assess the efficacy of the MBSI online program in 
improving self-esteem in adolescents. The secondary 
objectives included: 1) investigating the effectiveness of 
the MBSI online program in enhancing mindfulness and 
resilience in adolescents, and 2) assessing the feasibility 
and satisfaction of the MBSI online program.

MATERIALS AND METHODS
	 The pilot study involved a randomized controlled 
trial conducted in Thailand, encompassing participant 
recruitment, interventions, and data collection spanning 
from June 2022 to March 2023. Approval for the study 
was granted by the Siriraj Institutional Review Board 
(SIRB), with the assigned COA number Si 369/2022. 
The study has been reviewed and approved by the 
Thai Clinical Trial Registry (TCTR) committee. The 
TCTR identification number is TCTR20230201004.  

Participant recruitment	
	 The research team utilized diverse online platforms, 
including Line and Facebook, for participant recruitment. 
Interested adolescents accessed informative documents 
online, providing study details. Following this, informed 
consent and contact information were collected, and 
participants completed an online questionnaire evaluating 
self-esteem levels using the Revised Rosenberg Self-
Esteem Scale (RSES-R).30 
	 Eligibility criteria included age (15-18 years), RSES-R 
score ≤30, proficiency in Thai, and internet accessibility. 
Exclusions encompassed moderate to severe intellectual 
impairment or severe psychological symptoms. Psychiatric 
history was assessed via telephone interviews. Withdrawal 
occurred for those attending fewer than six sessions, 
with participants informed of their right to withdraw 
at any time. 
	 Eligible applicants received an online parental 
consent form, requiring approval. An anonymous list 
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of participant ID numbers, lacking additional data, was 
generated using nQuery Advisor Software. Random 
sequences allocated participants equally to Group A 
or B. Participants were then informed of their assigned 
group, given a unique five-digit identification code, and 
provided links for online questionnaire completion.

Data collection
	 Both groups of participants completed a baseline 
questionnaire, which included demographic characteristics, 
RSES-R, Philadelphia Mindfulness Scale in Thai Version 
(PHLMS_TH), and Resilience Inventory-9 (RI-9) before 
the commencement of the intervention program (T0). 
Following the initiation of the intervention program, 
both groups were required to complete the RSES-R, 
PHLMS_TH, and RI-9 at specific time points: at week 4 
(T1), immediately after the intervention in week 8 (T2), 
at a 1-month follow-up (T3), and at a 3-month follow-
up (T4). Data collection of the waitlist group aligned 
with the intervention group’s timeline. Participants who 
prematurely discontinued the program or were lost to 
follow-up before week 4, leading to data insufficiency at the 
T1 time point, were excluded from the modified intention-
to-treat analysis (mITT). Additionally, participants in 
the intervention group were asked to provide feedback 
on the program immediately upon its completion. 
To recognize their participation within the program, 
each participant received a compensation of 100 baht 
(approximately 3 USD) for every questionnaire completed.  

Fig 2. An outline of the eight sessions of the MBSI online program.

MBSI online program
	 The MBSI online program is an adapted MBI, that 
incorporates five specific aspects of mindfulness related 
to self-esteem: describing, acting with awareness, non-
judging of inner experiences, nonreactivity to inner 
experiences, and being present.25 Additionally, it includes 
an element of ACT that involves the exploration of 
values and committed action to enhance self-esteem,26 

as illustrated in Fig 1. 
	 The MBSI online intervention consisted of eight 
sessions, with each session lasting 120 minutes. An 
outline of the eight sessions, detailing the activities and 
main components of the MBSI, is presented in Fig 2.

Fig 1. Components of the MBSI Online Program.

Krobtrakulchai et al.
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	 The MBSI online program was designed with the 
aim of seamlessly integrating into participants’ daily lives. 
It incorporated group-based activities that encouraged 
sharing of experiences from diverse perspectives, thereby 
promoting interpersonal skills. Mindfulness exercises 
were a key component of each session, conducted in 
both the whole group and small groups comprising 
6-7 participants. During each session, participants were 
encouraged to practice a 10-minute homework assignment 
every day (mindfulness in daily activities) and to share 
their practicing experiences with their group at the 
beginning of the next session.
	 In the MBSI online program, facilitators possessed 
advanced expertise in mindfulness practice, supervised 
by two advisory professors specializing in mindfulness 
training. The primary facilitator, boasting four years 
of mindfulness experience, completed courses in 
Thailand, including the Human Work Course. This 
course introduced a meditation technique involving hand 
movements or walking while attentively observing body 
movements, thoughts, or emotions with kindness and a 
nonjudgmental attitude. The facilitator also participated 
in various workshops such as Tender Heart Meditation, 
Maitri Meditation, Buddhist Psychotherapy, and training 
sessions for enhancing participatory learning processes 
like Semsikkhalai’s Training of the Trainer. Notably, the 
main facilitators did not undergo formal training in any 
mindfulness-based approaches. Additionally, the MBSI 
online intervention featured a meticulously organized 
“MBSI online program manual”, ensuring consistency 
across subgroups.

Procedure
	 In the intervention group, participants received an 
8-week MBSI online program via the Zoom platform. 
Conversely, individuals in the control group were assigned 
to a waiting list and received the intervention only after 
completing a 3-month follow-up questionnaire. It is 
noteworthy that blinding was not implemented; both 
participants and therapists were aware of the interventions.

Outcomes
	 Primary outcome
	 The Thai Version of the Revised Rosenberg Self-
Esteem Assessment (RSES-R)30 is a 10-item self-report 
questionnaire designed to assess self-esteem within 
the Thai cultural context. This version is a translation 
derived from Morris Rosenberg’s original Rosenberg 
Self-Esteem Scale (RSES).1 Responses are rated on a 
scale from ‘Strongly Agree’ to ‘Strongly Disagree,’ with 
positively phrased items scored from 4 to 1 and negatively 

phrased items from 1 to 4. Scores on this assessment 
range from 10 to 40, categorizing self-esteem levels as 
High (31 - 40 points), Moderate (21 - 30 points), and 
Low (10 - 20 points). The assessment demonstrates good 
internal consistency, with a Cronbach’s alpha coefficient 
of 0.84.

	 Secondary outcome
	 The Philadelphia Mindfulness Scale in Thai Version 
(PHLMS_TH)31 is a 20-item self-report tool with 5 response 
options. It assesses mindfulness, having been translated into 
Thai from the original PHLMS. The internal consistency, 
evaluated by Cronbach’s alpha coefficients, is 0.87 for 
awareness and 0.88 for acceptance.
	 The Resilience Inventory-9 (RI-9),32 is a 9-item 
self-report questionnaire with 5 response categories, 
assessing resilience. It yields scores ranging from 9 to 
45, where higher scores signify increased resilience and 
adaptability. The assessment demonstrates strong internal 
consistency (Cronbach’s alpha = 0.86).
	 Feasibility evaluation was conducted through the 
development of a program feedback questionnaire. The 
assessment encompassed five dimensions of program 
satisfaction: usefulness of the intervention, user-friendliness, 
homework satisfaction, facilitator satisfaction, and 
online platform satisfaction. These dimensions were 
measured using a 5-point Likert scale, ranging from 1 
(very dissatisfied) to 5 (very satisfied).

Statistical Analysis
	 The sample size estimation is based on the rules of 
thumb for pilot trial sample sizes,33 suggesting a range of 
10-75 participants per arm. Anticipating 25 participants 
per arm and accounting for a 30% dropout rate,34 we 
plan to divide the study population into small groups, 
each comprising 6-7 participants. Therefore, we have 
estimated a total sample size of 70 participants, with 
randomization resulting in an equal distribution of 35 
participants per arm.
	 Baseline characteristics were compared between groups 
using appropriate statistical tests, including Pearson’s 
chi-square test, Fisher’s exact test, or Linear-by-Linear 
Association for categorical variables. The independent 
t-test was utilized for normally distributed continuous 
variables, while the Mann-Whitney U test was applied 
to non-normally distributed continuous variables. 
	 For the within-group analyses, we employed repeated-
measures ANOVA to examine differences in mean scores 
of RSES-R, PHLMS_TH, and RI-9 across time within 
each group. Analyses were conducted at five time points 
(T0–T4) for both group A and B. The Group x Time 
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interaction for RSES-R, PHLMS_TH, and RI-9 mean 
scores was explored between groups A and B during 
T0–T4.	
	 We conducted a modified intention-to-treat analysis 
(mITT),35 excluding participants with insufficient data 
at the T1 time point. The mITT analysis was performed 
for both within-group and between-group comparisons 
of mean scores on the RSES-R, PHLMS_TH, and RI-9. 
Between-group analyses were conducted at various 
time points: T1, T2, T3, and T4 for the intervention and 
waiting list control groups. To address missing data in 
follow-up assessments, we applied Last Observation 
Carried Forward (LOCF)36 in this study. Statistical 
significance was set at a p-value threshold of < 0.05. 
Cohen’s d statistic37 was employed to calculate the effect 
size, with interpretation categorizing effect sizes as small  
(d = 0.2), medium (d = 0.5), and large (d = 0.8), respectively.

RESULTS
	 A total of 329 individuals from diverse regions 
of Thailand underwent initial eligibility assessment as 
depicted in Fig 2. 
	 Among them, 259 were excluded for reasons including 
failure to meet inclusion criteria due to high RSES-R 
score (n=238), participation refusal (n=9), and severe 
psychological illness (n=12). The remaining 70 participants 
were randomly assigned to either the intervention group 
(n=35) or the waiting list control group (n=35). 
	 However, six participants from the intervention 
group and one participant from the control group, who 
prematurely discontinued the program exhibiting data 
insufficiency at the T1 time point, were excluded. As a 
result, a final analyzed cohort comprised 29 participants 
in the intervention group and 34 participants in the 
control group for the modified intention-to-treat (mITT) 
analysis. 
	 A comparative analysis between intervention and 
waiting list control groups revealed no significant differences 
in baseline self-esteem, mindfulness, resilience, and 
characteristics including age, gender, religion, chronic 
illness, substance use, family household, socioeconomic 
status, relational support, and prior meditation experience, 
as depicted in Table 1.
	 The dropout rate was 25.7% in the intervention 
group according to prematurely discontinued intervention 
due to meet withdrawal criteria before 4th session (n=4), 
unable to contact (n=4), Internet problem (n=1), as 
illustrated in Fig 3.

Primary outcome
	 The self-esteem was compared within-group and 

between-group using mITT analysis. For the within-
group analysis in the intervention group, self-esteem 
(RSES-R) scores significantly improved over time (p < 
0.001). A significant change from baseline was observed 
from week 4 to the 3-month follow-up. In contrast, the 
control group demonstrated no statistically significant 
within-group improvement in self-esteem scores.
	 The between-group analysis for the intervention 
group compared to the control group revealed notable 
changes in self-esteem (RSES-R) scores, indicated by 
statistically significant differences at week 8 (p < 0.001), 
the 1-month follow-up (p < 0.001), and the 3-month 
follow-up (p < 0.001), with large effect sizes for all three 
time points (d = 1.00, 0.96, 0.96, respectively). There were 
differences in the outcomes between the two groups at 
T1, T2, T3, and T4 for the direction and size of outcome 
differences; see Table 2 and Fig 4.

Secondary outcomes
	 In the intervention group, there were significant 
improvements over time in mindfulness (PHLMS_TH) and 
resilience (RI-9) scores (p = 0.001 and p < 0.001, respectively) 
during the within-group analysis. Notably, a significant 
change from baseline was evident starting from week 4 
and persisted through the 3-month follow-up. Conversely, 
the control group exhibited no statistically significant 
within-group enhancements in overall mindfulness and 
resilience scores.
	 The analysis comparing the intervention group 
to the control group unveiled significant alterations in 
mindfulness (PHLMS_TH) and resilience (RI-9) scores. 
These changes were evident at week 8, the 1-month 
follow-up, and the 3-month follow-up, demonstrating 
medium to large effect sizes. Noteworthy differences 
between the two groups were observed at T1, T2, T3, and 
T4 in terms of the direction and magnitude of outcome 
variances; see Table 2 and Fig 4.

Program feedback
	 The feedback scores for the MBSI online program 
are summarized in Table 3. Facilitator satisfaction was 
notably high, with a mean score of 4.92, and a substantial 
majority (92.3%) of participants expressing complete 
satisfaction (score 5). Similarly, satisfaction with the 
online platform and overall program satisfaction garnered 
mean scores of 4.73, with 76.9% of participants indicating 
the highest level of satisfaction. 

DISCUSSION
	 The present study aimed to develop and evaluate the 
efficacy of the 8-week MBSI online program in enhancing 

Krobtrakulchai et al.
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TABLE 1. Baseline demographic and characteristics of participants.

Baseline Characteristics	 Intervention Group	 Waiting List Control Group	 p 

		  (n=29)	 (n=34)

		  Mean ± SD 	 Mean ± SD

		  n (%)	 n (%)

Age, year	 16.48 ± 0.91	 16.12 ± 0.73	 0.082

	 Range	 15-18	  15-18	

Female	 19 (65.5)	 22 (64.7)	 0.946

Religion			   0.327

	 Buddhist	 24 (82.8)	 32 (90.9)

	 Christian	 1 (3.4)	 0 (0)

	 Islamic	 2 (6.9)	 0 (0)

	 Other/None 	 2 (6.8)	 5 (8.1)	

Chronic Illness			   0.339

	 None 	 16 (59.3)	 23 (69.7)

	 Physical Illness	 6 (22.2)	 8 (24.2)

	 Mental Illness	 5 (18.5)	 2 (6.1)	

Substance Use			   0.453

	 Never Used	 24 (82.8) 	 31 (91.2)

	 Used Before	 5 (17.2)	 3 (8.8)	

Family Member			   1.000

	 Both Parents 	 16 (55.2)	 20 (58.8)

	 Either Parent	 7 (24.1)	 8 (23.5)

	 Other Relatives 	 6 (20.7)	 6 (17.6)	

Socioeconomic Status			   0.534

	 <550 US/month	 7 (24.1)	 2 (5.9)

	 550-850 US/month	 8 (27.6)	 18 (52.9)

	 >850 US/month  	 14 (48.3)	 14 (41.2)	

Relational support			   0.741

	 No	 4 (13.8)	 6 (17.6)

	 Yes	 25 (86.2)	 28 (82.4)	

Prior Meditation Experience			   0.299

	 Never	 25 (86.2)	 25 (75.8)

	 Yes	 4 (13.8)	 8 (24.2)	

Baseline Outcome Scores

	 RSES-R	 23.7 ± 4.2	 25.3 ± 4.1	 0.118

	 PHLMS_TH	 55.0 ± 6.7	 57.2 ± 5.4	 0.136

	 RI-9	 28.3 ± 5.2	 28.2 ± 7.2	 0.946

Abbreviations: RSES-R, Thai Version of the Revised Rosenberg Self-Esteem Assessment; PHLMS_TH, Philadelphia Mindfulness Scale in 
Thai Version; RI-9, Resilience Inventory-9.
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Fig 3. CONSORT flow diagram.
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TABLE 2. Within-Group and Between-Group Outcomes at Baseline (T0), Week 4 (T1), Week 8 (T2), 1-Month 
Follow-Up (T3), and 3-Month Follow-Up (T4).

	 Outcomes	 Time point	 Intervention group	 Waiting list control group	 p	 d 
			   (n=29)	 (n=34)
			   Mean ± SD	 Mean ± SD	

	 RSES-R	 Time x Group			   <0.001

		  Baseline (T0)	 23.66 ± 4.24	 25.32 ± 4.10	 0.118	 0.40

		  Week 4 (T1)	 27.79 ± 4.63 a	 25.71 ± 4.81	 0.086	 0.44

		  Week 8 (T2)	 31.34 ± 4.17 a	 26.88 ± 4.73	 <0.001	 1.00

		  1-month follow-up (T3)	 32.07 ± 4.18 a	 27.26 ± 5.73	 <0.001	 0.96

		  3-month follow-up (T4)	 32.31 ± 4.42 a	 27.53 ± 5.48	 <0.001	 0.96

		  p (Within-group changes over)	 <0.001	 0.084		

	 PHLMS_TH	 Time x Group			   <0.001

		  Baseline (T0)	 54.97 ± 6.71	 57.26 ± 5.37	 0.136	 0.38

		  Week 4 (T1)	 58.45 ± 8.21 a	 55.50 ± 7.51	 0.142	 0.37

		  Week 8 (T2)	 64.38 ± 10.73 a	 57.12 ± 7.90	 0.003	 0.77

		  1-month follow-up (T3)	 63.93 ± 10.52 a	 58.65 ± 7.84	 0.026	 0.57

		  3-month follow-up (T4)	 65.34 ± 10.31 a	 57.97 ± 6.87	 0.001	 0.84

		  p (Within-group changes over time)	 0.001	 0.061		

	 RI-9	 Time x Group			   <0.001

		  Baseline (T0)	 28.34 ± 5.16	 28.24 ± 7.18	 0.946	 0.02

		  Week 4 (T1)	 31.97 ± 5.52 a	 28.85 ± 7.62	 0.073	 0.47

		  Week 8 (T2)	 35.21 ± 5.80 a	 30.06 ± 7.16	 0.003	 0.79

		  1-month follow-up (T3)	 36.07 ± 6.63 a	 29.29 ± 7.80	 <0.001	 0.94

		  3-month follow-up (T4)	 36.62 ± 6.04 a	 29.59 ± 8.63	 <0.001	 0.94

		  p (Within-group changes over time)	 <0.001	 0.522		

Note. a significant change from baseline P < 0.05
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Fig 5. Within-group changes over time and between-group outcomes of mindfulness.
Note. * P<0.05 (within-group analysis), ** P < 0.05 (between group analysis adjusted for baseline characteristic)

Fig 6. Within-group changes over time and between-group outcomes of resilience.
Note. * P<0.05 (within-group analysis), ** P < 0.05 (between group analysis adjusted for baseline characteristic)
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TABLE 3. MBSI online program feedback (N=26).

   Aspect	 Mean score 	 Score 5,	 Score 4,	 Score 3,	 Score 2,	 Score 1, 
	 ± SD	 n (%)	  n (%)	 n (%)	 n (%)	 n (%)

Usefulness of program	 4.58 ± 0.64	 17 (65.4)	 7 (26.9)	 2 (7.7)	 0 (0)	 0 (0)

User-friendliness of program	 4.73 ± 0.53	 20 (76.9)	 5 (19.2)	 1 (3.8)	 0 (0)	 0 (0)

Homework satisfaction	 4.50 ± 0.65	 15 (57.7)	 9 (34.6)	 2 (7.7)	 0 (0)	 0 (0)

Facilitator satisfaction	 4.92 ± 0.27	 24 (92.3)	 2 (7.7)	 0 (0)	 0 (0)	 0 (0)

Online platform satisfaction	 4.73 ± 0.53	 20 (76.9)	 5 (19.2)	 1 (3.8)	 0 (0)	 0 (0)

Overall program satisfaction	 4.73 ± 0.53	 20 (76.9)	 5 (19.2)	 1 (3.8)	 0 (0)	 0 (0)

Note: Scores range from 1 (very dissatisfied) to 5 (very satisfied)

self-esteem, mindfulness, and resilience among low-to-
moderate self-esteem adolescents, while also assessing the 
feasibility of the MBSI online program. Key findings revealed 
significant improvements in self-esteem, mindfulness, 
and resilience within the intervention group over time. 
Between-group analysis demonstrated notable changes 
at week 8, 1-month follow-up, and 3-month follow-up, 
with medium to large effect sizes post-intervention and 
sustained effects at the 3-month follow-up. Differences 
in outcomes between groups were observed at T1, T2, 
T3, and T4 regarding the direction and size of outcome 
differences.
	 Our findings were congruent with prior research 
that demonstrated the effectiveness of mindfulness-
based interventions in enhancing various psychological 
aspects including subjective well-being, self-esteem and 
perceived stress levels among adolescents.10,38 A previous 
systematic review13 of 17 studies showed the majority of 
studies investigating the impact of MBIs on self-esteem in 
adolescents reported significant increases in self-esteem. 
	 Multiple strengths of present study were identified 
adding up to current MBIs research field. First, the study 
population targeted low to moderate self-esteem adolescents. 
Since adolescents struggling with diminished self-esteem 
are at heightened risk for internalizing symptoms like 
depressive mood, somatic complaints, and anxiety, the 
MBSI online program was designed to find effective 
strategies for preventing negative consequences. 
	 Second, the efficacy of the MBSI online program 
in improving self-esteem demonstrated large effect size 
with long term effect to the 3-month follow-up. This 
program enabling practical integration into adolescents’ 
daily lives and the activities were designed specifically for 
adolescents appeared to resonate well with adolescents’ 

lifestyles, leading to increased program efficacy. When 
compared to previous studies,19,20 it was found that the 
MBSI online program has better efficacy than other online 
interventions. In MBSI online, group-based training with 
the use of consistent subgroups encouraged participants 
to openly share and maintain group dynamics throughout 
the training. Co-facilitators within these subgroups 
ensured precise guidance and consistent practice for each 
participant. Third, in relation to the secondary outcomes, 
the intervention demonstrated a statistically significant 
enhancement in both mindfulness and resilience among 
the participants. Developing mindfulness and resilience in 
adolescents is essential for their well-being. Mindfulness 
helps individuals become more self-aware, attentive 
and focused on the present, which can enhance their 
ability to cope with stress and challenges.39 Resilience 
enables adolescents to persevere, adapt, and rise to the 
occasion when faced with difficult circumstances.40 Our 
study revealed substantial and lasting improvements in 
mindfulness and resilience, with medium to high effect 
sizes immediately post-intervention and persisting at 
the 3-month follow-up. These findings underscore the 
efficacy of the MBSI online program in fostering enduring 
and positive impacts in these vital domains.
	 Fourth, the MBSI online was an efficient innovative 
approach facilitated through an online platform which 
enabled participants from diverse geographical regions 
to access the intervention and made it a cost-effective 
approach. 
	 The feasibility of the current study, as assessed by 
the dropout rate and satisfaction rate, offers insight into 
the practicality and acceptability of the intervention. The 
intervention group exhibited a dropout rate of 25.7% 
aligning with the range reported in a systematic review,34 
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which indicated dropout rates between 16% and 29% for 
mindfulness-based interventions (MBIs). However, the 
observed dropout rate raises concerns about potential 
bias and underscores the need for strategies that promote 
adherence, especially within online platforms. In terms of 
program satisfaction, the MBSI online program received 
consistently high participant satisfaction, as indicated 
by positive mean scores (ranging from 4.58 to 4.92) and 
substantial percentages reporting top-level contentment 
(ranging from 65.4% to 92.3%). These results affirm 
participants’ favorable perceptions, serving as a testament 
to the program’s success in meeting their needs and 
fostering a constructive learning environment.
	 The study’s limitations necessitate ongoing scrutiny. 
Firstly, the relatively small sample size of 70 participants 
may constrain the generalizability of findings to a broader 
population, affecting the statistical power of analyses. 
Secondly, the absence of blinding introduces the possibility 
of biases in reporting and implementation, potentially 
influencing participant responses. Thirdly, relying on 
self-report measures for outcomes like self-esteem, 
mindfulness, and resilience introduces the potential for 
social desirability bias and measurement inaccuracies. 
Fourthly, the mITT analysis may be biased due to missing 
outcome data. Fifthly, there was no analysis conducted 
on the homework assignment to determine whether it is 
a factor influencing the program’s effectiveness. Lastly, 
the study’s geographical restriction to Thailand may 
limit the generalizability of findings to other cultural 
contexts.
	 However, this research holds significant implications for 
medical practice, public health, and research implementation, 
particularly in the realm of addressing low self-esteem 
among adolescents. Clinicians working with adolescents 
experiencing low self-esteem can utilize the MBSI online 
program as an effective tool to support their mental well-
being and proactively prevent psychological illnesses. The 
program’s accessibility through online platforms further 
enhances its reach and impact. By providing evidence of 
the positive impact of the MBSI program on self-esteem, 
mindfulness, and resilience, this research serves as a 
foundation for future studies and the development of 
similar programs tailored to specific needs.
	 Future research endeavors should strive to involve 
larger and more diverse samples, with efforts focused on 
reducing attrition rates. Exploring double-blinded and 
active control groups, incorporating objective measures, 
conducting cross-cultural validation, monitoring and 
analyzing the effectiveness of homework assignments, and 
extending follow-up periods would collectively enhance 
the comprehensiveness of our understanding regarding 

the program’s efficacy and its potential implications for 
the well-being of adolescents.

CONCLUSION
	 The pilot randomized controlled trial demonstrated 
the efficacy of the MBSI online program in enhancing 
self-esteem, mindfulness, and resilience among low self-
esteem adolescents, with sustained effects at the 1-month 
and 3-month follow-ups. The program’s innovative 
combination of MBIs and ACT elements included group-
based activities facilitated through the online platform 
and tailored its design specifically for adolescents. The 
positive program feedback and high satisfaction ratings 
underscored the feasibility and acceptability of the MBSI 
online program. To validate these findings and establish 
its broader efficacy and applicability, future research 
should include larger, diverse samples, minimize dropouts, 
explore various control groups, use objective measures, 
cross-cultural validation, and extend follow-up periods.
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Retrospective Analysis of Inpatient Dermatologic 
Consultations in a Residency Training Program

ABSTRACT
Objective: This study assessed the prevalence and clinical characteristics of inpatient dermatologic diseases, examined 
trends over 3 academic years in a tertiary care hospital in Thailand, and evaluated their relevance to the current 
dermatology residency curriculum.
Materials and Methods: A retrospective review was performed at the Department of Dermatology, Faculty of 
Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand. Consultation records from July 2018 to June 
2021 were assessed. Data extracted included patient age, sex, referring departments, and diagnoses.
Results: Of the 1964 consultations, 2002 diagnoses were identified. Consistent with previous findings, the predominant 
diagnostic categories were drug eruptions (28.02%; 561), eczema (16.18%; 324), and viral infections (9.29%; 186). 
Internal medicine made the most requests, followed by surgery and orthopedics. While the prevalence of consulted 
diseases remained constant over the 3 academic years, the total number of consultations increased. Most of the 
consulted conditions were already covered in the “must-know” section of the dermatology residency curriculum, 
with a few exceptions. The consultation cases satisfied the inpatient evaluation requirements of Entrustable 
Professional Activity.
Conclusion: The prevalence of inpatient dermatologic diseases was highest for drug eruptions, followed by eczema 
and viral infections. The consistent trend in the prevalence of these consulted diseases underscores the significance 
of inpatient dermatology. Incorporating these insights into revisions of the dermatology residency curriculum may 
enhance the training of dermatologists.
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INTRODUCTION
	 Dermatology predominantly operates within an 
outpatient context.1 Common outpatient conditions such 
as eczema, acne, pigmentary disorders, and alopecia are 
typically neither urgent nor life-threatening. Conversely, 
inpatient dermatologic cases are typically more distinct 
and intricate than their outpatient counterparts.2 
Dermatologic problems may either be the primary 
cause of a patient’s hospitalization or subsequently 
emerge during admission for other conditions.3 Several 

inpatient dermatologic conditions demand immediate 
intervention, for example, severe cutaneous adverse 
drug reactions, vesiculobullous diseases, and generalized 
pustular psoriasis. Their impact often extends beyond 
the skin, with some complex cutaneous consultations 
substantially elevating morbidity and mortality rates.3,4 
Thus, inpatient dermatologic conditions merit equal, 
if not greater, emphasis than the dermatoses typically 
encountered in outpatient settings.
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	 Dermatologists are instrumental in diagnosing and 
managing inpatient cutaneous manifestations. Evidence 
from prior research indicates that inpatient dermatologic 
consultations significantly refine diagnostic accuracy and 
improve both clinical and economic outcomes.2-6 Without 
these consultations, incorrect diagnoses and treatments 
would escalate patient morbidity and mortality.3,4 Therefore, 
dermatologists must be well versed in the characteristics 
of inpatient consultations. While the literature offers 
insights into inpatient dermatologic consultations in 
certain countries,1,3,4,7-12 data for Thailand remain sparse.
	 This research endeavored to establish the prevalence, 
clinical features, and trends of inpatient dermatologic 
consultations within a tertiary care setting in Thailand. These 
insights will ascertain whether the current dermatology 
residency curriculum aligns with the afflictions observed 
among inpatients.

MATERIALS AND METHODS
	 We undertook a retrospective study at the Department 
of Dermatology, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand. The Siriraj 
Institutional Review Board granted study approval (COA 
no. Si 559/2022). We included patients aged 18 years and 
above with dermatologic consultation records between 
July 2018 and June 2021. We extracted data on age, sex, 
referring departments, and diagnostic outcomes. Three 
dermatologists from the dermatology department (N.S., 
S.V., S.B.) categorized these diagnoses into 22 groups. We 
subsequently analyzed the prevalence of each diagnostic 
group and discerned consultation trends.

Statistical analysis
	 Categorical data, encompassing sex, consulting 
departments, and the prevalence of each diagnostic 
group, were tabulated as numbers and percentages. 
Continuous data were evaluated using means and standard 
deviations. Data analyses were executed with PASW 
Statistics, version 18 (SPSS Inc, Chicago, IL, USA).

RESULTS
	 Over the 3 years from July 2018 to June 2021, 1964 
consultation cases were documented. The mean age of 
the patients was 57.6 ± 19.1 years, with males comprising 
50.05% of the cohort. The internal medicine department 
initiated approximately half of the consultations (53.56%; 
1052). This was followed by the surgery department 
(25.46%; 500), orthopedics department (7.74%; 152), 
obstetrics and gynecology department (3.46%; 68), and 
ophthalmology department (2.49%; 49; refer to Table 1).
	 When accounting for the number of patients admitted 

in each department, the physical medicine and rehabilitation 
department had the highest consultation ratio at 3.78 %. 
Following this were internal medicine (2.01%), radiology 
(1.30%), orthopedics (1.03%), psychiatry (0.90%), surgery 
(0.87%), ophthalmology (0.35%), otorhinolaryngology 
(0.34%) and obstetrics and gynecology (0.11%), as depicted 
in Table 2.
	 Table 3 delineates the frequency distribution 
of each disease category. During the study interval, 
dermatologists and dermatology residents recorded 2002 
diagnoses from the 1964 consultation cases. The top 
10 diagnostic categories were drug eruptions (28.02%; 
561), eczema (16.18%; 324), viral infections (9.29%; 
186), fungal infections (8.44%; 169), vasculitis (5.49%; 
110), miscellaneous conditions (4.3%; 86), tumors and 
malignancies (4.2%; 84), papulosquamous diseases (3.8%; 
76), bacterial infections (3.15%; 63), and vesiculobullous 
diseases (3.05%; 61). Parasitic infection, such as scabies 
and strongyloidiasis, and mycobacterial disorders were less 
common. Other infrequent conditions were autoimmune 
diseases, urticaria, hair and nail diseases, pigmentary 
diseases, neutrophilic dermatoses, pregnancy dermatoses, 
skin manifestations in systemic diseases, panniculitis, 
graft-versus-host diseases, and aging skin signs.
	 Drug eruptions emerged as the predominant 
diagnostic category. Most of these eruptions lacked 
systemic involvement (23.83%; 477). Morbilliform 
drug eruption dominated this subcategory (17.13%; 
343), followed by adverse reactions from chemotherapy 
(3.35%; 67). Among the drug eruptions with systemic 
involvement, drug rash with eosinophilia and systemic 
symptoms was predominant (2.05%; 41). Eczema was 
second most prominent diagnostic category. Regarding 
viral infections, the third most prominent category, herpes 
simplex virus and herpes zoster virus were the principal 
causative agents (8%; 160). Fungal infections stood fourth, 
with superficial fungal infections, especially candida and 
dermatophyte infections, taking precedence (7.26%; 145). 
In the tumor and malignancy group, benign tumors were 
the most diagnosed (1.6%; 32), followed by cutaneous 
lymphoma and leukemia/lymphoma cutis (1.25%; 25), 
malignant/precancerous tumors (0.95%; 19), and cutaneous 
metastasis (0.4%; 8). The papulosquamous disease group 
was predominantly characterized by psoriasis diagnoses 
(3.65%; 73). Within the bacterial infections, cellulitis was 
the primary diagnosis prompting consultation (1.00%; 
20), followed by folliculitis (0.70%; 14). Last, in the 
vesiculobullous diseases category, bullous pemphigoid 
was the most frequent diagnosis (2.10%; 42).
	 The prevalence of diagnoses requested for consultation 
by each department is outlined in Table 4. In the internal 
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TABLE 1. Demographic data of dermatologic consultations: July 2018–June 2021.

TABLE 2. Ratio of inpatient consultations by department.

		  Number of patients (%)  

		  N= 1,964

Age (year) mean ± SD	 57.6 ± 19.1

Sex: male 	  983 (50.05)

Department requesting consultation	

	 Internal medicine	 1,052 (53.56)

	 Surgery 	 500 (25.46)

	 Orthopedics 	 152 (7.74)

	 Obstetrics & gynecology 	 68 (3.46)

	 Ophthalmology 	 49 (2.49)

	 Radiology 	 40 (2.04)

	 Physical medicine & rehabilitation 	 39 (1.99)

	 Otorhinolaryngology	 34 (1.73)

	 Anesthesiology 	 17 (0.87)

	 Psychiatry 	 13 (0.66)

	 Average number of 	 Number of	 Ratio of
	 admitted patients 	 consulted patients	 consulted
	 in 3 years	 in 3 years	 patient (%)

Physical medicine & rehabilitation 	 1,032	 39	 3.78

Internal medicine	 52,227	 1,052	 2.01

Radiology 	 3,078	 40	 1.30

Orthopedics 	 14,769	 152	 1.03

Psychiatry 	 1,440	 13	 0.90

Surgery 	 57,697	 500	 0.87

Ophthalmology 	 13,824	 49	 0.35

Otorhinolaryngology	 9,948	 34	 0.34

Obstetrics & gynecology 	 64,029	 68	 0.11
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TABLE 3. Dermatologic disease categories in consultations: July 2018–June 2021.

                       Diagnosis	 Number of diagnoses (%) N=2,002

Drug eruptions 	 561 (28.02)

Drug eruptions without systemic involvement	 477 (23.83)

Drug eruptions with systemic involvement	 84 (4.20)

Eczema 	 324 (16.18)

Viral infection 	 186 (9.29)

Fungal infection 	 169 (8.44)

Vasculitis 	 110 (5.49)

Miscellany	 86 (4.30)

Tumor/Malignancy 	 84 (4.20)

Papulosquamous diseases 	 76 (3.80)

Bacterial infection 	 63 (3.15)

Vesiculobullous diseases	 61 (3.05)

Autoimmune diseases	 58 (2.90)

Urticaria 	 58 (2.90)

Hair and Nail diseases	 36 (1.80)

Pigmentary diseases 	 32 (1.60)

Neutrophilic dermatoses 	 22 (1.10)

Pregnancy dermatoses	 18 (0.90)

Skin signs in systemic diseases 	 17 (0.85)

Mycobacterial infection 	 14 (0.70)

Panniculitis	 9 (0.45)

Parasitic infestation 	 9 (0.45)

Graft-versus-host disease	 6 (0.30)

Aging skin sign  	 3 (0.15)

medicine department, the most frequent diagnosis was 
drug eruptions (30.9%), followed by eczema (10.4%), viral 
infections (8.2%), vasculitis (7.9%), and other conditions 
(5.5%). In the surgery department, the most frequent 
diagnoses were drug eruptions (30.5%), eczema (20.1%), 
fungal infections (12.7%), viral infections (9.6%), and 
urticaria (5.1%). In the orthopedics department, eczema 
was the leading dermatosis requested for consultation 
(28.4%), followed by fungal infection (17.4%), drug 
eruptions (14.8%), viral infections (12.9%), and 
papulosquamous diseases (5.2%). In the obstetrics and 
gynecology department, pregnancy dermatoses dominated 
the consultation requests at 25%, followed by eczema 

(22.1%), fungal infections (11.8%), drug eruptions (10.3%), 
and tumors/malignancies (5.9%). For the ophthalmology 
department, the most common diagnoses were eczema 
(33.3%), viral infections (19.6%), drug eruptions (17.6%), 
fungal infections (15.7%), and vasculitis (2%).
	 Fig 1 charts the dermatologic consultation trends 
from July 2018 to June 2021. The 2018 academic year 
saw 591 consultations, which increased to 669 in 2019 
and further to 704 in 2020. Throughout these 3 academic 
years, the internal medicine department consistently 
submitted the highest number of dermatologic consultation 
requests (51.44%, 54.56%, and 54.47%, respectively). 
Regarding the consultation disease trend, the prevalence 
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TABLE 4. Dermatologic diseases consulted by department: July 2018–June 2021.

	      Diagnosis	 N (%)

Internal medicine (1,070)	
Drug eruptions	 331 (30.9)
Eczema	 111 (10.4)
Viral infection	 88 (8.2)

Surgery (512)	
Drug eruptions 	 156 (30.5)

Eczema	 103 (20.1)

Fungal infection	 65 (12.7)

Orthopedics (155)	
Eczema	 44 (28.4)

Fungal infection	 27 (17.4)

Drug eruptions	 23 (14.8)

Obstetrics & Gynecology (68)	
Pregnancy dermatoses	 17 (25)

Eczema	 15 (22.1)

Fungal infection	 8 (11.8)

Ophthalmology (51)	
Eczema	 17 (33.3)

Viral infection	 10 (19.6)

Drug eruptions	 9 (17.6)

Fig 1. Disease trend in dermatologic consultations: July 2018–June 2021.
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of diagnostic categories remained relatively stable across 
all 3 years. Drug eruptions consistently appeared as the 
most frequent diagnosis (28.38%, 28.63%, and 27.23%). 
Eczema ranked as the second most common diagnosis, 
with its prevalence notably rising over the 3 years (13.52%, 
16.28%, and 18.30%).
	 Table 5 juxtaposes the diseases in the “must-know” 
category of the dermatology curriculum with inpatient 
consultations. Almost all conditions could be categorized 
into the “must know” diagnostic group of the dermatology 
residency curriculum. The notable exceptions were adverse 
reactions from chemotherapy, ulcer/burn conditions, 
and lymphoma-related diagnoses, including cutaneous 
lymphoma and leukemia/lymphoma cutis.

DISCUSSION
	 Dermatology is traditionally perceived as an outpatient 
specialty, yet it also plays a vital role in providing inpatient 
dermatologic consultations. Inpatient dermatologic 
consultations are integral to in-hospital patient care. 
The consultations offer not only clinical and educational 
benefits but also financial advantages to patients, hospitalist 
teams, and hospitals.1,3,4 The present investigation focused 
on the clinical and epidemiological aspects of inpatient 
dermatologic consultations, evaluating the prevalence 
of departments soliciting dermatologic consultation, 
the commonality of consulted inpatient dermatoses, 
and consultation trends across 3 academic years.
	 Consistent with prior studies,1,3,4,7-11 the internal 
medicine department initiated the largest number of 
consultations. Research by Vinay et al,3 Galimberti et al,4  
and Balai et al10 indicated that almost half of the consultations 
originated from the internal medicine department. This 
finding aligns with our data (53.56%). This trend might 
be due to the substantial number of inpatient admissions 
in internal medicine, compounded by the intricacy of the 
conditions treated and the extensive use of medications.7,10 
The high demand for consultations might also be driven 
by the rigorous and thorough physical examinations 
performed by internal medicine teams, leading to the 
detection of more lesions than by other departments. We 
found that the surgery and orthopedics departments had 
the second- and third-highest number of consultation 
requests, respectively, corroborating findings from earlier 
publications. However, it is imperative to note that our 
investigation did not encompass patients under 18, 
meaning that the pediatric department a significant 
contributor to consultations in some studies3,4,13 was 
not considered.
	 Conversely, when assessing the proportion of 
dermatologic consultations relative to the total patient 

admissions per department, the department with the most 
pronounced ratio was physical medicine and rehabilitation, 
followed by internal medicine and then radiology. This 
finding indicates that even when accounting for the sheer 
volume of patient admissions, internal medicine remains 
a prominent requester of consultations. Interestingly, 
physical medicine and rehabilitation, which primarily 
admits patients for holistic rehabilitation, emerged as 
the department with the highest consultation frequency.
	 The most commonly consulted conditions highlighted 
in earlier studies encompass infectious dermatoses, eczema, 
and drug eruptions.1,8-10,12 However, in our research, drug 
eruptions accounted for most consultations, followed by 
eczema and infectious dermatoses (encompassing viral, 
fungal, and bacterial infections). Drug eruptions skin 
manifestations more prevalent among inpatients due 
to the administration of multiple medications during 
hospitalization constituted the largest category of consulted 
diseases in inpatient dermatology. Although severe drug 
eruptions (4.2%; 84) were consulted less frequently than 
those without systemic involvement (23.83%; 477), the 
high mortality rate associated with severe drug eruptions 
underscores the need for emergency care awareness. 
An updated residency curriculum must incorporate 
information about novel treatments and the pathogenesis 
of severe drug eruptions.
	 The heightened prevalence of infectious lesions might 
be due to inpatients’ significant preexisting comorbidities 
and immunosuppression during their admission.3 Our 
study also identified complicated and atypical infectious 
dermatologic conditions, such as disseminated herpes 
infection, nontuberculous mycobacterial infection, and 
interferon-gamma autoantibody disease. On the other hand, 
our findings revealed that autoimmune diseases received 
fewer consultations than cutaneous vasculitis. This is likely 
because rheumatologists at our tertiary hospital often 
oversee autoimmune disease consultations. Autoimmune 
diseases, especially systemic lupus erythematosus, are 
“must-know” conditions for dermatologists. Therefore, 
collaboration between dermatologists and rheumatologists 
remains paramount for both optimal patient care and 
residency training.
	 In the internal medicine and surgery departments, 
the dominant conditions eliciting consultations were 
drug eruptions, followed by eczema and infections, 
both fungal and viral a pattern mirroring the general 
consultation trends. However, this uniformity was absent 
in other departments. For instance, the obstetrics and 
gynecology department primarily dealt with pregnancy-
related dermatoses. In the orthopedic and ophthalmology 
departments, where the primary ailments are largely 



Volume 76, No.2: 2024 Siriraj Medical Journal https://he02.tci-thaijo.org/index.php/sirirajmedj/index58

TABLE 5. “Must-Know” disease categories in dermatology residency training curriculum vs. prevalence in inpatient 
consultations.

Diagnostic group and diseases found in dermatology consultation 	 Number of diagnoses (%)

Eczema		 324 (16.18)
Immunologic diseases	 127 (6.34)
	 Connective tissue disease: Lupus erythematosus	 44 (2.20)
	 Anaphylactic syndrome       	
		  Urticaria	 75 (3.74)
		  Anaphylaxis	 2 (0.10)
	 Graft-versus-host disease	 6 (0.30)
Infection 	 441 (22.03)
	 Viral infection	 186 (9.29)
	 Fungal infection	 169 (8.44)
	 Bacterial infection 	 63 (3.15)
	 Mycobacterial infection	 14 (0.70)
	 Parasitic infestation 	 9 (0.45)
Photodermatology	 -
Papulosquamous eruptions	 76 (3.80)
	 Psoriasis	 73 (3.65)
	 Others	 3 (0.15)
Vesiculobullous disease	 61 (3.05)
	 Bullous pemphigoid	 42 (2.10)
	 Pemphigus vulgaris	 13 (0.65)
	 Others	 6 (0.30)
Vasculitis	 110 (5.49)
Panniculitis	 9 (0.45)
Drug eruptions	 424 (21.18)
	 Morbilliform drug eruption 	 343 (17.13)
	 DRESS/DIHS	 41 (2.05)
	 SJS	 18 (0.90)
	 TEN	 9 (0.45)
	 Pustular drug eruption	 6 (0.30)
	 Exfoliative dermatitis	 5 (0.25)
	 Generalized bullous fixed drug eruption	 2 (0.10)
Non-infectious inflammatory disorder	 22 (1.10)
	 Neutrophilic dermatoses	 22 (1.10)
Pigmentary disorder	 32 (1.60)
Diseases of hair	 5 (0.25)
Diseases of nail	 31 (1.55)
Diseases of sebaceous gland	
Diseases of sweat gland	 13 (0.65)
	 Miliaria	 13 (0.65)
Diseases of oral mucosa	 -
Genodermatoses	 -
Disease of nutrition and metabolism 	 -
Skin neoplasm 	 59 (2.95)
	 Benign tumor	 32 (1.60)
	 Malignant/precancerous tumor	 19 (0.95)
	 Cutaneous metastasis	 8 (0.40)
Skin signs in systemic disease	 17 (0.85)
Occupational and environmental diseases	 -
Psychocutaneous disorders 	 -
Pediatric dermatology 	 -
Genital diseases	 -
Skin diseases in pregnancy 	 18 (0.90)
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organ-specific and do not typically involve extensive 
drug administration, the leading diagnoses were eczema, 
fungal and viral infections, and drug eruptions. Such 
insights could guide dermatologists in tailoring their 
approach to each department’s unique consultation 
spectrum.
	 Across the study’s 3 academic years, the prevalence 
trend of consulted diseases remained static and, despite 
the ongoing COVID-19 pandemic during the study 
interval, inpatient consultation numbers consistently 
rose. In contrast, outpatient cases has declined over a 
similar period of time.14 This underscores the pivotal 
role of inpatient dermatologic consultation despite the 
on-going COVID-19 situation. 
	 Our Dermatology Residency is the largest dermatology 
residency program in Thailand. As of the 2023 academic 
year, 23 board-certified dermatologists contribute to 
the program with 34 total residents. Thai dermatology 
curriculum spans 4 academic years. First-year residents 
rotate in the internal medicine department to acquire 
comprehensive knowledge and skills from the rotations. 
While second to fourth-year residents primarily practice 
within the dermatology department. Residents are required 
to complete 750 hours of outpatient dermatology clinic. 
For inpatient requirement, each resident participates in an 
inpatient dermatology rotation for about 8 weeks per year, 
targeting 50-60 inpatient consultations per month. The 
curriculum’s main assessment in inpatients is Entrustable 
Professional Activities (EPA). EPA assesses residents on 
multiple aspects such as patient care, medical knowledge 
and interpersonal skills. The EPA for inpatients requires 
residents to pass nine conditions, with three mandatory 
conditions to meet: severe drug reaction, severe psoriasis, 
and severe vesiculobullous disease.15

	 We analyzed the dermatology residency training 
curriculum at the Department of Dermatology, Faculty of 
Medicine Siriraj Hospital, Mahidol University, Thailand15 

to ascertain its alignment with the diseases identified in 
our study. The curriculum organizes diseases into 3 tiers: 
conditions dermatologists must know, diseases they should 
know, and rare or uncommon conditions. Our review 
found that the current curriculum encompasses all 10 
primary diagnostic groups from our study, positioning 
these diseases in the “must-know” tier. Almost every 
prevalent lesion in each of the 10 diagnostic groups was 
already in the “must-know” category, with the exceptions 
of adverse drug reactions from chemotherapy, cutaneous 
lymphoma, leukemia/lymphoma cutis, and ulcers/burns. 
Notably, cutaneous lymphoma and leukemia/lymphoma 
cutis, while absent from the “must-know” tier, were 
frequent within the malignant consultation group in 

our study, accounting for 1.25% of all consultations.
	 When focus on the number of cases of consultations, 
the study has shown that there were 1964 consultations in 
3 years, averaging approximately 54.5 patients per month. 
This figure closely aligns with the intended number stated 
in the curriculum. In addition, severe drug eruption, 
severe psoriasis, and severe vesiculobullous disease are 
among the top 10 inpatients diagnoses for inpatient EPA 
assessment. 
	 Given the rising incidence of cancer in Thailand,16 our 
study highlighted that adverse reactions to chemotherapy 
are common within the drug eruptions category. These 
reactions, such as hand-foot syndrome, papulopustules, 
paronychia, irregular hair growth, itching, and dryness 
from epidermal growth factor receptor inhibitors (PRIDE 
syndrome), are particularly prevalent in the internal 
medicine department. These conditions have yet to be 
incorporated into the current curriculum. We advocate 
for an update to the dermatology residency curriculum 
to encompass all routinely encountered conditions.
	 While dermatology is out of reach for some hospitals, 
telemedicine consultations could be helpful at hospital 
training institutes that lack sufficient inpatient consultation 
services. Dermatologists in the tertiary care facility might 
therefore share cases with the co-training centers and aid 
in clinical decision making. It is possible for residents 
to contribute significantly to telemedicine while still 
fulfilling their educational requirements.17 
	 This study is with some limitations. Given its 
retrospective chart review design, incomplete or missing 
data were inevitable. Additionally, given Thailand’s 
primarily universal healthcare system, the easy transfer 
of patients from secondary to tertiary care facilities not 
only amplifies the workload in tertiary care hospitals but 
might also skew disease prevalence. Conducted at Siriraj 
Hospital one of Thailand’s largest tertiary care and referral 
centers our study’s disease prevalence may therefore not 
be representative, limiting the generalizability of our 
findings to other institutions. Moreover, this research 
did not explore other facets of inpatient dermatologic 
consultations, such as comparison of diagnoses from 
dermatologists and other medical professionals, economic 
implications or patient treatment impacts, areas deserving 
future investigations. 
	 In summary, the prevalence of commonly consulted 
inpatient dermatologic conditions in our study mirrors 
previous findings. Nevertheless, we identified equally 
frequent severe and potentially fatal dermatologic 
conditions. Without an intricate grasp of these intricate 
inpatient disorders, dermatologists might fail to provide 
accurate diagnoses or efficacious treatments. The study 
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also highlighted that distinct diseases were consulted 
upon by each department. Additionally, the incessant 
evolution of therapeutic approaches inevitably results in 
the emergence of novel dermatologic disorders. Integrating 
this newfound knowledge into residency programs and 
subsequent curriculum revisions will undoubtedly benefit 
future dermatologists and, by extension, their patients.
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The Effect of Diabetes Self-management Education 
Provided by Certified Diabetes Educator Compared 
to Usual Diabetes Education on Glycemic Level and 
Stage of Behavior Change in Adult with Types 2 
Diabetes Mellitus

ABSTRACT
Objective: To explore the effect of diabetes self-management education and support (DSMES) provided by Siriraj 
certified diabetes educators (CDE) compared to usual diabetes education (DE) on glycemic level and stage of 
behavior change in patients with type 2 diabetes mellitus (T2D). 
Materials and Methods: Patients with T2D having A1C 8-12% were recruited between 2019-2020 to receive 
DSMES from CDE. Patients received the usual DE from healthcare professionals in 2016 were randomly selected 
from their medical records.
Results: 76 patients were enrolled in each group. Mean±SD age was 59.4±11.5 years. After receiving DSMES and 
DE, A1C decreased dramatically at 3 months in both groups without significant difference between the groups 
(9.4±1.1% to 8.0±1.2% vs. 9.5±1.1% to 8.1±1.5%, respectively). However, the DEMES group can further decrease 
A1C to 7.8±1.2% while A1C in the usual DE group increased to 8.5±1.6% at 12 months (p=0.028). In the DSMES 
group, most patients can move to the next stage of behavior change and reported a better QOL (89.4±11.6 vs. 
92.6±12.2, p=0.018).
Conclusion: The receipt of DSMES from CDE significantly improved the level of A1C, the stage of behavior change, 
and QOL. Its benefit on the glycemic level can last at least one year.    
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INTRODUCTION 
	 Type 2 diabetes mellitus (T2D) is a disorder of 
carbohydrate metabolism with two main pathophysiologies, 
including insulin resistance and relative insulin deficiency. 
The Western Pacific region has the highest number of 
people living with diabetes in 2021, which is 206 million, 
and could project to 260 million by 2045.1 In the same 

direction, the prevalence of diabetes in Thailand has 
increased from 8.9% in 2014 to 9.5% in 2020,2 and only 
33.3% of people with type 2 diabetes can achieve optimal 
glycemia.3 
	 Diabetes Self-Management Education and Support 
(DSMES) is the process of facilitating the knowledge, 
skills, and abilities necessary for diabetes self-care. It is 
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an important element in diabetes care that helps people 
with diabetes make informed decisions, solve problems, 
develop personal goals and action plans, and cope with 
emotions and life stresses.It can facilitate behavior change, 
improve glycemic control, reduce diabetes complications, 
and improve quality of life.4 The previous national Thai 
survey demonstrated the need for competent diabetes 
educators, adequate time to provide diabetes education, 
and a clearly defined role for diabetes educators.5 The 
Siriraj Diabetes Center of Excellence has established 
the Certified Diabetes Educator Program, Faculty of 
Medicine Siriraj Hospital, in 2017, which is the first 
certified diabetes educator program in Thailand organized 
by the Faculty of Medicine. After graduating, Siriraj 
Certified Diabetes Educator (CDE), who works in our 
hospital, will rotate to work as CDE in DSMES clinic. 
The objectives of this study were to evaluate the effect of 
CDE-provided DSMES compared to the usual diabetes 
education (DE) provided by the health professional on 
the glycemic level, the behavior change, and the quality 
of life. 

MATERIALS AND METHODS
Design and participants
	 This is a prospective cohort with a historical controlled 
cohort study at Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand. The inclusion 
criteria were 1) adult patients with T2D aged 18-80 years 
2) having A1C 8-12% 3) having been diagnosed with 
T2D for at least 6 months and 4) receiving DSMES from 
CDE or usual DE from the health care professional. The 
exclusion criteria were patients with terminal illness or 
unable to participate in the DSMES program. Patients 
in the usual DE group were randomly selected from the 
electronic medical record. They had to receive the usual 
DE from the healthcare professional in the Outpatient 
Division or Siriraj Diabetes Center during 2016 before 
establishing CDE. In the DSMES group, patients were 
recruited from the DSMES clinic at Siriraj Diabetes Center 
of Excellence during 2019-2020. They received DSMES 
by CDE at baseline, 3, 6, and 12 months. Demographic 
data, glycemic, and lipid levels were collected from 
both groups. Knowledge of diabetes and quality of life 
were evaluated at baseline, 6 and 12 months, while the 
stage of behavior change was evaluated every visit after 
receiving DSMES. 
	 The protocol was approved by the Siriraj Institutional 
Review Board (SIRB) of the Faculty of Medicine Siriraj 
Hospital, Mahidol University, Bangkok, (COA no. Si 
715/2019). Written informed consent was obtained from 
patients in the DSMES group.

Diabetes self-management education and support 
	 DSMES was provided to patients at baseline, 3, 6, and 
12 months. It took around 45-60 minutes per session. The 
DSMES session consisted of four components, including 
building relationships, assessment, implementation, and 
evaluation. CDE assessed the knowledge, understanding, 
attitude, mental, social, needs, and self-care management 
of patients by determining their problems, using open 
questions and the motivational interviewing principle. 
CDE applied deep listening principles and good 
communication skills using both verbal and nonverbal 
body language. The topics of DSMES in each session 
were individualized and depended on the assessment 
and the problems of the patients. The main topics of 
DSMES included diabetes pathophysiology, healthy 
eating and food exchange, acute and chronic diabetic 
complications, exercise, glucose monitoring, diabetes 
medication, insulin injection technique and self-care for 
special conditions. The educational materials used were 
the Siriraj DM interactive tool, food models, glucose 
monitoring, and insulin injection devices. 
	 The CDE discussed with patients and their families 
about their problems and developed suitable solutions 
together.  DSMES was delivered based on the motivation 
interviewing principle to build patients’ confidence in 
their potential to take care of themselves. For behavior 
problems related to diabetes, the intention of the patients 
to change was taken into account by choosing appropriate 
change processes and counseling techniques that matched 
each stage, as well as providing psychological and social 
support.  CDE encouraged patients to set SMART goals 
(specific, measurable, achievable, relevant, and time-
based) and evaluated the results at the next visits. During 
the COVID-19 pandemic, some follow-up visits were 
made by telephone. 

Usual diabetes education 
	 Before the establishment of CDE, DE was provided 
by a healthcare professional primarily by a nurse or a 
dietitian. The DE session was mainly content-based teaching, 
including general knowledge of diabetes, healthy diet, and 
exercise. It was mainly one-way communication from 
the healthcare professional to ensure the completeness 
of the content. At that time, the goal setting and stage 
of behavior change theory were not applied. Ninety-five 
percent of the patients received DE only one session.  

Laboratory measurement
	 Plasma glucose, cholesterol, triglycerides and high-
density lipoprotein cholesterol (HDL-C) were measured 
on a Cobas® 8000 modular analyzer (Roche Diagnostics, 
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Basel, Switzerland). Plasma levels of low-density lipoprotein 
cholesterol (LDL-C) were calculated using the Friedewald 
formula. The A1C level was determined by a turbidimetric 
inhibition immunoassay (Integra 400 analyzer; Roche 
Diagnostics).

Diabetes knowledge, stage of change, and quality of 
life evaluation 
	 Diabetes knowledge was assessed at baseline, 6 and 
12 months using a diabetes knowledge assessment tool 
that consisted of 24 true-false questions. Patients can 
also choose unknown as an answer. Sixteen questions 
were part of an instrument to assess general knowledge 
of patients with diabetes,6 and eight questions were 
from a pretest of our center's T2D camp. The questions 
covered general knowledge of diabetes, diet, exercise, 
sickness management, and foot care. The assessment 
tool was tested in 20 patients with T2D. The reliability 
of the tool calculated by Kuder-Richardson 20 (KR-20) 
was 0.754. 
	 Quality of life was assessed at baseline, 6 and 12 
months using WHOQOL – BREF – THAI.7 WHOQOL 
– BREF, an abbreviated version of WHOQOL –100, 
consists of 26 questions in 4 domains, including physical, 
psychosocial, social, and environment. The score ranges 
from 26 to 130. Higher scores mean a better quality of life. 
Quality of life can be classified into 3 groups including 
1) a poor quality of life (score 26 – 60), 2) a moderate 
quality of life (score 61-95) and 3) a good quality of life 
(score 96-130).
	 During the DSMES session, CDE and patients discussed 
unhealthy behaviors that patients would like to change. 
Stage of behavior change8 including pre-contemplation, 
contemplation, preparation, action, maintenance, and 
relapse were evaluated for each behavior by CDE at 
baseline and at each visit. 
 
Sample size calculation 
	 Previous data from our hospital showed that the 
number of patients having A1C less than 7% at 12 months 
after receiving usual diabetes education was 25%. We 
expected that the number of patients having A1C less 
than 7% at 12 months after receiving DSMES by CDE 
would increase to 50%. Using these data, an alpha level 
of 0.05, an allowable error (d) of 0.02, and a 30% increase 
were required to compensate for the loss of follow-up, a 
sample size of 76 participants in each group was required.

Statistical analysis
	 The baseline characteristics were compared between 

the DSMES and the usual DE group. The medical results 
were compared between baseline and each visit within the 
group and between the groups. Knowledge of diabetes, 
stage of behavior change, and quality of life were compared 
between baseline and 6 to 12 months only in the DSMES 
group. Paired t-test and unpaired t-test were used for 
normal distribution data, and the Mann-Whitney test 
was used for nonnormal distribution data. Chi-square 
and Fisher’s exact test were used for categorical data. 
Statistical analysis was performed using SPSS version 
21 and Python version 3.7.

RESULTS
Baseline characteristics
	 Seventy-six patients with T2D were recruited in 
each group. The mean±SD age was 59.4±11.5 years; the 
median duration of diabetes (IQR) was 9.2 (3.7, 13.1) 
years. There were no differences in baseline characteristics 
between the groups, except for a higher diastolic blood 
pressure in the control group (Table 1). Around 40% of 
patients received insulin therapy.

Medical outcomes
	 Both groups demonstrated a significant improvement 
in fasting plasma glucose (Table 2) and A1C after receiving 
DSMES and the usual DE. However, only DSMES group 
can maintain glycemic control at 12 months. In the 
DSMES group, A1C decreased sharply from 9.4±1.1% 
to 8.0±1.2%, p< 0.001 at 3 months and further decreased 
to 7.8±1.2% at 12 months, p< 0.001 compare to baseline. 
In the usual DE group, A1C decreased significantly 
from 9.5±1.1% to 8.1±1.5%, p< 0.001 at 3 months, but 
increased slightly to 8.5±1.6%, p< 0.001 at 12 months 
(Fig 1). A1C was significantly lower in the DSMES group 
compared to the usual DE group at 12 months (7.8±1.2% 
vs. 8.5±1.6%, p=0.028).
	 Triglyceride and LDL-C did not change during the 
study period. HDL-C significantly increased in DSMES 
group at 3 months (Table 2).

Diabetes knowledge and quality of life evaluation
	 After receiving DSMES from the CDE team, the 
patient gained more knowledge and had a better quality 
of life. The diabetes knowledge score increased from 
16.9±4.3 at baseline to 20.1±2.5 at 12 months (p < 0.001). 
When comparing between baseline and 6 to12 months, 
the QOL score improved statistically from 89.4±11.6 to 
92.6±12.2, p=0.018, and the number of patients with good 
quality of life increased from 18 (27.7%) to 27 (41.5%), 
p=0.064.
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TABLE 1. Baseline characteristics. 

Baseline Characteristics	 Total	 DSMES Group	 Usual DE Group	 p-value
		  (n=152)	 (n=76)	 (n=76)	

Age (Year)	 59.4±11.5	 58.3±10.6	 60.4±12.2	 0.265

Gender, Female (%)	 95 (62.5)	 47 (61.8)	 48 (63.2)	 0.867

Education Level, n (%)	 (n= 88)	 (n =75)	 (n = 13)	 0.855

	 Elementary school or below	 38 (43.2)	 33 (44.0)	 5 (38.5)

	 Secondary school or equivalent	 22 (25.0)	 19 (25.3)	 3 (23.1)

	 Bachelor’s degree or above	 28 (31.8)	 23 (30.7)	 5 (38.5)	

Type of Insurance

	 Civil servant medical benefit	 87 (57.2)	 42 (56.6)	 44 (57.9)	 0.628

	 Universal Health Coverage/ 	 50 (32.9)	 27 (35.5)	 23 (30.3)

	  Social Health Insurance

	 Self-payment/other	 15 (9.9)	 6 (7.9)	 9 (11.8)	

Duration of diabetes (Year)  	 9.2 (3.7,13.1)	 8.7 (3.2,13.1)	 9.3 (5.0,13.5)	 0.388

Comorbidity, n (%)             

	 Hypertension	 125 (82.2)	 61 (80.3)	 64 (84.2)	 0.524

	 Dyslipidemia	 114 (75.0)	 55 (72.4)	 59 (77.6)	 0.454

	 Coronary artery disease	 20 (13.2)	 7 (9.2)	 13 (17.1)	 0.150

	 Cerebrovascular disease	 5 (3.3)	 2 (2.6)	 3 (3.9)	 0.649

BMI (kg/m2)	 27.0±5.8	 27.5±6.6	 26.4±4.7	 0.300

SBP (mmHg)	 133.7±15.1	 131.8 ± 13	 135 ± 16.8	 0.106

DBP (mmHg)	 73.3±11.5	 70.2 ± 12.1	 76.5 ± 9.9	 0.001*

Oral hypoglycemia agent, n (%)	 (n=140)	 (n=76)	 (n=73)	 0.365

	 1 medications	 27 (19.3)	 11 (14.9)	 16 (24.2)

	 2 medications	 2 (37.9)	 29 (39.2)	 24 (36.4)	

	 ≥ 3 medications	 60 (42.9)	 34 (45.9)	 26 (39.4)	

Insulin injection, n (%)	 66 (43.4)	 28 (36.8)	 38 (50.0)	 0.102

Data were presented as mean±SD, and median (IQR), *p < 0.05 comparing between the DSMES and the usual DE group
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TABLE 2. Comparison of the medical outcome between the DSMES and the usual DE group. 

		  DSMES group			   Usual DE group

		  baseline	 3-month	 6-month	 12-month	 baseline	 3-month	 6-month	 12-month

Fasting plasma	   n = 75	 n = 64 	 n = 57	 n = 60	 n = 74	 n = 72	 n = 71	 n = 76

 glucose (mg/dL)	 182±56	 152±45*	 159±53*	 156±61*	 195±83	 151±55*	 163±61*	 166±66*

Triglyceride (mg/dL)	 n = 47	 n = 33	 n = 27	 n = 43	 n = 48	 n = 26	 n = 31	 n = 37

		  131	 119	 119	 123	 150	 147	 146	 137

		  (99,208)	 (92,213.5)	 (96,189)	 (84,159)	 (109,226)	 (98.5,194)	 (103,183)	 (96,195)

HDL-C (mg/dL)	 n = 48	 n = 31	 n = 26	 n = 43	 n = 44	 n = 26	 n = 27	 n = 34

		  45.2±10.9	 51.9±14.5*	 50.0±11.2	 50.9±16.0	 44.5±13.1	 46.6±13.8	 49.4±17.6	 48.8±14.8

LDL-C (mg/dL)	 n = 55	 n = 34	 n = 31	 n = 47	 n = 48	 n = 28	 n = 32	 n = 39

		  93.9±32.6	 89.2±39.8	 91.9±40.4	 92.8±37.9	 94.8±36.2	 98.0±29.7	 88.9±34.6	 86.9±36.5

Data were presented as mean±SD, and median (IQR) * p < 0.05 comparing with baseline value. 

Fig 1. Hemoglobin A1c level during the study. The error bar represents the standard deviation. * p < 0.05 comparing with the baseline 
values. ** p < 0.05 comparing between the groups.

Behavior change
	 The most common behavioral problems that the 
patient aimed to change were unhealthy eating (53.7%), 
followed by inadequate exercise (21.1%), and improper 
medication use (13.7%). The majority of patients can 
move to the next stage of behavior change after receiving 
DSME from CDE. The number of patients in action 
and maintenance stage increased from 0.6% to 69.9%,  
p< 0.001 at 12 months (Fig 2).

The chronic diabetic complications screening rates
	 The rate of screening for diabetic complications 
was significantly higher in the DSMES group. When 
comparing between the DSMES and the usual DE group, 
the screening rate for diabetic retinopathy was 75 (98.7%) 
vs. 66 (86.8%), p=0.009; the screening rate for diabetic 
nephropathy was 70 (92.1%) vs. 55 (72.4%), p=0.002 
and the screening rate for diabetic foot problems was 
73 (96.1%) vs. 23 (30.3%), p < 0.001.
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Fig 2. Stage of behavior change at baseline and 12 months in the DSMES group. * p < 0.001 comparing between baseline and 12 months

DISCUSSION 
	 The effect of CDE-provided DSMES on the glycemic 
level in our study was consistent with previous studies in 
patients with T2D.9,10 A large meta-analysis in 2016 showed 
that the overall mean±SD reduction in A1C for all patients 
randomized to DSME was 0.74±0.63%.9 A systematic 
review from the countries of the Middle East showed 
mean±SD reduction of A1C after the DSME program 
was 1.15±0.55%.10 Our study also showed a mean±SD of 
1.6±1.5 % of the reduction in A1C after receiving DSME. 
Although a recent meta-analysis revealed that the DSME 
contact time > 10 hours exhibited a better rate of A1C 
reduction than the DSME contact time < 10 hours,9 our 
study showed that even a total DSMES contact time of 
approximately 4 hours could demonstrate an advantage 
in A1C reduction. The shorter duration of DSMES with 
favorable medical and psychological outcomes is suitable 
for public hospitals with high workload in our country. 
	 While there was a slight rebound in A1C level in 
usual DE group, the effect of DSMES on glycemic level 
was maintained for 12 months. The authors believe 
that this sustainability was caused by increasing the 
knowledge of diabetes, changing unhealthy behavior, 
and regular follow up throughout 12 months whereas 
usual DE had only one session at baseline. Although 
having only diabetes knowledge is not enough to change 
behavior, it is important to create awareness, which is 
the first step of behavior change.11 The most common 
unhealthy behaviors that our patients would like to 
change were unhealthy eating, inadequate exercise, 
and taking medications irregularly. For eating habit, 
previous meta-analysis showed that delivery of medical 
nutritional therapy by dietitian reduced A1C by 0.43% 

in people with diabetes.12 Bowen et al. also showed that 
proving DSMES by CDE using a modified plate method 
technique improved A1C by 0.83% in people with T2D.13 

Exercise not only improves glycemic control, but also 
increases cardiovascular fitness, reduces cardiovascular 
risk factors, contributes to weight loss, and improves 
well-being.14 For medication, a study of newly diagnosed 
patients with diabetes in Singapore found that 35% of 
patients did not take their medications regularly, and 
poor adherent patients (proportion of days covered less 
than 40%) had an increase in A1C by 0.4% during the two 
years of follow-up.15 Therefore, changing these unhealthy 
behaviors should contribute to a better glycemic level.
	 In the DSMES group, 4.6% of patients was in 
precontemplation stage, 34% of patients was in contemplation 
stage, and 60% was in preparation stage at baseline of our 
study. Interestingly, 70% of patients moved to the action 
and maintenance stage at 12 months. Using various kinds 
of techniques by CDE during DSME session might be 
one factor that result in this significant progression of 
behavior change. The first important step in our DSMES 
session was establishing the rapport by appropriate 
greeting, making an effort to know the patient as a person,16 

and paying attention to the patients. After collecting 
information and evaluating, CDE designed the content 
of the session and used the appropriate change process 
for each patient. If patients are in the pre-contemplation 
or contemplation stage, CDE will try to raise awareness, 
increase pros, and overcome cons (decision balance 
principle). If the patients are in the preparation stage, 
CDE will encourage the patients to set the SMART goal 
of behavior change and develop a realistic plan together.8 

Because changing behavior is a continuous process 
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that can move forward or backward, following up with 
the patient is a very important step. During follow up 
sessions, CDE re-evaluated stage of behavior change, 
worked together with patients to explore barriers and 
find solutions for behavior change, provided positive 
feedback and empowered patients to believe in their 
own ability. 
	 Chronic diabetic complications cause significant 
comorbidities and disabilities such as coronary artery disease, 
end stage renal disease, blindness, and amputation.17-19 
Diabetic nephropathy, retinopathy, and foot problems 
should be screened at least annually for early detection and 
treatment.20, 21 Our study showed that DSMES can improve 
the rate of screening for chronic diabetic complications. 
We hypothesized that the rate of complication screening 
increased because patients gained more knowledge and 
awareness about diabetic complications after receiving 
DSMES. Additionally, CDE are authorized to schedule 
appointments for complication screenings for patients 
according to our hospital pathway. Our finding was 
consistent with the systematic review from the United 
Kingdom, which indicated that the suggestion of a 
healthcare provider and their knowledge about the effects 
of non-attendance on vision were facilitators for retinal 
screening in patients with diabetes.22

	 Our study had some limitations. First, we used 
retrospective data from patients who received usual DE 
from a healthcare professional before the establishment 
of CDE as a comparator group because DSMES provided 
by CDE is our standard care in our hospital right now. 
Therefore, we did not have data on diabetes knowledge, 
stage of behavior change, and quality of life in the usual DE 
group. Second, there was a COIVD-19 pandemic during 
our study that resulted in a change in some follow-up 
visits from face-to-face to telephone consultation.  

CONCLUSION
	 Our study found that CDE-provided DSMES can 
decrease A1C 3 months early and maintain its benefit 
until 12 months. It can also improve diabetes knowledge, 
stage of behavior change, quality of life, and the rate of 
chronic diabetic complication screening. 

Practice implications
	 Proving DSMES by CDE using motivational 
interviewing, good communication skills and stage of 
change principle at visits 0 and 3, 6, and 12 months with 
estimated total contact time of 4 hours can help people 
with T2D to control their blood glucose and improve 
quality of life.  
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Real-world data on the Immunity Response to the 
COVID-19 Vaccine among Patients with Central 
Nervous System Immunological Diseases

ABSTRACT
Objective: The effects of immunotherapies on the immune response to various regimens of SARS-CoV-2 vaccines 
in patients with autoimmune neurological disease have been demonstrated in limited data. Thus, we evaluated the 
immune responses in each platform of COVID-19 vaccination between patients with autoimmune neurological 
disease and a healthy population.
Materials and Methods: We conducted a prospective observational study. We collected serum from patients with 
autoimmune neurological diseases to perform serological methods using anti-RBD IgG assay, neutralizing antibodies 
assay, and interferon SARS-CoV-2 immunoassay. Serological response level was analyzed by platforms of vaccines 
and types of immune modifying therapy.
Results: Fifty-eight patients had tested for an anti-RBD IgG response, and those receiving no immunotherapy/ 
healthy controls had the highest median anti-RBD IgG levels amongst immunotherapy statuses. Rituximab in 
those who received inactivated or mRNA vaccine regimens had the lowest antibody level compared with other 
immunotherapies. In vector-based vaccine regimens, significant reductions of anti-RBD IgG response were observed 
in all other immunotherapy groups except for azathioprine, with the greatest difference seen compared to rituximab. 
Thirty-five patients with positive anti-RBD responses were further tested for neutralizing antibodies. The mRNA 
vaccine regimen demonstrated the highest inhibition percentage among the Delta and Omicron variants. Twenty-
two patients were tested for T cell responses, with no significant difference in T-cell activity across all groups.
Conclusion: We have demonstrated a significant decrease in antibody response against SARS-CoV-2 in patients 
with autoimmune neurological diseases receiving immunotherapies compared to a healthy population, especially 
for patients taking rituximab. 
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INTRODUCTION
	 The Coronavirus Disease-19 (COVID-19) pandemic 
has prompted mass vaccination efforts worldwide. 
Numerous novel vaccines against the severe acute 
respiratory syndrome-related coronavirus 2 (SARS-
CoV-2) have been engineered. The platforms used range 
from inactivated viruses to protein subunits, viral vectors, 
and messenger ribonucleic acid (mRNA). Studies in 
general populations have shown variable vaccine efficacy 
and adverse events following immunization related to 
the vaccine with each regimen of vaccine.1-3 However, 
patients using immunosuppressive agents as a special 
very high risk of COVID-19 population were excluded 
from pivotal phase III vaccine trials.4

	 Immune-mediated neurological diseases, such as 
multiple sclerosis (MS), neuromyelitis optica spectrum 
disorder (NMOSD), and other autoimmune neurological 
diseases (AINDs), are rare diseases.5,6 The cornerstone of 
management of immune-mediated neurological diseases 
is immunomodulatory and immunosuppressive therapies, 
which are known as immunotherapies (IMTs). Examples 
include azathioprine (AZA), mycophenolate mofetil 
(MMF), and rituximab (RTX), which are sometimes 
used as an alternative to immunomodulators, especially 
in resource-limited settings.7,8 AZA and MMF are anti-
metabolites that decrease T and B lymphocyte proliferation 
while RTX specifically suppresses B lymphocytes targeting 
CD20. While achieving disease control, these agents need 
to be monitored for their immunosuppressive effects, 
which could confer greater susceptibility to infection.9

	 Some studies have observed a lower immune response 
to COVID-19 vaccines in patients taking immunosuppressive 
agents compared to healthy controls.10 Low immunoglobulin 
levels due to B lymphocyte suppression could attenuate 
vaccine responsiveness, particularly among those taking 
anti-CD20 RTX.11 Measurement of specific immunity 
to SARS-CoV-2, including  IgG to a receptor-binding 
domain (anti-RBD IgG), neutralizing antibody (NAbs), 
and interferon-gamma release assay (IGRA) could be 
quantitative surrogate markers for vaccine efficacy. 
Therefore, we aimed to compare the immune responses 
after each regimen of COVID-19 vaccination between 
patients with AIND and a healthy control population.

MATERIALS AND METHODS
Participants and samples
	 This prospective observational study was conducted 
at Siriraj Hospital, a university hospital referral center 
in Thailand. Sera from patients with AIND attending 
the Neurology Clinic at Siriraj Hospital from December 
2021 to July 2022 were collected one week before and 

one month after the COVID-19 vaccination. 
	 The inclusion criteria were age greater than 18 
years and receiving at least two doses of COVID-19 
vaccination. Patients lost to follow-up or not able to 
give post-vaccination sera were excluded. Also, those 
with a history of COVID-19 infection in the past 6 
months or anti-RBD IgG seropositivity at baseline were 
excluded. Patients with AIND recruited into the study 
were matched with healthy controls receiving a vaccine 
against COVID-19 to compare their responsiveness to 
the vaccine regimens.
	 Clinical data, including sex, diagnosis, age at disease 
onset, disease duration, the total number of previous 
attacks before the first COVID-19 vaccination, current 
IMT, the number of prior IMTs used, and the most recent 
follow-up Expanded Disability Status Scale (EDSS) were 
collected. COVID-19 vaccination status, platforms used, 
and doses received were documented. We performed 
matching healthy controls by age, sex, and vaccination 
regimen. 
	 Participants in the healthy control group were healthy 
adults aged ≥ 18 years in whom sera were collected from 
two prospective cohort studies of vaccination of either 
two doses of CoronaVac or two doses of ChAdOx112, 
and third-dose booster vaccination either BBIBP-CorV, 
ChAdOx1, 30μg-BNT162b2, or 15μg-BNT162b2.13 All 
patients were informed the information about each 
vaccine and their possible adverse events according to 
the government brochure.
	 We defined groups of vaccines for comparison. 
We defined inactivated vaccine regimen as those having 
received two doses of an inactivated vaccine. We defined 
vector-based vaccine regimen as those having received 
two doses of vector-based vaccines, one dose of each of 
an inactivated and a vector-based vaccine, and vector-
based vaccine as the third dose. Finally, we defined mRNA 
vaccine regimen as those having received two doses of 
mRNA vaccine and mRNA vaccine as the third dose.
	 All participants received their COVID-19 vaccination 
regimens according to the availability of the vaccines at 
that time, each patient’s preference, and the Thai Ministry 
of Public Health’s recommendations.14  Most Thai people 
received a mix-and-match, prime-boost immunization 
strategy.
	 The Siriraj Institutional Review Board approved 
this study (COA no. Si 707/2021). All patients gave 
written informed consent. The study was performed in 
accordance with the Declaration of Helsinki of 1975.

Serum immunologic testing
	 Serum immunologic tests were anti-RBD IgG assay15, 
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NAbs assay16, and interferon SARS-CoV-2 immunoassay.17,18 
We defined an anti-RBD IgG assay titer level of greater 
or equal to 7.1 BAU/mL as seropositive. The cut off 
value for inhibition response was set at 30%. The cut-off 
value for Ag1-Nil and Ag2-Nil was set at 0.2 IU/mL.18 
The details for each test are described in the Appendix. 

Statistical analysis
	 We analyzed the data descriptively. Categorical data 
are displayed as frequency (%), and continuous data are 
displayed as median (interquartile range [IQR]). Categorial 
data was analyzed by the χ2 test or Fisher’s exact test if less 
than 75% of cells had expected frequencies of greater than 
five. Continuous data were compared by nonparametric, 
rank-based Mann-Whitney U test for pairwise testing 
or the Kruskal Wallis test if there were more than two 
groups to compare. Pre- and post-vaccination anti-RBD 
IgG levels were compared by Wilcoxon signed-rank test 
for non-parametric, non-independent data. All data were 
analyzed on PASW Statistics for Windows version 18.0 
(SPSS Inc., Chicago, IL) and Graphpad Prism version 9 
(GraphPad Software, San Diego, CA).19 A p-value of less 
than 0.05 was considered significant. No correction for 
multiplicity was applied.

RESULTS
	 Sixty-one patients with AIND were recruited. Three 
were excluded due to evidence of prior COVID-19 
infection (history of COVID-19 infection three months 

before eligibility assessment n = 1 and anti-RBD-IgG 
seropositivity n = 2). Thus, 58 patients were included in 
the final analysis (having received inactivated vaccine 
regimen n = 15, having received a vector-based vaccine 
regimen n = 31, and having receive a mRNA vaccine 
regimen n = 22). Of the 58 patients, 46 (78.3%) were 
female. All 58 patients were evaluated for anti-RBD 
IgG. The T cell response test was performed in only 22 
patients due to limited availability. Thirty-five patients 
with anti-RBD IgG positivity received further testing 
for NAbs. Fourteen patients were tested for 
all the three immunity assays (Fig 1). 
	 Of the 58 patients, the frequencies of immunotherapy 
status were no immunotherapy (n = 6), azathioprine  
(n = 15), MMF (n = 13), rituximab (n = 18), fingolimod 
(n = 4), glatiramer acetate (n = 1), and prednisolone  
(n = 1).  Diagnoses included were NMOSD (n = 27), MS  
(n = 15), myasthenia gravis (MG) (n = 5), clinically isolated 
syndrome (n = 4) [idiopathic single transverse myelitis  
(n = 2), isolated demyelinating brainstem syndrome 
(n = 1), and single optic neuritis (n = 1)], autoimmune 
encephalitis (n = 3) [anti-N-methyl D-aspartate encephalitis 
(n = 2) and seronegative autoimmune encephalitis  
(n = 1)], pachymeningitis (n = 3) [eosinophilic 
granulomatosis with polyangiitis with pachymeningitis  
(n = 1), idiopathic pachymeningitis (n = 1), and  IgG4-related 
pachymeningitis (n = 1)], and myelin oligodendrocyte 
glycoprotein antibody-associated disease (MOGAD) 
(n = 1). All groups of patients had similar age at onset, 

Fig 1. Flowchart of patients with serum immunologic testings
Notes: Data were available as the following: 58 patients had anti-RBD IgG level, 35 patients had neutralizing antibodies, and 22 patients had 
T cell responses.
Abbreviations: AINDs, autoimmune neurological diseases; RBD, receptor-binding domain
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EDSS scores, interval from disease onset to the third dose 
of vaccination, interval from the most recent treatment 
initiation to the third dose of vaccine administration, and 
concomitant diseases. Conversely, interval from disease 
onset to the second dose vaccination and interval from 
the latest treatment initiation to the second vaccine were 
significantly different (both p < 0.05) (Table 1).

Anti-RBD IgG Response to the SARS-CoV2 Virus
	 Forty-nine patients had anti-RBD antibodies testing 
after their second dose of COVID-19 vaccination, of which 
15 patients had received two doses of an inactivated vaccine  
(either CoronaVac or BBIBP-CorV COVID-19 vaccine), 
27 patients had received two doses of the vector-based 
ChAdOx1 nCoV-19 vaccine, 4 patients had received 
two doses of an mRNA vaccine (either the mRNA-
1273 SARS-CoV-2 vaccine or the BNT162b2 nCoV-19 
vaccine), and 3 patients had received combinations of 
CoronaVac and ChAdOx1 nCoV-19. Of the 49 patients, 
11 patients had additional anti-RBD antibody testing 
after the third vaccination. The remaining 9 of the 58 
patients had anti-RBD antibody testing performed after 
the third vaccination. (Fig 1)

	 Comparison of Anti-RBD IgG Responses by Vaccine 
Regimen
	 Only 13 patients had data on pre-vaccination anti-
RBD antibodies levels. Of these, 10 (76.9%) demonstrated 
a 23-fold rising in antibody titer compared with the 
baseline value with a median anti-RBD level of 0.21 
BAU/mL (IQR 0.16-0.43) pre-vaccination and 4.81 
BAU/mL (IQR 0.17- 33.41) post-vaccination (p = 0.013). 
(Supplementary Fig S1)
	 After the second vaccination, 29 of 49 (59.2%) 
patients had rising antibody titers above the cut point 
for seropositivity with a median level of 15.25 BAU/mL 
(IQR 0.47-152.11).
	 mRNA vaccine regimens seemed to induce higher 
anti-RBD levels than the vector-based vaccine regimens, 
and inactivated vaccine regimen demonstrated the least 
immunogenicity. For all 68 sera of 58 patients included 
in the final analysis, the seropositive rates for inactivated 
vaccine, vector-based vaccine, and mRNA vaccine regimens 
for anti-RBD were 26.7% (4 of 15), 71% (22 of 31), and 
72.7% (16 of 22), respectively. For inactivated vaccine, 
vector-based vaccine, and mRNA vaccine regimens, 
the median levels were 0.58 BAU/mL (IQR 0.24-7.50), 
52.82 BAU/mL (IQR 5.61-171.79), and 969.77 BAU/mL 
(IQR 3.41-2382.53) BAU/mL, respectively (p < 0.001). 
(Fig 2A)

	 The NMOSD group demonstrated the highest anti-
RBD IgG level for mRNA vaccine regimens [1062.87 
BAU/mL (IQR 93.29-2151.47)], followed by vector-
based vaccine regimens [106.22 BAU/mL (IQR 51.39- 
298.21)], and inactivated vaccine regimens [3.01 BAU/
mL (IQR 0.18-91.50)], respectively (p = 0.030) (Fig 2B). 
Conversely, MS patients did not demonstrate any significant 
difference among mRNA regimens, vector-based regimens, 
and inactivated vaccine regimens with median levels 
at 2.78 BAU/mL (IQR 0.39-3803.75), 5.61 BAU/mL 
(IQR 0.20-14.00), and 0.36 BAU/mL (IQR 0.21-7.50), 
respectively (p = 0.666) (Fig 2C). Similarly, patients 
in the other AINDs group did not demonstrate any 
significant differences across all vaccine regimens with 
median levels at 937.88 BAU/mL (IQR 51.30- 5196.40) 
for mRNA regimens, 28.41 BAU/mL (IQR 2.51-135.64) 
for vector-based regimens, and 1.33 BAU/mL (IQR 
0.41-34.93) for inactivated vaccine regimens (p = 0.069)  
(Fig 2D).

	 Comparison of Anti-RBD IgG Responses by Type of 
Immunotherapy 
	 Compared to the no IMT/heathy control group, 
patients treated with RTX having received inactivated 
vaccine regimen showed a significant reduction of anti-
RBD response [112.54 BAU/mL (IQR 53.30-171.32) vs. 
0.26 BAU/mL (IQR 0.12-0.36); p = 0.010]. (Fig 2E)  
	 For those having received a vector-based vaccine 
regimen, compared to the no IMT/healthy control group, 
significant reductions of anti-RBD IgG responses were 
observed in those treated with RTX, FGM, and MMF 
[no IMT/healthy controls 235.03 BAU/mL (IQR 96.07-
405.77) vs. each of RTX 0.42 BAU/mL (IQR 0.06-61.21); 
p = 0.002, FGM 4.81 BAU/mL (IQR 0.20-5.61); p < 0.001, 
and MMF 50.91 BAU/mL (IQR 8.18-71.86); p = 0.001]. 
However, no significant reduction was seen comparing 
no IMT/healthy controls to AZA. (Fig 2F)
	 For those having received an mRNA vaccine regimen, 
the no IMT/healthy controls had a remarkably higher 
anti-RBD-IgG level [4633.13 BAU/mL (IQR 2256.71-
7415.94)]. In comparison to the no IMT/healthy controls, 
RTX showed a significant reduction in anti-RBD level 
[0.34 BAU/mL (IQR 0.14-49.58); p = 0.010] while the 
FGM group showed some reduction without significance 
[0.77 BAU/mL (IQR 0.01-1.53); p = 0.133]. (Fig 2G)

	 Neutralizing antibodies for delta and omicron variants  
	 Amongst the 35 patients seropositive for anti-RBD 
IgG, 41 serum samples were further evaluated for NAbs 
against specific COVID-19 variants. 
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TABLE 1. Demographic and characteristics of patients with AINDs

Characteristics	 No	 Azathioprine	 MMF	 RTX	 Fingolimod	 Other:	 P-value  
	 immunotherapy					     Glatiramer
						      acetate,
						      Prednisolone
	 (n = 6)	 (n = 15)	 (n = 13)	 (n = 18)	 (n = 4)	 (n = 2)	

Female gender, 	 6 (100)	 14 (93.3)	 13 (100)	 10 (55.6)	 2 (50)	 1 (50)	 0.003
n (%)
Age at onset, 	 53.5 (29.3, 63.8)	 45.0 (35.0, 55.0)	 44.0 (26.5-50.5)	 35.5 (21.3, 43.8)	 38.5 (28.5, 47.0)	 40.5	 0.447
median (range), y
EDSS†¥, median	 1.25 (1.00, 5.63)	 1.0 (1.0, 1.5)	 1.25 (1, 4.12)	 1 (0, 3.38)	 1.0 (0.25, 2.50)	 1.0 (1.0, 1.0)	 0.799
(range)
	 Duration from disease onset to vaccine administration, median (interquartile range), month

To 2nd dose 	 119.34 (NA)	 93.8	 123.98 	 47.9	 81.9	 4.73 (NA)	 0.027
		  (29.3, 141.4)	 (50.3, 206.1)	 (21.2, 87.6)	 (36.2, 137.9)	

To 3rd dose	 23.1 	 129.94 (NA)	 149.8	 47.2	 92.76 (NA)	 5.82 (NA)	 0.166
	 (20.4, 109.5)		  (59.3, 240.2)	 (32.2, 74.4)	

	 Duration from the latest treatment initiation to vaccine administration‡, median (interquartile range), month

To 2nd dose 	 NA	 2.72 (1.77, 3.73)	 2.72 (0.46, 3.79)	 6.80 (3.22, 7.52)	 1.91 (1.47, 2.07)	 1.97 (NA)	 0.002

To 3rd dose	 NA	 7.92 (NA)	 7.56 (5.63, 8.95)	 9.96 (8.81, 23.2)	 5.90 (NA)	 7.00	 0.055

Comorbidities¶, 	 4 (66.7)	 9 (60)	 7 (53.8)	 6 (33.3)	 4 (100)	 1 (50)	 0.198
n (%)
	 Current disease, n (%)

MS	 1 (16.7)	 2 (13.3)	 2 (15.4)	 5 (27.8)	 4 (100)	 1 (50)	 0.018

NMO 	 1 (16.7)	 9 (60)	 8 (61.5)	 9 (50)	 0	 0	 0.089

Others AIND*	 4 (66.7)	 4 (26.7)	 3 (23.1)	 4 (22.2)	 0	 1 (50)	 0.239

Number of attacks#, 	1.0 (1.0, 2.75)	 1.0 (1.0, 5.0)	 3.0 (2.0, 10.5)	 2.0 (1.0, 3.25)	 2.0 (2.0, 3.5)	 1.0 (1.0, 1.0)	 0.094
median (range)
	 Vaccine regimen, n (%)

Inactivated	 0	 4 (26.7)	 4 (30.8)	 6 (33.3)	 1 (25.0)	 0	 0.194
vaccine regimen
Vector-based	 2 (20.0)	 9 (60.0)	 7 (53.8)	 8 (44.4)	 3 (75.0)	 2 (100)	 0.035
vaccine regimen
mRNA 	 4 (80.0)	 4 (26.7) ††	 6 (46.2) ‡‡	 6 (33.3) §§	 2 (50.0)	 0	 0.848
vaccine regimen
	 Serum immunologic testing, n (%)

Tested for RBDs	 6 (100)	 15 (100)	 13 (100)	 18 (100)	 4 (100)	 2 (100)	 1

Tested for NAbs**	 5 (83.3)	 15 (100)	 8 (61.5)	 6 (33.3)	 0 (0)	 1 (50.0)	 <0.001

Tested for IGRA 	 3 (50.0)	 3 (20.0)	 6 (46.2)	 7 (38.9)	 2 (50.0)	 1 (50.0)	 0.623

Abbreviations: AINDs, autoimmune neurological diseases; EDSS, Expanded Disability Status Scale; IGRAInterferon SARS-CoV-2; IS, immunosuppressive; MS, multiple 
sclerosis; NAbs, neutralizing antibodies; NMOSD, neuromyelitis optica spectrum disorder; RBDs, anti-RBD IgG level
*Clinical findings of other patients consisted of myasthenia gravis (n = 5), autoimmune encephalitis (n = 3), MOGAD (n = 1), pachymeningitis (n = 2), and clinically 
isolated syndromes (n = 5) 
†EDSS scores were evaluated in MS and NMOSD patients at the last visit before blood drawing for assay testings¥EDSS scores available in 44 patients
‡For patients receiving immunotherapy 
§Of 51 patients, 2 received no immunotherapy
‖Of 20 patients, 4 received no immunotherapy
¶Comorbidities included diabetes mellitus, hypertension, dyslipidemia, vitamin D deficiency, obstructive sleep apnea, obesity, cirrhosis, systemic lupus erythematosus, 
Hashimoto thyroiditis, coronary artery disease, thymoma, herpes keratoconjunctivitis, and osteoarthritis
#The number of attacks was evaluated in MS and NMOSD patients
**Only patients with positive anti-RBD responses further analysis for neutralizing antibody response
††2 patients received vector-based vaccine as the first two doses and mRNA vaccine for third vaccine dose.
‡‡4 patients received vector-based vaccine as the first two doses and mRNA vaccine for third vaccine dose.
§§1 patient received vector-based vaccine as the first two doses; 1 patient received inactivated vaccine as the first two doses; and both received mRNA vaccine for third 
vaccine dose.
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Fig 2. Anti-RBD IgG spike values categorized by types of vaccine regimens and immunotherapies
Fig 2A-2D: Nonparametric distributions are displayed as median (interquartile range) by bar and error bar, respectively. Anti-RBD IgG 
spike values categorized by type of vaccine regimen in different autoimmune neurological disease groups. 
Notes for figures A-D:- (A) All AINDs, (B) NMOSD, (C) MS, and (D) other AINDs. 
Fig 2E-2G: Nonparametric distributions are displayed as median (interquartile range) by bar and error bar, respectively Anti-RBD IgG 
responses in different vaccination categorized by different immunotherapy agents 
Notes for figures E-G:- Groups compared were healthy control or no immunotherapy, azathioprine, mycophenolate mofetil, rituximab, and 
fingolimod(E) two doses of any vaccines, (F) three doses of any vaccines. Statistical significance was calculated by the Mann–Whitney U 
test. The anti-RBD IgG cut-off value (dash line) was 7.1 BAU/mL. *denotes a statistically significant result at the p < 0.05 level. 
Abbreviations: RBD, receptor-binding domain; AINDs, autoimmune neurological diseases; NMOSD, neuromyelitis optica spectrum 
disorder; MS, multiple sclerosis; HC, healthy control; IMT, immunotherapy

	  Inhibition percentage categorized by vaccine regimen
	 The overall median inhibition percentages were higher 
in the Delta variant than the Omicron one regardless of 
vaccine regimen [53.84% (IQR 20.69-94.40) vs. 8.59% 
(IQR 6.05-23.09); p < 0.001]. 
	 The median NAbs inhibition percentage for the 
Delta variant was the highest in mRNA vaccine regimens 
[97.63% (80.77, 98.00)], followed by vector-based vaccine 
regimens [30.76% (IQR 13.48-80.32)], and inactivated 
vaccine regimens [22.3% (IQR 2.94-38.92)], respectively 
(p < 0.001). There were significant pairwise differences 
between mRNA and inactivated vaccine regimens  
(p = 0.004) along with between mRNA and vector-based 

vaccine regimens (p < 0.001). (Fig 3A)
	 The same pattern was mostly seen in the Omicron 
variant. mRNA vaccine regimens had the highest median 
inhibition percentage [25.94% (IQR 11.15-70.84)], followed 
by vector-based regimens [7.69% (IQR 5.44-11.67)] and 
inactivated vaccine regimens [6.05 (IQR 5.77-8.13)]  
(p = 0.005). Also, there was a significant pairwise difference 
between mRNA vaccines and vector-based vaccines  
(p = 0.010) and a trend to significance between mRNA 
vaccine regimens and inactivated vaccine regimens  
(p = 0.056). None of the regimens showed an inhibition 
percentage greater than 30% for the Omicron variant. 
(Fig 3B)
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	 Inhibition percentage categorized by type of 
immunotherapy
	 Patients tested for the Delta variant showed a 
significantly greater median inhibition percentage than the 
Omicron variant across all IMTs (p < 0.001). Compared to 
the no IMT group [92.74% (IQR 87.88-98.15)], AZA and 
RTX groups showed significant attenuation of inhibition 

percentages against the Delta variant [AZA 60.04% (IQR 
19.87-83.22); p = 0.009] and RTX 30.29% (IQR 9.06-
34.93); p = 0.018] (Fig 3C). For the Omicron variant, 
the no IMT group showed no significant difference in 
inhibition percentages compared with either IMT use 
groups. (Fig 3D)

Fig 3. Neutralizing antibody inhibition percentage categorized by each vaccine regimen and each type of immunotherapy
Fig 3A & 3B: Inhibition percentage of neutralizing antibody categorized by each vaccine regimen in different COVID-19 variants for (A) 
Delta variant, (B) Omicron variant. 
Notes for figures A-B:- Nonparametric distributions are displayed as median (interquartile range) by bar and error bar, respectively. The cut 
off value (dashed line) for inhibition response was set at 30%. Statistical significance was calculated by the Kruskal-Wallis test. *denotes a 
statistically significant result at the p < 0.05 level.
Fig 3C & 3D: Inhibition percentage of neutralizing antibody categorized by immunotherapy in different COVID-19 variants (C) Delta 
variant, (D) Omicron variant 
Notes for figures C and D:- Nonparametric distributions are displayed as median (interquartile range) by bar and error bar, respectively. 
Statistical significance was calculated by the Mann–Whitney U test. *denotes a statistically significant result at the p < 0.05 level.
The cut-off value (dashed line) for inhibition response was set at 30%.  
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T cell Responses to the SARS-CoV2 Virus
	 Twenty-two patients with 23 serum samples were 
tested for T cell responses with seven samples tested 
after the second vaccination, and 16 samples tested after 
the third vaccination. One patient was tested after the 
second and third dose of vaccination. 
	 The T cell response did not significantly differ 
between the second and third vaccination; Ag1-Nil 0.21 
IU/mL (IQR -0.01-1.88) vs. 0.23 IU/mL (IQR -0.03-3.59), 
p = 0.343 and Ag2-Nil 0.22 IU/ml (IQR 0.00-2.41) vs. 
0.57 IU/mL (IQR -0.05-8.67), p = 0.131, respectively. 

      	 T cell Responses Categorized by Vaccine Regimen
	 T cell response measured by Ag1-Nil and Ag2-Nil 
were no significantly different across all vaccine regimes 
(p = 0.346 for Ag1-Nil and p = 0.297 for Ag2-Nil). The 
mRNA vaccine regimens had the highest positive rates 
for Ag1-Nil response at 64.71% (11 of 17) compared 

Fig 4. T cell responses for each vaccine regimen and each type of immunotherapy
Fig 4A & 4B: T cell responses for each vaccine regimen (A) Ag1-Nil, (B) Ag2-Nil 
Fig 4C & 4D: T cell responses categorized by type of immunotherapy (C) Ag1-Nil, (D) Ag2-Nil 
Notes for figures 4A-4D:- Nonparametric distributions are displayed as median (interquartile range) by bar and error bar, respectively. The 
cut-off value (dashed line) for Ag1-Nil and Ag2-Nil was set at 0.2 IU/mL. Statistical significance was calculated by the Kruskal-Wallis test. 
*denotes a statistically significant result at the p < 0.05 level.

with 60% (3 of 5) in vector-based regimens and 0% (0 
of 1) in inactivated vaccine regimens. However, the 
positive rate for Ag2-Nil response was the highest in 
vector-based vaccine regimens at 80% (4 of 5), followed 
by 12 of 17 (70.59%) in mRNA regimens, and 0% (0/1) 
in inactivated vaccine regimen.  (Fig 4A-4B)      

	 Anti-CD20 Therapy Demonstrates Similar T cell 
Responses to Non-anti-CD20 Treatment
	 Among the group treated with no IMTs (n = 3), 
anti-CD20 RTX (n = 7), and non-anti-CD20 therapy  
(n = 13), both Ag1-Nil and Ag2-Nil revealed no significant 
differences (1.37 IU/mL [IQR 0.47-1.88], 0.19 IU/mL 
[IQR 0.08-0.98], and 0.24 IU/mL [IQR 0.01-0.50];  
p = 0.210 for Ag-1 Nil, and 2.41 IU/mL [IQR 1.32-2.42], 
0.40 IU/mL [IQR 0.11-1.52], and 0.38 IU/mL [IQR 0.04-
1.03]; p = 0.193 for Ag2-Nil, respectively). (Fig 4C-4D)
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Immune Response Categorized by Disease; MS, NMOSD, 
and Other AINDs
	 All anti-RBD IgG assays, neutralizing antibody 
assays, and interferon SARS-CoV-2 immunoassays were 
categorized by disease. The details for each immune response 
are described in the Results section and Supplementary 
Fig S2 in the Supplementary Appendix.

DISCUSSION
	 Our study shows COVID-19 vaccination augments 
the immune system in both T cell functions and B cell 
functions, demonstrated by anti-RBD IgG, surrogate 
NAbs, and interferon SARS-CoV-2 immunoassay. The 
response differed depending on the vaccine regimen, 
the IMT type, and the variant of COVID-19.  
	 Similar to previous studies, vaccination platforms 
played a role in the responsiveness of antibodies.20 Our 
study also showed inactivated vaccine regimens induced 
the lowest response as in Fig 2 and 3. mRNA vaccine 
regimens showed a significantly higher antibody response 
compared with inactivated and vector-based vaccine 
regimens among patients with central nervous system 
immunological diseases measured by the anti-RBD IgG 
antibody. 
	 Compared to those with no IMT or healthy controls, 
there was a significant reduction of anti-RBD IgG levels 
in patients treated with RTX in all vaccine regimens.  
	 The present study also showed neutralizing activity 
against SARS-CoV-2 measured by NAbs depended on 
the variant. The overall median inhibition percentages 
were higher for the Delta variant than for the Omicron 
variant regardless of vaccine regimen group and type 
of IMT used. However, for the Omicron variant, those 
having received an inactivated vaccine, a vector-based 
vaccine, or an mRNA vaccine regimen all showed a median 
inhibition percentage of no more than 30%. This supports 
a previous study showing the estimated effectiveness 
of two doses of a COVID-19 vaccine was high against 
symptomatic Delta infection while it was lower against 
symptomatic Omicron infection.21

	 Although mRNA vaccines seem to stimulate the highest 
response for the Delta variant, RTX and AZA showed a 
significant attenuation of the inhibition percentages to 
the Delta variant compared to the no IMT group. 
	 The T cell response showed no significant difference 
among vaccine platforms after the second or third dose 
vaccination or among the groups treated with RTX, 
non-anti-CD20 therapy, and no IMTs.
	 These findings support the evidence that anti-CD20 
therapy, such as RTX, attenuates vaccine responsiveness 
due to B lymphocyte suppression, concordant with previous 

reports.10,11 A cohort study10 showed patients with chronic 
inflammatory disease receiving B cell depletion therapy 
would have lower humoral responsiveness measured by 
spike IgG, NAb, and circulating S-specific plasmablast 
after COVID vaccination. Some studies22,23 measured 
antibody response for the mRNA vaccine regimens in 
neurological patients, showing similar results. FGM and 
anti-CD20 therapy, such as RTX, showed no detectable 
immune response to the COVID-19 vaccines. Based on 
the drug mechanism, RTX can mediate B cell depletion 
by binding to the CD20 receptor on the B cell surface, 
resulting in eliciting fewer B cells immune responses.24 
FGM might play a role in inhibiting germinal center 
formation, resulting in fewer immune responses and less 
recall of antigens.25 Theoretically, anti-CD-20 depleting 
agents, such as ocrelizumab and RTX, might cause a lower 
protective response to COVID-19 vaccines.26 Nevertheless, 
several studies showed anti-CD20 treatments decreased 
the humoral response, but did not interfere with the 
cellular response.27,28 B cell immunity and T cell response 
are essential for fighting COVID-19 infection, and the 
T cell level is accepted to be one of the predictors of 
COVID-19 severity.29 We only evaluated one modality 
of B-cell function, which was the antibody response as 
levels of anti-RBD and NAbs.30,31 The NAb assay in the 
present study is a surrogate neutralizing antibody assay 
(sVNT), which is a blocking ELISA detection kit that 
detects the presence of neutralizing antibodies against 
SARS-CoV-2 RBD.32,33 However, NAbs do not necessarily 
correlate with anti-RBD activity. It should also be noted 
that immunoglobulin classes other than IgG could be 
important, especially in patients who received anti-CD20 
therapy.
	 This prospective observational study had several 
limitations. The sample sizes in the compared groups 
were small, so comparisons may have been underpowered 
to detect true differences. Since our study is a real-life 
practice amongst consecutive cases, we could not test all 
the patients on all three tests, immunoglobulin classes, 
and adverse events of each patient due to time and 
resource limitations and the lack of correlation with 
clinical outcomes. 
	 In conclusion, we have investigated the immunity 
response to COVID-19 vaccination in Thai patients with 
autoimmune neurological disease. In general, all DMDs/
ISs may slightly decrease antibody level response, but 
they may not decrease cellular immunity. This cellular 
immunity may be sufficient to reduce the severity of 
COVID-19 infection. However, in MS patients on RTX 
or FGM therapy, choosing an mRNA vaccine regimen 
might be desirable (if possible) because of its superior 
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immunogenicity evidenced by a higher B cell response. 
To date, there has been no consensus on suggestions or 
recommendations for specific COVID vaccine platforms 
for patients with autoimmune neurological disease. 
Therefore, generalizing the results of the present study 
to other diseases and geographic areas requires caution.
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Effect of a Single-dose Dexmedetomidine on 
Postoperative Delirium and Intraoperative 
Hemodynamic Outcomes in Elderly Hip Surgery; 
A Randomized Controlled Trial
Dexmedetomidine for Postoperative Delirium

ABSTRACT
Objective: Postoperative delirium (POD) is common in elderly patients. The growing evidences suggesting the 
potential benefits of dexmedetomidine (DEX) infusion in reducing POD. However, the administration of a single-
dose DEX remains controversial. This study aims to investigate the effect of a single-dose DEX on POD in elderly 
patients undergoing hip surgery.
Materials and Methods: This prospective, randomized, double-blinded trial enrolled patients aged over 65 years 
who underwent hip surgery under spinal anesthesia. Patients were assigned to either the DEX (received intravenous 
DEX 0.3-0.5 µg/kg after incision), or the normal saline solution (NSS). Delirium assessments were conducted at 
the post anesthetic care unit (PACU) and at 24, 48 and 72 hours postoperatively using the Confusion Assessment 
Method (CAM). 
Results: A total of 200 patients were randomized, with 100 in the DEX and 100 in the NSS. The incidence of POD 
was significantly lower in the DEX compared to the NSS (P < 0.001, RR 0.45, 95%CI: 0.28, 0.73). This difference 
remained significant at each postoperative assessment time point. There was no significant difference in sedation 
score and perioperative hemodynamics, except for a slightly lower intraoperative heart rate (P=0.015) and systolic 
blood pressure (P=0.029) observed at the PACU in the DEX, but these differences were not clinically significant. 
Additionally, the length of stay after surgery in the DEX was significantly shorter compare to the NSS (P=0.006).
Conclusion: A single-dose dexmedetomidine can reduce the incidence of POD within 72 hours postoperatively in 
elderly patients undergoing hip surgery without compromising intraoperative hemodynamic stability.
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INTRODUCTION
	 Hip fractures are a prevalent issue among the 
elderly population. Surgical intervention has emerged 
as the definitive and efficacious method for reducing 
morbidities and mortality.1,2 However, due to the aging 
population, patients frequently present with multiple 

medical comorbidities, which may increase the likelihood 
of complications after surgery.1,2 
	 Postoperative delirium (POD) represents a significant 
and common complication, particularly among elderly 
population with reported incidence rates ranging from 10 
to 70%3-6, depending on the surgical procedure and studied 
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population. Notably, vascular, cardiac and orthopedic 
surgeries especially urgent or semi-urgent repair of hip 
fractures exhibit a higher occurrence of POD.6-8 The 
etiology of POD is multifactorial, stemming from patient-
related factors such as advanced age or coexisting medical 
conditions, operative factors such as prolonged operative 
time or severe blood loss, and environmental factors such 
as staying in the ICU, where patients may have difficulty 
recognizing the time or being in an unfamiliar place. Some 
of these factors can be preventable, but others cannot. 
POD contributes to unfavorable outcomes, including 
prolonged hospitalization, increased costs of care, higher 
rates of morbidities and mortality, as well as, compromised 
functional and cognitive recovery.4,6,8-10 Patients may 
develop post-operative cognitive dysfunction11, leading 
to permanent brain damage if POD is not detected early. 
	 Dexmedetomidine (DEX) is a highly selective α-2 
adrenergic receptor agonist that has a range of potentially 
beneficial effects in the postoperative period. It possesses 
anxiolytic, sedative, analgesic and neuroprotective properties 
while causing minimal respiratory depression.12,13 In recent 
years, the role of DEX in the perioperative period has 
garnered attention. Several studies have demonstrated 
that the perioperative used of DEX can substantially 
decreased the incidence of POD in the elderly patients.13-18 
However, the prescribed dose of DEX, along with its 
infusion technique - 1 mg/kg over 10 minutes than 
0.3-0.8 µcg/kg/hr until the end of the operation - is a 
considerable dosage that can pose challenges of clinicians 
during perioperative management. Studies suggest that 
administering DEX via intravenous infusion may result 
in unstable hemodynamics and heightened levels of 
sedation in elderly patients.15,17,20  
	 Accordingly, this study was designed to investigate 
the effect of a single-dose of DEX on the incidence of POD 
in elderly patients undergoing hip surgery. Moreover, 
we hypothesized that a smaller single-dose of DEX, 
compared to the prescribed dose, would be adequate to 
reduce POD with minimal impact on hemodynamics and 
sedation status. This consideration takes into account 
the pharmacokinetics and pharmacodynamics of DEX 
in the geriatric population, which advise reducing the 
dose by half. By employing this approach, we anticipate 
that anesthesiologists will be empowered to effectively 
prevent POD in elderly patients undergoing hip surgery. 

MATERIALS AND METHODS
	 This prospective, randomized, double-blinded, 
placebo-controlled trial, based on the CONSORT 2010 
guidelines21, was conducted after obtaining approval 
from the author’s affiliated institution (Institutional 

Review Board number 100/2022, approval date: August 
18th, 2022) and registered prior to patient enrollment at 
the Thai Clinical Trials Registry (TCTR20221004001, 
approval date: October 4th, 2022). Written informed 
consent was obtained from all elderly patients with 
hip fractures before their enrollment. The study was 
conducted at a tertiary referral center in Thailand from 
October 2022 to June 2023.
	 The inclusion criteria were patients aged 65 years or 
older who were scheduled for hip surgery under spinal 
anesthesia with an appropriate peripheral nerve block 
during that time. The exclusion criteria were patients 
who had: 1) a known history of anaphylaxis to DEX, 
2) comorbidities with delirium or dementia before the 
operation, 3) a history of stroke and residual neurological 
deficit, epilepsy, or Parkinson’s disease 4) a psychological 
disease or the use of psychological drugs 5) conversion 
from spinal anesthesia to general anesthesia due to 
failure, 6) a history of sick sinus syndrome, severe sinus 
bradycardia (HR < 50 bpm) or second- or third- degree 
atrioventricular block without a pacemaker, 7) severe 
hepatic dysfunction (Child–Pugh grade C or higher), or 
renal failure requiring renal replacement therapy, or 8) 
unstable hemodynamics (HR< 60 bpm or > 150 bpm, 
BP < 90/60 mmHg or > 180/100 mmHg).
	 All investigators responsible for preoperative 
screening, data collection and assessment were trained 
and qualified by psychiatrists prior to the study. Cognitive 
function and delirium status were evaluated before the 
operation using the Thai Mini-Mental State Examination 
(MMSE)22,23 which allows a maximum score of 30. A score 
of 14, 17 or 22 or higher (depending on the preoperative 
patient status) is considered normal. Additionally, the 
Confusion Assessment Method (CAM)24 was employed 
before the operation.
	 Upon entering the operating theater, all patients were 
monitored for SBP, DBP, SpO2 and ECG. A peripheral 
intravenous line was established in the upper limb, and 
a crystalloid solution (normal saline solution, lactated 
Ringer’s or acetated Ringer’s) was administered at a 
rate of 5-10 ml per kilogram before the initiation of 
anesthesia. All hip surgery was performed under spinal 
anesthesia with an ultrasound-guided peripheral nerve 
block for postoperative analgesia. An anesthesiologist 
used 0.5% isobaric bupivacaine (Marcaine®) at a dose 
of 10-15 mg for spinal anesthesia to achieve sensory 
level at less thoracic level 10, and 0.33% bupivacaine 
at a dose of 60-100 mg for an ultrasound guided-iliaca 
fascial space block which was a proper peripheral nerve 
block for postoperative analgesia.
	 All patients were randomized after confirming their 
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normal test results on the MMSE, CAM and ensuring 
that spinal anesthesia and an iliaca fascial space block 
were sufficient for the surgery. Randomization was 
performed using a block size of four, with each block 
contained a computer-generated random sequence of 
two groups in equal numbers. The first group received 
dexmedetomidine (Precedex® 200 µg/2 ml) at a dose of 
0.3-0.5 µg/kg, administered intravenously through a slow 
injection within 10 minutes after the start of the operation. 
The second group received an equivalent volume of normal 
saline solution (NSS). An anesthesiologist, who was 
not otherwise involved in the trial, would open opaque 
envelopes for each group and prepared the trial syringe, 
ensuring that the solutions in identical-looking 10-ml 
syringes, matched the assigned sequential randomization 
numbers. Both investigators and patients were therefore 
completely blinded to treatment allocation. However, 
in case of emergencies or unexpected deterioration in 
a patient’s clinical status, the attending anesthesiologist 
could adjust or discontinue drug administration if they 
deemed clinically necessary. Unmasking was allowed 
only when clearly needed for clinical purposes.
	 Throughout the operation, all patients would receive 
standard anesthesia care. No additional anesthetic, sedative 
agents or pain relief medication were allowed during 
the operation, except in necessary situations with the 
agreement of attending anesthesiologists. At the end 
of the operation, patients would be transferred to the 
post-anesthetic care unit (PACU) for close monitoring 
for one hour. 
	 The primary end point of this study is postoperative 
delirium, while the sedative score as a secondary endpoint. 
Two investigators would independently assess delirium 
and sedation score, using the CAM for non-ventilated 
patients or the CAM for the Intensive Care Unit (CAM-
ICU) for ventilated patients24,25 and the Richmond agitation 
sedation scale26, respectively, at the PACU, and at 24, 
48 and 72 hours postoperatively. In cases of discrepant 
results, the investigators would re-assess the patients 
together to determine the reliable responses. Delirium is 
a complex condition that naturally fluctuates over time, 
so we decided to evaluated it consistently each morning.
	 All patients who were identified as having POD by 
the CAM or the CAM-ICU were referred to a consulting 
psychiatrist for the diagnosis and treatment of delirium. 
In terms of postoperative pain control, all patients 
would receive multimodal analgesia, which included a 
peripheral nerve block, non-opioid analgesic drugs such 
as acetaminophen or nonsteroidal anti-inflammation 
drugs (NSAIDs), unless contraindicated. The used of 
opioid drugs was minimized to the necessary extent. 

	 For other secondary endpoints, hemodynamic 
values were documented and reported every 5 minutes 
throughout the perioperative and recovery periods as 
part of standard anesthetic care. We selected the greatest 
change in hemodynamic values from the preoperative 
baseline to represent the worse outcome associated with 
DEX. Similarly, for safety outcomes, we compared the 
changes in hemodynamic status to the preoperative baseline 
during each period. The definition of bradycardia is heart 
rate(HR) less than 60 bpm, or a decreased of more than 
30% from baseline; tachycardia is HR more than 100 
bpm; hypotension is Systolic blood (SBP) less than 90 
mmHg, or a decreased of more than 30% of the baseline; 
hypertension is SBP more than180 mmHg, or an increase 
of more than 30% from baseline; hypoxia is pulse oxygen 
saturation less than 90%. The intervention included 
adjustment of study drug dose and/or administration of 
medication, fluid, oxygen or physical therapy. Additionally, 
we recorded and reported all intraoperative and in-
hospital complications, the total length of stay during 
this visit and the length of stay after the operation.   

Statistics
	 The sample size was calculated based on the primary 
endpoint from the study conducted by Xie S and Xie 
M.25 In their study, the incidence of delirium in elderly 
patients undergoing hip surgery was reported as 4% in 
the DEX group and 17% in the NSS group. The calculated 
sample size of 86 patients per treatment group would 
be required to achieve a statistical power of 0.80 with a 
two-tailed significance level of 0.05 in order to detect a 
difference. Therefore, we decided to increase the sample 
size to 100 patients per treatment in order to account 
for potential dropouts after randomization.
	 All analyses were performed on an intention-to-treat 
basis, including all patients in the groups to which they 
were randomized. The normal distribution of data was 
assessed using the Shapiro-Wilk test. Primary outcomes, 
which consisted of categorical data, were reported as 
frequencies and percentages for each group. Other 
outcomes, including continuous data, were presented 
as means ± standard deviations (SDs) or median (Q1, 
Q3), depending on the normality of the data. Categorical 
data were also reported as frequencies and percentages. 
The analyses were conducted using STATA version 16.0 
(StataCorp, College Station, TX, USA) with two-sided 
significance tests at a p-value < 0.05. Fisher’s exact test 
was used to analyse categorical data, while the Student 
t-test or Mann-Whitney U test, as appropriate, were 
employed for continuous data. Regression analysis was 
employed to access differences in hypothesis testing.  
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RESULTS
	 A total of 249 patients were eligible for this study 
from October 2022 to June 2023. Among them, 49 patients 
were excluded as they met the exclusion criteria. Eight 
patients declined to participate and 24 patients had a 
history of delirium or dementia before the operation. 
Additionally, three patients had a history of head injury 
and still had neurological deficits, nine patients refused 
spinal anesthesia, and five patients had failed spinal 
anesthesia and were converted to general anesthesia 
before the operation. No delirium assessments were 
terminated due to deep sedation (Richmond agitation 
sedation scale less than -2) or coma and no emergency 
unblinding was necessary. The final intention-to-treat 
analysis included 100 patients in each group: the DEX 
and the NSS (Fig 1). 
	 There were no significant differences between the 
two groups in terms of demographic data. The mean 
estimated dose of DEX was 0.43±0.1 µg/kg in the DEX 
group (Table 1). 
	 The preoperative MMSE indicated normal cognitive 
function within our population, and the preoperative 

screening using the CAM did not detect any signs of 
delirium. The overall incidence of POD, defined as the 
occurrence of any delirium assessed at any time using the 
CAM, was significantly lower in the DEX compared to 
the NSS, with a p-value of less than 0.001 and a relative 
risk of 0.45 (95% CI 0.28, 0.73), and this difference 
remained significant at each postoperative assessment 
time point (Table 2). 
	 All patients underwent the CAM screening for 
POD, except for three patients in the DEX and two 
patients in the NSS, who were intubated at 24-48 hours 
postoperatively, and they were assessed using the CAM-
ICU for indicated POD.
	 There was no statistical difference between the 
treatment groups in terms of sedation score (Table 2), 
which used a cut-off point of less than -2 to indicate deep 
sedation requiring intervention, as well as perioperative 
hemodynamics values (Table 3). However, there were 
some notable differences in certain parameters were 
observed. The intraoperative heart rate (HR) of patients 
in the DEX was 75.9 (70, 85) bpm, whereas it was 80.8 
(70, 90) bpm in the NSS. Additionally, the systolic blood 
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Fig. 1 CONSORT-Study Flow Diagram
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TABLE 1. Baseline patients characteristic.

Variables	 DEX group	 NSS group	 P value

Age (yr.)	 78.8±8.8	 80.4±7.8	 0.053

Gender (M/F)	 29/71	 18/82	 0.095

BMI (kg/m2)	 21.0±3.7	 20.9±4.2	 0.792

ASA physical status			 

   II/III/IV	 5/95/0	 1/95/4	 0.051

Diagnosis			 

   Intertrochanteric fracture	 66	 63	 0.177

   Neck of femur fracture	 29	 36	

   Subtrochanteric fracture	 5	 1	

Operations			 

   Cephalomedullary nail	 69	 65	 0.543

   Dynamic hip screw	 0	 1	

   Multiple screws	 2	 0	

   Hemiarthroplasty	 22	 27	

   Total hip arthroplasty	 7	 7	

Co-morbidities			 

   HT	 59	 66	 0.381

   CAD, Valvular heart	 7	 10	 0.613

   Asthma/COPD/interstitial     

   lung	 6	 6	 1.000

   Stroke with full recovery	 8	 8	 1.000

   DM	 39	 28	 0.134

   Thyroid disease	 4	 2	 0.683

   Chronic kidney disease (stage III-IV)	 4	 6	 0.748

   Liver cirrhosis (Child–Pugh grade A-B)	 4	 1	 0.369

Medication			 

   Antihypertensives  	 60	 65	 0.557

   Antihistamines	 22	 30	 0.259

   Diuretics	 15	 24	 0.153

   Opioids	 18	 23	 0.484

   NSAIDs	 35	 29	 0.449

	 Benzodiazepines	 30	 22	 0.259

Pre-operative lab values			 

	 Hb (g/dl)	 10.2 (9.1, 11.6)	 10.2 (9, 11.3)	 0.501

	 Sodium < 135 or > 145 mM/L	 19	 19	 1.000

	 Potassium < 3.5 or > 5.5 mM/L	 4	 3	 1.000

Perioperative Data			 

	 Operative time (min)	 115.5 (90, 135)	 108.5 (90, 120)	 0.073

	 Estimate intraoperative blood loss (ml)	 131.7 (50, 1150)	 118.4 (50, 150)	 0.966

	 Intraoperative infusion (ml)	 1081.7 (850, 1300)	 961.6 (750, 1125)	 0.051

	 Allogenic blood transfusion(ml)	 95.7 (0, 235)	 72.7 (0, 198)	 0.255
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TABLE 2. Incidence of post-operative delirium & sedation score.

TABLE 3. Perioperative hemodynamic values.

Timing	 DEX group n (%)	 NSS group n (%)	 RR (95% CI)	 P value

Overall-Delirium	 18 (18)	 40 (40)	 0.45 (0.28, 0.73)	 < 0.001*

PACU	 1 (1)	 11 (11)	 0.09 (0.01, 0.69)	 0.020*

24 h 	 13 (13)	 33 (33)	 0.39 (0.22, 0.70)	 0.002*

48 h 	 11 (11)	 34 (34)	 0.32 (0.17, 0.60)	 < 0.001*

72 h 	 15 (15)	 29 (29)	 0.52 (0.30, 0.90)	 0.021*

Over all-Sedation score	 6 (6)	 9 (9)	 0.67 (0.25, 1.8)	 0.425

PACU	 0	 0	 -	 -

24 h	 2 (2)	 7 (7)	 0.29 (0.06, 1.32)	 0.112

48 h	 2 (2)	 1 (1)	 0.50 (0.05, 5.43)	 0.569

72 h 	 0	 3 (3)	 -	 -

*A p value < 0.05 indicates statistical significance

Parameters	 DEX group	 NSS group	 P value

		  n (Q1, Q3)	 n (Q1, Q3)	

HR (/min)			 

  Preoperative	 87.9 (80, 96)	 88.9 (79, 99)	 0.579

  Intraoperative	 75.9 (70, 85)	 80.8 (70, 90)	 0.015*

  PACU	 80.0 (70, 87.5)	 82.1 (70, 90)	 0.190

SBP (mmHg)			 

  Preoperative	 146.9 (131, 160)	 142 (130.5, 154.5)	 0.260

  Intraoperative	 105.9 (100, 120)	 107.3 (100, 120)	 0.570

  PACU	 115.8 (105, 122.5)	 120.6 (110, 130)	 0.029*

DBP (mmHg)			 

  Preoperative	 79.9 (71, 90)	 77.9 (68, 86.5)	 0.082

  Intraoperative	 62.1 (60, 70)	 63.5 (60, 70)	 0.084

  PACU	 68.5 (60, 70)	 68.9 (60, 75)	 0.604

SpO2 (%)			 

  Preoperative	 96.1 (95, 98)	 96.4 (95, 98)	 0.350

  Intraoperative	 97.9 (98, 100)	 98.1 (97, 100)	 0.215

  PACU	 98.8 (98, 100)	 98.5 (98, 100)	 0.311

*A p value < 0.05 indicates statistical significance
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pressure (SBP) observed at the PACU in the DEX was 
115.8 (105, 122.5) mmHg, compared to 120.6 (110, 130) 
mmHg in the NSS. Both of these hemodynamic changes 
were significantly lower in the DEX compared to the 
NSS, with p-values of 0.015 and 0.029 for intraoperative 
HR and SBP observed at the PACU, respectively. 
	 The opioid consumption within the initial 72 hours 
postoperatively was evaluated, with a protocol in place to 
minimize opioid use by specifically choosing intravenous 
morphine. Consequently, no significant differences were 
observed in the dose of morphine between the two groups 
during this period.
	 For the safety outcome, there was no statistical 
difference between the treatment groups. (Table 4) None 
of the patients received additional anesthetic, sedative 
agents or pain relief medication during the operation. For 
postoperative pain control, patients received acetaminophen, 
or NSAIDs, with opioids such as morphine (0.1-0.2 
mg/kg) administered as needed only during the first 24 
hours postoperatively. None of the patients received 
benzodiazepines or other sedative drugs postoperatively, 
except for the patients diagnosed with delirium, for 
whom they were prescribed by a psychiatrist.
	 There was also no statistical difference between the 
treatment groups for postoperative outcomes, including 
the total length of stay and in-hospital complications. 
However, the length of stay after the operation in the 
DEX was significantly shorter compare to the NSS (4.9 
[3, 6] vs. 6[4, 6.5] days) with a p-value of 0.006 (Table 5). 

DISCUSSION
	 This study has provided evidence that dexmedetomidine 
effectively reduces the incidence of postoperative delirium 
within 72 hours after surgery, consistent with numerous 
prior studies.14,16,18,19,25–28 According to our findings, both 
groups demonstrated a higher incidence of delirium 
compared to previous studies17,18, including the study 
conducted by Xie S and Xie M, which was employed 
for samples size calculation.25 The higher incidence can 
be attributed to the enrollment of older patients, with 
ages of 78.8±8.8 and 80.4±7.8 years in the two treatment 
groups. besides, these patients experienced pain from 
hip fractures and may have been in a dehydrated status 
due to the restrictions on food and drink before the 
operation. 
	 To ensure outcome accuracy, we made efforts 
to adjust controllable confounding factors, that have 
been identified in previous studies29,30 as contributing 
to postoperative delirium in elderly patients with hip 
fracture. These factors include screening and preventing 
infection, maintaining adequate volume status during 
admission, screening and treating abnormal electrolyte 
levels, avoiding multiple drug used, ensuring adequate 
pain control and selecting neuraxial techniques with 
peripheral nerve blocks.
	 This trial stands out as the only one that utilized a 
different technique for administering DEX, specifically a 
small single-dose infusion. We opted for this technique 
considering the pharmacokinetic and pharmacodynamic 

TABLE 4. Safety outcomes.

  Parameters		   Intraoperative periods			                 PACU

	 DEX 	 NSS	 RR (95% CI)	 P value	 DEX	 NSS	 RR (95%CI)	 P value
	 group	 group			   group	 group	
	 n (%)	 n (%)			   n (%)	 n (%)	

Bradycardia	 18 (18)	 13 (13)	 1.38 (0.72, 2.67)	 0.332	 10 (10)	 10 (10)	 1.00 (0.44, 2.30)	 1.000

with intervention	 8 (8)	 7 (7)	 1.14 (0.43, 3.03)	 0.789	 2 (2)	 1 (1)	 2(0.18, 21.70)	 0.563

Tachycardia	 3 (3)	 3 (3)	 1.00 (0.21, 4.84)	 1.000	 0	 1 (1)	 -	 -

with intervention	 0	 0	 -	 -	 0	 0	 -	 -

Hypotension	 48 (48)	 35 (35)	 1.37 (0.98, 1.92)	 0.065	 16 (16)	 11 (11)	 1.45 (0.71, 2.98)	 0.305

with intervention 	 28 (28)	 25 (25)	 1.12 (0.71, 1.78)	 0.631	 6 (6)	 3 (3)	 2.00 (0.51, 7.78)	 0.317

Hypertension	 0	 0	 -	 -	 0	 1 (1)	 -	 -

with intervention 	 0	 0	 -	 -	 0	 0	 -	 -

Hypoxia	 2 (2)	 1 (1)	 2.43 (0.18, 21.70)	 0.569	 0	 0	 -	 -

with intervention	 0	 0	 -	 -	 0	 0	 -	 -
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TABLE 5. Postoperative outcomes.

*A p value < 0.05 indicates statistical significance

Parameters	 DEX group	 NSS group	 P value
		  n (Q1, Q3)	 n (Q1, Q3)	

Total length of stay (day)	 12.5 (8.5, 14)	 13.9 (9, 15.5)	 0.341

Length of stay after operation (day)	 4.9 (3, 6)	 6.0 (4, 6.5)	 0.006*

Intraoperative complications 			 

   vasopressors	 40	 35	 0.468

   convert to general anesthesia	 3	 0	 0.082

   shivering	 1	 2	 0.563

   arrythmia	 1	 0	 0.319

In-hospital complications 			 

   death	 1	 0	 0.319

   pulmonary embolism	 1	 0	 0.319

   myocardial infarction	 2	 1	 0.563

   respiratory failure	 1	 0	 0.319

   sepsis	 1	 1	 1.000

   pneumonia	 2	 1	 0.563

   acute kidney injury	 1	 0	 0.319

   urinary tract infection	 3	 7	 0.196

   volume overload	 1	 1	 1.000

   lung atelectasis	 1	 0	 0.319

   Total complications 	 8	 13	 0.251

of DEX in elderly patients. It is important to note that the 
distribution phase of DEX is rapid, with a distribution 
half-life of approximately six minutes and an elimination 
half-life of two hours in a healthy population[10], which 
may be longer in the elderly population. Moreover; 
the operative time of hip surgery at our institute was 
relatively short, with a mean duration of 115.5 (90, 135) 
and 108.4 (90, 120) minutes in the two treatment groups. 
Therefore, a single dose of DEX would be sufficient for 
elderly patients undergoing hip surgery. 
	 Furthermore, considering the main concern, the 
infusion technique also involved potential adverse effects, 
such as hypotension and bradycardia, as shown in previous 
studies.14,18,19,28 We hypothesized that a single small dose 
of DEX in this study would result in a lower incidence 
or no statistically significant difference between the 
treatments group for hypotension and bradycardia. 
Our results confirmed this hypothesis when comparing 
to previous studies28,31 However, in our study, the DEX 

also exhibited statistically lower intraoperative heart 
rate and lower systolic blood pressure observed at the 
PACU. Nevertheless, these values did not show clinical 
significance nor required any intervention.
	 Another side effect of DEX is sedation, which was 
assessed using the Richmond agitation sedation scale. 
The desired sedation level ranged from 0 to -2, indicating 
patients’ status were claim to light sedation. In our study, 
there was no significant difference in sedation between 
the two groups. Furthermore, no patients in the DEX, 
experienced deep sedation or coma at the PACU, which 
is believed to be within the elimination half-life of DEX. 
During the intraoperative periods, two patients in the 
DEX and one patient in the normal saline solution group 
experienced hypoxia with SpO2 level below 90%. However, 
no intervention was required as these episodes of hypoxia 
were of short duration (less than ten minutes) and the 
patients’ SpO2 levels manually increased to above 90%.
	 Additionally, there was a significant difference 
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in the length of stay after the operation, excluding 
the waiting time for surgery, between the two groups. 
Specifically, the DEX had a slightly shorter duration of 
stay compared to the NSS. It is possible that patients in 
the DEX experienced less POD than those in the NSS, 
which might have allowed patients to return home more 
quickly. However, several factors affect the length of stay 
after the operation, so we cannot conclusively attribute 
the reduction in length of stay solely to DEX.
	 All perioperative complications showed no significant 
difference between the two groups, consistent with previous 
studies14,19,28 Considering the most common complication, 
which is the need of vasopressors, it is expected that the 
DEX, which had more patients experiencing hypotension, 
would also have more patients requiring vasopressors. 
Three patients in the DEX requested a conversion to 
general anesthesia after realizing that spinal anesthesia 
alone was not sufficient for their comfort during the 
lengthy operation (lasting over four hours). An 85-year-
old patient in the DEX developed hospital acquired 
pneumonia (HAP) with respiratory failure and sepsis from 
a Covid infection five days after surgery. Unfortunately, 
the patient’s condition deteriorated and he passed away 
after twenty days of admission. Additionally, one patient 
in the DEX developed atrial fibrillation (AF) with a 
rapid ventricular response of 170 bpm within 24 hours 
after surgery. After receiving appropriate treatment and 
stabilization, the patient was diagnosed with a myocardial 
infarction by cardiologist. Finally, they were successfully 
treated and discharge from the hospital after a 15-day 
admission. 
	 The strength of this study lies in its design as a 
randomized, double-blinded, placebo-controlled trial, 
which demonstrated the significant efficacy of DEX in 
reducing POD. Moreover, this trial introduced a difference 
administration technique of DEX in prevention of POD. 
We believe that this approach could greatly facilitate 
perioperative management for anesthesiologists and 
potentially encourage the wider utilization of this drug 
among the elderly population.
	 There were several limitations to this study. 
Firstly, it was conducted at a single-center, which could 
introduce selection and treatment biases. The uniformity 
of care provided by the same team and the influence 
of local practices and personal experience may limit 
the generalizability of the findings. In addition, the 
selection criteria limited the inclusion of a border range 
of elderly patients with hip fractures, thus reducing 
the applicability of the results. Secondly, the follow-up 
period was relatively short, spanning only 72 hours 
postoperatively. While we believed that most cases of 

POD would occur within this mentioned timeframe 
by the study of Whitlock et al.[6], there is a possibility 
that some patients may have experienced POD beyond 
this period. Thirdly, this study failed to include brain 
imaging, quantitative EEG information, sophisticated 
neurophysiologic testing and blood markers to determine 
and classify delirium. Fourthly, we were unable to defined 
all preoperative predictors for POD, such as preoperative 
cognitive function classified by other screening tools or 
preoperative functional impairment, due to missing data 
that cannot be corrected from medical records or patient 
information. Finally, delirium is a multifactorial condition, 
and despite our efforts to control confounding factors, 
there may still uncontrollable variables influencing its 
occurrence.  

CONCLUSION
	 The administration of a single-dose dexmedetomidine 
demonstrated efficacy in reducing the incidence of 
postoperative delirium within 72 hours postoperatively in 
elderly patients undergoing hip surgery without affecting 
intraoperative hemodynamic stability. Further investigation 
into the long-term outcomes of dexmedetomidine in the 
elderly is warranted.
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Development of the Purification Process of 
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Generator 

ABSTRACT
Objective: 68Ga has a half-life of 68 minutes, with 89% of its decay is through positron emission. It is available from 
generator systems and possesses suitable property for labeling radioligands. These aspects make 68Ga a promising 
tracer for positron emission tomography (PET) imaging. This study aims to develop the purification process of 
the 68Ga eluates from 68Ge/68Ga generator after its recommended shelf-life and ensuring the quality through the 
radiolabeling process.
Materials and Methods: In this study, we explored the development of a purification method for 68Ga eluted from a 
68Ge/68Ga generator before radiolabeling was investigated. Cation and anion exchange chromatography techniques 
were combined to remove trace amounts of competing metal ion impurities. Post-purification, the eluate’s metal 
contents were analyzed using inductively coupled plasma atomic emission spectroscopy (ICP-AES). Breakthrough 
of 68Ge was measured using a multi-channel analyzer (MCA) spectrometer with high-purity germanium (HPGe) 
radiation detectors. Additionally, the radiochemical purity of 68Ga-NOTA-RGD was analyzed by high-performance 
liquid chromatography (HPLC).
Results: Metal impurities including Fe(II), Zn(II) and Al(III) were reduced by 61%, 38% and 44% respectively. The 
68Ge breakthrough was approximately ~10–3%. The labeling efficiency with NOTA-RGD, a tracer for angiogenesis 
imaging, resulted in an average yield of 68Ga-NOTA-RGD (not corrected for decay) of around 50%, with a 
radiochemical purity by HPLC of approximately 98%–99%.
Conclusion: Cation exchange in combination with anion exchange chromatography was thus proven to be an efficient 
method for purification of the 68Ga eluate from a 68Ge/68Ga generator prior to labeling the 68Ga PET radiotracer.
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INTRODUCTION
	 The use of positron emission tomography (PET) 
has widely expanded in recent years. With its excellent 
resolution, high sensitivity, and potential for precise 
quantitative analysis, PET imaging is one of the most 
effective diagnostic tools in nuclear medicine today. 
The majority of radiopharmaceuticals used in PET are 
short-lived positron-emitting compounds. The four-

basic cyclotron-produced radionuclides most widely 
employed are: 18F 11C, 15O, and 13N. It is also possible to 
obtain radionuclides that emit positrons from generator 
systems, with some examples being 82Rb from 82Sr and 
68Ga from 68Ge. While standard PET radionuclides and 
non-standard PET radionuclides are usually just made 
up of four basic radionuclides, such as 68Ga, the range 
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has expanded in recent years in both preclinical and 
clinical studies.1

	 As 68Ga decays, 89% of it is decayed through positron 
emission. In addition, the 68Ge parent material decays 
with a half-life of 270.8 days through electron capture. 
Currently, 68Ga is usually available from an in-house 
68Ge/68Ga generator that most users will have on site 
but independent of an on-site cyclotron. 68Ge with a 
long physical half-life is ideal for clinical settings with 
its suitable lifespan. However, if used for more than a 
year, the eluting of 68Ga usually requires a hydrochloric 
acid solution containing 68GaCl3 as its chemical form.2,3

	 The use of radiolabeled peptides in nuclear oncology 
is increasing. In particular, positron-emitting peptides 
have now been developed. 68Ga-labeled compounds 
are becoming increasingly popular in clinical PET.4  

68Ga-labeled DOTA-peptides are the most generally 
used radiotracers for PET imaging, especially 68Ga-
DOTA-TOC and 68Ga-DOTA-TATE in the diagnosis 
of neuroendocrine tumors.5,6 More recently, NOTA a 
commonly used bifunctional chelator, has been shown 
to possess a superior 68Ga-binding ability, and so 68Ga-
NOTA-RGD was developed as a radiotracer for the 
visualization of angiogenesis.7 
	 During the past few years, gallium has seen a change 
in its role in infection imaging. While 67Ga-citrate has 
been extensively used for the past four decades but with 
limitations, now 68Ga citrate and 68GaCl3 are usually used 
for infection imaging.8 
	 In several 68Ge/68Ga generator systems, 68Ge is adsorbed 
on a wide range of solid supports, including metal oxides, 
such as SnO2, TiO2, and Al2O3; organic materials, e.g., 
pyrogallol-formaldehyde resins; and inorganic materials, 
e.g., silica.9-11 The main drawback of these systems is that 
the 68Ga eluate is usually contaminated with long-life 68Ge 
and trace metallic impurities, which could potentially 
compete with the 68Ga ion when labeled with nanomole 
levels of conjugated peptides/biomolecules or other 
carrier ligands. In addition, the eluate from 68Ge/68Ga 
generators usually has a relatively large volume and 
high HCl concentration from 0.1–1N, which causes 
problems in the labeling process. Therefore, dedicated 
procedures to purify and concentrate 68Ga before labeling 
are needed.12 
	 There has been a recent report describing a  
method of purifying 68Ga for performing 68Ga-labeled 
radiopharmaceuticals from 68Ge/68Ga generator eluates 
eluted with HCl/acetone mixtures on a micro-cation 
exchange column.13-15 In other studies, several approaches 
for purification and concentration have been reported. An 
effective post-processing technique for 68Ge/68Ga generators 

using cation and anion exchange chromatography was 
developed to provide high 68Ga recovery, 68Ge removal, 
the removal of metallic impurities, lower acidity, and 
minimized volumes, which would all be useful for direct 
radiolabeling reactions with a high labeling efficiency of 
68Ga-NOTA-RGD.
	 The aim of this study was to develop a purification 
method that makes use of both cation exchange and 
anion exchange processes to purify 68Ga eluates with a 
high radiochemical purity (RCP) and short purification 
times. The system should also provide a 68Ga eluate that 
can be directly used for labeling with a high radiolabeling 
yield and the highest radionuclidic purity.

MATERIALS AND METHODS
Purification process of the 68Ga eluate
	 The 68Ge/68Ga generator was purchased from iThemba 
LABS (Somerset West, South Africa) and had been 
previously checked for metallic impurities. The elution 
was done using sterilized 0.6N HCl12 prepared from 
ultra-purified hydrochloric acid and tri-distilled water.	
In order to elute the generator, 6 mL HCl 0.6N was used, 
and the eluate was divided into five equal portions of 1.2 
mL each. The first portion was the non-purified eluate. 
The second through fifth portions were used for eluate 
purification by loading the eluate on the top of the cation 
exchange column. The column was pre-conditioned with 
0.5 mL of 98% acetone/0.05 N HCl. The eluate in each 
column was eluted using 2 mL of 97.6% acetone with 
different concentrations of HCl (0.05N, 0.10N, 0.15N, 
and 0.2N). Each eluate from 50 mg of the cation exchange 
resin, which by now was in the form of [68GaCl4]-, was 
passed down to 50 mg of the anion exchange resin. The 
trapped [68GaCl4]- in the anion exchange resin was eluted 
with 1 mL ultra-purified water. After the purification 
process, the purity of the eluate in aqueous solution 
was investigated by inductively coupled plasma atomic 
emission spectrometry (ICP-AES).

Study of the metal impurities by ICP-AES
	 Metal impurities in the eluate were analyzed using 
a Spectro Arcos 165 ICP-AES system equipped with a 
Cetac ASX-520 autosampler. The measurements were 
performed using an ICP-AES spectrometer to investigate 
the metal ions, whereby the most prominent atomic 
and ionic analytical lines were chosen, including Fe at 
238.104 nm, Zn at 206.2 nm, Ge at 265.118 nm, and 
Al at 396.153 nm. The concentrations of the following 
metal ions were determined by comparing them to 50, 
100, 200, and 400 ppb solutions prepared from the 1000 
ppb standard solution.
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Germanium-68 breakthrough 
	 Germanium-68 breakthrough was calculated by 
comparing the daughter radionuclide (68Ga) to the parent 
radionuclide (68Ge). Germanium-68 breakthrough was 
measured after complete 68Ga decay (<48 h) by a multi-
channel analyzer (MCA) equipped with a high-purity 
germanium (HPGe) detector.

Radiolabeling of 68Ga-NOTA-RGD
	 Purified 68Ga (111 MBq in 1 mL of tri-distilled sterile 
water) was added to a 20 µg lyophilized NOTA-RGD kit 
(supplied by Jae Min Jeong Seoul National University, 
Jongro-gu, Seoul, Korea)16, and the pH was adjusted to 
5.0 with 0.1M ammonium acetate buffer. The pH of the 
mixture was checked with a pH indicator strip and then 
the mixture was heated in a water bath at 100 oC for 15 
min. After cooling, the labeled product 68Ga-NOTA-
RGD was sterilized by 0.22 µm Millipore filtration.

Quality control of 68Ga-NOTA-RGD
	 The labeling efficiencies and radiochemical purities 
of the purified 68Ga-NOTA-RGD were determined by 
high-performance liquid chromatography (HPLC) (Agilent 
Tech., Series 1200) with a Phenomenex Jupiter column 
C-18, 5 µm, 4.6 × 250 mm. The solvents were 0.1% (m/v) 
trifluoroacetic acid (TFA) in deionized water (A) and 
100% acetonitrile (B). Elution was carried out at a flow 

rate of 1 mL/min, under UV–visible illumination (200, 
280 nm) with a gamma-ray detector (Raytest Gabi Star), 
using the elution program in Table 1. 	
	 As a result, the peak for free 68Ga appeared at 3.5 to 4 
min, whereas peaks for small particles of the radiochemical 
impurities appeared at 3.0 to 3.5 min, while 68Ga-NOTA-
RGD showed an earlier retention time of 9.0 to 9.5 min.

RESULTS 
	 The small amounts of Fe(III), Zn(II), Ge(IV), and 
Al(III) were found in the eluate. The concentration of 
Ge(IV) was less than 1 ppb while all the other metals 
were less than 1 ppm. After the purification process, 
Fe(II), Zn(II), and Al(III) were reduced by 61%, 38%, and 
44%, respectively, compared to the initial non-purified 
evaluation (Table 2). 
	 The 68Ga eluted from the 68Ge/68Ga generator 
usually contains small amounts of metallic impurities 
that represent metals that can compete with 68Ga(III) 
in the radiopharmaceutical labeling process, thereby 
adversely affecting both the 68Ga labeling yields and the 
specific activity of the labeled compound. These metal 
impurities, especially Fe(III), and the 68Ge breakthrough 
need to be effectively removed. Here, the concentrations 
of metallic ions before and after purification are shown 
in Table 2. 

TABLE 1. HPLC gradient for the elution of 68Ga-NOTA-RGD

TABLE 2. Metal impurities concentrations in 68Ga eluates eluted with different acetone / hydrochloric acid mixtures.

Time (min)	 0.1% Trifluoroacetic acid (TFA) in deionized water (A)	 Acetonitrile (ACN) (B)

0–4	 90%	 10%

4–10	 30%	 70%

10–13	 10%	 90%

Metal	 Non-purified	 98% Acetone/	 98% Acetone/	 98% Acetone/	 98% Acetone/

		  0.05N HCl	 0.1N HCl	 0.15N HCl	 0.2N HCl

Al(III)	 1.46E-04	 5.16E-05	 2.88E-04	 6.31E-05	 8.17E-05

Fe(III)	 6.36E-04	 6.52E-04	 5.18E-04	 4.50E-04	 2.48E-04

Zn(II)	 1.73E-04	 7.59E-05	 1.14E-04	 2.78E-04	 1.06E-04

Ge(IV)	 7.97E-06	 2.04E-06	 1.11E-06	 1.23E-06	 4.08E-07
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68Ge breakthrough 
	 The 68Ge breakthrough in 12 samples using a SnO2-
based 68Ge/68Ga generator. After the complete decay 
of 68Ga (> 48 h), the quantitative measurement of 68Ge 
breakthrough was performed using a calibrated gamma 
spectrometer equipped with a coaxial (HPGe) detector. 
The 68Ge breakthrough from the generator was found to 
be approximately 10−3% of the eluted 68Ga activity after 
purification. This is in accord with many publications 
that have reported breakthrough of the 68Ge parent 
radionuclide as usually less than 0.001%

Elution efficiency after purification and the labeling 
of RGD peptide with 68Ga 
	 The entire purification process, including two 
purification steps, cation exchange and anion exchange 
chromatography, was completed within 30 min. The 
mean activity at the first elution was 2.89 ± 0.11 mCi. 
The radioactivity levels of 68Ga at the first elution and 
after passing through the cation and anion exchange 
columns and labeling with NOTA-RGD peptide are 
shown in Table 3. Without correction for the decay, 
the mean activities after the two purification steps and 
labeling were 2.00 ± 0.10, 1.74 ± 0.10, and 1.44 ± 0.10 

mCi, respectively. In this study, the elution efficiencies 
after the purification steps were found to range between 
50% to 70%. The elution efficiency decreased to about 
69.02 ± 2.88% after the first purification step, 60.03 ± 
2.54% after the second step, and 49.89 ± 2.49% after the 
labeling, see Table 3. In this study, it was approximately 
70% over a processing time of not more than 30 minutes. 
However, the labeling efficiency was 99% and only a 
small amount of free 68Ga was detected when labeling 
NOTA-RGD peptide with the purified 68Ga, see Table 4.
	 The complexation yield of Ga-NOTA-RGD was 
validated by HPLC studies. Fig 1 shows the typical HPLC 
pattern of 68Ga-NOTA-RGD. The 68Ga-NOTA-RGD 
peak was collected at a retention time of 9.0–9.5 min, 
while free 68Ga peak appeared at 3.5–4 min, and small 
traces of radiochemical impurities at 3.0–3.5 min. 
	 The efficacy of 68Ga for the preparation of 
radiopharmaceuticals for PET imaging was confirmed by 
radiolabeling NOTA-RGD with a very high complexation 
yield. The radiochemical purity (RCP) of 68Ga-NOTA-
RGD was higher than 99%. The process of labeling 
was completed within 30 minutes. The mean labeling 
efficiency was 99.31 ± 0.32%, while the unlabeled 68Ga 
was 0.69 ± 0.32%, as shown in Table 4.

TABLE 3. Radioactivity in mCi of 68Ga at the first elution, and after the two purification steps and labeling (The 
percentage reduction of radioactivity is in parenthesis). 

	 Radioactivity of 68Ga in mCi and the percentage reduction (%)

Test no	 First 	 After purification by	 After purification by	 After labeling
	 elution	 cation exchange	 anion exchange	

1	 2.93	 2.05	 (69.97)	 1.75	 (59.73)	 1.48	 (50.51)

2	 2.82	 1.95	 (69.15)	 1.69	 (59.939)	 1.43	 (50.71)

3	 2.94	 1.99	 (67.69)	 1.73	 (58.84)	 1.44	 (48.98)

4	 3.02	 1.95	 (64.57)	 1.72	 (56.95)	 1.41	 (46.69)

5	 2.95	 2.11	 (71.53)	 1.84	 (62.37)	 1.53	 (51.86)

6	 2.77	 1.83	 (66.06)	 1.63	 (58.843)	 1.39	 (50.18)

7	 2.62	 1.94	 (74.05)	 1.65	 (62.98)	 1.40	 (53.44)

8	 2.90	 2.02	 (69.66)	 1.72	 (59.31)	 1.46	 (50.34)

9	 2.98	 2.12	 (71.14)	 1.92	 (64.43)	 1.61	 (54.03)

10	 3.01	 2.14	 (71.10)	 1.89	 (62.79)	 1.44	 (47.84)

11	 2.91	 1.88	 (64.60)	 1.67	 (57.393)	 1.34	 (46.05)

12	 2.85	 1.96	 (68.77)	 1.62	 (56.84)	 1.37	 (48.07)

Mean	 2.89	 2.33	 (69.02)	 2.24	 (60.03)	 2.06	 (49.89)

S.D.	 0.11	 0.11	 (2.88)	 0.13	 (2.54)	 0.10	 (2.49)
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TABLE 4. Analysis of 68Ga-NOTA-RGD and unlabeled 68Ga by HPLC.

Test no	 Area count (cps)			   % Area

	 Region 1	 Region 2	 Total count	 Region 1	 Region 2

1	 80.11	 18020.06	 18706.17	 0.43	 99.57

2	 100.45	 17896.08	 17996.53	 0.56	 99.44

3	 77.45	 18223.69	 18301.14	 0.42	 99.58

4	 256.22	 17745.32	 18001.54	 1.42	 98.58

5	 59.91	 19304.39	 19364.30	 0.31	 99.69

6	 147.25	 17593.25	 17740.50	 0.83	 99.17

7	 201.43	 17620.13	 17821.56	 1.13	 98.87

8	 81.11	 18375.34	 18465.45	 0.44	 99.56

9	 154.6	 20362.14	 20516.74	 0.75	 99.25

10	 145.64	 18122.65	 18268.29	 0.80	 99.20

11	 93.01	 16934.67	 17027.68	 0.55	 99.45

12	 105.56	 17291.59	 17397.15	 0.61	 99.39

Mean ± SD				    0.69 ± 0.32	 99.3 ± 0.32

Fig 1. HPLC chromatogram patterns of 68Ga-NOTA-RGD.
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CONCLUSION AND DISCUSSION
	 The 68Ge/68Ga generator used in this study was a 
SnO2-based generator. By measuring the metallic impurities 
by ICP-AES, it was verified that metallic impurities 
were present that could interfere with the formation of 
Ga(III) complexes. Therefore, before the radiolabeling 
of peptides, the 68Ga eluate would need to be purified 
using a cationic exchange column, an anionic exchange 
column, or both. In this study, 68Ga solutions were purified 
on both cation and anion exchange columns. We eluted 
the 68Ga eluate using different concentrations of acetone/
hydrochloric acid mixtures after each transfer. Schultz 
et al.17 used different sets of chromatographic columns, 
50W X8 cation, and UTEVA resin, and eluted with 0.1M 
HCl. Metal analysis by ICP-AES demonstrated that the 
stable metals were reduced to less than 0.2 ppm, but 
Fe(III) could not be removed, while the breakthrough 
of 68Ge was less than 0.02% of the 68Ga activity.
	 Germanium-68 is strongly absorbed by metal oxides or 
organic materials, making 68Ge breakthrough highly unlikely. 
However, the metal impurities from 68Ge breakthrough 
in the eluate are lesser problems compared to patient 
exposure to radiation when used for the radiolabeling 
of peptides or other biomolecules. As a minimum, the 
radionuclidic purity of 68Ga chloride solution should be 
limited to 99.9% of the total radioactivity, whereas 68Ge 
should not exceed 0.001% (EU Pharm). Some have even 
reported values less than 10–4% to 10–5%. Konstantin  
et al.18 reported that the initial amount of 68Ge(IV) was 
decreased by a factor of 104 when using a TiO2-based 
generator. Roesch20 reported that 68Ge breakthrough 
levels ranged from 0.01% to 0.001% for fresh generators, 
but they increase with extended use. Since the 68Ge 
breakthrough has been shown to increase over the lifetime 
of the generator and our generator had been used for 
more than 18 months, our presented result of 10–3% of 
the eluted 68Ga activity is considered an acceptable result. 
This means our generator also fulfills the requirement 
of the European Pharmacopeia (EU) concerning the 
radionuclide purity for 68Ga of 99.9%. Concerning the 
radiation absorbed dose, a recent publication reported 
that 68Ge is rapidly excreted in the urine, which greatly 
diminishes the potential radiation absorbed dose. Lin 
M et al.21 demonstrated that the elution of 68Ge from a 
commercial titanium-dioxide-based 68Ge/68Ga generator 
resulted in markedly low 68Ge breakthrough, in the order of 
14 to 25 nCi. When labeled with DOTATOC, spectroscopic 
analysis of the synthesis components demonstrated 
that the 68Ge breakthrough in the final products was 
quantitatively removed. Sudbrock et al.22 reported that 
the content of long-lived 68Ge breakthrough increased 

to more than 100 ppm over the entire period of use of 
the generator, while the chelator DOTA eliminated 68Ge 
efficiently during labeling. The maximum 68Ge activity 
found in the labeled product (below 10 Bq) and the 
effective doses received by the patient from 68Ge in the 
68Ga-DOTATATE final product were lower than 0.1 μSv, 
meaning practically insignificant for patients.
	 After the elution of 68Ga, the activity of 68Ga was 
measured immediately using a calibrated ionization 
chamber to determine the elution efficiency. The 68Ga 
elution yields dropped with increasing its usage frequency 
or shelf-life. In this study, the elution yield of our generator 
was found to be lower than 50% because it has been 
used for almost 18 months. Roesch23 reported that the 
68Ga-eluted yields range from about 70% to 80% for fresh 
generators, but these decrease over time. The initial yield 
of the generator has been reported to range from 75% to 
100% and the long-term yield from 60% to more than 
80%. Patrascu et al.24 reported an elution efficiency of 
80% and Konstantin et al.18 reported an initial activity 
of more than 97% from a TiO2-based generator.
	 The time spent processing the generator eluate, 
synthesizing the labeled product, and purifying it reduced 
the production yield. In this study without correction for 
the decay, the final yield of 68Ga-NOTA-RGD peptide 
was less than 50% (49.89 ± 2.49%). A final yield of 46 ± 
5% for the 68Ga-labeled DOTA-conjugated octreotide 
was reported by Roesch and Filosofov.25 Further, the 
decay-corrected yields of 68Ga radiopharmaceuticals 
did not exceed 60% to 70%.
	 For the clinical application of 68Ga produced by 
68Ge/68Ga generators, it is important to obtain 68Ga in a 
purified chemical form, maximize the elution yield of 
68Ga, and reduce the elution volume while maintaining 
a permissible level of 68Ge impurity in the eluate. There 
is a possibility of regularly eluting 68Ge/68Ga from the 
generator in a way that provides an acceptable radioactive 
concentration, yield, and purity. It was reported by Asti 
et al.19 that the concentration of 68Ge breakthrough 
increased with time, with approximately a 15% increase 
per month, ranging from 1.1×10−2% to 2.6×10−2% of 
the 68Ga activity within their 7 months of evaluation. 
Moreover, the elution yields of 68Ga from these generators 
decreased from 82% to 69% when elution was repeated, 
i.e., 100 times, over the period of 7 months.19 
	 The RCP of the 68Ga-labeled product should be 
greater than 99%, which would result in a high efficiency 
of radiolabeling with a small volume and low acidity. In 
the present study, the efficacy of 68Ga for the preparation 
of radiopharmaceuticals for PET imaging was confirmed 
by radiolabeling NOTA-RGD with a very high yield. 
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	 At present, an automatic synthesis module to produce 
68Ga-NOTA-RGD may be used. The module was connected 
to a line elution 68Ge/68Ga generator with a purification 
part and controlled by a personal computer program for 
easy production and to make it suitable for routine work. 
However, a variety of post-processing methods, such as 
anionic exchange and cationic exchange purification, 
are required to purify the eluate. It is also of particular 
importance for the labeled products to have high specific 
activities.
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Comparison between Anal Dilatation Protocols 
Following an Endorectal Pull-through for
Hirschsprung Disease

ABSTRACT
Objective: The purpose of this study was to compare the mechanical obstruction rate following a transanal endorectal 
pull-through (TERPT) in patients with Hirschsprung disease, between regular anal dilatation (AD) and selective 
anal dilatation (NAD) which meant that dilatation was only performed when an obstructive symptom occurred. 
Materials and Methods: A retrospective chart review of patients with Hirschsprung disease who underwent TERPT/
abdominal assisted TERPT at Siriraj Hospital between January 2009 and December 2021 was carried out. It was the 
surgeon’s preference that the dilatation protocols between the 2 groups (AD or NAD) were assigned. Mechanical 
obstructions included evidence of stricture, a clinical symptom of constipation, presence of Hirschsprung-associated 
enterocolitis (HAEC), and/or requirement of re-operation.
Results: In total, 132 patients were included in this study, including 55 cases in the AD group (41.7%) and 77 cases 
in the NAD group (58.3%). Postoperative mechanical obstructions occurred in 84 patients (63.6%). Among the 
mechanical obstructions, there were 35 strictures (26.5%), 26 constipation (19.7%), 40 HAECs (30.3%), and 6 re-
operation (4.5%). The mechanical obstruction rates in the AD [33/55 (60.0%)] and NAD [51/77 (66.2%)] groups 
were not significantly different (p = 0.582). The AD group was of a significantly younger age (p = 0.022) and lower 
body weight (p = 0.048) than the NAD group; however, a younger age and lower body weight were not significantly 
related with any of the obstructive complications. AD had a rate of anastomosis/cuff stricture [13/55 (23.6%)] similar 
to NAD [22/77 (28.6%)] (p = 0.665). When the statistics tests for the non-inferiority of the difference in stricture 
events between NAD and AD were performed, non-inferiority was demonstrated (p = 0.049). AD and NAD also 
had similar rates of other mechanical obstructions, including constipation (p = 0.767), HAEC (p = 0.224), and re-
operation (p = 0.234), respectively.
Conclusion: Regular anal dilatation and selective anal dilatation had comparable rates of all types of mechanical 
obstruction. 

Keywords: Hirschsprung; stricture; anal dilatation; endorectal pull-through; complication (Siriraj Med J 2024; 76: 
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INTRODUCTION
	 Surgery is the mainstay definitive treatment for 
Hirschsprung disease. The effective surgical treatment 
includes resection of the aganglionic portion of the bowel 
and identification of the proximal normally ganglionic 

bowel, followed by a leveled coloanal anastomosis. 
Operative approaches to correct Hirschsprung disease 
are derived from the original concepts of Swenson, 
Duhamel, and Soave–Boley.1-3 The standard Soave-Boley 
endorectal pull-through procedure used both abdominal 
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and transanal approaches.2,3  The Soave-Boley endorectal 
pull-through procedure was transformed into a solely 
transanal approach named “transanal endorectal pull-
through (TERPT)” by De la Torre and Ortega in 1988.4-6 

If the transanal approach cannot be performed perfectly, 
a combination of abdominal and transanal approaches, 
named “abdominal assisted transanal endorectal pull-
through” (abdo + TERPT), is used. 
	 On a transanal endorectal pull-through, mucosal 
traction sutures are placed to define the submucosal plane. 
A circular incision is made at 0.5 cm proximal to the anal 
dentate line. This submucosal plane is then developed 
using both blunt and sharp dissection. A submucosal 
dissection of the rectum after a circumferential incision 
of the rectal mucosa is performed. Following submucosal 
dissection, a seromuscular layer of the rectum is incised 
circumferentially. Mucosectomy of the rectum, leaving a 
muscular cuff, is also performed. The ganglionic colon is 
pulled through the aganglionic rectal cuff and a coloanal 
anastomosis is then carried out.4-6 
	 An anastomotic stricture after a pull-through 
procedure is an important postoperative complication. 
Risk factors of an anastomotic stricture include anastomotic 
ischemia, muscular cuff ischemia, anastomotic leak, and 
small circular anastomosis.7 In the author’s previously 
reported studies, anastomotic stricture was found to be 
the most common complication in this procedure.8,9 In 
particular, anastomotic stricture was frequently found 
in those with a low transitional zone,8 and it was found 
that the TERPT had a higher risk (12%) of anastomotic 
strictures than the abdominal assisted transanal endorectal 
pull-through (5%).8 Following a TERPT, De la Torre, 
who has been a pioneer in this operation for more than 
3 decades, still questions whether the anus should be 
routinely dilated or not.10 
	 In the Division of Pediatric Surgery, Department 
of Surgery, Siriraj University Hospital, there are two 
strategies for anal dilatation in children: regular anal 
dilation (AD) and selective anal dilation (NAD). However, 
there is no definite criteria that determines which of 
the two options is appropriate for certain patients. The 
choice might depend on age and weight at operation, the 
attending surgeon’s preference, the operation technique, 
and the difficulty of the operation. 
	 Although the AD method is a popular option, 
some argue that it can have a great impact on the mental 
health of both the patients or parents. The patients and 
parents are all affected mentally while the patient must 
be held still in order to dilate the anus for a long period 
of time.11,12

     	 The aim of this study was to determine which option 

of anal dilatation, whether AD or NAD, is the most 
appropriate option to prevent mechanical obstruction 
following a transanal endorectal pull-through or an 
abdominal assisted transanal endorectal pull-through. 
Individual mechanical obstructions were further studied 
and compared between these two options of anal dilatation.

MATERIALS AND METHODS
	 After obtaining an approval from the Siriraj Institutional 
Review Board (COA. no. Si 969/2021), a retrospective study 
was carried out in children diagnosed with Hirschsprung 
disease who underwent either a transanal endorectal 
pull-through or abdominal assisted transanal endorectal 
pull-through at Siriraj Hospital between January 2009 to 
December 2021. In this study, mechanical obstruction was 
defined as: severe stricture (either coloanal anastomosis 
or seromuscular cuff stricture), constipation with the 
usage of laxatives, enemas, and/or bowel irrigation for 
more than 3 months13, Hirschsprung’s enterocolitis with 
a Hirschsprung-associated enterocolitis (HAEC) score14 

greater than or equal to 10, and re-operation related to 
coloanal anastomosis or seromuscular cuff stricture. 
Patients with Hirschsprung disease who previously 
underwent a definitive operation at another hospital, 
and those with incomplete medical information were 
excluded from the study. 
 	 In the AD group, the size of the anastomosis was 
measured and calibrated at 2-3 weeks following an operation 
by a finger or a Hegar dilator. In some cases, the operation 
was done under general anesthesia. Then, the anus was 
dilated with a Hegar dilator 1-2 times a day at home 
by the parents. The duration of dilatation was at least 6 
months.15-18 The main concept of the AD was to gradually 
expand the anus to the size equivalent to a normal anus, 
to prevent stricture, severe intractable constipation, and 
HAEC. It was believed that if a stricture has already 
occurred, most patients remained asymptomatic until 
the stricture became too severe to be dilated with ease.19 
	 In the NAD approach, the size of the anastomosis 
was measured and calibrated at 2-3 weeks following 
surgery. Anal dilatation had not been started until a 
patient developed symptoms of mechanical obstruction 
or had a stricture documented while following up at the 
outpatient department (OPD) then the patient would 
be dilated daily by their parents.13,19,20

	 Patients’ demographic data, age and weight at 
operation, transitional zone level, types of operation, 
options of anal dilatation, and postoperative mechanical 
obstructions, such as stricture, constipation, Hirschsprung’s 
enterocolitis, and re-operation following a TERPT were 
collected. The collected data were analyzed using SPSS 
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software version 18 (SPSS Inc. Released 2009. PASW 
Statistics for Windows, Version 18.0. Chicago: SPSS 
Inc). Continuous data were expressed as the median 
and interquartile range (IQR) and categorical data were 
expressed as numbers and percentages. For the qualitative 
data, the chi-square test or Fisher’s exact test was used to 
compare the difference in proportions between independent 
groups. For the quantitative data, the Mann–Whitney U 
test was used to compare the mean between each group. 
A p-value of <0.05 indicated statistical significance.
	 A statistics test for non-inferiority was also performed. 
Non-inferiority was demonstrated when the lower bound 
of the 95% one-sided confidence interval (CI) for the 
difference in the stricture rate between the AD and the 
NAD was lower than the pre-specified non-inferiority 
margin of 10%. The p-value of the non-inferiority test 
was considered when less than a significant level of 0.05. 

RESULTS
	 A total of 132 Hirschsprung patients were included 
in this study. Postoperative mechanical obstructions 
occurred in 84 patients (63.6%), including 35 cases 

(26.5%) of stricture, 26 constipation (19.7%), 40 HAEC 
(30.3%), and 6 patients who required re-operation  
(4.5 %). Fifty-five patients (41.7%) were in the AD group, 
whereas the other 77 patients (58.3%) were in the NAD 
group. The patient’s demographic data in both regular 
anal dilatation group and selective anal dilatation group 
are demonstrated in Table 1. Median ages of the patients 
in the AD and the NAD group were 1.4 months and 2.8 
months, respectively. The difference was statistically 
significant (p = 0.022). The median weight of the patients 
in the AD group and the NAD group were 4.2 and 4.9 
kg, respectively. Although this seemed not clinically 
significant difference, the difference was statistically 
significant (p = 0.048). Other factors, including gender, 
level of transitional zone, and whether an abdominal 
assisted approach was used, between these two groups 
were not statistically different (p = 0.492, p = 0.212, and 
p = 0.084, respectively). On comparing the incidences of 
postoperative mechanical obstructions between the AD 
group and the NAD group (Table 2), the incidences of 
mechanical obstruction were 60.0% and 66.2%, respectively 
(p = 0.582).

TABLE 1. Patients’ demographic data: Comparison between the regular anal dilatation group and selective anal 
dilatation group.

		  Regular anal dilatation	 Selective anal dilatation 	 Total

		  (n = 55)	   (n = 77)	  (n = 132)	
p-value

Gender, n (%)		  		  0.492

  Male	 39 (70.9%)	 49 (63.6%)	 88 (66.7%)	

  Female	 16 (29.1%)	 28 (36.4%)	 44 (33.3%)	

Age (months) 

(median (IQR))	 1.4 (3.9)	 2.8 (12.8)	 2.3 (7.3)	 0.022

Weight (kg)

(median (IQR))	 4.2 (2.8)	 4.9 (4.6)	 4.5 (4.2)	 0.048

Transitional zone, n (%)	 (n = 53)	 (n = 76)	 (n = 129)	 0.212

  Rectum	 12 (22.6)	 17 (22.4%)	 29 (22.5%)	

  Rectosigmoid colon	 31 (58.5%)	 40 (52.6%)	 71 (55.0%)	

  Descending colon	 9 (17.0%)	 10 (13.2%)	 19 (14.7%)	

  Long segment Hirschsprung	 1 (1.9%)	 9 (11.8%)	 10 (7.8%)	

Operation, n (%)				    0.084

  TERPT	 41 (74.5%)	 45 (58.4%)	 86 (65.2%)	

	 Abdominal/Laparoscopic- 	 14 (25.5%)	 32 (41.6%)	 46 (34.8%)

 	assisted TERPT
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TABLE 2. Comparison of the incidences of post-operative mechanical obstructions between the regular 
anal dilatation group and selective anal dilatation group. 

Mechanical obstruction	 Regular anal dilatation	 Selective anal	 Total (n = 132)	 p-value
		  (n = 55)	 dilatation  (n =77)	

Yes; n (%)	 33 (60%)	 51 (66.2%)	 84 (63.6%)	 0.582

No; n (%)	 22 (40%)	 26 (33.8%)	 48 (36.4%)	

	 Because the demographic data of the patients in 
the AD group and the NAD group showed differences 
in median age at operation and weight at operation with 
statistical significance, it could not be directly concluded 
that the AD group and the NAD group had similar 
incidence of mechanical obstruction without considering 
the effects of the difference in age, weight, and types of 
operation. Therefore, further analysis was performed 
to assess whether each type of mechanical obstruction 
was a result of the protocol for anal dilatation and the 
identified factors (age, weight, type of operation).

	 Factors associated with stricture: 
	 Comparisons between those with and without 
stricture are presented in Table 3. Anastomosis/cuff 
stricture was found in 35 patients (26.5%). The AD group 
had 13/55 patients with stricture, whereas the NAD 
group had 22/77 patients with stricture (p = 0.665). The 
median age of the patients with and without stricture 
were 2.3 months and 2.3 months, respectively (p = 0.472). 

The median weight at operation of the stricture group  
(4.4 kg) wat not significantly different from those without 
stricture (4.6 kg) (p = 0.560). 
	 The statistical analysis results for the non-inferiority 
test for stricture are shown in Table 4. Non-inferiority 
was demonstrated when the lower bound of the 95% one-
sided CI for the difference in postoperative stricture rate 
between the selective anal dilatation group and regular 
anal dilatation group was lower than the pre-specified 
non-inferiority margin of 10%. When the statistics tests 
for the non-inferiority of the difference in stricture events 
between the selective anal dilatation group and regular 
anal dilatation group were performed, non-inferiority 
was demonstrated, as the difference in the stricture 
events between these two groups was 0.049. The p-value 
of the non-inferiority test was less than the level of 0.05 
that would indicate significance, which indicated that 
selective anal dilatation was not worse than regular anal 
dilatation.

TABLE 3. Factors associated with stricture: Comparison between the regular anal dilatation group and selective 
anal dilatation group and between age, body weight, and type of operation.

         Factors	 Stricture (n = 35)	 Non-stricture  (n = 97)	 p-value

Anal dilatation, n (%)			   0.665

Regular anal dilatation (n = 55)	 13 (37.1%)	 42 (43.3%)	

Selective anal dilatation (n = 77)	 22 (62.9%)	 55 (56.7%)	

Age (months) 
(median (IQR))	 2.3 (5.8)	 2.3 (11.3)	 0.472

Body weight (kg) 
(median (IQR))	 4.4 (2.8)	 4.6 (4.4)	 0.560

Operation, n (%)			   0.264

TERPT (n = 86)	 26 (74.3%)	 60 (61.9%)	

Abdominal/Laparoscopic-assisted

TERPT (n = 46)	 9 (25.7%)	 37 (38.1%)	
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TABLE 4. Non-inferiority test* for postoperative stricture.

          Factors	 Stricture (n)	 Non-stricture (n)	 Total count (n)	 Proportion

Selective anal dilatation	 22	 55	 77	 P1 = 0.286

Regular anal dilatation 	 13	 42	 55	 P2 = 0.236

One-sided 95% Confidence Interval for the difference = -0.1169 to 0.2024.
Difference P1-P2 = 0.0494**.
* Non-inferiority was demonstrated when the lower bound of the 95% one-sided CI for the difference in the postoperative stricture rate 
between the selective anal dilatation group and regular anal dilatation group was lower than the pre-specified non-inferiority margin of 
10%.
** The p-value of the non-inferiority test was less than the significant level of 0.05 then non-inferiority was demonstrated. 

	 Factors associated with constipation: 
	 Comparisons between those with and without 
constipation are presented in Table 5. In our study, 
26 patients (19.7%) had postoperative constipation, 
comprising 12 patients in the AD group  and 14 patients 
in the NAD group. The difference was not statistically 
significant (p = 0.767). There was no significant difference 
in age, weight and types of operation between those with 
and without constipation.

	 Factors associated with HAEC: 
	 Comparisons between those with and without HAEC 
are presented in Table 6.  In the AD group, 13 patients 
with HAEC were recorded, whereas 27 patients in the 
NAD group had this condition. There was no difference 
in the incidence of HAEC between each protocol of 
anal dilatation (p = 0.224). Interestingly, the operative 
technique was the only factor associated with the incidence 
of HAEC, whereby 21/46 (45.7 %) of the patients in the 
abdominal assisted TERPT group developed HAEC, 
which was significantly higher than that of the TERPT 
group [19/86 (22.1%)] (p= 0.009).

	 Factors associated with re-operation: 
	 In our series, re-operation for mechanical obstruction 
was performed in 6 cases, comprising 5 re-pull-through 
operations and one posterior myectomy done due to 
anastomotic stricture. Comparisons between those with 
and without re-operation are presented in Table 7 and 
revealed that the factors, including the protocol of anal 
dilatation (either regular anal dilatation or selective anal 
dilatation), age at operation, weight at operation, and 
type of operation, all showed no statistically significant 
differences.

DISCUSSION
	 Mechanical obstruction10,21 is an important postoperative 
complication following a pull-through operation for 
Hirschsprung disease. The obstructive symptoms are 
often accompanied by abdominal distention, bloating, 
borborygmic, increased constipation, and HAEC. Mechanical 
obstruction has many causes10,21, such as stricture of the 
anastomosis, rectal muscular cuff stricture, and twisting 
of the pull-through colon. An anastomotic stricture 
after the pull-through procedure is the most significant 
postoperative complication.8,9 The risk factors include 
anastomotic ischemia, cuff ischemia, anastomotic leak, 
and small circular anastomosis.7 
	 Apart from daily regular anal dilatation (AD) and 
selective anal dilatation (NAD) indicated by obstructive 
symptoms as described in our study, there are other 
practices. Weekly calibration and dilatation of the anus for 
6 weeks by a pediatric surgeon is also recommended.22 In 
this practice, the size of the anastomosis is first calibrated 
and dilated at 2–3 weeks after the surgery. The patient then 
makes an appointment every week for 6 weeks, during 
which the parents do not have to dilate the patient’s 
anus at all.22 At the follow-up appointment at the OPD, 
the pediatric surgeon will dilate the anus gently. If the 
pediatric surgeon feels that there is a stricture, whether 
an anastomotic stricture or cuff stricture, the pediatric 
surgeon will begin to regularly dilate the patient’s anus 
and then the patient will be dilated daily by their parents.22 

Temple22 reported that dilatation of the anastomosis 
every week without dilatation by the parents has a similar 
incidence of anastomotic strictures or leaks as cases 
involving daily anal dilatation by parents. In that study, 
only 3 of the 17 patients dilated by a doctor once a week 
were found to have a stricture later that caused the need 
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TABLE 5. Factors associated with constipation: Comparison between the regular anal dilatation group and selective 
anal dilatation group and between age, body weight, and type of operation.

TABLE 6. Factors associated with Hirschsprung-associated enterocolitis (HAEC): Comparison between the regular 
anal dilatation group and selective anal dilatation group and between age, body weight, and type of operation.

           Factors	 Constipation (n = 26)	 Non-constipation (n = 106)	 p-value

Anal dilatation, n (%)			   0.767
Regular anal dilatation (n = 55)	 12 (46.2%)	 43 (40.6%)	

Selective anal dilatation (n = 77)	 14 (53.8%)	 63 (59.4%)	

Age (months) 
(median (IQR))	 2.1 (16.4)	 2.3 (6.2)	 0.786

Body weight (kg) 
(median (IQR))	 5.2 (5.0)	 4.5 (3.0)	 0.238

Operation, n (%)			   0.797

TERPT (n = 86)	 18 (69.2%)	 68 (64.2%)	

Abdominal/Laparoscopic-assisted	 8 (30.8%)	 38 (35.8%) 

pull-through (n = 46)		

	        Factors	 HAEC (n = 40)	 Non-HAEC (n = 92)	 p-value

Anal dilatation, n (%)			   0.224

Regular anal dilatation (n = 55)	 13 (32.5%)	 42 (45.7%)	

Selective anal dilatation (n =77)	 27 (67.5%)	 50 (54.3%)	

Age (months) 
(median (IQR))	 2.2 (6.9)	 2.3 (8.7)	 0.551

Body weight (kg) 
(median (IQR))	 4.4 (3.1)	 4.6 (4.4)	 0.652

Operation, n (%)			   0.009

TERPT (n = 86)	 19 (47.5%)	 67 (72.8%)	

Abdominal/Laparoscopic-assisted	 21 (52.5%)	 25 (27.2%)

TERPT (n = 46)		

to change to a protocol with dilation of the anus every 
day by parents. Another practice is anal calibration 
under general anesthesia at the 6th week postoperatively.23 

The first calibration will be scheduled in the 6th week 
postoperatively, and performed using a finger or a Hegar 
dilator. When a stricture is detected, anal dilatation will be 
immediately performed. Obermayr23 studied 20 patients 
with Hirschsprung disease who were scheduled to have 
the size of the anus calibrated under general anesthesia 
at the end of the 6th week following the surgery. It was 
found that 12 patients had no stricture but 8 patients 

had a stricture of the anus and serial anal dilatation was 
then further done on these. Two patients still required 
redo pull-through operation for an intractable rectal 
stricture. 
	 In our study, postoperative mechanical obstructions 
occurred in 63.6%, comprising 26.5% patients with stricture, 
19.7% with constipation, 30.3% with HAEC, and 4.5% 
needing a re-operation. From Table 2, the incidences 
of mechanical obstruction in the AD and NAD group 
were 60% and 66.2%, respectively. These two protocols 
of anal dilatation had similar results for postoperative 
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TABLE 7. Factors associated with re-operation: Comparison between the regular anal dilatation group and selective 
anal dilatation group and between age, body weight, and type of operation.

	       Factors	 Re-operation (n = 6)	 Non-reoperation (n = 126)	 p-value

Anal dilatation, n (%)			   0.234

Regular anal dilatation (n = 55)	 4 (66.7%)	 51 (40.5%)	

Selective anal dilatation (n = 77)	 2 (33.3%)	 75 (59.5%)	

Age (months) 
(median (IQR))	 3.2 (30.3)	 2.2 (7.2)	 0.670

Body weight (kg) 
(median (IQR))	 5.2 (7.0)	 4.5 (4.1)	 0.458

Operation, n (%)			   0.420

TERPT (n = 86)	 3 (50.0%)	 83 (65.9%)	

Abdominal/Laparoscopic-assisted 	 3 (50.0%)	 43 (34.1%)

TERPT (n = 46)		

mechanical obstruction. Because the patients in the AD 
group had a younger mean age, lower body weight at 
the operative period and different operative approaches, 
compared to in the NAD group (Table 1), and so we 
could not conclude directly that regular anal dilatation 
and selective anal dilatation had similar incidence of 
mechanical obstruction without considering the effect 
of the difference in the patients’ age, weight, and type 
of operation.
	 Anastomotic stricture following TERPT has been 
reported an incidence of between 4%-19%.24-27 Anastomotic 
stricture may be caused by ischemia of the anastomosis, 
too much tension of the anastomosis, an incomplete 
suture technique at anastomosis27, and ischemia of the 
rectal muscular cuff.27 Rectal muscular cuff stricture10,28 

may be caused by too long a rectal cuff.13 It has been 
reported that the rectal muscular cuff should be cut at the 
posterior side to ensure a minimal length of the remaining 
rectal muscular cuff.13 In the author’s previous reported 
studies, anastomotic stricture was the most common 
complication,8,9 representing 32.6% of all complications.8 

A high incidence of anastomotic stricture in the author’s 
previous study may be the results of too tight coloanal 
anastomosis in patients without laparotomy and a minor 
degree of anastomotic ischemia.8 
	 In the present study, anastomosis/cuff stricture was 
found in 26.5% patients. The AD group had a similar 
rate of anastomosis/cuff stricture to the NAD group  
(p = 0.665). Although, regular anal dilation practice tended 
to be used in patients with a younger age in the present 
study (median age = 1.4 months) than selective anal 

dilatation (median age = 2.8 months), this confounding 
factor was not the factor influencing anastomosis/cuff 
stricture. The median age at the operation and median 
weight at the operation of the patients with stricture 
and those without stricture were the same (Table 3). 
It seems that surgeon tends to practice regular anal 
dilatation in endorectal pull-through in younger children 
to prevent anastomosis/cuff stricture, but actually the 
stricture rate here did not relate to which anal dilatation 
protocol was used, and selective anal dilatation had the 
similar stricture rate as regular anal dilatation. Among 
all the postoperative mechanical obstructions (stricture, 
constipation, Hirschsprung-associated enterocolitis, 
and re-operation), anastomosis/cuff stricture was the 
most relevant postoperative mechanical obstruction; 
therefore, a statistics test for non-inferiority for stricture 
was conducted. Non-inferiority was demonstrated when 
the lower bound of the 95% one-sided CI for the difference 
in the postoperative stricture rate between the NAD 
group and AD group was lower than the pre-specified 
non-inferiority margin of 10%. In this study, the one-sided 
95% confidence interval (CI) for the difference ranged 
from -0.1169 to 0.2024. Non-inferiority was demonstrated 
as the difference in stricture events between these two 
groups was 0.049 and the p-value for the non-inferiority 
test was less than the significant level of 0.05, which 
indicated that selective anal dilatation was not worse than 
regular anal dilatation. Our study’s results corresponded 
with those reported by Aworanti29, who revealed that the 
rate of anastomotic strictures was not reduced when anal 
dilatations were prescribed routinely. However, routine 
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dilatations will prevent early onset strictures. The mean 
durations between surgery and stricture of the routine 
anal dilatation group and selective anal dilatation group 
were 348 and 74 days, respectively.29 
	 In our study, constipation was defined as the usage 
of laxatives, enemas, and/or bowel irrigation for more 
than 3 months. In the regular anal dilatation group, 
21.8% patients had constipation, but in the selective 
anal dilatation group, 18.2% patients had constipation. 
The difference was not statistically significant. In order 
to reduce the confounding factors of age and weight 
at operation, the median age and weight at operation 
of the constipated group and non-constipated group 
were compared and there was no difference in age or 
weight found between the constipated group and non-
constipated group. However, constipation following 
TERPT occurred from many conditions, such as neuronal 
intestinal dysplasia, retained aganglionosis8, and twisting 
of the pull-through colon10,21, therefore, the practices of 
anal dilatation would be only one factor among other 
factors.
	 There was no different rate of HAEC in each protocol 
of anal dilatation, i.e., regardless of whether regular 
anal dilatation or selective anal dilatation was used. The 
median age and weight at operation in the regular anal 
dilatation group and in the selective anal dilatation group 
were the same. Our results were similar to the findings in 
Aworanti’s study29, which indicated that anal dilatation 
prescribed routinely could not reduce the risk of HAEC. 
Re-operations were performed in 6 cases in our series, 
comprising redo pull-through operations in 5 cases and 
one posterior myectomy, which was performed due to 
an anastomotic stricture. 
	 Our study does have some limitations to note. 
First, it was a retrospective design, which meant some 
information may be missing. Patients with Hirschsprung 
disease who were referred back to other hospitals or who 
were lost to follow-up, and those who had incomplete 
medical information were excluded from the study. Only 
patients who still regularly followed up at Siriraj Hospital 
were included in the study. Second, there was no definite 
criteria about which patients should receive one of the 
two protocols: regular anal dilatation or selective anal 
dilatation. How to select which protocol of anal dilatation 
might be depended on each surgeon, the patient’s age at 
operation, weight at operation, the operative technique, 
and the difficulty of the operation. This selection bias 
suggests that a prospective randomized controlled study 
should be performed in the future. Third, information 
about the duration of anal dilatation was lacking. Fourth, 
the generalizability of the results is restricted. The study 

was conducted in one university hospital, and thus, the 
method and technique of the pull-through operations 
as well as anal dilatations may differ from those used in 
other institutions. 

CONCLUSION 
	 Regular anal dilatation and selective anal dilatation 
had the same rates for all types of mechanical obstruction. 
However, in our study, selection bias in the patient 
selection for the protocol of anal dilatation should be 
further studied by performing a prospective randomized 
study.
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ABSTRACT
	 In all medical subfields, including ophthalmology, the development of artificial intelligence (AI), particularly 
cutting-edge deep learning frameworks, has sparked a quiet revolution. The eyes and the rest of the body are 
anatomically related because of the unique microvascular and neuronal structures they possess. Therefore, ocular 
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these applications existing problems and potential future paths.
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INTRODUCTION
	 In the realm of artificial intelligence (AI) within 
computer science, algorithms are trained to perform 
human-like tasks, spanning areas like robotics, natural 
language processing, and machine learning.1 AI’s rapid 
response, decision-making, and learning capabilities have 
led to its widespread use in recommendation algorithms, 
search engines, and autonomous vehicles. The eye’s unique 
translucent refractive interstitium allows for the non-
invasive assessment of blood vessels and nerves, making 
it a valuable diagnostic tool for systemic conditions 
such as diabetes and hypertension.2 With advancements 
in AI techniques, ocular images have become crucial 
in diagnosing diseases like diabetic retinopathy, age-

related macular degeneration (AMD), and glaucoma.3-5 AI 
enables the identification of previously unseen associations 
between ocular features and systemic illnesses, expanding 
diagnostic possibilities. Recent studies have linked ocular 
characteristics to diseases like diabetes, cardiovascular 
issues, Alzheimer’s, and kidney disease. This review aims 
to summarize the latest developments in ocular image-
based AI’s applications in diagnosing various systemic 
diseases.

Search strategy and article selection
	 A search strategy was implemented to identify and 
review the literature pertaining to the application of AI in 
ophthalmology and its relation to various other disorders 
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via searching through engines like PubMed, MEDLINE, 
Scopus, and Google Scholar using the keywords “AI-
enabled retinal scans,” “aging biomarkers”, “artificial 
intelligence,” “machine learning,” “deep learning,” “artificial 
neural networks,” “Retinal age,” and “natural language 
processing”. 

Inclusion criteria
	 Articles related to artificial intelligence in ophthalmology; 
Original articles of full-text length covering the diagnostic 
capabilities and AI in ophthalmology and its relation to 
various other disorders. 

Exclusion criteria
	 Abstracts, editorial comments, and chapters from 
books; Animal, laboratory, or cadaveric studies. Non-
ophthalmic studies.

Artificial intelligence
	 Artificial intelligence (AI) involves computer-
based simulations of intelligent behavior with limited 
human intervention. The inception of robots marked 
the beginning of AI, with the term “robot” originating 
from the Czech word “robota”, denoting bio-engineered 
devices for forced labor.6 AI in medicine encompasses 
virtual and physical domains. The former encompasses 
deep learning, information management, and decision 
support systems, while the latter involves robots assisting 
patients and physicians in an innovative engineering field 
addressing complex problems. Speed, capacity, and software 
advancements could eventually enable computers to match 
human intelligence. Modern cybernetics has significantly 
contributed to AI progress.6 Medical AI tackles the challenge 
of assimilating and applying vast clinical knowledge. AI 
systems aid clinicians in diagnosing, treatment decisions, 
and outcome predictions. Techniques like deep learning, 
and non-neural networks are used. Deep learning (DL) 
has transformative potential in healthcare, mapping 
inputs to outputs across interconnected neuron layers. 
DL excels in clustering, regression, classification, and 
prediction tasks. However, it is more resource-intensive 
than traditional machine learning methods, particularly 
in imaging. Supervised and unsupervised learning, along 
with semi-supervised learning are also some of the training 
strategies that can be acquired through this mechanism. 
Area under the curve (AUC) is one of the metrics utilized 
by the AI, the receiver operating characteristic (ROC) 
area under the curve (AUC) quantifies the model’s overall 
ability to distinguish between positive and negative 
instances. Plotted on the ROC curve are the true positive 
and false positive rates at different categorization criteria. 

AUC 1 indicates an error-free model, while AUC 0.5 
indicates a random estimating model. Because AUC is a 
crucial metric for assessing an AI algorithm’s efficacy, a 
higher AUC suggests improved prediction accuracy and 
offers pertinent details regarding how well an AI model 
can differentiate between multiple classes. However, it 
does not fully capture the utility of a model in a clinical 
setting as different tasks, such as screening, may require 
separate sensitivity metrics.6,7 
	 As healthcare data is so vital, data mining has emerged 
as a significant and challenging field in the healthcare 
industry. Recent developments in data mining techniques 
have established a solid basis for a multitude of uses, such 
as disease diagnosis, pattern recognition, enabling patient-
friendly and affordable medical treatments, and intrusion 
detection. Artificial intelligence supports this process by 
functioning as a machine learning subfield to improve 
predictive capabilities. Three well-known supervised 
learning classifiers are used in the field of classification and 
prediction: Random Forests, Support Vector Machines 
(SVM), and Naive Bayes. Based on Bayes’ theorem, Naive 
Bayes is a probabilistic classifier that is independent of 
features. SVM is an effective classification method that 
finds the best hyperplane to divide classes. SVM and Naive 
Bayes both improve the precision of medical predictions. 
Robust ensemble learning techniques like the Random 
Forest algorithm make a substantial contribution to 
classification tasks by preventing overfitting, optimizing 
model performance, and utilizing insights from multiple 
decision trees. Furthermore, a variety of statistical and 
machine-learning methods are used by artificial intelligence 
to model complex data relationships. One of the most 
important metrics for evaluating regression models is the 
R-squared value, sometimes referred to as the coefficient 
of determination, which shows how well the model 
accounts for the variance in the dependent variable. 
Greater consistency between predictions and observed 
results and a more accurate depiction of the data are 
indicated by higher R-squared values. Medical AI has 
potential, but its acceptance among clinicians requires 
evidence through randomized controlled experiments. 
Medical AI is poised to enhance 21st-century healthcare, 
augmenting future clinicians’ medical intelligence.6,7 A 
graphical overview of the process that AI goes through 
to achieve a diagnosis of systemic illness is illustrated 
in Fig 1.

Use of AI-based retinal scans as biomarkers for the 
aging process
	 In recent estimations, the global elderly population 
aged 65 years and above reached approximately 750 
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Fig 1. A graphical overview of the process that Artificial Intelligence goes through in achieving diagnosis for various systemic illnesses by 
utilizing Ocular scans.

million and is projected to double in the future.8 Aging 
significantly influences the pathophysiology of various 
diseases, making it a crucial risk factor.9 This exploration 
focuses on the use of retinal scans and deep machine 
learning (DL) as an innovative method to predict aging 
and biomarkers, utilizing retinal age (RA) to calculate 
morbidity and mortality risk, as well as studying aging 
genetics.
	 Chronological age (CA) has long been associated with 
age-related morbidity and mortality; however, individual 
variations suggest that the rate of aging differs among 
people.10 Biological age (BA) accounts for gradual cellular 
and physicochemical changes, offering a more accurate 
indicator of health status.11 Current BA assessment 
methods, such as blood profiles and DNA methylation, 
are costly, invasive, and ethically concerning.12-15 Retinal 
assessment provides a non-invasive, cost-effective, and 
user-friendly alternative, given the retina’s physiological 
similarities with other organs and its responsiveness to 
aging-related changes.16 
	 Research has demonstrated retinal microvascular 
variations linked to circulatory pathophysiological changes, 
as well as molecular alterations associated with neural 
retinal layers and neurodegenerative disorders.17 DL 
models have been employed to predict RA, showing 
remarkable accuracy in determining retinal age compared 
to chronological age. Model performance was evaluated 
using samples of retinal images from two separate sets 

from biobank databases. Upon completion of training, 
the DL model exhibited the ability to predict RA and 
CA (p<0.001) with a mean absolute error of 3.55 years. 
The difference between predicted RA and CA, termed 
the age gap, serves as a potential biomarker. Positive age 
gaps indicate older retinas, while negative gaps suggest 
younger retinas. Studies have revealed that an increase 
in the retinal age gap correlates with a significant rise in 
mortality, highlighting its potential as an independent 
predictor of age-related mortality.18 
	 In a study conducted with participants from 
the Korean Health Screening, a DL algorithm called 
RetiAGE predicted BA accurately, demonstrating 
excellent performance (95% confidence interval [CI]: 
0.965–0.970) and accurate predictions of mortality, 
especially in cancer and cardiovascular disease events.19 

Genetics significantly influence the aging process, with 
ALKAL2 identified as a key gene associated with age-
related changes. This discovery sheds light on the molecular 
mechanisms governing aging, offering opportunities for 
therapeutic interventions and targeted research initiatives. 
Furthermore, predicting age using retinal images operates 
independently of existing methods, providing a unique 
perspective on aging. Integrating retinal imaging with 
other markers enhances understanding of an individual’s 
BA. Unlike invasive blood tests, non-invasive retinal 
imaging facilitates actionable biological and behavioural 
interventions.20 
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	 In summary, the integration of retinal scans and 
DL techniques offers a ground-breaking approach to 
predicting aging and associated biomarkers. The non-
invasive nature of retinal assessment, coupled with its 
accuracy and potential for genetic insights, positions 
it as a promising tool for understanding age-related 
conditions and developing targeted interventions in the 
future.

Use of AI-based ocular scans in diabetic retinopathy
	 Since diabetic retinopathy (DR) is a major contributor 
to visual impairment in developed nations, innovative 
approaches to patient screening, complication avoidance, 
and care optimization are required. An emphasis on 
AI-based models, especially those that enable large-scale 
screening, has resulted from the increasing prevalence of 
DR. Starting with fundus pictures, these models are essential 
for identifying DR-related changes such as haemorrhages, 
exudates, cotton wool patches, and neovascularization. 
They determine whether DR is present or absent and 
provide a grade based on accepted DR grading schemes.21 
	 Numerous artificial intelligence systems have been 
developed to achieve these goals. When the IDx-DR 
system was tested on a number of populations, including 
the 3,640 participants in the Kenyan Nakuru Eye Study22, 
it demonstrated a sensitivity of 87% and a specificity of 
70%. Additionally, it demonstrated strong performance 
in tests utilizing the Messidor-2 dataset, yielding a 97% 
sensitivity and 59% specificity.23 These encouraging results 
led to IDx-DR’s approval by the US Food and Drug 
Administration in 2018.24 The RetmarkerDR software 
showed a sensitivity of 73% for any DR, 85% for referable 
DR, and 98% for proliferative DR.25 EyeArt performed 
well on the Messidor-2 dataset, achieving a sensitivity 
of 94% and a specificity of 72%.26 Using a sensitivity 
of 96% for any DR, 99% for referable DR, and 99% for 
DR that posed a risk to vision, it was employed in the 
smartphone-based DR screening of 296 patients.27,28 

Additionally, EyeArt was applied to a dataset with over 
30,000 images, achieving a sensitivity of 96% for referable 
DR.29 In addition, other systems that have proven to be as 
reliable in DR screening are the Google Inc.-sponsored 
system, RetinaLyze, EyeWisdom®, and the Bosch DR 
Algorithm.21 
	 AI models are not only good at screening, but they 
also assist in grading and staging direct response content. 
Gulshan et al. demonstrated high sensitivity and specificity 
in identifying the presence of diabetic macular edema and 
the severity of DR.30 Ting et al. supported these findings 
by looking at nearly 500,000 images.31 Moreover, the 
high reliability of AI-based screening was validated by a 

recent study that tested a deep learning algorithm using 
over 200,000 fundus images from 16 clinical settings.32 
Ultimately, promising strategies for combating DR are 
offered by AI-based models. Because of their remarkable 
sensitivity and specificity, these systems enhance patient 
care, facilitate early intervention, and greatly aid in the 
widespread prevention of DR-related complications and 
visual impairment.

Use of AI-based ocular scans in macular degeneration
	 In developed nations, age-related macular degeneration 
(AMD) is a major cause of visual impairment, which calls 
for the use of AI-based techniques for precise analysis. The 
main source of data is optical coherence tomography (OCT) 
images, which need to be precisely segmented in order to 
identify retinal structures. During follow-up, AI-based 
segmentation algorithms, utilizing unsupervised learning 
techniques, have demonstrated remarkable success in 
identifying retinal features and measuring retinal fluids.33,34 

These algorithms operate autonomously, eliminating 
the need for human interpretation of the images. They 
excel in fluid localization and quantification, as well as 
in evaluating retinal integrity. Advances in predicting 
visual outcomes and evaluating treatment responses 
have been made possible by AI in AMD research. The 
prevalence of AMD-related lesions and the progression 
of the disease varied between AMD eyes treated initially 
and twice, according to AI models.35 AI also measured 
the number of drusen, evaluated their distribution, and 
examined hyper-reflective foci on OCT scans to forecast 
the likelihood of disease progression and the beginning 
of complications.36 
	 Schmidt-Erfurth et al. made a substantial contribution 
by estimating the risks of AMD progression, highlighting 
the prognostic significance of intra-retinal cystoid fluid, 
and creating automated techniques for fluid volume 
calculation.37 By examining fluid changes following 
injections, AI forecasted visual results for a treat-and-
extend regimen. AI also measured leakage on angiography 
and segmented macular neovascularizations.38,39 AI 
proved helpful in conjunction with new treatments 
like pegcetacoplan, as it accurately identified atrophic 
margins and tracked their expansion in the context 
of geographic atrophy.40 Self-monitoring AI systems, 
like the Notal Vision Home OCT and ForeseeHome, 
have proven accurate and feasible.41 Patients who used 
these systems for daily self-imaging demonstrated good 
agreement with expert-based grading, and over a 3-year 
period, ForeseeHome successfully identified changes in 
visual acuity and indicated the likelihood that a disease 
would progress in 2,123 patients.41,42 These uses highlight 
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AI’s critical contribution to improving patient care and 
AMD research.

Use of AI-based ocular scans in glaucoma
	 Artificial intelligence has been applied in glaucoma 
diagnosis using various imaging techniques, such as 
fundus photographs, optical coherence tomography 
(OCT), and visual field (VF) tests. Deep convolutional 
neural network models have shown high accuracy in 
distinguishing normal and glaucomatous VF, as well 
as diagnosing glaucoma based on Retinal Nerve Fiber 
Layer (RNFL) thickness and Optic Nerve Head (ONH) 
parameters. AI can effectively learn complex glaucoma 
features from fundus photographs and holds promise 
in OCT-based glaucoma assessment using RNFL or 
Ganglion Cell-Inner Plexiform Layer (GCIPL) thickness 
parameters.5 

Use of AI-based ocular scans in cardiovascular diseases
	 Given that cardiovascular illnesses are one of the 
leading causes of death worldwide, early detection is vital 
to patient health.43 Because fundus vessels are directly 
visible in hypertensive retinopathy, it is a useful biomarker 
for hypertension in ophthalmology. Researchers have 
studied cardiovascular and ocular diseases in greater detail 
thanks to AI. By taking advantage of the rare opportunity 
to observe fundus vessel parameters directly through the 
eye, researchers studying cardiovascular disease have 
investigated parameters such as diameter, density, and 
tortuosity.44 Based on retinal images, artificial intelligence 
(AI) has made it possible to identify key cardiovascular 
risk factors like age, gender, blood pressure, and smoking 
status.45 In contrast to conventional methods, risk factors 
can be directly acquired through AI analysis; however, 
there is a tendency to overuse AI in the prediction of these 
factors. This over-reliance has affected the information’s 
accuracy and could hinder the advancement of AI-based 
retinal image screening.46 
	 Furthermore, using fundus images to detect the 
coronary artery calcification fraction has been made 
possible by AI. Son et al. compared the predictive power 
of fundus images and clinical data by classifying subjects 
according to age interval and coronary artery calcification 
fraction. The values of the Area Under the Curve (AUC) 
for age, bilateral images, and unilateral images were 
0.828, 0.832, and 0.823, respectively. Interestingly, 
the AI model concentrated on the blood vessels in the 
retina, highlighting atherosclerosis and hypertension 
as important indicators of cardiovascular disorders.47 

order to predict hypertension, Kim et al. created an 
AI system with an astounding AUC of up to 0.961, 

highlighting the significance of determining the risk of 
cardiovascular events based on vascular status as reflected 
in the eyes.48 Additionally, using clinical data and retinal 
images, artificial intelligence has been used to predict the 
frequency of cardiovascular events. Researchers developed 
prediction models using the atherosclerosis score and 
coronary artery calcification fraction identified by AI 
as predictors in long-term studies. Subject grouping 
and the prediction of cardiovascular events in different 
groups were made possible by the prediction of coronary 
artery calcification or atherosclerosis scores using fundus 
images.49,50 These findings highlight the possibility of 
using fundus images to identify pertinent biomarkers 
for cardiovascular disease and to forecast the course of 
the condition in the future. 

Use of AI-based ocular scans in diabetes
	 Early and effective screening techniques are required 
due to the significant health burden posed by the increasing 
prevalence of diabetes worldwide. Even though they 
are accurate, traditional oral glucose tolerance tests are 
intrusive and have limited applicability. Because chronic 
hyperglycemia affects the retinal microvasculature, there 
is a well-established correlation between diabetes and 
ocular changes, including retinopathy.2 Researchers 
have investigated AI-based screening with retinal images 
by taking advantage of this relationship. In 2020, an 
artificial intelligence (AI) system examined 1222 retinal 
fundus photos from rural Chinese citizens, detecting 
hyperglycemia with 78.7% accuracy and an area under 
the curve (AUC) of 0.880.51 Expanding on this, Zhang 
et al. combined fundus images with patient metadata in 
2021 to predict the incidence of type 2 diabetes within 
five years, using over 100,000 images. The method was 
inventive, but the non-standardized risk score casts doubt 
on its applicability in a wider context. AUCs for diabetes 
detection in external datasets were higher than 0.80, and 
the prediction model’s AUC was 0.824. The AI system was 
incorporated into smartphones for cloud-based retinal 
image analysis to improve accessibility, increase screening 
options, and lowering healthcare inequities.51 The fact 
that diabetic complications go beyond eye problems 
highlights the need for all-encompassing AI-based strategies. 
 
Use of external eye images in the prediction of laboratory 
results
	 Another study which was done on diabetic patients 
proved to be useful in detecting systemic parameters through 
the use of external eye images. This study developed and 
evaluated a deep learning system (DLS) using external 
eye photographs to predict systemic parameters related 
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to liver, kidney, bone, thyroid, and blood. Trained on 
123,130 images from 38,398 diabetic patients, the DLS 
outperformed baseline models in predicting abnormalities 
such as elevated AST, low calcium, decreased eGFR, 
low hemoglobin, low platelets, elevated ACR, and low 
WBC in validation sets. The DLS demonstrated superior 
performance by achieving absolute AUC improvements 
of 5.3–19.9%. Notably, the study suggests that external eye 
photographs could serve as a non-invasive screening tool 
for systemic diseases, showcasing potential applications 
for accessible and widespread disease detection. The 
results indicate promising performance, even with low-
resolution images, opening possibilities for the use of 
consumer-friendly devices like smartphones. The study 
emphasizes the importance of further research to explore 
the generalizability and practical implications of this 
approach in diverse populations and clinical settings.52 

Use of AI-based scans in neurological diseases
Alzheimer’s disease
	 It is imperative to conduct early screening for 
Alzheimer’s disease (AD), particularly in light of the 
rapidly aging population. By using fundus images from 
AD patients and healthy individuals from 11 different 
studies conducted in different countries, researchers 
such as Cheung et al. have made significant progress. 
They produced impressive results when building and 
validating a model for AD diagnosis, with AUCs in 
external validation sets ranging from 0.73 to 0.91. Their AI 
model performed better in patients with ocular diseases 
and was able to distinguish between patients who tested 
positive and those who tested negative for beta-amyloid.53 
	 Furthermore, retinal thickness is a useful parameter 
for AI-based detection as it indicates the progression of 
AD.54 Retinal thickness images from optical coherence 
tomography (OCT) have been successfully used in AD 
detection algorithms with an AUC of 0.795.55 AI systems 
perform even better when multiple imaging modalities 
and clinical data are combined. To create sophisticated 
AI models for AD detection, multimodal retinal images—
including OCT, OCT-Angiography, and Ultra-widefield 
scanning laser ophthalmoscopy were combined with patient 
specific data. With parameters such as the OCT-derived 
ganglion cell-inner plexiform layer thickness map, these 
combined models produced remarkable outcomes with 
AUCs greater than 0.8.56 These developments highlight 
AI’s potential for early AD screening. 

Use of AI-based scans in renal diseases
Chronic kidney disease
	 Innovative methods for identifying chronic kidney 

disease (CKD) through ocular manifestations have been 
made possible by the complex relationship between the 
kidney and the eye, which share similarities in structure, 
development, physiology, and pathogenic pathways.57 

It has been discovered by researchers that renal disease 
can be linked to ocular abnormalities like those seen in 
tubulointerstitial nephritis uveitis syndrome (TINUS) 
and that retinal microvascular parameters can predict 
the onset of chronic kidney disease (CKD).58 Interstitial 
nephritis, a disorder that frequently precedes or coexists 
with ocular symptoms, is diagnosed in conjunction with 
symptoms of TINUS in children, which include fever, 
pain, photophobia, and acute bilateral non-granulomatous 
anterior uveitis.59 According to a study on the relationship 
between CKD and age-related macular degeneration 
(AMD), patients with moderate CKD had three times 
the frequency of early AMD without geographic atrophy 
and choroidal neovascularization than patients with mild 
or no CKD.60 Kidney function tests, urine analysis, and 
kidney puncture biopsy have historically been used in the 
diagnosis of kidney disease. Although these techniques 
work well, they can be laborious and could use more 
succinct screening methods. Artificial intelligence (AI) 
advances in the last few years have completely changed 
early detection techniques, especially when it comes to 
retinal imaging.
	 A deep learning model that uses retinal images to 
predict early renal functional impairment is a ground-
breaking development. With an astounding AUC of more 
than 0.81, the model performed better in patients with 
higher HbA1c levels, the researchers found.61 Furthermore, 
compared to the images-only model, the combination 
of retinal images and clinical data greatly improved the 
detection of CKD. The combined model had an AUC of 
about 0.8 in the entire population.61 Notably, the AUC 
exceeded 0.9 in patients with hypertension or diabetes. 
This demonstrates the AI’s capacity to classify CKD 
patients according to their estimated glomerular filtration 
rate (eGFR) and to differentiate between healthy people 
and CKD patients.
	 AI models based on retinal images were used to 
predict the course of CKD in cohort studies.62 To predict 
the likelihood of developing CKD and advanced CKD in 
healthy subjects, researchers built predictive models using 
metadata, fundus images, or a combination of both. Cox 
proportional hazards analysis was used to evaluate these 
models, and the combined model produced impressive 
results: it had a C-index of 0.719 and an impressive prediction 
accuracy of up to 0.844 on the internal validation set. These 
studies do have certain limitations, though. Researchers 
used a high-sensitivity but low-specificity AI model to 
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improve screening performance, which may increase the 
number of CKD misdiagnoses. Furthermore, there may 
be limitations to the model’s applicability in different 
research contexts due to the lack of universal acceptance 
of the risk stratification criteria used in these studies.62 

Additionally, there is room for improvement because 
the emphasis is on predicting the risk of progression in 
healthy subjects rather than patients with early-stage 
CKD. These studies highlight the promise of AI-driven 
retinal imaging in revolutionizing early CKD detection, 
despite these drawbacks. 

Use of AI-based ocular scans in hematological diseases
Anemia
	 Deep learning algorithms utilizing ocular imaging have 
emerged as a promising approach to forecasting anemia, 
the most prevalent hematological disorder. Researchers 
have explored subtle retinal changes and conjunctival 
symptoms as potential markers of anemia.63 A notable 
study by Chen et al. presented a novel framework that 
combined semantic segmentation and a convolutional 
neural network to predict eyelid hemoglobin levels, 
achieving a promising R2 value of 0.512.64 However, 
conjunctival imaging-based models encounter challenges 
concerning acquisition criteria, image extraction, and 
algorithm selection. To overcome these limitations, 
Mitani et al. developed a deep learning system based on 
Color Fundus Photography (CFP) for anemia screening, 
which showed significant promise. Utilizing data from 
the UK Biobank, the integrated AI system effectively 
determined hemoglobin levels and anemia, and it also 
performed well for diabetes patients (AUC = 0.89).65 
	 Zhao et al. extended the focus to retinal features 
and employed Ultra-Widefield (UWF) retinal images as 
input, achieving an impressive AUC of 0.93 for accurate 
anemia prediction.66 Recent research has investigated the 
relationship between anemia and alterations in capillary 
plexus density and retinal microvascular perfusion observed 
in optical coherence tomography angiography (OCTA). 
A lightweight network utilizing OCTA images achieved 
an excellent AUC of 0.99, demonstrating respectable 
performance. However, validation on a larger and more 
diverse dataset is essential to establish its reliability.67 
	 In a different approach, Wu et al. devised a method 
to detect anemia in pregnant individuals by combining 
metadata and quantitative OCTA measurements, achieving 
an AUC of 0.874.68 In conclusion, deep learning systems 
based on ocular imaging hold enormous potential for 
predicting anemia. Despite encouraging results, further 
validation and improvement are required to address 
issues related to data size and external validation. If 
these challenges are overcome, these techniques have 

the potential to revolutionize anemia screening and 
management by offering non-invasive, effective, and 
reliable diagnostic tools for this common hematological 
illness.

Use of AI-based ocular scans in autoimmune conditions
Multiple sclerosis
	 A number of autoimmune diseases, such as multiple 
sclerosis, inflammatory bowel disease, and Sjögren syndrome, 
are examples of the complex relationship between the 
immune system and the eyes. These conditions can 
cause symptoms that affect the eyes, such as uveitis, 
optic neuritis, and dry eyes. Retinal thickness may be 
a useful biomarker for the advancement of multiple 
sclerosis, according to studies examining the connection 
between the disease and the eyes.69 In this context, optical 
coherence tomography (OCT) images have become a 
popular source for artificial intelligence (AI) diagnosis. 
Researchers that have gathered OCT images from multiple 
sclerosis patients and controls include Cavaliere et al. 
They examined various retinal and choroid regions in 
detail using the OCT ETDRS and TNSIT scan modes. 
Through the application of a support vector machine 
algorithm, they developed a diagnostic model by identifying 
variables with the highest area under the curve (AUC) 
of 0.97. This novel method showcased the ability of AI 
to detect multiple sclerosis in its early stages and the 
effectiveness of OCT-based diagnostic systems in disease 
detection and tracking.69,70 
	 Martin et al. similarly examined OCT pictures 
from 48 patients with early-stage multiple sclerosis 
and 48 healthy people. They established an efficient 
classifier by precisely measuring the thickness of the 
retinal and choroidal layers, which allowed them to 
identify regions with significant discriminant capacity. 
The top-performing classifier demonstrated remarkable 
0.98 measurements for both specificity and sensitivity. 
Their research clarified the various layers of the eye and 
suggested that the papillomacular bundle may be the 
first region to be affected in the early phases of multiple 
sclerosis. The significance of accurate layer analysis in 
early disease detection is highlighted by this discovery, 
however It’s crucial to acknowledge the limitations, 
considering the high AUC scores, and to be cautious about 
potential overfitting, emphasizing the need for further 
validation on new data.70 All of these studies highlight 
how OCT images can revolutionize AI-driven multiple 
sclerosis diagnosis. AI systems can provide invaluable 
insights into disease progression by utilizing the detailed 
information provided by OCT scans, which can help 
clinicians diagnose and intervene early in patients’ lives.
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Use of AI-based ocular scans in Hepatobiliary conditions
	 A ground-breaking study has unveiled a strong 
correlation between major hepatic diseases and ocular 
features, paving the way for automated screening and 
identification of these conditions through fundus or 
slit-lamp images. The study’s models demonstrated 
impressive performance in detecting liver cirrhosis and 
cancer, even in cases where these conditions manifested 
subtly, such as through yellowing of the sclera and 
conjunctiva due to elevated bilirubin accumulation.71 

Surprisingly, the fundus models performed as effectively as 
the slit-lamp models, revealing minute retinal alterations 
imperceptible to the human eye. Researchers speculated 
that these modifications were linked to advanced liver 
disease characteristics, including hyperammonaemia, 
hypoalbuminemia, imbalanced estrogen, and pathological 
changes like splenomegaly and portal hypertension.72 

	 Hyperammonaemia, a common liver disease 
condition, damages retinal Müller cells, leading to hepatic 
retinopathy, while hypoalbuminemia causes fluid leakage 
into retinal tissues, forming retinal exudates.73 Imbalanced 
estrogen can induce retinopathy74, and complications 
of decompensated cirrhosis result in thinning retinal 
arteries and tortuous vessels.75 Splenomegaly leads to 
observable blood cell sequestration in fundus images, 
aiding hepatobiliary disease diagnosis, even in mild cases. 
These ocular changes offer valuable diagnostic insights, 
enhancing disease identification and understanding, 
even for milder hepatobiliary diseases like chronic viral 
hepatitis and non-alcoholic fatty liver disease.72 
	 The study employed deep neural networks (ResNet-101) 
to develop screening models for hepatobiliary diseases 
using OCT and fundus images.72 Notably, the iris, an 
unexplored area in hepatobiliary diseases, emerged as 
a significant diagnostic contributor. The models enable 
early detection and extensive, non-invasive screening, 
outperforming traditional approaches based on serum 
markers or systemic risk factors. These models can be 
integrated into existing fundus camera or slit-lamp systems, 
offering practical and effective opportunistic screening 
tools as quick and extensive screening is necessary because 
major hepatobiliary diseases are thought to be the cause 
of about two million deaths globally each year.76 While 
the study acknowledges limitations such as sample size 
and potential biases, the authors emphasize the need 
for larger, diverse datasets to enhance accuracy and 
generalizability.72 

CONCLUSION
	 The utility of AI in medical diagnosis is growing as 
more links between ocular and systemic disorders are 

discovered. Ocular pictures are being employed in the 
identification of endocrine, cardiovascular, neurological, 
renal, hematological, and many other disorders thanks 
to the development of AI, ML, DL, and medical big 
data. Although there is still much to learn about the 
fundamental connections between the eyes and other 
diseases, doing so will require continuing advancements 
in AI algorithms and our understanding of physiological 
and pathological mechanisms. Only then will we be able 
to fully comprehend the relationships between ocular 
and systemic health. AI is expected to revolutionize 
illness identification and patient treatment in the medical 
industry in the future.
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