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ABSTRACT
Objective: To identify the risk of using high doses of neuroleptics in the development of neuroleptic malignant 
syndrome (NMS). Additionally, we examined other potential risk factors, including age, psychiatric diagnosis, 
route of neuroleptic administration, dose escalation over a short period, psychomotor agitation, dehydration, and 
electrolyte imbalance.
Materials and Methods: A case-control study was performed, comprising 26 NMS cases matched with 52 controls 
by sex and time of admission to the hospital over a 10-year data-collection period. A retrospective chart review was 
conducted to compare the two groups using conditional logistic regression analysis.
Results: The maximum neuroleptic dose (adjusted OR 10.70, 95%CI 1.79–64.00 for a neuroleptic dose of 200–400 
mg/day and adjusted OR 61.58, 95%CI 6.87–552.19 for a neuroleptic dose > 400 mg/day) and dehydration (adjusted 
OR 18.52, 95%CI 3.22–106.62) were found to be significant risk factors for developing NMS.
Conclusion: The risk factors for developing NMS were found to be receiving a high dose of neuroleptics per day 
and dehydration.

Keywords: Neuroleptic malignant syndrome; maximum neuroleptic dose; neuroleptic increase final 5 days; delirium; 
dehydration; electrolyte imbalance (Siriraj Med J 2025; 77: 466-475)

INTRODUCTION
	 Neuroleptic malignant syndrome (NMS) is a rare 
fatal adverse effect of taking neuroleptic drugs. This 
syndrome is characterized by three main symptoms: 
generalized muscle rigidity with akinesia, autonomic 
nervous system (ANS) dysregulation, and alteration in 
mental status.1 The incidence rate ranged from 0.02% 
to 3.2%.2 The mortality rate was reported as high as 
10%–55%.3 Currently, the most effective approach to 
avoid NMS is prevention through raising awareness of 
the potential risks. Identifying the risk factors has been 
of great interest.
	 Previous research into the risk factors for developing 
NMS has been done by the first case series of Addonizio 
et al. U.S. in 1986.4 Later, the first case-control study was 
published by Keck et al. U.S. in 19895, who concluded 
that the risk factors correlated with NMS were the use of 
a high dose of neuroleptic drugs within a short period of 
time and intramuscular neuroleptic injection; however, 
that study had some limitations, including its small 
sample size, which limited the analysis of the statistically 
significant independent variables.
	 Since then, there have been many studies performed 
in various formats, including case series, cross-sectional, 
and case-control methodologies, aimed at determining 
the potential risk factors associated with NMS. One good 
quality study was done by Sachdev et al. in 19976 with 
an Australian population and an adequate sample size 
(25 cases and 50 controls) that showed that receiving 
a high neuroleptic dose per day was a risk factor for 
developing NMS. This study also found that dehydration 
was another key risk factor like in a study of Chen et al.7 

which suggested that dehydration was the risk factor for 
NMS.
	 Many experts have studied about risk factors for 
developing NMS. “Maximum neuroleptic dose” (Maximum 
dose of neuroleptic per day) was one of the most interesting 
factors. The previous studies5,6,8,9 found that maximum 
neuroleptic dose was the associated factor to cause NMS 
but all these studies emphasize only increasing dose was 
the risk but did not study which dose level that being 
the risk. The study by Su YP et al.10 and Guinart et al.11 
were the large and most recent studies that studied more 
about which dose level that might be the risk but their 
finding had different outcomes. SU YP et al. concluded 
that maximum neuroleptic dose was not associated with 
increasing the risk of NMS but Guinart et al. concluded 
that neuroleptic dose more than 2 DDDs (defined daily 
dose) increase the risk of developing NMS.
	 About the class and potency of neuroleptic drugs, 
we found three large case-control studies which had 
results in the same direction that likelihood of developing 
NMS did not differ by neuroleptic class (first-generation 
antipsychotics VS second-generation antipsychotics).7,11,12 
About the potency of neuroleptic drug, Nielsen et al.13  
found that high- or mid-potency first-generation 
antipsychotics and second-generation antipsychotics 
indicated an increased risk of NMS. However, since it 
did not directly compare the two potencies, we cannot 
conclusively determine whether potency itself is a risk 
factor for developing NMS. 
	 Regarding the form of neuroleptic use, intramuscular 
neuroleptic injection was frequently reported as a significant 
risk factor for developing NMS in most studies.5,9 Only 
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one study6 reported non-significant results. Concerning 
long-acting neuroleptic injection, the majority of studies 
found no statistically significant association with  
NMS.9-12,14  
	 In terms of “increasing the neuroleptic dose over 
a short period”, many studies have emphasized this 
factor.5,6,8,15 However, the outcomes have been controversial. 
Keck et al.5 and Berardi et al.8 reported positive findings 
supporting this as a risk factor, whereas Sachdev et al.6 

and Langan et al.15 found no significant association. 
Langan et al. specifically concluded that “increasing the 
neuroleptic dose over a short period” is not a risk factor 
for developing NMS.
	 In Thailand, the focus area of this research, there 
have been prior case reports and case series about NMS, 
Taemeeyapradit et al.,198916 and Kooptiwoot et al.,199917 
were the first and second case reports in Thailand but, 
to the best of our knowledge, no case-control study has 
yet been performed in Thai population. However, four 
big case series studies were performed. The first case 
series was by Wae-alee et al. in 199618, who found that 
changes in the amount or type of neuroleptic drug used 
were associated factors for developing NMS. The second 
case series was performed by Tantiphlachiva in 199919, 
who found that the associated factors for developing 
NMS were an agitated state, dehydration, long-acting 
neuroleptic injection, and intramuscular neuroleptic 
injection. The third case series was performed by Kasantikul 
et al. in 200620 who found that the associated factor for 
developing NMS was dehydration. The fourth, and most 
recent, case series was performed by us in 2020.21 In our 
study, we postulated that old age, delirium, and alcohol 
dependency were associated risk factors for developing 
NMS.
	 In conclusion, from reviewing the past literature, the 
following factors have been put forward as risk factors 
for developing NMS: male sex7, old age21, psychiatric 
diagnosis22-26, delirium7,8, alcohol dependence21, intravenous 
neuroleptic injection8, intramuscular neuroleptic injection5,9, 
long-acting neuroleptic injection19, maximum neuroleptic 
dose5,6,8,9,11,15, increase in neuroleptic dose in a short 
period5,8, changes in the amount or type of neuroleptic 
drug18, psychomotor agitation5,6,8,9,19, dehydration6,7,19,20, 
mechanical restraint or locked in open seclusion6, extra 
pyramidal symptoms7,8, and electrolyte imbalance.27

	 Nevertheless, despite significant advances in the 
literature regarding risk factors for NMS, there remain 
some limitations. For example, smaller studies often 
provide detailed information on each case and control 
but they lack sufficient statistical power to reach definitive 
conclusions. Conversely, larger studies may have adequate 

statistical power but frequently lack detailed data essential 
for ensuring reliability. Additionally, the two largest and 
most recent studies examining the maximum neuroleptic 
dose reported conflicting outcomes, resulting in uncertainty 
about whether the maximum neuroleptic dose is a definitive 
risk factor for NMS. Furthermore, most previous case-
control studies were conducted in Western populations. 
Upon reviewing the literature, we found that non-white 
ethnic groups have a twofold increased risk of NMS10, 
potentially related to genetic differences in the CYP2D6 
gene, as Caucasian populations typically possess more 
normal-function CYP2D6 alleles compared to Asian, 
African, or African American populations.28,29 Due to 
these varying outcomes and genetic differences between 
Caucasian and non-white populations (including Asians), 
it was essential to perform a case-control study that has 
adequate sample size for the main objective and detailed 
data collection specifically targeting the Thai population 
to enhance the reliability of our findings.
	 In our opinion, we consider that the “maximum 
neuroleptic dose at a high level” may be the greatest 
risk factor for developing NMS based on our review 
of the literature, whereby this factor has the strongest 
evidence to support this as a risk factor. Also, previous 
studies mostly did not identify the exact dose that would 
represent a risk factor for NMS. Consequently, these 
inspired us to set the primary outcome as “the level of 
neuroleptic dose that would represent a risk factor for 
developing NMS”. Our secondary outcomes were the 
other factors that might be risk factors for NMS, such 
as age, psychiatric diagnosis, intramuscular neuroleptic 
injection, long-acting neuroleptic injection, neuroleptic 
increase final 5 days (increase in neuroleptic dose in a 
short period), psychomotor agitation, dehydration, and 
electrolyte imbalance. 

MATERIALS AND METHODS
	 The study protocol was approved by the Bangkok 
Metropolitan Administration Human Research Ethics 
Committee (BMAHREC); Approval number: S015hc/67_
EXP.
	 We initially identified all the neuroleptic-treated 
inpatients in our hospital from 2014 to 2023 who were 
diagnosed with NMS according to ICD-10 code G210, 
then selected only the cases that matched the DSM-5 
criteria.30 After all the cases (patients with neuroleptic use 
who were diagnosed with NMS by DSM-5 criteria) had 
been identified, systematic sampling (as shown in Fig 1) 
was performed to select 26 NMS cases (as the calculated 
required sample size, see below) for the statistical analysis. 
We chose 52 control patients (matched to the cases by 
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Fig 1. Systematic sampling flowchart for including NMS cases to this study.

gender and date of admission to the hospital). All the 
patients were treated at the inpatient unit of Charoenkrung 
Pracharak Hospital. We excluded patients who were 
aged <18 years old, who did not use neuroleptic drugs, 
intentionally took an overdose of neuroleptic drugs, 
patients with missing laboratory data or a psychiatric 
diagnosis, and patients with uncertainties in their records 
about the type, form, dose, and time of neuroleptic use.

	 The definitions of some variables are as follows:
	 1. Maximum neuroleptic dose (mg per day): the dose 
of neuroleptics used on the day with the highest dose 
within 2 weeks preceding the end point31 (see definition 
of “the end point” below). The total neuroleptic dose was 
converted to chlorpromazine equivalents dose (using 
Davis’s schedules32). 
	 - For intravenous neuroleptic use: doses were 
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converted to chlorpromazine equivalents by estimating 
the intravenous administration to be 3 times as potent 
as oral dosing, as determined by Davis’s schedules.32 
	 - For intramuscular neuroleptic use: doses of haloperidol 
5 mg intramuscular were converted to haloperidol 8.3 mg 
oral (reference from Hertfordshire Partnership University 
NHS Foundation Trust).
	 - For long-acting neuroleptic use: 
		  •	haloperidol decanoate 100 mg intramuscular  
			   was considered equivalent to 10 mg oral  
			   haloperidol33;
		  •	f﻿luphenazine decanoate 25 mg intramuscular  
			   was considered equivalent to 300 mg oral  
			   chlorpromazine.9 
	 2. Neuroleptic increase final 5 days: neuroleptic dose 
increases during the 5 days preceding the end point.
	 - For a dose increase compared to the starting point: 
use ‘+’ symbol (e.g., +50 mg);
	 - For a dose decrease compared to the starting 
point: use ‘-’ symbol (e.g., -50 mg).
	 3. Number of intramuscular neuroleptic injections: 
number of intramuscular neuroleptic injections received 
during the 2 weeks preceding the end point.31

	 4. Long-acting neuroleptic injection: “use” or “no 
use” of long-acting neuroleptics within 1 month preceding 
the end point.9

	 5. Psychiatric diagnosis: defined following the ICD-
10 codes.
	 6. Delirium: defined as “delirium” following the 
ICD-10 code “F05” within 2 weeks preceding the end 
point.31 
	 7. Psychomotor agitation: excessive and purposeless 
motor activity, requiring medication or restraint or 
seclusion within 2 weeks preceding the end point.31 
	 8. Dehydration: 1) hematocrit or blood urea nitrogen 
concentration (BUN) > 50% of the normal range or 2) 
serum creatinine > 1.2 mg/dL8 preceding the end point 
(rules out patients diagnosed with chronic kidney disease 
who might show a permanent BUN or serum creatinine 
increase to prevent misinterpreting this as dehydration).
	 9. Electrolyte imbalance: hyper-hyponatremia with 
blood sodium level > 145 or < 136 mmol/L, and hyper-
hypokalemia with blood potassium level > 5.1 or < 3.5 
mmol/L preceding the end point.
	 The definition of “the end point” (for variable 
numbers 1–9 above)
	 - for cases: the onset of NMS8; 
	 - for controls: the hospital day corresponding to 
the day of onset of NMS in the cases.8

	 The date used for recording the laboratory data 
for variable numbers 8–9 was recorded within ±3 days, 
when available.8

	 Sample size
	 We calculated the required sample size for our 
study based on the study by Sachdev et al.6 as a reference 
(see Table 1 in Sachdev et al.: “Case-control study of 
neuroleptic malignant syndrome”). The “maximum 
neuroleptic dose” was used to calculate the required 
number of cases and controls as follows.

n1 = cases 		  n2 = controls

	 The sample size for cases was 26, controls was 52 
based on the calculated formula as above.

	 Statistical analysis
	 Comparative analyses of the two groups were 
conducted using different statistical methods based 
on the type of data. For continuous variables with a 
normal distribution, the T-test was employed, while 
the Wilcoxon signed-rank test was utilized for data that 
were non-normally distributed or for noncontinuous 
discrete variables. Fisher’s exact test was applied to 
assess the differences in dichotomous variables. The 
data are presented herein as frequencies and as mean 
values accompanied by their standard deviations (mean 
± SD). Relationships between variables were analyzed 
through conditional logistic regression, which is known 
to be suitable for case-control studies where one case 
is matched to two control subjects (A 1:2 case-control 
ratio was chosen to improve statistical power while 

Sirisuwannarat



Volume 77, No.7: 2025 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 471

Original Article SMJ

Variables	 Case		  Control		  Crude Odds Ratio			   Adjusted Odds Ratio

Continuous	 Mean	 SD	 Mean	 SD	 Odds	 P-value	 95% Confidence	 Odd	 P-value	 95% Confidence 
					     ratio		  interval		  Ratio		  interval

Age	 57.23	 18.02	 63.96	 17.97	 0.98	 0.098	 0.95	 1.00				  

Maximum	 534.32	 314.90	 114.31	 314.91	 1.01	 0	 1.00	 1.01
 neuroleptic dose 
 (mg/day)				  

- Neuroleptic 	 106.80	 54.80	 67.63	 44.31	 NS	 NS	 NS	 NS
 level 0–200 
 mg/day					   

- Neuroleptic	 254.92	 127.49	 92.43	 70.89	 8.20*	 0.002	 2.13	 31.63	 10.70*	 0.009	 1.79	 64.00 
 level 200–400 
 mg/day

- Neuroleptic	 795.24	 363.92	 471.67	 49.07	 35.53*	 0	 7.46	 169.33	 61.58*	 0.000	 6.87	 552.19 
 level >400 
 mg/day	

No. of 	 0.62	 0.77	 0.15	 0.78	 2.47*	 0.037	 1.06	 5.79	 0.85	 0.712	 0.37	 1.97
 intramuscular 
 injections	

Neuroleptic	 46.80	 147.92	 -3.80	 147.92	 1.00	 0.170	 1.00	 1.01 
 dose increase 
 final 5 days					   

- Neuroleptic 	 33.04	 147.18	 -70.45	 55.00	 NS	 NS	 NS	 NS
 increase < 0 mg					   

- Neuroleptic	 95.51	 186.97	 28.57	 83.00	 3.72*	 0.050	 0.98	 14.16	 9.65	 0.070	 0.83	 111.84 
 increase ≥ 0 mg	

TABLE 1. Differences in risk factors for developing neuroleptic malignant syndrome between patients with the 
syndrome (N=26) and the controls (N=52): continuous variables.

* = statistically significant
Abbreviations: N = Number of patients; NS = not statistically significant; OR = Odds Ratio; SD = Standard deviation

maintaining feasibility in data collection.) The results 
are reported as odds ratio with 95% confidence intervals 
(95% CI) to indicate statistical significance. The analyses 
were performed using STATA version 17.0.

RESULTS
	 In total, 26 inpatients from Charoenkrung Pracharak 
Hospital who were diagnosed with NMS during January 
1, 2014, to December 31, 2023 were added in our study, 
in line with the required sample size determined above. 
The data of these patients were compared to those of the 
control group, comprising 52 inpatients. The mean age for 
the cases was 57.23 ± 18.02 years old, and for the controls 

was 63.96 ± 17.97 years old, with the proportions of males 
and females as 53.85% males and 46.15% females in both 
groups. The main psychiatric diagnosis for both the cases 
and controls was delirium (cases = 57.69%, controls = 
65.38%). The second main psychiatric diagnosis was 
schizophrenia for both the cases and controls (cases = 
38.46%, controls = 25.00%). There was no statistically 
significant difference found for all types of psychiatric 
diagnosis.
	 Table 1 and Table 2 present comparisons of the 
cases and controls for different variables. Four variables 
showed statistical significance: 1) maximum neuroleptic 
dose (categorized into 200–400 mg/day: crude OR = 8.2, 
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TABLE 2. Differences in risk factors for developing neuroleptic malignant syndrome between patients with the 
syndrome (N=26) and the controls (N=52): categorical variables.

Variables		  Case		  Control		  Crude Odds Ratio			  Adjusted Odds Ratio
 Categorical		 N	 %	 N	 %	 Odds	 P-value	 95% Confidence	 Odds	 P-value	 95% Confidence 
						      ratio 		  interval		  ratio		  interval

 Sex	 Male	 14	 53.85	 28	 53.85	 Matched variable				  
	 Female	 12	 46.15	 24	 46.15					   

	 Schizophrenia	 10	 38.46	 13	 25.00	 2.44	 0.083	 0.89	 6.72
 	 Bipolar disorder	 2	 7.69	 1	 1.92	 4.25	 0.247	 0.37	 49.20 
 	 Major depressive	 1	 3.85	 1	 1.92	 2.04	 0.619	 0.12	 33.98	
	   disorder			 
	 Organic mental	 3	 11.54	 9	 17.31	 0.62	 0.508	 0.15	 2.53	
 Psy-	   syndrome			 
 chiatric	 Anxiety	 1	 3.85	 1	 1.92	 2.04	 0.619	 0.12	 33.98				  
 diagnosis	 Substance use	 0	 0.00	 3	 5.77	 NS	 NS	 NS	 NS
	   disorder				  
	 Delirium	 15	 57.69	 34	 65.38	 0.89	 0.843	 0.27	 2.89				  
	 Mental retardation	 3	 11.54	 0	 0	 NS	 NS	 NS	 NS				  
	 Alcohol	 6	 23.08	 11	 21.15	 6.65	 0.109	 0.66	 67.43
	   dependence				  

 	 Agitation	 13	 50.00	 31	 59.62	 0.79	 0.627	 0.31	 2.04 
 Pre-NMS	 Dehydration	 14	 53.85	 6	 11.54	 8.94*	 0.000	 2.84	 28.20	 18.52*	 0.001	 3.22	 106.62
 conditions	 Electrolyte 	 18	 69.23	 31	 59.62	 1.41	 0.505	 0.16	 3.83
	   imbalance					   

 Others 	 Long-acting
 related to 	   neuroleptic	 3	 11.54	 0	 0	 0.67	 0.414	 0.26	 1.75	
 treatment	   injections				  

* = statistically significant
Abbreviations: N = Number of patients; NS = Not statistically significant; OR = Odds ratio; S.D. = Standard deviation 

95% CI = 2.13–31.63 and >400 mg/day: crude OR = 35.53, 
95% CI = 7.46–169.33); 2) number of intramuscular 
injections (crude OR = 2.47, 95% CI = 1.06–5.80); 3) 
neuroleptic increase final 5 days (≥0 mg: crude OR 
= 3.72, 95% CI = 0.98–14.16); 4) dehydration (crude 
OR = 8.94, 95% CI = 2.84–28.20). Next, we performed 
conditional logistic regression analysis for these four 
significant variables. The results (Tables 1 and Table 2) 
revealed three significant variables (P<0.05): 1) maximum 
neuroleptic dose 200–400 mg/day (adjusted OR = 10.70, 
95% CI = 1.79–64.00); 2) maximum neuroleptic dose 
exceeding 400 mg/day (adjusted OR = 61.58, 95% CI = 
6.87–552.19); and 3) dehydration (adjusted OR = 18.52, 

95% CI = 3.22–106.62). For our primary outcome, we 
found evidence that the greater the increase in neuroleptic 
dose per day, the stronger the statistical significance, 
implying that the factor “maximum neuroleptic dose” 
was a great risk for developing NMS.
	 For the secondary outcomes, only dehydration 
was statistically significant between the two groups 
(adjusted OR = 18.52, 95% CI = 3.22–106.62), while 
the factors: age, psychiatric diagnosis, delirium, alcohol 
dependence, neuroleptic increase final 5 days, intramuscular 
neuroleptic injection, long-acting neuroleptic injection, 
psychomotor agitation, and electrolyte imbalance did 
not differ significantly between the two groups.
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DISCUSSION
	 From our study, the most significant factors correlated 
with the risk of developing NMS were the maximum 
neuroleptic dose and dehydration. Our study suggests 
that NMS appears to occur in patients who have received 
high doses of neuroleptics or are dehydrated. These 
findings accorded with the trends reported in previous 
studies5,6,8,9,11 who reported that receiving a high neuroleptic 
dose per day was a risk factor for NMS. We also found 
evidence that the higher the neuroleptic dose, the stronger 
the statistical results. Our findings implied that the 
factor “maximum neuroleptic dose” was the greatest 
risk factor for developing NMS [maximum neuroleptic 
dose of 200–400 mg/day had an adjusted OR of 10.7 
(P = 0.009, 95% CI = 1.79–64.00) while a maximum 
neuroleptic dose exceeding 400 mg/day had an adjusted 
OR of 61.58 (P = 0.000, 95% CI = 6.87–552.19)]. Our 
study results were in line with a previous case series of 
13 NMS cases reported15, who found that a “rapid dose 
escalation of neuroleptic” might be less correlated to the 
development of NMS than a “higher daily cumulative 
neuroleptic dose.”
	 Regarding the number of intramuscular neuroleptic 
injections, our study found a statistically significant 
difference between the two groups when we performed 
univariable logistic regression (crude OR = 2.47, 95% CI 
= 1.06–5.79) but was not statistically significant when 
we performed multivariable logistic regression (adjusted 
OR = 0.85, 95% CI = 0.37–1.97), which was in contrast 
to previous studies5,9, who found that intramuscular 
neuroleptic injection tended to be a risk factor for NMS. 
	 Among the variables, the number of intramuscular 
neuroleptic injections and an increase in neuroleptic dose 
in the final 5 days showed trends toward significance, 
but did not reach this when we considered the adjusted 
odds ratio. In particular, a quite strong adjusted odds 
ratio of 9.65 was found for the neuroleptic increase 
final 5 days, but its p-value was 0.07, exceeding the 
significance threshold of p < 0.05. Our outcome was 
probably due to the high correlation between the three 
variables; maximum neuroleptic dose, rate of dose 
increase, and route of neuroleptic usage in this small 
sample, which made it difficult to see the impact of 
each variable separately. Increasing the sample size, or 
studying only one variable and matching other variables 
that have a high correlation with it could improve the 
statistical reliability. For example, if we aimed to study 
intramuscular neuroleptic injection as a possible risk 
factor, we could match the maximum neuroleptic dose 
and the rate of dose increase.
	 Our data suggest that dehydration independently 

contributes to the risk of NMS, aligning with the findings 
in previous studies6,7,19,20 which strongly suggested that 
dehydration is a significant risk factor for developing 
NMS. 
	 For the factor “age” our study showed a different 
outcome from in the previous study21 this might because 
our study mostly consists of elderly patients in both the 
cases and controls, so we could not identify a difference 
in this factor.
	 No statistically significant difference was found 
among all the types of psychiatric diagnosis (Table 2), 
which was a different outcome from the reviewed literature 
studies in refs22-26 stating that psychiatric diagnosis was a 
risk factor for developing NMS. Then, we concluded that 
the psychiatric diagnosis is not being the risk factor for 
NMS. Surprisingly, we found no significant difference for 
the factor “delirium” and “alcohol dependence”, unlike 
in the reviewed literature studies7,8 that delirium was 
the risk for NMS and unlike in the reviewed literature 
study21 that alcohol dependence was a risk factor for 
NMS. The reason that in our study these factors showed 
no statistical significance, which may have been due to 
different in characteristics of the sample group from 
normal population that in our study both the cases 
and controls were mostly under delirious and alcohol 
dependent state, so we could not identify a difference 
between the two groups.
	 In terms of “long-acting neuroleptic injection” as a 
factor, we found no statistical significance among the two 
groups, unlike in the case series.19 But our study tends 
to has the same outcome as the study of SU YP et al.10 

which found that depot flupentixol has no significant 
association to be the cause of NMS, also in the same 
direction as previous studies9,11,12,14 which found that 
long-acting neuroleptic injection was not associated 
with an increased frequency of NMS.
	 For the factor of psychomotor agitation, there was 
no statistical significance found in our study, unlike the 
results in previous studies5,6,8,9,19, who all reported that 
psychomotor agitation was a risk factor for NMS. The 
difference might be because in our study both the cases 
and the controls were mostly in an agitated state and 
our definition of psychomotor agitation was less specific 
to detect a differentiation between the groups. Future 
studies should investigate this factor further, and should 
consider a more specific definition in rating the severity 
of agitation to rule out cases where agitation was present 
but not severe enough to cause NMS.
	 Regarding electrolyte imbalance, this could be due 
to the fact that all our controls were inpatients, who are 
generally in weakened states also suggested in previous 
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study.27 As a result, nearly all the controls selected also 
had electrolyte imbalance, with high percentages of 
electrolyte imbalance found in both the cases (69.23%) 
and the controls (59.62%). Therefore, the results showed 
no statistical significance between the two groups in our 
study. To improve the representation, a more diverse 
control group could be included to ensure a broader 
variety of participants.

	 Strengths and limitations of the present study
	 The main strengths of this study were its design as a 
case-control study, which is considered the most reliable 
methodology for rare syndromes like NMS, and also our 
delving deeply into each factor with an adequate sample 
size (NMS cases=26) to address our main objective, 
which was to prove that a high neuroleptic dose is a risk 
factor for developing NMS. Specifically, we achieved 
this by evaluating “the maximum neuroleptic dose” 
as a risk factor for NMS. This study chose an inpatient 
department (IPD) population, which allowed us to easily 
obtain all the data needed for the study, especially details 
on the dose, the route, and the period of neuroleptic 
administrations. By using an adequate sample size, our 
results allowed us to determine the statistical significance 
in the main objective, and we were able to prove that 
receiving a high neuroleptic dose is indeed a risk factor 
for developing NMS. We also found that being in a state 
of “dehydration” is a risk factor for NMS too.
	 There are some limitations of our study to note 
with some factors, such as neuroleptic increase final 5 
days, number of intramuscular neuroleptic injections, 
whereby the results showed trends toward significance, 
but did not show statistical significance, possibly due 
to an inadequate sample size. We advise that further 
study should be done with an increased sample size to 
create a greater possibility of accurately determining 
the correlation between these factors and NMS. Also, 
the sample group in this study mostly consists of elderly 
patients, most of whom have delirium and did not use 
long-acting neuroleptic injection, the findings may not 
be generalizable to other populations, such as younger 
patients. Regarding alcohol dependence, the lack of 
statistical significance could be attributed to the similar 
characteristics between the cases and controls, as both 
groups primarily included alcohol-related conditions. 
Consequently, we were unable to distinguish alcohol 
dependence as an independent risk factor between the 
two groups.

CONCLUSION
	 According to our study, we found four statistically 

significant risk factors between the two groups (cases and 
controls) for developing NMS, which were a maximum 
neuroleptic level higher than 200 mg/day, dehydration, 
number of intramuscular injections, and neuroleptic 
increase final 5 days (≥0 mg). However, after calculating 
the adjusted odds ratio to smooth out the confounding 
factors, we found that only a maximum neuroleptic 
dose higher than 200 mg/day and dehydration were 
risk factors for developing NMS. Our findings suggest 
avoiding the use of high-dose neuroleptics and dehydration 
in patients administered with neuroleptic drugs.
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INTRODUCTION
	 Up to 70% of people with chronic liver disease, 
especially those with cholestatic liver disease, experience 
pruritus, a common and upsetting symptom.1 It may 
significantly lower the patient’s standard of living, with 
some patients experiencing such intense itching that it 
leads to depression or even suicidal ideation.2,3 Despite 
its prevalence, little is known about how it develops in 
chronic liver disease. While bile acids were historically 
implicated as the primary culprits due to their toxic 
effects on skin and nerve endings3,4, recent studies have 
found lysophosphatidic acid and its precursor enzyme, 
autotaxin, as key mediators of itching. Elevated levels 
of these substances correlate with pruritus severity and 
decrease with symptom improvement.5-8 
	 Current treatments for pruritus in chronic liver disease 
are limited and often inadequate. While addressing the 
underlying cause, such as removing bile duct obstructions, 
can alleviate symptoms, numerous cholestatic conditions, 
including progressive familial intrahepatic cholestasis, 
primary biliary cirrhosis, and primary sclerosing cholangitis, 
are incurable.9,10 Available pharmacological options, such 
as cholestyramine, rifampicin, naloxone, and sertraline, 
are taken orally and associated with significant side effects, 
some of which can be severe or life-threatening.11-15 

These drawbacks highlight how urgently safer and more 
efficient treatments are needed to control itching in this 
patient group.

ABSTRACT
Objective:  Assessing the effectiveness of topical extract from Andrographis paniculata, which has anti-inflammatory 
properties, in reducing pruritus in individuals with chronic liver disease.
Materials and Methods:  At Chiang Rai Prachanukroh Hospital, a randomized, placebo-controlled trial was carried 
out from 2021 to 2024. Forty-five individuals with chronic liver disease and persistent pruritus who were at least 
eighteen years old were randomly assigned (1:1) to receive 4% extract cream from Andrographis paniculata or a 
placebo, which was applied twice a day for four weeks. The dynamic pruritus score (DPS), which was used to measure 
pruritus severity at baseline, week 1, and week 4, was the main outcome. The dermatology life quality index (DLQI) 
was used to measure the quality of life as the secondary outcome.
Results: The Andrographis paniculata extract significantly improved the pruritus severity compared to placebo, with 
DPS scores of 6.31±0.41 at week 1 and 6.82±0.40 at week 4 versus 5.01±0.24 and 5.59±0.35, respectively (p<0.001). 
However, there was no significant difference in DLQI scores between treatments. There were no adverse effects 
reported, and one participant in the treatment arm withdrew due to logistical issues. 
Conclusion: Andrographis paniculata topical extract is a reliable and efficient remedy for alleviating pruritus in 
individuals with chronic liver disease. However, larger sample numbers and longer follow-up times are required 
for future research to validate these findings and evaluate the impact on quality of life.  

Keywords: Andrographis paniculata; pruritus; quality of life; chronic liver disease; topical treatment (Siriraj Med 
J 2025; 77: 476-483)

	 Andrographis paniculata, a traditional medicinal herb, 
has garnered attention for its potent anti-inflammatory 
properties.16-23 The cytokines TNF-α, IL-1β, and IL-6 that 
are linked to itching and inflammation are inhibited by 
its active ingredients, which include andrographolide and 
related diterpenes.16-19 Preclinical studies have proved 
the herb’s efficacy in reducing inflammation in animal 
models20,21, and studies on humans have demonstrated 
potential in reducing the symptoms of diseases such as 
upper respiratory infections and rheumatoid arthritis.22,23 
Although evidence specific to dermatological applications 
is limited, Andrographis paniculata’s immunomodulatory 
and anti-inflammatory properties point to its potential 
as a pruritus treatment.
	 The purpose of this study was to assess Andrographis 
paniculata’s effectiveness as a topical remedy for pruritus 
in individuals suffering from chronic liver disease. It is 
anticipated that this novel, complementary approach will 
improve the quality of life for individuals suffering from 
this debilitating symptom due to its anti-inflammatory 
properties and potential to alleviate itching. 

MATERIALS AND METHODS
Study population and design
	 This randomised, placebo-controlled study was 
conducted at Chiang Rai Prachanukroh Hospital, Thailand, 
from 2021 to 2024. All participants provided written 
informed consent before enrolling in the study, and the 
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research protocol was registered with the Thai Clinical 
Trial Registry (TCTR20250206011) after being approved 
by the Chiang Rai Prachanukroh Hospital’s Research 
Ethics Committee (approval number: EC CRH 125/63In).
	 The following were the requirements for inclusion: 
18 years of age or older, with a diagnosis of cholestatic or 
chronic liver disease, and a history of widespread itching 
that lasts longer than two weeks. The exclusion criteria 
included: a known allergy to Andrographis paniculata; the 
use of topical steroids within the past 2 weeks; impaired 
consciousness due to hepatic encephalopathy or other 
conditions; life expectancy of fewer than 4 weeks; pregnancy 
or breastfeeding; blood pressure below 90/60 mmHg; low 
platelet count (<50,000/mm³) or abnormal blood clotting 
(INR >1.5); or an underlying skin diseases (e.g., atopic 
dermatitis, psoriasis, dermatophytosis, candidiasis, or 
chronic skin infections).
	 All participants continued to receive standard  
treatments for pruritus, including antihistamines, 
ursodeoxycholic acid, and moisturising cream throughout 
the study period. 
	 Participants were randomly assigned in equal 
proportions using a computer-generated block randomization 
method to receive either a 4% Andrographis paniculata 
extract cream or a placebo moisturizing cream. The 
creams were packaged in identical 30 g white tubes 
labelled as “Drug A” or “Drug B” with the active cream 
being light green while the placebo was white, ensuring 
visual similarity. Researchers, outcome assessors, and 
participants were blinded to treatment assignments 
throughout the study. 
	 Active Treatment: The 4% Andrographis paniculata 
extract cream was prepared by SBU Corporation 
and contained standardised concentrations of active  
compounds including andrographolide and related 
diterpenes.
	 Placebo: The placebo cream was a moisturising 
cream with identical appearance, texture, and packaging 
to the active treatment but lacked the active ingredients.
	 Participants were instructed to apply the assigned 
cream to the affected area twice daily for four weeks 
(total dose: 360 g of cream). Compliance was checked 
through self-reporting and tube weight measurements 
at follow-up visits.

Pruritus Severity
	 The primary outcome was the change in pruritus 
severity assessed using the dynamic pruritus score (DPS) 
at baseline, 1 week, and 4 weeks after treatment initiation. 
The DPS is a validated tool that captures fluctuations in 
pruritus intensity over time by incorporating both peak 

and average itch severity, providing a comprehensive 
evaluation of symptom changes.25 
 
The DLQI, or Dermatology Life Quality Index 
	 The variance in quality of life, as measured by the 
DLQI in Thai at the same intervals, was the secondary 
result. Higher scores indicate a greater loss in quality of 
life. The DLQI is a well-known 10-item questionnaire 
that assesses how skin disorders affect patients’ everyday 
activities, emotional health, and social interactions.26-29 

Analysis of statistics
	 Using a 5% alpha error, we determined that each 
group should initially consist of 19 participants to ensure 
there is an 80% chance of detecting a 50% difference in 
pruritus severity between the groups. Considering an 
expected dropout rate of 15%, the final sample size for 
each group will be adjusted to 22 individuals. Descriptive 
statistics were used to summarize the baseline clinical and 
demographic features. Depending on the data distribution, 
continuous variables are either provided as mean ± 
standard deviation (SD) or median (interquartile range, 
IQR). The Student’s t-test or the Wilcoxon rank-sum 
test are used for analysis. Frequencies and percentages 
are used to compare categorical variables using the 
chi-square or Fisher’s exact test. Repeated-measures 
ANOVA or appropriate non-parametric techniques 
were used to evaluate changes in DPS and DLQI scores 
over time. Stata Version 14 and the intention-to-treat 
(ITT) method were used for all statistical computations, 
and a p < 0.05 was deemed statistically significant.

RESULTS
Study population
	 Initially, 63 patients were assessed for eligibility, of 
which, 18 patients were excluded, with 12 not meeting 
the inclusion criteria, 5 were unable to adhere to the 
follow-up protocol, and 1 declined to take part (Fig 1). 
Consequently, 45 patients were enrolled and randomised 
into two groups: the Andrographis paniculata topical 
treatment (n=23) or placebo (n=22). One participant 
in the treatment group dropped out due to logistical 
challenges, resulting in a final cohort of 44 patients 
(n=22 in each group) completing the study.

Baseline characteristics
	 Table 1 summarizes the baseline characteristics of 
the patients and reveals no significant differences between 
the groups. With comparable Child-Turcotte-Pugh 
scores in both groups, the causes of chronic liver disease 
(such as viral or alcoholic hepatitis) and the presence of 
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Fig 1. Study flowchart 
Abbreviations: DPS: Dynamic pruritus score, DLQI: Dermatology Life Quality Index

comorbidities (such as diabetes, hypertension, or chronic 
kidney disease) were likewise equally distributed.
	 Overall, the mean duration of pruritus was 5.12 
± 7.60 weeks with a shorter duration in the treatment 
group (3.39 ± 2.10 weeks) compared to the placebo 
(7.00 ± 10.46 weeks), although this difference was not 
statistically significant (p = 0.112). At the outset, both 
groups experienced moderate quality of life impairment, 
with DLQI scores of 9.74 in the treatment group and 
7.45 in the placebo group (p = 0.289).

Effects of Andrographis paniculata compared to placebo
	 Participants treated with Andrographis paniculata 
showed significant improvement in pruritus severity 
compared to the placebo group (Table 2). At week 1, 
the mean DPS was 6.31 for the treatment group versus 
5.04 for the placebo group. By week 4, the mean DPS 
increased to 6.82 in the treatment group compared to 
5.59 in the placebo group (p < 0.001).
	 Over the course of the trial, both groups demonstrated 
improvements in quality of life as measured by the 
DLQI, with the treatment group showing a trend of 
more noticeable improvement, however there was no 
statistical significance (Table 2). The treatment group’s 

baseline DLQI scores were 9.74 ± 1.64, while the placebo 
group’s were 7.45 ± 1.33. Despite ongoing progress, 
the treatment group did not vary significantly from the 
placebo group (p = 0.096).

Side effects
	 Both creams were well-tolerated by all participants 
with no adverse effects reported throughout the study 
period. 

DISCUSSION
	 This randomised, placebo-controlled study is the 
first to evaluate the efficacy of topical Andrographis 
paniculata extract cream for relieving itching in patients 
with chronic liver disease, showing that Andrographis 
paniculata significantly reduced pruritus severity, as 
measured by the DPS, compared to placebo. However, this 
was not accompanied by any considerable improvement in 
their quality of life. These findings suggest that Andrographis 
paniculata is a safe and effective adjunctive treatment 
for pruritus in this patient population.
	 The anti-pruritic effects of Andrographis paniculata 
observed align with its known anti-inflammatory and 
immunomodulatory properties. The herb contains 
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TABLE 1. Participant’s baseline characteristics.

Characteristic	 Andrographis paniculata 	 Placebo	 p-value

	 	 extract (N=23)	  (N=22)	

Age	 58.95 ± 11.77	 57.40 ± 10.45	 0.644

Male, (n, %)	 14 (60.87)	 9(40.91)	 0.149

BMI	 23.22 ± 3.36	 24.51 ± 4.00	 0.249

Cause of chronic liver disease/cholestasis, n (%)			 

	 Alcoholic hepatitis	 7 (30.43)	 9(40.91)	 0.779

	 PBC/autoimmune hepatitis	 4 (17.39)	 3(13.64)	

	 Cholangiocarcinoma	 3 (13.04)	 1(4.55)	

	 Bile duct stone	 1 (4.35)	 0 (0)	

	 Viral hepatitis	 7 (30.43)	 6 (27.27)	

	 Drug-induced liver injury	 0 (0)	 1 (4.55)	

	 MASH with cirrhosis	 0 (0)	 1 (4.55)	

	 Idiopathic	 1(4.35)	 0 (0)	

Hypertension, n (%)	 4 (17.39)	 8 (36.36)	 0.135

Diabetes, n (%)	 3 (13.04)	 5 (22.73)	 0.324

Hyperlipidemia, n (%)	 1 (4.35)	 1 (4.55)	 0.744

Chronic kidney disease, n (%)	 3 (13.04)	 4 (18.18)	 0.474

HIV infection, n (%)	 1 (4.35)	 0 (0)	 0.511

Atopic dermatitis, n (%)	 1 (4.35)	 0 (0)	 0.511

Duration of pruritus (week)	 3.39 ± 2.10	 7.00 ± 10.46	 0.112

Total bilirubin (mg/dL)	 8.04 ± 8.57	 5.07 ± 6.21	 0.192

Albumin (g/dL)	 3.41 ± 0.62	 3.19 ± 0.61	 0.214

Alkaline phosphatase (U/L)	 199.37 ± 128.28 	 239.23 ± 163.61 	 0.367

Absolute eosinophil count (cell/mm3)	 238.09 ± 193.23	 640.87 ± 1353.26	 0.164

Child Turcotte Pugh score status, n (%)			   0.930

	 Class A	 10 (43.48)	 8 (36.36)	

	 Class B	 5 (21.74)	 6 (27.27)	

	 Class C	 8 (34.78)	 8 (36.36)	

Dermatology Life Quality Index at baseline	 9.74 ± 7.88	 7.45 ± 6.25	 0.289

Data is presented as mean ± standard deviation
Abbreviations: BMI, body mass index; HIV, human immunodeficiency virus; MASH, metabolic associated steatohepatitis; PBC, primary 
biliary cirrhosis; SD, standard deviation
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TABLE 2. A comparison of the clinical outcomes of Andrographis paniculata extract vs placebo using the dynamic 
pruritus score and dermatology life quality index.

Outcome assessment                                     Andrographis                 Placebo 	               Change in mean	       p-value

	                                                                        paniculata 	                    (N=22)	                         (95%CI)

	 	 extract (N=23)	  

Dynamic pruritus score (DPS)**				    <0.001*

	 At baseline	 reference	 reference		

	 At first week	 6.31 ± 0.41	 5.04 ± 0.24	 -1.27(-2.28,-0.32)	 0.010*

	 At fourth week	 6.82 ± 0.40	 5.59 ± 0.35	 -1.23(-2.31,0.15)	 0.027*

	 Within-group p	 <0.001*	 <0.001*		

Dermatology Life Quality Index (DLQI)***				    0.096

	 At baseline	 9.74±1.64	 7.45±1.33	 -2.28(-6.57,2.00)	 0.289

	 At first week	 4.30 ± 1.23	 5.32 ± 1.18	 1.01(-2.50,4.46)	 0.555

	 At fourth week	 3.52 ± 1.27	 4.5 ± 1.32	 0.98(-2.71,4.67)	 0.596

	 Within-group p	 <0.001*	 <0.001*		

Data is presented as mean ± standard error
*Shows statistically significant difference
** The Dynamic Pruritus Score measures the overall change in pruritus (itching) from the start of treatment to the present, expressed as a 
score. Scoring 4 indicates no change from the baseline, while scores of 5, 6, 7, and 8 represent 25%, 50%, 75%, and 100% improvement, 
respectively. Since the scoring is based on changes relative to the baseline, the baseline scores themselves are not displayed.
*** Dermatology Life Quality Index, a higher score means more worsening impact on quality of life

active compounds such as andrographolide and 
dehydroandrographolide, which inhibit pro-inflammatory 
cytokines such as TNF-α, IL-1β, and IL-6, and deactivate 
histamine release and mast cell activity16-20,24 to alleviate 
itching. Previous study had also proved the effectiveness 
of Andrographis paniculata in reducing itching in end-
stage renal disease patients30, supporting its potential 
utility across different conditions characterised by chronic 
itching.
	 The significant reduction in itching severity due to the 
topical administration of the Andrographis paniculata extract 
underscores its therapeutic potential. However, the 
DLQI scores did not significantly improve, possibly due 
to the small sample size restricting the statistical power 
needed to find a subtle improvement in the quality of 
life. Furthermore, patients with advanced liver disease 
often experience systemic symptoms such as fatigue 
and malnutrition, which may overshadow dermatologic 
improvements and limit the sensitivity of the DLQI in 
capturing the full impact of pruritus relief.26-29

	 This study’s rigorous randomised, placebo-controlled 
design and use of standardised end measures (DLQI and 

DPS) are two of its many strong points. Additionally, 
the absence of adverse effects highlights the safety of 
topical Andrographis paniculata extract in this population. 
However, it is not without its limitations, such as the small 
sample size and the short treatment duration (four weeks) 
may have constrained the ability to detect significant 
changes in quality of life or long-term effects. Furthermore, 
the use of pre-existing anti-pruritic medications may 
have introduced confounding variables. To verify these 
results and investigate the processes behind Andrographis 
paniculata’s anti-pruritic benefits, future studies should 
employ larger sample numbers, longer follow-up times, 
and stricter management of concurrent drugs.
	 This study has important clinical implications. 
Pruritus in chronic liver disease is difficult to manage with 
few safe and effective treatments. Topical Andrographis 
paniculata extract shows promise as a well-tolerated, 
effective therapy for reducing itching. Moreover, its 
inclusion in Thailand’s National List of Essential Medicines 
for other uses supports its safety and potential for wider 
clinical application.31 
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	 In conclusion, the Andrographis paniculata topical 
extract is a reliable and efficient remedy for alleviating 
pruritus in individuals with chronic liver disease. Its 
strong anti-pruritic effects and favourable safety profile 
make it a valuable adjunctive therapy. More research 
is necessary to confirm these findings, investigate the 
mechanisms of action, and assess the long-term benefits 
in larger and more diverse patient groups.
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ABSTRACT
Objective: This study compared immune transcriptome profiles between SCC patients achieving cCR and those 
with incomplete responses to CRT using the NanoString Ncounter® Pancancer Immune Profiling Panel.
Materials and Methods: A retrospective cohort of 36 SCC patients treated with CRT was analyzed. Clinical data 
and blood samples were collected, and immune transcriptome profiling was conducted. Differential gene expression 
analysis identified distinctions between cCR and non-clinical complete response (non-cCR) groups.
Results: Of the 36 patients, 20 achieved cCR, while 16 had non-cCR. Significant differences in immune transcriptomes 
were observed, particularly in IL-12 signaling mediated by STAT4. In the cCR group, 72 genes were upregulated, 
and 13 were downregulated, suggesting their role as predictive biomarkers for treatment response.
Conclusions: This study identified distinct immune transcriptome profiles in SCC patients with cCR versus non-
cCR, highlighting genes related to IL-12 signaling as potential biomarkers. These findings emphasize the role of 
immune-related gene expression in determining patient outcomes and may support personalized therapeutic 
strategies to enhance CRT efficacy in SCC patients.

Keywords: Squamous cell carcinoma of the esophagus; Chemoradiotherapy; Interleukin 12 (Siriraj Med J 2025; 
77: 484-495)

INTRODUCTION
	 Esophageal cancer is the seventh most common 
cancer worldwide. It ranks as the seventh most frequently 
occurring cancer in men and the thirteenth most common 
cancer in women.1 In Thailand, esophageal cancer is the 
thirteenth leading cause of cancer-related death. There 
are two main pathological types of esophageal cancer: 
squamous cell carcinoma (SCC), which can occur in the 
cervical, thoracic, or abdominal regions of the esophagus, 
and adenocarcinoma, which can develop at the junction 
of the esophagus and stomach (esophagogastric junction). 
There are various multimodal treatment options available 
for esophageal SCC, including endoscopic resection, 
primary esophagectomy, neoadjuvant chemotherapy 
or chemoradiotherapy (CRT) followed by surgery, and 
definitive CRT. The treatment of choice depends on the 
location and stage of the tumor.
	 There are two main types of immune resistance 
mechanisms: innate immunity and adaptive immunity. 
The mechanism that primarily targets tumors is adaptive 
immunity. Tumors can trigger specific adaptive immune 
resistance, which may prevent host immune response 
to limit their growth and spread. This immune response 
largely involves T cells, particularly CD8+ cytotoxic T 
lymphocytes (CTLs). Many tumors are surrounded by 
infiltrates of mononuclear cells, including T lymphocytes 
and macrophages. Activated lymphocytes and macrophages 
can also be found in the lymph nodes that drain the 
areas where tumors are located. The key cells involved 
in important cancer prevention mechanisms are T cells, 
macrophages, and natural killer cells.2

	 T cells, specifically T helper cells, are categorized 
into two types: Th1 and Th2 cells. Th1 cells secrete several 
cytokines, including IFN-gamma, IL-2, IL-3, TNF-alpha, 
TNF-beta, and the adjustment factor IFN-gamma. In 
contrast, Th2 cells produce cytokines such as IL-4, IL-
5, IL-9, IL-10, and IL-13, especially those that regulate 
IL-4, IL-5, and IL-13.2

	 Interleukin-12 (IL-12) is a heterodimeric cytokine 
composed of two subunits: p40 and p35.3 It is considered 
a proinflammatory cytokine and is produced by antigen-
presenting cells such as dendritic cells and macrophages. 
IL-12 plays a significant role in facilitating effective 
antitumor immune responses. IL-12 signals through its 
receptors, IL-12R1 and IL-12R2, which are expressed on 
target cells. This signaling pathway activates downstream 
pathways involving Jak2 and Tyk2, leading to the 
phosphorylation and homodimerization of STAT4.3 
These processes are essential for the recruitment and 
effector functions of CD8+ T cells and natural killer 
cells. Given its capabilities, IL-12 is a strong candidate 
for immunotherapy-based interventions, as it enhances 
the activity of tumor-specific cytotoxic natural killer 
and CD8+ T cells, both of which are critical for killing 
tumor cells. However, systemic administration of IL-12 
can be quite toxic. Therefore, alternative administration 
methods are being explored.3-9 IL-12 signaling, which is 
mediated by STAT4, is a crucial pathway in the immune 
system that regulates the response to infections. IL-12 is 
produced by dendritic cells and macrophages and then 
binds to its receptor on T cells and natural killer cells 
before activating JAK kinases. This activation leads to the 
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phosphorylation of STAT4, which then dimerizes and 
translocates into the nucleus to promote gene expression. 
This pathway enhances the differentiation of Th1 cells 
and stimulates the release of IFN-γ, which is crucial for 
eliminating pathogens. Dysregulation of this pathway is 
associated with autoimmune diseases but can also enhance 
anticancer responses, indicating potential implications 
for cancer therapy in the future.10,11

	 A clinical complete response (cCR) occurs when no 
tumor remnants are detectable through nonsurgical methods, 
as proven by imaging studies such as esophagography, 
computed tomography (CT) scans, endoscopy, or positron 
emission tomography-CT following CRT. Neoadjuvant 
chemoradiotherapy increase survival rates in patients 
with locally advanced esophageal carcinoma. According 
to Monjazeb et al., achieving a cCR after concurrent 
CRT (CCRT) can lead to a more favorable prognosis.12 
A pathological response study in another type of cancer, 
specifically CA rectum, reported that downstaging of the 
T-category was observed in 10 patients (55.6%), while 
downstaging of the N-category was noted in 14 patients 
(77.8%) following neoadjuvant chemoradiation.

MATERIALS AND METHODS
1. Study cohort
	 A total of 800 patients with SCC of the esophagus 
were enrolled in this study. All patients were over 18 years 
of age at the time of diagnosis. Among these patients, 
36 met the study criteria. The remaining patients were 
excluded from our analyses. The datasets collected included 
various aspects of patient information and clinical data, 
which were part of the inclusion criteria. These datasets 
comprised demographic details such as age at disease 
onset, sex, and underlying conditions; treatments received 
following CCRT, categorized as surgical or nonsurgical; 
and laboratory results obtained prior to CCRT, including 
complete blood count, absolute neutrophil count, absolute 
lymphocyte count, neutrophil-lymphocyte ratio, absolute 
eosinophil count, platelet count, and platelet-lymphocyte 
ratio. Additional information included tumor location 
within the thoracic region (classified as upper, middle, 
or lower), tumor differentiation based on biopsy results 
(poorly differentiated, moderately differentiated, or well-
differentiated), tumor staging, and lymph node status as 
per the National Comprehensive Cancer Network (NCCN) 
guidelines, details on preoperative radiation (dose and 
fractionation), preoperative chemoradiotherapy, and 
recurrence following CCRT. All patients included in the 
study were diagnosed with Stage 3 disease, meeting the 
inclusion criteria as defined by the NCCN guidelines.

Sample selection and specimen retrieval
The protocol used for the selection and retrieval of 
specimens was as follows:
	 •	 All samples must come from patients who meet  
		  the inclusion criteria.
	 •	 Clinical data for potential samples will be collected  
		  through reviews of outpatient department and  
		  inpatient department documents.
	 •	 Patient clinical information from operative records,  
		  as well as outpatient department and inpatient  
		  department documents, will be reviewed. Slides  
		  from formalin-fixed, paraffin-embedded  
		  (FFPE) blocks of tissue biopsies obtained from  
		  esophagogastroduodenoscopy will be obtained  
		  from the pathology department.

2. Treatment
	 All patients underwent upper gastrointestinal 
endoscopy along with a biopsy of the lesion to confirm 
a diagnosis of SCC. Patients received a combination of 
chemotherapy and radiation therapy. Imaging studies 
were subsequently conducted via posttreatment sequential 
CT scanning at approximately 4- to 6-week intervals. 
After being diagnosed with esophageal SCC, patients 
were treated with a combination of chemotherapy and 
radiation therapy. The chemotherapy regimens were 
divided into three different formulas: Formula 1: paclitaxel 
and carboplatin; Formula 2: cisplatin and 5-FU; and 
Formula 3: carboplatin and 5-FU. Radiation therapy was 
administered at doses ranging from 50–60 Gy. Following 
the chemotherapy and radiation treatments, patients who 
underwent CT scans were categorized into two groups on 
the basis of their response: (1) clinical complete response 
(cCR) and (2) non-clinical complete response (non-cCR). 
These categories were further classified according to 
specific criteria.

3. Laboratory methods for RNA extraction from FFPE 
tissue
	 Deparaffinization
	 FFPE slides were cut into 5-micron-thick sections, 
resulting in a total of 5 cuts. Deparaffinization was performed 
by adding 1000 µL of xylene, followed by vortexing the 
mixture. Next, 400 µL of absolute ethanol was added, and 
the mixture was vortexed again. The sample was then 
centrifuged in RCF mode at 16000 × g for 2 minutes. 
The supernatant was discarded. Subsequently, 1000 
µL of absolute ethanol was added to the pellet, which 
was vortexed. The sample was centrifuged a second 
time in RCF mode at 16,000 × g for 2 minutes, and the 
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supernatant was discarded. Finally, the samples were 
dried in a heating box at 55 °C for 50 minutes.

	 RNA extraction and qualification
	 The process of extracting RNA from FFPE tissue via 
a Veracyte RNA Extraction Kit (Veracyte, San Francisco, 
CA, USA) began with the preparation of essential solutions. 
This involved adding ethanol to the wash solution and 
reconstituting DNase I with nuclease-free water, which 
was kept on ice. During the isolation phase, lysis buffer 
and proteinase K were added to the tissue sample. The 
mixture was then incubated at 56 °C and 80 °C to facilitate 
tissue breakdown and RNA release. Afterward, the sample 
was cooled on ice until it reached room temperature, 
followed by brief centrifugation to prepare for DNase 
treatment. Finally, DNase I was added to eliminate 
any DNA contaminants, ensuring high RNA purity for 
subsequent analyses. The RNA concentration and purity 
were measured via a Nanodrop 8000 spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA). RNA 
purity was assessed via the A260/A280 ratio, which was 
required to be not less than 2.0.

	 Gene expression and experiments
	 This study utilized an nCounter Pan-Cancer Immune 
Profiling Panel (NanoString Technologies, Seattle, WA, 
USA). This panel includes 40 reference genes as well as 
730 targets related to immuno-oncology that feature 
109 cell surface markers and represent 14 immune cell 
types.
	 After RNA extraction, immune transcriptome profiling 
was performed via the nCounter PanCancer Immune 
Panel. NanoString assays were performed with 100 ng of 
RNA, 8 µL of reporter probe, and 2 µL of capture probe 
per sample. The hybridization reaction was performed 
for 24 h at 65 °C in a thermocycler.

	 NanoString data analysis
	 The nSolver Analysis Software (version 4, NanoString 
Technologies) was utilized to assess quality control 
parameters, including binding density, limit of detection, 
and positive controls. No quality control issues were 
identified, allowing all 36 samples to proceed for further 
analysis. The advanced analysis module of the nSolver 
software was employed for housekeeping gene selection, 
data normalization, differential expression analysis, and 
calculation of immune-oncology-related scores. Differential 
gene expression analysis was conducted to identify the 
transcriptomic differences between patients with cCR 
and those with incomplete clinical responses. Rosalind 
software (NanoString Technologies) was subsequently 

used to compare the gene expression in the two patient 
groups. Differentially expressed genes were identified via 
the software. The threshold was set at a fold change greater 
than 1.5 combined with a p-value of < 0.05 to determine 
significant differentially expressed genes. To account 
for multiple t tests, the classical Benjamini–Hochberg 
method was applied to adjust p-values, controlling the 
false discovery rate and producing adjusted p-values.

	 Gene set, pathway, and function analyses
	 Gene set, pathway, and functional analyses were 
conducted via gene set analysis with a directed global 
significance score based on NanoString annotations 
version 46. Gene set analysis was used to evaluate the 
overall significance of functionally related gene sets, with 
the global significance score reflecting cumulative evidence 
for differential gene expression in a pathway through the 
square root of the mean squared t statistic. The directed 
global significance score considered the direction of over- 
or underexpression on the basis of t statistics. Biological 
networks were examined via Rosalind and Qiagen Ingenuity 
Pathway Analysis (Qiagen, Hilden, Germany). Fisher’s 
exact test was used to calculate enrichment p values, 
whereas Z scores were used to predict the activation or 
inhibition of molecular functions.

4. Statistical analysis
	 Non-normally distributed data were presented 
using the median and interquartile range (IQR) and 
analyzed with the Mann-Whitney test. Categorical data 
were analyzed using the Chi-square test and reported as 
proportions (percentages). All statistical analyses were 
performed using Stata version 19.1.

RESULTS
Patient characteristics
	 The characteristics of the eligible patients are 
summarized in Table 1. The median age of patients in the 
cCR group and the non-cCR group was 64 years. Many 
of these patients had underlying conditions, including 
hypertension and diabetes. In terms of treatment, the cCR 
group consisted of 10 patients, some of whom underwent 
surgery. Similarly, the non-cCR group consisted of 8 
patients, with a comparable distribution of surgical and 
nonsurgical treatments.
	 Data collection from laboratory results revealed no 
statistically significant differences between the two groups. 
The laboratory findings included the complete blood 
count, absolute neutrophil count, absolute lymphocyte 
count, neutrophil‒lymphocyte ratio, absolute eosinophil 
count, platelet count, and platelet‒lymphocyte ratio. 
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TABLE 1. Characteristics of patients with a cCR and those with a non-cCR.

		  Clinical	 Non-clinical	 p value

	 	 complete response	 complete response

	 	 (n=20)	 (n=16)	

Sex			   0.106

	 Male	 17 (85%)	 16 (100%)	

	 Female	 3 (15%)	 0 (0%)	

Age, mean ± SD.	 63.9 ± 9.04	 64.13 ± 8.69	 0.94

U/D	 13 (65%)	 12 (75%)	 0.517

HT		 8 (40%)	 8 (50%)	 0.549

DM		 3 (15%)	 1 (6.3%)	 0.406

Other U/D	 9 (45%)	 9 (56.3%)	 0.502

Treatment			   1.000

	 Surgical	 10 (50%)	 8 (50%)	

	 Nonsurgical	 10 (50%)	 8 (50%)	

CBC, median (IQR)	 7900 (6430, 10280)	 8040 (6380, 12100)	 0.386

Absolute neutrophil (10*3/ul), median (IQR)	 5.19 (3.82, 6.01)	 4.7 (4.05, 7.71)	 0.800

Absolute lymphocyte (10*3/ul), median (IQR)	 1.71 (1.24, 2.28)	 2.03 (1.64, 2.43)	 0.278

NLR, median (IQR)	 3 (2, 4)	 3 (2, 4)	 0.955

Absolute eosinophile, median (IQR)	 0.17 (0.11, 0.28)	 0.22 (0.12, 0.61)	 0.262

Platelet (10*3/ul), median (IQR)	 280 (230, 330)	 317 (271, 408)	 0.148

PLR, median (IQR)	 195.87 (104.79, 229.6)	 171.82 (120.35, 220.85)	 0.942

Tumor location			   0.782

	 Upper thoracic	 5 (25%)	 4 (25%)	

	 Middle thoracic	 7 (35%)	 4 (25%)	

	 Lower thoracic	 8 (40%)	 8 (50%)	

Tumor differentiation			   0.351

	 Poorly differentiated	 2 (10%)	 0 (0%)	

	 Moderately differentiated	 16 (80%)	 13 (81.3%)	

	 Well differentiated	 2 (10%)	 3 (18.8%)	

Clinical stage			   N/A

	 3	 20 (100%)	 16 (100%)	

Clinical tumor stage			   0.657

	 2	 1 (5%)	 1 (6.3%)	

	 3	 18 (90%)	 15 (93.8%)	

	 4	 1 (5%)	 0 (0%)	

Sapsamarn et al.
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TABLE 1. Characteristics of patients with a cCR and those with a non-cCR. (Continue)

		  Clinical	 Non-clinical	 p value

	 	 complete response	 complete response

	 	 (n=20)	 (n=16)	

LN stage			   0.439

	 Negative	 4 (20%)	 5 (31.3%)	

	 Positive	 16 (80%)	 11 (68.8%)	

cM stage			   N/A

	 0	 20 (100%)	 16 (100%)	

Preop RT dose Gy, mean ± SD	 52.3 ± 8.31	 51.53 ± 3.5	 0.73

Preop RT Fr, mean ± SD.	 27.95 ± 1.88	 26.81 ± 1.94	 0.084

Preop CMT			   0.271

	 Paclitaxel and carboplatin	 9 (45%)	 4 (25%)	

	 Cisplatin and 5FU	 6 (30%)	 9 (56.3%)	

	 Carboplatin and 5FU	 5 (25%)	 3 (18.8%)	

Recurrence			 

	 Local recurrence	 2 (10%)	 6 (37.5%)	 0.049*

	 Single metastasis	 1 (5%)	 6 (37.5%)	 0.014*

	 Multiple metastases	 2 (10%)	 3 (18.8%)	 0.451

Abbreviations: 5FU, 5-Fluorouracil; CBC, Comeplete Blood Count; cM, clinical Metastasis; CMT, Chemotherapy; DM, Diabetes Mellitus; 
Fr, Fraction; Gr, Gray; HT, Hypertension; IQR, Interquatile Rang; LN, Lymph node; NLR, NeutrophiL‒Lymphocyte Ratio; PLR, Platele‒
Lymphocyte Ratio; RT, Radiotherpy; SD, Standard Deviation; U/D, Undelying Disease

In the cCR group, the majority of tumors were located 
in the upper and middle thoracic areas. In terms of 
tumor differentiation, moderate differentiation was most 
prevalent in the cCR group, with 16 patients, compared 
with 13 patients in the non-cCR group.
	 All patients in this study were at clinical stage 3. 
The most common tumor stage in both groups was T3. 
The lymph nodes were categorized into clinical lymph 
node–positive and lymph node–negative subgroups. 
There were 20 patients (55%) in the cCR group and 
16 patients (44%) in the non-cCR group. None of the 
patients had metastasis before treatment.
	 The radiation dose for patients in the cCR group 
was 52 Gy. For those in the non-cCR group, the dose 
was 51 Gy. Three chemotherapy regimens were used: 
(1) paclitaxel and carboplatin were administered to 9 
patients (25%) in the cCR group and 4 patients (11%) 
in the non cCR group; (2) cisplatin and 5-FU were given 
to 6 patients (16.6%) in the cCR group and 9 patients 
(25%) in the non cCR group; and (3) carboplatin and 

5-FU were provided to 5 patients (13.89%) in the cCR 
group and 3 patients (8.33%) in the non-cCR group.
	 In terms of follow-up after treatment, there was a 
statistically significant difference in local recurrence (p = 
0.049) and single recurrence (p = 0.014). The incidence 
of recurrence was greater in the non-cCR group than 
in the cCR group.
	 Table 2 presents a list of differentially expressed genes 
organized into upregulated and downregulated groups. 
On the left side, the “Up” section features 72 genes whose 
expression increased (highlighted by the red background). 
Some of these genes are Interleukin 12 Receptor Subunit 
Alpha (IL12RA), C-X-C Motif Chemokine Receptor 
6(CXCR6), C-C Motif Chemokine Receptor 5(CCR5), 
Tumor Necrosis Factor Receptor Superfamily Member 12A 
(TNFRSF12A), and Inducible T Cell Costimulator(ICOS). 
On the right side, the “Down” section highlights 13 
genes with decreased expression (indicated by a green 
background). Examples of these genes are Chitinase 
1(CHIT1), Interleukin 10(IL10), Fc Fragment of IgE 
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TABLE 2. In patients with a cCR, the differentially expressed genes were categorized into an upregulated group (72 genes, shown in red) 
and a downregulated group (13 genes, shown in green).

Fig 1. A heatmap displaying gene expression across patients, 
where blue represents clinical complete response (cCR) 
and orange indicates non-clinical complete response 
(non-cCR). The blue shading indicates downregulated 
genes, the orange shading represents upregulated genes, 
and the white shading signifies no change in expression.

Sapsamarn et al.

Receptor IA (FCER1A), and Semenogelin1(SEMG1). 
This table helps identify key genes that may contribute 
to different biological responses, highlighting them as 
potential targets for further research
	 The heatmap in Fig 1 displays the expression levels 

of various genes across patient groups. The horizontal 
axis represents the patients, with the blue axis indicating 
those who achieved a cCR and the orange axis denoting 
the non-cCR group. The vertical axis represents the 
individual genes analyzed in the study. The blue shading 
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Fig 2. A volcano plot comparing gene expression between 
patients who achieved a clinical complete response 
(cCR) and those who did not achieve a complete response 
(non-cCR). Genes with increased expression in the cCR 
group are represented as green points on the right side 
of the plot, whereas genes with decreased expression 
are shown as purple points on the left side. The height 
of each point indicates the level of statistical significance, 
with taller points representing greater significance.

Fig 3. Pathway interaction database 
illustrating immune cell signaling pathways. 
The figure highlights upregulated activities 
in red and downregulated activities in 
green on the basis of adjusted p-values. 
The pathways that are represented include 
T-cell signaling and apoptosis, with the 
lengths of the bars indicating the significance 
levels of each pathway.

(cool) indicates downregulated genes, whereas the orange 
shading (warm) indicates upregulated genes. The white 
cells presented no significant change in gene expression. 
The dendrograms on the top and left show clustering, 
with clustering for the top group based on the patient 
response profiles and clustering on the left based on the 
gene expression. The black markers highlight specific 
genes with notable expression changes and high statistical 
significance, suggesting potential key indicators for 
treatment response.
	 The volcano plot in Fig 2 compares gene expression 
between patients who achieved a cCR and those with 
a non-cCR. The x-axis represents the log2-fold change, 
indicating the ratio of gene expression between the cCR 
and non-cCR groups. Positive values on the right side 
of the x-axis represent genes with increased expression 
in the cCR group, whereas negative values on the left 

side denote genes with decreased expression. The y-axis 
displays the -log10 p-value, which represents the probability 
that the observed changes occurred by chance. Higher 
points on this axis signify changes that are statistically 
more significant.
	 The pathway interaction database in Fig 3 illustrates the 
signaling pathways in immune cells, with bars highlighting 
changes in pathway activity that are either upregulated 
(shown in red) or downregulated (shown in green) on 
the basis of adjusted p-values. The analyzed pathways 
included “IL12 signaling mediated by STAT4,” “downstream 
signaling in naive CD8+ T cells,” “TCR signaling in 
naive CD8+ T cells,” “IL12-mediated signaling events,” 
“caspase cascade in apoptosis,” and “TCR signaling in 
naive CD4+ T cells.” The length of each bar represents 
the adjusted p value, indicating the significance level of 
each pathway. This visualization emphasized the activity 
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Fig 4. The Pathways/BioPlanet chart 
illustrates the immune signaling 
pathways involved in the body’s immune 
response. Pathways that are upregulated 
are indicated in red, whereas those 
that are downregulated are shown in 
green. All signaling pathways had 
p-values less than 0.05. Notably, the 
“leptin influence on immune response” 
pathway was the most significantly 
upregulated pathway, whereas the 
“interleukin-12/STAT4 pathway” was 
partially downregulated.

Sapsamarn et al.

and suppression of specific pathways, particularly those 
involved in T-cell signaling and apoptosis.
	 The Pathways/BioPlanet chart in Fig 4 illustrates 
immune signaling pathways associated with the body’s 
immune response, which are categorized into upregulated 
pathways (in red) and downregulated pathways (in 
green). All the signals presented a p-value of less than 
0.05, indicating statistical significance. The analyzed 
pathways included “T-cell activation co-stimulatory 
signal,” “leptin influence on the immune response,” 
“interleukin-12/STAT4 pathway,” “T-cell receptor and 
CD3 complex,” “CTL-mediated immune response against 
target cells,” and “PD-1 signaling”. The length of each bar 
represents the significance level of either upregulation or 
downregulation in each pathway. The chart reveals that 
the “leptin influence on immune response” pathway is the 
most upregulated pathway, whereas the “interleukin-12/
STAT4 pathway” is partially downregulated. This provides 
a comprehensive overview of variations in the immune 
response across different pathways, highlighting the 
importance of T-cell signaling and immune regulation.

Genes, biological processes, and signaling pathways
	 To further investigate the different molecular 
functions at each resection margin, we conducted a 
functional analysis of differentially expressed genes with 
p- values < 0.05 via IPA. Our analysis revealed a total 
of 85 significantly 72 upregulated genes (positive fold 
change values) and 13 downregulated genes (negative 
fold change values) compared with cCR and non-cCR.
	 The analysis highlights key genes and pathways 
involved in immune regulation and inflammation. Central 
genes such as TNF, IL6, IL1A, and IL1B play pivotal roles 
in cytokine-mediated signaling, particularly in pathways 
such as cytokine storm signaling and Th1/Th2 activation. 

These processes drive immune responses, including the 
activation of cytotoxic T cells, monocyte adhesion, and 
the release of reactive oxygen species, which are essential 
for inflammation and defense mechanisms. Additionally, 
genes such as RELA (part of the NF-kappa B pathway) 
and IFNG/IL17A underscore the importance of adaptive 
immunity. These are depicted in Fig 5.

DISCUSSION
	 This study demonstrated that patients who achieved 
a cCR had higher levels of IL-12 than those with a non-
cCR. These findings suggest potential applications for 
these two groups of patients. The first group included 
patients who were not suitable for surgery due to their 
physical condition. For these patients, achieving a cCR 
could help reduce complications associated with the 
tumor mass, such as bleeding or difficulty swallowing.
	 The second group consisted of patients eligible for 
surgery, where IL-12 could be used as an adjuvant therapy. 
As a result, the present research could improve treatment 
options for both groups of patients. Further studies are 
necessary because this research was retrospective and 
limited by the availability of biopsy tissue, which must 
be collected before CCRT. This limitation may reduce 
the number of patients who meet the criteria. Future 
research could expand the patient sample size and use a 
prospective design, enabling the collection of both fresh 
and paraffin-embedded biopsy tissues. These samples 
could then be utilized for RNA extraction and further 
analysis via Geomax technology, allowing for more 
accurate calculations.
	 The current review highlights that IL-12 has been 
utilized in the treatment of several cancer types,13 including 
melanoma,4,14-22 based on certain studies, as well as in 
gynecologic cancer10,12,22-29 and breast cancer,8,14,25,30-40 as 
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Fig 5. The diagram highlights critical immune pathways and key genes, such as TNF, IL6, IL1A, and IL1B, which regulate cytokine storms, 
Th1/Th2 pathways, and inflammation. These processes activate T cells, monocyte adhesion, and reactive oxygen species essential for immune 
responses.

indicated by other research. However, the use of IL-12 
should be approached with caution due to potential side 
effects, such as flu-like symptoms, which some patients 
may find intolerable.14 Various methods of administering 
IL-12 have been explored to mitigate these side effects.36 

Due to the severe side effects associated with systemic 
treatment via intravenous injections, alternative methods 
for administering IL-12, including intravenous injection, 
subcutaneous injection, intramuscular injection, and 
intratumoral injection, have been developed.36 Future 
studies may focus on the intratumoral injection of IL-12, 
an adjuvant for cancer vaccines,37 which could increase 
the effectiveness of treatment and potentially improve 
outcomes in patients with SCC of the esophagus. This 
recent discovery could prove beneficial in the future by 
improving treatment effectiveness for patients, particularly 
by increasing the rate of cCR.

CONCLUSION
	 This study highlights significant differences in 
immune transcriptome profiles between patients with 
a cCR and those with a non-cCR to CRT in patients 
with SCC of the esophagus. The findings indicate that 
the upregulation of genes involved in IL-12 signaling, 
particularly those mediated by STAT4, may serve as 

potential biomarkers for predicting favorable treatment 
responses. Patients who achieved cCR presented a lower 
incidence of distant recurrence than non- cCR patients 
did, indicating that immune transcriptomic characteristics 
may influence patient prognosis. The results provide 
a strong foundation for future research that leverages 
transcriptomic data to develop personalized treatment 
strategies, potentially improving patient outcomes in 
patients with esophageal cancer.
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INTRODUCTION	  
	 Neuromuscular blocking agents (NMBAs) are 
essential components of most anesthetic techniques. 
They are used to facilitate tracheal intubation, reduce 
airway injury, and maintain muscle relaxation, thereby 
promoting the success of surgical procedures, particularly 
in thoracic and abdominal surgeries.1,2 However, several 
studies have reported that the effects of NMBAs often 
persist in the post-anesthesia care unit (PACU), even after 
the administration of acetylcholinesterase inhibitors,3 
indicating that these patients may experience residual 
neuromuscular blockade (RNMB).
	 RNMB is linked to postoperative pulmonary 
complications such as hypoxemia, hypercapnia, upper 
airway obstruction, respiratory muscle weakness, dyspnea, 
the need for airway equipment, reintubation, pneumonia, 
pharyngeal muscle dysfunction, aspiration, and atelectasis.4,5 
These complications increase morbidity and mortality 
within the first 24 hours postoperatively6 and may delay 
discharge from the PACU.7

	 According to the 2020 guidelines on muscle relaxants 
and reversal in anesthesia published by the French Society 
of Anaesthesia & Intensive Care Medicine (SFAR), 
quantitative monitoring of the adductor pollicis muscle 
of the ulnar nerve is likely recommended for diagnosing 
RNMB.8 Achieving a Train-of-Four (TOF) ratio of ≥ 0.9 
can eliminate the possibility of RNMB. The guidelines 
also recommend administering an acetylcholinesterase 
inhibitor once a measured TOF ratio at the adductor 
pollicis muscle is ≥ 0.2.

ABSTRACT
Objective: This study aimed to investigate residual neuromuscular blockade (RNMB), respiratory adverse events, 
and identify risk factors for RNMB. 
Material and Methods: A prospective observational study enrolled 377 elective adult patients with American Society 
of Anesthesiologists (ASA) classifications 1–3 who underwent GA with NMBAs. At the conclusion of surgery, 
endotracheal tubes were removed once clinical extubation criteria were met. The Train-of-Four (TOF) ratio was 
immediately measured upon the patients’ arrival in the postanesthesia care unit (PACU), with RNMB defined as a 
TOF ratio < 0.9. Respiratory adverse events were documented. 
Results: The incidence of RNMB was 40.8% upon PACU arrival, with a median TOF ratio of 0.92 (interquartile 
range [IQR], 0.85–0.98). Cisatracurium was the primary NMBA used (98.1%). The incidence of respiratory adverse 
events was 6.6%, including hypoxemia (2.9%) and tachypnea (3.7%). No cases of reintubation or unplanned ICU 
admission occurred. The ophthalmologic surgery emerged as the only significant risk factor for RNMB, adjusted 
OR 2.44 (95% CI, 1.16-4.38, p = 0.02). 
Conclusion: The incidence of RNMB after GA in the PACU was common, though no serious adverse events were 
observed. The type of surgery was identified as the sole significant risk factor for RNMB.

Keywords: Residual neuromuscular blockade; NMBAs; muscle relaxant; postanesthesia care unit; train-of-four 
(Siriraj Med J 2025; 77: 496-504)

	 Several studies7,9–13 emphasize the importance of 
appropriate administration of neuromuscular blocking 
agents (NMBAs) and their reversal agents. Specifically, 
the use of neuromuscular monitoring is crucial to prevent 
the incidence and adverse effects of RNMB. In current 
practice at our center, clinical criteria are used at the end 
of surgery before extubation. If these clinical extubation 
criteria are not met or RNMB is suspected, a TOF ratio 
is measured. An additional reversal agent is considered 
if the TOF ratio is consistent with RNMB.
	 Due to the lack of data on the incidence of RNMB 
and the appropriate administration of NMBAs and 
their reversal agents in our tertiary health care center, 
we aimed to investigate the incidence of RNMB upon 
PACU arrival and to identify associated risk factors. The 
results of this study could contribute to a new database 
and be analyzed to improve our institution’s patient 
management guidelines.

MATERIAL AND METHODS
	 This was a prospective observational study approved 
by the Ethics Committee in Human Research, Khon Kaen 
University (HE651283). Data collection occurred from 
August 2022 to July 2023. Patients aged over 18 years with 
American Society of Anesthesiologists (ASA) classification 
I-III who underwent elective surgery with general anesthesia 
using NMBAs were enrolled. Exclusion criteria included 
patients with pre-existing neuromuscular diseases such 
as myasthenia gravis, Guillain-Barre syndrome which 
could interfere with TOF responses14,15, undergoing 
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airway surgery, sensitive population such as pregnant 
patients, and patients with preoperative respiratory 
conditions such as hypoxemia (SpO2 < 90%), tachypnea 
(respiratory rate > 20 breaths/min), use of oropharyngeal 
or nasopharyngeal airways, retention of an endotracheal 
tube, use of accessory respiratory muscles, or pneumonia. 
Additionally, patients who declined participation were 
excluded.
	 Patients who met the inclusion criteria were selected 
and informed about the details of the study. On the 
day of surgery, general anesthesia with NMBAs was 
conducted according to routine practice determined by the 
attending anesthesiologist. At the end of the procedure, 
reversal agents (either neostigmine at 0.05 mg/kg with 
atropine at 0.02 mg/kg or sugammadex at 2 mg/kg) were 
administered. Tracheal extubation was performed once 
the patient met all clinical extubation criteria which 
included hemodynamic stability, spontaneous breathing 
with tidal volume > 5 mL/kg, SpO2 > 94%, EtCO2 < 50 
mmHg, intact gag reflex, sustained head lift for 5 seconds, 
hand grip, and following commands. During transfer 
to the PACU following extubation, patients received 
supplemental oxygen at 6–8 L/min via an oxygen mask 
with a reservoir bag.
	 Upon arrival at the PACU, the acceleromyography 
TOF-Watch® SX (Organon) was applied by the PACU 
nurse anesthetist who was not involved in this study, 
within the first 5 minutes to measure the TOF ratio. TOF 
stimulations at 30 mA were applied to the ulnar nerve 
twice, with a 15-second interval, and TOF responses 
were measured at the adductor pollicis muscle. The final 
TOF ratio was calculated as the average of the two values 
obtained. If the discrepancy between the two readings 
was ≥ 0.2, an additional TOF stimulation was performed, 
and the average of the two closest TOF ratios was used as 
the final TOF ratio. All study procedures were conducted 
without interfering with standard PACU care.
	 Patients’ demographic data, including sex, age, 
weight, height, ASA physical status, and underlying 
diseases, were collected. Perioperative data such as type 
of surgery, anesthesia duration, type, dose, and interval 
of NMBAs, type and dose of reversal agents, and body 
temperature in the operating room and PACU were 
recorded. RNMB was diagnosed if the average TOF ratio 
was < 0.9 and defined as severe RNMB if the average TOF 
ratio was < 0.7. Respiratory adverse events, including 
hypoxemia, tachypnea, the need for airway support, 
use of accessory respiratory muscles, reintubation, and 
unplanned ICU admission, were documented within 1 
hour postoperatively.

	 Sample size calculation 
	 The sample size was calculated using a formula for 
estimating the proportion in an infinite population, based 
on the study by Ismail Aytac et al.14, which reported an 
RNMB incidence of 43%. A 95% confidence level (α 
= 0.05) and a 5% margin of error were used. The final 
calculated sample size was 377 patients.

	 Statistical analysis
	 Data analysis was conducted using STATA version 
18. Categorical data were analyzed using Fisher's exact 
test or the Chi-squared test and presented as numbers and 
percentages. Continuous data which normally distributed 
were presented as mean with standard deviation (SD) 
and analyzed using Student's t-test while non-normally 
distributed data were presented as median with interquartile 
range (IQR) and analyzed using Wilcoxon rank-sum test. 
A p-value of < 0.05 was considered statistically significant. 
Univariate and multivariate logistic regression analyses 
were performed to identify risk factors for RNMB.

RESULTS
	 During the study period, 377 patients were enrolled, 
the majority of whom were female (66%). Participants’ 
demographic data are shown in Table 1. The most common 
ASA classification was II (49.1%), and the most frequently 
performed procedure was gynecologic surgery (24.1%). 
The average patient age was 52 years. The mean anesthesia 
duration was 154.1 ± 64.7 minutes. Cisatracurium was 
the most frequently used NMBA (98.1%). There were 3 
patients received a combination of NMBAs: 2 patients 
received rocuronium and cisatracurium, and 1 patient 
received cisatracurium and atracurium. The average 
time between the last NMBA dose and administration 
of a reversal agent was 52.4 ± 21.5 minutes. The median 
TOF ratio was 0.92 (IQR: 0.85, 0.98). All patients received 
a reversal agent prior to extubation, with neostigmine 
being the most commonly used (99.7%).
	 The incidence of RNMB upon arrival at the PACU 
was 40.8% (154 out of 377 patients), as illustrated in Fig 1. 
Two of these patients received a combination of NBMAs: 
one patient received rocuronium and cisatracurium, and 
another patient received cisatracurium and atracurium. The 
incidence rates of RNMB were 40.8% for cisatracurium, 
40% for atracurium, and 60% for rocuronium. Severe 
RNMB was observed in 5.6% of patients (21 out of 377), 
with 20 patients having received cisatracurium and 1 
patient having received a combination of rocuronium 
and cisatracurium. (Fig 2)
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TABLE 1. Clinical features of patients who underwent elective surgery with general anesthesia using neuromuscular 
blocking agents (n=377).

Characteristics	 Study population (n=377)

Female* 	 249 (66%)

Age (years)**	 52.3 ± 15.3

Weight (kg)**	 62.6 ± 12.4

Height (cm)**	 160.0 ± 10.0

BMI (kg/m2)**	 24.3 ± 4.4

ASA classification*	

	 I	 165 (43.7%)

	 II	 185 (49.1%)

	 III	 27 (7.2%)

Surgery type*	

	 Gynecologic	 91 (24.1%)

	 Otolaryngologic	 74 (19.6%)

	 Ophthalmologic	 72 (19.1%)

	 General	 72 (19.1%)

	 Orthopedic	 51 (13.5%)

	 Plastic	 13 (3.5%)

	 Neurologic	 3 (0.8%)

	 Maxillofacial	 1 (0.3%)

Anesthetic time (min)**	 154.1 ± 64.7

Temperature in OR (˚C)***	 36.0 (35.7, 36.3)

Temperature in PACU (˚C)***	 36.4 (36.2, 36.6)

Neuromuscular blocker used*	

	 Cisatracurium	 370 (98.1%)

	 Atracurium	 5 (1.3%)

	 Rocuronium	 5 (1.3%)

Reversal agent used*	

	 Neostigmine	 376 (99.7%)

	 Sugammadex	 1 (0.3%)

Dosage of neuromuscular blocker (mg/kg)**	

	 Cisatracurium	 0.20 ± 0.08

	 Atracurium	 0.70 ± 0.43

	 Rocuronium 	 0.91 ± 0.14

Dosage of reversal agent (mg/kg)**	

	 Neostigmine	 0.04 ± 0.01

Interval from last dose NMB administration (mins)**	 52.4 ± 21.5

TOF ratio***	 0.92 (0.85, 0.98)

* = number (%), **= mean ± SD, ***= median (IQR)
Abbreviations: BMI = body mass index; ASA = American society of Anesthesiologists; OR = operating rooms, PACU = post anesthesia 
care unit; TOF = train of four
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Fig 1. Incidence of residual neuromuscular blockade in patients who underwent elective surgery with general anesthesia using neuromuscular 
blocking agents.
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	 The incidence of adverse events within the first 
hour postoperatively was 6.6% (25 patients). Adverse 
respiratory events included hypoxemia in 11 patients 
(2.9%) and tachypnea in 14 patients (3.7%). All adverse 
events occurred in patients who had received cisatracurium. 
Hypoxemia was managed with low-flow oxygen delivered 
via nasal cannula or mask with a reservoir bag. No 

cases of reintubation or unplanned ICU admission were 
reported.
	 Univariable and multivariable analyses were 
conducted to identify potential risk factors for residual 
neuromuscular blockade, including sex, age, BMI > 30 
kg/m², ASA classification I-III, chronic kidney disease 
(CKD) stage 4-5, type of surgery, time between the last 
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NMBA dose and reversal agent administration, anesthesia 
duration, and hypothermia upon arrival at the PACU. 
The analysis revealed that ophthalmologic surgery was 
the only significant risk factor for RNMB, adjusted OR 
of 2.44 (95% CI: 1.16 to 4.87, p=0.02). 

DISCUSSION
Incidence of residual neuromuscular blockade
	 This study found an incidence of RNMB of 40.8%, 
despite all patients receiving a reversal agent. This is 
comparable to an observational study by Aytac et al.,16 
which included 415 patients undergoing anesthesia with 
intermediate-acting NMBAs and reported an overall 
RNMB incidence of 43%. In that study, TOF ratios < 0.9 

       Variables	 Crude OR		  Adjusted OR

	 	 95% CI	 p-value	 95% CI	 p-value

Male	 0.73 (0.47, 1.14)	 0.16	 0.66 (0.38, 1.14)	 0.13

Advanced age	 1.26 (0.77, 2.06)	 0.35	 1.16 (0.68, 1.20)	 0.58

BMI ≥ 30 kg/m²	 0.75 (0.33, 1.73)	 0.50	 0.65 (0.25, 1.68)	 0.37

Surgery type				  

     Ophthalmologic	 2.36 (1.20, 4.64)	 0.01*	 2.44 (1.16, 4.87)	 0.02*

     Gynecologic	 1.79 (0.94, 3.40)	 0.22	 1.42 (0.68, 2.96)	 0.35

     Otolaryngologic	 1.52 (0.78, 2.98)	 0.07	 1.32 (0.65, 2.67)	 0.44

     Neurologic	 1.00 (0.09, 11.59)	 > 0.99	 1.15 (0.10, 13.74)	 0.91

     Orthopedic	 0.68 (0.31, 1.52)	 0.35	 0.62 (0.27, 1.40)	 0.25

     Plastic	 0.36 (0.07, 1.77)	 0.47	 0.36 (0.07, 1.87)	 0.22

CKD stage 4-5	 0.58 (0.09, 3.72)	 0.65	 0.87(0.25, 2.95)	 0.82

Hypothermia (BT < 36˚C)	 1.48 (0.92, 2.40)	 0.11	 1.46 (0.86, 2.46)	 0.16

Type of muscle relaxant				  

      Cisatracurium	 0.92 (0.20, 4.17)	 > 0.99	 0.75 (0.03, 19.67)	 0.71

      Atracurium	 0.96 (0.16, 5.84)	 > 0.99	 0.88 (1.22, 6.35)	 0.90

      Rocuronium	 2.20 (0.36, 13.3)	 > 0.40	 2.67 (0.25, 27.65)	 0.41

Reversal dose (mcg/kg)	 0.15 (<0.01, >99)	 0.62	 0.08 (0.00, 532)	 0.75

Time between the last dose of NMBAs 

and reversal agents < 30 min	
0.76 (0.31, 1.84)	 0.54	 0.91 (0.35, 2.34)	 0.84

Anesthetic time > 240 min	 0.47 (0.20, 1.09)	 0.16	 0.48 (0.19, 1.25)	 0.22

TABLE 2. Correlation between patient/anesthesia/surgery-related factors and residual neuromuscular blockade.

* p-value < 0.05 is considered statistically significant
Abbreviations: BMI = body mass index; CKD = chronic kidney disease; BT = body temperature; NMBAs = neuromuscular blocking agents 

were observed in 42% of patients receiving vecuronium, 
52% of those receiving rocuronium, and 30% of those 
receiving atracurium. Additionally, the incidence of RNMB 
was 46.3% among patients who received neostigmine 
at a mean dose of 20 ± 10 mcg/kg. We hypothesize 
that the lower incidence of RNMB in our study may be 
attributed to the higher mean dose of neostigmine used 
(40 ± 10 mcg/kg). Furthermore, there was a difference 
in the type of NMBAs used, with 98.1% of patients in 
our study receiving cisatracurium.
	 A meta-analysis by Carvalho et al.17  in 2020, which 
included 53 studies and 12,664 patients, reported the 
incidence of RNMB based on TOF ratios measured at 
or post-extubation of <0.7, <0.9, or <1.0. Specifically 
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focusing on a TOF ratio of <0.9, the study found that the 
RNMB incidence in adult patients undergoing elective 
surgery under general anesthesia with intermediate-
acting NMBAs was 33.1% in the no-neuromuscular-
monitoring (NMM) group, 30.6% in the qualitative NMM 
group (peripheral nerve stimulation), and 11.5% in the 
quantitative NMM group (TOF ratio monitoring). The 
study concluded that patients monitored with TOF had 
a significantly lower incidence of RNMB compared to 
those monitored qualitatively or not monitored at all. 
Our findings are comparable to those of the no-NMM 
group.
	 An observational study conducted in Thailand by 
Khamtuikrua et al.18 in 2017, which included 209 patients 
in a similar setting to our study, reported an incidence 
of RNMB upon PACU arrival of 53.1%, higher than the 
incidence observed in our study. Despite the similarity 
in patient populations, a possible explanation for this 
difference is that 3.3% of patients in their study did not 
receive a reversal agent. In contrast, all patients in our 
study received reversal agents, with 99.7% receiving 
neostigmine and 0.3% receiving sugammadex. Since our 
center does not routinely employ TOF monitoring, we 
administer a reversal agent to most patients to reduce 
the incidence of RNMB.

	 Adverse respiratory events
	 In this study, we found that 45.5% of the 11 patients 
with hypoxemia had RNMB. This result contrasts with 
the findings of Aytac et al.16, where 82.4% of patients 
with hypoxemia had RNMB. Respiratory complications 
were more frequent among patients with a TOF ratio < 
0.7, with 42.6% requiring airway support. Additionally, 
Murphy et al.19 reported that patients experiencing 
critical respiratory events after general anesthesia had 
a higher incidence of RNMB.
	 Interestingly, no major adverse events, such as 
reintubation or unplanned ICU admission, were observed. 
The adverse events identified were hypoxemia and tachypnea, 
which were successfully managed with conventional 
low-flow oxygen supplementation. We recorded only 
the incidence of these adverse respiratory events and 
did not explore their underlying causes, which may have 
been multifactorial.
	 Therefore, despite the incidence of RNMB being 
40.8%, our current practice—which includes the use of 
clinical extubation criteria, administration of reversal 
agents to most patients, and selective use of neuromuscular 
monitoring (e.g., in patients with neuromuscular diseases 
or delayed awakening)—appears to be relatively safe 
for our general patient population, as no major adverse 
events were recorded.

	 Risk factors for residual neuromuscular blockade
	 We found that only the type of surgery was significantly 
associated with RNMB, with ophthalmologic surgery 
showing the highest odds ratio. A possible explanation 
for this finding is that 40% (29 out of 72) of patients 
undergoing ophthalmologic surgery were of advanced 
age, a group known to be at increased risk for RNMB.20 
Additionally, we observed that 65% of older adults who 
underwent ophthalmologic surgery experienced RNMB. 
This is consistent with a recent study by Murphy et al.21, 
which suggested that RNMB may be more common in 
older adults (57%) compared to younger patients (30%). 
Therefore, it is recommended that a combination of TOF 
monitoring and clinical assessments be used for these 
patients.22

	 Aytac et al.16 identified female sex, ASA physical status 
class III, and short anesthesia duration as risk factors for 
RNMB, which differed from our findings. Additionally, 
Carvalho et al.17 reported that the use of sugammadex 
as a reversal agent was associated with a lower rate of 
RNMB compared to neostigmine. However, we were 
unable to investigate differences between neostigmine and 
sugammadex in our study, as it was only administered 
to a single patient.
	 Khamtuikrua et al.18 reported that an increase in 
age by 10 years, a time interval of less than 30 minutes 
between the last dose of NMBA and administration of 
a reversal agent, and hypothermia (body temperature 
< 36˚C) were significant risk factors for RNMB.

	 Limitations
	 Since our primary outcome was to assess the incidence 
of RNMB, we calculated the sample size based on the 
proportion reported in the previous study by Aytac et al.16 
However, our sample size may have been insufficient to 
identify all possible risk factors for RNMB. Additionally, in 
order to identify RNMB, we did not use clinical assessments 
such as hand grip strength combined with the TOF ratio, 
which would have been helpful in determining early 
neuromuscular impairment.23 To properly identify risk 
factors, further studies with an appropriately powered 
sample size, a multi-center study, or a combination of 
clinical assessment and TOF for RNMB diagnosis may 
be required.

CONCLUSION
	 The incidence of RNMB in the PACU following 
general anesthesia was high, even with the use of reversal 
agents. However, no serious respiratory adverse events were 
observed. Among the potential risk factors, ophthalmic 
surgery was the only factor significantly associated with 
RNMB.
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	 Clinical implications
	 1.	What is already known on this topic
	 Residual neuromuscular blockade, defined as a 
TOF ratio < 0.9, can lead to postoperative pulmonary 
complications and increase both morbidity and mortality. 
Although neuromuscular monitoring is recommended 
to exclude residual neuromuscular blockade, it is not 
routinely used in our center.
	 2.	What this study adds 				  
	 The incidence of RNMB upon arrival at the PACU 
was 40.8%, despite the administration of a reversal agent. 
No major respiratory adverse events were observed. 
Ophthalmic surgery was identified as a risk factor for RNMB. 
Therefore, routine TOF monitoring is recommended for 
patients at risk of RNMB, specifically those undergoing 
ophthalmic surgery, to enhance safety.
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ABSTRACT
Objective: To identify factors associated with Premature Infant Pain Profile-Revised (PIPP-R) scores in late preterm 
and term infants undergoing routine skin-puncture procedures.
Materials and Methods: A secondary analysis of a prospective cohort study was conducted in hemodynamically 
stable late preterm and term infants (gestational age [GA] 34–41 weeks) undergoing routine procedures. PIPP-R 
scores were evaluated through video recordings by a blinded assessor.
Results: Among 59 infants, 31 (52.5%) underwent venipuncture, 15 (25.4%) received intramuscular (IM) injections, 
and 13 (22%) underwent heelsticks. The median PIPP-R score was 11.0 [7.0, 14.0]. IM injections and heelsticks 
resulted in significantly higher pain scores compared to venipunctures (regression coefficient: 4.6, 95% CI: 2.3–6.8, 
and 2.8, 95% CI: 0.6–5.0, respectively). No correlation was observed between procedure duration and pain scores  
(r = -0.06, p = 0.68), but GA showed a weak positive correlation (r = 0.32, p = 0.01). After adjustment, low birthweight 
(<2500 g) was independently associated with lower PIPP-R scores (-2.9, 95% CI: -4.8, -1.1), while postnatal age <48 
hours was linked to higher scores (5.8, 95% CI: 3.3–8.4). Oral sucrose solution significantly reduced pain scores 
(-6.4, 95% CI: -9.4, -3.3).
Conclusion: IM injections were associated with the highest pain scores, while procedure duration did not affect 
pain intensity. LBW infants and those >48 hours old exhibited lower pain scores, suggesting developmental factors. 
The demonstrated efficacy of oral sucrose underscores its importance in neonatal pain management, emphasizing 
the need for routine implementation of analgesic strategies.

Keywords: Heelstick; intramuscular; late-preterm; PIPP-R scores; venipuncture (Siriraj Med J 2025; 77: 505-512)

INTRODUCTION
	 Newborn infants are routinely subjected to painful 
procedures, including essential newborn screenings 
and vaccination injections. Higher-risk infants may 
require additional procedures. Research suggests that 
early pain exposure can influence both short-term and 
long-term nervous system development. Studies indicate  a 
correlation between pain and abnormal brain development, 
as evidenced by dysmaturation in the brains of newborns.1 

Autopsy findings in infants with abnormal brain tissues 
reveal impaired preoligodendrocyte development, which 
is critical for myelin production and may result from 
brain injury repair processes during infancy.2 Studies 
tracking early brain changes using MRI have shown 
an association between white matter abnormalities, 
altered diffusivity, and abnormal brain metabolites.3 

Additionally, research indicates that the number of 
painful procedures during  infancy is linked to reduced 
intelligence and altered white matter development.4,5 

Furthermore, early pain experiences have been shown to 
influence  pain perception later in life.6-8 Consequently, 
caregivers should prioritize  minimizing infant pain by 
reducing procedural interventions, mitigating factors that 
exacerbate  pain, and assessing pain severity to determine 
the appropriate use of analgesic medications. Nevertheless, 
most studies focus on very preterm infants, a high-risk 
group undergoing multiple painful procedures due to 
severe illness.3,9 While the impact of painful procedures 

in late preterm and term infants is acknowledged, it is 
less emphasized compared to very preterm infants. This 
discrepancy arises because procedures in late preterm 
and term infants are brief and less invasive, leading 
caregivers to underestimate the importance of pain 
assessment and management. 
	 Due to infants’ inability to  directly communicate pain, 
assessments primarily rely on  behavioral observations, 
such as changes in facial expressions, using tools like 
the neonatal facial coding system and the facial action 
coding system.10 However, preterm infants may exhibit 
reduced facial pain expressions of pain.11 Therefore, 
additional psychometric factors are incorporated, including 
the Premature Infant Pain Profile – revised (PIPP-R), 
Cry, Requires oxygen, Increased vital signs, Expression, 
Sleeplessness (CRIES), Neonatal Infant Pain Scale (NIPS), 
COMFORT, and COMFORTneo, as well as the Neonatal 
Pain, Agitation, and Sedation Scale (N-PASS).12 Among 
these, NIPS and PIPP-R scores are widely used.13 In 
our previous study, we found no significant changes in 
cerebral oxygenation in late preterm and term infants 
during painful procedures.14 Consequently, pain score 
assessment remains the primary method for evaluating 
pain in this population. Since newborn infants may 
exhibit varying pain responses depending on gestational 
age, postnatal age, or other factors, as well as differing 
levels of pain depending on procedure type15, this study 
hypothesizes that both infant characteristics and procedure 
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type influence pain scores. Therefore, the aim of this 
study was to identify factors associated with PIPP-R 
scores, one of the most widely used pain assessment 
tools, in late preterm and term infants undergoing blood 
sampling procedures.

MATERIALS AND METHODS
	 A secondary analysis was conducted using data from 
a previous prospective cohort study on pain response in 
late preterm and term infants.14 The study protocol was 
approved by Siriraj Institutional Review Board (COA no. 
Si 435/2022), and written parental consent was obtained  
prior to infant recruitment. The study was carried out 
at the high-risk nursery at Siriraj Hospital, Mahidol 
University in Bangkok, Thailand. In accordance with 
institutional protocol, hemodynamically stable preterm 
infants (<37 weeks of gestation) who did not require 
positive-pressure ventilation for respiratory compromise 
were admitted to the high-risk nursery. Infants with very 
low birthweight, respiratory compromise or hemodynamic 
instability were admitted to either intermediate care or 
the neonatal intensive care unit. Gestational age (GA) 
was determined using maternal ultrasonographic data 
from the first trimester, or when available, through 
postnatal clinical examination.
	 The enrolled infants satisfied the following inclusion 
criteria: 1) born within the GA range of 34 to 41 weeks, 2) 
postnatal age less than 14 days, 3) exhibited respiratory 
stability without requiring positive-pressure ventilation, 
maintained hemodynamic stability without requiring 
vasoactive agents, and 4) had a physician’s order for skin 
puncture procedures. The exclusion criteria included 
infants exhibiting signs of neonatal encephalopathy, 
such as abnormal movements, hypotonia, or apnea, as 
well as those with severe congenital anomalies. To ensure 
biological diversity and reduce potential biases, each 
infant was enrolled only once, and in cases of multiple 
pregnancies, only one twin was included to minimize 
the influence of genetic factors.
	 The care of neonates, including the choice of 
blood sampling, either heelstick or venipuncture, was 
determined at the clinical discretion of the attending 
physician. For procedures, a 25G needle was used for 
IM injections at the anterolateral thigh, a 24G needle 
for venipunctures or IV procedures, and a 28G needle 
for heelsticks. The institutional protocol for procedural 
pain control includes oral sucrose solution and non-
pharmacologic measures such as swaddling and non-
nutritive sucking. However, to allow for unobstructed 
assessment of facial expressions required for accurate pain 
scoring, non-nutritive sucking was not provided in this 

cohort. The infant was placed supine on a radiant warmer 
during the procedure. Cerebral oxygenation (CrSO2) was 
monitored using the INVOS 5100C device as part of the 
primary study, while oxygen saturation (SpO2) and heart 
rate were concurrently evaluated using the Nellcor™ 
Bedside SpO2 Patient Monitoring System with a MAXN 
sensor affixed to the infant’s right hand. The procedure 
adhered to standard protocols and included simultaneous 
video documentation for subsequent pain evaluation. 
The video recordings focused on capturing the infant’s 
facial expressions and monitoring heart rate and SpO2, 
providing a comprehensive evaluation of responses to 
the procedures. Pain assessment was conducted using 
the Premature Infant Pain Profile-Revised (PIPP-R) 
score.16 A single assessor (PT), blinded to the type and 
duration of each procedure, analyzed the recordings to 
ensure unbiased evaluation. The intraclass correlation 
coefficients for PIPP-R scores was 1.00. Another co-
author (SR) independently extracted procedure-related 
variables from the same set of video recordings to minimize 
ascertainment bias. 

Statistical analysis
	 This secondary analysis included all eligible 
infants from the parent cohort (n = 59) who underwent 
skin‑puncture procedures including heelstick, venipuncture, 
or intramuscular injection during the study period.14 

Demographic characteristics were reported as numbers 
(percentages), mean ± standard deviation (SD), or median 
[25th, 75th percentile], depending on variable type and 
distribution. Correlations between gestational age or 
procedure duration and pain scores were assessed using 
Pearson correlation coefficients (r). Differences in PIPP-R 
scores across groups exposed to specific variables were 
analyzed using the Mann-Whitney U or Kruskal-Wallis 
tests. Potential factors associated with pain scores were 
identified through univariate linear regression, with 
variables showing p <0.2 further evaluated via backward 
multiple linear regression analysis. Results were reported 
as regression coefficients with 95% confidence intervals 
(CI). Statistical analyses were performed using SPSS version 
29.0, with p <0.05 considered statistically significant.

RESULTS
	 This secondary analysis included 59 procedures from 
59 infants, of whom 29 (49.2%) were born at a gestational 
age (GA) ≥ 37 weeks, and 22 (37.3%) were classified as 
low birthweight (LBW; birthweight <2,500 g). Maternal 
and infant demographic characteristics are detailed in 
Table 1. The median postnatal age at the time of the 
procedures was 5 [2, 18] hours. Among the procedures, 
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TABLE 1. Maternal and infant demographic characteristics.

Mothers (n = 59)	

	 Age (year)	 30.9 ± 5.7

	 Gestational age (week)	 36 [35,38]

	 Twin pregnancy	 3 (5.1)

	 Hypertension related condition	 6 (10.2)

	 Diabetes	 18 (30.5)

	 Antenatal magnesium sulphate	 3 (5.1)

	 Antenatal dexamethasone	 24 (40.7)

	 Systemic intrapartum pain control	 13 (22)

	 Cesarean section	 30 (50.8)

Infants (n = 59)	

	 Birth weight (g)	 2,690 ± 520

	 Male sex 	 34 (57.6)

	 1-minute Apgar score	 8 [8,9]

	 5-minute Apgar score	 10 [9,10]

	 Birth resuscitation	 8 (13.6)

	 Small-for-gestational age 	 9 (15.3)

	 Large-for-gestational age	 4 (6.8)

	 Postnatal age (hour)	 5 [2,18]

Data are presented as mean ± SD, number (%), or median [P25, P75]. * p <0.05 indicates statistical significance.

31 (52.5%) were venipunctures for intravenous (IV) fluid 
administration, 15 (25.4%) were intramuscular (IM) 
injections, and 13 (22%) were heelsticks. Five infants 
(8.5%) received oral glucose solution for pain relief. The 
median procedure durations were 34 [5, 51] seconds for 
venipunctures, 11 [6, 12] seconds for IM injections, and 
1 [1, 1] second for heelsticks. The median PIPP-R score 
across all procedures was 11.0 [7.0, 14.0]. A weak positive 
correlation was observed between GA and PIPP-R scores 
(r= 0.32, p= 0.01) but no significant correlation was 
found between procedure duration and PIPP-R scores 
(r= -0.06, p= 0.68).
	 Table 2 summarizes the associations between 
maternal and infant factors and PIPP-R scores, using 
both univariate and multiple regression analyses. Infants 
who received oral sucrose solution had significantly 
lower PIPP-R scores compared to those who did not, 
with an unadjusted regression coefficient of -6.8 (95% 
CI: -10.9, -2.7; p = 0.002). This association remained 

robust after adjustment, with an adjusted coefficient of 
-6.4 (95% CI: -9.4, -3.3; p < 0.001). LBW was associated 
with lower PIPP-R scores. In the univariate analysis, 
the regression coefficient was -5.3 (95% CI: -7.5, -3.2;  
p < 0.001), and this association persisted in the adjusted 
analysis, with a coefficient of -2.9 (95% CI: -4.8, -1.1; p = 
0.002). Postnatal age <48 hours was significantly associated 
with higher PIPP-R scores. The univariate regression 
coefficient was 3.2 (95% CI: 0.0, 6.5; p = 0.05), and this 
association strengthened in the adjusted analysis, with 
a coefficient of 5.8 (95% CI: 3.3, 8.4; p < 0.001).
	 The type of procedure also significantly influenced 
pain scores. IM injections were associated with the highest 
PIPP-R scores compared to venipunctures, with an 
adjusted regression coefficient of 4.6 (95% CI: 2.3, 6.8;  
p < 0.001). Heelstick procedures had higher PIPP-R 
scores compared to venipunctures, with an adjusted 
coefficient of 2.8 (95% CI: 0.6, 5.0; p = 0.02).
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TABLE 2. Factors associated with PIPP-R scores.

	 	 	 	 	 	 Univariate linear		 Multiple linear 
Factors	 n	 PIPP-R	 p*	 regression analysis	 regression analysis
	 	 	 	 scores	 	 Coefficient	 	 Coefficient
	 	 	 	 	 	 (95% CI)	 p†	 (95% CI)	 p*

Mothers (n = 59)	 	 	 	 	 	 	

	 Systemic intrapartum pain control			   0.50	 -1.3 (-4.3,1.6)	 0.37		
		  No	 46	 11.5 [7.0,14.0]					   
		  Yes	 13	 10.0 [3.0,14.5]					   

	 Antenatal magnesium sulphate			   0.01*	 -5.1 (-10.6,0.4)	 0.07†	 -2.7 (-6.5,1.1)	 0.17
		  No	 56	 12.0 [7.0,14.0]					   
		  Yes	 3	 5.0 [4.0,-]					   

	 Antenatal dexamethasone			   0.19	 -1.5 (-4.0,1.0)	 0.25		
		  No	 35	 12.0 [7.0,15.0]					   
		  Yes	 24	 10.5 [4.3,13.0]					   

	 Cesarean section			   0.86	 -0.3 (-2.8,2.2)	 0.82		
		  No	 29	 12.0 [7.0,14.0]					   
		  Yes	 30	 11.0 [4.8,14.0]					   

Infants (n = 59)	 	 	 	 	 	 	

	 Birthweight <2,500 g			   <0.001*	 -5.3 (-7.5,-3.2)	 <0.001†	 -2.9 (-4.8,-1.1)	 0.002*
		  No	 37	 13.0 [11.0,15.0]					   
		  Yes	 22	 5.0 [3.0,10.3]					   

	 Gestational age <37 weeks			   0.06	 -2.1 (-4.5,0.3)	 0.09†		
		  No	 29	 12.0 [7.5,15.0]					   
		  Yes	 30	 10.5 [4.0,13.0]					   

	 Postnatal age <48h 			   0.03*	 3.2 (0.0,6.5)	 0.05†	 5.8 (3.3,8.4)	 <0.001*
		  No	 49	 11.0 [5.0,13.0]					   
		  Yes	 10	 14.5 [9.5,15.3]					   

	 Female sex 			   0.87	 -0.1 (-2.6,2.4)	 0.95		
		  No	 34	 12.0 [6.3,14.0]					   
		  Yes	 25	 11.0 [6.0,14.5]					   

	 Resuscitation			   0.38	 1.8 (-1.8,5.4)	 0.33		
		  No	 51	 11.0 [5.0,14.0]					   
		  Yes	 8	 13.0 [10.3,14.0]					   

	 Size-for-gestational age			   0.21				  
		  Appropriate-for-gestational age 	 46	 11.0 [6.5,15.0]		  Reference			 
		  Small-for-gestational age 	 9	 7.0 [3.5,12.5]		  -2.4 (-5.8,1.0)	 0.17†		
		  Large-for-gestational age	 4	 13.5 [12.3,14.0]		  2.9 (-2.0,7.8)	 0.24		

	 Glucose oral solution			   0.004*	 -6.8 (-10.9,-2.7)	 0.002†	 -6.4 (-9.4,-3.3)	 <0.001*
		  No	 54	 12.0 [7.0,14.3]					   
		  Yes	 5	 4.0 [2.0,6.0]					   

	 Procedure duration <1 minute			   0.54	 -1.0 (-4.3,2.4)	 0.56		
		  No	 10	 12.5 [8.5,15.0]					   
		  Yes	 49	 11.0 [6.0,14.0]					   

	 Procedure type 			   0.007*				  
		  Intravenous	 31	 9.0 [6.5,12.8]		  Reference			 
		  Intramuscular	 15	 14.0 [12.0,15.0]		  4.4 (1.6,7.2)	 0.002†	 4.6 (2.3,6.8)	 <0.001*
		  Heelstick	 13	 9.5 [6.5,12.8]		  0.5 (-2.4,3.4)	 0.74	 2.8 (0.6,5.0)	 0.02*
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DISCUSSION
	 This study investigated factors influencing pain 
scores in late preterm and term infants undergoing 
routine procedures. By focusing on hemodynamically 
stable infants, the findings are broadly applicable to a low-
risk neonatal population. Using the PIPP-R, a validated 
pain assessment tool that incorporates gestational age, 
behavioral, and physiological indicators, we observed that 
even brief procedures resulted in PIPP-R scores within 
the moderate to severe range (interquartile range: 7–14). 
These findings highlight the importance of implementing 
pain mitigation strategies during routine neonatal care, 
regardless of procedure duration.17 
	 Interestingly, LBW infants were associated with 
lower PIPP-R scores, with a regression coefficient of -2.9 
(95% CI: -4.8, -1.1). LBW infants are often preterm or 
experience fetal growth restriction, which can result in 
developmental immaturity that impacts their behavioral 
and physiological pain responses.17 These infants may 
exhibit less pronounced facial expressions or movements, 
partly due to underdeveloped motor control and limited 
energy reserves.8 Additionally, postnatal illnesses such 
as hypoglycemia, commonly seen in LBW infants, may 
further blunt their responses to painful stimuli.  
	 Although not statistically significant, our findings 
showed lower pain scores in infants whose mothers 
received MgSO4. This may reflect a potential dampening 
effect of MgSO4 on the infant’s ability to respond to 
painful stimuli or a direct neuromodulatory action. 
Given the small number of exposed infants in our study, 
this observation should be interpreted with caution and 
warrants further investigation. 
	 While this study included infants with GA starting 
at 34 weeks, where late preterm infants receive an 
additional point on the PIPP-R score due to their GA 
indicator, our findings revealed that term infants had 
higher PIPP-R scores compared to late preterm infants. 
Despite this adjustment, term infants exhibited higher 
PIPP-R scores, and a weak positive correlation between 
GA and PIPP-R scores was observed. This correlation 
suggests that advancing GA might contribute to slightly 
heightened pain perception or expression. However, 
these findings indicate that the additional scoring point 
for late preterm infants did not significantly impact 
the overall pain score. This aligns with our previous 
findings showing no significant differences in cerebral 
oxygenation responses between late preterm and term 
infants,14 emphasizing that factors other than GA likely 
play a more critical role in shaping pain perception in this 
population. Unexpectedly, postnatal age <48 hours was 
associated with higher PIPP-R scores, with a regression 

coefficient of 5.8 (95% CI: 3.3, 8.4). The selection of 48 
hours as a cutoff assumed that neonates beyond this age 
would have transitioned through the critical phase of 
postnatal adaptation. This finding may be explained by 
the reduced exposure to medical interventions in neonates 
under 48 hours old, as the intensity of acute postnatal care 
typically decreases after this period. The lower procedural 
frequency may result in reduced cumulative stress and 
less sensitization to painful stimuli, potentially explaining 
the lower pain scores. Additionally, neonates older than 
48 hours may exhibit better behavioral regulation, further 
attenuating their pain responses. 
	 The duration of the procedure did not significantly 
correlate with pain scores (r = -0.06, p = 0.68). However, 
the procedural route significantly influenced pain intensity, 
with IM punctures resulting in higher PIPP-R scores 
compared to IV and heelstick procedures. Factors such 
as the depth of needle insertion, muscle contractions, and 
localized tissue drug accumulation during IM injections 
likely contribute to more intense nociceptor activation 
compared to the more superficial nature of IV or heelstick 
procedures. In this study, the needle sizes used were 25G 
for IM injections, 24G for IV procedures, and 28G for 
heelsticks. Although the IM needle was slightly larger 
than the heelstick needle, it was not the primary factor 
contributing to the increased pain scores. Previous research 
in adults has shown no significant association between 
needle gauge and pain response.18 Instead, the deeper 
tissue penetration and mechanical irritation of muscle 
fibers during IM injections may trigger stronger muscle 
contractions and nociceptor activation.19 Additionally, 
the localized accumulation of injected substances in 
muscle tissue likely amplifies discomfort compared to the 
smaller, more superficial punctures of  IV and heelstick 
procedures. Our findings indicate that PIPP-R scores 
for heelstick procedures were higher than those for IV 
procedures [regression coefficients 2.8 (95% CI: 0.6, 5.0), 
p = 0.02]. This trend aligns with findings from a meta-
analysis conducted in term infants20, which suggests that 
IV routes should be prioritized when feasible to reduce 
pain intensity.  Given the necessity of IM injections for 
routine neonatal care, such as vitamin K administration 
and vaccinations, it is crucial to implement effective 
analgesic measures to minimize discomfort, even for 
brief procedures. Strategies such as oral sucrose solution, 
swaddling, or facilitated tucking should be considered 
to improve procedural comfort and reduce pain.5,17 
	 Oral sucrose solution demonstrated significant 
efficacy in reducing pain, with neonates receiving sucrose 
exhibiting lower PIPP-R scores compared to those who 
did not [regression coefficients: -6.4 (95% CI: -9.4, -3.3);  
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p < 0.001]. Its analgesic effect, mediated through activation 
of endogenous opioid pathways, aligns with previous 
studies documenting reduced pain and distress during 
procedures such as heelsticks, venipunctures, and IM 
injections.21,22 However, only 8.5% of neonates in this 
study received sucrose, highlighting gaps in protocol 
adherence. To address this, a quality improvement project 
has been initiated to promote consistent and efficient 
use of oral sucrose for procedural pain management. 
	 This study has several strengths, including its 
focus on routine neonatal procedures and the use of 
PIPP-R, a widely accepted pain assessment tool. Blinding 
assessors to procedure type and duration minimized 
bias, enhancing validity. Nevertheless, certain limitations 
exist. The analyzed procedures were brief and may not 
fully reflect pain responses to longer or more invasive 
interventions. Additionally, all included late preterm and 
term infants were hemodynamically stable, which likely 
reduced variability in physiological responses. Critically 
ill neonates, such as very preterm infants or those with 
hemodynamic instability, may exhibit more pronounced 
differences in pain responses,23 highlighting the need 
for further investigation. PIPP-R scores may partially 
capture anxiety rather than pain alone, suggesting the 
need for exploring complementary non-pharmacological 
interventions such as swaddling or facilitated tucking. 
Finally, our findings must be considered in light of 
the relatively small sample inherent to this secondary 
analysis. Because our cohort size was determined by the 
parent study, no pre-specified sample size calculation 
was possible, and we may have been underpowered to 
detect associations for less common variables or modest 
effect sizes. Although this limitation cannot be remedied 
retrospectively, the trends and confidence intervals we 
observed offer valuable insights and generate hypotheses 
for further investigation. Larger, prospectively powered 
studies in more diverse neonatal populations will be 
essential to validate and extend these results and to 
deepen our understanding of how infant characteristics 
and procedural factors influence pain responses.

CONCLUSION
	 IM injections were associated with higher pain scores 
compared to IV procedures or heelsticks. Gestational age 
demonstrated a weak correlation with pain scores, while 
procedure duration did not influence pain levels. Lower 
pain scores were observed in LBW infants, whereas higher 
scores were observed in those <48 hours postnatal. Oral 
sucrose solution was effective in reducing pain. These 
findings underscore the critical need for consistent pain 
mitigation strategies to enhance procedural comfort in 
neonates.
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ABSTRACT
Objective: To evaluate the effectiveness of stepwise administration of carbetocin in reducing postpartum hemorrhage 
(PPH) in term pregnancies undergoing elective cesarean delivery. 
Materials and Methods: This study included term pregnancies scheduled for cesarean delivery. Exclusion criteria 
were a BMI ≥ 35 kg/m2, any underlying medical conditions that contraindicated the use of carbetocin and conditions 
affecting uterine contraction. Following newborn delivery, an initial dose of 50 µg of carbetocin was administered, 
with a subsequent 50 µg given if uterine contraction was inadequate. The primary outcome was the incidence of PPH 
exceeding 500 mL, while secondary outcomes included total blood loss ≥ 1,000 mL, administration of additional 
uterotonic agents, adverse effects, other pregnancy-related and surgical outcomes. 
Results: Of  the 152 pregnant women analyzed, adequate uterine contraction was observed in 69.7% of cases after 
the first carbetocin dose, with an additional 19.7% achieving adequate contraction after the second dose. Estimated 
blood loss exceeding 500 mL was 32.9% and exceeding 1,000 mL was 2.0% of cases, respectively. Recalculations 
based on pre- and post-hematocrit levels indicated higher rates of blood loss: more than 500 mL in 45.4% and over 
1,000 mL in 13.8%. No serious adverse events or complications were reported. 
Conclusion: The stepwise regimen demonstrated an effectiveness of 69.7% in preventing postpartum hemorrhage 
(PPH) during elective cesarean deliveries with the initial 50 µg dose, which increased to 89.4% following the 
administration of a second dose.

Keywords: Carbetocin; stepwise administration; cesarean delivery; postpartum hemorrhage (Siriraj Med J 2025; 
77: 513-522)

INTRODUCTION
	 Postpartum hemorrhage is the leading cause of 
maternal mortality worldwide.1 While women with 
high-risk factors—such as prolonged third stage of labor, 
pregnancy-induced hypertensive disorders, uterine atony, 
birth canal injury, or retained placental tissue—are 
particularly susceptible, postpartum hemorrhage can 
also occur in low-risk pregnancies, regardless of the mode 
of delivery.1,2 To reduce its incidence, the administration 
of uterotonic agents in the third stage of labor is a critical 
intervention.3 Carbetocin is a next-generation synthetic 
oxytocin that acts as a long-acting oxytocin agonist. 
It is used to prevent postpartum hemorrhage (PPH) 
by promoting rhythmic uterine contractions.4 Recent 
meta-analyses have confirmed that carbetocin reduces 
the need for additional uterotonic agents compared 
with oxytocin in preventing PPH, particularly in elective 
cesarean delivery.5,6 
	 Determining the optimal dosage of carbetocin for 
PPH prevention remains a question. Initially, the standard 
dose of carbetocin (100 µg) was proved to be effective 
for preventing PPH after cesarean delivery and was 
recommended to be the 1st line drug for PPH prevention 
in guidelines.7,8 The standard dose of carbetocin, set at 
100 µg, was based on the equivalent dose of oxytocin 5 
IU.4 However, in a sequential allocation trial, the effective 
dose for 90% of cases (ED90) was found to be 14.8 µg of 
carbetocin.9 Among obese women (BMI ≥ 40 kg/m2) the 

minimum effective dose of carbetocin was 62.9 µg.10 In 
pregnant women with abnormal labor and a history of 
oxytocin usage curves who underwent cesarean delivery, 
the minimum effective dose was 121 µg of carbetocin.11 

	 In two studies, a wide range of carbetocin doses 
(20-120 µg) was administered but, the results were 
inconclusive.12,13 Similar to those of oxytocin, carbetocin 
has some adverse effects, including nausea, vomiting, 
headache, hypotension, and chills.1 Therefore, reducing 
the dose may also reduce adverse effects. We hypothesized 
that a half dose of carbetocin (50 µg) would be both 
sufficient and practical for effectively reducing PPH in 
pre-labor cesarean delivery. The aim of this prospective 
study was to analyze the effects of stepwise administration 
of carbetocin (50 µg/step) in reducing PPH in term 
pregnancies undergoing cesarean delivery.

MATERIALS AND METHODS 
	 The study protocol was approved by the Institutional 
Review Board (IRB) on April 18, 2022 (COA No. Si 
313/2022). This prospective study was conducted from 
January 1st to June 30th, 2023. The study employed a 
stepwise approach using carbetocin in women undergoing 
a pre-labor cesarean section. The inclusion criteria were 
women with a term singleton pregnancy scheduled for 
elective cesarean delivery at Siriraj Hospital. The exclusion 
criteria were women with a history of carbetocin allergy, 
cardiovascular, liver, kidney diseases, epilepsy, migraine, 
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or asthma.  Additionally, obese women (BMI ≥ 35 kg/m2) 
and those with high-risk pregnancies affecting uterine 
contractility, such as preeclampsia, placenta previa, 
placenta accreta spectrum (PAS), polyhydramnios, uterine 
structural abnormalities, hematologic diseases, were 
excluded. Women who had received tocolytic drugs within 
24 hours preoperatively were also excluded. The standard 
anesthetic approach for pregnant women undergoing 
cesarean section is regional anesthesia (spinal or epidural 
anesthesia). Therefore, cases requiring conversion to general 
anesthesia, which might impact uterine contraction, are 
excluded from this study. 
	 After obtaining informed consent, blood samples 
for a complete blood count were collected the day prior 
to surgery. Characteristics of the women were recorded. 
Carbetocin was prepared in advance from a 100 µg ampule 
(Duratocin®, Ferring Pharmaceutical Co., Ltd, Thailand), 
divided into two syringes, and diluted with normal saline 
to 5 mL per syringe by a hospital pharmacist on the day 
of surgery. Women underwent cesarean delivery under 
spinal anesthesia, which was administered using local 
anesthetic combined with intrathecal morphine, with 
standard intraoperative monitoring. Following fetal 
delivery and clamping of the umbilical cord, a 50-µg dose 
of diluted carbetocin was administered intravenously. The 
assessment of uterine contraction was performed through 
manual palpation by the surgeon, and was categorized as 
strong, moderate, weak, or absent. If after two minutes 
of administration, uterine contraction was assessed weak 
or absent, a second dose of 50 µg was administered. 
Additional uterotonic agents were administered if uterine 
contractions remained inadequate. The anesthesia team 
monitored and recorded the pulse and blood pressure 
before surgery, before drug administration, and then two 
minutes after administration, and subsequently every 
five minutes for 30 minutes. Any adverse effects within 
the first 24 hours post-operatively were documented 
by interviewing the patient, with medications used for 
treatment recorded. To estimate blood loss during surgery, 
the anesthesiologist documented the volume of blood 
collected in the suction canister and from weighed soaked 
gauzes or swabs. Twenty-four hours postoperatively, a 
blood sample was obtained from the patient for a complete 
blood count (CBC), and the results were subsequently 
used to calculate the volume of blood loss utilizing the 
‘Gross formula’, a method for assessing blood loss based 
on changes in hematocrit levels.14 
	 The primary outcome of this study was the incidence of 
PPH (blood loss ≥ 500 mL).1 Secondary outcomes included 
total blood loss, blood loss ≥ 1,000 mL, administration 
of additional uterotonic agents, adverse effects, other 

pregnancy-related and surgical outcomes including 
operative time, pre- and post-operative hemoglobin 
and hematocrit levels, adverse events after operation.
	 The sample size was calculated based on 2022 data 
from Siriraj Hospital. The retrospective data of 50 pregnant 
women undergoing elective cesarean delivery in early 
2022 showed average rate of blood loss exceeding 500 
mL following cesarean delivery was 40%. Considering a 
type I error rate of 0.05 and a power of 0.8, the calculated 
sample size was 145. To account for potential dropout, 
an additional 10% was added, bringing the total to 160 
pregnant women.

Statistical analyses
	 Data analysis was conducted using SPSS Statistics 
version 18.0 for Windows (IBM Corp., Armonk, NY, 
USA). Descriptive data were presented as numbers and 
percentages (n, %) for categorical variables and as mean ± 
standard deviation (SD) or median (IQR) for continuous 
variables, depending on data distribution. 
	 Normality of continuous variables was assessed 
using the Kolmogorov-Smirnov or Shapiro-Wilk test. 
If normally distributed, variables were summarized 
as mean ± SD and compared using the independent 
t-test or one-way ANOVA. If non-normally distributed, 
data were reported as median (IQR) and compared 
using the Mann-Whitney U test or the Kruskal-Wallis 
test. Categorical variables were presented as n (%) and 
compared using the Chi-square test. Fisher’s exact test 
was used when any expected count was <5. A p-value  
< 0.05 was considered statistically significant.
	 To identify factors associated with the need for an 
additional dose of carbetocin, univariate analysis was first 
performed for each predictor variable. Variables with p  
≤ 0.2 in the univariate analysis were considered for further 
evaluation in multivariate analysis. Multivariate logistic 
regression was then conducted using SPSS stepwise regression 
(both forward and backward selection), which iteratively 
adds or removes variables based on statistical significance 
criteria. The final model retained only independent 
predictors with p-values < 0.05. Results were reported as 
odds ratios (ORs) with 95% confidence intervals (CIs). A 
p-value of < 0.05 was considered statistically significant.

RESULTS
	 A total of 471 pregnant women participated, with 152 
included (Fig 1). Scheduled cesarean deliveries occurred 
at approximately 38 weeks of gestation. The majority 
of pregnant women were overweight (55.3%) or obese 
(13.8%). Maternal anemia (Hb <11 g/dL) was observed 
in 19.7% of cases (Table 1). 



Volume 77, No.7: 2025 Siriraj Medical Journal https://he02.tci-thaijo.org/index.php/sirirajmedj/index516

Fig 1. Flowchart of the study cohort.

TABLE 1. Characteristics of study population (N=152).

Characteristic	 Mean ± SD or N (%) 	
	 	 (n=152)

Age (year)	 34.01 ± 4.78

Body weight on admission (kg)	 69.10 ± 9.85

Weight gain (kg)	 13.58 ± 5.03

Gestational age (week)	 38.18 ± 0.55

BMI (kg/m2)	 26.65 ± 3.35

BMI (kg/m2)

	 Underweight (<18.5)	 2 (1.3)

	 Normal weight (18.5-24.9)	 45 (29.6)

	 Overweight (25.0-29.9)	 84 (55.3)

	 Obesity (30.0-35.0)	 21 (13.8)

Baseline hemoglobin (g/dL) 	 11.95 ± 1.03

Baseline hematocrit (%)	 36.42 ± 2.94

Maternal anemia	 30 (19.7)

Fetal birth weight (g)	 3122.76 ± 377.94

	 Carbetocin was effective as a single dose in 69.7% 
(106/152, 95% CI: 0.624–0.770), while 30.3% (46/152, 
95% CI: 0.230–0.376) required an additional dose, with 
10.5% also receiving other uterotonic agents. Based on 
the estimate of the anesthesiologist, 32.9% of pregnant 
women experienced blood loss exceeding 500 mL and 
2.0% exceeded 1,000 mL, increasing to 45.4% and 13.8%, 
respectively, when assessed by hematocrit changes. Those 
requiring a second dose or additional uterotonic agents 
had significantly greater blood loss and hematologic 
changes (P < 0.05). Hypotension (≥20% decrease in SBP 
or DBP) occurred in 74% (113/152) of pregnant women, 
with 48% (54/113) requiring vasopressors. Vasopressor 
use did not differ significantly between groups (50 µg: 
34% vs. 100 µg: 39%, P ≥ 0.05). No severe adverse events 
occurred, and adverse effects did not differ between groups  
(Table 2).
	 Table 3 demonstrates median (IQR) values for pulse 
rate, SBP, and DBP post-carbetocin administration. Median 
vital sign changes were minimal, with no significant 
differences in pulse rate and SBP (P ≥ 0.05). However, 
DBP was significantly lower in the 100 µg group at 2 
and 5 minutes post-administration (49.0 (17) vs. 57.0 
(14) mmHg, P < 0.01 at 2 min; 49.0 (14) vs. 56.0 (12) 
mmHg, P < 0.01 at 5 min). 
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TABLE 2. Outcomes and factors associated with the stepwise protocol (N=152).

	  	 N (%) 	 Carbetocin dose N (%)

	 	 (n=152)	 50 ug group (n=106) 	 100 ug group (n=46) 	
p-value*

Parity

	 Nullipara	 72 (47.4)	 58 (54.7)	 14 (30.4)	 0.01

	 Multipara	 80 (52.6)	 48 (45.3)	 32 (69.6)	

Previous cesarean section

	 Yes	 70 (46.1)	 43 (40.6)	 27 (58.7)	 0.04

	 No	 82 (53.9)	 63 (59.4)	 19 (41.3)	

Surgeon

	 Attending physician	 99 (65.1)	 84 (79.2)	 15 (32.6)	 <0.001

	 Resident	 53 (34.9)	 22 (20.8)	 31 (67.4)	

Maternal anemia 	 30 (19.7)	 22 (20.8)	 8 (17.4)	 0.63

 (Before cesarean section)	

Maternal anemia 	 79 (52.0)	 53 (50.0)	 26 (56.5)	 0.46

 (After cesarean section)	

Need of additional uterotonic agents 	 16 (10.5)	 0 (0.0)	 16 (34.8)	 <0.001

Need of vasopressor drugs	 54 (35.5)	 36 (34.0)	 18 (39.1)	 0.54

Operative time	 55.7 (18.2)	 51.9 (17.0)	 64.4 (17.9)	 <0.01

Blood loss

   Estimated blood loss	

   < 500 mL	 99 (65.1)	 82 (77.4)	 17 (37.0)	 <0.001

   ≥ 500-999 mL	 50 (32.9)	 23 (21.7)	 27 (58.7)	 <0.001

   ≥ 1,000 mL	 3 (2.0)	 1 (0.9)	 2 (4.3)	 0.17

   Calculated blood loss

   < 500 mL	 62 (49.6)	 57 (51.0)	 8 (17.4)	 0.03

   ≥ 500-999 mL	 69 (45.4)	 42 (39.6)	 27 (58.7)	 0.03

   ≥ 1,000 mL	 21 (13.8)	 10 (9.4)	 11 (23.9)	 0.02

Adverse effects

	 Headache	 3 (2.0)	 3 (2.8)	 0 (0.0)	 0.25

	 Dizziness	 24 (15.8)	 16 (15.1)	 8 (17.4)	 0.72

	 Nausea/vomiting	 63 (41.4)	 40 (37.7)	 23 (50.0)	 0.16

	 Flushing	 4 (2.6)	 1 (0.9)	 3 (6.5)	 0.05

	 Bitterness	 10 (6.6)	 6 (5.7)	 4 (8.7)	 0.49

	 Chills	 28 (18.4)	 19 (17.9)	 9 (19.6)	 0.81

	 Shivering	 15 (9.9)	 12 (11.3)	 3 (6.5)	 0.36

	 Pruritus	 74 (48.7)	 55 (51.9)	 19 (41.3)	 0.23
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TABLE 2. Outcomes and factors associated with the stepwise protocol (N=152). (Continue)

		  Mean ± SD	 Mean ± SD 	 	 p-value*
	 	 (n=152)	 50 ug (n=106)	 100 ug (n=46)	

Estimated blood loss (mL)	 416.1 ± 179.2	 378.8 ± 161.5	 502.2 ± 189.7	 <0.001

Postoperative hemoglobin (g/dL)	 11.9 ±1.0	 11.9 ±1.0	 12.1 ± 1.0	 0.16

Postoperative hematocrit (%)	 36.4 ± 2.9	 36.2 ± 3.0	 36.9 ± 2.8	 0.16

Postoperative hemoglobin (g/dL)	 11.0 ± 1.2	 11.0 ± 1.2	 10.9 ± 1.3	 0.57

Postoperative hematocrit (%)	 33.4 ± 3.4	 33.5 ± 3.3	 33.2 ± 3.7	 0.52

		  Median (IQR) 	 Median (IQR)	 	 p-value*
	 	 (n=152) 	 50 ug (n=106)	 100 ug (n=46)	

Calculated blood loss (mL)	 419.6 (625.0)	 364.5 (577.0)	 555.9 (820.0)	 0.02

Change of Hemoglobin (g/dL)	 0.9 (1.4)	 0.8 (1.2)	 1.3 (1.6)	 0.03

Change of Hematocrit (%)	 2.7 (4.1)	 2.4 (3.75)	 3.6 (4.7)	 0.03

* Statistical significance (P<0.05)
Abbreviations: SD: standard deviation, IQR: interquartile range

	 Multiparity, previous cesarean delivery, resident 
and operative time were identified as significant factors 
in the univariate analysis (Table 2). However, the only 
significant predictor of requiring an additional carbetocin 
dose was surgeries performed by residents (OR: 7.9, 
95% CI: 3.6–17.1, P < 0.001), whereas multiparity and 
prior cesarean delivery were not retained in the final 
model (P > 0.05) (Table 4). Additionally, surgeries 
performed by residents were significantly longer than 
those conducted by attending physician (68.3 ± 17.8 vs. 
49.0 ± 14.5 minutes, P < 0.01). However, the incidence 
of PPH did not significantly differ between groups. The 
proportion of cases with blood loss ≥ 500 mL was 44.4% 
in faculty-performed surgeries and 47.2% in resident-
supervised surgeries (P > 0.05). For blood loss ≥ 1,000 
mL, the rates were 11.1% and 18.9%, respectively (P  
> 0.05).

DISCUSSION
	 This study demonstrated that a single 50 µg dose 
of carbetocin effectively prevented PPH after cesarean 
delivery in 69.7% of cases, while 30.3% required an 
additional dose. Pregnant women requiring additional 
uterotonic agents experienced greater blood loss and 
more pronounced hematologic changes. However, no 

severe adverse events were reported. These findings 
support the efficacy of carbetocin in reducing the need 
for additional uterotonic agents.
	 Postpartum hemorrhage is the leading cause of maternal 
mortality worldwide.3 Current evidence unequivocally 
supports the pivotal role of medical interventions in reducing 
the incidence of PPH. According to a meta-analysis by  
Gallos et al., carbetocin may be considered as the preferred 
agent for preventing PPH during elective cesarean deliveries.6 
While its efficacy in this context has been well established, 
the cost-effectiveness of carbetocin remains the subject of 
debate in clinical practice. Studies conducted in developed 
countries have demonstrated its cost-effectiveness and 
potential to reduce overall patient care costs; however, 
these findings have not been consistently replicated in 
developing countries.15-17 Based on the findings of this 
study, reducing the carbetocin dosage to 50 mcg may 
be a viable and clinically appropriate strategy. However, 
cost-effectiveness analyses of the half-dose regimen are 
needed to support its wider clinical implementation.
	 The potential for reducing carbetocin dosage to use 
for PPH prevention among elective cesarean deliveries has 
been demonstrated in clinical research. Previous studies 
indicate the efficacy of various carbetocin regimens, 
especially in lower doses, in sustaining sufficient uterine 

Buppawong et al.



Volume 77, No.7: 2025 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 519

Original Article SMJ

TABLE 3. Pulse and blood pressure after drug administration (N=152).

		  Median (IQR)	 Carbetocin dose
		  (n=152)	 Median (IQR)	 	 p-value*
	 	 	 50 ug (n=106)	 100 ug (n=46)	

Pulse (bpm)	 	 	
2 min	 91.0 (17)	 90.5 (16)	 93.5 (16)	 0.35
5 min	 89.0 (19)	 88.5 (22)	 90.0 (14)	 0.88
10 min	 88.5 (15)	 90 (15)	 87.5 (18)	 0.42
15 min	 88.0 (16)	 88.0 (16)	 87.5 (16)	 0.99
20 min	 87.0 (17)	 86.0 (17)	 88.0 (17)	 0.86
25 min	 84.0 (18)	 83.0 (16)	 85.0 (20)	 0.32
30 min	 82.0 (16)	 82.0 (15)	 82.0 (20)	 0.67

Systolic blood pressure (mmHg) 	 	
2 min	 110 (16)	 111 (16)	 105 (21)	 0.06
5 min	 111 (17)	 112 (16)	 110 (21)	 0.32
10 min	 111 (15)	 109.5 (16)	 111 (16)	 0.33
15 min	 113 (17)	 112.5 (17)	 116.0 (18)	 0.50
20 min	 112 (19)	 111.0 (17)	 112.0 (20)	 0.25
25 min	 115 (16)	 114.5 (17)	 115.0 (18)	 0.40
30 min	 115 (15)	 115.0 (15)	 115.0 (14)	 0.76

Diastolic blood pressure (mmHg) 	 	
2 min	 54 (15)	 57.0 (14)	 49.0 (17)	 <0.01
5 min	 54 (14)	 56.0 (12)	 50.0 (13)	 <0.01
10 min	 53.5 (11)	 54.0 (13)	 53.0 (9)	 0.61
15 min	 55 (11)	 54.0 (11)	 58.5 (9)	 0.55
20 min	 56 (13)	 55.0 (11)	 57.0 (13)	 0.34
25 min	 60 (12)	 60.0 (12)	 60.0 (11)	 0.80
30 min	 61 (13)	 61.0 (13)	 63.0 (11)	 0.29

*Statistical significance (P<0.05)
Abbreviations: bpm: beat per minute, IQR: interquartile range

TABLE 4. Multiple logistic regression analysis of factors associated with 100 ug carbetocin.

Variable	 Multivariate analysis

	 	 beta	 SE	 χ²	 p-value*	 OR (95%CI)

Multiparity	 1.24	 0.79	 2.48	 0.12	 3.4 (0.74-16.01)

Previous CS	 -1.39	 0.80	 2.98	 0.08	 0.3 (0.05-1.21)

Operative time > 60 minutes	 -1.32	 0.50	 0.07	 0.79	 0.9 (0.33-2.31)

Resident	 2.29	 0.52	 18.83	 <0.01	 9.8 (3.50-27.61)

Constant	 -1.78	 0.34	 28.10 	 <0.01	 0.2

*Statistical significance (P<0.05), SE: standard errors, χ²: Wald χ², OR: odds ratios, and 95% CI: 95% confidence intervals, CS: cesarean 
section
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contraction during cesarean delivery across different 
patient conditions.9,10,13 Building on these findings, our 
study suggests that a reduced dose of 50 µg of carbetocin 
is adequate for promoting uterine contraction in elective 
cesarean deliveries. However, we excluded pregnant 
women with a BMI over 35 kg/m2 for ethical reasons, 
as these cases required carbetocin doses greater than 
50 µg.10 It’s important to note that despite excluding 
pregnancies preoperatively diagnosed with myomas, 
we encountered 8 cases with intraoperative diagnoses of 
myomas, highlighting the need for careful risk assessment 
when applying this stepwise protocol.
	 The stepwise administration of 50 µg of carbetocin 
demonstrated its efficacy in reducing PPH following 
elective cesarean delivery. In our study, two-third of 
pregnant women (69.7%) required only a single dose, 
while one-third (30.3%) required an additional dose. The 
need for additional uterotonic agents was low (10%), 
with no severe adverse events reported. These findings 
align with previous research highlighting carbetocin's 
role in minimizing PPH risk.5,18,19 
	 Blood loss during cesarean delivery is frequently 
underestimated due to the inherent limitations of traditional 
measurement techniques, such as suction canister readings 
and visual estimation of gauze saturation, both of which 
are susceptible to significant error. Our analysis revealed 
that conventional estimates underreported blood loss 
by a factor of 0.7 for cases exceeding 500 mL (32.9% 
estimated vs. 45.4% recalculated) and by a factor of seven 
for losses greater than 1,000 mL (2.0% estimated vs. 13.8% 
recalculated). While hematocrit-based recalculations 
provide a more objective assessment, their accuracy 
remains influenced by intraoperative fluid administration 
and physiological variations. Despite these constraints, 
hematocrit-based estimation represents an improvement 
over the conventional method. To further enhance accuracy 
and optimize postpartum hemorrhage management in 
cesarean deliveries, the implementation of advanced 
quantitative blood loss measurement tools, similar to 
those used in vaginal deliveries, may improve accuracy 
and enhance PPH management in cesarean deliveries.20,21 

Multiple logistic regression analysis identified surgical 
inexperience as a significant factor associated with the 
need for additional doses of carbetocin. Conducted at 
a tertiary care center, our residency training program 
follows a standard structure comparable to other university 
hospitals worldwide. First-year residents assisted in 
cesarean delivery under faculty supervision, progressing 
to independent performance in later years, with oversight 
and consultation available as needed. In practice, the 
decision to administer an additional dose was guided by 
the study protocol rather than anesthesiologist warnings 

or concerns about liability for PPH. Nevertheless, the 
diverse levels of experience among these surgeons may 
have impacted their decisions regarding the administration 
of additional doses of carbetocin. While residents were 
more likely to administer an additional dose, the study 
found no significant difference in the incidence of PPH 
between surgeries performed by residents and those 
performed by faculty. This finding suggests that surgical 
experience affects clinical decision-making during cesarean 
delivery rather than directly influencing the occurrence 
of complications.
	 In line with prior research, the most frequently 
reported adverse effects included pruritus (48.7%), 
nausea/vomiting (41.4%), chills (18.4%), and dizziness 
(15.8%).11,22,23 Hypotension was also prevalent, and observed 
in 74.3% of pregnant women, with a subset requiring 
vasopressor intervention. It’s important to note that some 
of these adverse effects cannot be definitively attributed 
to carbetocin alone as they could be caused by other 
anesthetic agents used during surgery. For example, 
spinal block anesthesia can cause a drop in diastolic blood 
pressure (DBP) due to reduced parasympathetic tone 
and intrathecal morphine is known to cause pruritus, 
as well as nausea and vomiting. Nevertheless, it’s worth 
emphasizing that all these clinical manifestations were 
not severe and were manageable.
	 A major strength of this study is its prospective 
experimental design, which provides a structured 
evaluation of a low-dose carbetocin regimen with a 
stepwise administration protocol in a real-world setting.  
The preparation of the diluted carbetocin dose was 
conducted under strict quality control by the Siriraj 
pharmacist unit, ensuring accuracy and consistency. 
Additionally, blood loss assessment incorporated both 
intraoperative estimates and an objective standardized 
equation based on pre- and postoperative hematocrit 
levels, offering a more comprehensive evaluation of 
actual blood loss.
	 However, the study has certain limitations. As 
a single-center study, the findings are influenced by 
institutional protocols and patient demographics, which 
may limit their direct applicability to other healthcare 
settings. Nevertheless, the documentation and analysis of 
clinical practice in a controlled manner provide valuable 
insights that may inform broader clinical implementation. 
Furthermore, the study employed a single-unblinded 
design to reflect real-world clinical decision-making. 
This approach may have introduced variability in the 
administration of additional uterotonic agents, as the 
determination of uterine tone relied on individual clinical 
judgment. 
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	 Given the widespread use of oxytocin as the first-line 
agent for PPH prevention, further research is needed to 
compare the efficacy and safety of this stepwise carbetocin 
regimen with standard oxytocin protocols. Multicenter 
randomized trials could clarify its benefits in uterine tone 
stabilization, blood loss reduction, and broader clinical 
applications.

CONCLUSION
	 The stepwise regimen demonstrated an effectiveness 
of 69.7% in preventing postpartum hemorrhage (PPH) 
during elective cesarean deliveries with the initial 50 µg 
dose, which increased to 89.4% following the administration 
of a second dose.
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	 The data supporting this study are not publicly available 
due to ethical concerns and patient confidentiality but 
may be obtained from the corresponding author upon 
reasonable request and with appropriate institutional 
approval.
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ABSTRACT
Objective: To assess interventions aimed at reducing stress and burnout among physicians.
Materials and Methods: A systematic review and meta-analysis was performed in line with PRISMA guidelines. 
Randomized controlled trials published in English up to December 2022 were identified through searches in medical 
databases, including PubMed, EMBASE, and CINAHL. The primary outcomes were stress and burnout levels.  
Results: A total of 13 studies investigated interventions to reduce stress and burnout, including mindfulness and 
non-mindfulness-based approaches. Non-mindfulness interventions included professional coaching, group-coaching 
programs, and training in humanism and professionalism. Outcomes were assessed at two time points: immediately 
post-intervention and at the final follow-up. Stress-reduction interventions significantly decreased stress levels 
(Hedges’ g = -0.20, 95% CI: -0.37 to -0.02, p = 0.03; I² = 6.66%). In contrast, burnout-reduction interventions showed 
a non-significant trend toward improvement (Hedges’ g = -0.08, 95% CI: -0.32 to 0.17, p = 0.53; I² = 43.89%).
Conclusion: Stress-reduction interventions are effective in lowering stress among physicians. However, improvements 
in burnout remain limited, possibly due to variations in intervention effectiveness across studies. Further research 
should focus on long-term follow-ups to address well-being and resilience of healthcare professionals. 

Keywords: Burnout interventions; stress interventions; physicians (Siriraj Med J 2025; 77: 523-532)

INTRODUCTION
	 Stress is a natural response to life pressures, particularly 
in demanding professions like medicine. The Health 
and Safety Executive (HSE) identifies six key factors 
contributing to workplace stress: demand, control, 
support, relationships, role and change.1 Addressing 
these factors can help reduce stress, which impacts both 
individuals and organizations.2,3 In individuals, stress 
is linked to anxiety and frustration, which can lead to 
mistakes, substance abuse, and reduced quality of life 
and self-confidence. At the organizational level, stress 
contributes to higher absenteeism and turnover rates, 
lower work quality and job satisfaction, and increased 
workplace conflicts.
	 Research shows that medical professionals, such as 
doctors and nurses, experience stress due to work-related 
pressures, patient expectations, and inadequate support. 
A recent study from Thailand also highlights the impact 
of occupational stress among physicians, including mental 
health professionals, indicating that this issue is a global 
concern.41 Key factors include the lack of counseling 
services, ineffective workplace communication, and 
insufficient feedback.4 Weinberg and Creed (2000) found 
a link between stress and an increased risk of depression 
and anxiety among healthcare professionals. Therefore, 
organizations must prioritize managing stress among 
medical personnel.5 
	 Giga et al. (2003) reported that cognitive behavior 
therapy (CBT) and Employee Assistance Programs (EAP) 
are widely used stress management interventions in the 
United Kingdom.6 Similarly, Ruotsalainen et al. (2015) 

found in a Cochrane review that stress prevention strategies, 
including relaxation training, moderately reduce stress 
levels. Additionally, organizational adjustments, such as 
revising work schedules, can also help.7 A meta-analysis 
by Regehr et al. (2014) further highlighted the effectiveness 
of CBT and mindfulness-based techniques in reducing 
stress and burnout among physicians.8 Emerging online 
stress management programs show promise. Grime 
(2004) demonstrated that an eight-week computerized 
CBT program effectively reduced depression and anxiety, 
with participants valuing its accessibility and flexibility.9 
	 However, research on stress management for physicians, 
particularly through online methods, remains limited 
and often relies on non-randomized trials. This study 
focuses on randomized controlled trials to enhance stress 
management guidelines for this group.

MATERIALS AND METHODS 
	 This meta-analysis was approved by the Siriraj 
Institutional Review Board (Si 770/2561) and conducted 
in accordance with the ‘Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses’ (PRISMA).34 
	 Two researchers (N.P. and P.P.) independently 
conducted a comprehensive search in Embase (from January 
1988), and in PubMed and CINAHL (from January 1999) 
through to December 2022, on 17 June 2023. The search 
included the following keywords: “physicians”, “stress 
management”, “computerized stress management”, “stress 
intervention”, “stress prevention”,“burnout intervention”, 
and “wellness intervention”. We applied a language filter 
during the database search to include only English-
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language articles. Therefore, only randomized controlled 
trials published in English were screened for eligibility. 
The primary outcomes of interest were measures of stress 
and burnout. 
	 Two authors, (N.P. and P.P.) independently extracted 
data. Any disagreements were resolved through discussion 
with a third author (K.W.). Extracted data included first 
author, publication year, country, study type, sample size, 
participant characteristics, intervention type and duration, 
stress and burnout measures, and post-intervention/
final follow-up scores (mean and standard deviation). 
	 Risk of bias was assessed using the Cochrane Risk-
of-Bias Tool for Randomized Trials (RoB 2).42 

Statistical analyses 
	 The primary outcomes were stress and burnout 
levels at post-intervention and final follow-up. To ensure 
robustness, an intention-to-treat analysis was performed. 
Heterogeneity was assessed using the I² statistic, with 
thresholds interpreted as follows: low (<25%), moderate 
(25–50%), and high (>50%).43 A fixed-effects model was 
used when heterogeneity was low (I² ≤ 25%), whereas 
a random-effects model was applied when moderate to 
high heterogeneity (I² > 25%) was present. Publication 
bias was evaluated using funnel plots. 

RESULTS 
Study selection 
	 A literature search across three databases (Embase: 
1,363 records, PubMed: 4,905 records, and CINAHL: 283 
records) yielded a total of 6,551 records. After removing 
duplicates, 332 records remained. Of these, 219 records 
were excluded based on title and abstract screening. 
After assessing 113 full-text studies, 44 were excluded 
for not focusing exclusively on physician populations.  
Out of 69 identified studies, 44 were eligible, leaving 25 
for qualitative synthesis, though two lacked outcome 
measurements. For quantitative synthesis, 23 studies 
were included, with 13 undergoing an in-depth review. 
Among these, 10 studies did not comprehensively measure 
burnout. Details are shown in Fig 1. 

Study characteristics 
	 The quantitative synthesis included 23 studies, with 
13 focusing on stress and burnout reduction interventions.  
These studies examined the effectiveness of various 
interventions, including professional coaching to enhance 
well-being, group-coaching to reduce burnout, training in 
humanism and professionalism, and mindfulness-based 
approaches. Ten studies assessed specific components of 
burnout such as emotional exhaustion, depersonalization, 

Fig 1. Study Inclusion PRISMA flowchart.
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TABLE 1. Details of physicians, interventions and outcomes in each study.

Study (Year)	 Types of	 Comparison	 Intervention	 Post-
(Sample size)	 Physicians	 	 	 intervention 	
	 	 	 	 follow-up 

Bragard et al.	 Oncologists	 Waitlist control	 Basic Training for 1 month, followed by	 5 months
(2010) (n=72)			   2 months of bi-monthly consolidation	  
			   workshops 	

West et al.	 Internal medicine	 No treatment	 18 theme-based discussion sessions, held	 12 months
(2014) (n=74)	 physicians		  twice monthly and led by expert facilitators	

Amutio et al.	 Physicians in	 Waitlist control	 Mindfulness-Based Stress Reduction (MBSR)	 12 months
(2015) (n=42) 	 eight departments 		  program: 8 weekly sessions (2.5 hours each)  
			   + 8-hour retreat; 10 months of maintenance 
			   involving self-practice and mindfulness exercises. 	

Gunasingam et al.	 Intern doctors 	 No treatment	 Four debriefing sessions on stress-related	 - 
(2015) (n=31)			   topic discussion, led by facilitators	

Bernburg et al.	 Physicians in a	 No treatment	 Psychosocial Competency Training (PCT):	 6 months
(2016) (n=54) 	 pediatric department 		 12 weekly sessions (1.5 hours each), including 
			   cognitive-behavioral and solution- focused 
			   approaches. 	

Dyrbye et al.	 Medicine and	 No treatment	 A 10-week online intervention featuring	 after 1 month
(2016) (n=290)	 surgical physicians		  independent, task-based activities	

Ireland et al.	 Interns in an	 1-hour extra	 A 10-week mindfulness training program	 10 weeks
(2017) (n=44) 	 emergency 	 break
	 department	 in a week	

Mache et al.	 Gynecology and	 No treatment	 1.5-hour discussions on problem-solving and	 9 months
(2017) (n=78) 	 obstetrics physicians 	 emotion regulation via Lazarus’s stress model 
			   over 3 months.	

Mache et al.	 Junior physicians	 Waitlist control	 12 weekly 1.5-hour sessions combining coping	 after 6 months
(2018) (n=70) 	 in an emergency		  skills, cognitive-behavioral strategies, and 
	 department		  solution-focused counseling.	

Verweij et al.	 Medical, surgical	 Waitlist control	 Mindfulness-Based Stress Reduction (MBSR)	 3 months
(2018) (n=148)	 and primary care		  program: 8 weekly 2.5-hour sessions with 
	 residents 		  a silent day	

Axisa et al.	 Physician trainees	 No treatment	 4.5-hour activities covering stress management,	 after 3 months
(2019) (n=46)	 in internal medicine 		  group discussion, feedback and a meal.
	 and pediatrics			 

Dyrbye et al.	 Physicians in	 Waitlist control	 6 professionally facilitated coaching sessions	 5 months
(2019) (n=88)	 medicine, family 
	 medicine, and 
	 pediatrics	

Lebares et al.	 1st-year surgical	 Active control	 A 2-hour Mindfulness-Based Stress	 12 months
(2019) (n=21) 	 residents 	 (different content,	 Reduction (MBSR) session each week for 
		  same structure)	 8weeks, with daily 20-minute home practice.	
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TABLE 1. Details of physicians, interventions and outcomes in each study. (Continue)

Study (Year)	 Types of	 Comparison	 Intervention	 Post-
(Sample size)	 Physicians	 	 	 intervention 	
	 	 	 	 follow-up 

Medisauskaite 	 Practicing	 Waitlist control	 Four intervention groups studied stress-related	 -
et al. (2019) 	 clinicians		  modules: Group 1 focused on stress and
	 (n=91)		  burnout, Group 2 on coping with patient death,  
			   Group 3 on distress management, and Group 4 
			   covered all three combined.	

Huang et al.	 1st-year	 Waitlist control	 10 Balint sessions and 2 lectures over	 -
(2020) (n=36) 	 residents  		  6 months focusing on distress management	

Kesselheim et al. 	 Pediatric	 Active control	 Case-based discussion in clinical practice	 6 months
(2020) (n=100)	 Hematology-	 (routine	
	 Oncology 	 educational	
	 Fellows	 practices)	

Lee et al.	 Primary care	 Waitlist control	 Short-term psychotherapy 9-12 sessions	 12 months
(2020) (n=112)	 doctors	  	 (50 minutes each) based on the coping 
			   strategy (Asimov method) over a 1-year period	

Taylor et al.	 Junior doctors 	 Active control	 8 weekly private yoga sessions (1 hour each), 	 -
(2020) (n=21) 		  (group fitness 	 including breathing, relaxation, and meditation
		  training)	 exercises	

Fendel et al.	 Residents	 Active control	 German MBSR program: 8 weekly sessions	 12 months
(2021) (n=150) 		  (received a 	 (135 minutes each), 1 full-day silent retreat,
		  coursebook)	 and 3 monthly booster sessions

West et al.	 Practicing	 Waitlist control	 12 group sessions (15 minutes of topic	 after 6 months
(2021) (n=123) 	 physicians in 		  discussion + 45 minutes of shared meal and
	 the Department 		  further discussion)	
	 of Medicine	

Lebares et al.	 1st-year surgical	 Active control	 Mindfulness meditation skills with 2 groups of	 10.5 months
(2021) (n=89)	 residents 	 (stress-related 	 interventions	 for ESRT1
		  group discussion)	 -Group1: 8 weekly 2-hour classes 	 6.5 months
			   -Group2: 6 weekly 90-minute classes with	 for ESRT2 
			   more explicitly applied to real-life situations	

A. Brazier et al. 	 Trainee	 No treatment 	 Weekly text messages with mindfulness-based	 -
(2022) (n=153) 	 anesthetists		  and cognitive-behavioral prompts over a 
			   6-month period	

Fainstad et al.	 Residents	 Waitlist control	 The “Better Together” curriculum: Web-based	 6 months
(2022) (n=101)			   group coaching with weekly self-study modules 
			   (videos and worksheets)	
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and personal accomplishment, including those by  Bragard 
et al. (2010)25, Gunasingam et al. (2015)29, Dyrbye et al. 
(2016)27, Verweij et al. (2018)32, Dyrbye et al. (2019)26, 
Medisauskaite et al. (2019)24, Huang et al. (2020)30, Lee 
et al. (2020)31, West et al. (2021)33 and Fainstad et al. 
(2022).28

	 Fig 2.1 shows ten studies in which interventions 
effectively reduced stress, with a small but statistically 
significant benefit for the intervention group (Hedges’ 
g = -0.20, 95% CI: -0.37 to -0.02). Stress was assessed 
using tools such as the Depression, Anxiety, Stress Scale 
(DASS-21)36, the Perceived Stress Scale (PSS)38, and the 
Perceived Stress Questionnaire (PSQ).39 Mache et al. 
(2017)10 reported significant stress reduction among junior 
gynecologists in German hospitals (Hedges’ g = -0.60, 
95% CI: -1.11 to -0.08). The three-month intervention 

consisted of 1.5-hour sessions conducted during off-duty 
hours to enhance job performance and reduce distress. 
In contrast, West et al. (2014)11, Bernburg et al. (2016)12, 
Axisa et al. (2019)13 found no significant effects, while 
Ireland et al. (2017)14, Mache et al. (2018)15, Lebares et al. 
(2019)16, Fendel et al. (2021)17, and Lebares et al. (2021)18 

supported intervention effectiveness.
	 Fig 3 highlights eight studies on burnout reduction, 
using tools such as the Copenhagen Burnout Inventory 
(CBI)35, the Professional Quality of Life Scale (ProQOL)37, 
and the Maslach Burnout Inventory (MBI).40 For example, 
Ireland et al. (2017)19 studied a 10-week mindfulness 
training program, which significantly reduced burnout 
(Hedges’ g = -0.65, 95% CI: -1.26 to -0.04). Other studies, 
including Amutio et al. (2015)20, Lebares et al. (2019)16, 
Fendel et al. (2021)17, and Brazier et al. (2022)21, also 

Fig 2.1. Final follow-up of stress results.

 Fig 2.2. Final follow-up burnout results.
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Fig 3.1. Risk of Bias Assessment (RoB 2, 2019) of included studies.

supported burnout reduction. However, Axisa et al. 
(2019)13, Kesselheim et al. (2020)22, and Taylor et al. 
(2020)23 found no significant effects.
 	 Interventions were assessed at two time points: 
immediately after the intervention and at final follow-
up. Stress-reduction interventions had a statistically 
significant impact (Fig 2), with Hedges’ g = -0.20  
(p = 0.03, 95% CI: -0.37 to -0.02) and low heterogeneity 
(I² = 6.66%). In contrast, burnout reduction interventions 
showed a non-significant trend (Fig 3), with Hedges’ g 
= -0.08 (p = 0.53, 95% CI: -0.32 to 0.17) and moderate 
heterogeneity (I² = 43.89%), indicating variability in 
reported effects. Although there was a slight trend toward 
reduced burnout, the findings were not statistically 
significant.

Risk of bias assessment
	 Using the Revised Cochrane Risk-of-Bias Tool for 

Fig 3.2. Funnel plot for final stress analysis Fig 3.3. Funnel plot for final burnout analysis.

Randomized Trials (RoB 2)41, 22 studies were rated as 
having some concerns regarding overall risk of bias, mainly 
due to issues in outcome measurement, as participant 
awareness of the intervention may have introduced 
bias in self-reported outcomes. Additionally, one study 
Medisauskaite et al. (2019)24 showed high risk of bias due 
to the inclusion of multiple trial groups and incomplete 
outcome reporting (Fig 3.1). All studies were RCTs and 
used sufficient randomization methods. Egger’s regression 
test revealed no evidence of publication bias (p=0.69 for 
the final follow-up stress outcome, p=0.68 for the final 
follow-up burnout outcome). The funnel plot for stress 
reduction (Fig 3.2) showed slight asymmetry, suggesting 
small but significant effects. In contrast, the funnel plot for 
burnout reduction (Fig 3.3) was symmetrical, indicating 
limited effectiveness. Studies with larger standard errors 
such as Lebares et al., 201916 reflected smaller sample 
sizes or higher variability. 
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DISCUSSION
	 This review integrates findings from 13 studies 
examining interventions aimed at reducing stress and 
burnout among physicians, highlighting the effectiveness 
of both mindfulness-based and non-mindfulness-based 
approaches. 
	 Among the nine studies focused on stress reduction, 
Mache et al. (2017)10 reported a significant decrease in 
stress levels among junior gynecologists, indicating that 
structured training programs can enhance well-being in 
high-pressure environments. However, other studies, such 
as West et al. (2014)11, did not demonstrate significant 
effects, suggesting that variations in intervention design 
and contextual factors may influence outcomes. 
	 For burnout, six out of eight studies reported favorable 
outcomes. For example, Ireland et al. (2017)14 demonstrated 
significant improvements in burnout levels following 
a 10-week mindfulness training program (Hedges’ g = 
-0.65). However, despite these findings, the overall trend 
toward decreased burnout was non-significant (Hedges’ 
g = -0.08), underscoring the complexity of burnout, 
which may require more sustained interventions.
	 The meta-analysis showed a notable reduction 
in stress levels (Hedges’ g = -0.20, p = 0.03), while 
burnout interventions showed less consistent results. 
These findings suggest that stress-reduction strategies 
are generally effective, but addressing burnout requires 
more comprehensive long-term approaches. 
	 Future research should prioritize sustained follow-ups 
and systemic changes to address burnout and promote 
the well-being of healthcare practitioners. This review 
has several limitations. First, only English-language 
studies were included, which may introduce language 
bias and limit the generalizability of the findings. Second, 
unpublished studies and additional sources were not 
explored, which may have affected the comprehensiveness 
of the evidence. Finally, most included studies relied on 
self-reported measures, which may be subject to bias due 
to participants’ awareness of their group allocation.

CONCLUSION
	 Stress-reduction interventions have been shown to 
effectively lower stress levels among physicians. However, 
evidence regarding their impact on burnout remains 
inconclusive. Differences in study design and outcomes 
may reduce the strength and generalizability of these 
findings. Future research should focus on long-term 
follow-ups, combining systemic changes with individual 
interventions. A comprehensive approach is essential to 
address stress and burnout and improve the well-being 
of healthcare professionals. 
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INTRODUCTION
	 Chronic rhinosinusitis (CRS) is a long-term, 
multifactorial inflammatory disease of the nose and 
paranasal sinuses, characterized by the presence of at least 
two such symptoms as: olfactory dysfunction, facial pain, 
one of which must be anterior/posterior nasal discharge 
or nasal blockage that lasts for 12 weeks or greater.1 
CRS can be classified into primary and secondary CRS. 
The primary CRS is divided into two subtypes based 
on the type of inflammation, consisting of eosinophilic 
or type 2 and neutrophilic or non-type 2 CRS.1-3 CRS is 
also phenotypically divided into CRS with nasal polyps 
(CRSwNP) and CRS without nasal polyps (CRSsNP).1-3 
CRS prevalence ranged from 3% to 8.7% of the global 
population.4,5

	 Experiences of persistent or even deteriorating 
symptoms of CRS after having adequate management 
have become a global concern. Moreover, there are cases 
where the symptoms fail to improve after sinus surgery.6,7 
These conditions are called recalcitrant or refractory CRS 
(RCRS).8 Osteitis, the involvement of the newly developed 
paranasal sinus bones from the inflammatory process 
in CRS, had been considered the critical cause of RCRS 
and the high rate of revision surgeries.9 The presence 
of osteitis may also be associated with a high risk of 
increasing intraoperative bleeding due to the challenge 
of removing the thick bone. Osteitis is also associated 
with CRS severity.10 Osteitis has been identified in 51% 
of all CRS cases and 76% of patients with CRS who have 
had surgical intervention.11

	 Osteitis in CRS, together with its biomolecular 
mechanism, remains poorly understood owing to the wide 
variety of statements in the literature. Its existence is also often 

ABSTRACT
	 Chronic rhinosinusitis (CRS) is characterized by inflammation of the nasal mucosa and paranasal sinuses. 
Mucosal inflammation can induce bone remodeling leading to osteitis. Paranasal sinus osteitis is a relatively new 
clinical finding, describing changes in the bone due to inflammation that will damage the lamellar bone structure 
and new bone formation. As many as 36-53% of CRS patients have osteitis, which makes CRS difficult to cure 
despite adequate management and is related to a substantial number of revision surgeries. Understanding all the 
evidence regarding osteitis in CRS is critical in discovering effective treatments for this incurable disease. Hence, 
we summarize the essential yet well-established features of osteitis in CRS, including the updated definition, the 
role of biofilm formation along with cytokines and runt-related transcription factor 2 axis as its possible underlying 
pathogenesis, the transforming growth factor beta signaling pathway of the disease, histopathological bone changes, 
radiographic staging and scoring systems, disease impacts on the CRS severity and quality of life, as well as the most 
up-to-date treatment strategies for osteitis in CRS. These include functional or radical endoscopic sinus surgery, 
interleukin-13 inhibitors, anti-biofilm agents, high-dose intranasal corticosteroids, and other potential therapies. 

Keywords: Bone remodeling; chronic rhinosinusitis; hyperostosis; neo-osteogenesis; osteitis (Siriraj Med J 2025; 
77: 533-542)

unrecognized by clinicians. In this review, we summarize 
the updated definition, the role of biofilm formation along 
with cytokines and runt-related transcription factor 2 
(RUNX2) axis as its possible underlying pathogenesis, 
the transforming growth factor beta (TGF-β) signaling 
pathway of the disease, histopathological bone changes, 
radiographic staging and scoring systems, disease impacts 
on the CRS severity and quality of life (QoL), as well as 
the most up-to-date treatment strategies for osteitis in 
CRS.

Definition
	 Osteitis is the accepted term for the bone thickening 
of paranasal sinuses based on computed tomography 
(CT) because the underlying sinuses bones, except the 
frontal sinuses, are void of bone marrow.12 Osteitis is 
first described as the inflammation of bone that lacks 
marrow space.13 An inflammatory involvement and 
the expansion of the Haversian canal system have been 
demonstrated in animal studies.14-16 Since then, several 
human studies have contributed further to define osteitis 
better.
	 Some human histopathological studies have revealed 
no involvement of inflammatory cytokines in the osteitic 
bone.9,17,18 In contrast, other newest study demonstrated 
the eosinophils involvement in human osteitic bone and 
reported the different roles of this signaling pathway 
between CRSwNP and CRSsNP.19 Recently, there was 
also a reported association between IL-13 and osteitis in 
type 2 CRS.20 These studies suggest the involvement of 
inflammatory agents in the underlying sinus bones and 
indicate that the osteitis formation varies depending on 
the CRS classification.
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	 Eventually, based on recent evidence, osteitis in 
CRS has been temporarily defined as the development 
of new bone or neo-osteogenesis and bone remodeling 
in paranasal sinus bones. Further larger and specific 
studies need to be done to reach a consensus due to the 
controversy of whether: Osteitis is a form of isolated new 
bone formation resulting from the locally infected sinus 
mucosa rather than direct inflammation of underlying 
sinus bone; or the inflammation process in the underlying 
sinus bone serves as a storage for inflammatory cytokines, 
resulting from an expansion of the Haversian canal 
system and the infiltration of inflammatory cells into 
an augmented vascular network.

Epidemiology
	 A study by Lee et al.9 in 2006, with a sample of 
121 CRS patients, showed that 36-53% of CRS patients 
were found to have osteitis using radiological and 
histopathological criteria. Mild osteitis was found in 
73% of samples, moderate osteitis in 45%, and severe 
osteitis in 18% of samples. The incidence of osteitis was 
also shown to increase with increasing Lund-Mackay 
(LM) score. Georgalas et al.7 in 2010 also stated that 
the prevalence of bone involvement in CRS cases was 
33% in the group that had never undergone surgery, 
but increased to 75% in CRS patients with a history of 
previous surgery. Hyperostosis and heterogeneity of the 
sinus wall were seen in 63.7% of CRS patients and 10% 
in the control group, but those who met the significant 
criteria of the Global Osteitis Scoring Scale (GOSS), 
which scores more than 5, was 40% in CRS group and 
0 in the control group. CRSwNP were also seen to have 
a greater percentage of osteitis than CRSsNP (73% vs 
55%, p = 0.04).7 

Pathogenesis and molecular mechanism
Role of biofilm formation, cytokines, and RUNX2 Axis
	 The endotypes of CRS were classified based on the 
pattern of cytokine production from regulatory immune 
cells. Eosinophilic CRS, referred to as type 2 CRS, consists 
of several interleukins (ILs), including IL-4, IL-5, IL-9, 
and IL-13 cytokines regulated by Th2 cells, mast cells, 
group 2 innate lymphoid cells (ILC2s), and eosinophils. 
Non-eosinophilic or neutrophilic CRS consists of type 
1 and type 3 CRS. Type 1 CRS consists of interferon-
gamma (IFN-γ) regulated by Th1 cells, cytotoxic T cells 
(CD8+ T), natural killer (NK) cells, and group 1 innate 
lymphoid cells (ILC1s). Type 3 CRS consists of IL-17 
and IL-22, regulated by Th17 cells and group 3 innate 
lymphoid cells (ILC3s).1-3

	 Various variables, including mucociliary clearance 

dysfunction, dysbiosis of sinus microbiota, epithelial 
barrier impairment, and immune system abnormalities, 
may facilitate the invasion of pathogens, hence fostering 
infection.21-23 Infection induces an inflammatory response 
of the sinus mucosa, leading to the narrowing or complete 
obstruction of the sinus entry. Obstruction of the ostium 
reduces oxygen tension within the sinus, causing sinusitis.24 
Ostium sinus obstruction also enhances the trapping 
and buildup of mucus secretions from goblet cells. 
Interestingly, certain bacteria, particularly Pseudomonas 
aeruginosa, have special preference for living in mucus.25 
Retention of mucus together with the bacteria will trigger 
inflammatory reactions, thereby enhancing the bacterial 
activity within the sinus. Eight mucin genes have been 
detected in CRS tissues, including two membrane-bound 
mucins called MUC1 and MUC4, and six secreted mucins 
called MUC2, MUC5AC, MUC5B, MUC6, MUC7, and 
MUC8. Research have established a positive association 
between IL-13 and MUC5AC expression, showing that 
IL-13 can directly regulate mucin hypersecretion in a 
type 2 CRS.26

	 An environment with a crowded bacterial population 
in the paranasal sinuses encourages a shift in bacterial 
states from a planktonic form (free-living bacteria) to a 
sessile form (attached-living bacteria), which supports 
the process of biofilm formation.27 The primary biofilm 
formation process occurs in several stages, including 
attachment, microcolony formation, matrix production, 
and detachment.27,28 The extracellular polymeric substance 
(EPS) matrix in biofilm causes bacteria to become resistant 
to antibiotics and protects them from the host’s immune 
system.27-29 These cause the exhibit of the biofilm life 
cycle, thus promoting more bacterial colonies to grow 
and ultimately worsening the CRS. Two major bacteria 
that often play a role in biofilm formation in CRS are 
Staphylococcus aureus and P. Aeruginosa.30-32

	 High levels of pro-inflammatory cytokines that 
accumulate due to biofilm-infected sinus promote its 
infiltration process into the bone around. The interaction 
of these cytokines in the bone affects the remodeling 
process.33 Bone remodeling is a physiological process that 
equilibrates the activity of osteoclasts and osteoblasts. In 
chronic or persistent inflammation, such as in CRS, there 
exists an imbalance between osteogenesis by osteoblasts 
and bone resorption by osteoclasts.33

	 IL-13 releases, particularly in eosinophilic CRS, 
elevates the expression of runt-related transcription factor 
2 (RUNX2), which enhances osteoblast proliferation and 
activation, thereby augmenting the neo-osteogenesis 
process.34 IL-13 also inhibits the synthesis of cyclooxygenase-2 
(COX-2)-dependent prostaglandins (PG), thereby  
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reducing osteoclast production and its function in the 
bone resorption process. Increased osteoblast activity and 
decreased osteoclast production cause bone thickening, a 
typical sign of osteitis in CRS.35 IL-13 and IL-4 in cultured 
human osteoblast (hOBs) have also found to have a 
regulation effect in osteoblasts activity by increasing the 
osteoblast differentiation, collagen secretion, alkaline 
phosphatase (ALP) expression, and mineralization, 
thereby increasing neo-osteogenesis.36 However, further 
studies analyzed the role of IL-13 and other cytokines 
on osteitis formation in CRS with a large population, 
and multi-centered research, including assessing all CRS 
phenotypes, need to be investigated to avoid potential 
biases.
	 Research revealed that of all the cytokines produced 
by each endotype in CRS, only IL-4, IL-13, and IL-17 
play an essential role in osteitis in CRS through the 
mechanism of neo-osteogenesis.37 However, research has 
shown that IL-17 also induces the receptor activator of 
nuclear factor kappa-B ligand (RANKL) in osteoblasts. 
This results in inflammation and bone destruction by 
activating osteoclasts in other chronic inflammatory 
diseases, such as rheumatoid arthritis. This finding resulted 
in a mixture of mechanisms between neo-osteogenesis 
and osteolysis in non-eosinophilic CRS.37,38 Therefore, it 
also explains why the prevalence of neo-osteogenesis is 
higher in eosinophilic CRS than in non-eosinophilic.20

Role of TGF-β signaling pathway
	 Transforming growth factor beta (TGF-β) is a 
multifunctional cytokine with three isoforms: TGF-β1, 
TGF-β2, and TGF-β3, which interact with membrane 
R types I, II, and III.39 The TGF-β1 is involved in airway 

pathologies and plays a different role in mucosal and bone 
tissues in CRS patients.40 TGF-β1 in mucosal tissue is 
elevated in CRSsNP but diminished in CRSwNP.41,42 In 
contrast, TGF-β1 levels were elevated in CRSwNP bone 
specimens and exhibited a correlation with osteitis bone 
grading when compared to CRSsNP, as determined by 
reverse transcription polymerase chain reaction (RT-
PCR) and immunohistochemistry (IHC) staining.19

	 Previously in 2003, Park et al.43 reported that 
TGF-β could significantly reduce COX-2 mRNA levels. 
Moreover, Takai et al.44 in 2013 demonstrated that TGF-β1 
induced downregulation of COX-2, leading to decreased 
synthesis of PGE2. These results indicate that the TGF-β 
signaling pathway is upregulated during the osteitic bone 
remodeling process in CRSwNP. Wang et al.19 in 2015 
noted markedly elevated levels of TGF-β1 RI together with 
high messenger ribonucleic acid (mRNA) and protein 
expression of TGF-β1, in the osteitic ethmoid bone of 
CRSwNP patients relative to control and CRSsNP groups. 
TGF-β1 expression was observed in eosinophils and 
osteoblasts of the CRSwNP group, but was infrequently 
detected in the control and CRSsNP groups. However, 
this preliminary study needs further research with 
larger sample sizes and specific analyses. The summary 
of the pathogenesis of osteitis in CRS can be seen in  
Fig 1.

Diagnosis
Histopathological bone changes
	 Histology is an examination that is considered to 
be the most accurate diagnosing method for a disease 
accompanied by structural changes such as osteitis. The 
histopathological findings of osteitis in CRS include 

Fig 1. Summary of the pathogenesis 
of osteitis in chronic rhinosinusitis 
associated with biofilm formation and 
immune reaction.

Hadi et al.
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thickening of the periosteum, increased activity of 
osteoblast-osteoclast characterized by the presence of 
osteoblast or multinucleated osteoclast, dominated woven 
bone formation of total bone thickness, and fibrosis.45 
Newly formed bone in osteitis is a form of immature 
woven bone with a weaving arrangement of collagen 
fibers, making it more flexible and weaker than the 
mature lamellar bone with strong structured collagen 
fibers.46 

Radiographic staging systems
	 Although histological examination provides a precise 
way to diagnose osteitis, radiological investigations 
are generally performed to diagnose osteitis in CRS. 
The neo-osteogenesis criteria for osteitis in CRS are 
bone thickening of more than 3 mm with a density of 
more than 500 Hounsfield units (HU) in CT measures  
(Table 1).9,45,47-50 A study by Lee et al. in 2006 reported 
that CT imaging showed neo-osteogenesis in 36% of 

patients while 53% showed histopathological evidence of 
osteitis of bone specimens.9 An example of a CT image 
of osteitis in a patient with CRS can be seen in Fig 2.
	 Single-photon emission computed tomography 
(SPECT) is a nuclear medicine imaging technology that 
employs the intravenous administration of radioactive 
isotopes prior to imaging.51 SPECT is a more sensitive 
method for detecting acute or mild bone remodeling; in 
contrast, CT observed only a significant thickening of 
bone density that is usually considered chronic or severe.51 

SPECT may detect milder instances of osteitis, hence 
averting revision procedures resulting from the ongoing 
disease progression.49 Nonetheless, compared to CT, 
SPECT is probably impractical for a regular application 
owing to its elevated cost, extended procedural duration, 
and increased invasiveness resulting from exposure to 
radioactive isotopes or contrast agents.51,53 The SPECT 
imaging had a specificity of 66.7% and positive predictive 
value of 96.9% in detecting osteitis in CRS, compared 
to histopathologic bone changes.53

Scoring systems
	 Currently, there are widely accepted and agreed-
upon osteitis assessment criteria. Some of them are 
Kennedy Osteitis Score (KOS), GOSS, and Modified GOSS. 
Original KOS classified the osteitis as mild, moderate, 
or severe depending on the extent of bony thickness on 
all sinuses except the frontal sinuses. GOSS assesses ten 
sinuses with an addition of the percentage of sinus wall 
involvement, while Modified GOSS only assesses four 
sinuses.54

	 The severity of osteitis can be graded using the GOSS, 
the current most validated radiological grading system 
based on CT imaging.7,11 GOSS is the best scoring system 
in detecting extensive bone changes in the paranasal sinus 
walls, because in addition to severity, the percentage of 
bone involvement is also measured. When using GOSS, 
clinicians must evaluate for loss of bone definition, 
hyperostosis, new bone formation, or signs of heterogeneity 
in each paranasal sinus wall.54 The maximum thickness 
area of the osteitic bone of each sinus is measured and 
then assigned as grading from 0 to 5, as seen in Table 2. 
The possible range of GOSS is between 0 and 50, based 
on the total or global osteitis score of all ten sinuses.7 

Higher grades indicate greater osteitis severity.

Disease impacts
CRS severity
	 Osteitis grade has proven to have a proportional 
correlation to the increased CRS severity.55 The LM 
scoring system is a diagnostic instrument utilized to 

Fig 2. A computed-tomography image of osteitis in a chronic 
rhinosinusitis patient showed 3.5 mm bone thickening with a density 
of 720±173 Hounsfield units around the maxillary sinus.

TABLE 1. Osteitis severity based on the bone thickness 
of computed tomography measurement.

Osteitis Severity	 Bone Thickness (mm)

Not Significant	 <3

Mild	 3

Moderate	 4-5

Severe	 >5
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TABLE 2. Global osteitis scoring scale.

Total score interpretation: <5 = not significant; 5-20 = mild; 20-35 = moderate; >35 = severe

Osteitis Grade	 Involvement of Sinus Wall (%)	 Bone Thickness (mm)

1	 <50	 <3

2	 <50	 3-5

3	 <50	 >5

3	 >50	 <3

4	 >50	 3-5

5	 >50	 >5

evaluate the severity of CRS.56 Higher scores indicate 
greater CRS severity. Studies have demonstrated the 
association between the LM scoring system and the 
GOSS score.9,20,55,57,58 CRS patients with osteitis have 
been reported to have worse baseline disease severity 
compared to CRS patients without osteitis, as measured 
by several diagnostic examinations, including endoscopy, 
CT imaging, or olfactory function assessment.55

Quality of life
	 An earlier study reported that osteitis significantly 
affected the QoL along with its severity.59 The most widely 
accepted subjective assessment for assessing QoL in CRS 
patients is the Sinonasal Outcome Test-22 (SNOT-22), 
a derivative of the SNOT-16 and SNOT-20.60 Unlike the 
previous versions, the symptoms of nasal obstruction and 
loss of smell and/or taste have been added in SNOT-22, 
with possible total scores between 0 and 110.61 However, 
a previous study reported no association between osteitis 
and the QoL.55 Potential confounding factors, such as 
CRS phenotype or comorbidities, should be of greater 
concern to researchers to obtain more accurate conclusions 
regarding the relationship between osteitis and QoL.

Treatment strategies
Surgical techniques
	 Surgical treatment under endoscopic sinus surgery 
(ESS) has become the standard treatment for treating 
osteitis in CRS, with experts recommending removing 
osteitic bone wherever feasible.62 The two best-known 
surgical techniques for osteitis are functional ESS (FESS) 
and radical ESS (RESS). FESS focused on removing 
any causes of sinus obstruction, including the osteitic 
bone, thus improving the ventilation and function of the 
sinus.63 RESS focused on resecting all walls between the 

nasal fossa and paranasal sinuses, resulting in a singular 
extensive cavity.64,65 Although RESS is not widely used 
in clinical practice due to the possible physiological 
function of sinus impairment, a study conducted by 
Wang et al. in 2021 has reported the effectiveness of RESS 
compared to FESS, in which RESS provided a lower LM 
score than in the FESS group one year after surgery.65 

In contrast, a recent study conducted by Aldajani et al. 
in 2024 has reported no significant differences between 
RESS and Primary Endoscopic Sinus Surgery (PESS), a 
comprehensive full-house FESS, in 12 months follow-up 
period.66 These results indicated that a longer follow-up 
duration and a better study design needs to be conducted 
to determine the effectiveness of RESS and FESS for 
osteitis management in CRS.

Potential biologic agents
	 IL-13 is a natural pro-inflammatory cytokine highly 
secreted in eosinophilic CRS, including CRSwNP or CRSsNP, 
but especially in CRSwNP.67 IL-13 in CRS binds to the 
IL-13 alpha 2 receptor (IL-13Rα2) in sinonasal epithelial 
cells.68 Research has shown that IL-13Rα2 receptors in 
CRS patients with osteitis are higher than in healthy 
patients.37 It implied that IL-13 plays a significant role 
in osteitis formation in CRS. In addition, it also can be 
hypothesized that eosinophilic CRS patients with osteitis 
are more likely to experience RCRS caused by the high 
level of IL-13 and the large number of IL-13Rα2 receptors, 
which support the severity of osteitis in CRS. Therefore, 
inhibition of IL-13 is one of the effective strategies that 
can be explored and developed to prevent the occurrence 
of osteitis in eosinophilic CRS, which can ultimately 
reduce the incidence of RCRS. Khalmuratova et al.67 in 
2020 proved that resveratrol suppressed the expression 
of IL-13, RUNX2, and osteoblasts in a mouse model of 
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CRS induced by 3% ovalbumin and 10 ng Staphylococcal 
enterotoxin B (OVA/SEB). Further studies or clinical 
trials examining the efficacy of IL-13 inhibitors in CRS 
patients with osteitis are awaited.

Additional possible therapies
	 Mukerji et al.69 in 2009 demonstrated a placebo-
controlled trial in 77 CRS patients receiving Lactobacillus 
rhamnosus or placebo orally for four weeks. Results 
revealed that L. rhamnosus is an ineffective adjuvant 
therapy for CRS, as there were no significant differences 
in SNOT-20 scores between the L. rhamnosus group and 
the placebo group. Other research, such as the application 
of baby shampoo irrigation, has shown considerable 
enhancement in CRS patients following FESS. However, 
it also resulted in several intolerable side effects, including 
nasal burning and headaches, making baby shampoo a 
less feasible treatment option for CRS.70

	 Alandejani et al.71 in 2009 reported the significant 
bactericidal effect of Manuka honey against planktonic and 
biofilm forms of S. aureus and P. aeruginosa. Methylglyoxal 
(MGO) is the main active ingredient found in Manuka 
honey. MGO has been reported to be able to reduce 
biofilm biomass at 1.8 mg/mL and 3.6 mg/mL in a sheep 
model for CRS.72 However, animal studies demonstrated 
that MGO given alone had more toxic effects, such as 
metaplasia of respiratory epithelium and severe sinus 
inflammation, compared with MGO given with Manuka 
honey. This result suggests that MGO does not have 
its effects alone and requires the other components in 
Manuka honey to provide significant advantages.71,72 

	 Jervis-Bardy et al.73 in 2012 performed a randomized 
controlled clinical trial involving 25 RCRS patients 
following FESS. Patients were randomized to receive 
twice-daily nasal rinses for one-month with either 0.05% 
Mupirocin or oral Augmentin. After one month, negative 
culture results were observed in 89% of the mupirocin 
group, whereas the placebo group exhibited 0% findings. 
However, re-evaluation in the mupirocin cohort at two 
to six months revealed positive culture results for S. 
aureus in 83.3% of individuals. 
	 Kurasirikul et al.74 in 2014 performed a retrospective 
cohort study of 38 children with CRS given gentamicin nasal 
irrigation. The results showed significant improvements in 
several parameters, such as nasal congestion, rhinorrhea, 
itching, post-nasal drip, purulent nasal discharge, halitosis, 
chronic cough, sneezing, and anosmia. However, further 
longer follow-up and RCT studies should be performed 
to better assess the efficacy and toxicity.
	 Several researchers have reported the concept 
of biofilm-induced CRS.75-77 Previous human studies 

reported the correlation between the volume of bacterial 
biofilm and the severity of osteitis in CRS.78 Hadi et al.79 
in 2019 revealed antimicrobial and antibiofilm effects 
of the Indonesian ethanolic extract of propolis Trigona 
spp. (IEEP-TRI) against S. aureus isolated from CRS 
patients using two-dimensional confocal laser scanning 
microscopy (CLSM). IEEP-TRI also showed a reduction 
effect in autoinducer peptides (AIP), the quorum-sensing 
molecules secreted by S. aureus in the biofilm-associated 
CRS mechanism.
	 High doses of intranasal corticosteroids (INCS), 
including Fluticasone 400 μg/200 μL, Budesonide 750-
2000 μg/200 μL, and Mometasone 200-400 μg/200 μL, 
had been shown to have a direct in vitro effect in reducing 
biofilm biomass by up to 99%.80 These findings elucidate 
a novel mechanism of action of INCS against biofilm 
in CRS, thus preventing the formation of osteitis and 
necessitating further investigation.

CONCLUSION 
	 Osteitis is characterized by neo-osteogenesis of 
woven bone around the infected paranasal sinus and is 
regarded as a complex condition related to CRS severity 
and QoL. Osteitis in CRS is linked to biofilm formation, 
inflammatory cytokine presence, RUNX2 regulation, 
and TGF-β signaling. Diagnostic tools include both 
histopathological and radiographic staging and scoring 
systems. Therapy involves surgical interventions such 
as FESS or RESS. IL-13 inhibitors, anti-biofilm agents, 
and high-dose INCS present possible mechanisms 
of action against osteitis in CRS. Thus, future studies 
necessitate a better understanding of the inflammatory 
involvement in the underlying sinus bones of CRS, 
alongside additional investigations into its pathogenesis 
and molecular mechanisms in human clinical trial studies 
in large sample sizes, so that it may aid the discovery of 
novel therapeutic agents for the disease. Future long-term 
clinical efficacy studies with well-designed randomized 
controlled trials (RCTs) are also needed to assess their 
sustained benefits and safety.
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INTRODUCTION
	 Chronic kidney disease (CKD) is one of the most 
common and fatal disorders that affect individuals globally 
and it is expected to be the fifth leading cause of death 
worldwide by 2040.1 It is characterized by a gradual decline 
in kidney function, which results from several causes 
including diabetes, hypertension, obesity, polycystic kidney 
disease, glomerulonephritis, and chronic obstruction of 
the urinary tract.2 CKD is classified into five stages based 
on the estimated glomerular filtration rate (eGFR), where 
the fifth stage is referred to as end-stage kidney disease 
(ESKD) or kidney failure in which the eGFR is less than 
15 milliliters per minute. This stage could progress to 
multiple overlapping complications and usually needs 
kidney dialysis or kidney transplantation.3 Hemodialysis 
is the most effective treatment modality for CKD patients, 
and it has a role in the longevity of the patient’s life. 
However, this treatment has several modifications and 
restrictions impacting the quality of life for patients with 
kidney failure. Particularly, hemodialysis impacts the 
social and economic status of these patients as well as 
their psychological standing leading to a large number of 
psychological illnesses.4 Moreover, numerous complications 
such as cardiovascular issues, infections, and problems 
related to the dialysis access sites. Frequent hemodialysis 
sessions could be associated with cardiovascular strain, 
due to rapid shifts in the fluids and electrolytes.5 This may 
exacerbate left ventricular hypertrophy and augments 
the risk of arrhythmias. Likewise, repeated access to the 
ventricle increases the tendency of infections, thrombosis 
and stenosis.6 Accordingly, it is important to implement 
a new strategy to adjust the impact and frequency of 
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hemodialysis to improve the quality of patients’ life and 
to overcome the aforementioned challenges.7 
	 Artificial intelligence (AI) is recently implemented 
as an interesting strategy in various fields of medicine, 
including nephrology. It could be applied to monitor 
hemodialysis, improve clinical care, and follow-up 
transplant recipients.8 The potential of AI in nephrology 
aims to improve kidney dialysis for CKD patients by 
reducing frequency and enhancing quality of life. This 
review discusses the role of AI in dialysis treatment, 
addressing challenges and limitations while exploring 
future applications in nephrology.

1. Current strategies in chronic kidney disease treatment
	 The management of CKD involves several approaches 
aimed at reducing symptoms, slowing progression, and 
improving quality of life.9 

1.1 Management of the coexistent diseases
1.1.1 Reducing the risk of cardiovascular disease
	 Cardiovascular disease is more prevalent in patients 
with CKD than in those without, often leading to life-
threatening outcomes.10 Therefore, it is important to reduce 
the risk of cardiovascular diseases by encouraging patients 
to stop smoking, intensive blood pressure control (target 
blood pressure is less than 120 millimeters of mercury 
(mmHg)), and treating elderly patients who have CKD 
with low to moderate doses of statin regardless of the 
levels of low-density lipoprotein cholesterol.11 

1.1.2 Management of hypertension
	 Antihypertensive drugs such as angiotensin II 
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receptor blockers (ARBs) and angiotensin-converting 
enzyme inhibitors (ACEIs) are valuable in patients with 
CKD.12 Renin-angiotensin-aldosterone system blockade 
can reduce systolic blood pressure by approximately 
20 mmHg in patients with hypertension and CKD, the 
same as calcium channel blockers (CCBs) and diuretics.13 

However, in patients with diabetes and proteinuria, 
ARBs and ACEIs show superiority in comparison to 
other groups.14 
	 Diuretic therapy can alleviate volume overload in 
CKD patients, helping reduce left ventricular mass and 
arterial stiffness. For non-proteinuric CKD, thiazide 
(e.g., bendroflumethiazide) or thiazide-like diuretics 
(e.g., indapamide) may be first-line treatments. While 
loop diuretics (e.g., furosemide) are useful, they require 
higher doses for patients with lower eGFR rates.15 CCBs, 
particularly dihydropyridines like amlodipine, are effective 
for managing hypertension in non-proteinuric CKD 
patients. For proteinuric CKD, a combination of ACEIs 
and CCBs is recommended, while non-dihydropyridines 
like verapamil can reduce proteinuria and control blood 
pressure.16 
	 Beta-blockers can be safely used in all stages of 
renal impairment with potential dosage adjustments. 
Carvedilol, a liver-excreted beta-blocker with vasodilatory 
effects, is especially beneficial for CKD patients.17,18 

1.1.3 Management of diabetes mellitus 
	 Controlling blood sugar delays the progression of 
CKD with a goal of 7% hemoglobin A1c as recommended 
by most studies.19-21 Moreover, adjusting the dose of oral 
antidiabetics will also be helpful. For instance, the dose 
of drugs that are metabolized by the liver and partially 
excreted by the kidney (such as metformin and some 
sodium-glucose cotransporter 2 inhibitors (SGLT2) and 
dipeptidyl peptidase inhibitors) may require adjustment 
or cessation, especially when eGFR falls below 30 mL/
min/1.73 m2.22,23 Drugs cleared by the kidney, like glyburide, 
should be avoided. SGLT2 inhibitors are recommended 
for patients with severe albuminuria.24,25 
	 The nephrology and clinical evaluation (CREDENCE) 
trial found that patients with type 2 diabetes and CKD 
taking canagliflozin had a 30% lower risk of primary 
renal complications compared to placebo, indicating 
cardiovascular benefits.26,27 

1.1.4 Nephrotoxins 
	 Nephrotoxic medications should be avoided for 
patients with CKD for example, non-steroidal anti-
inflammatory drugs, especially among patients who are 
on ARBs or ACEIs therapy.28,29 Phosphate-based bowel 

preparations can cause acute phosphate nephropathy, 
so it’s important to advise caution. Herbal remedies are 
concerning as they lack FDA standardization; some, 
particularly those with anthraquinones and aristolochic acid, 
can lead to kidney issues like acute and chronic interstitial 
nephritis, nephrolithiasis, acute tubular necrosis, Fanconi 
syndrome, rhabdomyolysis, and hypokalemia.30-32 Proton 
pump inhibitors have been linked to acute interstitial 
nephropathy in individuals with CKD. Their use in this 
population should be evaluated in primary care units.33,34 

1.1.5 Drug dosing
	 Patients with CKD require dose adjustment of certain 
drugs due to the high risk of adverse drug reactions.35 These 
drugs include antibiotics, opiates, and anticoagulants.36 

Furthermore, contrast agents such as gadolinium-based 
agents are contraindicated in patients with acute kidney 
injury with an eGFR rate of less than 30 mL/min/1.73m2 

or ESKD due to the potential of nephrogenic systemic 
fibrosis.37 New macrocyclic chelate formulations like 
gadobutrol, gadoteritol, and gadoterate have a lower 
risk of fibrosis. However, avoiding gadolinium entirely 
is the best way to prevent this complication. Patients 
should be informed of the fibrosis risk if it must be used, 
and a nephrologist may be consulted for post-exposure 
hemodialysis.38 

1.2 Monitoring and treating of chronic kidney disease 
complications
	 The Kidney Disease Improving Global Outcomes 
(KDIGO) guidelines recommend annual monitoring 
of kidney function, eGFR, and albuminuria. High-risk 
patients should be monitored twice a year, while very 
high-risk patients require thrice a year.39,40 Patients with 
moderate to severe CKD are at an increased risk of 
minerals, electrolytes, bone abnormalities, and anemia. 
Laboratory abnormalities are assessed according to the 
stage of CKD and include evaluations of blood count, lipid 
panel, phosphate, serum albumin, 25-hydroxyvitamin 
D, parathyroid hormone, and metabolic panel.39 

1.2.1 Anemia
	 It is important to monitor anemia in CKD patients 
by assessing iron stores, and in case of iron deficiency; oral 
or intravenous replacement therapy might be assisted.41 

However, patients with very low levels of hemoglobin 
less than 10 g/dL might need additional therapy, such 
as erythropoietin-stimulating agents after weighing the 
potential benefits of such therapy against the risks that 
include stroke, venous thromboembolism, and death.42 
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1.2.2 Electrolytes, minerals, and bone abnormalities 
	 Electrolyte abnormalities occur in 3-11% of CKD 
patients. Early management includes dietary restrictions for 
hyperphosphatemia and hyperkalemia. Oral bicarbonate 
supplementation is recommended for serum bicarbonate 
levels below 22 mmol/L to reduce the risk of metabolic 
acidosis and slower CKD progression.43 
	 In addition, mineral and bone disorders are also 
common, and many nephrologists have agreed to address 
the concomitant hypocalcemia, hyperphosphatemia, 
and vitamin D deficiency by elemental calcium intake, 
a low-phosphate diet and/or phosphate binders, and 
vitamin D supplementation.44 

2. Limitations of the current strategies in chronic 
kidney disease treatment
	 Managing CKD with traditional strategies addresses 
several challenges including, economic and healthcare 
burdens in which significant costs associated with 
medications, dialysis, and hospitalization limit the access 
to optimal care for some patients.45 The side effects of 
certain medications that are used to manage CKD such 
as ARBs and ACEIs which can lead to hyperkalemia and 
kidney dysfunction, will complicate the treatment and 
require further monitoring and medical interventions.46 

Patients with CKD may struggle to maintain medication 
adherence, lifestyle changes, regular dialysis sessions, and 
dietary restrictions which can impact the overall health 
and the effectiveness of treatment.47 Finally, the quality 
of life will be reduced due to the physical and emotional 
burdens of CKD and its management through which 

patients experience depression, fatigue, and social isolation 
that would complicate their treatment adherence.48 
	 The limitations highlight the need to integrate 
advanced technologies like AI into traditional CKD 
management strategies, potentially enhancing patient 
care and quality of life.

3. The applications of artificial intelligence in chronic 
kidney disease treatment
	 The use of AI in nephrology is crucial for improving 
management plans, aiding clinician decision-making, and 
reducing the need for hemodialysis and hospital visits. AI 
applications in kidney disease include predicting CKD 
progression, assisting treatment, identifying medical 
errors, adjusting dialysis schedules, and detecting unknown 
comorbidities as illustrated in Fig 1.49 

3.1 Prediction of chronic kidney disease progression
	 Patients with ESKD have high hospitalization and 
mortality rates. Therefore, early detection of CKD and 
controlling its progression are essential for better patient 
outcomes. Several machine learning techniques in AI 
generally exist, including logistic regression, linear regression, 
ensembles like random forest and XGBoost, Lasso, Ridge, 
support vector machines, k-means clustering, k-nearest 
neighbors, decision trees, and principal component 
analysis.50 
	 The development of AI techniques nowadays makes 
them effective choices for CKD prediction.51 A traditional 
regression model for predicting kidney failure has been 
developed by Tangri et al. This model uses clinical and 

Fig 1. Artificial intelligence (AI) applications in chronic kidney disease (CKD). 
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demographic data from two independent groups of 
patients with stages 3 to 5 of CKD.52 In two recent studies, 
random forest models have been developed to create a 
prognostic risk score. These models combine data from 
electronic medical records and circulating biomarkers, 
such as kidney injury molecule-1 and tumor necrosis 
factors, to predict the progression of CKD.53,54 
	 Predictive interventions using hospitalization and 
mortality models based on traditional statistical techniques 
have been performed; utilizing several features including 
machine learning models. Machine learning is a branch 
of AI that allows computers to learn from data and 
make predictions and decisions that might be missed 
by humans.55 
	 Advanced machine learning methods involve 
developing complex models to enhance the efficacy 
of machine learning and include several models.56 The 
most common model used in nephrology is the random 
forest, a collaborative method that builds several decision 
trees using a random set of data to get a more accurate 
prediction of CKD progression. An early example of 
employing the random forest models in nephrology was 
the prediction of sudden cardiac death among elderly 
hemodialysis patients.57 Another example was the use 
of support vector machine model for the prediction of 
ischemic heart disease in patient with dialysis.58 The 
support vector machine is a supervised machine learning 
algorithm used for the classification and regression of 
CKD stages.59  
	 Xiao et al. compared several machine learning 
methods to predict the risk of proteinuria in CKD patients 
using blood biochemical features and demographic 
data.60 Moreover, Jamshid Norouzzi et al. established 
an artificial neural network (ANN) model to predict the 
progression of kidney failure through the assessment of 
glomerular filtration rate in patients with CKD, ANN 
is organized in layers and serves as the foundation for 
supervised or unsupervised machine learning systems that 
can replicate complex tasks involved in categorization 
or prediction procedures.61 
	 The Renal Research Institute utilized AI models to 
predict the progression of CKD, and the results of the 
models were included in the CKD Forecaster Tool to 
be used by nephrologists to support clinical decisions. 
Accordingly, the nephrologists that used this Tool had 
fewer transitioning patients to hemodialysis providing 
better care planning for patients with ESKD.62 

3.2 Treatment assessment 
	 AI models provided interesting aid in the prescription 
of drugs for patients with CKD and identified several medical 

errors. For example, the erythropoietin prescription could 
be automated in patients with ESKD to increase its efficacy 
and enhance patient care. Several approaches have been 
to reduce the erythropoietin dose and improve patient 
care.63 For instance, the use of ANN for the treatment of 
anemia has minimized the variability of hemoglobin levels 
and reduced the dose of erythropoietin.64 Moreover, the 
historical data of patients is another area of understanding 
the appropriate drug for specific patient categories, which 
can guide clinicians in the decision-making process. In 
this regard, Fresenius Medical Care, is a major dialysis 
organization that specializes in providing integrated 
care for kidney disease, has provided nephrologists 
the option to recommend cinacalcet off-label for in-
center administration three times a week, with direct 
observation.65 Following observations for the indication of 
three times per week in-center administration of cinacalcet 
indicated that it is not superior to the daily administered 
cinacalcet in regulating the levels of parathyroid hormone, 
supporting the results of a virtual clinical trial.66 Despite 
being theoretical, attempts such as these could improve 
and customize secondary hyperparathyroidism treatment 
and increase understanding of the debatable impact of 
drugs in mineral bone medications on real outcomes.67 

3.3 Identifying medical errors
	 Medical errors are the third leading cause of death 
in the United States thus, identifying medical errors is 
another important strategy to improve patient care which 
can be ensured by using AI approaches.68 Several causes 
of medical errors are available, such as human factors and 
ergonomics, healthcare system complexity, education, 
competency, and training. Correcting medical errors 
using traditional approaches could be accomplished by 
creating new rules that need to be used in a healthcare 
system.69 Nonetheless, the application of AI approaches 
can be implemented when historical data exist; guiding 
the clinicians to identify what therapeutic approach is 
ideal for patients.70 
	 Additionally, machine learning algorithms can aid 
in decision-making when the susceptibility of complex 
and uncommon medical interactions is expected such 
as therapeutic duplication and drug-allergy or drug-
drug interactions.71 Several technological companies 
have facilities that assist in reducing medical errors by 
supporting physicians in interacting with patients’ data. 
Therefore, integrating the technology with AI models 
could assist in the decision support system. The prediction 
of algorithms developed at the University of Stanford 
has established the best examples of such applications 
where researchers have created a network to study drug 
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interactions with over 19,000 proteins in the body. They 
used deep learning approach of AI to identify patterns 
in side effects based on drug-targeting proteins. The 
system supposed patterns about drug interaction side 
effects and predicted unexpected consequences from 
taking two drugs together.72 

3.4 Adjustment of dialysis schedule
	 Fascinatingly, AI algorithms adjust dialysis settings 
and schedules based on patient-specific data, such as 
electrolyte balance and fluid retention. This would help 
in individualization of the dialysis frequency according 
to the patient's need, which may involve increasing, 
decreasing or rescheduling sessions, aiding in replacing 
the standard fixed hemodialysis schedule, reducing the 
potential complications and customizing treatment 
regimens and leading to optimizing dialysis treatments 
and improving quality of life.73	

3.5 Identification of unknown comorbidities 
	 Patients’ comorbidities are another area of concern 
in which the rate of survival will decrease among patients 
with ESKD and multiple comorbidities. Additionally, 
the health picture of patients could be complicated 
by the presence of comorbidities as highlighted by 
prognostic comorbidity indexes which demonstrate 
the mortality risk of patients with renal replacement 
therapy.74 Moreover, comorbidity information is an 
important element participating in medical billing. In 
which patients suffering from ESKD, who have complex 
health pictures, receive multiple payment coverage for 
medical services.75 Therefore, comorbidities must be 
properly recorded in medical documents in order to 
appropriate the payment procedures for extra levels of 
services and support tied to these populations.76 
	 In nephrology, one long dialysis organization 
integrated with a kidney disease care organization has 
used the machine learning model to identify potentially 
undocumented comorbidities and to eliminate the expected 
comorbidities, by finding the patterns in physicians’ 
notes regarding the diseases.76 

3.6 Identification of phenotypical patterns 
	 On the topic of mortality rate, it increases nearly six-
fold with the presence of concomitant pathophysiological 
risk factors including malnutrition, inflammation, and 
atherosclerosis, which have been detected by traditional 
statistical methods in patients with ESKD.77 Additionally, 
fluid overload has been included in recent studies’ 
pathophysiological patterns. In nephrology, the detection 
of patterns is based on an unsupervised learning technique, 

a category of machine learning that teaches a computer 
to use unlabeled data and allows the program to work 
without human oversight.78,79 For example, three distinct 
phenotypic patterns were found using agglomerative 
hierarchical clustering, an unsupervised learning technique, 
in patients with heart failure who had retained ejection 
fraction. These patterns were based on echocardiographic, 
laboratory, and clinical characteristics. The mortality risk 
varied significantly among these groupings. The authors 
referred to the application of unsupervised learning 
methods in cardiology to identify phenotypical patterns 
as “phenomapping”, thus monitoring the progress of 
cardiovascular disease among CKD patients.80 
	 In the field of infection medicine, researchers applied 
k-means clustering, a type of unsupervised learning, 
to analyze a group of sepsis patients, identifying four 
distinct phenotypes that exhibited significant differences 
in outcomes. One of these was the β phenotype, which 
consisted of older patients with more chronic illnesses 
and renal failure. Another phenotype, the δ phenotype, 
included patients experiencing liver dysfunction and 
septic shock, and it had the highest mortality rate at 
40%. In comparison, the β phenotype had a mortality 
rate of 13%, while the low-risk α phenotype had a rate 
of just 5%.81 Additional research is necessary to identify 
phenotypic patterns in patients with CKD to personalize 
treatment.

4. Clinical applications of artificial intelligence in 
kidney dialysis
	 In 2001, Akl and his colleagues addressed the application 
of AI to the urea kinetic of hemodialysis patients, aiming 
to predict the adequate dialysis time to reach target urea 
removal, as a result, they concluded that AI can provide 
valuable insights for tailoring intradialysis protocols to 
meet individual clinical needs. This method improved 
the customization of hemodialysis session prescriptions, 
especially for patients with varying weight and dietary 
habits. Instead of using a standard prescription, their 
dialysis sessions should be tailored to meet their unique 
needs.82 
	 In 2004, Gabutti and his colleagues explored the role 
of the AI approach to assist nephrologists in accurately 
recognizing the trend in the evolution of the protein 
nutritional status and they concluded that the predicted 
protein catabolic rate is more accurate than the protein 
catabolic rate established by clinicians, hence enabling 
the implementation of preventative interventions.83 
	 In 2016, an Anemia Control Model (ACM) using 
artificial intelligence decision support system, was conducted 
in an aim to improve anemia outcomes for patients 
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undergoing hemodialysis. The ACM was developed 
based on patient profiles and was used to recommend 
appropriate doses of erythropoietic-stimulating agents such 
as darbepoetin. The study included 752 patients receiving 
hemodialysis treatment across three NephroCare clinics 
located in different countries. The primary outcomes 
measure was the percentage of hemoglobin values that 
fell within the target range, the individual fluctuations in 
hemoglobin levels, and the median dose of darbepoetin 
administered. The results indicated that care guided by 
the ACM led to a decrease in hemoglobin variability, 
a significant reduction in darbepoetin usage, and an 
increase in the percentage of hemoglobin values on 
target. These findings suggest that the ACM can enhance 
anemia management, reduce the need for erythropoietic-
stimulating agents, and significantly lower treatment 
costs.64 
	 In 2018, Neil and Bastard utilized AI a study to 
increase the precision of dry weight measurements in 
hemodialysis patients. Dry weight refers to the minimum 
weight that patients on hemodialysis can safely tolerate. 
Accurate estimation of dry weight is essential to reduce 
morbidity and mortality but can be challenging to achieve. 
A neural network was created using blood pressure readings, 
blood volume monitoring, and bio-impedancemetry. 
Fourteen children were moved from nephrologists to 
dry-weight AI patients. According to the findings, the 
dry weight of AI was 28.6%, 50%, or the same as that of 
nephrologists. Systolic blood pressure was considerably 
lower and antihypertensive medications were successfully 
stopped in patients with higher artificial intelligence 
dry weight. Finally, the study concluded that AI is a 
powerful tool for predicting dry weight among patients 
with hemodialysis.84  

5. Future promising issues of AI in CKD and potential 
limitations
	 Nephrologists are increasingly collaborating with 
AI researchers to enhance kidney disease diagnosis and 
treatment. AI has great promise for CKD research regarding 
early and precise kidney disease prediction, enabling 
individualized risk assessments for CKD patients.50 
	 AI can analyze vast patient data and identify complex 
relationships that traditional prediction models often miss. 
AI can create detailed risk profiles by integrating additional 
information such as biomarkers, socioeconomic factors, 
medical images, genetic markers, and comorbidities. 
This enables the personalization of treatment plans for 
patients.50 For example, deep learning models can detect 
early kidney disease in patients with type 2 diabetes 
mellitus by analyzing retinal fundus photographs and 

clinical metadata, including sex, age, weight, height, blood 
pressure, and body mass index.85 Furthermore, external 
photographs of the eyes can help identify poor blood 
glucose control, serving as a warning for the progression 
of diabetic complications, including kidney failure.86 
	 In a significant project, Google DeepMind collaborated 
with the United States Department of Veterans Affairs 
to develop an AI system capable of predicting acute 
kidney injury up to 2 days before it becomes clinically 
apparent. This system demonstrates how data science 
can be applied to nephrology to develop effective tools 
for the prevention and early detection of kidney disease, 
optimizing the use of medical resources, and potentially 
saving lives.87 
	 Using AI-based approaches in clinical practice 
presents significant challenges, particularly because deep 
learning models operate as “black boxes”, due to their 
complexity, it is often impossible to trace the path from 
input to output, making it difficult for doctors to assess 
and understand the predictions made by these models 
and complicating the understanding of how decisions 
are made.88 
	 Researchers are increasingly focusing on Explainable 
AI (ExAI) to address important issues in artificial 
intelligence. ExAI aims to enhance the transparency 
of AI models by providing clear explanations for their 
decisions. Techniques such as attention mechanisms, feature 
importance analysis, and model-agnostic approaches are 
used to identify the factors that influence AI predictions. 
By improving transparency, ExAI helps clinicians assess 
the reliability of AI systems, trust their outputs, and 
integrate them into clinical decision-making processes with 
greater confidence. Addressing the “black box” problem 
is essential for complying with regulatory standards, 
ensuring accountability, and addressing concerns related 
to patient privacy, safety, and ethical implications.89 A 
new reporting approach for medical models is needed 
to improve healthcare outcomes, focusing on ethical 
considerations and data-sharing policies. 

CONCLUSION
	 Despite the challenges regarding data privacy and 
ethical considerations that need more clinical validation, 
the integration of AI in nephrology provides a potential 
value in reducing the frequency of kidney dialysis. This 
could be obtained through early disease prediction, 
treatment assessment, and identification of expected 
comorbidities. Besides, AI approaches could personalize 
patient care and improve the quality of life by customizing 
dialysis schedules and settings. 
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