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 Pleural effusion is a clinical condition that may indicate serious 
underlying diseases, including infection, malignancy, and systemic 
disorders. Cytological examination of pleural fluid plays an important 
role in determining the possible etiology of pleural effusion and requires 
proper fixation to preserve cellular morphology and staining quality. This 
study aimed to evaluate the cytological characteristics and preparation 
quality of pleural fluid specimens fixed in 96% alcohol for 15 minutes 
and 30 minutes using the Papanicolaou staining method. This quasi-
experimental study included 16 pleural fluid samples obtained from 
routine laboratory examinations. Each sample was processed into four 
cytological smears, consisting of two duplicate smears fixed in 96% 
alcohol for 15 minutes and two duplicate smears fixed in 96% alcohol 
for 30 minutes. A total of 64 smears were evaluated, with 32 smears in 
each fixation group. All smears were stained using the Papanicolaou 
method and assessed microscopically based on background 
appearance, cellular morphology, nuclear characteristics, and overall 
staining quality. Of the 32 smears fixed for 15 minutes, 20 smears 
(62,5%) were classified as poor quality and 12 smears (37,5%) as good 
quality. In contrast, among the 32 smears fixed for 30 minutes, 3 smears 
(9,4%) were classified as poor quality and 29 smears (90,6%) as good 
quality. These findings indicate that fixation using 96% alcohol for 30 
minutes produces better cytological preparation quality than fixation for 
15 minutes. Therefore, a 30-minute fixation period is recommended to 
support optimal cytological evaluation and diagnostic accuracy. 
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Introduction 

Pleural effusion is a common clinical condition and may indicate serious underlying diseases, including 

infections, malignancies, and systemic disorders. Globally, pleural effusion affects approximately 1,5 million 

individuals annually in the United States and has an estimated incidence of  320 cases per 100.000 population 

in industrialized countries (Jany & Welte, 2019; Ferreiro et al., 2020; Tian et al., 2021). 

In Indonesia, tuberculosis remains one of  the leading causes of  pleural effusion. According to the Ministry 

of  Health of  the Republic of  Indonesia, tuberculosis cases increased from approximately 724.000 in 2022 to 

more than 809.000 in 2023, highlighting the importance of  accurate diagnostic approaches for pleural fluid 

evaluation (Kemenkes, 2024; World Health Organization, 2023). 
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Various laboratory examinations can be performed to determine the etiology of  pleural effusion, including 

biochemical analysis, microbiological examination, and cytological evaluation. Among these methods, cytological 

examination plays an important role in identifying inflammatory processes and distinguishing benign from 

malignant cellular changes based on cellular morphology and nuclear characteristics (Chen et al., 2025). 

The examination of  pleural fluid to determine the cause of  an effusion can be carried out through various 

analyses, including biochemical parameters such as pH, protein, glucose, triglycerides, albumin, and lactate 

dehydrogenase (LDH), as well as cell count and type analysis, Gram staining, microbiological culture, and 

cytological evaluation (Jany & Welte, 2019; Ferreiro et al., 2020). Among these methods, cytological examination 

plays a crucial role in identifying inflammatory processes and the aetiology of  pleural effusions, including 

distinguishing between normal and malignant cells based on shape, size, intercellular relationships, and nuclear 

characteristics (Chen et al., 2025). The accuracy of  cytological examination results is greatly influenced by an 

optimal fixation process, as fixation serves to preserve cell structure as close to its original state as possible, 

prevent damage or loss of  cellular components, inhibit autolysis by intracellular enzymes, and enhance staining 

quality so that cellular morphological details can be observed more clearly (Suvarna, Layton, & Bancroft, 2019). 

Fixation is a crucial stage in cytological examination that is influenced by various factors, particularly 

duration; therefore, this process must be carried out immediately after the specimen is collected to prevent cell 

damage. The optimal fixation time depends on the type of  fixative solution used, as each has a different ability to 

preserve cell structure. If  carried out for too long, fixation can cause morphological changes such as cell shrinkage 

and wrinkling, which affect the quality of  the preparation. One of  the fixatives commonly used in cytology is 

alcohol, which works through a process of  dehydration by replacing the water inside the cells; however, 

inappropriate use can also cause shrinkage and reduce the clarity of  the cytoplasm and cell nucleus (Suvarna, 

Layton, & Bancroft, 2019). 

Fixation using 96% alcohol for approximately 30 minutes is the standard procedure in cytological 

preparation to preserve the morphological integrity of  cells. However, several studies indicate that a shorter 

fixation time, such as 15 minutes, can still be used as an alternative under certain conditions to preserve cell 

structure, although its effectiveness in producing optimal specimen quality tends to be lower compared to the 

standard duration (Anggraini & Mahtuti, 2025; Dani & Sari, 2022; Ferreiro et al., 2020). 

Although fixation with 96% alcohol for approximately 30 minutes is widely recommended as the standard 

procedure in cytological preparation, shorter fixation periods may be required in routine laboratory practice due 

to workload, specimen volume, or time constraints (Dey, 2018). However, information regarding the effect of  

reduced fixation duration on the quality of  pleural fluid cytology preparations remains limited. Determining 

whether a shorter fixation period can maintain acceptable cytological quality is important to support laboratory 

efficiency while ensuring diagnostic reliability. 

Therefore, this study aimed to evaluate the cytological characteristics and preparation quality of  pleural 

fluid specimens fixed in 96% alcohol for 15 minutes and 30 minutes using the Papanicolaou staining method. 

 

Methods 

Study Design 

This study employed a quasi-experimental post-test only comparative design to evaluate the effect of  

fixation duration on the quality of  pleural fluid cytology preparations stained using the Papanicolaou method. 

Study Setting and Samples 

The study was conducted at Ciamis Regional General Hospital between January and May 2024. The study 

included 16 pleural fluid samples obtained from routine laboratory examinations. Consecutive sampling was 

applied during the study period. 

Samples with sufficient volume and adequate cellular material for cytological preparation were included in the 

study. Samples with inadequate volume, severe cellular degeneration, or extensive contamination were excluded. 

Preparation, Fixation, and Staining Procedures 

Each pleural fluid sample was processed into four cytological smears. Two duplicate smears were fixed in 

96% alcohol for 15 minutes (Group A), while the remaining two duplicate smears were fixed in 96% alcohol for 

30 minutes (Group B). Therefore, a total of  64 cytological smears were evaluated, consisting of  32 smears in each 

fixation group. 

All smears were stained using the Papanicolaou staining method and examined microscopically by a 

specialist in anatomical pathology. Alcohol fixation is commonly used in cytological preparation because it 

preserves cellular morphology, prevents autolysis, and supports optimal nuclear and cytoplasmic staining quality 

(Suvarna, Layton, & Bancroft, 2019). 
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Cytological Quality Assessment 

Cytological preparation quality was assessed based on four parameters: background appearance, cellular 

morphology, nuclear characteristics, and overall staining quality. These parameters are commonly used in 

cytological evaluation to determine the adequacy and interpretability of  cytology preparations (Cibas & Ducatman, 

2020; Koss & Melamed, 2006). 

Each parameter was scored as 1 (poor) or 2 (good) according to the scoring system proposed by Thakur & 

Guttikonda (2017). Total scores ranged from 4 to 8. Preparations with scores of  4 were categorized as poor 

quality, whereas preparations with scores of  5–8 were categorized as good quality. 

 

Results 

A total of  64 cytological smears derived from 16 pleural fluid samples were evaluated in this study. Thirty-

two smears were fixed in 96% alcohol for 15 minutes (Group A), and thirty-two smears were fixed in 96% alcohol 

for 30 minutes (Group B). 

In Group A, 20 smears (62,5%) were classified as poor quality, while 12 smears (37,5%) were classified as 

good quality. Poor-quality smears in this group were characterized by a haemorrhagic or unclear background, 

visible artefacts, indistinct cellular morphology, unclear nuclear characteristics, and uneven staining intensity. 

In Group B, 3 smears (9,4%) were classified as poor quality, whereas 29 smears (90,6%) were classified as 

good quality. Most smears in this group showed clearer backgrounds, better-preserved cellular morphology, more 

distinct nuclear characteristics, and more uniform staining results. 

These findings indicate that cytological smears fixed in 96% alcohol for 30 minutes showed better 

preparation quality than those fixed for 15 minutes. 

Table 1. Quality Assessment of Pleural Fluid Cytology Smears Fixed in 96% Alcohol for 15 Minutes 

Criteria N Total Number % Description 

Suboptimal:     

Skor 4 20 20 62,5 Bad 

Optimal:     

Skor 5 7  

12 

 

37,5 

 

Good Skor 6 2 

Skor 7 3 

Table 1 shows the results of  the quality assessment of  pleural fluid cytology smear in Group A, which were 

fixed in 96% alcohol for 15 minutes; 20 smear (62,5%) received a ‘poor’ score and 12 smear (37,5%) received a 

‘good’ score.  

Table 2. Quality Assessment of Pleural Fluid Cytology Smears Fixed in 96% Alcohol for 30 Minutes 

Criteria N Total Number % Description 

Suboptimal:     

Skor 4 3 3 9,4 Bad 

Optimal:     

Skor 5 4  

29 

 

90,6 

 

Good Skor 7 9 

Skor 8 16 

Table 2 shows the results of  the quality assessment of  pleural fluid cytology smear in Group B, which were 

fixed in 96% alcohol for 30 minutes: 3 smear (9,4%) received a ‘poor’ score and 29 smear (90,6%) received a 

‘good’ score. The quality of  pleural fluid cytology smear fixed in 96% alcohol for 30 minutes was found to be 

good.  
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Table 3. Representative Microscopic Findings of Pleural Fluid Cytology Smears After 15-Minute and 30-

Minute Fixation in 96% Alcohol 

Assessment criteria 

Sample Code 

Fixed in 96% Alcohol for 15 Minutes 

(A) 

Fixed in 96% Alcohol for 30 Minutes 

(B) 

Background 

Haemorrhagic 

(haemorrhagic, non-

clear, and artefacts 

visible). 

Clear 

(Non-haemorrhagic, 

clear/transparent, and 

no artefacts visible). 

 

 

 
Slide code A14 

(4x magnification) 

 

Not clear 

 

 
Slide code B12 

(4x magnification) 

 

Clear and free of  artefacts 

 
Slide code A8 

(4x magnification) 

Not clear and artefacts are visible 

 
Slide code B16 

(10x magnification) 

Clear and free of  artefacts 

Cell Morphology 

Poor 

(Cell shape and 

cytoplasmic colour 

intensity are unclear). 

Good 

(Cell shape and 

cytoplasmic colour 

intensity are clear). 

 
 

Slide code A14 

(40x magnification) 

Cell morphology and cytoplasmic 

colour intensity are indistinct 

 

 
Slide code B12 

(40x magnification) 

Mesothelial cells 

Cell shape and cytoplasmic staining 

intensity are distinct 

 

Discussion 

The present study demonstrated that fixation duration influences the quality of  pleural fluid cytology 

preparations stained using the Papanicolaou method. Preparations fixed in 96% alcohol for 30 minutes showed 

superior quality compared with those fixed for 15 minutes, as reflected by clearer backgrounds, improved cellular 

morphology, better nuclear preservation, and more uniform staining quality. 

Fixation is a critical step in cytological examination because it preserves cellular morphology and prevents 

autolysis. Adequate alcohol fixation facilitates protein coagulation and cellular dehydration, thereby maintaining 

nuclear and cytoplasmic integrity during the staining process. Inadequate fixation may result in incomplete protein 

coagulation, cellular shrinkage, blurred nuclear detail, and uneven stain uptake, ultimately reducing specimen 

quality and interpretability (Suvarna, Layton, & Bancroft, 2019). 



Lab. J. Infect. Dis. 2026;2(1):23-28 

27 

In the present study, preparations fixed for 15 minutes frequently exhibited haemorrhagic backgrounds, 

artefacts, and less distinct cellular features. These findings suggest that shorter fixation duration may not provide 

sufficient time for optimal preservation of  cellular structures. Consequently, staining quality and morphological 

evaluation may be compromised. 

In contrast, preparations fixed for 30 minutes demonstrated clearer backgrounds and more distinct nuclear 

and cytoplasmic characteristics. These findings are consistent with the standard cytological fixation protocol 

recommended for Papanicolaou staining and support previous findings reported by Dani & Sari (2022) and 

Anggraini & Mahtuti (2025), who observed improved staining quality and reduced artefact formation following 

adequate alcohol fixation. 

From a practical laboratory perspective, these findings support the continued implementation of  the 

standard 30-minute fixation protocol for routine pleural fluid cytology examinations. Consistent fixation duration 

may contribute to improved diagnostic reliability, enhanced quality assurance, and reduced interpretation errors 

during microscopic evaluation. 

This study has several limitations. First, the number of  pleural fluid samples was relatively small and 

originated from a single institution, which may limit the generalizability of  the findings. Second, cytological quality 

assessment was based on observer interpretation despite the use of  standardized scoring criteria. Third, only one 

alcohol concentration and two fixation durations were evaluated. Future studies involving larger sample sizes and 

additional fixation conditions are recommended to further validate these findings. 

 

Conclusions 

Fixation duration affects the quality of  pleural fluid cytology preparations stained using the Papanicolaou 

method. Preparations fixed in 96% alcohol for 30 minutes demonstrated better cytological quality than those 

fixed for 15 minutes, characterized by clearer backgrounds, improved cellular morphology, better nuclear 

preservation, and more uniform staining results. Therefore, fixation in 96% alcohol for 30 minutes is recommended 

to support optimal cytological evaluation and diagnostic accuracy. 
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