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INTRODUCTION
	 Cancer is one of the leading causes of mortality 
in children. In 2020, over 200,000 new cancer cases 
and over 80,000 cancer-related deaths were reported 
in children. The global incidence of childhood cancer 
was 10.5 per 100,000 population, and the mortality 
rate was 4.1 per 100,000 population.1 While the global 
incidence and mortality rate of pediatric cancer had 
declined from those in 2017 (incidence rate = 16.2 per 
100,000 population, mortality rate = 5.5 per 100,000 
population), the mortality rate remained higher in low- 
and middle-income countries, including Indonesia, 
compared to high-income countries.2 One previous 
study reported that the mortality rate for pediatric cancer 
in low-and middle-income countries was twice that in 
high-income countries, with Southeast Asia reporting 
the highest mortality among low- and middle-income 
countries (mortality rate = 4.5 per 100,000 population).1
	 Indonesia, as a part of low- and middle-income 
countries in Southeast Asia, also reported a notable 
prevalence of pediatric cancer. According to Basic Health 
Research of Indonesia (RISKESDAS), the prevalence 
of pediatric cancer in Indonesia was 0.42 per 1,000 
population in 2018.3 The Global Cancer Observatory 
(GLOBOCAN) estimated that 291 per 100,000 Indonesians 
were diagnosed with cancer in 2018, and the number is 
expected to increase in the future.4 According to data 
from the Social Insurance Administration Organization 
of Indonesia, approximately 2.2 trillion rupiahs were 
allocated to treating cancers, including pediatric cancers, 
in 2016, increasing by about 30% in 2017 and reaching 
7.6 trillion rupiahs in 2020.5 Despite the considerable 
funding designated for cancer treatment in Indonesia, 

ABSTRACT
Objective: This study aimed to present epidemiological data on pediatric cancers based on the hospital-based cancer 
registry (HBCR) at Indonesia’s National Referral Hospital.
Material and Methods: This descriptive study analyzed data on pediatric cancers from the HBCR for 2021–2023. 
Demographical data, including age, gender, diagnosis, and admission year, were extracted from the HBCR data. 
Univariate data analysis was conducted.
Results: This study included 344 patients, consisting of 202 males and 142 females. Of those patients, 92 (26.7%) 
were admitted in 2021, 142 (41.3%) in 2022, and 110 (32%) in 2023. The highest cancer incidence was observed in 
patients aged 2–5 years (34.9%) and the lowest in those aged <2 years (11.9%). The three most common reported 
cancers were lymphoid leukemia (47.4%), myeloid leukemia (11.6%), and retinoblastoma (9.6%).
Conclusion: Males predominated over females due to the substantial prevalence of leukemia cases. Most pediatric 
cancers were observed in those aged 2–5 years. While the distributions of cancer varied by age and gender, leukemia 
remained the leading pediatric cancer.

Keywords: Cancer; data registry; epidemiology; malignancy; pediatric (Siriraj Med J 2025; 77: 108-118)

the treatment success rate remains low, contributing 
to the high mortality rate. This unsuccessful treatment 
has been attributed to the delayed diagnosis, leading to 
advanced disease at diagnosis and delays in treatment.6

	 Understanding the characteristics and distribution 
of pediatric cancers should facilitate their accurate early 
diagnosis and prompt treatment. To our knowledge, 
no valid data has been reported for pediatric cancers. 
Therefore, this study aimed to report epidemiological 
data on pediatric cancers based on the hospital-based 
cancer registry (HBCR) at the National Referral Hospital 
of Indonesia for the period 2021–2023.

MATERIALS AND METHODS
	 This cross-sectional descriptive study analyzed data 
from the HBCR of Adam Malik Hospital, Indonesia’s 
National Referral Hospital. In 2016, Adam Malik Hospital, 
a tertiary healthcare in Indonesia, had been appointed 
by the Ministry of Health of Indonesia as one of the 
national cancer registry hospitals. All pediatric cancer 
cases detected in primary healthcare were referred to 
secondary healthcare for confirmation of diagnosis by 
histopathological examinations. The primary healthcare 
in this study included district hospitals and general 
practitioner clinics, while the secondary healthcare included 
regional referral hospitals. Confirmed cases were referred 
to tertiary healthcare, including Adam Malik Hospital, 
for diagnostic stratification and treatment decision. All 
pediatric cancer cases referred to Adam Malik Hospital 
will be included in the HBCR. This study was conducted 
between July and August 2024 and used data collected 
from the HBCR for all patients treated in the Pediatric 
Oncology Center at Adam Malik Hospital from January 
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1, 2021, to December 31, 2023. Its inclusion criteria were 
pediatric patients aged 0–18 years newly diagnosed with 
cancer based on pathological anatomy criteria or other 
diagnostic procedures at Adam Malik Hospital between 
2021 and 2023 and recorded in the HBCR from January 
1, 2021, to December 31, 2023. The exclusion criteria 
were patients with incomplete or missing registry data.

Data collection
	 The HBCR data were collected and processed in 
several steps: (1) raw data collection, (2) data abstraction 
and coding, (3) data verification (first), (4) data input, and 
(5) data verification (second). The Pediatric Oncology 
Center at Adam Malik Hospital prepared a list of patients, 
which was filtered to remove duplicates, and patients’ 
medical records were manually tracked to collect the 
raw data. The raw data then underwent data abstraction 
and coding, and was verified by intervariable matching. 
After verification, the data were entered into the HBCR, 
and a second verification was performed. This study 
included all patients registered in the HBCR who met 
the eligibility criteria. The data collection process was 
susceptible to missing data and reporting bias. A pilot 
test was conducted prior to the study to mitigate such 
bias.

Data analyses
	 Demographical data, including age, gender, diagnosis, 
and admission year, were extracted from the HBCR. 
The data underwent univariate analysis using Microsoft 
Excel and IBM SPSS (version 25.0).7

Ethical approval
	 This study was reviewed and approved by the 
Research Ethical Committee of the Faculty of Medicine, 
Universitas Sumatera Utara (clearance number: 1011/

KEPK/USU/2024) and was conducted according to the 
Declaration of Helsinki.

RESULTS 
Patients’ characteristics
	 This study included 344 pediatric patients with cancer, 
consisting of 202 (58.7%) males and 142 (41.3%) females 
(Fig 1). Of those patients, 92 (26.7%) were admitted in 
2021, 142 (41.3%) in 2022, and 110 (32%) in 2023. Their 
characteristics are summarized in Table 1, and their age 
distribution is shown in Table 2, stratified by gender and 
year.
	 Cancer incidence was highest in patients aged 2–5 
years (n = 120, 34.9%) and lowest in patients aged <2 
years (n = 41, 11.9%). Regarding sex, cancer incidence 
was highest among males aged 2–5 years (n = 80. 39.6%) 
and females aged 6–11 years (n = 43, 30.3%) and lowest 
among males and females aged <2 years.

Distribution of pediatric cancers
	 The distribution of pediatric cancers is presented 
in Table 3 (stratified by admission year) and Table 4 
(stratified by age). The most common pediatric cancer 
was lymphoid leukemia (n = 163, 47.4%), followed by 
myeloid leukemia (n = 40, 11.6%) and retinoblastoma 
(n = 33, 9.6%). The least common pediatric cancers were 
germinoma of the central nervous system and Burkitt 
lymphoma, each with only one case reported within the 
three-year study period. The most common pediatric 
cancer in all age groups was lymphoid leukemia. Myeloid 
leukemia was diagnosed most often among those aged 
5–11 years (n = 16, 16%). The incidence of retinoblastoma 
was higher among those aged <2 (n = 8, 19.5%) and 2–5 (n 
= 24, 20.0%) years. Burkitt lymphoma, chondrosarcoma, 
and renal carcinoma were reported only among those 
aged 12–18 years. A rare case of germinoma of the central 

Fig 1. Flowchart of patient inclusion.
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TABLE 1. Characteristics of the pediatric patients with cancer.

TABLE 2. Age distribution of the pediatric patients with cancer, stratified by gender.

Characteristics	       2021		       2022		        2023		        Total
	 n: 92	 %	 n: 142	 %	 n: 110	 %	 n: 344	 %

Gender

Male	 46	 50	 84	 59.2	 72	 65.5	 202	 58.7

Female	 46	 50	 58	 40.8	 38	 34.5	 142	 41.3

Age (years)

<2	 7	 7.6	 23	 16.2	 11	 10.0	 41	 11.9

2–5	 31	 33.7	 50	 27.6	 39	 35.5	 120	 34.9

6–11	 28	 30.4	 41	 22.7	 31	 28.2	 100	 29.1

12–18	 26	 28.3	 28	 15.5	 29	 26.4	 83	 24.1

	               2021				       2022				      2023				       Total
Age	    Male	   Female	     Male	   Female	    Male	   Female	     Male	    Female
	 n:46	 %	 n:46	 %	 n:84	 %	 n:58	 %	 n:72	 %	 n:38	 %	 n:202	 %	 n:142	 %

<2	 5	 10.9	 2	 4.3	 13	 15.5	 10	 17.2	 5	 6.9	 6	 15.8	 23	 11.4	 18	 12.7

2–5	 15	 32.6	 16	 34.8	 36	 42.9	 14	 24.1	 29	 40.4	 10	 26.3	 80	 39.6	 40	 28.2

6–11	 12	 26.1	 16	 34.8	 22	 26.1	 19	 32.8	 23	 31.9	 8	 21.1	 57	 28.2	 43	 30.3

12–18	 14	 30.4	 12	 26.1	 13	 15.5	 15	 25.9	 15	 20.8	 14	 36.8	 42	 20.8	 41	 28.8

nervous system (n = 1, 0.8%) was reported in a patient 
aged 2–5 years. Osteosarcoma and Ewing sarcoma were 
reported only in patients aged >5 years. Three of the four 
cases of hepatoblastoma were found in patients aged <2 
years.

Pediatric cancers by gender
	 The top 10 most frequent pediatric cancers by gender 
are shown in Fig 2. The top four predominant pediatric 
cancers for both genders were lymphoid leukemia, myeloid 
leukemia, retinoblastoma, and myelodysplastic and 
myeloproliferative disease. Non-Hodgkin lymphoma (except 
Burkitt lymphoma), osteosarcoma, and rhabdomyosarcoma 
were in the top ten most common pediatric cancers for both 
sexes. However, osteosarcoma and rhabdomyosarcoma were 
slightly more common in females (six cases of osteosarcoma, 
five cases of rhabdomyosarcoma) than in males (five cases 
of osteosarcoma, three cases of rhabdomyosarcoma). 
In contrast, non-Hodgkin lymphoma (except Burkitt 
lymphoma) was more slightly common in males (n = 8) 
than in females (n = 6 cases). Nephroblastoma and 

neuroblastoma were included in the top ten cancers for 
males, whereas hepatoblastoma and Hodgkin lymphoma 
were included in the top ten cancers for females.

DISCUSSION
	 Our study examined 344 pediatric cancer cases 
reported between 2021 and 2023, with 92 (26.7%) reported 
in 2021, 142 (41.3%) in 2022, and 110 (32%) in 2023. 
Throughout the study period, there was no discernible 
difference in the annual reports of pediatric cancer. 
The ratio of male to female patients was 1.4: 1 in our 
study, similar to those reported by Supriyadi et al. in 
Yogyakarta.8 Previous studies have firmly established 
that males are more susceptible to childhood cancer than 
females. Males were reported to have a higher incidence 
of most pediatric cancers, with an overall male-to-female 
incidence ratio of 1.19.9 Various factors have been reported 
to contribute to a higher incidence of pediatric cancers 
in males, including congenital abnormalities,10 birth 
weight,11 X-linked gene expression,12 and immunological 
responses.13 In 2020, the GLOBOCAN also reported that 
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TABLE 3. Distribution of pediatric cancers, stratified by admission year.

Cancer type	 ICD-10	      2021		      2022		       2023		      Total

		  n:92	 %	 n:142	 %	 n:110	 %	 n:344	 %

Lymphoid leukemia	 C91	 45	 48.9	 65	 45.8	 53	 48.3	 163	 47.4

Myeloid leukemia	 C92	 9	 9.7	 19	 13.4	 12	 10.9	 40	 11.6

Retinoblastoma	 C69.2	 9	 9.7	 13	 9.2	 11	 10.0	 33	 9.6

Myelodysplastic and	 C94.6	 3	 3.3	 11	 7.8	 9	 8.3	 23	 6.7

 myeloproliferative disease

Non-Hodgkin lymphoma	 C82-C86	 4	 4.3	 8	 5.6	 2	 1.8	 14	 4.1

 (except Burkitt lymphoma)

Osteosarcoma	 C41.9	 5	 5.4	 5	 3.5	 1	 0.9	 11	 3.2

Rhabdomyosarcoma	 C49.9	 3	 3.3	 3	 2.1	 4	 3.6	 10	 2.9

Malignant gonadal germinal	 C59.9/ 	 2	 2.2	 4	 2.8	 2	 1.8	 8	 2.3
 cell tumor	 C62.9

Nephroblastoma and other	 C64	 2	 2.2	 3	 2.1	 2	 1.8	 7	 2.0

 nonepithelial renal tumors

Neuroblastoma 	 C74.9	 2	 2.2	 2	 1.4	 2	 1.8	 6	 1.7

Hodgkin lymphoma	 C81	 2	 2.2	 2	 1.4	 0	 0	 4	 1.2

Chondrosarcoma	 C49.9	 1	 1.1	 0	 0	 3	 2.7	 4	 1.2

Extragonadal germinoma	 C38.3/ 

	 C48.8/ 	 0	 0	 1	 0.7	 3	 2.7	 4	 1.2

	 C72.9	

Fibrosarcoma	 C49	 1	 1.1	 2	 1.4	 1	 0.9	 4	 1.2

Hepatoblastoma	 C22.2	 0	 0	 2	 1.4	 2	 1.8	 4	 1.2

Skin carcinoma	 C44.91/ 

	 C44.92	
0	 0	 2	 1.4	 1	 0.9	 3	 0.9

Ewing sarcoma	 C40.0/ 

	 C40.1/ 

	 C40.2/ 

	 C40.3/ 	 1	 1.1	 0	 0	 1	 0.9	 2	 0.6

	 C41.2/ 

	 C41.3/ 

	 C41.4	

Renal carcinoma	 C64.1	 1	 1.1	 0	 0	 1	 0.9	 2	 0.6

Germinoma of the central 

 nervous system	
C72.9	 1	 1.1	 0	 0	 0	 0	 1	 0.2

Burkitt lymphoma	 C83.7	 1	 1.1	 0	 0	 0	 0	 1	 0.2
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TABLE 4. Distribution of pediatric cancer cases, stratified by age group.

Cancer type	 ICD-10			            Age group (years)

		         <2		        2–5		        5–11		     12–18

		  n:41	 %	 n:120	 %	 n:100	 %	 n:83	 %

Lymphoid leukemia	 C91	 14	 34.2	 63	 52.5	 53	 53.0	 33	 39.8

Myeloid leukemia	 C92	 3	 7.3	 8	 6.7	 16	 16.0	 13	 15.7

Retinoblastoma	 C69.2	 8	 19.5	 24	 20.0	 1	 1.0	 0	 0

Myelodysplastic and 

 myeloproliferative disease	
C94.6	 2	 4.9	 3	 2.5	 7	 7.0	 11	 13.3

Non-Hodgkin lymphoma 

 (except Burkitt lymphoma)	
C82-C86	 2	 4.9	 2	 1.7	 6	 6.0	 4	 4.8

Osteosarcoma	 C41.9	 0	 0	 0	 0	 6	 6.0	 5	 6.0

Rhabdomyosarcoma	 C49.9	 3	 7.3	 2	 1.7	 3	 3.0	 2	 2.4

Malignant gonadal germinal	 C59.9/  

 cell tumor	 C62.9	
2	 4.9	 3	 2.5	 1	 1.0	 2	 2.4

Nephroblastoma and other 

 nonepithelial renal tumors	
C64	 1	 2.4	 4	 3.3	 1	 1.0	 1	 1.2

Neuroblastoma	 C74.9	 2	 4.9	 3	 2.5	 1	 1.0	 0	 0

Hodgkin lymphoma	 C81	 0	 0	 1	 0.8	 1	 1.0	 2	 2.4

Chondrosarcoma	 C49.9	 0	 0	 0	 0	 0	 0	 4	 4.8

Extragonadal germinoma	 C38.3/ 

	 C48.8/ 	 0	 0	 2	 1.7	 0	 0	 2	 2.4

	 C72.9	

Fibrosarcoma	 C49	 1	 2.4	 2	 1.7	 1	 1.0	 0	 0

Hepatoblastoma	 C22.2	 3	 7.3	 1	 0.8	 0	 0	 0	 0

Skin carcinoma	 C44.91/ 

	 C44.92	
0	 0	 1	 0.8	 2	 2.0	 0	 0

Ewing sarcoma	 C40.0/ 

	 C40.1/ 

	 C40.2/ 

	 C40.3/ 	 0	 0	 0	 0	 1	 1.0	 1	 1.2

	 C41.2/ 

	 C41.3/ 

	 C41.4	

Renal carcinoma	 C64.1	 0	 0	 0	 0	 0	 0	 2	 2.4

Germinoma of the central 

 nervous system	
C72.9	 0	 0	 1	 0.8	 0	 0	 0	 0

Burkitt lymphoma	 C83.7	 0	 0	 0	 0	 0	 0	 1	 1.2
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Fig 2. Top 10 cancers in male and female pediatric patients.

leukemia was more common in males than females.14 

Leukemia was the most common pediatric cancer in 
our study, potentially explaining the higher number of 
observed cases in males than females.
	 Cancer was reported most often in patients aged 
2–5 years and least often in patients aged <2 years in our 
study. Cancer incidence among children and adolescents 
is known to vary by age.15 Leukemia and brain tumors 
were found to be most commonly reported in children 
aged <9 years, and lymphoma, germinoma, and epithelial 
cancer in adolescents.16 Leukemia was the most frequently 
reported cancer in our study. Therefore, the age group with 
the most cancer reports aligned with the age group with 
the highest leukemia incidence, which was reported as age 
1–4 years.17 The relatively small proportion of pediatric 

cancers reported in patients aged <2 years may reflect 
undiagnosed cases. Diagnosing cancer in very young 
patients is challenging for medical professionals due to 
the presence of nonspecific indications and symptoms, 
frequently resulting in misdiagnosis and delayed diagnosis.18 

There had been numerous initiatives to improve the 
early diagnosis of pediatric cancer. Both genetic and 
clinical screenings for retinoblastoma were deemed 
useful for early diagnosis.19 Nonetheless, screening for 
nephroblastoma through the evaluation of homovanillic 
acid and vanillylmandelic acid excretion frequently resulted 
in overdiagnosis. Thus, risk-based screening had become 
the preferable option.20 To comprehensively implement 
risk-based screening in a country, health policies governing 
such screening are necessary. This study demonstrated 



Volume 77, No.2: 2025 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 115

Original Article SMJ
the prevalence of pediatric cancers by age and gender, 
particularly among children in Indonesia. Based on this 
epidemiological data, a well-structured health policy 
regarding early diagnosis might be accomplished.21

	 The top three pediatric cancers reported in our 
study were lymphoid leukemia, myeloid leukemia, and 
retinoblastoma. This finding is consistent with data from 
the World Health Organization’s (WHO) Global Initiative 
for Childhood Cancer, which reported hematopoietic 
neoplasms, such as leukemia, and embryonal tumors, 
including retinoblastoma, to be the leading pediatric 
malignancies.22 Leukemia has been acknowledged as the 
most common pediatric cancer worldwide throughout past 
decades. Previous studies on childhood cancer from 2003 
to 2019 reported that leukemia had the highest incidence 
among pediatric cancers in the United States.16 Other 
studies also reported leukemia as the most common in 
other continents, including Asia and Australia.23,24 
	 Our finding is also consistent with data from the 
WHO’s Cancer Country Profile 2020, which indicated that 
leukemia was the most common cancer in those aged 0–14 
years in Indonesia (2251 cases).25 Acute lymphoblastic 
leukemia was the predominant leukemia subtype in 
pediatric patients.26 In our study, lymphoid leukemia 
was the most common pediatric cancer reported in all 
age groups, while myeloid leukemia was most frequently 
reported in those aged 5–11 years. One study on leukemia 
trends from 1990 to 2019 demonstrated that while leukemia 
had the highest incidence among those aged <5 years, 
its overall incidence was considerably high in all age 
groups.27 Our study reported 33 cases of retinoblastoma, 
mostly in those aged <5 years. Retinoblastoma is the 
most common ocular malignancy in children. Globally, 
14.1 per 1 million children aged <5 years are diagnosed 
with retinoblastoma.28 Retinoblastoma is remarkably 
diagnosed within early childhood, with a median age 
at diagnosis of 23.2 months.29

	 The last reported cancers in our study were 
germinoma of the central nervous system and Burkitt 
lymphoma, which is consistent with previous studies that 
reported a low incidence of both cancers. The incidence 
of germinoma of the central nervous system was 0.1 and 
0.4 per 100,000 children annually in the United States and 
Asia, respectively.30,31 The incidence of Burkitt lymphoma 
was also particularly low in Asia at <2 cases per million 
population.32 Germinoma of the central nervous system 
is a rare malignancy of the central nervous system in 
children, accounting for 3% of all pediatric brain tumors.33 
It is reportedly more common in males than females, 
with a median age at diagnosis of approximately 13 
years.31 Burkitt lymphoma is an uncommon form of 

non-Hodgkin lymphoma.32 One study reported that 
Burkitt lymphoma was more commonly diagnosed in 
males than females, with a median age at diagnosis of 
around 4–5 years.34

	 The distribution of pediatric cancers by age group varied 
in our study. For those aged <2 years, the top five pediatric 
cancers were lymphoid leukemia (34.2%), retinoblastoma 
(19.5%), myeloid leukemia (7.3%), rhabdomyosarcoma 
(7.3%), and hepatoblastoma (7.3%). For those aged 2–5 
years, the top five pediatric cancers were lymphoid leukemia 
(52.5%), retinoblastoma (20%), myeloid leukemia (6.7%), 
nephroblastoma (3.3%), and three cancers with the same 
frequency (2.5%): myelodysplastic and myeloproliferative 
disease, malignant gonadal germinal cell tumor, and 
neuroblastoma. For those aged 5–11 years, the top five 
pediatric cancers were lymphoid leukemia (53%), myeloid 
leukemia (16%), myelodysplastic and myeloproliferative 
disease (7%), non-Hodgkin Lymphoma (except Burkitt 
lymphoma) (6%), and osteosarcoma (6%). For those 
aged 12–18 years, the top five pediatric cancers were 
lymphoid leukemia (39.8%), myeloid leukemia (15.7%), 
myelodysplastic and myeloproliferative disease (13.3%), 
osteosarcoma (6%), and two cancers with the same 
frequency (4.8%): non-Hodgkin Lymphoma (except 
Burkitt lymphoma) and chondrosarcoma.
	 Regarding gender, lymphoid leukemia, myeloid 
leukemia, retinoblastoma, and myelodysplastic and 
myeloproliferative disease were among the top four 
pediatric cancers reported in both genders, with an 
overall incidence slightly higher in males. Non-Hodgkin 
lymphoma (except Burkitt lymphoma), nephroblastoma, 
and neuroblastoma were slightly more common in 
males, whereas osteosarcoma, rhabdomyosarcoma, and 
hepatoblastoma were slightly more common in females. 
The incidence of lymphoma among male and female 
was nearly equal, consistent with findings from prior 
research.35 
	 Leukemia, particularly lymphoid leukemia, remained 
the leading cancer in all age groups and genders, which is 
consistent with the high incidence of leukemia reported 
in previous studies.18, 23-25 Retinoblastoma was mostly 
reported in males aged <5 years, similar to a study by 
Barbosa et al. that reported 91% of retinoblastoma patients 
were aged <4 years with a male-to-female ratio of 1.3:1, 
with its incidence declining with age (<4 years: 7.02 per 
million; 5–9 years: 0.46 per million; 10–14 years: 0.05 per 
million; 15–19 years: 0.03 per million).36 Myelodysplastic 
and myeloproliferative disease was reported among 
patients aged 2–18 years and was slightly more common 
in males (7%) than females (6%) in our study. These 
findings are consistent with a previous study that reported 
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this disease occurred at any age and affected males and 
females almost equally.37

	 Rhabdomyosarcoma and hepatoblastoma were 
frequently reported in patients aged <2 years, with the 
incidence slightly higher in females than males. Both 
rhabdomyosarcoma and hepatoblastoma were reported 
to be diagnosed in early childhood. Rhabdomyosarcoma, 
especially embryonal rhabdomyosarcoma, was reported 
to be more frequent than other subtypes, with over 40% of 
cases involving patients aged 0–4 years.38 Hepatoblastoma 
was also reported to be diagnosed with a median age of 14 
months.39 However, in our study, more rhabdomyosarcoma 
and hepatoblastoma cases were reported in females than 
males, which is inconsistent with previous studies that 
reported them to be more common in males (male-to-
female ratio: 1.51 for rhabdomyosarcoma and 1.57 for 
hepatoblastoma).38,40 This disparity was suspected to be 
caused by the lower overall survival of male than female 
patients with rhabdomyosarcoma and hepatoblastoma, 
leading to undiagnosed cases due to death before confirmed 
diagnosis.40,41

	 Osteosarcoma and Ewing sarcoma were reported 
in patients aged >5 years in our study, consistent with 
the epidemiology of these cancers, which are common in 
adolescents.42 Osteosarcoma was slightly more common 
in females than males in our study, similar to a previous 
study that reported 51.2% and 48.8% of patients with 
osteosarcoma were female and male, respectively.43 This 
study reported that nephroblastoma was more common in 
males (5/8 cases), and more than half of the cases involved 
patients aged <5 years. On average, nephroblastoma is 
more common in females than in males. Nonetheless, 
one study demonstrated that the male-to-female ratio 
was 1:1 in early childhood and increased with age.44 In 
our study, two-thirds of neuroblastoma cases involved 
males, consistent with a previous study that demonstrated 
male preponderance, with a male-to-female ratio of 1.2.45 

Limitations 
	 This study was based on data from the HBCR of 
Indonesia’s National Referral Hospital, which cancer cases 
were referred from primary and secondary healthcare 
to tertiary healthcare. Thus, we excluded cases that were 
not referred to the tertiary healthcare. The potential of 
underreporting was a limitation in this study. 

Strengths and Future Aspects
	 This study provided important epidemiological data 
on pediatric cancers in Indonesia. We believe that this 
study could serve as a fundamental framework for the 
initiation of a population-based data registry in pediatric 

cancers. Both hospital-based and population-based data 
registries in Indonesia are expected to contribute to 
the GLOBOCAN model, thus improving the global 
pediatric cancer epidemiological data. By providing this 
epidemiological data on pediatric cancers, our expectation 
was that health policy regulators could establish a well-
structured policy regarding pediatric cancer screening 
strategies, thereby improving early diagnosis. Thus, an 
accurate and early treatment could be given in order to 
reduce the mortality rate of pediatric cancers. 

CONCLUSION 
	 As a conclusion, the three most common pediatric 
cancers were lymphoid leukemia, myeloid leukemia, and 
retinoblastoma. No significant disparity was observed in the 
annual reports of pediatric cancers. Males predominated 
over females due to the substantial prevalence of leukemia 
cases. Most pediatric cancers were observed in patients 
aged 2–5 years. While the distributions of pediatric 
cancers varied by age and gender, leukemia remained 
the leading pediatric cancer. 
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ABSTRACT
Objective: This study aims to compare the diagnostic accuracy of customized ChatGPT and human experts in 
identifying primary liver carcinoma using gross morphology.
Materials and Methods: Gross morphology images of hepatocellular carcinoma (HCC) and cholangiocarcinoma 
(CCA) cases were assessed. These images were analyzed by two versions of customized ChatGPT (e.g., with and 
without a scoring system), pathology residents, and pathologist assistants. The diagnostic accuracy and consistency 
of each participant group were evaluated.
Results: The study analyzed 128 liver carcinoma images (62 HCC, 66 CCA), with the participation of 13 pathology 
residents (median experience of 1.5 years) and three pathologist assistants (median experience of 5 years). When 
augmented with a scoring system, ChatGPT’s performance was found to align closely with first- and second-year 
pathology residents and was inferior to third-year pathology residents and pathologist assistants, with statistical 
significance (p-values < 0.01). In contrast, the diagnostic accuracy of ChatGPT, when operating without the scoring 
system, was significantly lower than that of all human participants (p-values < 0.01). Kappa statistics indicated that 
the diagnostic consistency was slight to fair for both customized versions of ChatGPT and the pathology residents. 
It was noted that the interobserver agreement among the pathologist assistants was moderate.
Conclusion: The study highlights the potential of ChatGPT for augmenting diagnostic processes in pathology. 
However, it also emphasizes the current limitations of this AI tool compared to human expertise, particularly 
among experienced participants. This suggests the importance of integrating AI with human judgment in diagnostic 
pathology.

Keywords: Artificial intelligence; ChatGPT; GPT-4; Liver cancer; Hepatocellular carcinoma; Cholangiocarcinoma 
(Siriraj Med J 2025; 77: 119-129)

INTRODUCTION
	 Primary liver carcinoma, encompassing hepatocellular 
carcinoma (HCC) and cholangiocarcinoma (CCA), 
represents a significant global health challenge due to 
its high incidence and mortality rates.1 Pathologists play 
a crucial role in diagnosing these malignancies, relying 
heavily on a combination of histopathological examination 
and the assessment of gross morphological features. This 
assessment is vital, as the initial diagnosis often depends 
on the visual and tactile examination of liver tissue during 
surgical procedures or post-surgical analysis. The gross 
morphology of liver carcinoma can provide critical 
insights into the tumor’s type, size, extent, and potential 
invasiveness, guiding further histological examination. 
Accurate identification and characterization of these 
cancers at the gross level are essential, as they directly 
influence treatment decisions, prognostic evaluations, 
and patient outcomes.2,3 Therefore, the precision and 
expertise brought by pathologists in interpreting these 
gross morphological features are of paramount importance 
in the clinical management of primary liver carcinoma.
	 The uses of artificial intelligence (AI) in medicine have 
been growing. A chatbot, such as ChatGPT, developed 
by OpenAI, combines a general-purpose AI system with 
a chat interface, allowing for natural conversations akin 

to those between humans. Users interact with ChatGPT 
by entering prompts, to which it responds contextually 
and quickly. The effectiveness of these interactions often 
depends on the precise wording of prompts, a concept 
known as “prompt engineering”. ChatGPT excels in 
generating accurate responses to straightforward questions.4 

Evidence highlights ChatGPT-4’s high success rate in 
answering USMLE practice questions and its superior 
performance compared to earlier AI chatbot models.5 

However, this generative AI program demonstrates 
promising yet limited capabilities in pathology education 
when being asked to answer board-style questions.6

	 The recent integration of image analysis capabilities 
into ChatGPT marks a significant advancement in the 
field of generative AI. This feature enables ChatGPT to 
comprehend and respond to textual inputs and analyze 
and interpret images. Users can now upload images 
directly into the conversation, allowing the AI to provide 
detailed descriptions, insights, and interpretations based 
on the visual content.7 Data on using ChatGPT for 
image analysis in anatomical pathology is limited. This 
study aimed to compare the accuracy of the diagnosis 
of primary liver carcinoma based on gross morphology 
between customized versions of ChatGPT and human 
expertise.

Sa-ngiamwibool et al.
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MATERIALS AND METHODS
Gross images
	 Gross images of consecutive cases of HCC and CCA 
were obtained from the archives of the Department of 
Pathology, Faculty of Medicine, Khon Kaen University, 
capturing a broad spectrum of morphological variations 
in HCC and CCA. Diagnoses were confirmed by a liver 
pathologist (PS) through histopathologic evaluation 
using hematoxylin and eosin (H&E)-stained slides, with 
immunohistochemistry as an adjunct, to establish ground 
truth. Clinical data for each case was collected from an 
electronic medical database.

ChatGPT-4
	 Scoring system 
	 ChatGPT-4 was assigned the task of developing a 
scoring system to differentiate the gross morphological 
features of HCC and CCA using the prompt, “Create a 
scoring system to distinguish gross morphology between 
HCC and CCA”. The initial system included seven 
parameters: lesion color, texture, nodule presentation, 
vascular invasion, capsule formation, growth pattern, 
and presence of satellite lesions. Each parameter was 
scored on a scale from 0 to 2, representing typical features 
of HCC and CCA. After a review by two hepatobiliary 
pathologists, PS and TL, the scoring system was refined, 
with vascular invasion removed, leaving six criteria. The 
updated system was validated using 20 images of HCC 
and CCA.

	 Customization
	 For a uniform approach to evaluating image responses, 
we used two distinct configurations of ChatGPT-4. 
The first configuration applied a predefined scoring 
system before arriving at a final diagnosis. In contrast, 
the second configuration directly determined the final 
diagnosis, bypassing the scoring system. Snapshots of 
these configurations are presented in Fig 1. 

	 Detailed guidelines for both configurations of 
ChatGPT-4 are provided in the following sections.

	 1. ChatGPT with scoring system
	 “This GPT is a hepatobiliary pathologist specializing in 
the evaluation of liver tumor images to distinguish between 
hepatocellular carcinoma (HCC) and cholangiocarcinoma 
(CCA). It always applies a detailed scoring system to 
each image, assessing color, texture, nodule presentation, 
capsule formation, growth pattern, and satellite lesions. 
Each criterion is scored from 0 (indicative of HCC) to 2 
(indicative of CCA). The scoring criteria are as follows: 

Fig 1. Snapshots of ChatGPT’s configurations. (A) With scoring 
system. (B) Without scoring system.

	 1. Color: Score 0 for green/brown (HCC), 1 for 
varied/ambiguous colors, and 2 for white/gray (CCA). 
	 2. Texture: Score 0 for soft to firm with necrosis 
(HCC), 1 for mixed/indistinct texture, and 2 for firm 
and scirrhous (CCA). 
	 3. Nodule presentation: Score 0 for single/multiple 
nodules (HCC), 1 for multiple nodules with unclear 
margins, and 2 for absence of nodules (CCA). 
	 4. Capsule formation: Score 0 for the presence of a 
fibrous capsule (HCC), 1 for partial/incomplete capsule, 
and 2 for no capsule (CCA). 
	 5. Growth pattern: Score 0 for expansive growth 
(HCC), 1 for mixed/uncertain growth patterns, and 2 
for infiltrative growth (CCA). 
	 6. Satellite lesions: Score 0 for numerous satellite 
lesions (HCC), 1 for a moderate number, and 2 for 
absent/few (CCA). 
	 The score interpretation is as follows: 0-2 indicates 
definite HCC, 3-5 suggests probable HCC, 6 is indeterminate, 
7-9 points towards probable CCA, and 10-12 indicates 
definite CCA. This method ensures a thorough and 
accurate analysis for each case.”
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	 2. ChatGPT without scoring system
	 “The GPT is tailored to answer the image quiz homework 
regarding liver conditions limited to hepatocellular 
carcinoma (HCC) and cholangiocarcinoma (CCA). The 
GPT must understand that it must not suggest multiple 
possible answers; instead, it should always offer a single, 
definite answer based on the image provided. Answers 
are limited to HCC, probable HCC, indeterminate, 
probable CCA, and CCA”.
	 To evaluate the diagnostic consistency of ChatGPT, 
each image was sent to ChatGPT for 5 times. The responses 
from ChatGPT for each submission of the image were 
then recorded. 

Human participants
	 Pathology residents and pathologist assistants at 
the Department of Pathology, Faculty of Medicine, 
Khon Kaen University, were tasked with diagnosing 
primary liver carcinoma based on gross images. While 
not briefed on ChatGPT-4’s specific scoring system, 
these participants were instructed to classify each image 
according to categories derived from ChatGPT-4’s analysis. 
These categories included definite HCC, probable HCC, 
indeterminate, probable CCA, and definite CCA.

Marking system
	 The accuracy of ChatGPT’s responses and those 
of human participants were assessed against ground 
truths (e.g., histopathological evaluation). A marking 
system was established to measure the proficiency of 
ChatGPT and human experts in diagnosing primary 
liver carcinoma (Table 1).

TABLE 1. Marking system to measure the proficiency 
of ChatGPT and human experts in diagnosing primary 
liver carcinoma.

Ground truth	 Response	 Mark

	 Definite HCC	 2

	 Probable HCC	 1

HCC	 Indeterminate	 0

	 Probable CCA	 -1

	 Definite CCA	 -2

	 Definite CCA	 2

	 Probable CCA	 1

CCA	 Indeterminate	 0

	 Probable HCC	 -1

	 Definite HCC	 -2

Abbreviations: HCC, hepatocellular carcinoma; CCA, cholangiocarcinoma.

Sample size justification
	 A sample size calculation was conducted to determine 
the number of images required per group for reliable 
comparisons of diagnostic accuracy between ChatGPT 
and human evaluators. Using an independent t-test 
with a significance level of 0.05, a power of 80%, and 
a moderate effect size (0.5), the analysis indicates that 
approximately 64 images per group are needed. This 
sample size provides an 80% probability of detecting a 
true difference in diagnostic accuracy if one exists, with 
a 5% chance of a Type I error (false positive).

Data analysis
	 Descriptive statistics were used to detail the gross image 
and characteristics of the participants. The performance 
of ChatGPT-4 and human experts was assessed through 
overall scores. The scores were compiled for each entity: 
ChatGPT with a scoring system, ChatGPT without a 
scoring system, residents from each year of their program, 
and pathologist assistants. The ANOVA test was used 
to calculate whether there were differences among the 
groups. To provide insights into the specific groups 
between which significant differences existed, Tukey’s 
Honestly Significant Difference (HSD) test was used for 
post-hoc analysis. A p-value of less than 0.05 indicated a 
statistically significant difference. Interobserver agreement 
was assessed with kappa statistics, interpreted according 
to the Landis and Koch scale: values <0.00 indicate poor 
agreement, 0.00–0.20 slight, 0.21–0.40 fair, 0.41–0.60 
moderate, 0.61–0.80 substantial, and 0.81–1.00 almost 
perfect agreement.8

RESULTS
Gross image and participant characteristics
	 The study included 128 macroscopic images of 
primary liver carcinoma, consisting of 62 cases of HCC 
and 66 cases of CCA. Thirteen pathology residents (5 
first-year, 3 second-year, and 5 third-year residents) and 
three pathologist assistants participated in the analysis. 
The residents had a median of 1.5 years of pathology 
experience (range: 0.5 to 2.5 years) but lacked specific 
training in liver pathology and had limited exposure to 
primary liver carcinoma cases, with no recent educational 
activities that might have influenced their diagnostic 
performance. In contrast, the pathologist assistants had 
a median of 5 years of experience (range: 3 to 7 years), 
were trained in handling liver specimens, and were 
familiar with the gross morphology of primary liver 
carcinomas.
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Performance of ChatGPT-4 and human participants
	 Snapshots of ChatGPT’s performance are demonstrated 
in Fig 2. Participants’ scores are illustrated in Fig 3. The 
performance of each participant group is summarized in 
Table 2. The customized ChatGPT that did not apply a 
scoring system performed worst among all evaluators. The 
highest mean scores were those of pathologist assistants 
and third-year residents.

Fig 3. Scores of each participant. Bar charts demonstrating (A) overall 
scores, (B) hepatocellular carcinoma (HCC) scores, and (C) 
cholangiocarcinoma (CCA) score.
Abbreviations: CS = ChatGPT with a scoring system; C = ChatGPT 
without a scoring system; R1 = First-year pathology residents; R2 = 
Second-year pathology residents; R3 = Third-year pathology residents; 
PA = Pathologist assistants. 

Fig 2. Snapshots of ChatGPT’s responses. (A) With scoring system. 
(B) Without scoring system.

TABLE 2. Performance of ChatGPT 4 and human participants.

Evaluators	 Mean 	 SD	 Min	 Max

ChatGPT	  	  	  	  
	 Scoring system	 90.4	 24.9	 63	 123
	 No scoring system	 5.8	 7	 -7	 13

Human participants	  	  	  	  
	 First-year residents	 84.2	 69.1	 -7	 191
	 Second-year residents	 78.7	 25.5	 50	 112
	 Third-year residents	 163.6	 33.5	 103	 190
	 Pathologist assistants	 186.3	 24.5	 156	 216

Abbreviations: SD = Standard deviation; Min = Minimum; Max = Maximum.
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Comparison of scores among ChatGPT-4 and human 
participants
	 The Shapiro-Wilk test and Levene’s test were applied to 
assess normality and homogeneity of variances, respectively, 
yielding p-values above 0.05 before performing the 
ANOVA test. The ANOVA showed an F-statistic of 
9.804 and a p-value below 0.01. A post-hoc Tukey’s 
HSD test was then conducted to identify specific group 
differences (Table 3). In scoring comparisons, ChatGPT’s 
average score was similar to those of first- and second-
year pathology residents but was lower than those of 
third-year residents and pathologist assistants (p-value 
< 0.01). Notably, when ChatGPT operated without a 
scoring system, its overall performance was significantly 
lower than that of all human participant groups (p-value 
< 0.01). The data also indicated a trend of higher scores 
among human participants as their pathology experience 
increased.
	 A subgroup analysis focusing on comparing the 
diagnostic abilities of HCC and CCA among different 

participant groups was performed. In assessing the HCC 
diagnostic scores, the ANOVA test revealed an F-statistic 
of 3.10 and a p-value of 0.03. Despite this, none of the 
group-to-group comparisons showed statistically significant 
differences in average scores, as all p-values exceeded 
0.05. This suggests that while there was some overall 
variance among the groups, no single group differed 
significantly.
	 Regarding CCA diagnostic scores, the ANOVA 
test indicated a more pronounced difference with an 
F-statistic of 7.22 and a p-value below 0.01. Detailed 
pairwise comparisons revealed significant score differences 
between several groups: ChatGPT with a scoring system 
and pathologist assistants (p-value = 0.03), ChatGPT 
without a scoring system and pathologist assistants 
(p-value < 0.01), and ChatGPT without a scoring system 
and third-year pathology residents (p-value < 0.01). 
Conversely, the remaining group comparisons did not 
show statistically significant differences.

TABLE 3. Multiple comparison of means by the Tukey's HSD test. 

Group 1	 Group 2	 Mean difference	 P-value	 Lower CI	 Upper CI	 Reject

CS	 C	 -84.60	 <0.01*	 -115.59	 -53.61	 TRUE

CS	 PA	 95.93	 <0.01*	 64.95	 126.92	 TRUE

CS	 R1	 -6.20	 0.9	 -37.19	 24.79	 FALSE

CS	 R2	 -11.73	 0.9	 -42.72	 19.26	 FALSE

CS	 R3	 73.20	 <0.01*	 42.21	 104.19	 TRUE

C	 PA	 180.53	 <0.01*	 149.55	 211.52	 TRUE

C	 R1	 78.40	 <0.01*	 47.41	 109.39	 TRUE

C	 R2	 72.87	 <0.01*	 41.88	 103.86	 TRUE

C	 R3	 157.80	 <0.01*	 126.81	 188.79	 TRUE

PA	 R1	 -102.13	 <0.01*	 -133.12	 -71.14	 TRUE

PA	 R2	 -107.67	 <0.01*	 -138.66	 -76.68	 TRUE

PA	 R3	 -22.73	 0.69	 -53.72	 8.26	 FALSE

R1	 R2	 -5.53	 0.9	 -36.52	 25.46	 FALSE

R1	 R3	 79.40	 <0.01*	 48.41	 110.39	 TRUE

R2	 R3	 84.93	 <0.01*	 53.95	 115.92	 TRUE

The table shows the mean differences between the scores of each pair of groups, along with the p-value for each comparison. The lower and 
upper bounds of the 95% confidence interval for the mean difference are presented. If the “reject” column is true, it indicates that there is 
a statistically significant difference between those groups.
Abbreviations: CS = ChatGPT with scoring system; C = ChatGPT without scoring system; PA = Pathologists assistants; R1 = First-year 
pathology residents; R2 = Second-year pathology residents; R3 = Third-year pathology residents; CI = Confidence interval. 
* = Statistically significant difference.
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Diagnostic consistency
	 Heat maps showing diagnostic consistency among 
participants are presented in Fig 4. Kappa statistics with 
interpretations of agreement level are shown in Table 4. 
Similar to pathology residents, both customized ChatGPT 
versions provided slight to fair diagnostic consistency. 
Notably, the level of agreement in the pathologist assistant 
group was moderate, higher than that of other participant 
groups. A subgroup analysis was conducted to compare 
the diagnostic consistency for HCC and CCA across 
different participant groups. While the use of ChatGPT 
without a scoring system resulted in moderate diagnostic 
consistency, other groups demonstrated only slight 
agreement in diagnosing both HCC and CCA.

Qualitative analysis of images with consistent responses
	 Images that consistently received definitive diagnoses 
from participants were subjected to further analysis. 
Out of these, 35 images (56.5%) of HCC and 20 images 

Fig 4. Diagnostic consistency. Heat maps showing diagnostic consistency of (A) hepatocellular carcinoma (HCC) and (B) cholangiocarcinoma 
(CCA) among each participant group. Different colors were used to show diagnostic confidence levels for HCC and CCA as follows: green 
for definite HCC, light green for probable HCC, yellow for indeterminate, orange for probable CCA, and red for definite CCA.
Abbreviations: GT = Ground truth; CS = ChatGPT with a scoring system; C = ChatGPT without a scoring system; R1 = First-year pathology 
residents; R2 = Second-year pathology residents; R3 = Third-year pathology residents; PA = Pathologist assistants. 

(30.3%) of CCA were classified as “definite” for HCC 
and CCA, respectively, by over half of the participants. 
Specifically, the three HCC images that received the 
highest number of “definite” diagnoses (ranging from 
18 to 20 out of 26 responses) depicted either a mass in 
a cirrhotic background (Fig 5A) or a solitary nodule 
exhibiting expansive growth (Fig 5B). Similarly, the 
three CCA images with the most definitive diagnoses 
(16 to 21 responses) displayed characteristics such as an 
intraductal growth pattern (Fig 5C) or a combination of 
periductal infiltrating and mass forming growth patterns 
(Fig 5D). The HCC image that most frequently received 
reversed diagnoses of CCA (12 responses) presented a 
large, protruding mass with a minimal amount of non-
neoplastic liver tissue (Fig 5E). Conversely, the CCA 
image most commonly mistaken for HCC (11 responses) 
predominantly showed a mass forming growth pattern 
with focal areas of periductal infiltration (Fig 5F).

TABLE 4. Diagnostic consistency of each participant group.

Participant group	 Kappa	 Level of agreement

ChatGPT with a scoring system	 0.07	 Slight

ChatGPT without a scoring system	 0.25	 Fair

First-year residents	 0.06	 Slight

Second-year residents	 0.02	 Slight

Third-year residents	 0.31	 Fair

Pathologist assistants	 0.46	 Moderate



Volume 77, No.2: 2025 Siriraj Medical Journal https://he02.tci-thaijo.org/index.php/sirirajmedj/index126

Fig 5. Images with consistent responses. Well-demarcated masses in a cirrhotic background (A) and a single nodule with an expansive 
growth (B) are usually diagnosed as hepatocellular carcinoma. Masses with intraductal (C) and unequivocal periductal infiltrating (D) 
growth patterns are commonly regarded as cholangiocarcinoma. A large, bulging mass with limited non-neoplastic liver tissue is sometimes 
mistaken for cholangiocarcinoma (E). Cholangiocarcinoma with a predominant mass-forming growth can be misidentified as hepatocellular 
carcinoma (F).

DISCUSSION
	 Our study provides a comparative analysis of 
ChatGPT and human experts in diagnosing primary 
liver carcinoma based on gross morphology. Key findings 
reveal that both versions of ChatGPT—one using a 
scoring system and one without—showed limited accuracy 
and consistency in diagnosing primary liver carcinoma 
through gross morphology alone. ChatGPT with a scoring 
system performed at a level similar to that of first- and 
second-year pathology residents but was less effective than 
more experienced residents and pathologist assistants. 

Notably, ChatGPT without a scoring system had the 
lowest performance among all evaluators. The slight to 
fair agreement observed among ChatGPT versions is 
inadequate for practical application, contrasting with the 
moderate agreement level among pathologist assistants 
with experience in gross morphology of primary liver 
carcinoma. These findings highlight the current limitations 
of AI in interpreting gross morphology in neoplastic 
diseases, underscoring the essential role of human expertise 
in this domain.
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	 As of this writing, there are limited data on ChatGPT’s 
use for analyzing pathological images, and the available 
literature shows inconsistent results. While ChatGPT-4 
demonstrates high sensitivity in identifying adenomas, 
it struggles with low specificity, and its performance 
in polyp classification remains variable. One major 
concern is its lack of diagnostic consistency.9 Additionally, 
its histopathological evaluations for common diseases 
are less accurate than those of pathology trainees.10 

However, applying step-by-step reasoning (also known 
as chain-of-thought prompting) has been shown to 
improve its performance.11 In one study, ChatGPT was 
able to accurately grade and stage fatty liver disease 
using H&E and Masson’s trichrome-stained images. 
Yet, caution is needed when interpreting these results, 
as they relied on a small sample of publicly available 
images (e.g., from PathologyOutlines.com) during a time 
when ChatGPT had internet browsing capabilities.12,13 
Another study reports that ChatGPT outperformed 
expert technicians in distinguishing between normal 
and abnormal blood cells.14 However, the applicability 
of these findings is constrained by the specific types of 
images (e.g., histopathology, peripheral blood smears) 
utilized in the research. Despite high expectations among 
pathologists for AI chatbots to excel in image analysis,15 
these expectations has yet to be realized. The current 
study suggests that integrating a scoring system could 
improve ChatGPT-4’s diagnostic accuracy.	
	 ChatGPT, a cutting-edge chatbot developed by 
OpenAI, stands at the forefront of natural language 
processing technology.16 Built on the sophisticated GPT-
4 architecture, this chatbot is adept at generating text 
that closely resembles human conversation, making it 
incredibly versatile and user-friendly. Its training involves 
extensive analysis of diverse text data, enabling it to 
perform a variety of tasks such as providing informed 
responses, drafting emails, generating creative content, 
and even programming.17 In 2023, ChatGPT underwent 
significant advancements, most notably the introduction 
of image processing. These features, enabled by GPT-4V 
and updated DALL-E models, allowed users to engage 
with ChatGPT through images, expanding its applications 
beyond text.7 Additionally, the custom instructions 
feature was introduced, allowing users to personalize 
their interactions with ChatGPT to meet specific needs.18 
These developments not only enhanced user experience 
but also increased the tool’s adaptability across various 
industries, highlighting its growing importance in AI-
driven solutions and its potential for widespread impact 
in different sectors. 
	 Research has demonstrated that ChatGPT-4 effectively 

answers a significant proportion of practice questions 
for the USMLE examinations5,19 and offers accurate and 
consistent responses to materials designed for pathology 
examination preparation.20 Additionally, a study has 
shown that ChatGPT can respond to pathology-specific 
inquiries on par with or surpass the performance of a 
trained pathologist, depending on the version of the 
model (GPT-3.5 or GPT-4).21 Despite these findings, it 
is crucial to recognize that these outcomes do not imply 
ChatGPT’s equivalence to pathologists in diagnostic 
abilities. The studies specifically exclude questions that 
require the interpretation of images. Furthermore, the 
nature of the examination questions, which tend to have 
clear and definitive answers, differs significantly from 
real-world diagnostic scenarios that demand complex 
decision-making.22 
	 In a comparative study between ChatGPT and 
pathologists regarding histopathology diagnosis and 
collaborative potential, ChatGPT’s contributions were 
deemed somewhat helpful but their effectiveness varied, 
contingent on the pathologists’ prompts.23 This finding 
highlights the importance of prompt engineering. Prompt 
engineering is essential in the AI field, particularly for 
advanced language models ChatGPT. It involves crafting 
questions or instructions to elicit precise and relevant 
responses from AI. Effective prompts also help mitigate 
misinterpretation and bias, leading to more reliable AI 
outcomes.24 
	 Our study introduces a novel method for assessing 
primary liver carcinoma by comparing ChatGPT’s image 
analysis capabilities with human pathologist expertise. 
A key strength lies in the innovative use of generative 
AI to create a scoring system, subsequently reviewed by 
liver pathologists—a first in this field. Similar research in 
radiology, applying AI to evaluate gross tumor volume 
and grade prognostic assessments of HCC, has shown 
promising results.25,26 Additionally, the study pioneers AI 
analysis of gross morphological images of liver carcinomas, 
directly comparing AI and human assessments. This 
approach highlights AI’s potential to support diagnostic 
processes in pathology while offering valuable insights 
into AI’s current capabilities and limitations in medical 
image interpretation. By including both AI and human 
evaluators with diverse experience levels and no standardized 
training, the research methodology provides a realistic 
comparison, emphasizing areas where AI can complement 
human judgment and where human expertise remains 
indispensable.
	 While this study introduces a novel approach, several 
limitations affect its broader applicability. First, its focus 
on the gross morphology of primary liver carcinomas 
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may restrict the findings’ relevance to other diseases and 
histopathologic evaluations. Incorporating microscopic 
findings, expert-provided descriptions, or other AI models 
might yield more promising outcomes.10 Second, as 
the study was conducted within a single institution, 
the specialized expertise of pathology residents and 
pathologist assistants in cholangiocarcinoma may have 
influenced the results. Third, ChatGPT’s current lack of 
annotation capabilities in image analysis could have impacted 
diagnostic precision; with the tool evolving rapidly, these 
findings may soon become outdated. Additionally, using 
other commercially available generative AI models, such 
as Gemini (formerly Bard) (Google, California, USA) 
and Claude (Anthropic, California, USA), might yield 
different outcomes. However, a recently published study 
has suggested that Bard underperformed compared to 
ChatGPT in pathology image interpretation.27 These 
factors limit the generalizability of the study and highlight 
areas for further research and improvement.
	 This study offers several implications for pathology 
practice and future research. First, it highlights ChatGPT’s 
potential to enhance human expertise in pathology, 
especially in analyzing and interpreting gross morphological 
features. ChatGPT’s development of a scoring system 
represents a step toward integrating AI into diagnostic 
frameworks. Future research could benefit from advancing 
AI-based diagnostic criteria that incorporate both gross and 
microscopic features for more comprehensive diagnoses. 
Another promising application is using ChatGPT to suggest 
or interpret immunohistochemistry in challenging cases.28 

Additionally, expanding research to encompass various 
neoplastic and non-neoplastic diseases and testing across 
different institutions with diverse disease prevalences could 
provide valuable insights into the broader applicability 
and effectiveness of AI tools in pathology. It is important 
not to overstate ChatGPT’s potential. As a fundamentally 
text-based large language model, ChatGPT generally excels 
with text-based tasks, such as generating pathological 
diagnoses from detailed microscopic descriptions or 
creating educational content,10,29 rather than with tasks 
requiring pure image interpretation.9-11

	 In conclusion, this study underscores the evolving 
role of AI in pathology, particularly in diagnosing primary 
liver carcinoma using gross morphology. While ChatGPT 
exhibits potential in augmenting diagnostic processes, 
its performance, particularly with a scoring system, 
remains inferior to experienced pathology residents 
and pathologist assistants. The findings emphasize the 
importance of combining AI tools with human judgment 
in diagnostic pathology.
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INTRODUCTION
	 According to the World Health Organization (WHO) 
expert consultation, individuals are generally considered 
obese if their body mass index (BMI) is 25 kg/m² or higher, 
with a range of 23–24.9 kg/m² defined as overweight in 
Asia-Pacific populations.1 Patients with obesity are at 
an increased risk of various health problems.
	 Obesity is one of the primary preventable causes 
of death globally, with rising prevalence among both 
adults and children. The latest WHO report indicates that 
adult obesity rates worldwide have more than doubled 
since 1990, while the rates of adolescent obesity have 
increased fourfold. In 2022, one in eight people worldwide 
lived with obesity, with 2.5 billion adults (43%) aged 
18 and older classified as overweight and 890 million 
(16%) affected by obesity.2,3 In Thailand, the incidence 
of obesity has increased significantly since 1991, when 
12.1% of males and 21.9% of females were classified as 

ABSTRACT
Objective: The correlation between left atrial (LA) enlargement and obesity has been previously reported. However, 
most studies primarily evaluated LA diameter using echocardiography, which is less accurate and reliable than 
assessing LA volume with cardiac magnetic resonance (CMR). This study aimed to explore the correlation between 
obesity and LA volume by using CMR imaging.
Materials and Methods: We prospectively enrolled consecutive eligible patients aged 18 years or older who underwent 
CMR at a tertiary academic hospital. Clinical variables, including body mass index (BMI), were collected from the 
medical records. LA volume classification was based on the current guideline recommendations.
Results: A total of 140 patients (41% men), with a mean age of 66.5 ± 10.5 years, were studied. The mean BMI was 
25.7 ± 4.2 kg/m2. CMR parameters revealed an LA volume of 75.7 ± 22.5 mL, a left ventricular (LV) ejection fraction 
of 71.1 ± 9.5%, and an LV mass index of 46.1 ± 27.4 g/m2. Univariable analysis indicated that the factors affecting 
LA volume included BMI (r = 0.3, p < 0.001), LV mass index (r = 0.3, p = 0.001), waist circumference (r = 0.3, p < 
0.001), male sex (p = 0.01), and hypertension (p = 0.01). In stepwise multivariable analysis, BMI (p < 0.001), LV 
mass index (p = 0.02), and male sex (p = 0.03) were independently associated with LA volume.
Conclusion: Obesity, as represented by BMI, was independently associated with LA enlargement. Other independent 
factors correlated with LA volume included the LV mass index and male sex.

Keywords: Cardiac magnetic resonance; correlation; left atrial enlargement; left atrium; left atrial volume; obesity; 
overweight. (Siriraj Med J 2025; 77: 130-136)

Abbreviations
BMI = body mass index
CMR = cardiac magnetic resonance
LA = left atrium
LV = left ventricle
LVEDV = left ventricular end‐diastolic volume
LVEF = left ventricular ejection fraction
LVESV = left ventricular end‐systolic volume
SD = standard deviation
SSFP = steady-state free precession

obese.4 Data from the Thai National Health Examination 
Survey indicated that the prevalence of obesity among 
individuals aged 15 years or older increased from 28.6% 
in 1991 to 42.2% in 2020. Obesity also increases the risk 
of several health conditions, including heart disease, type 
2 diabetes, obstructive sleep apnea, specific cancers, and 
osteoarthritis.5-7

	 There is evidence that the presence of left atrial (LA) 
enlargement is associated with cardiovascular risks, such 
as heart failure, atrial fibrillation, cerebrovascular disease, 
and increased mortality.8-10 It is interesting to note that 
obesity may be an independent factor associated with 
LA enlargement. Previous studies have demonstrated a 
correlation between obesity and LA enlargement. For 
example, Gerdts et al. found that BMI has a continuous 
correlation with LA size and is an independent factor, 
unrelated to left ventricular (LV) hypertrophy or baseline 
blood pressure.11 Huang et al. recently showed that 
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higher BMI and male sex were independently associated 
with increased LA diameter, LA area, and LA volume. 
Furthermore, older age and larger LA diameter were 
independently associated with a higher incidence of 
atrial fibrillation.12

	 However, previous studies have limitations in identifying 
LA enlargement by measuring LA diameter in one or two 
dimensions using transthoracic echocardiography, which 
has lower accuracy and reliability due to investigator 
dependence. Cardiac magnetic resonance imaging (CMR) 
is superior to echocardiography for measuring LA volume, 
as it provides more reliable, reproducible measurements 
and serves as a better predictor of cardiovascular risk and 
mortality.13,14 Our aim is to investigate the relationship 
between obesity and LA volume using CMR.

MATERIALS AND METHODS
Study population
	 We prospectively enrolled consecutive eligible patients 
aged 18 years or older who underwent clinical CMR at 
the Division of Cardiology, Department of Medicine, 
Faculty of Medicine Siriraj Hospital, Mahidol University, 
Bangkok, Thailand. Exclusion criteria included patients 
with contraindications to CMR or those with underlying 
heart diseases that cause significant LA enlargement, such 
as moderate or severe mitral regurgitation, mitral stenosis, 
LV systolic dysfunction (left ventricular ejection fraction 
[LVEF] less than 40%), restrictive cardiomyopathy, and 
hypertrophic cardiomyopathy. Blood pressure, BMI, and 
waist circumference were measured for each patient. 
Clinical variables and medical history were collected from 
medical records. The study protocol was approved by 
the Siriraj Institutional Review Board. Written informed 
consent was obtained from all patients.

CMR
	 All patients were examined using a 1.5-T Achieva 
XR MRI scanner (Phillips, Netherlands). After acquiring 
a scout image to locate the cardiac axis, steady-state 
free precession (SSFP) cine imaging was performed 
in standard axis views, including short axis, and 2-, 
3-, and 4-chamber views. CMR parameters included 
a repetition time/echo time/number of excitations of 
3.7/1.8/1, an 8 mm slice thickness with no gap, a field of 
view measuring 270 x 320 mm for the short axis and 350 
x 320 mm for the long axis, a reconstruction pixel size 
of 1.25 x 1.25 x 8 mm², a 60° flip angle, and 25 cardiac 
phases per minute. Other CMR parameters, including 
LV end-systolic and end-diastolic dimensions, LVEF, 
and LV mass index, were measured in accordance with 
current recommendations.15

	 The LA volume was measured during the end-atrial 
diastolic phase using the biplane area-length technique, 
including the LA appendage while excluding the pulmonary 
veins.13,16 To identify potential measurement errors, 
randomization was performed for repeat measurements 
after 4 weeks by another investigator.

Statistical analysis 
	 Statistical analyses were conducted using SPSS Statistics 
for Windows, version 20.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables were reported as mean ± standard 
deviation, while categorical variables were presented 
as absolute numbers and percentages. Comparisons of 
normally distributed continuous variables between the two 
groups were performed using Student’s unpaired t-test. 
Categorical data were compared using the chi-square test 
or Fisher’s exact test, as appropriate. Correlations were 
applied to evaluate univariable relationships between clinical 
variables and LA volume. Stepwise multiple regression 
analysis was used to determine the independent variable 
of clinical descriptors. For multiple regression analyses, 
models were developed using individual predictor variables 
and by examining all possible two-way interactions. 
Group comparisons of the distribution of continuous 
variables were conducted using the chi-square test for 
homogeneity in contingency tables. All statistical tests 
were two-tailed, with p < 0.05 considered statistically 
significant.

RESULTS
Patients’ characteristics
	 The study included 140 patients, comprising 58 
(41%) men, with an average age of 66.5 ± 10.5 years. 
The average BMI was 25.7 ± 4.2 kg/m², and the mean 
waist circumference was 92.8 ± 10.8 cm. Patients were 
categorized into two groups: the obese group (BMI ≥ 25 
kg/m²) and the non-obese group (BMI < 25 kg/m²). The 
non-obese group comprised 48.6% (n = 68) of patients, 
while the obese group comprised 51.4% (n = 72). In the 
obese group, significant differences were found in waist 
circumference (99.3 ± 9.4 cm vs. 86.0 ± 7.3 cm, p < 0.001), 
mean body weight (72.8 ± 11.9 kg vs. 56.0 ± 8.1 kg, p < 
0.001), the prevalence of hypertension (88.9% vs. 67.8%, 
p < 0.001), and hypercholesterolemia (63.2% vs. 84.7%, 
p = 0.01). The other parameters showed no significant 
differences between the two groups. A comparison of 
patients’ characteristics is presented in Table 1.

CMR parameters
	 All patients in both groups underwent CMR imaging. 
Patients in the obese group had significantly greater values 

Jaturapisanukul et al.



Volume 77, No.2: 2025 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 133

Original Article SMJ

TABLE 1. Baseline demographic, clinical, and anthropometric characteristics of study patients compared between 
those with a BMI < 25 and those with a BMI ≥ 25 kg/m2.

           Characteristics	 BMI < 25 kg/m2	 BMI ≥ 25 kg/m2	 P-value	

		  (n = 68)	 (n = 72)	

Age (years), mean ± SD	 67.9 ± 10.6	 65.2 ± 10.3	 0.13

Male sex, n (%)	 26 (38.0)	 32 (44.0)	 0.46

Mean waist circumference (cm), mean ± SD	 86.0 ± 7.3	 99.3 ± 9.4	 <0.001

Mean body weight (kg), mean ± SD	 56.0 ± 8.1	 72.8 ± 11.9	 <0.001

Mean height (cm), mean ± SD	 158.7 ± 7.4	 158.6 ± 9.3	 0.92

Mean SBP (mmHg), mean ± SD	 131.3 ± 19.5	 135.3 ± 16.8	 0.22

Mean DBP (mmHg), mean ± SD	 67.8 ± 11.3	 68.5 ± 12.2	 0.72

Prior coronary heart disease, n (%)	 14 (20.6)	 23 (31.9)	 0.09

Hypertension, n (%)	 42 (67.8)	 64 (88.9)	 <0.001

Diabetes mellitus, n (%)	 33 (45.8)	 22 (32.4)	 0.10

Hypercholesterolemia, n (%)	 61 (84.7)	 43 (63.2)	 0.01

A p-value < 0.05 indicates statistical significance.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; kg/m2, kilograms divided by meters squared; mmHg, millimeters of 
mercury; SBP, systolic blood pressure; SD, standard deviation

than those in the non-obese group for left ventricular 
end-diastolic volume (124.5 ± 29.1 ml vs. 108.3 ± 30.2 
ml, p = 0.002), LVEF (73.2 ± 8.4% vs. 68.9 ± 10.1%, p = 
0.007), and LA volume (80.8 ± 21.1 ml vs. 68.4 ± 22.4 
ml, p = 0.001) (Table 2). None of the patients had a 
significant valvular heart disease.

Correlation factors affecting LA volume
	 Univariable analysis revealed that LA volume, as 
a continuous variable, was positively correlated with 
BMI (r = 0.3, p < 0.001), LV mass index (r = 0.3, p = 
0.001), waist circumference (r = 0.3, p < 0.001), male sex  
(p = 0.01), and hypertension (p = 0.01). The correlation 
between BMI and LA volume is illustrated in Fig 1. 

TABLE 2. CMR parameters of study patients compared between those with a BMI < 25 and those with a BMI ≥ 
25 kg/m2.

CMR parameter (mean ± SD)	 BMI < 25 kg/m2	 BMI ≥ 25 kg/m2	 P-value
		  (n = 68)	 (n = 72)	

LV end-diastolic volume (ml)	 108.3 ± 29.1	 124.5 ± 30.2	 0.002

LV end-systolic volume (ml)	 35.8 ± 18.7	 34.8 ± 17.1	 0.75

LVEF (%)	 68.9 ± 10.1	 73.2 ± 8.4	 0.007

LV mass index (g/m2)	 45.1 ± 15.1	 47.0 ± 12.9	 0.43

LA volume (ml)	 68.4 ± 22.4	 80.8 ± 21.1	 0.001

A p-value<0.05 indicates statistical significance.
Abbreviations: BMI, body mass index; CMR, cardiac magnetic resonance; g/m2, grams divided by meters squared; kg/m2, kilograms divided 
by meters squared; LA, left atrial; LV, left ventricular; LVEF, left ventricular ejection fraction; ml, milliliters; SD, standard deviation.
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Fig 1. Correlation between body 
mass index (BMI) and left atrial 
volume (LA vol)

	 Stepwise multivariable analysis, using an indicator 
variable for LA enlargement as the dependent variable, 
revealed that BMI (p < 0.001), LV mass index (p = 0.02), 
and male sex (p = 0.03) were independently associated 
with LA volume.

DISCUSSION
	 This study revealed that obesity, as measured by 
BMI, was an independent predictor of LA enlargement. 
Other independent factors identified included the LV 
mass index and male sex.
	 The importance of the LA in cardiac pathophysiology 
is often underappreciated. However, LA size and/or 
function has been implicated in various cardiovascular 
and cerebrovascular disorders, either as a causal factor 
or as an indirect marker of disease.
	 Previous studies have demonstrated the significance 
of LA enlargement in various populations. A study 
by Bombelli et al. involving 1,785 participants from 
the general population showed that an LA diameter 
>2.3 cm/m² was associated with a significantly higher 
risk of fatal and nonfatal cardiovascular events.17 LA 
enlargement and remodeling are also important risk 
markers for heart failure with preserved ejection fraction.18 
Furthermore, research has shown that a larger LA size 
is associated with a higher risk of ischemic stroke and 
all-cause mortality.19,20 Notably, some studies suggest 
that this association between LA size and stroke exists 
independently of atrial fibrillation.21 

Several studies have indicated that obesity is linked to 
increased LA size regardless of factors such as hypertension, 
LV geometry, and age. A study by Garza et al., which 
included nearly sixty patients who underwent bariatric 
surgery (gastric bypass) and transthoracic echocardiography 
before and after the procedure, found a positive correlation 
between changes in body weight and LA volume (r = 
0.22, p = 0.006).22 The study concluded that effective 
weight reduction achieved through bariatric surgery 
can prevent an increase in LA volume.22 
	 Varying methods and values affected the proportion of 
patients with LA enlargement. Currently, the recommended 
and most commonly used parameter for normalizing LA 
volume measurements is body surface area (BSA). However, 
because BSA is determined using both weight and height, 
indexing LA volume using BSA may underestimate LA 
remodeling, particularly in obese individuals. In this study, 
we used LA volume measured by CMR to determine 
the correlation between obesity and LA enlargement, 
providing more accurate, non-operator dependent, 
and reproducible results.13,14 In our study, we found a 
significant association between obesity and LA volume. 
Patients in the obese group exhibited significantly greater 
LV end-diastolic volume, LA volume, and LVEF. These 
findings suggested that obesity is associated with diastolic 
dysfunction. Next, we identified that BMI, LV mass 
index, and male sex were significantly correlated with 
the LA volume. Consistent with previous studies, our 
findings support the hypothesis that obese individuals 
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are more prone to diastolic dysfunction leading to LA 
enlargement.23 
	 Diastolic dysfunction is more common among 
obese patients, especially those with obesity-related 
conditions such as hypertension. Studies have shown a 
direct association between obesity and structural cardiac 
abnormalities. For instance, elevated blood volume in 
obese individuals promotes eccentric hypertrophy, which 
reduces LV compliance. When the LV is non-compliant, 
LA pressure increases to ensure sufficient LV filling, 
resulting in increased atrial wall tension and subsequent 
LA enlargement.23 Other explanations include obesity-
induced obstructive sleep apnea, lipotoxicity-induced 
oxidative stress, and effects of adipokines.24 
	 Our study has some limitations. First, we included 
patients referred for CMR imaging, primarily due to 
suspected myocardial ischemia, rather than healthy 
individuals. These factors may have increased the risk of 
selection bias. Second, patients in the obese group had 
a significantly higher prevalence of hypertension and 
hypercholesterolemia than those in the non-obese group 
did. These conditions may act as confounders; however, 
we performed adjusted analyses using multivariable 
methods, which showed that BMI was significantly 
correlated with LA volume, independent of hypertension 
or hypercholesterolemia. Finally, we did not use indexed 
LA volume in this study because it may underestimate 
LA remodeling, particularly in obese individuals.

CONCLUSION
	 Obesity, as represented by BMI, was an independent 
factor associated with LA enlargement. Other independent 
factors correlated with LA volume included the LV 
mass index and male sex. Future larger studies, along 
with prognostic studies, would be beneficial to further 
support our findings and to enhance the value of LA 
volume measurement using CMR in this population.
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ABSTRACT
Objective: To investigate the effects of the Thai Herbal Suksaiyad formula (SSF) on platelet aggregation in healthy 
volunteers.
Material and Methods: In a quasi-experimental study, thirty healthy volunteers received a single dose of 2,000 mg 
SSF. Blood samples were taken at 0, 3, 6, and 24 hours after SSF administration for platelet aggregation analysis 
using aggregometry. Platelets were induced with epinephrine, adenosine diphosphate, and collagen.
Results: SSF significantly decreased platelet aggregation at 3 and 6 hours post-administration.  Sub-analysis revealed 
no significant differences between males and females. SSF significantly decreased platelet aggregation in normal 
and hyperaggregation groups but had no effect on the disaggregation group. The effect of SSF was short-lived, 
reverting to pre-dose values after 24 hours for all agonists. Adverse events included flatulence (1 participant) and 
diarrhea (1 participant).
Conclusion: Caution is advised when using SSF in patients with blood disorders. Potential herb-drug interactions 
between SSF and drugs that impact platelet aggregation, such as aspirin, should be closely monitored. These 
interactions could result in fluctuations that may enhance or diminish the effectiveness of concurrent antiplatelet 
therapies, potentially increasing the risk of bleeding or decreasing therapeutic outcomes.

Keywords: Thai Herbal Suksaiyad formula; herbal medicine; platelet aggregation; Thai traditional medicine (Siriraj 
Med J 2025; 77: 137-145)

INTRODUCTION
	 The re-legalization of marijuana in 2019 has reignited 
interest in its potential therapeutic applications in Thai 
medicine.1,2 To effectively integrate cannabis-based 
treatments into clinical practice, further research is 
essential to provide empirical evidence supporting its 
use in medicinal formulations.
	 The Suksaiyad formula (SSF) is one of 16 Thai 
medicinal formulas that contain marijuana (Cannabis 
sativa L.). It has been approved by the Department of 
Thai Traditional and Alternative Medicine, Ministry 
of Public Health, in powdered and capsule form for 
treating diseases or conducting research studies.3 This 
formula was first recorded in Thart Phra Narai Scripture4, 
a palm-leaf (bai-lahn) manuscript composed of various 
drug formulas. The published version, known as Tamra 
Phra Osot Phra Narai was revised by Prince Damrong 
Rajanupab in 2466 B.E. (1923) during the Rattanakosin 
period.5 
	 SSF consists of 12 components, including Cannabis 
sativa L. (Leaf), Piper retrofractum Vahl. (Flower), Zingiber 
officinale Roscoe (Rhizome), Piper nigrum L. (Seed), 
Mesua ferrea L. (Flower), Myristica fragrans Houtt. 
(Nutmeg), Aucklandia lappa DC. (Root), Nigella sativa 
L. (Seed), Cinamomum bejolghota (Buch. -Ham.) Sweet 
(Bark), Micromelum minutum Wight & Arn. (Stem), 
Azadirachta indica A.Juss. (Leave), and camphor. The SSF 
has traditionally been used for treating various illnesses, 
including insomnia and anorexia.3,6 According to the 
National List of Essential Medicines, the recommended 

dosage for treating insomnia is 0.5-2 grams, taken once 
daily before bedtime. For improving appetite, 0.5-2 grams 
can be taken once or twice before meals.7 
	 Cannabis sativa L. contains key active compounds such 
as Delta-9-Tetrahydrocannabinol (THC) and Cannabidiol 
(CBD). Previous studies have shown that these compounds 
can inhibit human and rabbit platelet aggregation, and 
chronic THC administration via edibles has been found 
to desensitize platelet activity and function.8-10 Previous 
studies also demonstrate that other components, including 
Zingiber officinale Roscoe11-13, Piper nigrum L.14, Myristica 
fragrans Houtt.15, and Nigella sativa L.16,17, exhibit antiplatelet 
effects through different mechanisms. This suggests 
that the SSF may influence platelet function. However, 
balancing its anti-thrombotic potential with the risk of 
bleeding remains a concern, as evidenced by previous 
studies on the effects of the traditional herbal formula 
“Wattana” on platelet aggregation.18 Accordingly, this 
study aims to investigate the effect of the Thai Herbal 
Suksaiyad Formula on platelet aggregation and report 
any adverse events in healthy volunteers. The findings 
will provide empirical evidence to support the clinical 
use of SSF and enhance its safety.  

MATERIALS AND METHODS
Study drugs
	 SSF capsules (500 mg) were manufactured according 
to GMP PIC/S (Good Manufacturing Practices) by the 
Manufacturing Unit of Herbal Medicines and Products, 
Center of Applied Thai Traditional Medicine (CATTM), 
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Faculty of Medicine, Siriraj Hospital, Mahidol University. 
All SSF capsules used in the study came from the same 
batch and underwent quality control testing, including 
FTIR, UPLC methods, physical properties analysis, and 
microbial contamination checks. Capsules were stored 
at room temperature in dry conditions until use.

Patients
	 Thirty healthy volunteers were recruited for this pilot 
study. Inclusion criteria were: 1) Thai male or female, 
18-45 years old; 2) body mass index (BMI) between 18-29 
kg/m2; 3) good health confirmed by normal or clinically 
insignificant vital signs, physical examination, and blood 
chemistry, per the research physician’s assessment. Exclusion 
criteria included: 1) use of drugs affecting platelet function 
such as aspirin, clopidogrel, and ticlopidine; 2) history 
of psychiatric disorders such as psychosis or anxiety 
disorder; 3) use of central nervous system depressants 
(eg; anti-seizure medications); 4) fever,  peptic ulcers, or 
and gastroesophageal reflux disease; 5) history of major 
abnormal bleeding within the past 6 months; 6) blood 
donation or transfusion in the past 2 months; 7) known 
allergic reactions to herbal medicine; 8) history of impaired 
kidney and liver function; 9) pregnancy and breastfeeding. 
Volunteers experiencing adverse events due to SSF or 
believed to have had such events were withdrawn with 
physician agreement. All participants were advised to 
avoid caffeine, alcohol, vitamins, dietary supplements, 
and foods containing any of the 12 SSF components for 
at least two weeks prior to and throughout the study. 

Study design 
	 A pre-post study was conducted at the Faculty 
of Medicine, Siriraj Hospital, Bangkok, Thailand. The 
protocol received approval from the Siriraj Institutional 
Review Board (COA: Si 269/2020) and registered with 
the Thai Clinical Trials Registry (TCTR20210405001). 

All participants provided written informed consent and 
retained the right to withdraw from the study at any time. 
Participants were required to fast for 10 hours before 
taking the SSF. On the day of the experiment, participants 
underwent a physical examination by a doctor and had 
blood drawn at pre-dose (baseline) and at 3, 6, and 24 
hours after administration single-dose of SSF (2,000 
mg), which is the recommended maximum daily dosage. 
However, since there is no prior research indicating the 
duration of the drug’s effects, the dosage was set as a 
single dose, with follow-up evaluations conducted at 3, 
6, and 24 hours after administration to cover potential 
effects of SSF that may occur. Blood samples were kept 
in sodium citrate vacutainers (Greiner Bio-one GmbH, 
Austria). All participants received standardized food 
provided by the researchers and were not allowed to 
eat anything else until the final blood sample was taken. 
The study physicians evaluated and recorded vital signs, 
and adverse events were assessed by questioning the 
participants. (Fig 1).

Platelet aggregation assay
	 Platelet aggregation was assessed using light 
transmission aggregometry (LTA) following Born’s 
technique.19 Platelet aggregation was measured with an 
aggregometer (AggRAM, Helena, USA) within three 
hours of blood collection. The platelet agonists used were 
epinephrine (Epi), adenosine diphosphate (ADP), and 
collagen (Col), which is crucial because each targets different 
receptors and mechanisms, providing a comprehensive 
assessment of platelet function.20 Platelet-rich plasma 
(PRP) was prepared by centrifuging citrated whole blood 
at 250 g for 10 minutes at room temperature. A portion 
of PRP was further centrifuged at 4500 g for 2 minutes at 
room temperature to create platelet-free plasma (PFP) as 
a blank control. PRP was stirred at 600 rpm and incubated 
at 37°C for about 3 minutes before induction. The reaction 

Fig 1. Intervention and outcome measurement screen.



Volume 77, No.2: 2025 Siriraj Medical Journal https://he02.tci-thaijo.org/index.php/sirirajmedj/index140

lasted for 5 minutes. The maximal amplitude of platelet 
aggregation, expressed as a percentage, was determined 
by computing light transmission between aggregated 
PRP and PFP. Additionally, platelet count was assessed 
using a non-metallic hemocytometer (Helena USA).

Platelet status classification
	 There is no officially accepted standard for evaluating 
platelet function. A previous method categorized platelet 
function into three groups based on platelet responses to 
different epinephrine concentrations.21,22 The primary phase 
of platelet aggregation, induced by 25µM epinephrine, 
is referred to as the “disaggregation pattern”. Platelet 
aggregation triggered by 1µM epinephrine, representing 
the secondary phase, is referred to as the “hyperaggregation 
pattern”. Consequently, the concentration-dependent 
response of platelets to both 1µM and 25µM epinephrine 
is considered the “normal aggregation pattern”.21,22 

Statistical analyses
	 Data are presented as mean ± standard deviations 

(SD). Statistical analyses were performed using GraphPad 
Prism version 10.0.2 (GraphPad Software Inc., San Diego, 
CA, USA). The normality of platelet aggregation data was 
assessed using the Kolmogorov–Smirnov and Shapiro-Wilk 
tests. Time-dependent changes in platelet aggregation 
data after SSF administration within groups after SSF 
administration were evaluated using nonparametric 
Friedman test, followed by Dunn’s pairwise post hoc 
tests. Categorical variables were evaluated using the 
chi-square test. Statistical significance was defined as a 
p-value below 0.05. 

RESULTS 
Demographic characteristics
	 This study included 30 healthy volunteers, with 
one participant withdrawing due to difficulty collecting 
blood at 6 hours after SSF administration. Data from 29 
healthy volunteers were analyzed. The average age of 
the male and female groups was 29.3±5.7 and 30.21±4.6 
years, respectively. All participants had normal baseline 
characteristics (Table 1).

TABLE 1. Demographic data and reference range for laboratory values.

Topic	                   Mean ± SD		        Reference range

	 Male (n=10)	 Female (n=19)	 Male	 Female

Age (years)	 29.3±5.7	 30.21±4.6	                   ≥18

Body weight (kg)	 64.83±7.4	 55.96±7.5	                     -

Height (cm)	 170±10	 161±4.5	                     -

Body mass index (kg/m2)	 22.47±2.7	 21.56±2.5	                 18-29

hemoglobin (g/dL)	 14.46±1.2	 12.2±1	 12.70-16.90	 12.0-14.90

hematocrit (%)	 44.38±2.5	 38.8±2.2	 40.30-51.90	 37.0-45.70

WBC (x 103/uL)	 6.03±1	 6±1.2	 4.50-11.30	 4.40-10.30

Platelet count (x 103/uL)	 264.2±28.3	 294.5±54.8	 160-356	 179-435

MCV (fl)	 84.65±7.6	 84.53±5.9	               80.4-95.9

MCHC (g/dL)	 32.57±1.2	 31.37±1.1	               30.2-34.2

MCH (pg)	 27.56±2.5	 26.55±2.4	               25.0-31.2

FBS (mg/dL)	 85.7±8.2	 83±7	                 74-99

BUN (mg/dL)	 13.05±2.9	 10.4±1.5	                  6-20

Creatinine (mg/dL)	 0.90±0.1	 0.72±0.1	 0.67-1.17	 0.51-0.95

AST (U/L)	 19.8±4	 17.5±5.1	 0-40	 0-32

ALT (U/L)	 18.4±5.1	 14.4±12.3	 0-41	 0-33
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Platelet status pattern before dosing
	 Before SSF treatment, 35% of the 29 subjects 
exhibited a hyperaggregation pattern, while 41% had 
a normal pattern, and 24% showed a disaggregation 
pattern, respectively (Fig 2a). The Chi-square test results 
showed no significant association between gender and 
platelet status pattern before SSF dosing (Fig 2b).
             
Effect of SSF on platelet aggregation   
	 Among the 19 female participants, 24 hours after 
SSF administration, 26% experienced an increase in 
platelet aggregation, 68% showed no change, and 5% a 
decrease in platelet aggregation (Fig 3). Among the 10 
male participants, 30% showed an increase in platelet 
aggregation, 60% showed no change, and 10% experienced 
a decrease in platelet aggregation (Fig 3). Figs 3 and 4 
demonstrate the individual response variations observed 
in the study.
	 The results indicated a significant decrease in the 
percentage of maximum aggregation for all agonists. Platelet 
aggregation induced by 1µM epinephrine significantly 
decreased at 6 hours after SSF administration. Aggregation 
induced by other agonists significantly decreased at 3 
and 6 hours post-administration. By 24 hours, there 
was no significant difference in aggregation compared 
to pre-dose levels for all agonists (Fig 5a).
	 Both male and female groups showed a significant 
decrease in the percentage of maximum platelet aggregation 
at 3 and 6 hours after SSF administration. By 24 hours, 
there were no significant differences compared to pre-
dose levels for any agonists in either group (Fig 5b, 5c).
	 In the normal aggregation group, a significant decrease 
in maximum aggregation was observed after induction 
with 25µM Epi at 6 hours and with 5µM ADP at 3 and 
6 hours post-SSF administration. The hyperaggregation 
group also showed a significant decrease in maximum 
aggregation with all agonists at 3 and 6 hours post-SSF 
administration. By 24 hours, no significant differences 
were noted compared to pre-dose levels in either the 
normal or hyperaggregation groups. However, the 

Fig 3. Effect of SSF on platelet aggregation by gender and platelet 
aggregation characteristics at pre-dose and at 3, 6, and 24 hours after 
administration of SSF.

Fig 2. Percent platelet status pattern before SSF dosing: a) all 29 participants b) 10 males and 19 females.

Fig 4. Heatmap illustrating the percentage of platelet aggregation 
in each participant for each agonist after 3, 6, and 24 hours of SSF 
administration.
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Fig 5. Average platelet aggregation after SSF administration for each 
agonist a) in 29 subjects b) male subjects (n = 10) c) female subjects 
(n = 19) Percent aggregation of platelet changing after 3, 6, and 24 
hours of SSF administration compared to pre-dose. Data was shown 
as mean ± SD. * Friedman test with pairwise Post hoc Dunn’s test; 
Significance level set at P-value < 0.05.

b					      	                                               c

a					      	                                

disaggregation group showed no significant changes in 
maximum aggregation after induction with any agonists 
following SSF administration (Fig 6). Adverse events 
reported by the 30 participants included flatulence (3.33%, 
n=1) and diarrhea (3.33%, n=1). 

DISCUSSION
	 The novel findings of this study reveal changes 
in platelet aggregation after a single administration of 
2000 mg of SSF. This herbal formula can reduce platelet 
aggregation induced by ADP, collagen, and epinephrine. 

However, this suppressive effect is short-lived, typically 
resolving within 24 hours post-SSF ingestion. The process 
of platelet aggregation is intricate, involving numerous 
receptors and signaling pathways. Collagen-induced 
platelet aggregation plays a key role in platelet adhesion 
and activation at sites of vascular injury, serving as one 
of the initial triggers for clotting.23 ADP-induced platelet 
aggregation is vital for the early stages of clot formation, 
initiating platelet recruitment and activation.24 Epinephrine-
induced aggregation, less specific to vascular injury, 
responds primarily to circulating catecholamines like 

a					      	                                               b

c
Fig 6. Average percent of platelet aggregation after SSF administration 
with platelet pattern for each agonist; a) Normal aggregation group 
(n = 12); b) Hyper aggregation group (n = 10); c) Percent of platelet 
aggregation in disaggregation group (n = 7); Percent aggregation of 
platelet changing after 3, 6 and 24 hours of SSF administration 
compared to pre-dose. Data was shown as mean ± SD. * Friedman 
test with pairwise Post hoc Dunn’s test; Significance level set at 
P-value < 0.05.
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adrenaline and is part of the body’s overall hemostatic 
response but is not as site-specific as collagen or ADP-
induced aggregation.25-27 
	 The mechanisms of platelet aggregation induced by 
ADP, collagen, and epinephrine involve distinct pathways. 
The results indicate that SSF broadly inhibits platelet 
aggregation, likely due to its multiple components affecting 
these pathways. Previous studies have demonstrated that 
many SSF components inhibit platelet aggregation. For 
example, cannabinoids from Cannabis sativa L. inhibited 
epinephrine-induced human platelet aggregation in a dose-
dependent manner, partially inhibiting primary aggregation 
and completely inhibiting secondary aggregation.10 
Zingiber officinale Roscoe extracts suppressed platelet 
aggregation induced by ADP, epinephrine, collagen, 
and arachidonate in a dose-dependent manner.11-13 
Piper nigrum L. extract displayed moderate antiplatelet 
effects induced by thrombin and collagen.14 A neolignan 
extracted from Myristica fragrans Houtt. demonstrated 
inhibition of thrombin- and platelet-activating factor 
(PAF)-induced platelet aggregation in a concentration-
dependent manner, without causing any damage to the 
platelets.15 Nigella sativa L. extract also showed inhibitory 
effects on arachidonic acid (AA) and ADP-induced 
platelet aggregation.16,17 

	 The individual variation in response to SSF’s inhibitory 
effects on platelet aggregation, as shown in the heatmap, 
may be influenced by several factors. While the study 
protocol aimed to control for lifestyle and environmental 
factors such as age, diet, exercise, smoking habits, and 
overall health status, which can influence response to drug 
administration, platelet function and overall response 
to treatments28, other physiological parameters, such as 
differences in baseline platelet activity, platelet count can 
affect the degree of platelet aggregation inhibition.29,30 

Additionally, genetic polymorphisms among individuals 
can influence the expression and function of platelet 
receptors and enzymes involved in aggregation, leading 
to diverse treatment responses.31 Metabolic variability, 
such as variations in drug metabolism and clearance 
rates, can also impact the bioavailability and effective 
concentration of the drug. Factors like liver function, 
enzyme activity, and other metabolic processes can 
influence how the drug is processed and eliminated, 
affecting the degree and duration of platelet aggregation 
inhibition.32

	 The potential interaction of SSF with antiplatelet 
drugs could increase bleeding risks when co-administered. 
For patients already on such therapies, the use of SSF 
may require close monitoring or dosage adjustments. 
Recognizing and accounting for these individual variations 

is essential in assessing and managing SSF’s effects on 
platelet aggregation. A personalized medicine approach, 
considering individual variability, can lead to more 
effective, tailored treatments that optimize therapeutic 
outcomes while minimizing potential adverse effects.
	 This study’s small sample size may limit the 
generalizability of the results to broader populations 
and reduce the ability to detect individual response 
variations. Furthermore, the use of a single dose and 
the brief observation period may not adequately capture 
the prolonged or cumulative effects of repeated SSF 
administration. Future research should aim to increase the 
number of participants, utilize a randomized controlled 
trial design, and explore the long-term effects of repeated 
dosing to enhance the robustness and applicability of 
the findings.

CONCLUSIONS 
	 A single administration of 2,000 mg of SSF can 
inhibit platelet aggregation induced by ADP, collagen, and 
epinephrine, but this effect is short-lived, with recovery 
occurring within 24 hours. SSF use may pose certain 
contraindications, particularly for individuals with health 
conditions such as bleeding disorders or a history of 
hemorrhagic stroke. Its use should be approached with 
caution, especially among individuals taking antiplatelet 
medications, as SSF may amplify their effects and increase 
the risk of bleeding complications. Patients on such 
therapies or with clotting disorders are advised to consult 
a healthcare provider before using SSF.
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INTRODUCTION
	 According to the World Health Organization, 
blindness is defined as a corrected visual acuity of 3/60 
or less in the better eye using Snellen’s chart.1 In 2015, 
the global prevalence of blindness was estimated at 
36 million people, with 1.3 million cases attributed to 
corneal opacity.2 The most common causes of blindness 
worldwide include cataract (51%), glaucoma (8%), age-
related macular degeneration (5%), and corneal opacities 
(4%).3,4

	 The cornea is a transparent and avascular connective 
tissue that plays a critical role in visual function by providing 
protective and refractive components. Corneal blindness 
results from diseases that alter corneal transparency, 
leading to opacities and visual loss.5 The etiology of corneal 
blindness varies significantly across geographical regions 
and is influenced by local ocular diseases, environmental 
factors, and socioeconomic status.4,6-13 For example, 
trachoma is the leading cause of bilateral blindness in 
Africa, whereas bacterial and fungal infectious keratitis are 
the most common etiologies in East, South, and Southeast 
Asia. In contrast, pseudophakic bullous keratopathy—
corneal edema following cataract surgery—is the leading 
cause of corneal blindness in the United States, while 
keratoconus is the primary cause in Europe.6-13

ABSTRACT
Objective: To report the indications and current trends in surgical techniques for keratoplasty over 10 years at 
Siriraj Hospital.
Materials and Methods: We retrospectively reviewed the medical records of hospitalized patients who underwent 
keratoplasty from 2011 to 2020. The collected data comprised demographics, indications for keratoplasty, and 
surgical techniques used.
Results: A total of 754 eyes were included. Active infectious keratitis was the most common indication (26.1%), 
followed by bullous keratopathy (20.8%) and regraft (19.2%). There was no significant change in indications for 
keratoplasty between the first 5-year period and the second 5-year period. Fungal keratitis remained the most 
common etiology for keratoplasty. Penetrating keratoplasty (PKP) was the most common procedure overall 
(90.7%), followed by endothelial keratoplasty (EK; 5.7%) and deep anterior lamellar keratoplasty (DALK; 3.6%). 
However, surgical techniques used in the second 5-year period differed significantly from those in the first 5-year 
period (P < 0.05). The use of PKP decreased from 96.0% to 86.7%; however, EK increased from 1.5% to 8.9%, while 
DALK rose slightly from 2.5% to 4.4%.
Conclusion: Active infectious keratitis was the most common indication for keratoplasty, followed by bullous 
keratopathy and regraft. These indications may be reduced through collaborative efforts among government leaders, 
public health officers, and ophthalmologists. PKP remained the most common surgical technique due to the high 
incidence of infectious keratitis. However, the use of lamellar keratoplasty, including EK and DALK, significantly 
increased for other indications. Descemet membrane endothelial keratoplasty was performed mostly in eyes with 
Fuchs endothelial dystrophy.

Keywords: Indications for keratoplasty; corneal transplantation; penetrating keratoplasty;  deep anterior lamellar 
keratoplasty; Descemet membrane endothelial keratoplasty (Siriraj Med J 2025; 77: 146-157)

	 In Thailand, the first Rapid Assessment of Avoidable 
Blindness survey reported a blindness prevalence of 
0.6%, with corneal opacities accounting for 2% of total 
blindness cases.14 A multicenter retrospective review by 
Prabhasawat et al found that the prevalence of corneal 
blindness was 1.7%. The leading causes were corneal 
infection (35.6%), surgical bullous keratopathy (27.8%), 
and trauma (14.0%).6

	 The management of corneal blindness depends on 
the underlying disease causing the vision loss. Corneal 
transplantation, or keratoplasty, is a preferred clinical 
modality and is the most common surgery performed 
for visual rehabilitation. Keratoplasty is also the most 
successful form of allogeneic organ transplantation 
because the avascular nature of the cornea minimizes 
graft rejection risk.15 The procedure has evolved from 
replacing the full-thickness cornea—penetrating keratoplasty 
(PKP)—to replacing only the diseased layer—lamellar 
keratoplasty (LK).16-19 The outcomes of keratoplasty vary 
based on the etiologies of corneal diseases in different 
regions, donor cornea quality, availability of skilled 
surgeons and medical teams, and effective long-term 
postoperative care.20

	 Currently, in many parts of the world, patients 
requiring donor corneas may wait 4 to 5 years due to a 
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shortage of donor tissue. The number of patients with 
corneal blindness has increased substantially in recent 
years, leading to a demand for corneal transplants that 
exceeds the availability of suitable donor corneas.7,12,21 

Relying solely on surgical intervention, even with increased 
donor corneas and intensive keratoplasty training for 
surgeons, may not suffice to address the growing waiting 
lists. Therefore, reviewing the leading indications for 
keratoplasty over the past decade is critical. Such analysis 
helps determine trends in preventable etiologies and 
assists in planning healthcare systems to mitigate these 
causes.
	 Meanwhile, keratoplasty techniques have evolved 
from PKP to LK. LK offers several advantages, including 
reduced astigmatism, increased postoperative structural 
stability, shorter rehabilitation time, decreased risk of 
immunological graft rejection, and the effective utilization 
of one donor cornea for two patients with different 
corneal layer diseases. This approach potentially reduces 
the number of patients waiting for donor corneas by 
half.22-24

	 This study aimed to explore the indications for 
keratoplasty from 2011 to 2020 to determine trends in 
preventable etiologies. Additionally, we sought to report 
the current keratoplasty techniques employed at our 
tertiary-care hospital.

MATERIALS AND METHODS
Study design and patient selection
	 We conducted a retrospective review of medical 
records of hospitalized patients who underwent keratoplasty 
at the Faculty of Medicine Siriraj Hospital, Mahidol 
University, Thailand, between January 2011 and December 
2020. Data were retrieved from the Medical Information 
Department’s database using the International Classification 
of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) codes:25 11.60 (“Corneal transplant, not 
otherwise specified”), 11.61 (“Lamellar keratoplasty with 
autograft”), 11.62 (“Other lamellar keratoplasty”), 11.63 
(“Penetrating keratoplasty with autograft”), and 11.64 
(“Other penetrating keratoplasty with homograft”). All 
keratoplasty procedures were performed by six cornea 
specialists and three cornea fellows at our hospital.

Ethical approval
	 This study was approved by the Siriraj Institutional 
Review Board (IRB number 452/2565 [IRB2]; approval 
number Si 599/2022).

Data collection
	 We collected data on patients’ age, sex, indications 
for keratoplasty, and surgical techniques employed.

Exclusion criteria
	 Patients who underwent keratoplasty using tissues 
other than fresh donor corneas—such as sclera, amniotic 
membrane, or corneoscleral rim—were excluded from 
the study.

Classification of indications
	 Indications for keratoplasty were defined based 
on preoperative clinical diagnoses. These indications 
were categorized into 11 diagnostic groups, as detailed 
in Table 1 and illustrated in Fig 1.
	 Active infectious keratitis cases were further classified 
according to the pathogenic microorganisms involved: 
bacteria, fungus, Acanthamoeba, herpes virus (herpes 
simplex and herpes zoster), Mycobacterium species, and 
others.
	 Bullous keratopathy cases were subclassified based on 
etiology, including post-infection, post-cataract surgery, 
post-glaucoma surgery, post-vitreoretinal surgery, post-
laser iridotomy or iridoplasty, and others, as shown in 
Table 1.
	 Regraft was defined as a repeat corneal transplantation 
due to irreversible loss of graft clarity. These cases were 
further subclassified based on the original or primary 
diagnosis that led to the first corneal transplantation 
(Table 1). The number of repeat keratoplasties, including 
the current operation, was recorded.
	 Other indications for keratoplasty were subclassified 
as presented in Table 1.

Classification of surgical techniques
	 The surgical techniques for keratoplasty were 
classified as PKP and LK. LK was subcategorized as 
deep anterior lamellar keratoplasty (DALK), Descemet 
stripping automated endothelial keratoplasty (DSAEK), 
and Descemet membrane endothelial keratoplasty 
(DMEK). The indications for each type of keratoplasty 
were recorded.

Statistical analysis
	 All statistical analyses were carried out using IBM 
SPSS Statistics for Windows, version 27.0. (IBM Corp., 
Armonk, NY, USA). 
	 The indications for keratoplasty and the surgical 
techniques used over the 10-year study period are reported 
as numbers and percentages. For descriptive and analytical 
purposes, the study period was divided into two 5-year 
periods: from January 2011 to December 2015, and from 
January 2016 to December 2020.
	 We used Pearson’s chi-square test and Fisher’s exact 
test to assess differences in the types of indications for 
keratoplasty and the surgical techniques between the two 
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TABLE 1. Indications for keratoplasty over the ten-year study period (2011–2020).

             Indications                                                                                                        N (%)
                                                                                                                               (Total 754 eyes)

Active infectious keratitis	 197 (26.1) 	

	 Fungus	 105	 (53.3)

	 Bacteria	 42	 (21.3)

	 Acanthamoeba	 7	 (3.6)

	 Mixed bacteria and fungus	 6	 (3.0)

	 Herpes	 4	 (2.0)

	 Mycobacteria	 2	 (1.0)

	 Unidentified organism	 31	 (15.7)

Bullous keratopathy	 157 (20.8)	

	 Post cataract surgery	 98	 (62.4)

	 Post infection	 18	 (11.5)

	 Post glaucoma surgery	 10	 (6.4)

	 Post vitreoretinal surgery	 9	 (5.7)

	 Post laser iridotomy/iridoplasty	 6	 (3.8)

	 Post cataract and glaucoma surgery	 5	 (3.2)

	 Post cataract and retinal surgery	 2	 (1.3)

	 Unknown	 9	 (5.7)

Regraft	 145 (19.2) 	

	 Original diagnosis		

		  Bullous keratopathy	 59	 (40.7)

		  Active infectious keratitis	 38	 (26.2)

		  Corneal dystrophy	 20	 (13.8)

		  Corneal scar	 10	 (6.9)

		  Congenital opacity	 10	 (6.9)

		  Mechanical trauma	 3	 (2.0)

		  Corneal thinning/melting (non-infectious)	 2	 (1.4)

		  Burn	 1	 (0.7)

		  Unknown	 2	 (1.4)

Corneal dystrophy	 86 (11.4)	

	 Fuchs endothelial dystrophy	 64	 (74.4)

	 Avellino dystrophy	 10	 (11.6)

	 Lattice dystrophy	 8	 (9.3)

	 Macular dystrophy	 2	 (2.3)

	 Unknown	 2	 (2.3)

Corneal scar	 73 (9.7)	

	 Post infection	 44	 (60.3)

	 Post trauma	 11	 (15.1)

	 Post pterygium excision	 2	 (2.7)

	 Post ocular surface surgery	 1	 (1.4)

	 Unknown	 15	 (20.5)
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TABLE 1. Indications for keratoplasty over the ten-year study period (2011–2020). (Continue)

             Indications                                                                                                        N (%)
                                                                                                                               (Total 754 eyes)

Congenital opacity and anterior segment dysgenesis	 23 (3.1)	

	 Iridocorneal endothelial syndrome	 10	 (43.5)

	 Peters anomaly	 9	 (39.2)

	 Sclerocornea	 2	 (8.7)

	 Corneal dermoid	 1	 (4.3)

	 Mucopolysaccharidosis	 1	 (4.3)

Corneal thinning/melting (non-infectious)	 18 (2.4)	

	 SJS	 9	 (50.0)

	 Exposure keratopathy	 3	 (16.7)

	 Terrien marginal degeneration	 3	 (16.7)

	 Neurotrophic keratopathy	 1	 (5.5)

	 Unknown	 2	 (11.1)

Burn		 17 (2.3)	

	 Chemical	 15	 (88.2)

	 Thermal	 2	 (11.8)

Corneal ectasia	 16 (2.1)	

	 Keratoconus	 15	 (93.7)

	 Pellucid marginal degeneration	 1	 (6.3)

Mechanical trauma	 12 (1.6)	

Immune keratitis	 10 (1.3)	

	 Peripheral ulcerative keratitis	 8	 (80.0)

	 Mucous membrane pemphigoid	 1	 (10.0)

	 Chronic anterior uveitis	 1	 (10.0)

Fig 1. Indications for keratoplasty between 2011 and 2020
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time periods. A P value less than 0.05 was considered 
statistically significant.

RESULTS
Demographic characteristics
	 A total of 754 eyes were included in the study. The 
mean age of the patients was 57.4 ± 18.0 years. The sex 
distribution was 434 male eyes (57.6%) and 320 female 
eyes (42.4%).

Overall distribution of keratoplasty indications
	 Over the 10-year study period, the most common 
indication for keratoplasty was active infectious keratitis 
(26.1%). This was followed by bullous keratopathy (20.8%), 
regraft (19.2%), corneal dystrophy (11.4%), and corneal 
scar (9.7%; Table 1 and Fig 1).

Infectious Keratitis: microbial analysis
	 The predominant etiology of active infectious 
keratitis was fungal infection, accounting for 53.3% of 
total microorganisms identified. The most frequently 
isolated fungus was Fusarium species (32.4% of fungal 
cases), followed by Aspergillus (13.3%), Pythium (8.6%), 
Candida (5.7%), and other fungi (40%).
	 Bacterial infections were the second most common 
cause of active infectious keratitis, representing 21.3% 
of total microorganisms. The most common causative 
bacterium was Pseudomonas aeruginosa (45.2% of bacterial 
cases). This was followed by other Gram-negative bacteria 
excluding P. aeruginosa (23.8%), Gram-positive bacteria 
(23.8%), and mixed bacterial infections (7.1%).

Bullous Keratopathy: etiological factors
	 Bullous keratopathy was the second most common 
indication for keratoplasty. It most frequently occurred 

after cataract surgery (62.4%), followed by post-infection 
cases (11.5%), post-glaucoma surgery (6.4%), and post-
vitreoretinal surgery (5.7%; Table 1).

Regraft analysis
	 Regraft was the third most common indication for 
keratoplasty. The original diagnoses leading to regraft 
were bullous keratopathy (40.7%), active infectious 
keratitis (26.2%), corneal dystrophy (13.8%), and other 
conditions (19.3%; Table 1). The mean interval between 
the initial keratoplasty and the regraft was 7.0 ± 6.8 years.

Multiple keratoplasty procedures
	 Multiple keratoplasty procedures were performed on 
many patients. The distribution of repeat keratoplasties, 
including the current operation, was as follows: second 
keratoplasty (80.6% of regraft cases), third keratoplasty 
(16.6%), fourth keratoplasty (2.1%), and fifth keratoplasty 
(0.7%). The most frequent original diagnosis for the 
second, third, fourth, and fifth repeat keratoplasties was 
bullous keratopathy (38.5%, 45.8%, 66.7%, and 100%, 
respectively). The second most frequent original diagnosis 
for the second, third, and fourth repeat keratoplasties 
was active infectious keratitis (24.8%, 33.3%, and 33.3%, 
respectively). 

Corneal dystrophy and scarring
	 Corneal dystrophy was the fourth most common 
indication for keratoplasty. Among these cases, Fuchs 
endothelial corneal dystrophy (FECD) was the most 
prevalent, accounting for 74.4% of corneal dystrophy 
instances (Table 1).
	 Corneal scar was the fifth most common indication. 
The majority of corneal scars resulted from post-infection 
(60.3%) and post-trauma (15.1%) events (Table 1).

TABLE 2. Comparison of the indications for keratoplasty between the first and the second five-year periods.

			   Number (%)	

	 Indications	 2011–2015	 2016–2020	 Total	 P value

		  (n=326)	 (n=428)	 (n=754)	

Active infectious keratitis	 85 (26.1)	 112 (26.2)	 197 (26.1)	 0.115

Bullous keratopathy	 67 (20.6)	 90 (21.0)	 157 (20.8)	

Regraft	 58 (17.8)	 87 (20.3)	 145 (19.2)	

Corneal dystrophy	 33 (10.1)	 53 (12.4)	 86 (11.4)	

Corneal scar	 43 (13.2)	 30 (7.0)	 73 (9.7)	

Others	 40 (12.3)	 56 (13.1)	 96 (12.8)	
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TABLE 3. Comparison of the surgical techniques of keratoplasty between the first and the second five-year periods.

				    Number (%)

Surgical technique	                             2011–2015	                                   2016–2020		  P value
		                                (n=326)                    	                    (n=428)	

PKP	 313	 (96.0)	 371	 (86.7)	 <0.001

DALK	 8	 (2.5)	 19	 (4.4)	 0.58

DSAEK	 5	 (1.5)	 0		  0.06

DMEK	 0		  38	 (8.9)	 <0.001

Temporal trends in keratoplasty indications
	 The top five indications for keratoplasty in the first 
5-year period (2011–2015) were similar to those in the 
second 5-year period (2016–2020). The percentages of 
keratoplasties performed for each indication did not 
differ significantly between the two periods (P > 0.05; 
Table 2).

Surgical techniques and their indications
	 Regarding surgical techniques over the entire study 
period, PKP was the most common procedure (90.7%). 
This was followed by DMEK (5.0%), DALK (3.6%), and 
DSAEK (0.7%).
	 Indications for PKP included active infectious 
keratitis (28.5%), bullous keratopathy (22.1%), regraft 
(20.2%), corneal scar (9.5%), corneal dystrophy (6.7%), 
congenital corneal opacity (3.2%), non-infectious corneal 
thinning or melting (2.6%), and other conditions (7.2%).
	 Indications for DALK were stromal corneal dystrophy 
(29.6%), corneal scar (25.9%), corneal ectasia such as 
keratoconus (22.2%), regraft (11.1%), active infectious 
keratitis (7.4%), and other causes (3.8%).
	 Indications for endothelial keratoplasty (EK), 
including DSAEK and DMEK, were FECD (74.4%), 
bullous keratopathy (14.0%), regraft (9.3%), and corneal 
scar (2.3%).

Changes in surgical techniques over time
	 The surgical techniques employed in the second 
5-year period differed significantly from those in the 
initial 5-year period (P < 0.01; Table 3). The use of PKP 
decreased from 96.0% in the initial period to 86.7% in the 
second period. Conversely, the utilization of DMEK and 
DSAEK increased from 1.5% to 8.9%, and DALK slightly 
increased from 2.5% to 4.4%. DSAEK was performed only 

in the initial 5-year period. In the subsequent period, 
all EK procedures transitioned to DMEK, which was 
predominantly performed in cases of FECD.

DISCUSSION
	 According to the Thai Red Cross Eye Bank—the 
only eye bank in Thailand—the number of keratoplasties 
performed using corneas from eye bank donors increased 
from 759 in 2022 to 1546 in 2023. This rise resulted from 
proactive efforts in sourcing corneal tissues and providing 
intensive keratoplasty training courses. Nevertheless, as 
of June 2023, the waiting list for donor corneas comprised 
7931 eyes, with patients potentially waiting 4 to 5 years for 
transplantation. Moreover, the number of new patients 
with corneal diseases requiring keratoplasty has increased 
rapidly, adding to the existing waiting lists.
	 Given this context, our study aimed to review 
the indications for keratoplasty over the decade from 
January 2011 to December 2020. We divided the data 
into two 5-year periods to identify trends in preventable 
or avoidable causes of corneal blindness. We also sought 
to determine whether the indications for keratoplasty 
had changed between the two periods. These findings 
should aid in strategic planning at the national level to 
prevent such corneal diseases.
	 Our study found that the three most common 
indications for keratoplasty during 2011–2020 were active 
infectious keratitis (26.1%), bullous keratopathy (20.8%), 
and regraft procedures (19.2%). This ranking mirrors the 
leading indications for keratoplasty in Asia reported by a 
systematic review of 34 years of global data.10 In contrast, 
in the United States, the top three indications for corneal 
transplantation in 2014 were pseudophakic bullous 
keratopathy, regraft, and keratoconus, respectively.10 
Conversely, keratoconus was the primary indication for 

Booranapong et al.



Volume 77, No.2: 2025 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 153

Original Article SMJ
corneal transplantation in Europe, Australia, the Middle 
East, Africa, and South America.8,10

	 Interestingly, the overall indications for keratoplasty 
in the second 5-year period did not significantly differ 
from those in the first 5-year period (P > 0.05). Active 
infectious keratitis remained the leading indication for 
keratoplasty throughout the decade. This trend aligns 
with findings from other studies in Asia,7,10,26 including 
China,26 India,10 Nepal,27 and Vietnam.11 Previous reports 
in Thailand also indicated that corneal ulcers were the 
leading cause for keratoplasty.6,28,29 Additionally, other 
studies showed that corneal ulcers were among the top 
three indications for keratoplasty in central and other 
regions of Thailand.21,30

	 Furthermore, the percentage of total infectious 
keratitis cases would actually increase if we included 
corneal scar cases resulting from inactive or healed 
keratitis (5.9%) along with active infectious keratitis 
(26.1%).
	 Infectious keratitis has both local and systemic risk 
factors. Local risk factors include contact lens wear, ocular 
trauma, ocular surface diseases, post-ocular surgery, 
and topical steroid administration. Systemic risk factors 
encompass conditions such as diabetes mellitus and 
autoimmune diseases.31 Understanding these major risk 
factors in different countries is crucial for developing 
effective public health policies aimed at reducing the 
incidence of infectious keratitis.
	 Ting et al31 reported that in the United Kingdom, 
Europe, North America, and Australia, the most common 
risk factor for infectious keratitis was contact lens wear. 
The predominant infectious microorganisms in these 
regions were bacteria, including Staphylococcus spp. 
and Pseudomonas spp. In contrast, in Asia, Africa, and 
the Middle East, the majority of infectious keratitis 
cases were caused by trauma, particularly exposure to 
vegetative materials, organic matter, and animal products 
in agricultural communities.31-35 Consequently, the most 
common pathogens were fungi, such as Fusarium spp. 
and Aspergillus spp.
	 Similarly, a prospective multicenter study by the 
Asia Cornea Society reported that trauma was the most 
common risk factor for infectious keratitis in Asia 
(34.7%), followed by contact lens wear (10.7%).36 The 
most frequently isolated microorganisms were Fusarium 
species (18.3%), Pseudomonas aeruginosa (10.7%), and 
Aspergillus flavus (8.3%).36 Our results align with these 
findings, as fungi—including Fusarium, Aspergillus, 
Pythium, and Candida—remained the most common 
causative organisms.
	 The high prevalence of fungal keratitis in agricultural 

countries may be attributed to factors such as corneal 
trauma from plants or vegetative matter, hot climates, 
and socioeconomic status. Fungal keratitis is particularly 
challenging to treat due to delayed diagnosis, limited 
availability of effective antifungal agents, difficult access to 
new antifungal medications, and poor corneal penetration 
of existing treatments. These challenges result in a poor 
therapeutic response to current antifungal medications.
	 Bacterial pathogens were the second most common 
cause of infectious keratitis in our study, with Pseudomonas 
aeruginosa being the most prevalent, followed by other 
Gram-negative bacteria, Gram-positive bacteria, and 
mixed bacterial infections. Generally, bacterial keratitis 
responds well to antibacterial medications. However, 
some patients require keratoplasty due to large perforated 
corneal ulcers or severe bacterial keratitis at the time of 
referral, especially in diabetic or immunocompromised 
patients.
	 Infectious keratitis—particularly fungal keratitis—
remains the leading indication for keratoplasty and has 
persisted as a significant problem for decades. Addressing 
this issue requires serious recognition and collaborative 
efforts among government leaders, public health officials, 
and ophthalmologists. Strategies should include increasing 
public education through social media, promoting early 
diagnosis and prompt, appropriate treatment of corneal 
ulcers by general ophthalmologists, providing research 
funding for the development of new effective antifungal 
agents, and implementing universal health coverage schemes 
that permit free access to antifungal medications such as 
liposomal amphotericin B, voriconazole, posaconazole, 
and future antifungal agents.
	 Bullous keratopathy emerged as the second leading 
indication for keratoplasty in our study, aligning with 
reports from Thailand6,28 and other regions in Asia,7,10 
as well as Europe, Australia, the Middle East, and South 
America.10 Notably, bullous keratopathy was reported 
as the most prevalent indication for keratoplasty in 
Japan,7 Singapore,7,37 and the United States.10 While 
the primary indication for keratoplasty may vary based 
on geographical location, environmental factors, and 
socioeconomic status, bullous keratopathy consistently 
ranks as the first or second most common indication 
worldwide.6-12,21

	 The most frequent cause of bullous keratopathy is 
corneal endothelial injury following cataract surgery. 
This was evident in our study, where 62.4% of bullous 
keratopathy cases were attributed to post-cataract surgery, 
and our results align with findings in the literature.6-12 
Several factors contribute to this trend, including greater 
corneal endothelial damage resulting from both increasing 
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cataract surgery rates and a growth in the number of 
trainees, anterior chamber intraocular lens implantations,38 
and phacoemulsification surgery in hard nucleus or 
brunescent cataracts. Patients at high risk for corneal 
endothelial decompensation—such as those with elderly 
corneas, FECD, shallow anterior chambers, or histories of 
multiple intraocular surgeries—are particularly susceptible.
	 To mitigate this issue, preventative strategies could 
include the implementation of surgical simulators in cataract 
surgery training programs for residents and discontinuing 
the use of anterior chamber intraocular lens implantation. 
Additionally, converting phacoemulsification procedures 
to extracapsular cataract extraction or manual small 
incision cataract surgery in high-risk patients may also 
minimize endothelial damage.39,40 Preoperative evaluations 
should assess central corneal thickness and corneal 
endothelial cell count and morphology in these patients 
to determine the most appropriate surgical approach—
whether phacoemulsification, extracapsular cataract 
extraction, or manual small incision cataract surgery. 
Furthermore, utilizing advanced phacoemulsification 
machines with enhanced safety features, when possible, 
may decrease the risk of endothelial injury.
	 Regraft procedures were the third most common 
indication for keratoplasty in our study, mirroring findings 
from previous reports in Thailand28,30 and regions such 
as Asia, Australia, and South America.10 Interestingly, in 
New Zealand, regraft or repeat corneal transplantation 
was the most prevalent indication.41 In our cohort, the 
primary diagnoses preceding the first keratoplasty were 
bullous keratopathy (40.7%), active infectious keratitis 
(26.2%), corneal dystrophy (13.8%), and other conditions 
(Table 1). This suggests that active infectious keratitis 
not only remains the first leading indication but also 
contributes significantly to the need for regrafts.
	 Bullous keratopathy was the foremost indication 
for regraft in our study, consistent with findings from 
Mezaine et al in Saudi Arabia.42 In contrast, infectious 
keratitis was the primary indication for single and multiple 
repeat keratoplasties in China,43 and it was the second 
most common indication for regrafts in our study. Several 
factors may contribute to corneal graft failures in bullous 
keratopathy cases, including immunological rejection, 
corneal vascularization, secondary glaucoma, donor 
corneal endothelial cell function, surgical techniques, 
and postoperative follow-up and management.44,45

	 In cases where keratoplasty was performed due to 
active infectious keratitis, graft failure or rejection was 
often associated with recurrent infections on the corneal 
graft, persistent inflammation at the time of surgery, 
vascularization in recipient corneas, and secondary 

elevated intraocular pressure—more common in fungal 
keratitis. Additional factors include the use of lower-quality 
donor corneas (as high-quality corneas are typically 
reserved for patients with better prognoses) and the 
omission of corticosteroids or immunosuppressive drugs 
in early postoperative treatment for fungal keratitis 
patients. Therefore, active infectious keratitis significantly 
influences both the primary and tertiary indications for 
keratoplasty, underscoring the need to address it as a 
national public health concern to reduce the demand for 
corneal transplants. Notably, multiple repeat keratoplasties 
were also frequently necessitated by infectious keratitis.
	 Addressing these challenges may reduce regraft 
rates. Prevention of infectious keratitis—particularly 
fungal keratitis—is crucial. Improvements can be 
achieved by providing high-quality donor corneas, 
enhancing surgical techniques and instruments to prevent 
recurrent infections and minimize endothelial damage, 
and ensuring robust long-term postoperative care and 
follow-up by medical teams. Patient education on the 
importance of regular follow-up, medication adherence, 
and recognition of symptoms indicative of graft rejection 
is essential. Additionally, implementing universal health 
coverage that grants free access to immunosuppressive 
medications—such as cyclosporine, mycophenolate 
mofetil, and tacrolimus—could aid in preventing and 
treating graft rejection.
	 Patients with corneal blindness awaiting keratoplasty 
suffer from long-term vision loss, reduced quality of life, 
loss of income, and a need for assistance. This condition 
represents not only a social burden but also an economic 
one. Therefore, preventive measures are crucial public 
health strategies to reduce corneal blindness and diminish 
the necessity for corneal transplants.
	 During the study period, PKP accounted for 90.7% 
of all keratoplasties performed. It remains the most 
common form of keratoplasty in Thailand21 and Asia.7,10 
LK constituted 9.3% of procedures, including DMEK at 
5.0%, DALK at 3.6%, and DSAEK at 0.7%.
	 LK was already being performed in 2011, at the 
start of our study period, with DALK and DSAEK as the 
available options. Later, DMEK was introduced in 2016. 
The surgical techniques employed in the second 5-year 
study period differed significantly from those in the initial 
5-year period (P < 0.05). PKP decreased from 96.0% 
to 86.7%, while EK—including DMEK and DSAEK—
increased from 1.5% to 8.9%. DALK slightly increased 
from 2.5% to 4.4%. Notably, DSAEK was performed 
only during the initial 5-year period (2011–2015). After 
2015, all EK procedures transitioned to DMEK in the 
second 5-year period.

Booranapong et al.



Volume 77, No.2: 2025 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 155

Original Article SMJ
	 Surgeons preferred DMEK over DSAEK, considering 
it superior in several aspects. DMEK involves fewer surgical 
steps and instruments, resulting in less time-consuming 
operations. Surgeons at our hospital have found that 
DMEK achieves faster visual recovery, better visual 
outcomes, reduced interface irregularity, less refractive 
error, and lower rates of immune rejection, similar to a 
report by the American Academy of Ophthalmology.46 

Currently, DMEK is performed mostly in eyes with 
FECD. These LK techniques can reduce regraft rates, 
lessen the use of immunosuppressive drugs, and allow 
one donor cornea to benefit more than one patient on 
the waiting list.
	 This study has several limitations. First, as a 
retrospective study, it may have incomplete data due to 
inadequate documentation in medical records. Second, it 
was conducted at a single tertiary referral hospital in central 
Thailand, which may not reflect the national situation of 
corneal blindness among patients awaiting keratoplasty. 
However, reviews of multiple reports in Thailand,6,28-30 
including a report from the Thai Red Cross Eye Bank,21 

allowed us to summarize that the primary indication 
for keratoplasty was infectious keratitis (corneal ulcer) 
or corneal scar, depending on the research institute. 
Infectious keratitis was the most common indication 
in tertiary referral hospitals, whereas corneal scar was 
the most prevalent indication in non-referral hospitals 
and the Thai Red Cross Eye Bank. Bullous keratopathy 
and regraft (graft failure) consistently ranked within the 
top three indications for keratoplasty in all reports.
	 Lastly, due to the evolution of EK, corneal dystrophy—
mainly FECD—has significantly increased the rates of 
keratoplasty, especially DMEK. In the future, FECD may 
become a more common indication for keratoplasty, 
although perhaps not as high as for active infectious 
keratitis.

CONCLUSIONS
	 Active infectious keratitis was the most common 
indication for keratoplasty, followed by bullous keratopathy 
and regraft respectively. This study highlights the critical 
need for prevention, early detection, and appropriate 
management of infectious keratitis, especially fungal 
keratitis. Achieving this requires collaborative efforts 
among government leaders, public health officials, and 
ophthalmologists. Promoting public education through 
social media and facilitating free access to antimicrobial 
agents and immunosuppressive drugs for post-keratoplasty 
management are also essential.
	 PKP remained the most common surgical technique 
due to severe infectious keratitis. However, the use of 

LK—including EK and DALK—significantly increased 
for other indications during the second 5-year study 
period. Moreover, DMEK was primarily performed in 
eyes with FECD.
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INTRODUCTION
	 Bronchopulmonary dysplasia (BPD) is the most 
important respiratory complication in preterm infants. 
Over time, advancements in technologies as well as 
neonatal care treatment strategies, including surfactant 
replacement therapy, new models of mechanical ventilation 
such as targeted tidal volume, high-frequency oscillatory 
ventilation (HFOV), noninvasive ventilation (NIV) and 
postnatal steroids, have increased the survival rate of 
preterm infants, especially extremely preterm infants 
born at 22–24 weeks.1 However, the incidence rate of BPD 
remains unchanged. For infants born at a gestational age 
(GA) of less than 29 weeks, it is estimated to be between 
48% and 68%, with the incidence inversely proportional 
to GA.2 In the post-surfactant era, with the widespread 
adoption of NIV for implementing protective lung strategies 
in very preterm infants, the new definition of BPD aligns 
with the criteria set forth by the National Institutes of 
Health (NIH) in 20183 and Jensen in 2019.4 However, 
the NIH 2018 definition has various limitations, with a 
primary concern being its ability to predict long-term 
outcomes.5 In 2019, Jensen addressed and resolved this 
particular issue.6,7 
	 Although numerous studies have explored risk factors 
associated with BPD outcomes in the past, few studies 
have focused on the Asian population, particularly in 
Thailand. This gap can be attributed to limited resources, 
variations in equipment, differing treatment guidelines 

ABSTRACT
Objective: To assess the incidence trends of severe BPD or death, identify associated risk factors, and develop a 
predictive model using Jensen’s BPD grading system.
Materials and Methods: This retrospective study included infants with a gestational age (GA) < 32 weeks born 
between 2013 and 2020. Infants were classified into no BPD and BPD (all grades) or death categories. Risk factors 
and a predictive model for outcomes were identified using multivariable logistic regression and evaluated with a 
receiver operating characteristic (ROC) curve.
Results: Among the 772 infants, 286 (37%) were classified into the BPD group. The incidence of BPD continuously 
increased from 16.3% in 2013 to 49.4% in 2020. Multivariate analyses revealed factors associated with severe BPD, 
including IUGR, the 1-minute Apgar score, surfactant administration, late-onset sepsis, hydrocortisone, PDA 
ligation, postnatal steroid and mechanical ventilation (MV) days. The highest adjusted odds ratio (aOR) was for 
MV > 42 days at 19.29 (95% CI; 7.22–51.55; p<0.001). The area under the curve (AUC) was 0.898, with 80.68% 
sensitivity and 84.83% specificity.
Conclusion: When Jensen’s criteria were used, the incidence and risk factors for severe BPD or death in Thai 
neonates were similar to those reported in previous studies. The regression model exhibited good predictive value, 
potentially assisting clinicians in targeted interventions.

Keywords: Bronchopulmonary dysplasia (BPD); respiratory outcomes; mortality; Thailand (Siriraj Med J 2025; 77: 
158-167)

across countries, and the use of different BPD definitions to 
assess outcomes. Geetha et al.  reported that the prevalence 
and risk factors for BPD among extremely low gestation 
age neonates (ELGANs) with a composite outcome of 
moderate to severe BPD/death was 67%; however, they 
used the NIH 2001 definition, which may not accurately 
reflect current clinical practices.8 Siriraj Hospital is a 
university hospital with a level IV NICU in Thailand 
and has an annual delivery rate of approximately 150 
infants born premature with a GA less than 32 weeks.
	 Our study investigated the incidence of moderate to 
severe BPD and/or mortality and explored the associated 
risk factors among preterm infants, thereby providing 
comprehensive insights that reflect the broader landscape 
of the neonatal population in Thailand.

MATERIALS AND METHODS
	 We conducted a retrospective cohort data collection 
from the Siriraj Informatics and Data Innovation Center 
(SiData+) to include neonates who were born at a GA 
< 32 weeks between January 2013 and December 2020. 
Infants with major congenital anomalies (trisomy 13, 
18, or 21 or hydrops fetalis), congenital heart disease or 
congenital lung and airway malformation were excluded. 
The definition of BPD was defined by Jensen in 20194, 
categorized BPD severity based on the mode of respiratory 
support administered at 36 weeks postmentrual age (PMA). 
Infants on nasal cannula  2 L/min were classified as grade 
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I BPD, while those on nasal cannula greater than 2 L/
min or non-invasive respiratory support were classified 
as grade II BPD. Infants on mechanical ventilation at 36 
weeks PMA were identified as grade III BPD. 

Outcome measurements
	 The maternal demographic data included maternal 
age, antenatal steroids, maternal complications that lead 
to preterm labor and the risk for BPD in infants, such 
as diabetes mellitus (DM), hypertensive disorders, and 
chorioamnionitis, which was defined as a clinical diagnosis 
of intra-amniotic infection9, intrauterine growth restriction 
(IUGR), and multiple pregnancies. The demographic 
data of the neonates included GA, birth weight (BW), 
sex, and Apgar scores at 1 and 5 minutes.

Neonatal outcomes
	 The neonatal outcomes included intubation in the 
delivery room (DR), respiratory comorbidities such 
as respiratory distress syndrome (RDS), surfactant 
administration, pulmonary hemorrhage, persistent 
pulmonary hypertension of the newborn (PPHN), and 
inotropic drug use during the first week of life. Late-
onset sepsis (LOS) was defined as positive hemoculture 
occurring after 72 hours of life or negative blood culture, 
but clinicians decided to administer antibiotics for more 
than 5 days on the basis of clinical sepsis. Necrotizing 
enterocolitis (NEC) stage ≥ 2 was diagnosed using modified 
Bell’s criteria.10 The hemodynamic significance of the 
patent ductus arteriosus (HsPDA) was defined as a 
ductal diameter exceeding 1.5 mm with a left-to-right 
shunt and a left atrium to aorta diameter ratio (LA:Ao) 
greater than 1.5.

Respiratory outcome measurements
	 The modes of assisted ventilatory support were collected 
and specified as invasive mechanical ventilation (IMV), 
HFOV, and NIV. The postmenstrual age (PMA) at the 
time of the last extubation and the total number of days 
of mechanical ventilation (MV) were recorded. Postnatal 
steroids (PNS) were used for prolonged mechanical 
ventilation after 2 weeks of life. The respiratory severity 
index (RSI; mean airway pressure (MAP) multiplied by 
FiO2 (MAP × FiO2)) was calculated on Days 7, 14, 21 and 
28 of life. The BPD definition reported by Jensen in 20194 

was chosen to assess the severity of BPD in this cohort. 
During the time of the study, pulmonary hypertension 
(PHT) resulting from BPD was not routinely addressed. 
Nevertheless, infants underwent echocardiography when 
facing clinical instability and when an acute pulmonary 
hypertensive crisis was suspected. 

Statistical analysis
	 SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) was 
used for all the statistical analyses. Continuous variables 
are expressed as the means ± SD or medians (interquartile 
ranges), and categorical variables are expressed as counts 
and percentages. The chi-square test and Fisher’s exact 
test were used for categorical variables, and Student’s t 
test was used for continuous variables for the appropriate 
comparisons of interest. A p-value < 0.05 was considered 
statistically significant. Significant variables with p-values 
< 0.2 were included in the model for univariate analyses, 
and the associations between potential risk factors for 
BPD were calculated. A multivariate logistic regression 
model was developed to identify independent significant 
risk factors for BPD of any grade or death and BPD 
Grades II and III or death, and odds ratios (ORs) with 
95% confidence intervals (CIs) are reported.

RESULTS
Maternal and neonatal characteristics
	 A total of 941 infants were born at GA < 32 weeks. 
In addition to 77 infants with congenital anomalies, 
92 infants were excluded from our cohort: 89 were 
transferred to other hospitals before BPD diagnosis, 
and three infants had incomplete data. The final analysis 
included a total of 772 infants (Fig 1). Among these, 248 
(32.1%) infants developed BPD, and 38 (13.3%) infants 
died before 36 weeks PMA. The overall incidence rates 
of BPD Grades I, II, and III were 21.7% (62/286), 52.1% 
(149/286) and 12.9% (37/286), respectively. The cohort 
experienced a mortality rate of 6.5% (50/772), and the 
majority of infants died from respiratory complications.
	 We categorized the infants into two groups: those 
without BPD and those with BPD of any grade or who 
died. No statistically significant difference in maternal 
characteristics was noted between the two groups, except 
for a greater prevalence of IUGR in the BPD group (39 
(8%) vs. 36 (12.6%), p = 0.04) (Table 1). Compared with 
those without BPD, infants in the BPD groups had lower 
GA, lower birth weights, more male infants and lower 
Apgar scores at 1 minute and 5 minutes (Table 1).

Neonatal comorbidities
	 Infants diagnosed with BPD were more likely to be 
critically ill than those without BPD. This was evident in 
significantly increased neonatal complications, such as 
higher rates of intubation at the delivery room, surfactant 
administration, pulmonary hemorrhage, PPHN, and 
hemodynamic instability requiring inotropic drugs, as 
well as hydrocortisone treatment. Additionally, there was 
a higher incidence of late-onset neonatal sepsis and NEC 
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Fig 1. Summary flow chart 
Abbreviations: BPD, bronchopulmonary 
dysplasia; DOL, day of life; GA, gestational 
age; PMA, postmenstrual age.

TABLE 1. Demographic data for patients with no BPD and those with BPD of all grades or death.

		  No BPD	 BPD or death (n=286)	 p-value
		  (n=486)	

Maternal			 

Maternal age (year)	 29.41 (± 6.9)	 29.89 (± 7.2)	 0.36

Antenatal steroid	 451 (92.8)	 260 (90.9)	 0.35

Completed dose	 287 (59.1)	 152 (53.1)	 0.11

Diabetes mellitus	 55 (11.3)	 31 (10.8)	 0.84

Hypertensive disorder	 110 (22.6)	 62 (21.7)	 0.76

Chorioamnionitis	 33 (6.8)	 27 (9.4)	 0.18

IUGR	 39 (8.0)	 36 (12.6)	 0.04

Cesarean section	 288 (59.3)	 182 (63.6)	 0.23

Multiple pregnancy	 121 (24.9)	 68 (23.8)	 0.73

Neonatal			 

GA (weeks)	 30.1 (± 1.5)	 27.9 (± 2.0)	 < 0.001

240/7-266/7 weeks	 23 (4.7)	 103 (36.0)	 < 0.001

270/7-316/7 weeks	 463 (95.3)	 183 (64.0)	 < 0.001

Birth weight (grams)	 1371.5 (± 348.8)	 985.3 (± 314.6)	 < 0.001

Male	 256 (52.7)	 173 (60.5)	 0.04

1-minute Apgar score	 7 [5-8]	 4 [1-6]	 < 0.001

5-minute Apgar score	 9 [8-9]	 7 [5-8]	 < 0.001

Expressed as the count (%), mean± SD, median [IQR].
Abbreviations: GA, gestational age; IUGR, intrauterine growth restriction.
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stage ≥ 2 (Table 2). Among infants without BPD, 22.8% 
received PDA treatment, whereas 59.8% in the other 
groups did (p<0.001). For infants receiving medications 
to close the PDA, 90.1% of infants without BPD were 
successfully closed before discharge. However, it was 
closed in only 59.6% of infants with BPD (p<0.001). There 
was no difference in the age at PDA ligation between 
the groups (31.5 (±1.2) vs. 30.5 (±3.4) weeks; p=0.36) 
(Table 2). Nevertheless, when infants with each BPD 
grade were compared, infants with BPD Grades II and 
III experienced more complications, with the exception 
of pulmonary complications, hydrocortisone use and 
stage ≥ 2 NEC (Supplemental Tables 1-2).

Respiratory variables
	 The total incidence of BPD or death was 37%. 
Among infants born at < 29 weeks, the incidence of BPD 
was 61.3% (152/248), and the incidence of Grade II–III 
BPD was 49% (122/248). Compared with those without 
BPD, infants with BPD had an extended duration of 
mechanical ventilation (0 [0–3] vs. 15 [3–44]; p<0.001), 
and their length of hospital stay was longer. The PMA at 
discharge was 42.9 (± 12.3) vs. 37.4 ( 2.9) weeks; p<0.001 
(Table 2). We investigated the type of respiratory support 
and RSI on Days 7, 14, 21, and 28. The percentages of 
infants with BPD who required MV on Days 7, 14, 21, and 
28 were 56% (139), 50% (124), 44.4% (110), and 40.3% 

TABLE 2. Neonatal comorbidities between the no BPD group and the all-grade BPD or death group.

		  No BPD	 BPD or death (n=286)	 p-value

		  (n=486)	

Intubation at DR	 110 (22.6)	 194 (67.8)	 < 0.001

Intubation at NICU during admission	 192 (39.5%)	 258 (90.2%)	 < 0.001

Surfactant administration	 39 (8.0)	 116 (40.6)	 < 0.001

      Repeated dose of surfactant	 0	 13 (4.5)	 < 0.001

Pulmonary hemorrhage	 10 (2.1)	 32 (11.2)	 < 0.001

PPHN	 6 (1.2)	 36 (12.6)	 < 0.001

      iNO initiation	 0	 9 (3.1)	 < 0.001

Use of inotropic drugs	 73 (15.0)	 152 (53.1)	 < 0.001

Use of hydrocortisone	 5 (1.0)	 36 (12.8)	 < 0.001

Late onset sepsis	 91 (18.7)	 141 (51.5)	 < 0.001

NEC stage ≥ 2	 69 (14.2)	 58 (20.9)	 0.02

      Surgical treatment	 6 (8.7)	 18 (31)	 0.001

Treatment of PDA	 111 (22.8)	 171 (59.8)	 < 0.001

      Medical closure	 100 (90.1)	 102 (59.6)	 < 0.001

PDA ligation	 11 (9.9)	 69 (42.9)	 < 0.001

Age at PDA ligation (days)	 23 [16-25]	 19 [15-27]	 0.85

PMA at PDA ligation (weeks)	 31.5 (± 1.2)	 30.5 (±3.4)	 0.36

Postnatal steroid	 19 (3.9)	 73 (26.2)	 < 0.001

PHT at 34-36 weeks PMA	 7 (7.1)	 19 (6.6)	 < 0.001

Total MV days	 0 [0-3]	 15 [3-44]	 < 0.001

PMA at discharge (weeks)	 37.4 (± 2.9)	 42.9 (± 12.3)	 < 0.001

Expressed as the count (%), mean ± SD, median [IQR].
Abbreviations: DR, delivery room; iNO, inhaled nitric oxide; MV, mechanical ventilation; NEC, necrotizing enterocolitis; PDA, patent 
ductus arteriosus; PHT, pulmonary hypertension; PMA, postmenstrual age; PPHN, persistent pulmonary hypertension of the newborn.
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(100), respectively. In contrast, a smaller proportion of 
infants without BPD were on MV on these days (10.3% 
(50/486), 5.3% (26/486), 4.5% (22/486), and 3.7% (18/486), 
respectively). Infants diagnosed with Grade III BPD 
presented a significantly elevated RSI, which increased 
over time at Days 7, 14, and 21 (2.89 [1.84–6.13], 4.20 
[2.24–7.50], and 5.25 [2.40–9.10], respectively). However, 
there was a slight decrease in the RSI from Day 28 to 
4.21 [2.85-7.41] (Fig 2). A total of 18 (2.3%) of the 772 
infants with BPD required home oxygen, and two of 
them underwent tracheostomy before discharge with 
home ventilation.

Model for the prediction BPD Grades II-III or death	
	 Univariate analyses were conducted to predict 
BPD outcomes by comparing the no BPD group with 
the all-grade BPD or death group (Supplemental Table 3). 

Multivariate logistic regression analysis identified a 
subset of independent risk factors for BPD of any grade 
or death (Table 3) and BPD Grades II-III or death (Table 4). 
The receiver operating characteristic (ROC) curve was 
constructed utilizing the final model, and the cutoff 
value was 0.3 according to the Youden index, resulting 
in a sensitivity of 80.68%, specificity of 84.83%, positive 
predictive value (PPV) of 66.80%, and negative predictive 
value (NPV) of 92.06% (Supplemental Fig 1). The final 
equation is shown in the Appendix.

DISCUSSION
	 We demonstrated the incidence of BPD in preterm 
infants born at < 32 weeks of gestation using the new 
severity-based diagnostic criteria proposed in 2019 by 
the NICHD Neonatal Research Network.4 The overall 
incidence of BPD or death was 37%, with 24% of those 

Fig 2. Respiratory severity index (RSI) at 7, 14, 21 and 28 DOL in inats with BPD.
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TABLE 4. Multivariate logistic regression analysis to predict moderate-to-severe BPD, comparing no BPD, grade 
I BPD and grade II-III BPD or death.

Abbreviations: IUGR, intrauterine growth restriction; MV, mechanical ventilation; PDA, patent ductus arteriosus; PNS, postnatal steroid.

TABLE 3. Multivariate logistic regression analysis of risk factors for BPD compared between the no BPD group 
and the all-grade BPD or death group.

Abbreviations: IUGR, intrauterine growth restriction; MV, mechanical ventilation; PDA, patent ductus arteriosus.

who survived until 36 weeks PMA being diagnosed with 
Grade II-III BPD or death. Notably, for ELGANs, the 
incidence increased to 61.3%, and 49% of the surviving 
infants exhibited Grade II-III BPD. Compared with 
international data, specifically the 2022 figures from 
the Canadian Neonatal Network (CNN)11, where the 
incidence of BPD in infants younger than 33 weeks 
was reported as 32.6%, and considering Yang et al.’s 
findings12 of a 61% BPD rate in infants born before 32 
weeks in their study (utilizing the NIH 2001 definition), 

our results fall within an acceptable range. Nevertheless, 
within the ELGANs group, our observed rate of BPD 
surpassed that reported by Jensen et al.13 In their cohort, 
the incidence of BPD, which was determined using a 
definition similar to ours, was 45.5%. In global cohorts, 
the overall BPD incidence varies widely, with values 
of 25–56% in Asia, 17–73% in Europe and 18–75% in 
North America.14 In addition, a notable rate of 67% 
was reported in a Singaporean cohort.8 However, they 
used different BPD definitions for grading severity, 
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which might not accurately reflect recent practices and 
outcomes. Previously, at our center, we did not have a 
unit protocol for respiratory management in preterm 
infants < 32 weeks; however, all neonatologists followed 
standard guidelines for RDS treatment, such as early 
CPAP and rescue surfactant therapy, using conventional 
methods with slow weaning. The less invasive surfactant 
administration (LISA) method, oxygen reduction test 
(ORT) to determine BPD at 36 weeks PMA, and respiratory 
management protocol for preterm infants < 32 weeks were 
introduced in 2018. A comparable trend was observed 
in the ELGANs population. However, infants exhibited 
greater critical illness during this period than during the 
earlier period, with an increase in IUGR cases, lower 
birth weight, lower 1-minute Apgar scores, an elevated 
need for surfactant treatment, an increased incidence of 
LOS and a greater requirement for postnatal steroids. 
	 BPD is a chronic lung disease that results from 
multiple factors, including genetic, prenatal, or postnatal 
influences. Antenatal corticosteroids are considered the 
standard of care for accelerating fetal lung maturity to 
prevent RDS but not BPD. Owing to the widespread use 
of antenatal steroids following the WHO guidelines15 to 
improve preterm birth outcomes, there were no differences 
in antenatal steroid usage between the non-BPD and 
BPD groups in our study, which is consistent with recent 
previous studies.13,16 The use of antenatal steroids in our 
unit was consistent with the broader cohort. Our findings 
identify the factors associated with a composite of Grades 
II-III or death, including eight factors (Table 4), which 
aligns with known factors reported in other studies.12,16-18 	

	 Timing of surfactant replacement therapy (SRT) is 
one of the crucial factors that determine the outcome of 
BPD. A previous systematic review demonstrated that 
intubated infants who received early selective surfactant 
administration had a decreased risk of BPD or death at 
28 days compared to those who received late SRT (after 
more than 2 hours).19 However, data from a recent cohort 
indicated that early SRT was associated with a longer 
duration of mechanical ventilation, with no significant 
difference in the rate of BPD.20 In our cohort, we do not have 
recorded data on the timing of surfactant administration 
due to the retrospective nature of the study. European 
Consensus guidelines on the management of respiratory 
distress syndrome recommended that intubated infants 
less than 30 weeks’ gestation should receive SRT and 
rescue surfactant should be administered early in the 
course of the disease using a thin catheter when infants 
required CPAP pressure greater than 6 cmH2O or FiO2 
> 0.3.21 
	 We opted to exclude PDA treatment from the 

model, as numerous randomized controlled trials (RCTs) 
comparing early treatment with conservative approaches 
have failed to demonstrate a significant impact on the 
increased rate of BPD or death outcomes.22,23 Given 
the absence of a standardized definition for HsPDA, 
infants in our units underwent echocardiography based 
on the presence of a murmur. The decision to pursue 
medical closure was exclusively determined using criteria 
involving the ductal diameter and the LA:Ao ratio. We 
considered that this could be a confounding factor leading 
to excessive PDA treatment, making the establishment of 
a direct association with the outcome of BPD challenging. 
Therefore, we chose to include only PDA ligation in the 
model, which is supported by prior research indicating 
an association between PDA ligation and moderate to 
severe BPD.24,25

	 One commonly recognized factor contributing to 
BPD is chorioamnionitis. However, in our cohort, no 
significant difference was observed between the two 
groups. We hypothesize that the clinical diagnosis of 
chorioamnionitis may lead to over recognition. Only 
half of the clinically diagnosed cases of chorioamnionitis 
had confirmed placental pathology indicating acute 
inflammation, as per unpublished local data. The longer 
the duration of MV is, the greater the increase in the 
incidence and severity of BPD as well as the likelihood 
of requiring home oxygen at discharge and experiencing 
neurodevelopmental impairment.26 We observed a similar 
trend in our cohort, where infants with MV days had a 
significantly increased OR.
	 The strengths of this study include the use of our 
own cohort to represent our practices and to develop a 
care bundle for improving BPD outcomes. We also plan 
to create an BPD calculator for the Thai population. 
Another strength is the adoption of the Jensen 2019 BPD 
definition, which aligns more closely with contemporary 
practices and allows for better prediction of short-term and 
long-term outcomes. This study has several limitations. 
First, it involves a small cohort and is representative of a 
single center. Second, the data retrieval spans from 2013, 
and treatment strategies may have evolved. Thus, recent 
populations were potentially not captured. Third, our 
study does not incorporate long-term outcomes, such 
as neurodevelopmental impairment.

CONCLUSION
	 The overall incidence of BPD in our study correlated 
with the global incidence. Factors such as IUGR, the 
1-minute Apgar score, surfactant administration, late-onset 
sepsis, hydrocortisone use for hemodynamic instability, 
PDA ligation, and total MV days independently contribute 
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to the risk of all grades of BPD. Our findings suggest 
that prospective research could utilize our developed 
model for external validation to predict the probability 
of Grade II–III BPD in Asian preterm infants.
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INTRODUCTION
	 Fetal malformation or genetic abnormalities should 
be diagnosed as early as possible.1 Ultrasound screening 
in the first trimester is mainly performed by fetal nuchal 
translucency (NT), with serum analytes, namely pregnancy 
associated plasma protein-A (PAPP-A), human chorionic 
gonadotropin (hCG) and alpha-fetoprotein (AFP) between 
10 and 14 weeks of gestation were introduced by American 
college of Obstetricians and Gynecologists (ACOG) 
recommendation in year 2020.1 NT is a measurement of 
subcutaneous development behind the fetus’ neck during 
the first trimester of pregnancy.1,2 Thick NT signifies 
fetal heart failure, extracellular matrix abnormality, or 
abnormality of the lymph system.1 Meanwhile, ultrasound 
screening in the second and third trimester is mainly 
performed to predict of neonatal outcomes.3-6 
	 NT is the most effective tool for detecting Down 
Syndrome during the first trimester of pregnancy around 
11-14 weeks of gestation at nearly 90%, with only a 5% 
false positive rate.7,8 Thick NT (of more than 3.0 mm) 
measured by median sagittal view was associated with 
fetal anomalies or cardiac anomalies, this allows for early 
management to prevent high risk of spontaneous fetal 
loss.1,7,9-11 
	 In current practice NT is measured using the sagittal 
plane. The sagittal plane necessitates an experienced 
sonographer and is successful only if the fetus holds a 
specific position.12,13 A transverse approach was an easier 
operation to perform and offered a shorter learning 
curve.13 If the measurement could be performed using 

ABSTRACT
Objective: This study aimed to evaluate and compare nuchal translucency (NT) measurement between sagittal and 
transverse planes for aneuploidy screening.
Materials and Methods: This prospective study was conducted at the antenatal clinic, department of obstetrics and 
gynecology, Bhumibol Adulyadej Hospital, Royal Thai Air Force, Bangkok, Thailand between November 2023 and 
July 2024. Subjects were singleton pregnant women who underwent fetal chromosome anomaly screening by NT 
measurement of both sagittal and transverse planes by transabdominal ultrasonography between 11 and 14 weeks 
of gestational age (GA). Demographic and clinical data were collected and evaluated. Relationship between sagittal 
and transverse planes measurement was analyzed.
Results: A total of 295 pregnant women were recruited. The mean age and GA of participants were 31.7 years 
old and 12.9 weeks, respectively. Prevalence of aneuploidy was 2.7% (8/295). The mean NT measurement in the 
sagittal plane was significantly lower than in the transverse plane (1.5 and 1.7 mm). Transverse and sagittal plane 
measurement exhibited a linear correlation. The cut-off point of NT by transverse and sagittal approach were 2.9 
mm and 3.0 mm, respectively that giving comparable diagnostic value.
Conclusion: NT measurement cut-off by transverse approach at 2.9 mm had comparable to 3.0 mm of sagittal 
approach.

Keywords: Nuchal translucency; aneuploidy; pregnancy; transverse plane; ultrasound (Siriraj Med J 2025; 77: 168-174)

a transverse plane, the result would be less dependent 
on the position of the fetus. This investigation aimed to 
explore sagittal and transverse plane NT imaging as a 
tool for aneuploidy risk assessment.

MATERIALS AND METHODS
	 A prospective study was conducted in the Obstetrics 
and Gynecology Department at Bhumibol Adulyadej 
Hospital (BAH), Royal Thai Air Force, Bangkok, Thailand 
between November 2023 and July 2024. This study was 
approved by the BAH Institutional Review Board in 
2023 (IRB No.84/66).
	 Participants were singleton pregnant women between 
11 and 14 weeks of gestation (GA). Inclusion criteria was 
pregnant women with intrauterine pregnancy, age 18 
and up, who attended antenatal care at BAH. Exclusion 
criteria included inability to communicate in Thai. All 
participants were counseled about fetal chromosome 
screening (FCS). All participants received briefings about 
the investigation and all gave written informed consents. 
According to BAH protocol, subjects were screened 
either using maternal serum for cell-free DNA (cfDNA) 
screening detection or quadruple test. The cfDNA was 
performed by taking maternal blood samples. Maternal 
serum was sent for fetal microDNA labs. Quadruple tests 
consisted of maternal serum AFP, hCG, estriol and inhibin. 
Standard amniocentesis for fetal chromosome study was 
performed on subjects who had abnormal FCS either via 
cfDNA or quadruple test methods. Amniocentesis was 
performed during 15 and 20 weeks of GA.
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	 During FCS routine protocol, all participants underwent 
transabdominal ultrasound (Voluson E10 model: GE 
healthcare, Zipf, Austria) for NT measurement. The 
measurement of NT in sagittal plane was performed three 
times. In addition, the same sonographer measured on 
the transverse plane using transabdominal ultrasound 
three times. Sonographer was member of the maternal-
fetal medicine (MFM) fellowship under the supervision 
of experienced MFM staff.
	 According to International Society of Ultrasound in 
Obstetrics and Gynecology (ISUOG) recommendation, 
NT measurement was performed via sagittal plane.14 

During NT measurement, fetuses were aligned in neutral 
position. Fetal head, neck, tip of nose, upper thorax and 
NT edge margin were demonstrated in midsagittal plane 
during NT measurement.14 

	 During NT measurement via transverse plane, 
transverse plane of fetal head was aligned similarly to 
the transcerebellar view.15,16 Frontal horns, cerebral 
peduncles and optic thalami were the landmarks for 
NT measurement. Distance from the external contour 
of the occipital bone to the outer contour of the skin by 
positioning ultrasound calipers was the NT value.13 
	 Data from sagittal and transverse measurement 
was collected and further analyzed. Demographic and 
clinical data were also collected from electronic medical 
records including maternal age, parity and body mass 
index.
	 The data was processed using the Statistic Package 
for the Social Sciences (SPSS version 27.0). A p-value 
less than 0.05 was considered statistically significant. The 
mean values of each measurement plane were used for 
calculation. Transverse and sagittal NT were compared 
and evaluated. The accuracy of transverse measurement 

was assessed and compared to the NT value of more 
than 3.0 mm. Scatter plots and linear correlations during 
regression analysis were used for strengthening the 
interpretation of the results. 

RESULTS
	 A total of 295 cases were included in the study as 
presented in Fig 1. Half (164/295) of participants were 
of nulliparity. Mean age and GA of participants were 
31.7 years old and 12.9 weeks, respectively. The total of 
amniocentesis was 30 cases. Only 8 cases had a report of 
abnormal chromosome study, namely trisomy 21 (6 cases) 
and trisomy 18 (2 cases). Prevalence of aneuploidy was 
2.7% (8/295). NT measurement by sagittal approach and 
transverse approach averaged 1.5 and 1.7 mm, respectively 
as shown in Table 1.
	 Comparison of NT measurement between sagittal 
and transverse approaches by scatter plot were presented 
in Fig 2. Correlation between sagittal and transverse 
approaches followed a linear pattern as shown in Fig 3. 
Standard cut-off point of NT by sagittal approach was 
chosen at 3.0 mm.1 Area under curve (AUC) was at 0.980. 
At the best value, the cut-off point for NT by transverse 
approach was 2.9 mm, giving the same diagnostic value 
as the cut-off point of NT by sagittal approach at 3.0 
mm. We proposed that subjects who had NT transverse 
measurement of 2.9 mm or greater represented a high 
risk of aneuploidy at the same level as those who had 
3.0 mm measurement using a sagittal approach. The 
accuracy of NT measured by transverse approach was 
97.6% with a false positive rate of 2.4% (7/291).
	 A transformation model of NT by transverse approach 
to sagittal approach was created. The formula was 0.597 
+ [0.528*transverse(mm)] as depicted in Fig 2.

Fig 1. Flow chart of study
Abbreviations: US: ultrasound, NT: nuchal translucency, GA: 
gestational age

Fig 2. Comparison of nuchal translucency (NT) measurement between 
sagittal and transverse approach by scatter plot
Abbreviations: Sag: sagittal plane, Trans: transverse plane, MD: 
mean different
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TABLE 1. Demographic character of participants who had positive and negative test result for aneuploidy screening

		  Total (n=295)	 Range	 Positive (n=30)	 Negative (n=265)	 p-value

Age (year)	 31.7 ± 5.5	 18.0 - 44.0	 35.9 ± 3.7	 31.2 ± 5.5	 <0.001*

BMI (kg/m2)	 25.7 ± 4.6	 15.8 - 39.4	 26.5 ± 5.6	 25.6 ± 4.5	 0.368

GA (days)	 90.6 ± 4.7	 77.0 - 98.0	 89.4 ± 5.9	 90.8 ± 4.6	 0.144

CRL (mm)	 66.9 ± 9.1	 36.7- 87.0	 65.6 ± 10.1	 67.1 ± 9.0	 0.421

Nulliparity	 164 (55.6)		  11 (36.7)	 153 (57.7)	 0.037*

Sagittal (mm) 	 1.5 ± 0.4	 0.65 - 3.1	 1.8 ± 0.6	 1.4 ± 0.4	 0.001*

Transverse (mm) 	 1.7 ± 0.5	 0.67 - 3.2	 1.9 ± 0.5	 1.7 ± 0.5	 0.030*

Abbreviations: BMI: body mass index, GA: gestational age, CRL: crown-rump length

Fig 3. Correlation of nuchal translucency (NT) measurement between 
sagittal and transverse approach to predict positive aneuploidy 
screening.
Accuracy of NT by transverse approach were 97.6% with false positive 
rate 2.4% (7/291).

DISCUSSION
	 In the current study, the aneuploidy rate was 2.7% 
from chromosome study via amniocentesis. Thai study 
in year 2024, prevalence of fetal aneuploidy was 0.33% 
(13/3928) .17 Previous studies reported NT measurement 
conducted by transabdominal ultrasonography (TAS) 
in pregnant women with average age between 28.9 and 
33 years old.10,11,13,18,19 In 2022 Montaguti from Italy a 
prevalence of aneuploidy from chorionic villous sampling 
of 0.6% (6/1023).13 Prevalence of aneuploidy from a 
Vietnamese study utilizing chromosome study from 
amniocentesis in 2011 was 1.5%.18 Yin’s study in China in 
2022 performed NT measurement and amniocentesis for 
karyotype study in all cases and reported the prevalence 
of aneuploidy from at 3.4%.19 Montaguti performed NT 
measurement and genetic screening by combined test 
or noninvasive prenatal testing (NIPT). Subjects who 
had high risk of trisomy 13,18, or 21 (45 cases) from 
combined testing and NIPT underwent chorionic villous 
sampling reporting only 6 cases.13 Tomai performed 
NT measurement and genetic screening by combined 
test. Subjects who had high risk of trisomy 13,18, or 21 
from combined test underwent amniocentesis.18 Low 
aneuploidy prevalence of the current study might interfere 
the diagnostic efficacy of screening tool. 
	 In the current study, subjects underwent NT 
measurement and genetic screening either using quadruple 
test or cfDNA testing. Subjects from the current study 
who had high risk of aneuploidy screening underwent 
amniocentesis. There were no aneuploidy cases with NT 
less than 3.0 mm and low risk of genetic screening. There 
was no indication for amniocentesis for karyotype in every 
pregnancy. However, high prevalence of karyotype was 
reported from the center that performed all karyotype 

study or high-risk subjects. According to Yin’s 2022 
study, pregnant women with mean age of 29 and NT 
between 2.5 and 2.9 mm underwent amniocentesis for 
chromosome study by DNA sequencing. Prevalence of 
aneuploidy in Yin’s study reported was 3.4%.19 They did 
not state the reason for amniocentesis in subjects with 
NT under 3.0 mm with an average age of 29 years old. 
The hidden reason for high-risk aneuploidy was not 
reported.
	 According to ACOG recommendation in 2020, 
pregnant women with NT greater than 3.0 mm were 
recommended for genetic study.1 Turkish study by Dinc 
in 2021 found healthy fetus with NT greater than 3.0 and 
3.5 mm at 4.1% and 2.1%, respectively.7 The cut-off point 
at 3.0 mm might include 6.2% of normal healthy fetuses. 
The karyotype study was needed to confirm and rule 
out these healthy fetuses. NT measurement was widely 
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performed for aneuploidy screening in early pregnancy by 
two-dimension ultrasonography (2D US).13,19,20 Khalifeh 
reported NT measurements by 2D US and three-dimension 
ultrasonography (3D US) were with comparable accuracy.20 

Standard cut-off point was widely accepted at 3.0 mm 
or more as the high-risk indicator for aneuploidy.1 

Sagittal plane approach during ultrasonography was 
recommended as following ISUOG guideline.14 Sagittal 
plane measurement is a very time-consuming task for 
obtaining high accuracy of measurement. Transverse 
planar approach by ultrasonography was introduced 
as an alternative approach.13 
	 From the current study, NT measurement by sagittal 
and transverse plane were both performed by a single 
operator. The mean value of NT by transverse plane was 
significantly higher than those obtained from sagittal 
plane measurement. The result of NT measurement 
at 3.5 mm via sagittal plane was comparable to that of 
3.2 mm measurement via transverse approach.13 There 
was a correlation between the sagittal and transverse 
line following a linear pattern. The suggestion cut-off 
value by transverse plane at 2.9 mm was equal to the  
cut- off value of 3.0 mm by sagittal plane. Previous studies 
reported the cut-off point ranged from 2.4 to 3.5 mm by 
2D US via sagittal plane.18,19,21,22 Montaguti reported the 
same result as Khalifeh using 2D US. The current study 
supports the findings of Montaguti and Khalifeh with 
different cut-off point values. The comparison of NT 

measurement from the previous studies were summarized 
and presented in Table 2. When the situation requires 
massive NT screening it usually faces a lack of personnel 
with trained expertise in ultrasonography.13 Screening 
by 2D US and transverse approach was an alternative 
diagnostic methodology. 
	 Strengths of the current study include data from 
NT measurement by sagittal and transverse plane that 
operated by a single experienced ultrasound operator to 
minimize inter-operator variability. Small sample size 
and low prevalence of aneuploidy affecting the robustness 
of study might be the limitation of the study.
	 In conclusion, when massive screening of aneuploidy 
was needed, the institution usually faced a shortage of 
experienced ultrasonography personnel. NT measurement 
by transverse approach with cut point at 2.9 mm gave 
similar accuracy as sagittal approach with a cut-off threshold 
of 3.0 mm as recommended by ACOG. In resource-
limited setting, NT measurement by transverse approach 
might be the first step of screening tool for referring to 
experience MFM person. Validation of these findings 
in the larger and more diverse populations might be the 
future research plan.

CONCLUSION
	 NT measurement cut-off by transverse approach at 
2.9 mm was comparable to 3.0 mm of sagittal approach.

TABLE 2. Comparison of NT measurement during GA 11-14 weeks between present and previous studies.

		  Present	 Pinnington	 Montaguti	 Yin	 Dinç	 Grossman	 Khalifeh	 Karki	 Tomai

Year	 2024	 2024	 2022	 2022	 2021	 2020	 2015	 2013	 2011

Country	 Thailand	 Thailand	 Italy	 China	 Turkey	 US	 US	 Nepal	 Vietnam

Cases (n)	 295	 3,928	 1,023	 617	 1,541	 110	 366	 211	 2,500

Age (years)	 31.7	 31.0	 33	 32.2	 30.2		  31.2	 25.03	 28.9

Nulliparity (%)	 55.6		  61.3						      43.9

Prevalence (%)	 2.7	 0.33	 0.6	 3.4	 6.7/4.1/2.1	 0.7			   1.5

Mode	 2D	 2D	 2D	 2D	 2D	 2D	 3D	 2D	 2D

View	 Tx	 Sag	 Tx	 Sag	 Sag	 Sag	 Tx	 Sag	 Sag

NT (mm)								      

	 Sag	 3.0	 3.0	 3.5	 2.5	 2.5/3.0/3.5	 3.5	 1.7	 2.5	 2.4

	 Tx	 2.9		  3.2				    1.66		

Abbreviations: GA: gestational age, NT: nuchal translucency, 2D: two-dimensional sonography, 3D: three-dimensional sonography, Sag: 
sagittal view, Tx: transverse or axial view, Mode: ultrasonography mode, View: plane of study
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What is already known on this topic?
	 Genetic abnormalities or fetal malformation should 
be diagnosed as early as possible. Combination of fetal 
nuchal translucency (NT) and maternal serum analytes 
between 10 and 14 weeks of GA were recommended in 
year 2020 by ACOG. NT is the most effective tool for 
detecting Down Syndrome. Thick NT (more than 3.0 
mm) measured by median sagittal view was associated 
with fetal anomalies or cardiac anomalies. Currently NT 
has been measured in a sagittal plane that necessitates 
an experienced sonographer. The transverse approach 
required less skill from staff and merited investigation.

What does this study add?
	 When universal aneuploidy screening was needed in 
situations with a shortage of experienced ultra sonographers, 
NT measurement via transverse approach with a cut-off 
point at 2.9 mm gave comparable accuracy to a sagittal 
approach.
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INTRODUCTION
	 Burnout syndrome, a psychological condition resulting 
from chronic work-related stress, affects individuals across 
various professions, with medical students experiencing 
particularly high prevalence rates.1,2 A global meta-analysis 
reported that the burnout rate among medical students 
was 44.2%, ranging from 33.4% to 55.0%.3 More recent 
evidence suggests that these high rates persist. A systematic 
review by Di Vincenzo et al. (2024) reported that burnout 
prevalence among medical students can be as high as 
88%4, underscoring the severity and persistence of the 
problem. This high prevalence is especially concerning 
for clinical medical students who undergo practical 
training in hospital wards, where stressors are more 
intense compared to preclinical years.5

	 The clinical years of medical training, in particular, 
are a period of heightened vulnerability to burnout. During 
these years, students transition from predominantly 
classroom-based learning to high-pressure, patient-focused 
clinical environments. They must rapidly assimilate 
knowledge, refine their clinical skills, and navigate complex 
professional hierarchies, often with limited decision-
making authority. Chronic exposure to demanding work 
schedules, challenging interpersonal interactions, high 
academic expectations, and insufficient rest contribute 
substantially to psychological distress.6,7 Many previous 
studies have highlighted that sustained burnout during 
these formative clinical years not only undermines 

ABSTRACT
Objective: The purpose of this study was to determine the relationship between grit and burnout among clinical 
medical students.
Material and Methods: A cross-sectional descriptive study was conducted between December 2023 and January 
2024 at the Chonburi Medical Education Center. Data from 106 clinical medical students were gathered using 
the 8-item Short Grit scale and the Maslach Burnout Inventory General Survey. Descriptive statistics, Pearson’s 
correlation, and logistic regression were used to analyze the data.
Results: Among the 106 clinical medical students, 52.8% met the criteria for burnout syndrome. 44.3% had high 
levels of emotional exhaustion and 32.1% had high levels of depersonalization. However, most of these medical 
students had moderate levels of total grit, passion, and perseverance. Pearson’s correlation analysis showed that total 
grit and perseverance scores were negatively correlated with emotional exhaustion and positively correlated with 
personal accomplishments. Further analysis using multivariate logistic regression revealed that burnout syndrome 
in clinical medical students was significantly associated with high-demand ward responsibility (AOR 3.189, p = 
0.012) and low levels of total grit (AOR 7.147, p = 0.023).
Conclusion: Burnout is prevalent among clinical medical students, particularly among those with high-demand 
ward responsibilities and low grit levels. Higher grit, especially perseverance, is associated with reduced emotional 
exhaustion and greater personal accomplishments. Enhancing grit may help mitigate burnout among this population.

Keywords: Grit; burnout; clinical medical students (Siriraj Med J 2025; 77: 175-182)

students’ mental health and academic engagement but 
may also erode their clinical competencies and empathy, 
subsequently affecting patient care quality and their 
future professional satisfaction.1,4,8

	 Researchers have explored various factors that 
might mitigate or regulate burnout levels among medical 
students. One such factor is “grit”, which is defined 
as sustained passion and perseverance for long-term 
goals.9 Grit has been recognized as a critical trait for 
learners, predicting high academic performance and lower 
attrition rates in multiple disciplines.10 Medical students 
with high levels of grit tend to persevere in the face of 
challenges, potentially counteracting burnout.11 Grit 
also appears to provide mental health benefits, such as 
lower levels of depression and anxiety. Although multiple 
determinants, such as workload, interpersonal conflicts, 
and institutional policies,1-4 have been implicated in the 
development of burnout, we focused on grit in this study 
because it is an intrinsic, potentially modifiable personal 
characteristic.9,10 By understanding grit’s role, we may 
identify strategies to enhance students’ resilience and 
their capacity to cope with the inevitable stressors of 
clinical training.
	 Existing studies on the relationship between grit 
and burnout have notable limitations. Many studies have 
focused on postgraduate trainees12-16 or general medical 
students17,18, there is a marked absence of studies specifically 
targeting clinical medical students. This represents a 
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critical gap in understanding this subgroup’s grit and 
burnout dynamics. Furthermore, no prior studies have 
explored this relationship among medical students in 
Thailand, underscoring the need to address geographic 
and cultural nuances in the literature.
	 Given these gaps, this study aims to explore the 
association between grit and burnout among clinical 
medical students at the Chonburi Medical Education 
Center in Thailand. By addressing these limitations, the 
findings of this study could inform the development of 
targeted interventions to support mental health and 
academic resilience in medical trainees. 

MATERIALS AND METHODS
Study design and population
	 This cross-sectional study was conducted with clinical 
medical students at the Chonburi Medical Education 
Center between December 2023 and January 2024. A 
total of 106 clinical medical students completed an online 
questionnaire using Google Forms. Because all 106 enrolled 
clinical medical students at the time of the study agreed 
to participate, we obtained complete participation rather 
than a traditional response rate calculation. No formal 
sample size calculation was performed, as we included 
the entire population of clinical medical students as a 
convenience sample. This study was approved by the 
Chonburi Hospital Research Ethics Committee (code 
145/66/S/q). 

Data collection  
	 The authors invited students to participate in 
various student activities. The anonymous electronic 
questionnaire included information regarding the purpose 
of the research, consent forms, and study questionnaires. 
The participants had the right to choose to participate 
in the research project or decline.
	 The questionnaire consisted of three parts: demographic 
information, the 8-item Short Grit Scale (Thai version), 
and the Maslach Burnout Inventory-General Survey (Thai 
version). Demographic information collected included 
sex, age, academic year, current ward responsibilities, 
cumulative grade point average (GPAX), and intention 
to pursue medicine.
	 The 8-item Short Grit Scale (Thai version)19 was used 
to assess grit. This instrument comprises two dimensions, 
consistency of interest (passion) and perseverance of effort 
(perseverance), each consisting of four items. Participants’ 
responses were recorded on a 5-point Likert scale ranging 
from ‘very much like me’ to ‘not like me at all’. Higher 
scores in passion, perseverance, and total grit indicated 
a stronger drive to improve, persistence in goals, and 

long-term commitment, respectively. The scores were 
classified as low (below the 25th percentile), moderate 
(25-75th percentile), or high (above the 75th percentile). 
The scale exhibited acceptable internal consistency with 
a Cronbach’s alpha coefficient of 0.69, as reported in the 
Thai version.
	 The Maslach Burnout Inventory-General Survey; MBI-
GS (Thai version)20 was utilized to assess burnout among 
medical students in this study. This 22-item questionnaire 
is designed to evaluate three dimensions of burnout: 
emotional exhaustion (nine items), depersonalization 
(five items), and personal accomplishment (eight items). 
Responses were measured on a 7-point frequency scale 
ranging from ‘never’ to ‘every day,’ with higher scores 
in emotional exhaustion and depersonalization, and 
lower scores in personal accomplishment, indicating 
more severe symptoms of burnout. Each dimension’s 
results were categorized into three severity levels: low, 
moderate, and high. A higher severity level reflects more 
pronounced symptoms within that dimension. For this 
study, participants were considered to have burnout 
syndrome if they scored at the high level for emotional 
exhaustion and/or depersonalization. 
	 The MBI-GS was selected for its ability to 
comprehensively measure burnout in contexts that involve 
high work-related stress. While the tool is typically 
applied to general populations, its structure and scope are 
well-suited for medical students, who often experience 
stressors resembling those faced by medical personnel, 
such as patient care responsibilities, academic pressures, 
high expectations from peers and supervisors.
	 The reliability of the MBI-GS in this study was 
satisfactory, with Cronbach’s alpha coefficients of 0.86 
for emotional exhaustion, 0.86 for depersonalization, 
and 0.77 for personal accomplishment, indicating good 
internal consistency.

Statistical analyses
	 Data analysis was performed using SPSS software 
(version 23). Descriptive statistics were used to summarize 
demographic data, presenting results as means with 
standard deviations or medians with interquartile ranges, 
as appropriate. The relationship between grit and burnout 
was examined using Pearson’s correlation coefficient.  
A logistic regression analysis was conducted to identify 
factors associated with burnout. Statistical significance 
was set at p < 0.05 for all analyses.

RESULTS 
	 A total of 106 clinical students responded to the 
survey, representing 100% of the sample (Table 1). 
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TABLE 1. Baseline characteristics of clinical medical students (N=106).

Demographic Characteristics 	 Descriptive Results

Gender
     Male	 45(42.5)
     Female	 61(57.5)

Year-level of clinical medical students
     4th-year medical students	 36(34.0)
     5th-year medical students	 35(33.0)
     6th-year medical students	 35(33.0)

GPAX
     <3.00	 31(29.2)
     ≥3.00	 75(70.8)

Intention to pursue medicine
     No	 14(13.2)
     Yes	 92(86.8)

Current ward responsibilities
     High-demand wards 	 72(67.9)
     Low-demand wards	 34(32.1)

Burnout syndrome
     No	 50(47.2)
     Yes	 56(52.8)

GPAX=cumulative grade point average
Data presented as numbers (percentages)

Demographic data indicated that 57.5% of the respondents 
were female medical students. The distribution of students 
was uniform for each academic year. 70.8% achieved a 
grade point average (GPAX) of 3.00. 86.8% reported 
that they had autonomously chosen to pursue medical 
studies. Among the participants, 67.9% were currently 
working in high-demand wards (obstetrics and gynecology, 
surgery, internal medicine, and pediatrics), wards where 
clinical medical students carry heavier responsibilities, 
collaborate closely with multiple levels of healthcare 
professionals, and undertake overnight on-call duties. 

In contrast, 32.1% were placed in low-demand wards 
(Eye, ENT, and Psychiatry), with fewer responsibilities, 
reduced workplace stress, and no overnight on-call shifts. 
More than half of the medical students (52.8%) met the 
criteria for burnout syndrome.
	 Table 2 shows that the average total grit score was 
25.35±4.05. Most of the students (57.6%) scored in the 
moderate range, 23.6% in the low range, and 18.9% in the 
high range. When examining each domain, more than 
half of the clinical medical students exhibited moderate 
levels of passion and perseverance.

TABLE 2. Grit of clinical medical students (N= 106).

Grit domains	 Low level	 Moderate level	 High level	 Average scorea

Passion	 23(21.7)	 58(54.7)	 25(23.6)	 12.51±2.69

Perseverance	 16(15.1)	 68(64.2)	 22(20.8)	 12.81±2.58

Total Grit	 25(23.6)	 61(57.6)	 20(18.9)	 25.35±4.05

Data are presented as numbers (percentages), aData are presented as mean ± standard deviation.
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	 Table 3 presents the burnout levels of the clinical 
medical students at Chonburi Hospital. The results 
indicate high levels of negative aspects, with emotional 
exhaustion being the most prevalent in 44.3% of students 
who reported high levels. Depersonalization was also 
significant, with 32.1% of the students reporting high 
levels. On a positive note, most of the students (96.2%) 
reported high levels of personal accomplishment. 
	 Table 4 illustrates the relationship between grit and 
burnout among clinical medical students. The total grit score 
showed a negative correlation with emotional exhaustion 
(r = -0.225, p = 0.021) and a positive correlation with 
personal accomplishment (r = 0.247, p = 0.011). Similarly, 
the perseverance domain of grit had a negative correlation 
with emotional exhaustion (r = -0.276, p = 0.004) and a 
positive correlation with personal accomplishment (r = 
0.287, p = 0.003).
	 Table 5 presents the factors influencing academic 
burnout using regression analysis. The results showed that 
students currently working on the main patient wards 
were 3.2 times more likely to experience burnout than 

those working on the low-demand wards, with an adjusted 
odds ratio (AOR) of 3.189 (95% confidence interval [CI]: 
1.288, 7.897; p=0.012). Additionally, medical students 
with low levels of total grit are 7.1 times more likely to 
experience burnout compared to those with moderate 
and high levels of perseverance, with an AOR of 7.147 
(95% CI: 1.311, 38.964; p=0.023). Both findings were 
statistically significant.

DISCUSSION
	 The findings revealed a high prevalence of burnout, 
with 52.8% of the students meeting the criteria for 
burnout syndrome. This rate is consistent with previous 
research that showing similar levels of burnout among 
medical students worldwide.3 Emotional exhaustion and 
depersonalization were common, affecting 44.3% and 
32.1% of students, respectively. These findings align with 
the Thamissarakul study (2024), which indicates that many 
clinical medical students are likely to experience higher 
levels of emotional exhaustion and depersonalization due 
to the increased workload compared to the preclinical 

TABLE 3. Burnout symptoms of clinical medical students (N=106).

Burnout symptoms	 Low level	 Moderate level	 High level	 Average scorea

Emotional exhaustion	 22(20.6)	 37(34.9)	 47(44.3)	 25(18, 31)

Depersonalization	 37(34.9)	 35(33.0)	 34(32.1)	 9(5, 14)

Personal accomplishment	 1(0.9)	 3(2.8)	 102(96.2)	 17(13, 24)

Data presented as numbers (percentages), Data presented as median ± IQR

TABLE 4. Pearson’s correlations between Grit and Burnout symptoms.

		  Total Grit	 PS	 PV	 EE	 DP	 PA

Total Grit	 1.000	 0.726**	 0.770**	 -0.225*	 0.149	 0.247*

		  PS	 1.000	 0.188	 -0.104	 0.147	 0.087

			   PV	 1.000	 -0.276**	 -0.055	 0.287**

				    EE	 1.000	 0.597**	 0.077

					     DP	 1.000	 0.038

						      PA	 1.000

Abbreviations: PS, passion; PV, perseverance; EE, emotional exhaustion; DP, depersonalization; PA, personal accomplishment
*p<0.05, **p<0.01
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TABLE 5. Factors Associated with Burnout Syndrome using logistic regression analysis.

Factors	 Crude odd ratio	 P-value	 Adjusted odd ratio	 p-value
		  (95% CI)		  (95% CI)	

Female	 0.966(0.446, 2.089)	 0.929	 0.875(0.376, 2.034)	 0.756

GPAX < 3.00	 1.626(0.693, 3.815)	 0.264	 1.435(0.565, 3.645)	 0.448

Intention to pursue medicine	 0.400(0.117, 1.368)	 0.144	 0.370(0.098, 1.404)	 0.144

High-demand ward	 2.881(1.234, 6.727)	 0.014*	 3.189(1.288, 7.897)	 0.012*

Low grit	 2.288(0.888, 5.897)	 0.087	 7.147(1.311, 38.964)	 0.023*

*p<0.05

level, along with the pressures of ward duties, exams, 
and expectations from other healthcare providers and 
supervisors.1 However, personal accomplishments remained 
high, with 96.2% reporting high levels of achievement. 
This highlights the complex nature of burnout, where 
students may feel both exhausted and detached from 
their work, while still experiencing a sense of fulfillment 
from their accomplishments.21,22	
	 To place our results in a more recent context, a 
systematic review by Di Vincenzo et al. (2024) reported 
that burnout prevalence among medical students can vary 
widely, ranging from 5.6% to as high as 88%.4 While our 
observed prevalence of 52.8% among clinical medical 
students falls within this broad spectrum, it still highlights 
that burnout remains a substantial concern. Additionally, 
potential methodological issues in our study—such as 
the single-institution context, the relatively small sample 
size, and possible selection bias—may have influenced 
our results. Future research should consider larger, multi-
institutional samples to enhance the generalizability and 
accuracy of prevalence estimates.
	 One of the key findings of this study is the significant 
relationship between grit and burnout. Grit, especially 
perseverance, was negatively correlated with emotional 
exhaustion, indicating that students with higher levels 
of perseverance are better able to cope with the stresses 
of medical training. This is consistent with prior studies 
demonstrating that grit plays a protective role in high-
pressure environments by fostering resilience.10,23 
Furthermore, the positive correlation between grit and 
personal accomplishment suggests that students with 
higher levels of grit not only experience less emotional 
exhaustion, but also feel a stronger sense of achievement 

in their work.9,11 This underlines the potential role of grit 
in mitigating some of the negative impacts of burnout.
	 These findings are in line with more recent studies 
involving medical students. For example, Lee et al. (2023) 
demonstrated an inverse association between grit and 
burnout, indicating that students with higher grit levels 
tend to report lower burnout symptoms.18 Similarly, 
Jumat et al. (2020) found that students with higher grit 
had a lower likelihood of experiencing burnout, with 
an odds ratio of 0.84 (95% CI: 0.74–0.96), and an area 
under the ROC curve of 0.76 (95% CI: 0.62–0.89) when 
using grit as a single predictor of burnout.17 Although 
our study’s context differs (e.g., geographic location, 
clinical environment), the converging evidence suggests 
a consistent protective effect of grit against burnout in 
medical trainees.
	 Furthermore, multivariate logistic regression analysis 
indicated that low levels of grit were strongly associated with 
burnout. This suggests that grit can serve as a protective 
factor, reducing the likelihood of burnout in medical 
students. This finding aligns with recent studies in medical 
education that highlight the importance of noncognitive 
traits, such as grit, in predicting well-being and success 
in stressful settings.15,24 Therefore, interventions that 
cultivate grit in medical students could be valuable in 
preventing burnout.
	 In addition, this study also found that students 
assigned to high-demand ward responsibilities were 
significantly more likely to experience burnout compared 
to those with low-demand ward duties. This finding 
is consistent with previous studies in Thailand, where 
clinical rotations on high-demand wards are associated 
with elevated stress levels.5,6 These results emphasize the 

Thamwiriyakul et al.



Volume 77, No.2: 2025 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 181

Original Article SMJ
need for targeted interventions for students in these 
intensive training environments. Fostering resilience 
and perseverance through grit-enhancing programs may 
help students manage the pressures of ward duties and 
reduce the risk of burnout.12,25

	 Interestingly, unlike some previous reports,1,2,8,26 we 
did not find significant associations between burnout and 
variables such as gender or year of study. While some 
studies suggest that these demographic factors influence 
burnout risk1-4,8, our findings differ. This discrepancy may 
reflect variations in sample size, institutional culture, 
or educational policies that influence how stressors 
are distributed or perceived. Beyond demographic and 
institutional differences, broader educational contexts, 
such as the frequency and nature of examinations, the 
availability of mental health support services, the structure 
of advisory and mentorship systems, and the provision 
of scholarships or financial assistance, may all contribute 
to how clinical stressors are experienced.5,14 These factors 
could shape students’ resilience and coping mechanisms, 
thereby influencing the prevalence and severity of burnout. 
Future research should explore why these differences 
occur—whether they are due to local conditions, unique 
support structures, or other moderating factors.
	 While this study provides valuable insights, it has 
some limitations. Being cross-sectional, it does not allow 
for the determination of causal relationships. Future 
longitudinal studies are needed to assess how grit influences 
the development of burnout over time. Additionally, 
the small sample size limits the generalizability and 
statistical power of our findings. Expanding the sample 
and including multiple institutions could provide a 
more comprehensive understanding of the relationships 
between grit, burnout, and contextual factors among 
clinical medical students.
	 This study utilized the validated Thai version of the 
Maslach Burnout Inventory-General Survey (MBI-GS), 
which is based on the 1989 edition of the MBI Manual. 
While this version is widely accepted and has been used 
extensively in Thai research, we acknowledge that the 
MBI Manual has undergone updates, with the latest being 
the 4th Edition (1996–2018).27 These updates may include 
refinements in scoring or interpretation that were not 
incorporated into the Thai version. Future studies may 
consider adapting or validating the most recent version 
of the MBI for the Thai context to align with the latest 
international standards.

CONCLUSION 
	 Higher grit, particularly perseverance, is associated 
with lower emotional exhaustion and greater personal 

accomplishment, suggesting that grit serves as a protective 
factor against burnout among clinical medical students. 
Despite this potential buffering effect, burnout is still 
prevalent in this population, especially among students with 
high-demand ward responsibilities and those exhibiting 
low grit levels. These findings underscore the importance 
of interventions aimed at enhancing grit as a strategy to 
mitigate burnout and improve the well-being of medical 
trainees.
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