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Abstract 

 

Background/Aim: Since experience is acquired over time, characteristics deriving from intergenerational 

differences play an important role in medical errors. This study was performed to determine tendency to 

medical error levels and associated factors in surgical nurses from two different generations (Y and Z).  

Methods: This cross-sectional, correlational study was conducted with 168 nurses working in a public and 

a training and research hospital between 1 May and 30 June, 2023, and selected using the random sampling 

method. A sociodemographic data form and the Medical Error Tendency Scale were employed for data 

collection. The data analysis was performed with number, percentage, and mean values and using Student’s 

t test, ANOVA, and Pearson’s correlation analysis.  

Results: Seventy-two percent of the nurses were from Generation Y. Mean tendency to medical error scores 

were 231.23 (11.25) in the nurses from Generation Y and 225.59 (11.76) in those from Generation Z. The 

difference in mean total Medical Error Tendency Scale scores between the two generations was statistically 

significant (P=0.005). A significant difference in favor of Generation Y was observed in the Medical Error 

Tendency Scale ‘drug and transfusion practices’ (P=0.006), ‘prevention of infections’ (P=0.004), and 

‘patient monitoring and equipment safety’ subdimensions (P=0.008). Nurses who enjoyed working in their 

clinics and who had sufficient sleep status also registered higher mean Medical Error Tendency Scale scores 

(P<0.05).  

Conclusions: The nurses in this study exhibited a moderate tendency to medical error, the difference 

between the two groups being significantly in favor of Generation Y. Enjoying their work and sufficient 

sleep status had a positive effect on nurses’ performance by reducing their tendency to medical error. 

 

Keywords: surgical nurse, generational (Y, Z) difference, medical error, patient safety, nursing workforce 
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Introduction 

Medical error is defined as the exhibition of unethical 

behavior inappropriate to a professional providing a health 

service, with a patient suffering harm due to inadequate and/or 

neglectful behaviors in medical practice [1]. Incorrect medical 

practice emerges as the result of neglect, inattention, lack of 

knowledge, skills deficits, and inadequate patient care [2,3].  

A retrospective study of medical errors between 2000 and 

2007 determined that 49.4% of individuals exposed to such errors 

died, while 31.4% suffered disability. That research also showed 

that 13.4% of errors led to another disease and 1.7% to an 

infectious disease [4]. Although adequate and recent data 

concerning the reporting of medical errors in Türkiye are not fully 

available, studies of patient safety have increased in recent years. 

The Turkish Ministry of Health Safety Reporting System report 

and analysis for 2016 reported a medical error rate of 

approximately 16.6%, and concluded that this was compatible 

with those of other countries [5].  

Preventing medical errors and the effects thereof is the 

main aim of patient safety. Preventing such errors before they 

affect patients is a responsibility incumbent on all health 

professionals. From that perspective, determining the attitudes of 

health professionals in different medical spheres is of great 

importance to lowering the rates of such errors, and thus ensuring 

patient safety and improving trust in health institutions [6]. 

Nurses, who constitute the majority of individuals working in 

health care, are more frequently at risk of medical errors due to 

factors such as their numerous dependent and independent tasks, 

their being in constant contact with patients, and intense working 

hours [7]. 

The most frequent error reports in the Turkish Ministry 

of Health Safety Reporting System report and analysis for 2016 

were those deriving from nurses [5]. The reported causes of errors 

made by nurses include low numbers of working nurses, the 

imposition of non-core duty tasks, fatigue, and inexperience [8-

11]. Previous studies have also shown that nurses with fewer 

years’ professional experience have a greater tendency to medical 

errors [12]. 

Since experience is acquired over time, characteristics 

deriving from inter-generational differences play an important 

role in this process, and this also impacts on individuals’ attitudes 

toward events, cases, and concepts. The essentially age-dependent 

concept of the ‘generation’ is applied to groups of individuals born 

within a specific period, who are affected by events within that 

time frame, and who share common characteristics and 

perspectives as a result. Generations’ characteristics and 

expectations are reported to be capable of leading to 

intergenerational variation [13-15].  

Different generations in nursing are affected by 

curriculum models that emphasize different aspects of care, and 

this can potentially increase inter-generation variation. When 

nurses from different generations work together, differences 

between them can therefore affect their professional well-being, 

performance, and productivity [16].  

Although generations X, Y, and Z are currently actively 

present in the workforce, this study was performed for the purpose 

of determining differences in surgical nurses’ tendency to medical 

errors and associated factors by examining generations Y and Z. 

The research questions were;  

1. What are nurses’ tendency to medical error levels?  

2. Do nurses’ sociodemographic and working 

characteristics affect their tendencies to medical error? 

Materials and methods 

Type of research 

This descriptive, correlational study was performed in 

order to determine the tendency to medical error levels and 

associated factors of surgical nurses from different generations. 

Research Population and Sample  

The research population consisted of nurses working in 

surgical clinics in Türkiye. Data were collected from nurses 

consenting to take part in the study between 01 May and 30 July, 

2023, using the random sampling method. Data collection forms 

produced by means of Google Forms were sent to nurses’ mobile 

phones via messaging software. The data from 168 nurses were 

included in the research. The inclusion criteria were voluntary 

participation in the study, age 18 years or older, working in a 

surgical unit, and answering all the questions fully. The response 

rate was 87.96%. 

Data Collection Tools and Data Collection  

The research data were collected using a nurse 

description form and the Medical Error Tendency Scale.  

Nurse description form: This contained five questions 

investigating sociodemographic characteristics such as age, sex, 

marital status, sleep status, and contentment with working in the 

particular unit. 

Medical Error Tendency Scale: This scale measures 

health professionals’ tendencies to commit medical errors. This 

five-point Likert-type tool was developed by Özata and Altunkan 

and consists of 49 items [9]. The lowest possible score is 49 and 

the highest 245. The scale consists of five subdimensions – ‘Drug 

and transfusion practices,’ ‘Prevention of infections,’ ‘Prevention 

of Falls,’ ‘Patient monitoring and equipment safety,’ and 

‘Communication.’ It has no cut-off point, but higher scores 

indicate a lower tendency among nurses to commit medical errors. 

The scale has a Cronbach alpha coefficient of 0.95 [9]. The 

Cronbach alpha coefficient in the present study was 0.93. 

Ethical Considerations 

Approval for the study was received from the Kırklareli 

University Health Sciences Institute ethical committee, Türkiye 

(PR0462R01-2023). Consent was received from all participants in 

the first part of the questionnaire prior to commencement. 

Participants were able to discontinue the questionnaire at any time, 

with no justification being required. The study was performed in 

compliance with the principles of the Declaration of Helsinki.  

Statistical Analysis 

Statistical analyses were performed on Statistical 

Package for the Social Sciences (SPSS) version 23 software. 

Descriptive statistical methods such as frequency, percentage, 

mean, and standard deviation were employed during the data 

analysis, and the Kolmogorov-Smirnov test was used to examine 

normality of distribution. The data were found to be normally 

distributed. Relationships between nurses of different generations’ 

descriptive characteristics and two or more variables were 
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evaluated using the chi-square test. Student’s t test was applied to 

determine relationships between the nurses’ scale scores and 

sociodemographic variables. Multivariate linear regression 

analysis (method: enter) was applied to identify factors associated 

with nurses’ tendency to commit medical errors. P-values <0.05 

were considered statistically significant. 

Results 

The mean age of the participants was 35.30 (8.72) 

years. Women represented 62.8% of the Generation Y nurses 

enrolled in the study and 72.3% of the Generation Z nurses. No 

statistically significant differences were determined between the 

generations in terms of sociodemographic characteristics (P>0.05) 

(Table 1). 

The mean total Medical Error Tendency Scale scores of 

the nurses working in surgical units were 231.23 (11.25) for 

Generation Y and 225.59 (11.76) for Generation Z. The mean total 

score was significantly higher in the nurses from Generation Y 

(P=0.005) (Table 2). 

A significant weak, positive correlation was observed 

between age and Medical Error Tendency Scale scores in the 

nurses working in surgical units (P<0.001) (Table 3). 

The multilinear regression results show that the 

tendencies to commit medical errors of nurses working in surgical 

units were positively and significantly affected by age (VIF: 

1.014), increased sleep hours (VIF: 1.057), and contentment with 

working in the particular unit (VIF:1.059) (P<0.05). These 

variables explained 15% of the total variance (Table 4). 
 

Table 1: A comparison of the surgical unit nurses’ demographic characteristics by 

generations (n=168) 
 

 Generation Y 

(n=121) 

Generation Z  

(n=47) 

Statistics 

n % n %  

Sex  Female 

  Male 

76 

45 

62.8 

37.2 

34 

13 

72.3 

27.7 

χ2 =1.360 

P=0.224 

Marital status Married 

  Single  

37 

83 

31.4 

68.6 

6 

41 

12.8 

87.2 

χ2 =2.417 

P=0.120 

Sufficient sleep Yes 

  No  

17 

104 

14 

86 

6 

41 

9.9 

90.1 

χ2 =0.047 

P=0.828 

Content working  Yes 

in the unit  No 

92 

29 

76 

24 

32 

15 

68.1 

31.9 

χ2 =1.106 

P=0.293 
 

Table 2: A comparison of surgical unit nurses’ Medical Error Tendency Scale scores by 

generations  
 

Medical Error Tendency Scale Generation 

Y 

Generation 

Z 

Statistics 

Mean (SD Mean (SD  

Drug and transfusion practices 82.19 (4.47 79.74 (4.41 P=0.006 

Prevention of infections 58.00 (2.94 56.35 (3.58 P=0.004 

Prevention of falls 24.01 (1.78 23.64 (1.84 P=0.157 

Patient monitoring and equipment 

safety 

42.85 (2.80 41.44 (3.04 P=0.008 

Communication 24.49 (1.11 24.38 (1.04 P=0.473 

Total score 231.55 (11.36 225.56 (11.28 P=0.005 
 

Table 3: Correlations between surgical unit nurses’ sociodemographic characteristics 

and Medical Error Tendency Scale scores  
 

 1 2 3 

(1) Medical Error Tendency Scale 1   

(2) Age r=0.236 

P<0.001 

1  

(3) Weekly working hours r=-0.010 

P=0.875 

r=-0.153 

P=0.157 

1 

 

Table 4: Multilinear regression analysis findings between surgical unit nurses’ tendencies 

to medical errors and independent variables  
 

Model  B SE β t P-value VIF 

Fixed  242.162 3.493  69.328 <0.001  

Age 4.186 1.496 0.159 2.798 0.006 1.014 

Sleep hours 6.608 1.496 0.257 4.417 <0.001 1.057 

Contentment with 

 working in the unit 

-4.902 1.476 -0.193 -3.322 0.001 1.059 

 

Model R=0.388; R2=0.150; Adjusted R2=0.141; F=15.688; P˂0.001; Durbin Watson=1.655. Independent 

variable: Medical Error Tendency Scale, Independent variables (contentment with working in the unit: 1 yes, 

2 no) 
 

Discussion 

Generations are regarded as referring to a period of 15-

20 years. The nurses in this study were from generations Y and Z.  

The total Medical Error Tendency Scale scores of the 

surgical unit nurses in this study were significantly higher for the 

Generation Y nurses, at 231.23 (11.25), compared to those from 

Generation Y at 225.59 (11.76) (P=0.005). Differences in 

perception among nurses from different age groups and who were 

raised under different conditions also affect their attitudes toward 

medical errors. Generation Y is described as disposed to teamwork 

and self-confident [17]. Some studies have reported low 

tendencies to medical error levels irrespective of generations [2, 

18-20], while one study reported a high medical error tendency 

[21]. However, there are also studies concluding that the age factor 

does not affect the tendency to medical error [22]. The variation 

in our study results may derive from the tendency to medical error 

being multifactorial in nature. 

Tendencies to commit medical errors associated with 

drug and transfusion practices (P=0.006), prevention of infections 

(P=0.004), and patient monitoring and equipment safety 

(P=0.008) were lower in the nurses from Generation Y than in 

those from Generation Z. One study of tendencies to medical 

errors involving nurses and physicians reported that such errors 

most frequently involved administration of the wrong drug or 

administration to the wrong patient. The authors also concluded 

that age was not a factor affecting medical errors practices, and 

that the basic cause was lack of communication [23]. Similarly, 

another study reported that nurses most frequently committed drug 

administration errors, although errors involving sharp object 

injuries, the prevention of infections, and transfusion errors also 

occurred. Factors such as excessive workloads and lack of 

communication were described as the main causes of error [24]. 

Lack of communication may be the principal reason for nurses 

most frequently making errors in drug administration in those 

studies.  

Due to the rapid development of the workforce and 

global change, workplaces can contain several different 

generations. There are approximately 20 years between each 

generation, and perspectives change according to life events. 

Specifically in terms of nursing, research has reported inter-

generation differences in areas such as leadership, patient safety, 

flexibility and accessibility, and professional approach. It is 

important for managers and leaders to consider these difference in 

the workplace and to make arrangements accordingly [25, 26].  

A significant weak, positive correlation was observed 

between age and Medical Error Tendency Scale scores among the 

surgical unit nurses in this study, with older nurses exhibiting 

lower tendencies to medical error. In their study examining 

surgical nurses’ attitudes and tendencies to medical errors, 

Kandemir and Yüksel [22] reported significantly lower tendencies 

to such errors among nurses aged 35 or older. Another study from 

the Turkish Republic of Northern Cyprus also reported that the 

tendency to medical error decreased in line with factors such as 

age and work experience [24]. A different study reported a lower 

tendency to medical errors among individuals with 13 or more 

years’ professional experience [27]. Our findings are compatible 

with the previous literature and suggest that the tendency to 
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medical error is positively affected by factors such as age and 

greater professional experience. 

Multilinear regression analysis showed that the tendency 

to medical error among surgical unit nurses was positively and 

significantly affected by greater age, increased sleep hours, and 

contentment with working in the particular unit. These variables 

explained 15% of the total variance. A Japanese study 

investigating the importance of nurse health and its potential 

impact on patient services found that insufficient sleep, shift 

working, and poor mental health increased the tendency to 

medical error [28]. Another study, involving nurses working in 

Canada, also found a lower medical error rate among individuals 

who enjoyed their work and reported a healthy working 

environment [29]. Other research from Australia, a county where 

tendencies to medical errors appear to be widespread, reported a 

significant increase in such tendencies among nurses with lengthy 

experience in the profession and those with insufficient sleep [30]. 

Studies have shown that sleep adequacy also affects job 

satisfaction. It is important to plan appropriate measures and to 

regulate nurses’ working hours to ensure that they obtain enough 

sleep [31,32]. Our finding was consistent with the previous 

literature and showed that the tendency to medical error is 

positively affected by such factors as age, sufficient sleep, and 

contentment with one’s work. 

Limitations 

The data from this research involve only two hospitals 

and are cross-sectional in nature. They cannot therefore be 

generalized to all surgical unit nurses. Additionally, the method of 

survey distribution (Google Forms) may introduce potential 

biases.  

Conclusion 

The tendency to medical error in this study was at a 

moderate level, and Generation Y exhibited a better performance 

than Generation Z. Greater age, sufficient sleep, and contentment 

with working in their particular unit reduced nurses’ tendencies to 

medical error. Considering the high circulation in surgical unit 

staff, and that these may have a high tendency to medical errors, 

it is of great importance that nurses’ generational differences be 

taken into account. We would also recommend that nurses work 

in the units they prefer, that their working hours be regulated, and 

that obstacles to their obtaining sufficient sleep be identified. 

Finally, we recommend that further studies involving different 

generations and wider samples now be performed. 
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Abstract 

 

Background/Aim: Triage systems are crucial for determining patient care priorities and efficiently utilizing 

resources in emergency departments. The aim of this study is to compare the effectiveness of the three-stage 

triage system (TR) and the Canadian Triage and Acuity Scale (CTAS) system in terms of patient safety, 

resource management, and alignment with expert opinions in an adult emergency department. 

Methods: A prospective, cross-sectional, single-blind clinical study was conducted in an adult emergency 

department between October 1 and October 15, 2021. Patients aged 15 years and older with a Glasgow Coma 

Scale (GCS) score of 15 were included in the study. Trauma patients, patients transported by ambulance, 

and patients under 15 years of age were excluded from the study.  

CTAS was applied by a single emergency medicine resident on odd days of the month, while TR was applied 

on the even days. The specialist physician who provided the reference triage categories was unaware of the 

initial assessments. Primary outcomes included inter-rater agreement (weighted kappa coefficient), triage 

accuracy, and resource utilization patterns. Statistical analysis used the Kruskal-Wallis H test, Fisher's exact 

test, and a weighted kappa coefficient with a significance level set at P<0.05. 

Results: A total of 620 patients were evaluated (TR: n=290, CTAS: n=330). CTAS demonstrated 

significantly higher agreement with expert opinion compared to TR (κ=0.375, P<0.001) (κ=0.835, 

P<0.001). In CTAS, the rate of inadequate triage was significantly lower (12%) compared to TR (28%). 

CTAS demonstrated a more balanced patient distribution across emergency levels and rational resource 

utilization, resulting in appropriate requests for radiological examinations at T3 level (32.35% compared to 

78.95% in the yellow zone of TR, P<0.001). Hospital admission rates were higher in CTAS (seven patients) 

compared to TR (one patient). 

Conclusion: The CTAS system demonstrated significantly higher compliance and lower triage error rates 

compared to the TR system, with expert consensus, thereby showing superior performance in terms of patient 

safety and resource management. The implementation of CTAS in emergency departments may improve the 

quality of patient care and optimize resource utilization. 

 

Keywords: CTAS Emergency, TR, Triage  
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Introduction 

Triage in emergency departments is crucial for 

determining the priority of patient care and efficiently utilizing 

resources [1,2]. Due to increasing patient volumes and limited 

resources, the use of an accurate and reliable triage system has 

become increasingly important [3]. 

Among the triage systems widely used worldwide are the 

three-phase triage system (TR), the Australian Triage Scale 

(ATS), the Manchester Triage System (MTS), the Emergency 

Severity Index (ESI), and the Canadian Triage and Acuity Scale 

(CTAS) [4,5]. Each system has its own advantages and 

disadvantages. The TR triage system is preferred for its simplicity 

and quick implementation, while its five-point system provides a 

more detailed assessment [6,7]. 

CTAS is an internationally recognized triage system 

developed in Canada in the late 1990s [8]. Its reliability and 

validity have been studied in many countries, with high agreement 

rates reported [9,10]. CTAS has been shown to be particularly 

successful in predicting patient outcomes and resource utilization 

[11,12]. 

The TR system is widely used, particularly in developing 

countries and busy emergency departments [13]. Its main 

advantages include simplicity, ease of understanding, minimal 

training requirements, and rapid implementation. However, 

insufficient detail in patient assessment and low triage risk are 

considered disadvantageous [14]. 

Studies comparing triage systems have generally focused 

on the reliability, validity, and resource utilization of the systems 

[15]. In recent years, with the increasing importance of patient 

safety, the rates of inadequate triage and overtriage have also been 

closely examined [16]. Inadequate triage refers to the low-priority 

assessment of high-risk patients, while overtriage refers to the 

high-priority assessment of low-risk patients [17]. 

The aim of this study was to compare the effectiveness of 

the TR and CTAS triage systems in an adult emergency 

department in terms of patient safety, resource management, and 

compliance with expert opinions. 

Materials and methods 

Study Design and Population: 

This prospective, cross-sectional, single-blind clinical 

study was conducted in the adult emergency department of 

Haydarpaşa Numune Training and Research Hospital. Ethical 

approval was obtained from the Istanbul Medipol University 

Ethics Committee on June 29, 2021 with decision number 765. 

The study was conducted between October 1 and October 15, 

2021, from 8:00 a.m. to 5:00 p.m. A total of 10,833 patients who 

presented to the emergency department during the study period 

were evaluated, of whom 3,136 were patients who presented 

during the specified hours. 

Inclusion and Exclusion Criteria: Patients with a 

Glasgow Coma Scale (GCS) score of 15, aged 15 years or older, 

and who consented to participate in the study were included. 

Trauma patients, patients transported by ambulance, medical 

cases under the age of 15, and patients who refused to participate 

in the study were excluded. 

 

Application Protocol 

Triage assessments were performed by a single 

emergency medical technician trained in both triage systems. The 

CTAS triage system was applied on odd days of the month (1, 3, 

5...), and the TR triage system was applied on even days (2, 4, 

6...). 

The specialist physician assigning the reference triage 

category was not informed of the initial triage assessment 

performed by the assistant. Vital signs and clinical assessments 

were performed using standard protocols. 

Clinical Assessment Parameters 

 Pulse: 60–100 beats/minute (normal range) 

 Respiratory rate: >20/min considered abnormal 

 Body temperature: 36–37.5°C (normal range) 

 Oxygen saturation: <95% abnormal for TR system, 

<92% abnormal for CTAS 

 Pain assessment: 1–3 (mild), 4–7 (moderate), 8–10 

(severe) 

Oxygen saturation measurements were performed using 

the MD300C2 finger-type pulse oximeter device manufactured by 

Beijing Choice Electronic Technology Co., Ltd. (Beijing, China). 

Data Collection and Evaluation 

Demographic information, clinical complaints, applied 

triage system, triage category, laboratory and imaging tests, 

consultation requirements, treatment methods, and discharge 

status from the emergency department were recorded using a 

standard data collection form. Patient admission complaints were 

classified according to the clinical categories provided in Table 1. 

The final treatment and follow-up category was 

determined by an independent specialist physician based on a 

comprehensive patient assessment, final diagnosis, and actual 

status (discharge, admission to the ward, admission to the 

intensive care unit). This served as the reference standard for 

measuring triage accuracy. 

After patients were discharged from the emergency 

department, the triage categories determined by the triage 

physician and the specialist physician were compared using a 

weighted kappa coefficient. Differences between the final 

treatment area category and the initial triage category were 

classified as “overtriage” and “undertriage.” 

Triage Accuracy Assessment 

Overtriage: The triage category assigned during the 

initial assessment is higher (more urgent) than the final treatment 

and follow-up area category. 

Undertriage: The triage category assigned during the 

initial assessment is lower (less urgent) than the final treatment 

and follow-up area category. 

Statistical analysis 

SPSS version 23 (SPSS Inc., Armonk, NY) software was 

used for statistical analysis. For the comparison of TR and CTAS 

levels, the Kruskal-Wallis H test, a non-parametric test, was 

applied with post-hoc analysis using the adjusted Dunn test. 

Fisher's exact test was used to evaluate the relationships between 

categorical variables. The weighted kappa coefficient was 

calculated to evaluate the agreement of triage systems with expert 

consensus. The statistical significance level was set at P<0.05. 
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Results 

Demographic Characteristics and Triage 

Distribution 

A total of 620 patients were evaluated in the study. The 

TR group included 290 patients (mean age 44.60 [19.06], 57.93% 

female) and the CTAS group included 330 patients (mean age 

46.61 [19.63], 52.73% female). 

In the TR triage system, most patients were classified as 

green code (86.55%, n=251), while fewer patients were classified 

as yellow (12.07%, n=35) and red (1.38%, n=4) categories. In 

contrast, the CTAS system showed a more balanced distribution 

of emergency levels: T5 Non-urgent (58.79%, n=194), T4 Non-

urgent (20.00%, n=66), T3 Urgent (17.27%, n=57), T2 Urgent 

(3.03%, n=10), and T1 Resuscitation (0.91%, n=3) (Table 2). 

Gender distributions were similar across triage categories 

in both systems. In the TR system, patients in the yellow category 

were significantly younger than those in the green category 

(P<0.001), while no significant age differences were observed 

between categories in the CTAS system. 

The five most common complaints in both systems were 

muscle pain, ENT issues, extremity problems, abdominal pain, 

and eye problems; detailed distributions are presented in Table 3. 

Triage Consistency and Accuracy 

The CTAS system demonstrated significantly higher 

consistency compared to the TR system when compared to expert 

opinion (κ=0.375, P<0.001) (κ=0.835, P<0.001). In the TR 

system, 80 of the 251 patients initially classified as green were 

upgraded to yellow following expert review, indicating significant 

inadequacy in triage (Table 4). In the CTAS system, only 34 of 

the 194 patients classified as T5 were revised to T4, demonstrating 

superior accuracy (Table 5). The triage deficiency rate in the TR 

system (28%) poses a significant patient safety concern compared 

to CTAS (12%). 

This difference highlights the superior reliability of the 

CTAS system in accurately determining patient urgency levels. 

Resource Utilization Models 

Analysis of examination request patterns revealed that 

CTAS demonstrated a more rational approach to resource 

utilization. In the CTAS system, radiological examination 

requests for T3 emergency patients were significantly higher than 

other levels (78.95; P<0.001), while consultation requests were 

appropriately lower at the T5 level compared to higher urgency 

levels (P<0.001). 

In the TR system, fewer laboratory tests were requested 

for yellow-coded patients than expected (P<0.001), while more 

consultation requests were made for red-coded patients (P=0.01). 

In CTAS, laboratory tests showed an appropriate distribution 

without significant differences across all levels (P=0.82) (Table 

6). 

Clinical Outcomes 

In terms of patient discharge, 319 patients were 

discharged, seven patients were admitted, two patients were 

transferred, and two patients refused treatment in the CTAS group. 

In the TR group, 287 patients were discharged, one patient was 

admitted, and two patients refused treatment. The higher 

admission rate in the CTAS group indicates that patients requiring 

inpatient treatment were identified more effectively. 
 

 

Table 1: Complaints of patients included in the study 
 

Abscess and local infection Muscle pain 

Headache ENT problems 

Dizziness Eye problems 

Skin problems Abdominal pain 

Palpitations Bites and stings 

Dyspnoea Vomiting diarrhea 

Extremity problems Syncope 

Chest pain Urinary problems 

Pregnancy-gynecological problems Psychiatric problems 

Neurological conditions GI bleeding-diabetes 
 

ENT problems: Ear, nose and throat problems, GI bleeding: Gastrointestinal bleeding 
 

Table 2: Gender and age characteristics of TR and CTAS groups 
 

System/Category Female 

n(%) 

Male 

n(%) 

χ²; P₁ Age, years Median 

(IQR) 

χ²; P₂ 

TR 

Emergent 2 (50) 2 (50) 2.02;  

0.404 

38.00 (9.25-45.75)ᵃ'ᵇ 13.94;  

0.001 

Urgent 24 (68.57) 11 (31.43) 
 

32.00 (17.00-46.00)ᵇ 
 

Standard 142 (56.57) 109 

(43.43) 

 
45.00 (31.00-61.00)ᵃ 

 

CTAS 

Resuscitation 1 (33.33) 2 (66.67) 1.07;  

0.923 

22.00 (22.00-67.00)* 6.94;  

0.074 

Emergent 5 (50) 5 (50) 
 

59.50 (43.75-79.00) 
 

Urgent 28 (49.12) 29 (50.88) 
 

48.00 (25.00-60.50) 
 

Less Urgent 36 (54.55) 30 (45.45) 
 

42.00 (29.00-60.25) 
 

Non-Urgent 104 (53.61) 90 (46.39) 
 

48.00 (31.75-61.25) 
 

 

*Categorical data presented as number and percentage, continuous data as median (IQR). p₁: Fisher's exact 

test, p₂: Kruskal Wallis H test (Post-Hoc: Adj. Dunn's test; a,b: indicates significant difference between groups 

marked with different letters, P<0.05). Not included in analysis due to insufficient observations. 
 

Table 3: Distribution of presenting complaints 
 

Presenting Complaint TR n(%) CTAS n(%) 

Headache 10 (3.45) 15 (4.55) 

Dizziness 6 (2.07) 7 (2.12) 

Muscle pain 40 (13.79) 57 (17.27) 

ENT problems 35 (12.07) 28 (8.48) 

Palpitations 3 (1.03) 1 (0.30) 

Dyspnea 18 (6.21) 18 (5.45) 

Chest pain 8 (2.76) 10 (3.03) 

Eye problems 18 (6.21) 26 (7.88) 

Abdominal pain 27 (9.31) 16 (4.85) 

Extremity problems 22 (7.59) 33 (10.00) 

Falls 12 (4.14) 17 (5.15) 

Skin problems 18 (6.21) 8 (2.42) 

Bites and stings 15 (5.17) 19 (5.76) 

Vomiting-Diarrhea 8 (2.76) 7 (2.12) 

Syncope 6 (2.07) 7 (2.12) 

Abscess and local infection 4 (1.38) 4 (1.21) 

Urinary problems 16 (5.52) 23 (6.97) 

Pregnancy and gynecological problems 5 (1.72) 1 (0.30) 

Psychiatric problems 2 (0.69) 1 (0.30) 

Diabetes 0 (0.00) 1 (0.30) 

GI bleeding 0 (0.00) 1 (0.30) 

Neurological complaints 2 (0.69) 1 (0.30) 

Seizure 0 (0.00) 1 (0.30) 

Foreign body aspiration 0 (0.00) 1 (0.30) 

Test request 14 (4.83) 21 (6.36) 

Admission request 0 (0.00) 2 (0.61) 
 

ENT problems: Ear, nose and throat problems, GI bleeding: Gastrointestinal bleeding 
 

Table 4: TR and Expert consensus comparison 
 

TR Category Expert Consensus  
Emergent Urgent Standard Total 

Emergent 4 0 0 4 

Urgent 0 35 0 35 

Standard 0 80 171 251 

Total 4 115 171 290 
 

Weighted Kappa = 0.375; P <0.001 
 

Table 5: CTAS and Expert consensus comparison 
 

CTAS 

Category 

Expert Consensus 

 
Resuscitation Emergent Urgent Less 

Urgent 

Non-

Urgent 

Total 

Resuscitation 3 0 0 0 0 3 

Emergent 0 10 0 0 0 10 

Urgent 0 0 57 0 0 57 

Less Urgent 0 0 0 66 0 66 

Non-Urgent 0 0 0 34 160 194 

Total 3 10 57 100 160 330 
 

Weighted Kappa = 0.835; P <0.001 
 

 

 

 

 

 

 

Table 6: Distribution of Laboratory Tests, Radiological Examinations and Consultation 
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Requirements According to TR and CTAS Triage Categories 
 

 Laboratory 

examination 

Radiological 

examination 

Consultation 

 No Yes No Yes No Yes 

TR        

Emergent 1 (25.00) 3 (75.00)a 1 (25.00) 3 (75.00) 1 (25.00) 3 (75.00)a 

Urgent 30 (88.24) 4 (11.76)b 23 (67.65) 11 (32.35) 30 (88.24) 4 (11.76)b 

Standard 135 

(54.00) 

115 

(46.00)a 

151 (60.40) 99 (39.60) 182 

(72.80) 

68 

(27.20)a,b 

Total 166 

(57.64) 

122 (42.36) 175 (60.76) 113 (39.24) 213 

(73.96) 

75 (26.04) 

Χ2; P 17.52; <0.001 2.69; 0.245 8.18; 0.013 

CTAS       

Resuscitation 1 (33.33) 2 (66.67) 1 (33.33) 2 (66.67)a,b 0 (0.00) 3 (100.00)a 

Emergent 4 (40.00) 6 (60.00) 4 (40.00) 6 (60.00)a,b 5 (50.00) 5 (50.00)a,b 

Urgent 30 (52.63) 27 (47.37) 12 (21.05) 45 (78.95)a 29 (50.88) 28 (49.12)a 

Less Urgent 37 (56.06) 29 (43.94) 42 (63.64) 24 (36.36)b 49 (74.24) 17 

(25.76)a,b 

Non-Urgent 107 

(55.15) 

87 (44.85) 122 (62.89) 72 (37.11)b 157 

(80.93) 

37 (19.07)b 

Total 179 

(54.24) 

151 (45.76) 181 (54.85) 149 (45.15) 240 

(72.73) 

90 (27.27) 

Χ2; P 1.67; 0.817 35.59; <0.001 28.43; <0.001 
 

Discussion 

The CTAS system demonstrated significantly higher 

agreement with expert opinion (κ=0.84) compared to the TR 

system (κ=0.38), indicating the superior reliability of the five-

level triage system. This finding is consistent with previous 

multicenter studies reporting consistently high reliability rates for 

CTAS across various healthcare settings [4,18]. 

The significant difference in lower triage rates between 

TR (28%) and CTAS (12%) represents a critical advantage in 

terms of patient safety. Sub-triage poses significant risks by 

causing delays in appropriate care for patients with high urgency. 

The lower sub-triage rate observed with CTAS is consistent with 

previous studies emphasizing the importance of minimizing this 

risk for optimal patient outcomes [11,19]. 

Resource utilization analysis demonstrates that CTAS 

promotes more rational allocation of healthcare resources. The 

significantly higher rate of radiological examinations in T3 

patients compared to lower urgency levels indicates the system's 

ability to align resource intensity with patient urgency 

appropriately. This contrasts with the TR system, where resource 

allocation models are less aligned with patient needs. 

The more balanced patient distribution observed in 

CTAS compared to the patient distribution concentrated in the 

green category in TR indicates that the five-level system provides 

more detailed patient categorization. This enhanced level of detail 

enables better resource planning and workflow management in 

emergency departments [20]. 

While the TR system offers advantages in terms of 

simplicity and rapid implementation, these advantages should be 

evaluated in comparison with proven patient safety concerns and 

inadequate resource utilization models. The learning curve and 

implementation time required for CTAS can be overcome with 

structured training programs, as demonstrated in previous 

implementation studies [7]. 

Limitations 

This study was conducted at a single center and only 

during daytime hours, which may limit its generalizability to 

different implementation settings and patient populations. The 

design, which varied the days, minimized bias but may have 

introduced temporal differences in patient presentations. Future 

multicenter studies including night shift evaluations will 

strengthen the evidence base for triage system comparisons. 

Conclusion 

This study demonstrates that the CTAS system 

significantly outperformed the TR system in several critical areas 

of emergency department operations. Superior alignment with 

expert opinions, significantly lower triage error rates, and more 

rational resource utilization models supported the implementation 

of CTAS in emergency departments aiming to optimize patient 

safety and operational efficiency. 

The findings indicated that while the TR system offered 

simplicity in practice, the advantages demonstrated by CTAS in 

patient safety and resource management justify the additional 

training and implementation requirements. Healthcare institutions 

considering triage system optimization should prioritize patient 

safety outcomes and resource efficiency over ease of 

implementation. 

Future research should focus on validating these findings 

in a multicenter setting and exploring implementation strategies 

that can facilitate the successful adoption of CTAS while 

minimizing transition challenges. 
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Abstract 

 

Background/Aim: Esophagectomy remains the primary curative option for esophageal cancer; however, 

survival outcomes vary based on treatment strategies, tumor staging, and surgical techniques. This study 

evaluated the survival rates of patients undergoing esophagectomy and assessed factors influencing 

postoperative prognosis. 

Methods: A retrospective observational study was conducted of 75 patients undergoing esophagectomy 

between 2017 and 2024 at a single tertiary center. Fifty-nine patients had esophageal and gastroesophageal 

junction malignancies and were non-randomly allocated to one of three treatment arms: primary surgery, 

neoadjuvant chemoradiotherapy (CROSS) followed by surgery, and perioperative chemotherapy (FLOT) 

followed by surgery. Survival analysis was performed using Kaplan-Meier estimates, and prognostic factors 

were assessed using multivariate statistical tests. 

Results: The overall 5-year survival rate was 32%. Patients in the FLOT group had a higher survival rate 

than patients in the CROSS and primary surgery groups. However, the difference was not statistically 

significant (P=0.121). Pathological staging significantly impacted survival, with stage I patients having a 

52% 5-year survival rate. McKeown esophagectomy was associated with the lowest survival rate (11%); 

transhiatal esophagectomy exhibited the highest anastomotic leak rate (50%). The Surgical Apgar Score 

(SAS) was a strong predictor of perioperative risk (AUC=0.94, P<0.001). 

Conclusion: Postoperative pathological staging remains the strongest predictor of survival in esophageal 

cancer surgery. While neoadjuvancy showed promising trends, additional studies are necessary to optimize 

patient selection and evaluate the role of active surveillance strategies in long-term outcomes. 

 

Keywords: esophagus, esophageal neoplasms, esophagectomy, survival rate, neoadjuvant therapy   

https://jsurgmed.com/
https://jsurgmed.com/
https://creativecommons.org/licenses/by-nc-nd/4.0/
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Introduction 

Esophageal cancer, the eighth most common malignancy, 

is one of the most aggressive neoplasms of the digestive system; 

it has a generally poor prognosis and high mortality rates 

worldwide [1,2]. Surgical resection remains the primary curative 

approach, particularly in early-stage disease, although it is widely 

accepted that its combination with preoperative chemoradiation 

greatly improves outcomes [3].  

On the other hand, despite true gastroesophageal junction 

(GEJ) adenocarcinoma (ADC) (Siewert type II) being a rare, 

distinct entity that is difficult to treat, there has been a growing 

trend in favor of perioperative chemotherapy instead of 

chemoradiation [4,5]. In either case, from a surgical standpoint 

GEJ cancer surgery implies an esophagectomy. Practitioners are 

increasingly adopting a more extensive esophageal resection 

approach providing a margin of safety and lymphadenectomy 

improvements [4,5]. 

The survival rate of patients undergoing esophagectomy 

varies significantly depending on multiple factors, including 

tumor stage, histological subtype, surgical technique, and 

perioperative management [6]. 

Despite advances in surgical techniques and 

perioperative care, esophagectomy is associated with significant 

morbidity and mortality. Postoperative complications, including 

anastomotic leaks, infections, and pulmonary complications, can 

severely impact short- and long-term survival [7,8]. The 

implementation of minimally invasive surgical techniques has 

demonstrated some benefits in terms of reducing postoperative 

complications. However, the impact of such techniques on 

operative mortality and long-term survival remains a subject of 

ongoing research [9,10]. 

Several studies have analyzed the survival rates of 

esophageal cancer patients post-surgery, with 5-year survival rates 

ranging from 15–50% [11,12]. Most studies cite sub-25% survival 

rates that depend on tumor characteristics and treatment protocols 

[13,14]. Understanding the factors that influence survival 

outcomes can provide valuable insights into optimizing patient 

selection, improving surgical strategies, and enhancing 

perioperative management to maximize survival benefits. 

One valuable tool for assessing perioperative risk and 

predicting postoperative outcomes is the Surgical Apgar Score 

(SAS). The SAS, originally developed by Gawande et al. [15], is 

based on intraoperative parameters such as estimated blood loss, 

lowest mean arterial pressure, and lowest heart rate. Studies have 

shown that lower SAS scores correlate with higher rates of 

postoperative complications and mortality across various surgical 

disciplines, including gastrointestinal surgery [16]. Recent 

research suggests that SAS may be a useful predictor of short- and 

long-term survival following esophagectomy, allowing for better 

risk stratification and postoperative management [17]. 

In addition to surgical interventions, recent trials have 

explored non-surgical management approaches for esophageal 

cancer. The Surgery As Needed for Oesophageal cancer (SANO) 

trial introduced a “watch-and-wait” strategy for patients with a 

complete clinical response following neoadjuvant 

chemoradiotherapy (NCRT), thereby avoiding immediate surgery 

unless tumor recurrence is detected [18]. The trial findings 

suggested that a non-operative approach may lead to similar 

survival outcomes while reducing surgical morbidity, challenging 

the traditional paradigm of mandatory esophagectomy after 

NCRT [19]. However, long-term follow-up is necessary to 

confirm the longitudinal nature of this strategy and its impact on 

overall survival and quality of life [20,21]. 

This study analyzes the survival rates of patients who 

have undergone surgical treatment for esophageal and GEJ cancer 

at a single tertiary center, considering various prognostic factors 

such as staging, procedure choice, and patient characteristics that 

may influence overall survival. By examining clinical and 

pathological variables, including perioperative risk scores such as 

SAS, this research seeks to contribute to improved patient 

management and treatment decision-making. 

Materials and methods 

Study design 

This retrospective observational study focused on 75 

patients who underwent esophagectomy between 2017 and 2024. 

Patient allocation was non-random and dictated by several clinical 

factors. Sixteen of the patients underwent transhiatal (n=13) or 

Ivor-Lewis esophagectomy (n=3) due to benign disease, such as 

end-stage achalasia, severe caustic injury with non-healing 

strictures, non-responsive esophageal strictures and benign 

neoplasms, and were therefore excluded from the oncological 

sample analysis. All oncological patients (n=59) were evaluated 

at a tertiary center multidisciplinary meeting with General 

Surgeons, Gastroenterologists, Medical and Radiation 

Oncologists, Pathologists and Radiologists, in which each case 

was individually discussed and a treatment strategy was selected 

according to tumor location, histological subtype, clinical staging, 

patient comorbidities, and performance status, among other 

factors. That processes therefore introduced a clinically mandated 

selection bias. These patients were selected for primary surgery 

(n=18), neoadjuvant chemoradiotherapy followed by surgery 

according to the CROSS protocol6 (n=24), or perioperative 

chemotherapy followed by surgery according to the FLOT 

protocol5 (n=17) [figure 1]. 
 

Figure 1. Patients included in the study 
 

 
 

CROSS: Chemoradiotherapy for Oesophageal cancer followed by Surgery Study protocol, FLOT: 

Fluorouracil, Leucovorin, Oxaliplatin and Docetaxel protocol 
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This study was conducted in accordance with the 

Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines to ensure transparency, 

completeness, and accuracy in reporting observational research. 

Outcomes 

Primary goals encompassed calculation and plotting of 5-

year survival curves for the overall sample as well as for the 

oncological group. Survival was then compared between 

treatment strategy allocation arms, procedure-related allocation 

and according to postoperative staging. 

Secondary goals included analysis of predicted versus 

observed mortality as well as complications, namely the 

anastomotic leak rate. 

Statistical analysis 

Data analysis was conducted using SPSS software 

version 26 (IBM Corp, Armonk, NY, USA). We applied the 

Shapiro-Wilk test to all of the variables to assess their normality. 

Nominal variables were expressed as absolute values and 

percentages and compared using the Pearson’s chi-squared test 

with the post-hoc correction according to Bonferroni. Numerical 

variables were expressed as means ± standard deviation, if 

normally distributed, and subsequently compared with recourse to 

analysis of variance (ANOVA) and Tukey’s post-hoc testing. 

Numerical data found to be non-parametric were expressed as 

medians (minimum – maximum) and compared using the Kruskal-

Wallis test and Dunn's post-hoc correction. 

Survival analysis was performed using Kaplan-Meier 

estimates, complemented by survival curve comparisons using the 

log-rank (Mantel-Cox) test to determine the presence of 

statistically significant differences. 

Expected-versus-observed morbidity and mortality was 

assessed by plotting the Receiver Operating Characteristics 

(ROC) curves and calculating the Area Under the Curve (AUC) to 

determine sensitivity cut-off scores. 

A P-value less than 0.05 was considered to indicate 

statistical significance. 

Results 

The 59 patients with esophageal malignant disease 

included in the study between 2017 and 2024 were assigned non-

randomly to one of three treatment strategies [table 1]. However, 

the allocation differences were not statistically significant (X2 (2, 

n=59) = 2.169), P=0.338): 18 patients (30.5%) were directed 

being to primary surgery, 24 patients (40.7%) were directed to pre-

operative chemoradiotherapy according to the CROSS protocol 

followed by surgery, and 17 patients (28.8%) were directed to 

peri-operative chemotherapy with the FLOT protocol followed by 

surgery. 

 The gender pool was asymmetric; however, this 

distribution remained homogenous between the treatment arms 

(P=0.085) [table 1]. 

Age at treatment was significantly different among the 

treatment groups (F (2, 56) = 5.442), P=0.007); post-hoc testing 

revealed that the patients in the primary surgery group were 

significantly older than the patients allocated to CROSS protocol. 

Due to the treatment allocation being clinically oriented, 

the distribution was found to be significantly different between the 

study’s groups (X2 (4, n=59) = 32.614), P<0.001); FLOT 

treatment was primarily chosen for GEJ ADC (n=16; 53.3%), and 

the CROSS treatment was primarily chosen for esophageal 

Squamous Cell Carcinoma (SCC) (n=14; 82.4%). Tumor location 

followed suit and exhibited a similar distribution pattern [table 1]. 

No significant differences in postoperative pathological 

staging (American Joint Committee on Cancer (AJCC) 8th 

edition) distributions were noted among the treatment arms (X2 

(8, n=58) = 8.172, P=0.417) [table 1]. However, of the eight 

patients observed to have pathological complete response 

(13.8%), seven were in the CROSS group, and all of them were 

being treated for esophageal SCC (P=0.021). 

The median follow-up duration was 13 months (range: 0–

91 months); follow-up duration was similar for all of the treatment 

arms (H (2, n=59) = 4.128, P=0.127). All cause-mortality within 

the follow-up period was 54.2% (n=32) overall and 66.7% (n=12) 

for the primary surgery group; it was 58.3% (n=14) for the CROSS 

study arm and 35.3% (n=6) for the FLOT group (X2 (4, n=59 = 

3.740, P=0.154) [table 1]. 

Mortality was plotted against follow-up time to obtain a 

survival function according to Kaplan-Meier; we recovered a 

median survival time of 20.0 months (95% CI 11.889; 28.111) and 

a 32% overall survival rate at 5 years [figure 2A]. Survival 

functions were also plotted for the treatment arms [figure 2B]; we 

did not find any significant differences among the groups 

according to the log-rank (Mantel-Cox) test (P=0.121). The 

primary surgery patients had a median survival duration of 19.0 

months (95% CI 1.913; 36.087) and a 5-year survival rate of 

23.5%. We found that 58% of the FLOT patients were alive 60 

months after the procedure. The median survival duration for the 

CROSS group was 20.0 months (95% CI 11.294; 28.706); the 

survival rate at 60 months was 19.5%. 
 

Figure 2A: Kaplan-Meier survival curve for the overall oncological patient sample 
 

 
 

Figure 2B: Kaplan-Meier survival function based on treatment strategy allocation 
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It is recognized that cancer staging is inversely related to 

survival, independent of treatment strategy [1]. That observation 

stands true for our study sample (P=0.02); we noted a cumulative 

5-year survival rate of 52% for stage I patients (median: 51.0 

months; 95% CI 30.964; 72.946) and a cumulative 5-year survival 

rate of 25% for stage II patients (at 52 months of follow-up). All 

stage III and IV patients had died by 30 and 2 months of follow-

up, respectively. Individuals with a complete response after 

neoadjuvant therapy exhibited a survival rate of 75% (median 

cumulative survival not reached) [figure 3]. 

We also examined statistics pertaining to surgical 

procedure choice, which depended on tumor location and pre-

operative characteristics; we noted significant differences in 

allocation (P<0.001) [table 2]. A median lymphadenectomy of 24 

nodes (range: 3–54 nodes) was obtained; there were no significant 

differences among the four types of surgical procedures (H (3, 

n=59) = 3.593, P=0.309) [table 2]. 

We found that both Ivor-Lewis and McKeown 

esophagectomy were significantly lengthier procedures than 

transhiatal esophagectomy and total gastrectomy with distal  

esophagectomy (P=0.001); the latter was characterized by a 

shorter median hospital stay (9 days; range: 3–24 days) (H (3, 

n=59) = 13.018, P=0.005) [table 2]. 

The rate of complications, namely anastomotic leaks, 

was 50% (n=4) among patients who underwent transhiatal 

esophagectomy (n=8); it was 32% (n=6) among patients who 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

underwent Ivor-Lewis esophagectomies. The latter rate is 

significantly higher than that of other procedures (X2 (3, n=59) = 

8.467, P=0.037) [table 2]. Anastomotic dehiscence was treated 

endoscopically for the majority of cases; it was associated with a 

very high success rate and few re-operations. There was no 

mortality directly attributed to this cause. 

Operative and all-cause mortality were identical among 

the procedures (P=0.125 and P=0.154, respectively). We 

produced Kaplan-Meier curves to compare the survival of the 

procedure-stratified groups [figure 4]. Patients who underwent 

total gastrectomy with distal esophagectomy had a 30% survival 

rate at the 5-year mark. Patients in the transhiatal esophagectomy 

arm exhibited a survival rate of 44% at 60 months; patients in the 

Ivor-Lewis group exhibited a survival rate of 48% at 40 months. 

The McKeown esophagectomy patients fared the worst; only 11% 

were alive after five years. However, the test of equality of 

survival distribution (i.e., the Mantel-Cox log rank) revealed no 

overall difference in survival rate (P=0.544). 

We obtained SAS data for all patients (median score: 7; 

range: 4–9). We plotted those data against observed operative, 30-

day mortality (n=8, which was found to be non-significantly 

different among the surgical procedures, P=0.125). The resultant 

ROC curve revealed an AUC of 94% (95% CI 0.887,1.0; 

P<0.001) [figure 5]. 
   

 

 

 

Table 1: Oncological sample characteristics 
 

 Total sample Primary surgery CROSS FLOT P-value 

N 59 (100%) 18 (30.5%) 24 (40.7%) 17 (28.8%) 0.338 

Male 50 (84.7%) 15 (83.3%)  21 (87.5%) 14 (82.35%)  

0.085 Female 9 (15.3%)  3 (16.7%) 3 (12.5%) 3 (17.65%) 

Age (years) 64 ±9.8  68.9 ±10.7 59.6 ±6.2 65 ±10.8 0.007 

Histology      

 

<0.001 
 Esophageal ADC 12 (20.3%) 3 (16.7%) 8 (33.3%) 1 (5.9%) 

 GEJ ADC 30 (50.8%) 12 (66.6%) 2 (8.33%) 16 (94.1%) 

 Esophageal SCC 17 (28.8%) 3 (16.7%) 14 (58.33%) 0 

Location      

 

<0.001 

 

 Upper/Middle third 8 (13.5%) 0 8 (33.3%)  0 

 Lower third 22 (37.3%)  6 (33.3%) 16 (66.7%)  0 

 GEJ 29 (49.2%) 12 (66.7%)  0  17 (100%) 

Post-op staging      

 I 18 (31.0%) 8 (44.5%) 5 (20.8%) 5 (29.4%)  

 

0.417 
 II 16 (27.6%) 4 (22.2%) 7 (29.2%) 6 (35.3%) 

 III 14 (24.1%)  4 (22.2%) 5 (20.8%) 5 (29.4%) 

 IV 2 (3.4%)  2 (11.1%) 0  0 

 Complete response 8 (13.8%) 0 7 (29.2%) 1 (5.9%) 0.021 

Procedure      

 TGDE 19 (32.2%) 10 (55.6%) 1 (4.2%) 8 (47.05%)  

 

<0.001 
 TE 8 (13.6%) 7 (38.9%) 1 (4.2%) 0 

 Mckeown 13 (22.0%) 1 (5.5%) 11 (45.8%) 1 (5.9%) 

 Ivor-Lewis 19 (32.2%) 0 11 (45.8%) 8 (47.05%) 

Follow-up (months) 13 (0-91) 9.5 (0-91) 9 (0-63) 22 (1-65) 0.127 

All-cause mortality 32 (54.2%) 12 (66.7%) 14 (58.3%) 6 (35.3%) 0.154 
 

ADC: Adenocarcinoma, GEJ: Gastroesophageal Junction, SCC: Squamous Cell Carcinoma, TGDE: Total gastrectomy with distal esophagectomy, TE: Transhiatal esophagectomy 
 

Table 2: Oncological sample procedure-related metrics 
 

 TGDE TE Ivor-Lewis Mckeown P-value 

(n=59) 19 (32.2%) 8 (13.6%) 19 (32.2%) 13 (22.0%)  

Location      

 

<0.001 
 Upper/Middle third 0 0 2 (10.5%)  6 (46.2%) 

 Lower third 1 (5.3%)  6 (75%) 9 (47.4%) 6 (46.2%)  

 GEJ 18 (94.7%) 2 (25%)  8 (42.1%) 1 (7.6%) 

Lymphadenectomy 23.5 (15-50) 23 (3-33) 23 (7-53) 26 (7-54) 0.309 

Intervention (min) 256  

(152-454) 

201  

(152-329) 

289  

(238-401) 

322  

(285-429) 

0.001 

Hospital stay (days) 9 (3-24) 25 (10-56) 14 (8-87) 17 (4-62) 0.005 

Follow-up (months) 15 (0-65) 9 (2-91) 11 (1-40) 16 (0-63) 0.938 

Surgical Apgar Score 7 (4-9) 7 (4-8) 7 (4-9) 8 (5-9) 0.110 

Anastomotic leak  

(n=13) 

1 (5.3%) 4 (50%) 6 (31.6%) 2 (15.4%) 0.037 

30-day mortality  

(n=8) 

3 (15.8%) 0 1 (5.3%) 4 (30.8%) 0.125 

All-cause mortality  

(n=32) 

10 (52.6%) 5 (62.5%) 7 (36.8%) 10 (76.9%) 0.154 

 

GEJ: Gastroesophageal Junction, TGDE: Total Gastrectomy with Distal Esophagectomy, TE: Transhiatal Esophagectomy 
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Figure 3: Kaplan-Meier survival function based on postoperative pathological staging 
 

 
 

Figure 4: Kaplan-Meier survival function based on surgical procedure 
 

 
 

Figure 5: ROC curve for SAS against 30-day mortality 
 

 
 

Discussion 

This study provides a detailed analysis of survival 

outcomes following esophagectomy for esophageal and GEJ 

cancer at our institution. We evaluated multiple prognostic factors, 

including treatment strategies, tumor staging, surgical techniques, 

and perioperative risk assessments. Our findings reinforce the 

notion that survival outcomes are significantly influenced by the 

chosen treatment protocol, tumor pathology, and patient-specific 

factors such as age and comorbidities. 

The overall 5-year survival rate of 32% that we observed 

is consistent with the previous literature, which has reported 

survival rates ranging between 15% and 50% depending on 

staging and treatment modalities [1,2]. Notably, patients in the 

perioperative chemotherapy (FLOT) group exhibited higher 

survival rates than patients in the primary surgery and neoadjuvant 

chemoradiotherapy (CROSS) groups. However, the differences 

among the groups were not statistically significant (P=0.121). The 

more positive outcomes observed in the FLOT cohort are 

consistent with recent trials that demonstrated the efficacy of 

perioperative chemotherapy at improving overall survival for 

gastroesophageal junction adenocarcinoma.6,14 However, 

additional longitudinal studies are necessary to ascertain the 

enduring nature of these findings and potential long-term 

complications associated with this approach. 

One of the most influential prognostic factors identified 

in this study was postoperative pathological staging, which 

showed a clear inverse correlation with survival outcomes. Stage 

I patients exhibited a 52% 5-year survival rate; patients with stage 

III and IV diseases had significantly lower survival rates—no 

stage IV patients survived more than 2 months. These results 

corroborate previous findings that highlight early-stage disease as 

a key determinant of improved survival following esophagectomy 

[11]. Furthermore, the observation that patients achieving 

complete pathological response post-neoadjuvant therapy had a 

75% survival rate suggests that tumor downstaging plays a critical 

role in improving survival rates [19,21]. 

Surgical technique also appeared to influence outcomes, 

with patients undergoing McKeown esophagectomy exhibiting 

the lowest 5-year survival rates (11%) compared with other 

procedures. However, this difference was not statistically 

significant (P=0.544). Complication rates, particularly 

anastomotic leaks, varied among the procedures; transhiatal 

esophagectomy exhibited the highest incidence of complications 

(i.e., 50%). Despite these complications, overall perioperative 

mortality was comparable across all of the surgical techniques. 

This finding highlights the importance of individual patient 

selection when determining the most appropriate surgical 

approach [7,13]. 

The implementation of the SAS in our cohort further 

validated its utility at predicting operative risk. The ROC curve 

analysis (AUC=0.94) suggests that SAS may serve as a robust tool 

for identifying high-risk patients who may benefit from intensified 

perioperative monitoring. This finding is consistent with previous 

studies demonstrating the predictive value of SAS in 

gastrointestinal surgeries [15,17]. 

While our study contributes to the growing debate 

regarding the necessity of immediate surgery following 

neoadjuvant therapy, it also has several limitations. First, its 

single-center, non-randomized design inherently introduces 

selection bias, particularly in the allocation of treatment strategies; 

treatment strategies were based on clinical judgment rather than 

standardized randomization. Second, the relatively small sample 

size of our cohort, especially when stratified across three distinct 

treatment arms and multiple surgical techniques, limits our 

statistical power to detect significant differences in survival 

outcomes. Additionally, heterogeneity in tumor histology and 

location, while reflective of real-world clinical practice, may have 

confounded direct comparisons among the groups. Lastly, 

although the SAS exhibited strong predictive value in our patient 

population its generalizability still remains uncertain. Multi-center 

prospective studies with larger cohorts and longer follow-up 

durations are necessary to validate these findings and explore the 
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integration of SAS into routine preoperative assessment 

algorithms to enhance surgical risk stratification. 

Conclusions 

This study underscores the complexity of managing 

esophageal and gastroesophageal junction cancers and reveals the 

significant impact of pathological staging on postoperative 

survival outcomes. Our findings show that postoperative 

pathological staging remains the strongest predictor of survival, 

confirming that earlier stages correlate with better prognoses. The 

use of perioperative chemotherapy, particularly the FLOT 

protocol, is correlated with improved survival outcomes, 

suggesting a potential shift in treatment paradigms for these 

malignancies. However, we did not measure statistically 

significant differences among the groups, which highlights the 

need for additional research. 

Moreover, the SAS has shown to be a valuable predictor 

of perioperative risk; it offers a reliable way of anticipating patient 

outcomes post-surgery. The variation in survival rates among the 

various surgical techniques, although not statistically significant, 

suggests that individual surgical approaches should be tailored 

based on specific patient and disease characteristics. 
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Abstract 

 

Background/Aim: Postdate pregnancy is an indication for induction of labor to prevent post-term 

pregnancy with its associated complications. Labor induction processes require hospital admission, resulting 

in additional costs in managing patients. Therefore, safe and effective outpatient techniques that help reduce 

the need for inpatient induction of labor are beneficial. The aim of this study is to compare and evaluate the 

safety and effectiveness of two outpatient methods: a single 50 μg dose of oral misoprostol and membrane 

sweeping in preventing post-term pregnancy. It also examines the impact on reducing the need for hospital 

admission for labor induction in postdate singleton pregnancies across two tertiary hospitals in Delta State, 

Nigeria. 

Methods: This two-center randomized controlled trial was conducted on women with uncomplicated 

postdate singleton pregnancies in an outpatient setting. A total of 157 participants were randomly assigned 

to one of two intervention groups: the oral misoprostol (OM) group or the membrane sweeping (MS) group. 

Participants in the OM group received a single 50 μg dose of oral misoprostol, while those in the MS group 

underwent a one-time membrane sweeping procedure at the antenatal clinic after 40 weeks of gestation. 

Results: The participants’ baseline sociodemographic and clinical characteristics were similar in both 

groups. This study found that the proportion of women that achieved spontaneous onset of labor in the OM 

group (92.1%) was more than in the MS group (85.3%), but this difference was not statistically significant 

(P=0.21). This study showed that both 50 μg OM and MS are effective and safe methods for inducing labor 

on an outpatient basis in post-term pregnancies, with OM offering the benefits of a shorter latency period, 

decreased reliance for oxytocin augmentation in labor, and reduced overall labor duration (P<0.001, 

P=0.003 and P<0.001, respectively). 

Conclusion: The study showed that both OM and MS are effective and safe outpatient agents in preventing 

post-term pregnancy, although the proportion of women achieving spontaneous onset of labor was greater 

in the OM group. The two outpatient induction methods were similar regarding neonatal outcomes and the 

need for Neonatal Intensive Care Unit (NICU) admission with no recorded maternal adverse effects. Both 

interventions demonstrated good safety profiles for outpatient care; however, a higher proportion of patients 

in the OM group reported a positive perception of the intervention compared to those in the MS group. 

 

Keywords: oral misoprostol, membrane sweeping, outpatient basis, postdate pregnancies 
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Introduction 

One desired obstetric outcome is the prevention and 

management of prolonged gestation in order to circumvent the 

many associated complications. Post-term pregnancy is a high-

risk pregnancy that is associated with maternal and perinatal 

morbidity and mortality [1]. It has been shown that women with 

otherwise uncomplicated pregnancies have increased risk of 

maternal and perinatal morbidity and mortality from the 

gestational age of 42 weeks and longer [2,3]. Fetal complications 

associated with post-term pregnancy include intrapartum asphyxia 

from progressive decline in placenta function, oligohydramnios 

and cord compression in labor, fetal macrosomia, shoulder 

dystocia, fetal dysmaturity syndrome and unexplained intrauterine 

fetal death. Maternal complications include anxiety, 

cephalopelvic disproportion, genital trauma associated with fetal 

macrosomia, as well as increased caesarean section rate. Neonatal 

complications are increased risk of birth trauma, meconium 

aspiration syndrome, and early neonatal seizures [2-4].  

Postdate pregnancy occurs in 10-14% of pregnancies 

[3,4]. The incidence decreases as the accuracy of the dating 

criteria used increases. It is the most common indication for 

induction of labor in many centers in Nigeria and other developing 

countries [4-6].  

The cause of postdate pregnancy is unknown. 

Predisposing factors include inaccurate dating; history of 

prolonged pregnancy; congenital fetal anomalies like congenital 

absence of fetal pituitary glands, anencephaly, and congenital fetal 

adrenal hypoplasia; placenta sulfatase deficiency; extra uterine 

pregnancy; family history; male fetuses; nulliparity; and obesity 

[2].  

The management of a postdate pregnancy is either 

expected or an elective delivery of the baby. However, current 

evidence favors a policy of induction of labor after 41 weeks, as 

this has been associated with reduced incidence of perinatal 

mortality, meconium staining of the amniotic fluid, and caesarean 

section delivery compared with expected management, which has 

no observed increase in the risk of instrumental delivery, maternal 

analgesic requirements, or fetal heart rate abnormality [2,4,7,8].  

Labor induction success is largely influenced by the 

readiness of the cervix. An unfavorable cervix requires ripening, 

which could be achieved with membrane sweeping or mechanical 

methods like laminaria tent, or extra-amniotic Foley‘s catheter 

placement. It could also be accomplished through 

pharmacological methods like prostaglandin E2 vaginal pessaries 

and gels, prostaglandin E1 analogue like misoprostol, and 

sometimes low dose oxytocin infusion [3].  

Membrane sweeping is a procedure in which the fetal 

membranes are gently separated from the lower uterine segment 

using a circular motion of the examining fingers [9]. This 

technique is commonly performed to reduce the risk of post-term 

pregnancy and minimize the need for other induction methods, 

such as Foley's catheter insertion, misoprostol administration, or 

oxytocin infusion [10]. It is usually carried out after 40 weeks’ 

gestation, and performed before 42 weeks of gestation. It has been 

found to stimulate the local release of prostaglandins F2a, the 

activity of phospholipase A2, the mechanical dilatation of the 

cervix, and the frequency of uterine contractions [11,12]. 

Misoprostol, a prostaglandin E1 analogue, is widely used for 

cervical ripening and labor induction. Its advantages include 

affordability, broad availability, and stability at room temperature. 

Misoprostol can be administered through oral, vaginal, 

sublingual, or buccal routes. However, the sublingual and buccal 

routes are not currently recommended for labor induction due to 

limited supporting data [13]. Oral administration achieves peak 

plasma concentration more rapidly, typically within 30 minutes, 

whereas the vaginal route takes approximately one hour [14-16]. 

Cervical ripening and labor induction processes require inpatient 

care, resulting in additional costs in managing patients. Hence, any 

safe and effective interventions that helps in the reduction of the 

cost of management of patients are, therefore, beneficial. In a 

study conducted between April 2007 and March 2010 at Ladoke 

Akintola University of Technology Teaching Hospital, Osogbo, 

Nigeria, Adeniji et al. [17], reported that both 50 μg oral 

misoprostol and membrane sweeping administered on an 

outpatient basis, are safe and effective agents for inducing labor in 

uncomplicated postdate singleton pregnancies. The study showed 

that oral misoprostol has a shorter latency period advantage, 

reduced need for oxytocin augmentation in labor, and a shorter 

labor duration. Similar studies need to be conducted to document 

the validity of this finding and add to the body of knowledge. 

Therefore, the aim of the study is to compare the efficacy 

and safety of the two outpatient techniques of single-dose 50 μg 

oral misoprostol and membrane sweeping in preventing post-term 

pregnancies and reducing the need for inpatient induction of labor 

in uncomplicated postdate singleton pregnancies. 

Materials and methods 

This study was a randomized controlled trial of a single 

dose of 50 μg OM and MS in uncomplicated singleton postdate 

pregnancies. Participants recruited for the study had early 

ultrasound dating from 8 to 14 weeks of their pregnancy in 

addition to their last menstrual period, utilised for the 

determination of the expected delivery date. 

The study was conducted between February 1, 2022 and 

December 31, 2022 at the department of Obstetrics and 

Gynaecology, Delta State University Teaching Hospital 

(DELSUTH), Oghara, and its affiliate, Central Hospital, Warri 

both in Delta State, South-South Nigeria. Patients with singleton 

and postdate pregnancies were recruited after providing informed 

consent. 

Participants were randomly allocated into either of the 

two study arms (OM arm or MS arm) in a 1:1 ratio using a random 

permutated blocking technique with a block size of ten. For each 

block, ten computer generated three-digit random numbers were 

arranged on a spreadsheet with five rows and two columns. Each 

of the random numbers was cut into a piece of 5cm x 5cm paper, 

and sealed in an opaque brown envelope, which was identical for 

all the random numbers. If the random number picked by the 

participant matched the OM column, the participant was allocated 

to the OM study arm. If the random number matched the MS 

column, the participant was allocated to the MS study arm. 

Ethical approval for the study was obtained from the 

institutional Ethical Review Committee of both hospitals. The 

reference numbers for the ethical approval of both hospitals are 

HREC/PAN/2022/003/0452 and CHW/ECC VOL 1/251 for Delta 
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State Teaching Hospital, Oghara and Central Hospital, Warri, 

respectively. Inclusion criteria included a parturient with a 

singleton live fetus, postdate pregnancy from 40 weeks and 1 day 

to 40 weeks and 9 days, intact fetal membranes, Bishop’s score ≤5 

and cephalic presentation. Patients excluded were those whose 

pregnancies were postdate pregnancies (of ≥40 weeks and 10 

days), multiple pregnancies, grand multiparity, cephalopelvic 

disproportion, previous caesarean section or a uterine scar, fetal 

malpresentation, fetal distress, antepartum hemorrhage, premature 

rupture of the membranes and medical disorders.  

The Study Group 

This study was a two-center randomized controlled trial 

of women with uncomplicated postdate singleton pregnancies. 

One hundred fifty-seven patients with singleton postdate 

pregnancies were randomized into two groups: The first group 

was the oral misoprostol (OM) group, while the second group was 

the membrane sweeping (MS) group. The OM group received a 

single oral dose of 50 μg misoprostol on an outpatient basis, while 

the MS group underwent a one-time membrane sweeping 

procedure at the antenatal clinic. Cases where cervical access was 

not possible due to a non-yielding cervix were classified as "failed 

MS." In this study, spontaneous labor was defined as a 

participant’s self-presentation to the labor ward with regular, 

painful uterine contractions occurring at least once every ten 

minutes. Failure to achieve spontaneous labor by 41 weeks and 3 

days of gestation was classified as a prolonged pregnancy. 

Participants in this category were managed according to 

departmental protocols for cervical ripening and labor induction, 

which included intravaginal misoprostol and oxytocin titration, to 

facilitate delivery before 42 weeks of gestation or caesarean 

section as deemed appropriate.  

The primary outcome measure was the proportion of 

women who achieved spontaneous onset of labor before 41 weeks 

and 3 days gestation. The secondary outcome measures were time 

interval from the initiation of intervention to the onset of labor 

(latency period), time interval from the onset of labor to delivery, 

route of delivery, need for oxytocin augmentation, and neonatal 

outcomes. 

Statistical analysis 

Data entry and analysis were accomplished using the 

Statistical Package for Social Sciences (SPSS) version 26 (IBM ® 

Inc, Il Chicago. USA). Analysis was by intention to treat (ITT). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The descriptive statistics of the study population were presented 

as frequency tables as illustrated below. Categorical variables 

were expressed as frequencies and percentages. Continuous 

variables that were normally distributed were expressed as mean 

(standard deviations), while non-normally distributed continuous  

variables were expressed as medians and interquartile range. 

Comparisons of participants’ baseline characteristics and outcome 

measures between the two arms of the study were conducted using 

the chi square tests for categorical variables (with Fisher’s exact 

test where applicable). Student’s T test was used for continuous 

variables that were normally distributed, and the Mann Whitney 

U test was employed for continuous variables where normal 

distribution could not be assumed. The level of significance was 

set at 5%. 

Results 

There were 205 patients who were assessed for eligibility 

for the study, from. which 48 were excluded. Of the 48 patients 

excluded, 27 did not meet the inclusion criteria while 21 declined 

to participate in the study. The remaining 157 participants were 

randomized into 78 participants in the OM arm and 79 participants 

in the MS arm. Three participants were lost to follow-up, two in 

the OM arm and one in the MS arm. The intervention was 

discontinued in three participants in the MS arm due to a failed 

MS. All 157 randomized participants were finally analyzed. 

Table 1 shows the baseline sociodemographic and 

clinical characteristics of the participants. The majority of the 

participants were within the age range, 25-29 years. However, 

there were no statistically significant difference in the mean age 

between the two study groups (30.78 [6.43] for the OM group and 

31.01 [6.11] for the MS group). Most of the participants had post-

primary education (69 [90.7%] and 71 [94.7%] for the OM group 

and MS group, respectively); and there was no statistically 

significant difference in the distribution of educational attainment 

between the groups. 

The participants were also mostly in the Para 1-4 group 

{66 (86.8%) and 60 (80.0%) for the OM group and MS group, 

respectively}, and parity distribution between the OM group and 

the MS group were not statistically different (P=0.28). Also, the 

difference between the mean gestational age in the two groups 

(40.22 [0.42] for the OM group and 40.23 [0.42] for the MS group) 

was not statistically significant (P=0.97). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Baseline demographic and clinical characteristics of participants 

 

   OM-Group 

(n = 76) 

MS-Group 

(n = 75) 

Total 

(n = 151) 

ꭓ2/t P-value 

  n % n % n %   

Age group (years) <20 years 1 1.3 2 2.7 3 2.0 2.686 0.748 

20-24 years 11 14.5 10 13.3 21 13.9   

25-29 years 26 34.2 22 29.3 48 31.8   

30-34 years 11 14.5 17 22.7 28 18.5   

35-39 years 19 25.0 19 25.3 38 25.2   

 ≥40 years 8 10.5 5 6.7 13 8.6   

 Mean (SD) 30.78 (6.43) 31.01 (6.11) 30.89 (6.25) -0.232 0.817 

Marital Status Single 5 6.6 10 13.3 15 9.9 1.925§ 0.185 

Married 71 93.4 65 86.7 136 90.1   

Level of Education Primary 7 9.2 4 5.3 11 7.3 0.859 0.651 

Secondary 41 53.9 43 57.4 84 55.6   

Tertiary 28 36.8 28 37.3 56 37.1   

          

Parity 0 10 13.2 15 20.0 25 16.6 1.279§ 0.281 

 1 – 4 66 86.8 60 80.0 126 83.4   

 Mean (SD) 1.83 (1.15) 1.49 (1.07) 1.66 (1.12) 1.859 0.065 

       

GA (weeks) Mean (SD) 40.22 (0.42) 40.23 (0.42) 40.23 (0.42) -0.044 0.965 
 

Age Range: 16 – 44 years. ꭓ2 Chi Squared test, t: Independent sample t-test, §: Fischer’s exact test 
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Table 1 shows there was no statistically significant 

difference in the distribution of participants in each component 

between the two study groups. 

Table 2 shows that the proportion of participants that 

achieved spontaneous onset of labor in the OM group (n=70; 

92.1%) was more than in the MS group (n=64; 85.3%); however, 

there was no statistically significant difference (P=0.21). 
 

Table 2: The Primary outcome measure which is the proportion of participants who had 

spontaneous labor 
 

   OM-

Group 

(n = 76) 

MS-

Group 

(n = 75) 

Total 

(n = 151) 

ꭓ2 P-

value 

  n % n % n % 

Spontaneous 

Labor 

Yes 70 92.1 64 85.3 134 88.7 1.733§ 0.209 

No 6 7.9 11 14.7 17 11.3   
 

ꭓ2 Chi Squared test  
 

Table 3 shows that the mean of the latency period was 

shorter among participants in the OM group (12.50 [8.59] hours) 

than those in the MS group (18.99 [10.02] hours) and the 

difference was statistically significance (P<0.001).  

Table 4 shows that more participants in the MS group 

(n=29; 45.3%) required oxytocin augmentation compared to those 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in the OM group (n=14; 20.0%), and this was statistically 

significant (P=0.003). It was observed that more women in the 

OM group (n=65; 92.9%) had vaginal deliveries compared to 

participants in the MS group (n=54; 84.4%). However, this was 

not statistically significant (P=0.170). 

Table 5 shows that the majority of the participants’ 

duration of labor ranged from four to eight hours. However, the 

mean labor duration was significantly shorter among participants 

in the OM group (7.74 [2.25] hours) than those in the MS group 

(9.97 [3.01] hours); and the difference was statistically significant 

(P<0.001).  

Table 6 shows that there were similarities in the neonatal 

outcomes in both the OM and MS groups, with more babies in the 

MS group (n=8; 12.5%) compared to the OM group (2; 2.9%) 

having moderate birth asphyxia at the fifth minute after birth. In 

addition, the neonates that were admitted in the Neonatal Intensive 

Care Unit in the MS group (n=10; 15.6%) were more than in the 

OM group (n=4; 5.2%); and there was no statistically difference 

(P=0.09). 

Table 3: Comparison of the agents of induction with regard to latency period 
 

   OM-Group 

(n=70) 

MS-Group 

(n=64) 

Total 

(n=134) 

ꭓ2/t P-value 

  n % n % n % 

Latency Period (hours) < 12 35 50.0 17 26.6 52 38.8 18.313 *<0.001 

>12 – 24 32 45.7 30 46.9 62 46.3   

 >24 – 36 1 1.4 15 23.4 16 11.9   

 >36 – 48 - - - - - -   

 >48 2 2.9 2 3.1 4 3.0   

          

Intervention to onset of Labor Mean (SD) 12.50 (8.59) 18.99 (10.02) 15.60 (9.82) -4.008 *<0.001 
 

ꭓ2=Chi Squared test | t=Independent sample t-test 
 

Table 4: Comparison of events and outcomes of labor in the study groups 
 

   OM-Group 

(n=70) 

MS-Group 

(n=64) 

Total 

(n=134) 

ꭓ2 P-value 

  n % n % n % 

Need for Oxytocin 

(n=136) 

Yes 14 20.0 29 45.3 43 32.1 9.830 *0.003 

No 56 80.0 35 54.7 91 67.9   

          

Mode of Delivery (n=136) VD 65 92.9 54 84.4 119 88.8 2.420 0.170 

CS 5 7.1 10 15.6 15 11.2   
 

VD: Vaginal Delivery, CS: Caesarean Section, ꭓ2 Chi Squared test  
 

Table 5: Comparison of labor duration in the study groups 
 

   OM-Group 

(n=70) 

MS-Group 

(n=64) 

Total 

(n=134) 

ꭓ2/t P-value 

  n % n % n % 

Duration of Labor (hours) < 4 - - - - - -   

>5 – 8 43 61.4 19 29.7 62 46.3 18.993 *<0.001 

 >9 – 12 22 31.4 24 37.5 46 34.3   

 >12 5 7.1 21 32.8 26 19.4   

Duration of Labor Mean  (SD) 7.74 (2.25) 9.97 (3.01) 8.80 (2.86) -4.824 *<0.001 

        

Intervention to Delivery Mean (SD) 20.24 (10.08) 28.92 (12.10) 24.39 (11.88) -4.489 *<0.001 
 

ꭓ2 Chi Squared test, t: Independent sample t-test  
 

Table 6: Neonatal outcomes in the study groups 
 

 OM-Group MS-Group Total ꭓ2/t P-value 

 Mean (SD Mean (SD Mean (SD 

 n % n % n %   

Birth weight (kg) 

Mean (SD) 

3.26 (0.30) 3.19 (0.32) 3.23 (0.31) 1.294 0.198 

       

APGAR score  

(1ST min) [n=141] 

< 7 31 44.3 33 51.6 64 47.8 0.710 0.489§ 

≥ 7 39 55.7 31 48.4 70 52.2   

Mean (SD) 6.86 (1.24) 6.50 (1.35) 6.68 (1.30) 1.579 0.117 

       

APGAR score  

(5TH min) [n=141] 

< 7 2 2.9 8 12.5 10 7.5 4.502 *0.048§ 

≥ 7 68 97.1 56 87.5 124 92.5   

Mean (SD) 8.84 (1.12) 8.42 (1.37) 8.64 (1.26) 1.924 0.057 

       

APGAR score (10TH min) 

Mean (SD) 

9.86 (0.51) 9.62 (0.79) 9.74 (0.68) 1.737 0.086 

         

NICU Admission (n=141) Yes 4 5.7 10 15.6 14 10.4 3.510§ 0.089 

No 66 94.3 54 84.4 120 89.6   
 

NICU: Neonatal Intensive Care Unit, ꭓ2 Chi Squared test, t: Independent sample t-test, §: Fischer’s exact test 
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Discussion 

This study compared the efficacy of two outpatient 

techniques of single-dose 50 μg oral misoprostol and membrane 

sweeping in preventing post-term pregnancies and reducing the 

need for hospital admission for induction of labor in postdate 

singleton pregnancies in two tertiary hospitals in Delta State, 

Nigeria. The findings of this study showed that the results of the 

comparison of the sociodemographic and clinical characteristics 

in both study groups were not statistically significant. This 

demonstrates that the randomization process was effective in 

ensuring that probable confounding variables were equally 

distributed in both groups and, therefore, unlikely to affect the 

results of the study. 

The main objective of the study was to determine and 

compare the proportion of women who would achieve 

spontaneous onset of labor before 41 weeks and 3 days gestation 

in participants with postdate pregnancies who had single-dose 50 

μg oral misoprostol and those who had membrane sweeping. The 

study revealed that the proportion of participants that achieved 

spontaneous onset of labor in the OM group (92.1%) was greater 

compared to the MS group (85.3%). However, the results showed 

no statistically significant difference between the two groups 

(P=0.209). 

This is in keeping with a study reported by Adeniji and 

Akintola et al. [17]. Their findings indicated that there was no 

statistical difference between the proportion of participants that 

achieved spontaneous onset of labor in both the OM and MS 

groups. Manipulation of the cervix during digital vaginal 

examination or membrane sweeping has been shown to trigger the 

onset of labor by stimulating the release of localized 

prostaglandins F2α, phospholipase A2, and cytokines from 

intrauterine tissues [32]. Additionally, misoprostol, a 

prostaglandin E1 (PGE1) analogue, undergoes rapid de-

esterification into its active free acid metabolites, leading to a 

faster onset of action compared to the local prostaglandin 

production expected with membrane sweeping [33]. This 

difference may be attributed to the combined effect of the pre-

recruitment digital vaginal examination used to assess the Bishop 

score (≤5) prior to randomization and the administration of a 

single 50 µg oral dose of misoprostol in the OM group. 

This study also demonstrated that both 50 μg OM and MS 

were effective for inducing labor on an outpatient basis in postdate 

pregnancies. However, the OM group demonstrated advantages, 

including a shorter latency period, reduced need for oxytocin 

augmentation, and a shorter duration of labor. Within 12 hours of 

intervention initiation, 44.9% of participants in the OM group 

reported being in labor, compared to 21.5% in the MS group. By 

24 hours, the proportions increased to 85.9% and 59.5%, 

respectively. Orally administered misoprostol reaches its peak 

plasma concentration more rapidly than the vaginal route, 

achieving maximum levels within 30 minutes [14,15]. This also 

explained the combined effect of the endogenous locally released 

prostaglandins from the manipulation of the cervix during the pre-

recruitment Bishop score assessment and the exogenous 

prostaglandins (OM) when compared with only endogenous 

prostaglandins from manipulation of the cervix and MS. 

The study further revealed that more participants in the 

MS group, (45.3%), required additional need for oxytocin 

augmentation when compared to participants in the OM group 

(20.0%) and this was statistically significant. This finding is in line 

with several studies that have demonstrated less need for oxytocin 

augmentation in patients who received misoprostol when 

compared to patients that had MS [17-19,21]. The duration of 

labor was significantly shorter in the OM group, in which 61.4% 

of those who had a vaginal delivery achieved it within eight hours, 

compared with 29.7% in the MS group, and this was statistically 

significant. These findings agreed with similar studies conducted 

by Adeniji and Akinola in Osogbo, Nigeria [17] and Kamal et al. 

in Cairo, Egypt [18]. Their reports showed that participants who 

received misoprostol had a shorter latency period, less oxytocin 

use for augmentation, and a shorter duration of labor. 

In addition, this study showed that more participants in 

the OM group (92.9%) had vaginal deliveries compare to 

participants in the MS group (84.4%). This is in keeping with 

study done by Kamal et al. [18], but in contrast with the study done 

by Adeniji and Akinola [17], where the proportions of vaginal 

deliveries were similar in both the OM and MS groups. This 

finding is probably due to the difference in the methodology and 

the fact that their study utilized a smaller sample size, which may 

have introduced performance and detection bias.  

Safety was defined in this study as any adverse effects 

that could jeopardize the life of the mother and or that of the fetus 

from the use of OM and MS. The reported maternal adverse 

effects of misoprostol, such as fever, diarrhea, vomiting, 

tachysystole, hyperstimulation, uterine rupture or postpartum 

hemorrhage were not observed in this study, possibly because of 

the single oral dose administered and a membrane sweeping. 

However, the neonatal outcomes in both OM and MS groups were 

similar, which agreed with studies done by Adeniji and Akintola 

[17] and Kamal et al. [18]. Furthermore, more babies in the MS 

group (12.5%) compared to OM group (2.9%) had moderate birth 

asphyxia at the fifth minute after birth. The birth asphyxia 

occurred in babies of relatively low birth weight and whose 

mothers had oxytocin augmentation of labor. There is documented 

evidence that low birth weight of neonates and oxytocin 

augmentation of labor contribute to the higher risk of perinatal 

asphyxia [34,35]. The neonates that were admitted in the Neonatal 

Intensive Care Unit in both groups were only monitored for 

observation and were discharged within 24 hours. 

Strength of the Study   

One strength of the study is that it was a randomized 

controlled trial in which there was a randomized allocation of 

participants to the two study groups. This minimized selection bias 

and unequal allocation of confounders among the participants. In 

addition, it was a two-centre study enhancing the generalizability 

of the findings. 

This research provided a high level of evidence on the 

performances of oral misoprostol and membrane sweeping as an 

outpatient technique in preventing post-term pregnancies in our 

environment, thereby enriching the growing body of knowledge 

and offering the women the best possible management.  

Limitations  

This study also has limitations. It was not possible for 

either group in the study to be blinded to the participants. Nor was 

it possible for the investigator and the research assistants who 

were involved in data collection and analysis, as the interventions 
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in both groups were completely different. Nevertheless, the 

variables being measured were fairly objective, and the 

investigator and research assistants were as objective as possible. 

Conclusion 

This study determined that the proportion of women that 

achieved spontaneous onset of labor in the OM group was greater 

compared to MS group, although there was no statistically 

significant difference. This study demonstrated that patients who 

received a single-dose oral misoprostol (OM) had a shorter latency 

period, reduced need for oxytocin augmentation, and a shorter 

duration of labor compared to those who underwent membrane 

sweeping (MS) on an outpatient basis. Both induction methods 

showed comparable neonatal outcomes, including the need for  

admission with no recorded maternal adverse effects. 

Recommendations 

It is clear from the findings of this study that a greater 

proportion of participants achieved spontaneous onset of labor 

with a shorter latency period, reduced need for oxytocin 

augmentation and a reduced labor duration in participants given 

single-dose OM compared with MS on an outpatient basis. 

Therefore, it is recommended that OM can be used as an 

appropriate outpatient technique for labor induction in order to 

prevent post-term pregnancies and reduced the need for inpatient 

induction of labor in postdate pregnancies. 

Furthermore, a larger multicenter study is recommended 

to further validate or refute the advantages of oral misoprostol 

observed in this study. 
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Abstract 

 

Background/Aim: Prostate biopsy is the gold standard for prostate cancer diagnosis, but patient discomfort 

remains a major limitation. While numerous studies have investigated anesthesia and analgesia, the influence 

of transrectal ultrasound probe movement direction has not yet been examined in clinical studies. This study 

aimed to evaluate whether the direction of transrectal ultrasound probe movement affects pain perception 

and complication rates during systematic prostate biopsy. 

Methods: In this retrospective cohort study, 246 patients undergoing 12-core transrectal ultrasound-guided 

biopsy between 2019 and 2025 were analyzed. Patients were stratified into three groups according to the 

probe movement sequence applied by the performing urologist. Pain was assessed using the visual analogue 

scale (VAS; 0–10) at five time points: probe insertion, probe manipulation, needle puncture, 30 minutes 

post-biopsy, and two hours post-biopsy. Complications within 30 days were recorded, including rectal 

bleeding, hematuria, fever, and urinary retention. Statistical analyses included one-way ANOVA with effect 

size estimation (η²) for continuous variables and χ² or Fisher’s exact test for categorical variables. 

Results: Baseline characteristics and cancer detection rates were comparable across groups. Pain scores 

during probe manipulation (VAS 2), needle puncture (VAS 3), and 30 minutes post-biopsy (VAS 4) differed 

significantly among the groups, with Group B reporting the lowest values and Group A the highest (all 

P<0.001). No significant differences were observed for probe insertion (VAS 1, P=0.30) or two hours post-

biopsy (VAS 5, P=0.19). Hematuria occurred in 40–42% of cases, rectal bleeding in 9.6–19.5%, and fever 

in 2.4–5.2%. Although these differences were not statistically significant (rectal bleeding, P=0.09; fever, 

P=0.47; hematuria, P=0.94; urinary retention, P=0.86), both rectal bleeding and fever were most frequent 

in Group A and least frequent in Group B. 

Conclusion: Beyond anesthetic technique, probe maneuver direction significantly influences pain 

perception during transrectal ultrasound-guided biopsy. Group B’s shorter cumulative probe trajectory (≈22–

24% reduction) corresponded with consistently lower pain and fewer complications. To our knowledge, this 

is the first study to identify probe movement strategy as a determinant of biopsy tolerance. Incorporating 

this approach offers a simple, low-cost modification with potential to improve patient comfort and safety. 

 

Keywords: prostate cancer, biopsy, VAS, pain, probe direction  

https://jsurgmed.com/
https://jsurgmed.com/
https://creativecommons.org/licenses/by-nc-nd/4.0/
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Introduction 

Prostate cancer is one of the leading causes of morbidity 

and mortality among men worldwide, and histopathological 

confirmation remains the cornerstone for establishing a definitive 

diagnosis [1]. Among the diagnostic modalities, transrectal 

ultrasound-guided biopsy (TRUS-Bx) continues to be the most 

widely performed. Although the transperineal approach has 

gained increasing attention in recent years due to its lower risk of 

infectious complications, its longer procedure time and the need 

for specialized equipment have limited its routine use. By contrast, 

TRUS-Bx remains the predominant technique in clinical practice, 

owing to its practicality, accessibility, and diagnostic efficacy [2]. 

Despite its widespread adoption, TRUS-Bx is often 

associated with considerable discomfort and pain. Such pain is 

multifactorial, arising not only from needle punctures but also 

from probe insertion and manipulation during the procedure [3]. 

Indeed, several studies have demonstrated that probe maneuvering 

may induce greater pain than the needle punctures themselves [4]. 

Accordingly, optimizing analgesic strategies has become essential 

for improving patient tolerance and procedural success. 

The periprostatic nerve block (PNB) remains the most 

widely applied analgesic technique during TRUS-Bx [5]. 

However, PNB alone may be insufficient to adequately relieve 

discomfort associated with probe insertion and manipulation [6]. 

Intrarectal local anesthesia (IRLA), which is simple, non-invasive, 

and well tolerated, has therefore been introduced as an adjunct. 

IRLA has been shown to effectively reduce pain, particularly 

during probe-related maneuvers [7]. Evidence suggests that in 

certain scenarios, IRLA may even provide superior analgesia to 

PNB without increasing complication rates, thereby maintaining 

its relevance as a contemporary analgesic method [8, 9]. 

More recently, combined regimens, most notably the use 

of PNB together with IRLA, have been proposed to address pain 

arising at different phases of the biopsy. Prospective studies and 

systematic reviews indicate that multimodal strategies yield lower 

pain scores across probe insertion, anesthetic infiltration, and 

biopsy puncture phases, without compromising safety [9, 10]. 

These findings highlight the multifactorial nature of TRUS-Bx-

related pain and support the rationale for phase-specific 

multimodal analgesia. 

In this context, the present study addresses a largely 

unexplored factor: the direction of probe movement during TRUS-

Bx. Therefore, this study aimed to evaluate whether the direction 

of transrectal ultrasound probe movement affects patient-reported 

pain and complication rates during systematic prostate biopsy. 

Materials and methods 

This retrospective cohort study was conducted at the 

Department of Urology, Alanya Alaaddin Keykubat University 

Hospital between January 2019 and June 2025. A total of 246 

patients met the inclusion criteria and were enrolled. Demographic 

and clinical data, including age, body mass index (BMI), serum 

prostate-specific antigen (PSA) levels, prostate volume, and 

cancer detection status, were extracted from institutional medical 

records. 

Patients between 45 and 80 years with an abnormal 

digital rectal examination and/or elevated serum PSA levels (≥4 

ng/mL) and complete clinical data were included in the study. 

Patients with active urinary tract infection, bleeding diathesis, use 

of anticoagulant or antiplatelet medication without appropriate 

discontinuation, anal or rectal pathology, previous prostate 

biopsy, known allergy to local anesthetics, or incomplete medical 

records were excluded. 

The Alanya Alaaddin Keykubat University Faculty of 

Medicine Clinical Research Ethics Committee approved the study 

on June 25, 2025, with the decision number 11-06. All procedures 

involving human participants were conducted in accordance with 

the ethical standards of the Declaration of Helsinki and its later 

amendments. 

Although the study had a retrospective design, all 

patients who underwent prostate biopsy routinely completed a 

standardized questionnaire including demographic data, pain 

scores, and post-procedural complications, with prior consent for 

potential future research use. Therefore, all data were obtained 

from this preexisting institutional database. 

All patients received standard preparation, which 

included bowel cleansing with a rectal enema and prophylactic 

oral quinolone antibiotics that were started one day before the 

procedure and continued for five days after the biopsy. 

For patients in all groups, 10 mL of 2% lidocaine gel in a 

10 mL syringe was instilled into the rectum approximately 10 

minutes before the biopsy. 

The procedures were performed in the left lateral 

decubitus position under transrectal ultrasound guidance using an 

18-gauge automatic biopsy gun. Twelve systematic cores were 

obtained from each patient. 

Patients were divided into three groups according to the 

technique of the performing urologist: Group A (n=77), Group B 

(n=83), and Group C (n=86), each representing a distinct and 

consistently applied probe movement strategy that differed in 

manipulation pattern and the sequential order of biopsy cores, as 

summarized in Table 1. The corresponding schematic 

representations of probe trajectories for each group are illustrated 

in Figure 1. 

Each of the three biopsy groups corresponded to a 

distinct urologist, each having been trained during residency with 

a different systematic biopsy sequence and probe movement 

technique. All were experienced and worked in the same 

department and followed identical preparation, anesthesia, and 

procedural protocols. 

In Group A, biopsies were performed from the base 

toward the apex, starting on the right side and then proceeding to 

the left, following a medial-to-lateral order on the right and a 

lateral-to-medial order on the left. 

In Group B, the urologist alternated between the right and 

left sides at corresponding depths. The sequence began at the base 

(right lateral, right medial, left medial, and left lateral) followed 

by the mid-gland in reverse order (left lateral, left medial, right 

medial, right lateral), and concluded at the apex using the same 

order as at the base. 

In Group C, biopsies were obtained in a sequential right-

to-left order at each depth level, consistently progressing from the 

base toward the apex, with cores taken as right lateral, right 

medial, left medial, and left lateral at every level. 
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Each urologist determined the biopsy order and 

corresponding probe movement direction according to their prior 

training and habitual technique acquired during residency. 

Pain perception was assessed using the visual analogue 

scale (VAS; 0–10) at five specific time points. VAS 1 

corresponded to probe insertion through the rectum. VAS 2 

referred to probe manipulation within the rectum. VAS 3 

represented needle puncture into the prostate. VAS 4 was recorded 

30 minutes after the biopsy, and VAS 5 was recorded two hours 

after the biopsy. 

Procedure-related complications occurring within 30 

days after the biopsy were recorded, including rectal bleeding, 

hematuria, fever, and urinary retention. Cancer detection status 

was also noted. 

We created a simplified geometric model to schematize 

the probe movement pattern and resulting cumulative distance 

ratios in systematic TRUS-guided biopsy. The model was 

designed on a two-dimensional coordinate grid, analogous to a 

standard squared mathematics notebook, where each square 

represented a fixed distance unit. Each biopsy core site was 

assigned to a specific coordinate corresponding to its anatomical 

position within the prostate (base, mid-gland, apex; right or left, 

medial or lateral). 

For each group (A, B, and C), these coordinates were 

sequentially connected according to the biopsy order described in 

the previous section. The linear distance between consecutive 

points was then measured and summed to estimate the total probe 

trajectory. In this schematic system, the distance between two 

adjacent points on the grid was defined as a single unit, and the 

total cumulative movement was expressed as the sum of these unit 

distances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This geometric modeling was performed with the 

assistance of an artificial intelligence tool (ChatGPT, OpenAI), 

which generated schematic figures illustrating the distinct probe 

trajectories for each biopsy group based on the manually defined 

coordinates and biopsy sequences provided by the investigators. 

The resulting diagrams visually demonstrate how probe 

movement patterns differed among the groups (Figure 1).  

Statistical analysis 

All statistical analyses were performed using IBM SPSS 

Statistics, version XX (IBM Corp., Armonk, NY, USA). 

Continuous variables were expressed as mean (SD) and tested for 

normality using the Shapiro–Wilk test. For normally distributed 

continuous data (e.g., age, BMI, PSA, prostate volume, VAS 

scores), comparisons among the three groups were conducted 

using one-way analysis of variance (ANOVA). Test statistics were 

reported as F values with degrees of freedom (df), and effect sizes 

were expressed as eta squared (η²). When the overall ANOVA was 

significant, Bonferroni-adjusted post-hoc tests were applied to 

identify pairwise group differences. 

Categorical variables (e.g., cancer detection, 

complications such as rectal bleeding, hematuria, fever, urinary 

retention) were expressed as frequencies and percentages and 

compared using the χ² test. In cases where expected cell counts 

were <5, Fisher’s exact test was applied. 

A two-sided P-value of <0.05 was considered 

statistically significant. Effect sizes were interpreted according to 

conventional thresholds (η²=0.01 small, 0.06 medium, ≥0.14 

large). 

 

 

 

 

Figure 1: Schematic representation of simplified geometric models of transrectal ultrasound probe movement directions within the rectum for Groups A, B, and C. 
 

 
 

Table 1: Sequential order of transrectal ultrasound-guided prostate biopsy cores according to probe movement technique 
 

Group A Group B Group C 

1. Right base medial 

2. Right base lateral 

3. Right mid medial 

4. Right mid lateral 

5. Right apex medial 

6. Right apex lateral 

7. Left base lateral 

8. Left base medial 

9. Left mid lateral 

10. Left mid medial 

11. Left apex lateral 

12. Left apex medial 

1. Right base lateral 

2. Right base medial 

3. Left base medial 

4. Left base lateral 

5. Left mid lateral 

6. Left mid medial 

7. Right mid medial 

8. Right mid lateral 

9. Right apex lateral 

10. Right apex medial 

11. Left apex medial 

12. Left apex lateral 

1. Right base lateral 

2. Right base medial 

3. Left base medial 

4. Left base lateral 

5. Right mid lateral 

6. Right mid medial 

7. Left mid medial 

8. Left mid lateral 

9. Right apex lateral 

10. Right apex medial 

11. Left apex medial 

12. Left apex lateral 
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Results 

A total of 246 patients were included: Group A (n=77), 

Group B (n=83), and Group C (n=86). The groups were similar in 

terms of age (P=0.58), BMI (P=0.71), PSA (P=0.93), and 

prostate volume (P=0.88), with no statistically significant 

differences (Table 2). 

Cancer detection rates were comparable among the 

groups (46.8%, 47.0%, and 47.7% for Groups A, B, and C, 

respectively), showing no meaningful variation (P=0.99) (Table 

2). 

Pain intensity differed significantly across the groups 

during probe manipulation, needle puncture, and early post-biopsy 

phases. VAS 2, VAS 3, and VAS 4 scores were lowest in Group 

B with mean (SD) values of 2.0 (0.8), 2.9 (0.9), and 1.1 (0.6), 

respectively, and highest in Group A with mean (SD) values of 3.8 

(0.9), 4.0 (1.0), and 2.0 (0.8), respectively. This indicated a 

consistent gradient of B<C<A (all P<0.001). No significant 

differences were observed for probe insertion (VAS 1, P=0.30) or 

two hours post-biopsy (VAS 5, P=0.19) (Table 3).  

Rectal bleeding occurred in 19.5%, 9.6%, and 15.1% of 

patients in Groups A, B, and C, respectively (P=0.09); fever in 

5.2%, 2.4%, and 3.5% (P=0.47); hematuria in 40–42% (P=0.94); 

and urinary retention in 2–3% (P=0.86). Although rectal bleeding 

and fever were numerically higher in Group A and lowest in 

Group B, these differences were not statistically significant (Table 

4). 

According to geometric modeling, the estimated 

cumulative probe trajectory lengths were 20.6 units in the model 

with the core order corresponding to Group A, 16.0 units in the 

model corresponding to Group B, and 20.9 units in the model 

corresponding to Group C. Accordingly, the total distance traveled 

by the probe in the model fitting the biopsy core order in Group B 

was approximately 22–24% shorter than in the other two groups. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Discussion 

While prostate biopsy is central to prostate cancer 

diagnosis, the procedure is associated with discomfort and risk. 

Pain, in particular, continues to limit patient tolerance and may 

influence willingness to undergo repeated biopsies when clinically 

indicated [1, 2]. Numerous studies have addressed pain 

management in TRUS-Bx, most focusing on the role of local 

anesthesia and analgesic techniques.  

In contrast, the present study investigated a novel and 

previously unexplored determinant of patient discomfort: the 

direction of probe movement during systematic biopsy. To our 

knowledge, this is the first study to evaluate whether the 

cumulative trajectory of the probe, and consequently the manner 

in which cores are sampled, has a measurable effect on pain 

perception and complications. 

Our results demonstrated that the sequence of probe 

movement significantly affected pain outcomes. Groups were 

comparable in baseline demographics, prostate volume, PSA, and 

cancer detection rates, thereby excluding these as confounding 

factors. However, VAS scores differed markedly: Group B 

patients consistently reported the lowest scores at the most painful 

phases of the biopsy (VAS 2, 3, and 4), whereas Group A patients 

reported the highest; Group C was intermediate. The differences 

were both statistically significant and clinically relevant, as 

indicated by large effect sizes (η²=0.16–0.19).  

Complications, such as rectal bleeding and fever, were 

numerically more frequent in Group A and least frequent in Group 

B, while hematuria and urinary retention occurred at similar rates 

across groups. Although these differences did not achieve 

statistical significance, the observed trends reinforce the pain data. 

The majority of previous studies on TRUS-Bx–related 

pain have concentrated on anesthetic techniques. PNB has been 

established as the gold standard for pain control, yet it does not 

fully address discomfort during probe insertion and manipulation 

[5, 6]. To overcome these shortcomings, IRLA has been explored 

with mixed results. Some randomized studies have demonstrated 

clear benefits, while others have found no significant advantages 

[7, 8, 11].  

Recently, combined regimens of PNB plus IRLA have 

been recommended, showing superior pain control across multiple 

Table 2: Baseline demographics and clinical characteristics 
 

Variable Group A (n=77) Group B (n=83) Group C (n=86) Test statistic P-value 

Age, years 66.4 (6.1) 67.3 (6.0) 66.9 (5.8) F(2,243)=0.55 0.58 

BMI, kg/m² 25.3 (2.7) 25.5 (2.6) 25.1 (2.5) F(2,243)=0.34 0.71 

PSA, ng/mL 9.0 (6.4) 9.2 (6.6) 9.1 (6.5) F(2,243)=0.07 0.93 

Prostate volume, mL 42.1 (15.3) 41.8 (14.7) 42.5 (15.1) F(2,243)=0.13 0.88 

Cancer detected, n (%) 36 (46.8) 39 (47.0) 41 (47.7) χ²=0.02 0.99 
 

* Values are presented as mean (SD) or n (%). Continuous variables were compared using one-way ANOVA (F values reported), and categorical variables using χ² test. 
 

Table 3: VAS pain scores by time point and group 
 

VAS Time Point Group A (n=77) Group B (n=83) Group C (n=86) F(df=2,243) p-value η² Post-hoc 

VAS 1 – probe insertion 2.3 (1.0) 2.1 (0.9) 2.2 (0.9) 1.21 0.30 0.01 NS 

VAS 2 – probe manipulation 3.8 (0.9) 2.0 (0.8) 2.9 (0.9) 28.10 <0.001 0.19 B<C<A 

VAS 3 – needle puncture 4.0 (1.0) 2.9 (0.9) 3.4 (0.9) 22.70 <0.001 0.16 B<C<A 

VAS 4 – 30 min post 2.0 (0.8) 1.1 (0.6) 1.5 (0.7) 26.40 <0.001 0.18 B<C<A 

VAS 5 – 2 h post 0.8 (0.5) 0.7 (0.5) 0.7 (0.5) 1.68 0.19 0.01 NS 
 

* Values are presented as mean (SD). Between-group differences were analyzed using one-way ANOVA (F statistics with degrees of freedom reported). Effect sizes are given as η². Post-hoc comparisons were performed 

with Bonferroni correction. NS=not significant. 
 

Table 4: Procedure-related complications within 30 days 
 

Complication Group A (n=77) Group B (n=83) Group C (n=86) χ² P-value 

Rectal bleeding, n (%) 15 (19.5) 8 (9.6) 13 (15.1) 4.8 0.09 

Fever ≥38 °C, n (%) 4 (5.2) 2 (2.4) 3 (3.5) 1.5 0.47 

Hematuria, n (%) 31 (40.3) 34 (41.0) 36 (41.9) 0.1 0.94 

Urinary retention, n (%) 2 (2.6) 2 (2.4) 3 (3.5) 0.3 0.86 
 

* Values are presented as n (%). Group comparisons were made using χ² test. 
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phases of the procedure without increasing complications [9, 10]. 

Although these interventions reduce pain intensity, they do not 

address a fundamental mechanical factor: the pattern of probe 

maneuvering itself.  

Several authors have observed that probe insertion and 

movement may cause more severe discomfort than the biopsy 

puncture [3, 12]. Our findings not only confirm this observation 

but also extend it by demonstrating that the sequence of sampling, 

which dictates the cumulative path of the probe, independently 

contributes to pain perception. Importantly, while prior reports 

acknowledged mechanical discomfort, none have systematically 

analyzed the effect of movement direction on outcomes. Thus, our 

study adds a novel perspective to the existing body of evidence. 

To provide a rational explanation for the observed pain 

differences, we developed a simplified geometric model to 

estimate the cumulative distance traveled by the probe in each 

group. Using a coordinate-based schematic on graph paper, and 

later digitalized into a grid model, we measured the trajectory 

length required to complete the 12-core biopsy sequence. The total 

distance was shortest in Group B (16.0 units) compared with 

Group A (20.6 units) and Group C (20.9 units), corresponding to 

a 22–24% reduction in probe travel. This indicates that Group B’s 

technique was approximately 1.3-fold more efficient in terms of 

probe movement.  

These geometric findings closely mirrored our clinical 

results, demonstrating a parallel relationship between the modeled 

probe trajectory and patient-reported pain scores. Patients in 

Group B consistently reported the lowest pain scores, while 

Groups A and C, whose trajectory lengths were nearly identical, 

reported higher VAS values. The strong concordance between the 

calculated probe travel distance and the observed pain outcomes 

suggests a causal link. Mechanically, a shorter probe trajectory 

can improve patient comfort by reducing anal canal stretching, 

mucosal friction, and sphincter irritation, thereby improving 

patient comfort. Although the model does not account for 

interindividual variations in prostate size or shape, it provides a 

reasonable approximation of probe mobility patterns based on 

directional differences. Therefore, the geometric analysis supports 

the hypothesis that reduced probe trajectory contributes to lower 

pain perception observed in Group B.  

Future research employing three-dimensional imaging or 

motion-sensing technology could further validate and refine these 

findings. 

Complication rates in our study were consistent with 

prior reports. Hematuria was observed in 40–42% of patients, 

rectal bleeding in 10–20%, and fever in 2–5%. These rates fall 

within the ranges previously described [2, 13]. Importantly, the 

numerical differences observed among our groups paralleled the 

pain results, with Group A showing the highest rates of rectal 

bleeding and fever, and Group B the lowest.  

Although statistical significance was not achieved, the 

pattern suggests that more extensive probe movement may also 

increase the risk of mucosal trauma and bacterial translocation, 

and thus a predisposition to bleeding and infection. This 

hypothesis is supported by earlier reports highlighting the role of 

rectal wall trauma in biopsy-related sepsis [14, 15]. 

Our study provides new insight into a simple, non-

pharmacological factor that may improve patient tolerance of 

TRUS-Bx. While anesthetic methods, such as PNB and IRLA, 

remain essential, the direction of probe maneuvering appears to be 

an independent determinant of both pain and potential 

complications.  

From a practical perspective, adopting a biopsy sequence 

similar to Group B could be readily implemented without 

additional equipment or cost. Such an adjustment may enhance 

patient comfort, reduce anxiety associated with repeat biopsies, 

and ultimately improve adherence to diagnostic and surveillance 

protocols. 

Moreover, this finding adds nuance to the ongoing debate 

regarding transrectal versus transperineal approaches. Although 

transperineal biopsy is increasingly favored for its lower 

infectious risk, transrectal biopsy remains widely used due to its 

accessibility and efficiency [16, 17]. Optimizing probe maneuver 

strategies may, therefore, represent an important means of 

reducing the drawbacks of TRUS-Bx, allowing it to remain a 

viable option in settings where transperineal biopsy is not readily 

available. 

Limitations 

Several limitations of our study warrant consideration. 

The retrospective, single-center design inherently limits 

generalizability. Pain assessment was based on VAS scores, 

which, although widely validated, remain subjective. 

A potential operator-related confounding effect cannot be 

completely excluded, as each biopsy group corresponded to a 

different urologist who had been trained during residency with a 

distinct biopsy sequence and probe manipulation technique. 

Subtle inter-operator differences, such as variations in manual 

technique, applied pressure, or patient interaction, might have 

influenced pain perception independently of the probe trajectory. 

Although all three urologists were experienced and followed 

identical preparation, anesthesia, and procedural protocols, 

unrecorded factors, such as procedural tempo, could not be 

objectively assessed due to the retrospective nature of data 

collection. 

The geometric model used in this study was based on 

schematic drawings rather than real-time probe tracking and, 

therefore, represents an approximation of actual movement. 

Nonetheless, the strong concordance between the calculated 

trajectory distances and the observed pain outcomes supports the 

validity of this approach. Finally, although trends in complication 

rates were observed, the study was not powered to detect 

statistically significant differences in relatively rare events, such 

as sepsis or urinary retention. 

Conclusion 

This study identifies probe movement direction as a 

previously unrecognized determinant of patient comfort and 

safety during systematic TRUS-Bx. The findings demonstrate that 

beyond anesthetic or analgesic methods, the sequence of probe 

maneuvering itself significantly influences pain perception and 

may also affect complication rates. Group B, characterized by the 

shortest cumulative probe trajectory, consistently showed the 

lowest VAS 2–4 scores and tended to experience fewer 

complications, such as rectal bleeding and fever, whereas Group 

A exhibited the highest values. These results indicate that 

optimizing the procedural technique, specifically the order and 

direction of probe movement, can meaningfully improve biopsy 
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tolerance independent of pharmacological intervention. 

Implementing such a simple, low-cost, and reproducible 

modification in clinical practice may improve both patient 

experience and procedural safety. To our knowledge, this is the 

first report to establish such an association, and prospective 

multicenter studies with larger cohorts and motion-tracking 

validation are warranted to confirm these novel findings. 
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Abstract 

 

Background/Aim: Millions of teenagers around the world spend more time engaged with their social media 

accounts than ever before. This situation raises questions about the impact of social media on mental health. 

This systematic literature review explores the relationships among extreme social media use and addiction, 

depression, and sleep deprivation. 

Methods: A thematic analysis of 38 peer-reviewed studies, all published between 2010 and 2024, was 

conducted. The selection of studies was based on their significance and relevance to teenage mental health, 

namely, neurobiological, psychological, and behavioral perspectives. The study categorized findings into 

three primary themes: compulsive digital behaviors (addiction), emotional distress (depression), and 

disrupted circadian rhythms (sleep deprivation). 

Results: Extended social media exposure alters dopamine regulation, reinforcing addictive tendencies 

similar to substance dependence. Excessive usage correlates with heightened depressive symptoms, 

exacerbated by social validation pressures and algorithm-driven content cycles. Furthermore, late-night 

digital engagement contributes to melatonin suppression and chronic sleep debt, impairing cognitive 

function and emotional stability. 

Conclusion: As serious mental health issues stemming from excessive social media content haunt society, 

it is essential to initiate effective coping strategies. Given the insights from the present study, the need for 

an awareness campaign, structured daily usage, and more neuroscientific studies to reduce the long-term 

impact of social media on adolescent well-being is acute. 

 

Keywords: social media, addiction, depression, sleep deprivation, mental health, teenagers 
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Introduction 

As of January 2023, the Global Overview Report [1] 

noted that the Earth's population is 8.01 billion people, with 57% 

of people residing in urban areas. The number of internet users 

globally is 5.16 billion, while active social media users totaling 

4.76 billion people. Furthermore, the United Nations World 

Population Prospects [2] reports that by January 2024, the global 

population had increased to 8.08 billion people. That is, over one 

year, the global population increased by 74 million people, 

reflecting an annual growth rate of 0.9 percent. As of January 

2024, there are 5.35 billion internet users and 5.04 billion active 

users on social media platforms. For a detailed view of the growth 

in active social media users over the last 24 years, please refer to 

the figure 1 provided by [3]. 

As of January 2024, data [3] indicate that the population 

of the United States is 340.9 million people. Among this 

population, there are 331.1 million individuals who use the 

internet; of those, 239 million people are active users of social 

media. The accompanying figure 2 illustrates the number of social 

media users in the United States [3]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Social media is a crucial part of the lives of almost 

everyone, especially teenagers. Nowadays, teenagers can access 

social media platforms and technology at the tip of their fingertips. 

In a survey conducted by the Pew Research Center in 2022, 95% 

of teenagers had access to a smartphone compared with 73% of 

teenagers in 2014-2015 [4]. Extrapolating these statistics to the 

population of teenagers in the United States (42 million according 

to the US Department of Human Services) means that 

approximately 39.9 million teenagers have access to a cell phone 

[5]. This number represents a 22% increase over the past 7 years. 

Teenagers use social media for a many of reasons, 

including communication, leisure, and identity. Identity in 

particular plays an important role in the lives of adolescents, as it 

defines their sense of self, their values, and their aspirations for 

the future. The process of establishing one’s identity on social 

media can be likened to selecting one's finest attire for an outing; 

this goal is to leave a lasting impression [6]. 

Social media serves as an accessible platform for 

individuals across the globe. It enables the instantaneous sharing 

of diverse content, including images, videos, and direct messages, 

with just a simple click. Given the widespread use of social media 

Figure 1: Social Media Users Since 2000 (Resource: datareportal.com/reports/digital-2024-global-overview-report) 
 

 
 

Figure 2: Social Media Users in the United States (Resource: https://datareportal.com/reports/digital-2024-united-states-of-america) 
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among adolescents, social media platforms have the potential to 

contribute to various mental health challenges, such as addiction, 

hormonal imbalances resulting from sleep deprivation, as well as 

heightened feelings of anxiety, depression, and suicidal ideation 

[7,34]. Social media and cell phone usage among teenagers has 

increased in the past couple of years; this usage can result in a 

wide variety of mental health issues as teenagers grow up to 

become adults [4]. The purpose of this article is to explore how 

excessive use of social media on a daily basis affects the mental 

health of teens (aged 12-20 years old) in North America. 

Materials and methods 

Study design 

We adopted a literature review, which encompasses 

choosing from a variety of methods and processes for locating, 

recording, comprehending, meaning-making, and distributing 

material relevant to a topic of interest [8]. A literature review 

serves as the foundation for developing a new conceptual model 

or theory, and it can be useful when attempting to chart the 

evolution of a certain research topic across time. Due to the fact 

that literature review combines the conclusions and points of view 

from multiple empirical studies, such an investigation can often 

address research subjects better than can a single study [9]. For the 

purpose of this investigation, ‘excessive social media use’ is 

defined as engagement exceeding three hours per day, based on 

criteria used by Fiellin et al. [14] and Alavi et al. [32]. Other 

reviewed studies use varying thresholds, including compulsive 

behaviors or self-reported digital dependence, highlighting the 

absence of a universally accepted definition. 

Data collection 

A thorough review was conducted using credible sources 

such as government reports and institutional studies in addition to 

peer-reviewed academic sources like PubMed, PsycINFO, 

Scopus, and Google Scholar. The search terms used were “social 

media addiction,” “teen mental health,” “digital dependency,” 

“social media and sleep deprivation,” and “social media and 

depression.” To ensure relevance and credibility, studies were 

chosen based on these criteria: 

- Empirical studies published between 2010 and 2024. 

- Studies focused on teenagers (ages 12-20 years) in North 

America. 

- Research examining neuroscientific, psychological, or 

behavioral impacts of social media use. 

The selected studies were systematically reviewed using 

a thematic analysis approach, and the findings were categorized 

into three primary themes: 

- Social Media Addiction & Cognitive Impact: Analyzing 

alterations in dopamine regulation and brain activity. 

- Depression & Anxiety Linked to Social Media: 

Evaluating the emotional and behavioral effects. 

- Sleep Deprivation & Circadian Disruption: Examining 

the consequences of digital overstimulation and screen 

time at night. 

The study highlights research trends, gaps, and 

commonalities by synthesizing findings from 38 studies. To 

guarantee impartiality and balanced representation, a critical 

evaluation of study limitations, sample sizes, and methodology 

was carried out.  

Analysis 

The results of the studies were examined to determine 

recurring themes and answers to the following research questions: 

- Does excessive use of social media result in addiction? 

- Does excessive use of social media cause depression? 

- Can excessive social media usage lead to sleep 

deprivation? 

Results 

Addiction 

Excessive use of social media by teenagers is directly 

linked to behavioral addiction symptoms, according to several 

studies. Fiellin et al. [14] found that teenagers using social media 

for more than three hours per day exhibited compulsive usage 

behaviors similar to those of substance dependence. Specifically, 

adolescents experienced difficulty controlling their time online, 

withdrawal-like symptoms when disconnected, and an increased 

tolerance, requiring more engagement for the same satisfaction. 

Alavi et al. [32] further established parallels between 

adolescent social media addiction and substance addiction, 

highlighting neurobiological mechanisms such as impaired 

impulse control. Adolescents addicted to social media exhibited 

heightened activity in reward-processing brain regions, mirroring 

patterns observed in cases of drug dependence. 

Kuss and Griffiths [11] emphasized the role of 

reinforcement mechanisms embedded within social media 

platforms, including instant feedback through likes, comments, 

and notifications, that contribute to compulsive engagement. 

These reward structures stimulate dopamine release, reinforcing 

repetitive behaviors and making disengagement more difficult. 

Notably, studies examining adolescent brain responses to 

excessive social media use have detected alterations in 

dopaminergic pathways similar to those observed in cases of 

behavioral and substance addictions [11]. 

Depression 

The psychological toll of excessive social media use on 

adolescents has been well-documented, with growing evidence 

linking prolonged engagement to increased symptoms of 

depression. Abi-Jaoude et al. [37] reported that teenagers with 

high levels of screen time noted lower self-esteem and higher rates 

of depressive symptoms, especially when social media 

engagement involved passive scrolling or social comparisons. 

Patterns of digital interaction appear to influence 

emotional well-being, particularly in cases of cyberbullying and 

fear of missing out (FOMO). Keles et al. [19] conducted a meta-

analysis and found consistent evidence of increased depression 

risk in adolescents spending extended hours on social platforms, 

particularly when exposure involved stress-inducing factors. 

Additionally, the nature of engagement—that is, passive 

or active—plays a critical role in mental health outcomes. Huang 

[22] demonstrated that passive social media use, where 

individuals consume content without active interaction, was more 

strongly correlated with depressive symptoms compared with 

direct engagement. This finding underscores the psychological 

toll of comparison-based behaviors, in which adolescents 

internalize unrealistic portrayals of happiness and success 

displayed by their peers online. 
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Sleep Deprivation 

The effect of nighttime social media use on teenagers’ 

sleep patterns is well-documented, with research showing 

significant disruptions to sleep hygiene and overall rest quality. 

Carter et al. (2016) observed that adolescents engaging with 

screens late at night experienced delays in sleep onset, reduced 

sleep duration, and lower sleep efficiency [27]. These effects were 

particularly pronounced in individuals who reported compulsive 

social media use, indicating a behavioral pattern that exacerbates 

sleep deprivation. 

Exposure to blue light from screens plays a critical role 

in sleep disturbances; blue light interferes with melatonin 

production and the body's natural sleep-wake cycle [18]. Lemola 

et al. [30] found that nighttime social media engagement was 

strongly correlated with increased fatigue and mood instability the 

following day, largely due to prolonged cognitive stimulation and 

artificial light exposure disrupting circadian rhythms. 

A broader review by Harvard Medical School (2018) 

reinforced these findings, emphasizing that excessive social media 

use before bed increases brain activity, delaying melatonin 

secretion and reducing sleep readiness [6]. This body of research 

underscores the negative consequences of nighttime digital 

engagement, suggesting that adolescents with habitual late-night 

social media usage may be at greater risk for chronic sleep 

deprivation. 

Discussion 

The reviewed studies collectively indicate a strong link 

between excessive social media usage and teenage mental health, 

particularly in terms of addiction, depression, and sleep 

deprivation. However, the methodological approaches across 

these studies vary significantly, which could possibly impact the 

reliability and applicability of their findings. 

Social Media and Addiction 

The earliest human records provide evidence of an 

inclination towards addictive psychoactive drugs. Throughout 

history, psychoactive substances have been utilized by religious 

leaders during sacred rituals, medical practitioners for therapeutic 

reasons, and the general population; such substances include 

alcohol, nicotine, and caffeine [15]. However, addiction and 

excessive use of drugs has also been incorporated into the practice 

of medicine. Levinstein [16,17] conducted one of the first 

thorough studies of morphine addiction in 1875. He highlighted 

two critical aspects of opiate addiction that would go on to intrigue 

researchers: the peculiar nature of withdrawal, which could be 

rapidly alleviated by administering more of the drug, and the 

obsessive dependence on the substance, which took precedence 

over all else, even as the individual's circumstances worsened 

[17].  

Current neuroscientific breakthroughs support the notion 

that addiction is a brain disorder [18]. However, some experts 

disagree, stating that addictive behavior is a choice [10]. However, 

from a neuroscience point of view, addiction can be classified as 

a physiological disease. The extended amygdala, basal ganglia, 

and the prefrontal cortex are affected by addiction mainly through 

certain receptors and neurotransmitters. The prefrontal cortex has 

both dopamine D1 and D2 receptors. D2 receptors activate at 

lower dopamine concentrations due to their higher sensitivity to 

dopamine. Under normal conditions, the prefrontal cortex receives 

a low-level, consistent supply of dopamine due to the slow, 

rhythmic activation of dopamine neurons in the ventral tegmental 

area (VTA), which connects to the cortex. However, dopamine 

neurons activate more quickly in response to an unexpected 

occurrence, such as a fun reward or a highly unpleasant event. This 

rhythmic firing causes a sudden, although brief, rise in dopamine. 

The large amounts of dopamine obtained during phasic firing can 

activate D1 receptors, which are believed to be essential for 

dopamine's rewarding effect [18]. Addiction is a very serious 

mental disease that affects a person’s "brain circuits" and their 

ability to control themselves when it comes to certain stimuli. (For 

example, sex, drugs (opioids and cocaine), pornography, 

gambling, food, and social media [11].) Addiction is a disease that 

can both cause pleasure and lessen unpleasant or bad effects. Its 

primary characteristics include an inability to control behavior and 

the persistence of that activity in the face of adverse consequences 

[12,20]. 

Each of the stimuli noted above controls different parts 

of the brain and is associated with the secretion of different 

hormones (i.e., neurotransmitters). Several philosophers and 

psychologists have criticized the neurobiological diagnosis of 

addiction, as typified by obsessive and recurring drug use [19]. 

Their critique is based on both empirical evidence and conceptual 

analysis. Empirical criticism suggests that the disease view lacks 

support from the empirical evidence cited by its proponents. This 

critique consists of both observational proof of addicts' recurrent 

self-destructive conduct and molecular evidence of modifications 

to the brain's normal functioning brought on by frequent drug use 

[19]. Abuse-related drugs have a wide range of effects on brain 

circuitry, including perception, emotion, decision-making, and 

cognitive function. These effects contribute to the instinctive and 

compulsive character of drug use [20]. Changes in synaptic 

connections caused by the drug's activity in these networks may 

persist long after the drug has cleared a person’s system [12,20]. 

Addiction can have a profound effect on people’s well-

being, interpersonal connections, and general standard of living. 

Some of the signs of addiction include [21]: 

 Incapability to stop: Individuals may persist with their 

substance use or participate in detrimental addictive 

behavior despite their desire to stop. 

 Failure to control oneself: Individuals may experience a 

sense of complete relinquishment of control over their 

substance use or activities, leading to feelings of 

helplessness. 

 Health concerns and personal difficulties: Addiction 

affects a person's physical and emotional well-being as 

well as their relationships, career, and personal 

relationships. 

 Decrease in vitality and motivation: People suffering 

from addiction may experience a lack of energy or 

motivation to the things they would normally value [22]. 

The primary neurotransmitters that influence a person’s 

mental health include dopamine, serotonin, oxytocin, and 

endorphins [13]. Addiction is also a physiological disease that 

involves changing the structure of the brain. Anatomical changes 

in the brain classify addiction as both a physiological and 

psychological disease [14]. According to Bechara [23], addiction 
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results from an imbalance between two distinct but interconnected 

neural systems that regulate decision-making: the prefrontal 

cortex system, which is reflective and signals pleasure or pain 

associated with future prospects, and the impulsive amygdala 

system, which signals immediate prospects' pain [24]. Goodman 

[25] defined addiction as a state in which a problematic activity is 

typified by two things: (a) persistent inability to regulate the 

conduct and (b) persistence in the behavior despite serious 

negative effects [26]. 

Dopamine is an important element in people’s brains that 

regulates daily behavior; it may be involved in addiction. 

Dopamine is intended to send feelings of pleasure, comfort, and 

happiness to dopamine receptors whenever an action that is 

pleasurable is thought of and completed. The dopamine system is 

a “primitive” system that confers a sense to pleasure to repeating 

a task such as eating food. Indulging in an activity that secretes 

massive or continuous amounts of dopamine, such as scrolling on 

social media, causes dopamine receptors to get overwhelmed and 

adapt to the large amounts of dopamine received over time. To 

obtain the same feeling of dopamine going forward, a person must 

use social media for a longer period of time. As time goes on, the 

receptors get even more adapted to the large amounts of 

dopamine, resulting in addiction [14]. This situation is often 

referred to as the dopamine loop [28]. Drugs such as cocaine can 

block the dopamine transporters in the pre-synaptic nerve, causing 

a buildup of dopamine in the synaptic cleft between the pre-

synaptic nerve and the post-synaptic nerve [18]. This buildup 

causes a pool of dopamine to accumulate in the synaptic cleft, 

which in turn travels into the transmitters to provide the dopamine 

signal [27].  

The following figure shows the dopamine loop of social 

media use [28]:  
 

Figure 3: Loop of Social Media Use (Akshay, Sudha, and Ajit, 2019) 
 

 
 

Serotonin is the mood-booster hormone. It changes a 

person’s mood in a positive way and influences behaviors and 

functions such as memory, fear, stress, digestion, addiction, 

sexuality, sleep, and homeostasis [29]. (Homeostasis is the state at 

which the human body remains at equilibrium.) Lower levels of 

serotonin are correlated with depression in people [29].  

Oxytocin is produced in the hypothalamus and secreted 

from the pituitary gland of the brain. It is often referred to as the 

“love hormone” and/or the “connection hormone.” Oxytocin is 

like serotonin in terms of mood boosting. It is promoted by 

increasing the connection between two people. For example, 

oxytocin is important for pregnant women and mothers to 

accelerate the process of giving birth and helping to transport milk 

from nipple ducts [39]. Oxytocin furthermore increases the 

feelings of relaxation and trust while improving people’s mental 

health [30].  

Endorphins are referred to as the “pain tolerance and sex 

hormone” as they are most prevalent in those situations. These 

neurotransmitters are produced in the pituitary glands and are then 

released into the nervous system. Endorphins are secreted into the 

circulatory system when a person is engaged in physical activity 

[31]. 

The majority of teenagers are addicted to social media 

without being conscious of it. In a survey conducted by the Pew 

Research Center, many teenagers report difficulty in reducing 

social media use [4].  

Behavioral addiction, like internet addiction, parallels 

drug addiction; however, instead of dependence on a substance, 

the individual becomes addicted to the behavior itself or the 

emotional response it generates [32]. The extreme nature of 

internet use shares significant parallels with substance addiction. 

Neuroimaging studies suggest that the underlying causes of this 

behavior align with those of other addictive disorders. Structural 

changes in the brain may disrupt executive functions related to 

planning and reasoning, heightening impulsivity and increasing 

susceptibility to addiction [33]. 

It is straightforward for teenagers to become addicted to 

social media given its usage of colors, notifications, and other 

habit-forming characteristics. Excessive daily use of social media 

can contribute to physiological changes in the brain associated 

with addiction and attention issues [7]. In an article released by 

Stanford University, 24% of teens reported being online 

“constantly” [10]. The concept of scrolling on social media 

platforms such as TikTok, Instagram, or YouTube enables the 

viewer, in this case a teenager, to spend focus on short videos (i.e., 

those with a maximum length of one minute). That constant 

scrolling results in a shortened attention span due to the dopamine 

physically changing the anatomy of the brain. Dr. Julie Albright, 

a sociologist, states that the state of scrolling is “almost hypnotic” 

and a “pleasurable dopamine state” [40]. A study revealed that 

50% of TikTok videos are longer than one minute, which may 

increase cognitive load. Certain social media platforms exploit 

this fact by providing short videos to scroll through. As a result, 

this situation can contribute to shortened attention spans and can 

contribute to other factors such as sleep deprivation [7]. 

While several studies [14,32] have established behavioral 

addiction parallels between social media and substance abuse, 

many have relied on self-reported data. That situation may have 

introduced bias. Moreover, the lack of longitudinal studies makes 

it difficult to assess long-term neurological consequences of 

excessive social media use. The absence of standardized 

diagnostic criteria for social media addiction further complicates 

comparisons across studies, making it challenging to distinguish 

compulsive digital engagement from true clinical addiction. 

Sleep Deprivation and Social Media 

Social media-induced sleep deprivation can have many 

effects on teenagers’ mental and physical health. Teenagers in this 

day and age have access to technology and social media that can 

Dopamine 
Loop

Opening 
Social 
Media

Post on 
Social 
Media

Waiting for 
Likes, 

Comments, 
etc.

Delighted 
by 

Dopmanine



 J Surg Med. 2025;9(10):199-206.  Impact of social media use on adolescents 

P a g e  |  204 

affect their sleep schedule. For example, in a survey conducted by 

the Pew Research Center, 95% of teenagers noted having access 

to a smartphone compared with just 73% of teenagers in 2014-

2015 [4]. We note, however, that sleep deprivation in teenagers 

can also be due to other issues. For example, the social expectation 

of succeeding and being admitted to a competitive university 

drives many teenagers to take challenging Advanced Placement 

classes. One teenager, Walworth, reports after spending around 4-

5 hours on her homework she prefers to go online and chat with 

her friends and “surf the web.” That situation causes her to go to 

bed later. Constant exposure to illuminated screens at night can 

throwing the body's circadian rhythm out of whack [30]. The term 

“circadian rhythm” refers to a biological clock in the body that 

decides what time someone should go to sleep [34]. The mental 

effects of sleep deprivation include an inability to focus, 

concentrate, and remember [29]. Sacrificing sleep to study for an 

exam is not recommended—the capacity to which a student can 

remember decreases drastically when he or she is sleep deprived 

[34]. The effects of sleep deprivation also include an increase in 

body fat due to hormone imbalances and a weakened immunity to 

fight bacteria and viruses. When the body is in a rested state, it 

automatically fights, defends, and destroys “foreign invaders” that 

could be a cause of disease and or long-term health conditions 

[35]. The combination of social media and homework can trigger 

an imbalanced sleep schedule in teenagers, which causes them to 

be sleep deprived and susceptible to physical and mental 

conditions that can affect their current and long-term well-being. 

Studies have consistently highlighted the negative impact 

of nighttime screen exposure on melatonin regulation and 

circadian rhythms [34]. However, sample sizes vary, and few 

studies have incorporated physiological sleep tracking. That 

situation limits their ability to quantify the direct neurological 

effects of sleep deprivation caused by excessive social media use. 

Depression and Social Media 

With the advent of scrolling, “a few minutes” can easily 

turn into more than 30 minutes. Impulsivity is strongly associated 

with addiction, and there are multiple mechanisms through which 

individuals with impulsive tendencies may be at greater risk of 

developing addictive behaviors or experiencing addiction with 

increased severity and duration. One such mechanism involves 

difficulties assessing or managing both positive and negative 

emotions, which can result in reduced control over risky actions 

and poor decision-making [36]. 

Along with sleep deprivation, social media usage can 

open the door to anxiety, depression, and suicide in teenagers. 

Among teenagers, girls are known to exhibit more significant 

signs of anxiety, depression, and suicide, and girls also tend to 

spend more time online [37]. The second cause of death among 

teenagers in Canada is suicide; there was a 110% increase in the 

number of hospital admissions of intentional self-harm among 

teenage girls between 2007 and 2014 (Canadian Institute for 

Health Information, 2018) [41]. An article by the Canadian 

Medical Association Journal (CMAJ) reported that spending more 

than 2 hours per day on social media and networking sites was 

associated with feelings of suicide and depression among teenage 

girls [38]. Specific subconscious triggers can increase feelings of 

depression, suicide, and anxiety in teenagers; those triggers 

include FOMO, which is defined as “a persistent concern that 

others may be enjoying valuable experiences while one is missing 

out.” Other triggers include feeling like it’s necessary to post 

pictures of yourself to get likes and comments, the feeling of being 

“replaceable,” and physical yet unconscious addictions such as 

looking at your phone whenever you are bored [38]. 

The availability of social media opens the door to content 

that can expose teenagers to sensitive information. For example, 

viewing distressing images and videos unintentionally related to 

suicide can promote feelings of anxiety and depression in 

teenagers who are particularly sensitive. Limiting one’s social 

media apps and using content blockers can allow teenagers to 

prevent having feelings of depression, anxiety, and suicide [38]. 

Furthermore, cyberbullying can also promote feelings of 

suicide in teenagers [38,58]. Humans are social creatures, and 

teenagers’ feelings of negativity in the form of anxiety and 

depression can be rooted in the lack of real-life social interactions 

[7]. Consequently, using social media excessively can leave 

teenagers with feelings of anxiety, depression, and suicide that 

came up due to conscious and subconscious triggers and 

cyberbullying. 

Similarly, research linking social media use to depression 

[37,38] often lacks control for confounding variables, such as 

family dynamics, socio-economic status, and pre-existing mental 

health conditions. While correlations are evident, establishing 

causation remains problematic, requiring more robust 

experimental designs. 

Limitations  

While this study provides valuable insights into the 

impact of excessive social media usage on teenagers' mental 

health, several limitations must be acknowledged. Firstly, the 

review relies on a limited number of studies (38), which may not 

fully capture the breadth of the existing research on this topic. A 

larger dataset would confer a broader understanding of the impact 

of social media across different demographics. Secondly, the 

research primarily focuses on data from North America, 

particularly the United States. This geographical limitation may 

not reflect the experiences of teenagers in other cultural contexts, 

where social, economic, and educational factors may influence 

social media usage differently. 

Additionally, the heterogeneity of the reviewed studies 

poses another challenge. The included research varies in 

methodologies, sample sizes, and measurement techniques, 

making it difficult to draw direct comparisons or establish 

universal conclusions. Some studies rely on self-reported data, 

which are subject to participant bias and may inflate or distort 

findings on social media-related addiction, depression, and sleep 

deprivation.  

Furthermore, his review is largely descriptive; it 

summarizes existing findings rather than conducting statistical 

analysis or meta-synthesis. This approach, while valuable for 

identifying trends, does not establish causality, meaning that the 

link between social media usage and mental health outcomes 

remains correlational rather than definitive. 

Future research should prioritize longitudinal studies, 

cross-cultural analyses, and experimental designs to better 

understand causal mechanisms and potential interventions. 
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Conclusion 

This literature review examined 38 studies to investigate 

the relationship between excessive social media use and its effects 

on teenagers’ mental health. The findings support a strong 

correlation between social media addiction, depressive symptoms, 

and sleep disturbances. 

Social Media Addiction 

Several studies identified excessive social media usage 

as a behavioral addiction, with mechanisms similar to substance 

dependence. Neuroscientific research highlights that prolonged 

engagement leads to dopamine dysregulation, fostering 

compulsive behaviors. A study by Fiellin et al. [14] found that 

teenagers who spend more than three hours per day on social 

media exhibit impaired impulse control, mirroring traits observed 

in substance-related addictions. Additionally, Alavi et al. [32] 

emphasized that behavioral addiction follows patterns similar to 

drug dependency (that is, affecting prefrontal cortex activity and 

cognitive decision-making). 

Depression & Anxiety 

Our review furthermore indicated a strong association 

between excessive social media use and depressive symptoms. A 

longitudinal study by Abi-Jaoude et al. [37] revealed that 

teenagers engaging in high-frequency social media interactions 

noted higher levels of self-comparison, anxiety, and depressive 

moods. Additionally, cyberbullying and social validation 

pressures contribute to elevated emotional distress [38]. These 

findings are consistent with prior research emphasizing that social 

comparison theory plays a key role in mediating depressive 

tendencies among adolescents [4]. 

Sleep Deprivation & Cognitive Impact 

Evidence suggests that nighttime social media usage 

contributes significantly to sleep disturbances, disrupting 

circadian rhythms. A Pew Research Center survey (2022) found 

that 58% of teenagers struggle to limit their social media usage 

before bedtime, leading to delayed sleep onset and reduced sleep 

quality. Stanford Medicine [34] reports that blue-light exposure 

from screens inhibits melatonin production, causing chronic sleep 

debt among adolescents. Furthermore, disrupted sleep cycles 

correlate with impaired memory retention, decreased academic 

performance, and heightened stress responses. 

The reviewed literature underscores that excessive social 

media usage manifests as an addictive behavior, exacerbates 

mental health challenges such as depression and anxiety, and 

significantly disrupts sleep cycles, leading to long-term cognitive 

and emotional consequences. 

Although social media is currently a major part of 

teenagers’ digital and real lives in means of identity, community, 

leisure, and communication, excessive usage can lead to many 

mental and physical health issues. Teenagers should limit the 

amount of time they spend on social media each day. Some tips 

for doing so include: 

 Consciously recognizing when you have the urge to go 

on social media. 

 Setting reminders to take a break from social media every 

5-10 minutes. 

 Regularly arranging cell phone breaks. 

 Limiting the content you can see on social media. 

 Switching to a “dumb phone”, like a Nokia, Gabb phone, 

and/or a flip phone, that only has the ability to text 

message and call. 

 Going on a digital detox at least once per week. 

 Getting support from external resources such as a trusted 

friend, therapist, or support group. 

Despite methodological limitations, the cumulative 

evidence supports a clear trend: teenagers engaging in high-

frequency social media use exhibit patterns consistent with 

addiction, including dopamine dysregulation and compulsive 

engagement behaviors. Furthermore, social validation 

mechanisms on platforms like Instagram, TikTok, and Snapchat 

exacerbate self-esteem concerns, reinforcing negative feedback 

loops that contribute to depressive symptoms. Sleep deprivation 

acts as a compounding factor, worsening cognitive function, 

emotional regulation, and academic performance. To advance 

research in this domain, future studies should prioritize: 

- Longitudinal analyses to assess the long-term 

neurocognitive consequences of excessive social media 

use. 

- Standardized diagnostic criteria for social media 

addiction. 

- Objective physiological measures (e.g., EEG sleep 

studies, fMRI dopamine activity). 

- Controlled experiments that account for external 

variables influencing mental health outcomes. 
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Abstract 

 

Background/Aim: Stem cell therapy, also known as regenerative medicine, offers great promise in treating 

a variety of diseases that do not respond to conventional treatments. This systematic literature review aims 

to critically examine the latest scientific findings on the applications of stem cells in reproductive medicine. 

It also explores the various types of stem cells discovered to date, highlighting their advantages, 

disadvantages, and associated ethical considerations. 

Methods: Multiple databases, such as PubMed, Google Scholar, grey literature, and the Cochrane Library, 

were searched for topic-relevant studies within the past 15 years. The search was restricted to the English 

language. However, literature from all countries was considered, provided it met the inclusion criteria. 

Results: The progress of using stem cells in reproductive medicine varied from pre-clinical experiments to 

clinical stages in varying aspects of male and female infertility-related diseases.  

Conclusion: This review highlights the remarkable advancements in the field of reproductive regenerative 

medicine. Large-scale randomized clinical trials are urgently needed to evaluate the safety and efficacy of 

stem cell therapies, particularly mesenchymal stem cells (MSCs), which have shown encouraging clinical 

outcomes. Additionally, MSC-derived extracellular vesicles (EVs) present a promising cell-free therapeutic 

strategy for infertility, warranting further research to fully explore their potential applications. 

 

Keywords: Stem cells and infertility, reproductive medicine, stem cell therapy applications, subfertility, 

male infertility, female infertility, types of stem cells, stem cell advantages and disadvantages, clinical use 

of stem cells in infertility, stem cells and endometriosis, stem cells and non-obstructive azoospermia, stem 

cells and thin endometrium 
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Introduction 

Stem cell therapy, also known as regenerative medicine, 

offers great promise in treating diseases in the medical field that 

conventional methods cannot address. Stem cells, the body's raw 

materials, are the basic building blocks of organs, tissues, blood 

and the immune system [1, 2]. Under specific conditions, these 

cells are capable of self-renewal or differentiation into specialized 

cells and act as an internal repair system in the body to replace lost 

or damaged tissues [1]. 

Stem cell therapy has drawn the attention of many 

researchers over the past decade due to its potential to transform 

healthcare. Studies of stem cells enhance understanding of disease 

mechanisms and enable the generation of healthy cells to replace 

diseased ones. Additionally, stem cells provide platforms for 

testing the safety and efficacy of new drugs by differentiating 

them into tissue-specific cells [1, 2]. 

Infertility affects approximately 15% of couples 

worldwide [3].  According to WHO [4], around 48 million couples 

and 186 million individuals experience infertility globally, which 

severely impacts psychosocial well-being. Causes include male 

factors (30%), female factors (55%), combined factors (40%), and 

unexplained cases (25%) [5]. 

Assisted reproductive technology (ART) eliminates 

approximately 80% of cases of infertility; however, a significant 

proportion remains untreated [3]. Therefore, stem cell therapy has 

been suggested as an alternative, like using patient-specific 

gametes derived from pluripotent and induced pluripotent stem 

cells (iPSCs) to overcome the genetic mismatch of donor gametes 

[6]. 

Different strains of stem cells possessing the effect of 

antioxidation, anti-apoptosis, and angiogenesis have been isolated 

and cultured to regulate reproductive function and immune 

balance by releasing cytokines as well as exosomes, to ameliorate 

the reproductive microenvironment [7]. 

This systematic literature review aims to examine stem 

cell research conducted on both human and animal models, 

highlighting the various types of stem cells discovered to date. It 

assesses the advantages, disadvantages, and ethical considerations 

associated with each type. Additionally, the review summarizes 

current applications of stem cell therapy in reproductive medicine, 

exploring its future potential, safety, and efficacy in both males 

and females. Moreover, it critically evaluates the existing 

scientific literature and identifies key areas that warrant further 

clinical investigation. The review is organized thematically to 

enable a comprehensive and in-depth analysis of the selected 

studies.  

Questions to be addressed in this review are:  

1- What are the applications of stem cell therapy in 

infertility? 

2- What progress has been made in reproductive medicine 

using stem cells? 
 

Literature Review 

Stem cells are undifferentiated cells present in embryos, 

fetuses, and adults, capable of producing differentiated cells. They 

originate primarily from early embryonic cells and adult tissues. 

The zygote, formed by the fusion of an oocyte and spermatozoon, 

initiates embryonic development. Totipotent cells, such as the 

zygote and the first two dividing cells, can form any human cell 

type, including extra-embryonic tissues. Tissue-specific stem cells 

arise from differentiated organs postnatally and aid in organ 

repair. Major stem cell types include: embryonic stem cells 

(ESCs), mesenchymal stem cells (MSCs), spermatogonial stem 

cells (SSCs), ovarian stem cells (OSCs), and induced-pluripotent 

stem cells (iPSCs) [3, 8, 9]. 

Embryonic Stem Cells (ESCs), which are human ESCs 

(hESCs), are derived mainly from the inner cell mass of pre-

implantation blastocysts, express Oct4 and are pluripotent, 

forming all three germ layers but not extra-embryonic tissues [6, 

10]. First observed in mouse blastocysts in 1981 and isolated from 

humans in 1998, ESCs can differentiate into primordial germ 

cells, undergo meiosis, and contribute to gamete formation, with 

hESCs also supporting endometrial repair [3, 7]. ESC-derived 

extracellular vesicles enhance ovarian function via the PI3K/AKT 

pathway in premature ovarian failure [7]. Despite their 

regenerative potential, ethical concerns over embryo destruction, 

consent, and donor safety, along with risks of immune rejection, 

limit clinical application [3, 7, 9]. 

Mesenchymal Stem Cells (MSCs), first isolated from 

bone marrow in the 1970s, are multipotent stromal cells capable 

of differentiating into osteocytes, adipocytes, and chondrocytes, 

while exerting immunoregulatory and trophic effects that support 

tissue repair [3, 10, 11]. They can be sourced from bone marrow, 

adipose tissue, umbilical cord, menstrual blood, amniotic fluid, 

placenta, and dental pulp [3, 10]. MSCs have been applied for 

ovarian dysfunction and endometrial disorders, promoting 

angiogenesis, reducing apoptosis and fibrosis, and modulating 

immune responses [3, 12]. Fetal MSCs exhibit higher 

proliferation, differentiation, and immunomodulatory capacity 

than adult MSCs, expressing pluripotency markers and longer 

telomeres, offering therapeutic advantages [3, 10]. 

Spermatogonial Stem Cells (SSCs) are pluripotent cells 

that sustain lifelong spermatogenesis within seminiferous tubules, 

including spermatogonia proliferation, meiosis, and 

spermiogenesis, with defects leading to male infertility [7, 3]. 

Representing a small fraction of testicular cells, SSCs can be 

isolated using markers such as Stra8 in mice and Thy-1, CD9, and 

SSEA4 in humans and rats [3, 13]. Their function depends on the 

Sertoli cells, and co-transplantation with growth factors, such as 

LIF, FGF, EGF, and GDNF, which can restore spermatogenesis in 

KITLG-deficient azoospermia [7, 14, 15]. SSCs can transmit 

genetic information, generating other tissues, and are generally 

considered ethically acceptable [9, 13]. 

Ovarian/Oogonial Stem Cells (OSCs) challenge the 

long-held view that postnatal mammalian ovaries lack germ cell 

renewal. Mitotically active germline cells have been isolated from 

adult ovaries in various species [6, 13, 16]. OSC lines from mouse 

ovarian surface epithelium express MVH, BrdU, telomerase, 

Oct4, and Nanog, and can generate functional oocytes in sterilized 

mice, producing GFP-labeled offspring [3, 7, 13, 16]. In humans, 

rare germ stem cells (GSCs) expressing Ddx4 can form oocyte-

like structures in vitro, suggesting potential neo-oogenesis even in 

women with diminished ovarian reserve [7, 13]. While 

encouraging, their physiological role in adult ovarian function 

remains unclear, and in vitro oocyte maturation techniques require 

further refinement [16]. 
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Induced-Pluripotent Stem Cells (iPSCs) are somatic 

cells reprogrammed into a pluripotent state using factors such as 

Oct4, Klf4, Sox2, and c-Myc, resembling ESCs in morphology, 

marker expression, and differentiation potential [3, 7, 10]. Derived 

from sources including fibroblasts and cord blood, iPSCs can be 

differentiated into haploid gamete-like cells expressing germ cell 

markers like VASA and DAZL [7]. While iPSC-derived germ 

cells can integrate into gonadal tissue, complete meiosis remains 

challenging, with regulators such as SOX17 and BLIMP1 guiding 

primordial germ cell specification [3, 10]. iPSCs bypass ethical 

issues of embryo destruction and reduce immune rejection but still 

require careful oversight regarding potential embryo formation 

and genomic integrity [3, 10, 14]. Although gametogenesis from 

iPSCs has been achieved in mice, translating these protocols to 

humans is limited and requires further validation [3, 9, 16]. 

Stem cell-based therapies offer significant therapeutic 

potential but are associated with notable risks that need to be 

managed carefully. These risks can generally be divided into three 

categories: those that are intrinsic to the cells, those arising out of 

manufacturing and handling, or those relating to clinical 

applications [17]. 

At the cellular level, immune rejection is a problem to be 

faced, particularly where sources are allogenic. Stem cells can 

carry pathogenic traits; the wrong cell type can literally be brought 

forth from an "unintentional" differentiation. Out-of-control 

proliferation will displace normal physiological processes with 

harmful cells and thus increase chances for tumor formation. [17]. 

During manufacturing and handling, contamination from 

microbes, prions, or residual chemicals remains a persistent 

challenge. Variability in donor material, processing errors, 

incomplete removal of undifferentiated cells, and problems in 

storage or transport can compromise cell quality and safety. 

Moreover, hidden viruses in donor cells can be reawakened during 

culture [17]. 

In clinical application, patients may experience 

problems, such as graft-versus-host disease, arrhythmias, 

inappropriate engraftment, etc. Treatments may not work and can 

be harmful, while some aspects of the damage that results from 

them may be irreversible [17].  

Infertility affects approximately one in six couples 

worldwide and is defined as the failure to achieve pregnancy after 

12 months of unprotected intercourse. While assisted reproductive 

technologies (ART) resolve around 80% of infertility cases, many 

challenges remain, motivating research into stem cell therapies 

[10, 12, 13]. 

Stem cell therapies are being investigated for female 

infertility arising from premature ovarian failure (POF), 

polycystic ovary syndrome (PCOS), Asherman’s syndrome (AS), 

recurrent implantation failure (RIF), endometriosis, and fallopian 

tube obstruction. 

Premature Ovarian Failure (POF) affects about 1% of 

women under 40 and is characterized by reduced ovarian reserve 

and low steroid hormones [7, 11, 18, 19]. Current treatments, 

including hormone replacement and egg donation, are limited, but 

MSC therapy, particularly from umbilical cord and amniotic 

membrane, has shown potential in restoring ovarian function, 

improving hormone levels, and reducing granulosa cell apoptosis 

[11, 12, 18]. MSC-derived extracellular vesicles (EVs) further 

support angiogenesis, reduce oxidative stress, and modulate 

immune responses, with early clinical trials reporting spontaneous 

pregnancies [20]. 

Polycystic Ovarian Syndrome (PCOS) affects 5–10% 

of reproductive-age women and accounts for over 27% of 

infertility cases [10, 18]. MSC therapy has been shown to reduce 

ovarian inflammation and fibrosis, and MSC-derived EVs, which 

deliver miR-323-3p, enhance cumulus cell survival [3, 11]. 

Asherman’s Syndrome (AS), caused by intrauterine 

adhesions, often results in menstrual irregularities and infertility 

[18]. Stem cell therapies using various MSC sources have 

improved endometrial thickness, menstrual volume, and 

pregnancy rates, with EVs promoting angiogenesis and reducing 

fibrosis through TGFβ1/Smad2 inhibition and VEGF signaling [3, 

18-20]. 

Recurrent Implantation Failure (RIF) and Thin 

Endometrium present challenges in IVF, with thin endometrium 

(<7 mm) linked to higher miscarriage rates [18, 19]. Therapies 

combining endometrial MSCs (em-MSCs) and platelet-rich 

plasma (PRP) enhance vascularization, promote differentiation, 

and improve pregnancy outcomes [12]. 

Endometriosis affects 10% of reproductive-age women, 

with pathogenesis involving ectopic endometrial growth, immune 

dysregulation, and genetic factors [3, 18]. While MSC therapy 

carries theoretical risks of contributing to disease progression, 

MSC-derived EVs targeting angiogenesis and inflammation have 

shown potential in preclinical studies [18]. 

Fallopian Tube Obstruction impairs fertilization and 

embryo transport; current treatment is primarily surgical. Animal 

studies indicate that MSC transplantation or MSC-derived EVs 

can reduce inflammation and promote tissue repair, with cell-free 

therapies showing promise via macrophage polarization and NF-

κB pathway modulation [11, 21, 31]. 

Male infertility arises from infections, toxins, radiation, 

drugs, anatomical defects, and endocrine disorders [11]. Current 

treatments include surgery, hormone therapy, medications, and 

ART, such as intracytoplasmic sperm injection (ICSI), but 

challenges including low success rates and lack of functional 

gametes remain [18]. Stem cell–based approaches include 

isolation and transplantation of SSCs, generation of SSCs from 

BM-MSCs and Ad-MSCs, and differentiation of iPSC-derived 

germ cells. These approaches may restore fertility in men with 

normal genetics, although genetic defects cannot be corrected; for 

example, testicular tissue preservation before puberty is 

recommended in Klinefelter’s Syndrome, yielding about 70% 

sperm retrieval success [18]. 

Erectile Dysfunction (ED) affects over half of men older 

than 40 and is often linked to endothelial dysfunction from 

diabetes, cardiovascular disease, neurological disorders, or drugs 

[6, 22]. Conventional treatments, including PDE5 inhibitors, 

provide temporary relief without addressing underlying tissue 

dysfunction. Stem cell therapies, including umbilical cord, bone 

marrow, adipose-derived, and placental matrix stem cells, have 

shown encouraging improvements in penile blood flow, erection 

quality, and glycemic control in early clinical studies, though 

larger randomized trials are required to determine optimal cell 

type, dose, and safety [22]. 
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Materials and methods 

Inclusion Criteria: This study included all published 

and unpublished articles containing information on types of stem 

cells in both human and animal models, as well as the application 

of stem cell therapy for infertility in males and females. 

Additionally, articles involving infertile couples of reproductive 

age, regardless of whether the cause of infertility was known or 

unknown, were included if stem cell therapy was considered a 

potential treatment option. 

Exclusion Criteria: Articles were excluded if they 

focused on the use of stem cells in medical fields other than 

reproductive medicine, were published more than 15 years ago, or 

were not written in English. 

Outcome Measures: The primary outcomes included the 

identification of all stem cell types isolated, cultured, and applied 

in animal or human models. The study also evaluated the 

advantages, limitations, and ethical considerations associated with 

each type of stem cell. Furthermore, a comprehensive summary of 

current applications of stem cell therapy in reproductive medicine 

was developed, emphasizing accuracy, quality, and safety. Future 

perspectives and areas necessitating further research were also 

delineated. 

Search Strategy:  Multiple databases, including 

PubMed, Google Scholar, grey literature, and the Cochrane 

Library, were systematically searched for relevant studies 

published within the last 15 years. The search was restricted to 

English-language literature from any country. Keywords used 

encompassed terms such as stem cells and infertility, reproductive 

medicine, stem cell therapy applications, subfertility, male 

infertility, female infertility, types of stem cells, stem cell 

advantages and disadvantages, clinical use of stem cells in 

infertility, stem cells and endometriosis, stem cells and non-

obstructive azoospermia, and stem cells and thin endometrium [8, 

23]. 

The selected studies underwent critical appraisal to 

eliminate irrelevant or weak evidence, reduce information 

overload, and ensure the inclusion of relevant, reliable, and 

valuable studies while identifying potential biases. As detailed in 

Table 1, quality assessment employed the Critical Appraisal Skills 

Programme (CASP) qualitative checklist tool, involving screening 

of titles, abstracts, and other metadata, followed by full-text article 

evaluation [15, 24, 25]. 

Data Analysis: This review followed a thematic analysis 

process comprising six steps: familiarization, coding, generating 

themes, reviewing themes, defining and naming themes, and 

writing up the findings. This approach was crucial in minimizing 

confirmation bias, which is the tendency to selectively 

acknowledge information that supports pre-existing beliefs while 

ignoring contradictory evidence. The results were summarized, 

with selected data presented in tabular form. Conclusions were 

drawn through careful interpretation of the findings [8]. 

Research Method: This study employed a systematic 

literature review design to identify, select, and critically appraise 

relevant literature to answer the formulated research questions. 

Due to its rigorous methodology and reliance on filtered, critically 

evaluated data, a systematic review is considered the highest level 

of evidence in the research hierarchy [14, 26]. The systematic 

review process followed the PRISMA 2020 guidelines, as 

illustrated by the PRISMA flow diagram (Figure 1) [27, 28]. As 

the study is qualitative, the grounded theory approach was 

employed to analyze and categorize the data, allowing for the 

collection of rich, detailed information on the topic [8, 30]. 
 

Figure 1: PRISMA Flow Diagram [28] 
 

 
 

Results and Discussion 

Most of the characteristics of stem cells used in stem cell-

based therapies for infertility are summarized in Table 2.  

Worldwide, there are a growing number of human 

clinical trials investigating stem cell treatments for infertility, 

reflecting the hopeful results obtained from various animal 

studies. The application of stem cells in reproductive medicine 

ranges from preclinical experiments to clinical stages, targeting 

multiple male and female infertility-related conditions.  

This review highlights remarkable ongoing progress in 

the field of reproductive medicine. It brings attention to the 

advantages, limitations, and ethical concerns associated with 

different types of stem cells. Mesenchymal stem cells (MSCs) 

have received significant attention, as they can be derived from 

numerous abundant and accessible sources and possess favorable 

biological properties. These factors include the multipotent 

differentiation potential, secretory activity, mitochondrial 

transfer, immunomodulatory and anti-inflammatory properties 

and their low immunogenicity – especially when dealing with 

autologous MSCs. Furthermore, MSCs pose minimal ethical or 

moral concerns, which facilitates their adoption in the field of 

cellular therapy.  

Further clinical evaluations are needed to obtain 

definitive evidence supporting the effectiveness and safety of stem 

cell therapy in infertility. MSCs have shown promising clinical 

results in common male and female infertility disorders, including 

premature ovarian failure (POF), polycystic ovary syndrome 

(PCOS), Asherman’s syndrome (AS), recurrent implantation 

failures (RIFs) endometriosis, fallopian tube occlusion, 

azoospermia as well as erectile dysfunction. In addition, MSC-

derived EVs, which release biologically active molecules 

consisting of nucleic acids, lipids and proteins, are involved in 

several physiological and pathological processes. Cell-free 

treatment options using EVs for infertility also appears to be a 

positive approach, which could have a wide range of applications, 

but this needs further investigation. 
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Conclusion and Recommendations 

Infertility is a global health issue that imposes substantial 

psychological, social, and economic burdens on affected couples, 

arising from a wide range of male and female reproductive 

disorders. Conventional therapies, including hormonal treatments, 

surgical interventions, and assisted reproductive technologies, 

offer favorable outcomes but do not address all infertility types, 

underscoring the need for alternative approaches. Stem cells have 

considerable potential due to their capacity for self-renewal, 

differentiation, and secretion of paracrine factors that support 

tissue repair.  

While human clinical trials are increasing and early 

results are encouraging, no stem cell therapy has yet been 

approved for routine clinical use. Large, well-designed  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

randomized trials are essential to establish the efficacy and safety 

of specific stem cell types, particularly MSCs, which have shown 

the most encouraging outcomes. Additionally, MSC-derived 

extracellular vesicles represent a potential cell-free therapeutic 

strategy, warranting further investigation to fully explore their 

clinical applications in infertility treatment. 
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out of 

10 

1- [19] Yes I  can’t tell Yes Yes Yes Yes Yes Yes Yes Yes 9 

2-[7]   Yes I can’t tell Yes Yes Yes Yes yes Yes Yes Yes 9 

3-[9] Yes I can’t tell Yes Yes Yes Yes Yes No Yes Yes 8 

4-[6] Yes Yes Yes Yes Yes Yes No No Yes Yes 8 

5-[11] Yes I can’t tell Yes Yes Yes Yes No No Yes Yes 7 

6-[12] Yes I can’t tell Yes Yes Yes Yes No No Yes Yes 7 

7-[10] No I can’t tell Yes Yes Yes Yes No No Yes Yes 6 

8-[20] Yes I can’t tell Yes Yes Yes Yes Yes Yes Yes Yes 9 

9-[16] Yes I can’t tell Yes Yes Yes Yes No No Yes Yes 7 

10-[13] Yes I can’t tell Yes Yes Yes Yes No Yes Yes Yes 8 

11-[29] Yes I can’t tell Yes Yes Yes Yes No No Yes Yes 7 

12-[18] Yes I can’t tell Yes Yes Yes Yes Yes Yes Yes Yes 9 

13-[3] No I can’t tell Yes Yes Yes Yes No No Yes Yes 6 

14-[31] Yes I can’t tell Yes Yes Yes Yes Yes Yes Yes Yes 9 

15-[21] Yes I can’t tell Yes Yes Yes Yes Yes Yes Yes Yes 9 
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Table 2: Characteristics of Stem Cells Used in the Treatment of Infertility 
 

Topics Descriptions References 

ESCs  ESCs Pluripotent: can differentiate into 3 germ layers (not extraembryonic).  

 Source: Derived from the inner cell mass of blastocyst/morula; expresses Oct4. 

 Germline potential: The capacity to form primordial germ cells and gametes (in vitro). 

 Therapeutic implications: Promote endometrial restoration, hESC-EVs modulate PI3K/AKT, and hopes for POF treatment. 

 Limitations: Not immune-privileged; ethics restrict clinical utility 

[3, 6, 7, 9, 

10] 

 

 

MSCs  Multilineage: Can give rise to mesodermal cells (bone, adipose tissue and cartilage). 

 Labelling (ISCT): Plastic-adherent; expression of CD105, CD73 and CD90, lack of expression of CD45, 34 (CD45RA), CD11b or CD14, CD19 or HLA-

DR and cultured to chondrogenic differentiation. 

 Sources: Marrow, adipose tissue, menstrual blood, umbilical cord and matrix amniotic fluid and membrane, placenta/trophoblasts, salivary gland and dental 

pulp. 

 Fetal MSCs (FMSCs): Multiply more and differentiate better, display greater telomerase activity and have stronger immune modulating potential than adult 

MSCs. 

 Biological functions: Differentiation, secretion of bioactive factors, mitochondrial transfer, balanced immunomodulation, and anti-inflammation. 

 Ethical: Fewer ethical constraints than ESC and more widely accepted in clinical trials. 

 Applications: Widely studied testing for preclinical and clinical trials, such as therapies for ovarian dysfunction and endometrial disorder.  

[3, 9, 10, 

11, 20] 

SSCs  Nature: Pluripotent stem cells that differentiate into spermatogenic cells and undergo self-renewal throughout the life span of a male. 

 Isolation: Was improved by species markers; SSEA4 and GPR125 were the markers used for human SSCs. 

 Genetic tools: CRISPR can repair KITLG mutations (supportive cells), but not AZF region mutations (germ cells). 

 Application: Possible future auto-transplantation, and of promise in both fertility treatment (e.g. pre-pubertal male post chemo/radiotherapy). 

 Function: Transfer father's genes to his offspring. 

 Ethics: Not associated with additional substantial ethical requirements.  

[3, 7, 9, 13, 

16] 

 

 

OSCs  Discovery: Identification of germline stem cells (GSCs) in adult ovaries challenged the concept that female germ cells are non-renewable. 

 Significance: Recovers the idea of neo-oogenesis, offers hope for cancer patients with ovarian insufficiency (i.e., fragile X-associated and otherwise idiopathic 

POF, iatrogenic POF, age-related infertility). 

 Challenges: The technical and conceptual challenges in clinical translation are numerous 

 Ethics: No ethical concerns with its use.  

 

[3, 6, 7, 13, 

16] 

 

iPSCs 

 
 Source: Initially derived by inducing mouse fibroblasts with transcription factors; a landmark for cell therapy. 

 Indications: It may achieve spermatogenesis and oogenesis recovery, even in the presence of chromosomal anomalies. 

 Pros over ESCs: Adult-derived cells, no embryo, less chance of being controversial, and lower risk of the immune system rejecting them. 

 Limitations: Informed consent is required; clinical utility under evaluation.  

[3, 7, 9, 10,  

29] 

 

 

ART: Assisted Reproductive Technology, MSCs: Mesenchymal Stem Cells, MSC derived EV: Mesenchymal Stem Cell-derived Extracellular Vesicles, WHO: World Health Organization, iPSCs: induced Pluripotent 
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Abstract 

 

The inflammatory myofibroblastic tumor (IMT) is a rare mesenchymal neoplasm with variable biological 

behavior, which predominantly affects the lungs but can also appear in extrapulmonary sites, including the 

gastrointestinal tract. When situated in the small intestine, IMT presents substantial diagnostic and 

therapeutic difficulties. This case emphasizes the complications in diagnosing and surgically managing IMT 

in an unusual location. A patient, aged 67 with a past record of secondary iron-deficiency anemia, underwent 

a diagnostic examination due to gastrointestinal symptoms. The esophagogastroduodenoscopy showed a 

minor hiatal hernia, while a 5 mm hyperemic polyp, confirmed as a tubular adenoma, was identified by 

colonoscopy. Further MR enterography imaging detected a polypoid tumor approximately 28 mm in the 

right iliac region, which led to surgical intervention. A lower midline laparotomy revealed an intraluminal 

tumor in the proximal ileum, 60 cm from the ileocecal valve. A 20 cm segment of the impacted bowel was 

resected and an end-to-end ileo-ileal anastomosis was successfully achieved. The diagnosis of IMT with an 

R0 resection was confirmed through histopathological and immunohistochemical analysis. This case 

underlines the significance of considering IMTs in the differential diagnosis of unexplained gastrointestinal 

symptoms and highlights the role of imaging and surgical resection in reaching definitive management. 

Boosting awareness of IMTs in medical practice can lead to earlier recognition and improved patient 

outcomes. 

 

Keywords: inflammatory myofibroblastic tumor, small intestine neoplasm, chronic secondary anemia, rare 

gastrointestinal neoplasms 

 

Introduction 

Inflammatory myofibroblastic tumor (IMT), also referred to as inflammatory 

pseudotumor or plasma cell granuloma, is a rare mesenchymal neoplasm. It is distinguished by 

the proliferation of myofibroblastic spindle cells as well as an inflammatory infiltrate consisting 

of plasma cells and lymphocytes. Brunn first described it in 1939 as a lung tumor, initially 

believed to be benign with localized growth. However, later variations with local malignancies 

and rare metastases have been recorded. The World Health Organization (WHO) now classifies 

IMT as a mesenchymal neoplasm of intermediate malignancy [1]. 

IMT can occur at any age, with most patients receiving diagnoses before the age of 40. 

However, IMTs can also develop later in life, even in the eighth decade. IMT has been observed 

in nearly all body and visceral soft tissue organs. The most common site for IMT is the lungs, but 

extrathoracic forms have been detected at various other locations, primarily in soft tissues and 

visceral organs [2]. The small intestine is a rare site for IMT, and cases in this region frequently 

pose a significant diagnostic and therapeutic challenge. 

The etiology of IMT is unclear, with certain factors suggested to be associated with it, 

such as viral infections (particularly HHV-8), trauma, surgical interventions, and autoimmune 

mechanisms. The anaplastic lymphoma kinase (ALK) gene is found in 33-67% of cases and is 

more commonly present in children and young adults [3,4]. 
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The clinical manifestations of IMT are nonspecific and 

vary depending on the location of the tumor. For instance, in the 

gastrointestinal tract, IMT may result in symptoms like abdominal 

pain, anemia, obstruction, or intussusception, which are attributed 

to its intraluminal growth. Furthermore, it can present as either 

acute or chronic gastrointestinal bleeding and may ultimately lead 

to iron-deficiency anemia [5, 6]. 

IMTs are typically benign and are usually treated with 

radical excision, steroids, radiation, and/or chemotherapy [7]. CO₂ 

laser treatment represents a novel therapeutic option. In the case 

of small intestine IMT, the recommended treatment is segmental 

resection with negative margins, carrying a minimal risk of 

recurrence if the excision is thorough. 

Case presentation 

A 67-year-old patient has been diagnosed with, and 

treated for, secondary iron-deficiency anemia within the past year 

by a gastroenterologist. Upon evaluation, an esophagogastric 

duodenoscopy (EGD) revealed merely a minor hiatal hernia, 

absent of any additional pathological findings. A colonoscopy 

detected a hyperemic polyp, approximately 5 mm in size, situated 

in the descending colon; it was subsequently removed via 

electrosurgery. 

Histopathology confirmed a tubular adenoma. Further 

examination revealed no abnormalities in the entire colon and the 

terminal 30 cm of the ileum. A CT scan of the chest, abdomen, 

and pelvis also showed no remarkable findings. However, MR 

enterography revealed a loop of a small bowel in the right iliac 

region with indications of mechanical obstruction, as well as a 

polypoid tumor measuring around 28 mm. 

Following the diagnostic evaluation, a need for surgical 

intervention was established to firm up the diagnosis and excise 

the tumor. Preoperative preparations entailed routine lab tests, a 

cardiopulmonary assessment, and optimizing the patient’s 

readiness in light of the heightened risks associated with the 

perioperative period. Informed consent was gathered for the 

surgery, which delineated potential complications such as 

infection, hemorrhage, anastomotic leakage, and the possible 

necessity for additional intervention. 

The surgery was conducted under general endotracheal 

anesthesia, commencing with a lower midline laparotomy for 

peritoneal access. The abdominal cavity was extensively explored 

to identify any additional pathology. During the exploration, an 

intraluminal tumor was discovered in the proximal ileum, roughly 

60 cm from the ileocecal valve. The extent of the tumor was 

confirmed by palpation, and the segment of the small intestine 

containing the lesion was mobilized. 

The resection involved a meticulous dissection of the 

mesentery supplying the affected segment in order to ensure 

proper vascular control. Once the ileum was sufficiently 

mobilized, a 20 cm resection of the affected bowel was carried out 

(Figure 1, 2). This step was executed with thorough attention to 

detail, ensuring clear margins for complete tumor removal. 

Throughout the process, hemostatic control was consistently 

maintained. 

Following resection, an end-to-end ileo-ileal anastomosis 

was performed. The anastomosis was created using delayed 

absorbable sutures in a two-layer technique, including an inner 

continuous mucosal layer and an outer interrupted seromuscular 

layer. This ensured a tension-free, well-perfused anastomosis. 

Additionally, the mesenteric defect was sutured to prevent internal 

herniation. Before closing the abdominal wall, the surgical area 

was irrigated to remove any debris or contaminants. 

The histopathological examination of the resected 

specimen revealed an IMT located in the submucosa. The tumor 

was completely removed, thus achieving an R0 resection. 

Characteristically, IMT is composed of myofibroblastic and 

fibroblastic spindle cells, supplemented by an inflammatory 

infiltrate including lymphocytes, plasma cells, and eosinophils. 

The tumor demonstrated variable cellularity, possessing areas 

with sparse cellular activity within the hyalinized stroma and other 

areas showcasing dense myofibroblastic proliferation. 

The immunohistochemical analysis of the tumor 

confirmed the diagnosis, showing positivity for vimentin, smooth 

muscle actin (SMA), and muscle-specific actin, which is 

consistent with myofibroblastic differentiation. Further, the tumor 

also demonstrated positivity for ALK, a feature frequently seen in 

IMTs. Other markers like desmin, cytokeratins, and S-100 were 

negative, thus eliminating other differential diagnoses. 

The patient had an uneventful postoperative recovery, 

with bowel function gradually returning. Oral intake was resumed 

without issues and there were no signs of complications such as 

infection or anastomotic leakage. The patient was discharged 

home in stable condition and instructed to follow up regularly with 

the attending surgeon for monitoring and additional treatment as 

needed. 
 

Figure 1: Resected small intestine with umbilication of serosa at the site of the intraluminal 

inflammatory myofibroblastic tumor. 
 

 
 

Figure 2: Resected small intestine with intraluminal inflammatory myofibroblastic tumor. 
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Discussion 

IMT represent a rare and heterogeneous group of 

neoplasms, presenting significant challenges for diagnosis and 

treatment. Our case report emphasizes key aspects of IMT, 

including its clinical presentation, surgical approach, and 

histopathological as well as immunohistochemical diagnosis. 

IMTs are typically benign neoplasms that exhibit locally 

aggressive behavior. These are most commonly found in younger 

patients, with a peak incidence in children and young adults, but 

they can occur at any age, including in elderly individuals as 

demonstrated in our case [1,2]. The clinical presentation of IMT 

is location-dependent and can include symptoms such as 

obstruction, a palpable mass, or nonspecific abdominal pain [3]. 

In the case of this patient, the secondary iron-deficiency anemia is 

likely attributed to chronic, hidden blood loss induced by the 

tumor. 

The differential diagnosis of small bowel tumors includes 

gastrointestinal stromal tumors (GISTs), adenocarcinomas, 

neuroendocrine tumors, and lymphomas. Imaging and 

histopathological findings are crucial in distinguishing IMTs from 

these entities. Given the polypoid nature and obstructive 

symptoms in our patient, considerations included GISTs and 

adenocarcinomas. These were ruled out through 

immunohistochemical analysis. 

Radiologic assessment plays a key role in detecting 

IMTs, although the imaging findings are often nonspecific. In this 

patient, MR enterography revealed a polypoid tumor causing 

mechanical obstruction. Because of the tumor’s location, 

obstructive symptoms, and the need for a definitive diagnosis, 

surgical management was prioritized over medical therapy options 

like corticosteroids or NSAIDs [4,5]. 

Surgical excision remains the cornerstone of treatment 

for IMTs, aiming for R0 resection to minimize the risk of 

recurrence [6]. In our case, an R0 resection was achieved, which 

is associated with a favorable prognosis. Studies indicate that 

complete resection leads to excellent survival outcomes, while 

incomplete excision carries recurrence rates of up to 25–37% 

[5,7]. 

Histopathologically, IMTs are characterized by the 

proliferation of spindle cells amidst an inflammatory background 

made up of lymphocytes, plasma cells, and eosinophils [3]. The 

diagnosis is confirmed by the presence of ALK positivity in tumor 

cells. ALK rearrangements, which occur in roughly 50% of IMTs, 

are frequently observed in younger patients and act as a crucial 

diagnostic marker [8]. 

For unresectable or recurrent IMTs, ALK inhibitors like 

crizotinib have demonstrated effectiveness in reducing ALK-

positive tumors [9,10]. These agents are especially relevant for 

patients who aren’t suitable candidates for surgery. In our case, 

successful complete resection made additional therapy 

unnecessary. However, long-term monitoring is critical in 

identifying potential recurrence. 

Conclusion 

This case emphasizes the need to consider IMT in the 

differential diagnosis of unexplained gastrointestinal symptoms, 

especially in instances of chronic anemia with initial inconclusive 

findings. Due to the tumor’s potential for local aggression and 

recurrence, prompt imaging and histopathological confirmation 

are vital for directing definitive management. Surgical resection 

continues to be the primary treatment, with R0 resection providing 

the best prognosis. Enhancing clinical awareness of IMT, 

particularly in atypical locations like the small intestine, can 

facilitate earlier diagnosis, optimize treatment strategies, and 

ultimately improve patient outcomes. 
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Abstract 

 

We aimed to present a case of omental torsion, a very rare cause of acute abdomen. The patient, presenting 

to the emergency clinic with fever, nausea, vomiting, and severe abdominal pain, underwent immediate 

surgery due to a suspicion of omental torsion based on the physical examination and computed tomography 

(CT) scan results. It was observed during the nighttime emergency laparotomy for this patient that the 

omentum was torsioned, interrupting the blood supply to the distal part. This disrupted area was excised 

using a sealer/divider device. Although rare, omental torsion should be considered in instances of acute 

abdomen. 

 

Keywords: case report, omental torsion, abdominal pain 

 

Introduction 

The greater omentum is known to rotate around its long axis [1]. The tissue of the greater 

omentum may undergo primary torsion or become torsioned secondary to internal or external 

hernias, tumors, intra-abdominal cysts, and postoperative adhesions [2]. CT scans, as one of the 

radiological imaging methods, can assist in diagnosing these issues. Acute abdominal symptoms 

can be indicated by an elevated body temperature, leukocytosis, and an increase in C-reactive 

Protein (CRP) levels.  
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Case presentation 

In this case, after receiving informed consent, we 

reported on a 24-year-old male patient who was admitted to our 

outpatient clinic with complaints of abdominal pain lasting 72 h. 

The patient sought help due to persistent abdominal pain, along 

with the onset of fever and vomiting in the last 24 h. Beyond these 

symptoms, the patient’s medical history was unremarkable. A 

physical examination revealed sensitivity, defense, and rebound 

symptoms in the lower right quadrant. Laboratory results showed 

17,000 /µL leucocytes and 120 mg/L CRP, while other 

haemogram and biochemical values were within normal limits. 

CT imaging indicated omental rotation in the lower right quadrant 

of the abdominal region (Figure 1), incorrectly described as 

mesenteric volvulus in the CT report. There was no evidence of 

acute appendicitis. The laboratory results, taken with the physical 

exam findings and CT imaging, led to the decision to operate. The 

patient was hospitalized after consenting to surgery. 
 

Figure 1: Omental rotation CT appearance formed by rotating along the long axle of the greater 

omentum tissue. 
 

 
 

Operative findings revealed an edematous and necrotic 

omentum that had rotated along its longitudinal axis (Figure 2). 

The definitive diagnosis was made intra-operatively. No other 

intra-abdominal pathology was observed. Postoperatively, the 

patient received treatment as an inpatient. An enteral regimen was 

initiated 8 h post-operation. The patient was monitored for three 

days and, showing signs of recovery, was discharged on the third 

day. Pathological examination of the excised specimen showed 

“chronic active inflammation and congestion”. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Appearance of omental torsion formed by rotating along the long axle of the greater 

omentum tissue during the operation. 
 

 
 

Discussion 

Embryologically, the major omentum tissue originates 

from the dorsal mesogastrium. It comprises four layers that extend 

between the transverse colon and the greater curvature of the 

stomach and continues to the front of the small intestines [3]. One 

end can move freely through the abdomen. According to the type 

of pathology, omental tissue can undergo primary torsion or 

torsion due to secondary causes. In the case of primary torsion, the 

distal tip of the omentum is free. This form of free rotation of the 

distal omentum tip is also known as unipolar torsion [4]. In one 

study involving 563 laparoscopic cases, the incidence of omental 

torsion was found to be a mere 1.1%, making it quite rare [5]. 

Anatomical variations in primary omentum torsion conditions that 

cause the omentum to move, such as increased trauma or 

peristalsis, are predisposing factors for torsion. Obesity also 

presents a risk factor [6]. Secondary omental torsion occurs as a 

result of an underlying intra-abdominal pathology, such as cyst 

adhesion or hernia. Secondary omental torsion is also referred to 

as bipolar torsion. In the case of secondary torsion, the distal tip is 

connected to the area causing torsion, depending on the underlying 

condition [4]. The patient’s Body Mass Index (BMI) was 

measured at 24, which is within normal limits. Additionally, the 

patient history received was limited, with no mention of trauma. 

Any secondary causes were excluded according to radiological 

imaging and operative findings. 

Preoperative Ultrasound (US) and CT imaging can assist 

in diagnosis, helping to ensure a correct diagnosis before surgery. 

US imaging reveals a focal area with increased echogenicity, 

making it a useful diagnostic tool for ruling out other acute 

abdominal conditions [7]. Torsioned omental tissue can be visible 

as a mass in US imaging [8]. CT imaging is beneficial in 

distinguishing perforation, diverticulitis, and gallbladder diseases 
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in acute abdominal cases, with a specific rotating view observable 

[9]. In our case, CT imaging aided in the differential diagnosis of 

an acute abdominal condition. US viewing was not the preferred 

method as it failed to provide objective data. The CT images were 

reported as mesenteric volvulus, complicating the diagnostic 

process. Secondary causes like acute appendicitis, acute 

cholecystitis, intra-abdominal abscess, and diverticulitis were 

ruled out. 

Laparoscopy has become a standard method in managing 

acute abdominal disease. It is used as both a therapeutic and 

differential diagnostic tool in selected cases. Nevertheless, a high 

degree of expertise is necessary for laparoscopy usage in 

emergency surgical scenarios. Conditions like perforated cancer, 

fecal peritonitis, abdominal distension, and hemodynamic 

instability are relatively contraindicated for the laparoscopic 

method. In recent years, its use in acute abdominal cases has 

experienced increasing success [10]. In our case, according to the 

CT report, the definitive diagnosis could not be made. 

Furthermore, laparoscopy cannot be performed during night hours 

in our clinic. Given these reasons, differential diagnoses were 

ruled out by diagnostic laparotomy. Postoperative follow-ups 

showed a decline in leukocytosis and CRP values after 

omentectomy. This suggests that the omentectomy had a 

beneficial impact on the patient’s health in this case. 

Conclusion 

Primary omental torsion is a rare condition, and other 

diagnoses should be excluded radiologically and during surgery, 

as acute conditions can mimic the abdominal symptoms in 

differential diagnoses. It is also important to remember that 

primary omental torsion alone can account for the cause of an 

acute surgical abdomen. 
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Abstract 

 

Deep vein thrombosis (DVT) is a severe condition marked by the formation of blood clots in the deep veins, 

usually in the lower limbs. Though DVT is frequently associated with prolonged immobility, trauma, and 

certain medical conditions, it is exceptionally rare following a brown recluse spider (Loxosceles reclusa) 

bite. Typically, this spider’s envenomation causes local necrotic skin reactions, hemolysis, and in serious 

cases, systemic loxoscelism. In this case report, we present an unusually rare occurrence of DVT developing 

in a 53-year-old male after a brown recluse spider bit his lower limb. This case underscores the need for 

vigilance in identifying thromboembolic complications in patients with severe loxoscelism. Clinicians 

should be aware of the potential systemic effects of spider envenomation and consider early diagnostic and 

therapeutic interventions to prevent complications, including pulmonary embolism. 

 

Keywords: brown recluse spider bite, deep vein thrombosis, loxoscelism, spider envenomation, brown 

recluse spider, Loxosceles reclusa 

 

Introduction 

Brown recluse spiders (Loxosceles reclusa) are among the most venomous arachnids in 

North America [1]. Envenomation from their bites can lead to dermonecrotic arachnidism and 

systemic loxoscelism, symptoms of which can manifest as hemolysis, thrombocytopenia, renal 

failure, and in rare cases, thromboembolic events [2]. However, the pathophysiological link 

between spider envenomation and deep vein thrombosis (DVT) remains unclear, but it may 

involve venom-induced vascular endothelial damage, inflammatory responses, and platelet 

aggregation [3,4]. 

This case report aims to document an unusual occurrence of DVT following a brown 

recluse spider bite and to explore potential mechanisms involved in this rare complication. The 

case emphasizes the need for healthcare providers to consider thromboembolic events as potential 

complications in cases of spider envenomation and to promptly initiate appropriate diagnostic and 

therapeutic measures. 

  

 
  

https://jsurgmed.com/
https://jsurgmed.com/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://jsurgmed.com/


 J Surg Med. 2025;9(10):219-221.  DVT after brown recluse spider bite 

P a g e  |  220 

Case presentation 

A 53-year-old male arrived at the emergency department 

(ED) due to progressive pain and swelling in his right lower leg. 

Two weeks prior, he had been bitten by an insect in his basement, 

which resulted in painful lesions on his right lower leg and 

forearm (Figure 1). As time passed, he noted increased leg 

swelling and discomfort, which led him to seek medical help. 

His medical history included hypertension, diabetes 

mellitus, asthma, a history of knee replacement, and obesity. A 

physical examination showed an eschar with surrounding 

erythema at the bite site (Figure 1a) and +2 pitting edema in his 

right calf. 

A modified Wells’ score of two suggested a moderate 

pretest likelihood of DVT, which warranted further imaging. 

Indeed, a venous duplex ultrasound confirmed DVT in the right 

common femoral vein (CFV), superficial femoral vein (SFV), 

popliteal and peroneal veins, along with superficial venous 

thrombosis in the right greater saphenous vein (GSV) (Figure 2). 

Results from extensive hypercoagulability testing were 

unremarkable (Figure 3). Ultimately, the patient was diagnosed 

with DVT which was provoked by the insect bite. He was started 

on therapeutic anticoagulation with Lovenox, which was later 

replaced with direct oral anticoagulants upon his discharge. 
 

Figure 1: a. Erythematous papule with eschar in the center on the right lower extremity b. 

Healed insect bite on the right upper extremity. 
 

 
 

Figure 2: a. Depicting the thrombotic lesion, somewhat echogenic and maybe sub-acute 

chronicity b. Depicting the dilated and non-compressible Right mid-CFV. 
 

 
 

Figure 3: Hypercoagulation workup.  
 

Test Flag Value 1 Value 2 Reference 

PT  10.6 10.9 ↓ 10.2 

INR  0.87 0.90 0.85 

DRVVT Screen * 33 * 34 

Antithrombin III Assay * 92 * 90 

D-Dimer Assay, Plasma * ↑ 441   

Factor V Assay  * 96  

Factor V Leiden Mutation * NEGATIVE   

Partial Thromboplastin Time  33.8 31.6 29.8 

Protein C Functional Assay * 127 106  

Protein S Functional Assay * 93 ↓ 47  

 
 

Discussion 

DVT is a multifactorial condition influenced by 

Virchow’s triad: endothelial damage, venous stasis, and 

hypercoagulability [4]. The temporal link between the brown 

recluse spider bite and DVT formation suggests a venom-induced 

prothrombotic state [5]. 

Phospholipase D, a significant venom component, has 

been implicated in hemolysis, increased vascular permeability, 

and platelet aggregation [2]. Additionally, systemic inflammation 

and immune responses to venom proteins might exacerbate 

endothelial injury and thrombus formation. Although systemic 

loxoscelism is a known complication, DVT as a consequence 

remains exceptionally rare [6]. 

While this case showcases a potential association 

between brown recluse envenomation and DVT, other 

contributing factors should be considered. The patient’s obesity 

and age are recognized risk factors for thromboembolism, but they 

do not fully explain this extensive DVT in a physically active 

patient with a history of knee replacement [3]. Previous literature, 

including a report by Surana et al. [5] on recurrent DVT following 

a brown recluse spider bite, suggests that spider envenomation 

might serve as a provoking factor in thromboembolic events. 

Nevertheless, further research is required to establish causality. 

This case underscores the need for clinicians to maintain 

a high level of suspicion for thromboembolic events in patients 

presenting with systemic complications of brown recluse 

envenomation. Early recognition, comprehensive risk assessment, 

and swift intervention are crucial for maximizing patient outcomes 

[7]. 

Conclusion 

This case report describes a rare occurrence of DVT 

developing after a brown recluse spider bite. Loxoscelism is 

traditionally associated with necrotic skin lesions and systemic 

toxicity, but this case emphasizes the potential for severe 

thromboembolic complications. The venom’s inflammatory and 

pro-coagulant effects may aid in thrombus formation. Early 

recognition, a multidisciplinary approach, and anticoagulation 

therapy are essential for effective management. More research is 

needed to better comprehend the pro-coagulant effects of 

Loxosceles venom and to devise appropriate management 

strategies for affected patients. 
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