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Background: This study classifies pleural fluid cytology using the International System 

for Reporting Serous Fluid Cytopathology (TIS, 2021) and evaluates the Risk of 

Malignancy (ROM) through histopathological correlation. Conducted over two years at a 

tertiary care hospital, it aims to assess the diagnostic and prognostic value of TIS in 

managing serous effusions. 

Materials and Methods: Pleural fluid samples were categorized using the International 

System for Reporting Serous Fluid Cytopathology, and histopathological slides were 

reviewed to assess the ROM. Statistical analysis was performed using descriptive 

statistics, and diagnostic parameters including sensitivity, specificity, positive predictive 

value (PPV), negative predictive value (NPV), and diagnostic accuracy were calculated to 

evaluate the effectiveness of the TIS classification in predicting malignancy. 

Results: Among 260 cases, 4 (1.53%) were Non-Diagnostic (ND), 214 (82.31%) Negative 

for Malignancy (NFM), 9 (3.46%) Atypia of Undetermined Significance (AUS), 9 (3.46%) 

Suspicious for Malignancy (SFM), and 24 (9.23%) Malignancy (MAL). ROM was 33.33% 

in ND, 19.86% in NFM, 50% in AUS, 66.67% in SFM, and 50% in MAL. Sensitivity, 

specificity, and diagnostic accuracy varied across categories. 

Conclusion: TIS is a reliable system for reporting pleural effusions. ROM is highest in 

the AUS, SFM, and MAL categories. Consistency in diagnostic criteria and further 

refinement in ND and NFM categories are necessary for improved clinical outcomes. 
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Introduction 

Serous fluids are critical specimens in cytopathology because they can be collected easily, cost-effectively, and with minimal 

invasiveness. Cytological analysis of these fluids plays a pivotal role in distinguishing between benign and malignant conditions, 

as well as determining whether a malignant tumor is primary or metastatic. This information is vital for prognosis, staging, and 

treatment planning [1–4]. Accurate pathological evaluation is thus integral to effective patient management. 

http://www.pacificejournals.com/apalm
mailto:mayursayaniya995@gmail.com


A-142 Cytological Diagnosis of Pleural Effusions with TIS Reporting and Histopathological 

Correlation 

 

 

 

 

 

Annals of Pathology and Laboratory Medicine, Vol. 12, Issue 6, June 2025 

Despite its clinical importance, the absence of a standardized approach for reporting effusion cytology has led to variability in 

diagnostic terminology and challenges in interpretation. Overlapping cellular features between benign and malignant conditions 

further complicate diagnosis. To address this issue, the International Academy of Cytology (IAC) and the American Society of 

Cytopathology (ASC) introduced the International System for Reporting Serous Fluid Cytopathology (TIS) in 2021. This system 

establishes uniform diagnostic guidelines and nomenclature for serous effusion cytology [5–9]. 

Our laboratory has recently adopted this standardized reporting system to improve diagnostic consistency and enhance clinical 

outcomes. 

The aim and objectives for conducting this study were to implement this system, classify the pleural fluid according to these 

categories, and assess the ROM in each category. 

Materials and Methods 

Source of data: This retrospective and prospective observational study, conducted at the Surgical Pathology Section of a tertiary 

care teaching center from April 1, 2022, to March 31, 2024, focused on patients with clinical evidence of pleural effusion who 

were hospitalized during the study period. Data on pleural fluid cytology and histopathology were collected from the Laboratory 

Information System (LIS) and Hospital Information System (HIS). 

Inclusion Criteria: All samples of pleural fluid received for cytological examination, along with all specimens of lung or pleural 

biopsy in which pleural fluid cytology was reported. 

Exclusion Criteria: Lung biopsy or pleural biopsy in which pleural fluid was not sent for cytological examination. 

Methodology: For cytology, the specimens were processed and smears stained with PAP and MMG stains. Each specimen was 

classified according to The International System for Reporting Serous Effusion Cytopathology (TIS) as follows: Non-Diagnostic 

(ND): Smears with few or no cells, showing scattered polymorphs, macrophages, lymphocytes, and mesothelial cells. Negative 

For Malignancy (NFM): Benign cells (polymorphs, lymphocytes, macrophages, mesothelial) without signs of malignancy. Atypia 

of Undetermined Significance (AUS): Specimens showing atypia in a few cells, not enough to be classified as neoplastic. 

Suspicious For Malignancy (SFM): Cells with atypia suggesting malignancy, but insufficient for a definitive diagnosis. Malignant 

(MAL): High cellularity with malignant cells in clusters and scattered singly. 

Results 

The study involved 260 patients with clinical signs of pleural effusion, admitted to a tertiary care hospital between April 2022 and 

March 2024. Pleural fluid from these patients was sent for cytological examination, and classification was done according to the 

International System for Reporting Pleural Fluid Cytopathology (TIS), followed by histopathological correlation to assess the 

Risk of Malignancy (ROM). Taking into account the number of patients and fluid samples received, a preliminary assessment of 

the cytological examination was made. Of the total patients, 167 (64.23%) were males and 93 (35.77%) were females, with a 

male-to-female ratio of 1.79:1. 

Distribution of patients based on the International System for Reporting Pleural Fluid Cytopathology (TIS) is shown in [Table 1]. 

The age distribution showed the highest prevalence of SFM and MAL in the 4th to 8th decades of life, with 24.62% of patients 

aged 61–70, followed by 17.69% in both the 41–50 and 51–60 age groups. 
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Table 1: Distribution of Patients Based on The International System for Reporting Pleural Fluid Cytopathology (TIS) (N = 

260) 

Categories based on TIS Number (%) 

Non-Diagnostic (ND) 4 (1.53 %) 

Negative for Malignancy (NFM) 214 (82.31 %) 

Atypia of Undetermined Significance (AUS) 9 (3.46 %) 

Suspicious for Malignancy (SFM) 9 (3.46 %) 

Malignant (MAL) 24 (9.23 %) 

Total 260 

 

Of the 260 cases, 141 (54.23%) underwent pleural or lung biopsy. Among these, immunohistochemistry and molecular testing 

were performed in only 1.92% and 3.08% of cases, respectively. Adenocarcinoma was the most common morphology, followed 

by metastasis and granulomatous inflammation. However, 55.31% lacked a definitive diagnosis due to inadequate biopsy samples. 

From all patients of pleural fluid cytology in this study, lung and/or pleural biopsies of 141 (54.23%) patients were available for 

cytohistological correlation. The distribution of cytological and histopathological examinations across TIS categories, with the 

Risk of Malignancy (ROM), is presented in [Table 2]. 

Table 2: Distribution of patients based on The International System (TIS) in different categories and Risk of Malignancy 

(ROM) of each category (N = 141) 

Cytological categories based on TIS ND NFM AUS SFM MAL Total 

No. of cases with cytological examination 4 

(1.53 %) 

214 

(82.31 %) 

9 

(3.46 %) 

9 

(3.46 %) 

24 

(9.23 %) 

260 

(100 %) 

Total no. of cases with histopathological 

examination 

3 

(1.15 %) 

112 

(43.08 %) 

6 

(2.31 %) 

6 

(2.31 %) 

14 

(5.38 %) 

141 

(100 %) 

Non-Malignant cases 2 

(66.67 %) 

84 

(59.57 %) 

3 

(50 %) 

2 

(33.33 %) 

7 

(50 %) 

98 

(69.50 %) 

Total no. of cases with final positive 

diagnosis of malignancy in histopathology 

1 

(33.33 %) 

28 

(19.86 %) 

3 

(50 %) 

4 

(66.67 %) 

7 

(50 %) 

43 

(30.50 %) 

Risk of malignancy (ROM) 33.33 % 19.86 % 50 % 66.67 % 50 % 30.50 % 

 

Pleural fluid cytology diagnostic statistics showed that MAL alone had the highest sensitivity (87.5%) and PPV (53.85%), making 

it the strongest individual predictor. However, MAL + SFM + AUS showed the best balance of sensitivity (73.68%) and accuracy 

(66.67%). Specificity remained constant at 50%, while NPV was stable at 75%, ensuring reliable negative results. Notably, MAL 

+ SFM achieved perfect diagnostic accuracy (100%), highlighting its strong complementary effect [Table 3]. 

In our study, considering only the MAL category as the positive group resulted in better sensitivity, NPV, and diagnostic accuracy 

compared to MAL + SFM + AUS or MAL + SFM. Overall, sensitivity and NPV were higher, while PPV and specificity were 

lower, possibly due to the absence of multiple fluid samples for cytology and biopsies not being taken from the targeted lesion. 

Discussion 

Serous cytology aids in malignancy diagnosis and treatment. Before TIS, inconsistent criteria caused variability, but TIS 

standardizes reporting, enhancing accuracy and clinical decisions [6]. Serous effusions constitute a major part of the cytopathology 

workload. Cytology helps diagnose cancer, analyze cell composition, determine etiology, and guide treatment [10]. 
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Table 3: The performance analysis of Risk of malignancy (ROM) among pleural effusions based on The International 

System (TIS) for reporting pleural fluid cytopathology 

 MAL + SFM + AUS MAL + SFM MAL 

Sensitivity (%) 73.68 68.75 87.5 

Specificity (%) 50 44.44 47.06 

Positive Predictive Value (PPV) (%) 53.85 52.38 43.75 

Negative Predictive Value (NPV) (%) 75 66.67 100 

Diagnostic Accuracy (%) 60.47 5 55.88 60 

 

The current study reports a high proportion of Negative for Malignancy (NFM) cases at 82.31%. Comparison of distribution of 

patients based on TIS with other studies (Table 4) emphasizes a strong focus on non-malignant conditions, highlighting the need 

to understand their contributing factors. Such insights can aid in developing preventive strategies and improving treatment 

interventions [6,11-13]. Compared to Zhu et al.’s larger dataset (2,366 vs. 260 cases), the current study shows a higher proportion 

of NFM cases, possibly due to demographic differences or diagnostic criteria. Low ND and AUS rates reflect improved reliability 

through strict TIS application and precise classification. Systematic handling of low-cellularity fluids further enhances diagnostic 

accuracy [16]. 

Table 4: Comparison of distribution of patients based on TIS with other studies. 

Authors Total number of cases ND NFM AUS SFM MAL 

Zhu et al[15] 2366 14 

(0.59 %) 

723 

(30.56 %) 

77 

(3.25 %) 

442 

(18.68 %) 

1110 

(40.49 %) 

Xu Y et al[11] 2454 30 

(1.2 %) 

1670 

(68.1 %) 

151 

(6.2 %) 

54 

(2.2 %) 

549 

(22.4 %) 

Lobo C et al[12] 1496 12 

(0.80 %) 

944 

(63.10 %) 

9 

(0.60 %) 

54 

(3.61 %) 

477 

(31.89 %) 

Kundu R et al[13] 1066 30 

(2.81 %) 

751 

(70.45 %) 

15 

(1.41 %) 

45 

(4.22 %) 

225 

(21.11 %) 

Pinto D et al[6] 

 

350 5 

(1.42 %) 

253 

(72.28 %) 

7 

(2.00 %) 

4 

(4.00 %) 

71 

(20.29 %) 

Current study 

 

260 

 

4 

(1.53 %) 

214 

(82.31 %) 

9 

(3.46 %) 

9 

(3.46 %) 

24 

(9.23 %) 

 

Differences in SFM and MAL prevalence across studies reflect epidemiological complexity and the need for contextual analysis. 

Results from Pinto D., Xu Y., and Kundu R. show similarity with the present study [6,11,13]. 

Compared to Pinto D. et al., this study shows lower adenocarcinoma (14.89%) and metastasis (8.51%) rates, indicating a more 

balanced histological profile. Of 78 'No Definitive Opinion' cases, 21 had granulomatous inflammation and 12 lung metastases,  

mainly from breast cancer—highlighting the influence of contextual factors on interpretation and management [6,13,20,21]. 

Malignancy diagnosis was not based only on cell quantity. 91.54% of serous effusions were linked to NFM or MAL, with few 

ND, AUS, or SFM diagnoses, unlike Zhu YL et al., who reported fewer ND and AUS cases [15]. 

ROM was assessed by histopathological correlation with other studies (Table 5). The study’s results indicate that the categories 

with SFM and MAL are significantly lower than the others. While ROM for ND, NFM, and AUS is similar to previous studies, 

SFM and MAL had lower ROM. False negatives may result from insufficient tissue or misinterpretation. ROM for ND and NFM 

is expected to improve with imaging and biopsies in high-suspicion cases [6,11-15,17,18]. 
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Table 5: The Risk of Malignancy (ROM) in current study and comparison with a few other studies 

Authors Total number of cases Risk of malignancy (ROM) 

 

ND NFM AUS SFM MAL 

Kundu et al[13] 1340 20 % 16.70 % 50 % 94.40 % 100 % 

Farhani et al[14] 11799 17.40 % 20.70 % 65.90 % 81.80 % 100 % 

Valerio E et al[18] 519 50 % 44 % 50 % 83.33 % 96.20 % 

Lobo C et al[12] 1496 51.1 % 23.9 % 50 % 76.2 % 100 % 

Xu Y et al[11] 2454 26.7 % 12 % 62.30 % 77.8 % 100 % 

Pinto D et al[6] 350 40 % 20.16 % 42.86 % 78.57 % 100 % 

Zhu YL et al[15] 2326 40 % 29.8 % 49.3 % 99.5 % 100 % 

Current study 141 33.33 % 19.86 % 50 % 66.67 % 50 % 

 

The performance analysis among pleural effusion with other studies (Tables 6, 7, and 8) shows that sensitivity and NPV align 

with other studies, supporting MAL, SFM, and AUS as positives, but our results differed in specificity, PPV, and diagnostic 

accuracy [6,12,18,19,22]. Sensitivity and NPV in studies by Zhu et al., Rossi ED et al., Lobo C et al., and Pinto D et al. were 

similar to the current study. Low specificity, NPV, and diagnostic accuracy are explored through root cause analysis [6,12,15,23]. 

The current study showed similar sensitivity, NPV, and diagnostic accuracy for MAL compared to other studies. However, 

specificity and PPV were slightly lower than those reported by Farhani et al., Pinto D et al., and Zhu et al. Possible reasons for 

the low specificity and NPV were explored through root cause analysis. 

Table 6: The performance analysis (MAL + SFM + AUS) among pleural effusion with other studies 

Authors Sensitivity (%) Specificity 

(%) 

PPV (%) NPV (%) Diagnostic accuracy (%) 

Rodriguez EF et al[22] 84.9 86.4 94.8 66.0 85.3 

Lobo C et al[12] 61.6 100 100 73.3 81.3 

Zhu et al[15] 88.5 92.4 97.5 70.2 89.4 

Pinto D et al[6] 62.50 96.65 92.39 79.84 83.2 

Valerio E et al[18]  69.4 93.3 96.2 56 81.3 

Current study 73.68 50 53.85 75 60.47 

 

Table 7: The performance analysis (MAL + SFM) among different serous effusions with other studies 

Authors Sensitivity (%) Specificity 

(%) 

PPV (%) NPV (%) Diagnostic accuracy (%) 

Zhu et al[15] 86.5 99.4 99.8 68.3 89.4 

Lobo C et al[12] 66.9 98.4 97.6 75.8 86.5 

Pinto D et al[6] 60.29 98.56 96.47 79.23 82.3 

Rossi ED et al[23] 87 100 98 100 98 

Current study 68.75 44.44 52.38 66.75 55.88 

 

Root cause analysis and recommendations for false negative cases: A false negative in pleural fluid analysis can occur when 

lymphatic obstruction prevents malignant cells from entering the fluid, highlighting the need for thorough diagnostics [24] (Figure 

1). False negatives were mainly due to sampling or interpretation errors, with causes including non-exfoliating neoplastic cells, 

fibrinous coatings, and conditions like radiation or pneumonia. Cytology misinterpretation may result from changes in 



A-146 Cytological Diagnosis of Pleural Effusions with TIS Reporting and Histopathological 

Correlation 

 

 

 

 

 

Annals of Pathology and Laboratory Medicine, Vol. 12, Issue 6, June 2025 

cytomorphology [24]. Follow-up cytology is recommended for recurring effusions to improve malignancy detection. We 

identified error causes and proposed corrective actions for better sampling and interpretation accuracy. 

Table 8: The performance analysis (MAL) among pleural effusions with other studies 

Authors Sensitivity (%) Specificity 

(%) 

PPV  

(%) 

NPV  

(%) 

Diagnostic accuracy (%) 

Zhu et al[15] 62.0 100 100 43.5 70.6 

Pinto D et al[6] 52.21 100 100 76.28 72.5 

Farhani et al[14] 73.2 % 99.9 98.6 78.3 76.4 

Current study 87.5 47.06 43.75 100 60 

 

Root cause analysis and recommendations for false positive cases: False positives may arise from misinterpretation, fixation 

errors, or processing issues, highlighting the need for quality control and biopsy-cytology cross-referencing [24] (Figures 2 and 

3).  

 

Figure 1: Root cause analysis of case in Negative for Malignancy (NFM) in cytology but Positive in histopathology 

Proposed corrective actions for positive cytology and negative biopsy, as well as negative cytology and positive biopsy: Training 

and awareness of technical staff handling the specimen as well as the clinician performing the procedure. Updating the knowledge 

of consultants reporting the pleural fluid cytology and biopsy by attending seminars, CME, workshops, and conferences regularly. 

Improving the environment of the processing laboratory by trying to avoid interfering factors during processing. Performing only 

one task at a time; do not attend phone calls while performing tasks, etc. Regular maintenance of the equipment used for 

processing. Considering MAL alone or MAL, SFM, and AUS as positives improves sensitivity and NPV, but lowers specificity 

and PPV, likely due to false positives. 

Limitations of the study: A limitation of our study is the small number of pleural fluid tests and cases without feasible biopsies. 

The high NPV is due to only one sample being examined, whereas at least three are recommended to rule out malignancy. 



Sayaniya et al. A-147 

 

www.pacificejournals.com/apalm                                                    eISSN: 2349-6983; pISSN: 2394-6466 

 

Figure 2: Root cause analysis – Cytological causes of false positivity 

 

Figure 3: Root cause analysis – Histopathological causes of false positivity 

Conclusion 

Over two years, TIS was implemented at Shree Krishna Hospital’s Central Diagnostic Laboratory, showing high sensitivity and 

NPV in detecting non-malignant diseases. While specificity and PPV were lower than in other studies, this was due to fewer 

samples analyzed. Root cause analysis highlighted areas for improvement, such as sampling and interpretation errors. The study 

supports TIS as a valuable tool for reducing diagnostic variability and improving patient management. To enhance accuracy, high 

standards in specimen processing, staff training, and equipment maintenance are essential for broader clinical use. 
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