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Background: Accurate histopathological and molecular diagnosis is essential 

in the management of lung carcinoma, particularly in the era of targeted therapy 

and immunotherapy. Conventional endobronchial forceps biopsy, though 

widely used, often yields small and fragmented specimens with crush artifacts. 

Cryobiopsy has emerged as a promising alternative that may provide larger and 

better-preserved tissue samples. This study compared the diagnostic yield, 

specimen adequacy, and safety of cryobiopsy versus forceps biopsy in patients 

with suspected lung carcinoma presenting with visible endobronchial lesions. 

Materials and Methods: This hospital-based cross-sectional study included 76 

adult patients undergoing flexible bronchoscopy for suspected lung carcinoma 

with visible endobronchial growth. All patients underwent both forceps biopsy 

and cryobiopsy during the same procedure. Primary outcome was diagnostic 

yield. Secondary outcomes included specimen size, adequacy for 

immunohistochemistry (IHC) and molecular testing, crush artifact, and 

procedure-related complications. Statistical analysis was performed using 

paired tests, with p < 0.05 considered significant. 

Results: Cryobiopsy demonstrated significantly higher diagnostic yield 

compared to forceps biopsy (88.2% vs 68.4%; p = 0.002). Mean specimen size 

was larger with cryobiopsy (6.8 ± 1.9 mm vs 3.2 ± 1.1 mm; p < 0.001), with 

significantly lower crush artifact (7.9% vs 42.1%; p < 0.001). Adequacy for IHC 

(85.5% vs 57.9%; p < 0.001) and molecular testing (81.6% vs 50.0%; p < 0.001) 

was superior with cryobiopsy. Bleeding was more frequent with cryobiopsy 

(39.5% vs 23.7%; p = 0.041), though predominantly mild and manageable. No 

major procedure-related morbidity or mortality was observed. 

Conclusion: Endobronchial cryobiopsy provides significantly higher 

diagnostic yield and superior molecular adequacy compared to conventional 

forceps biopsy, with an acceptable safety profile. Incorporation of cryobiopsy 

into routine bronchoscopic practice may enhance diagnostic precision and 

reduce the need for repeat procedures in lung carcinoma evaluation. 

Keywords: Cryobiopsy; Forceps biopsy; Lung carcinoma; Endobronchial 

lesion; Diagnostic yield. 
 

 

INTRODUCTION 
 

Lung cancer remains the leading cause of cancer-

related mortality worldwide, accounting for 

approximately 2.2 million new cases and 1.8 million 

deaths annually, representing nearly 18% of all 

cancer deaths globally.[1] In India, lung carcinoma 

constitutes one of the most common malignancies 

among males and is increasingly observed among 

females, with late-stage presentation being frequent 

due to delayed diagnosis.[2] Early and accurate 

histopathological confirmation is crucial not only for 
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establishing the diagnosis but also for molecular 

profiling and therapeutic decision-making in the era 

of precision oncology. 

Flexible bronchoscopy plays a central role in the 

diagnostic evaluation of suspected lung carcinoma, 

particularly in patients with visible endobronchial 

lesions. Conventional endobronchial forceps biopsy 

has long been considered the standard diagnostic 

technique in such cases, with reported diagnostic 

yields ranging from 60–85% depending on lesion 

characteristics, size, and operator expertise.[3,4] 

However, forceps biopsy samples are often small, 

fragmented, and susceptible to crush artifacts, which 

may compromise histopathological interpretation and 

limit the adequacy of tissue for 

immunohistochemistry and molecular testing.[5] With 

the increasing need for molecular biomarkers such as 

EGFR mutations, ALK rearrangements, and PD-L1 

expression to guide targeted therapy and 

immunotherapy, obtaining larger and better-

preserved tissue samples has become imperative.[6] 

Transbronchial cryobiopsy has emerged as a novel 

technique that utilizes rapid freezing to obtain tissue 

samples with minimal mechanical distortion. By 

adhering tissue to the cryoprobe tip through rapid 

cooling (typically using carbon dioxide or nitrous 

oxide), larger and more intact biopsy specimens can 

be retrieved compared to conventional forceps 

biopsy. Studies have demonstrated that cryobiopsy 

specimens may be three to five times larger in surface 

area than forceps samples and are associated with 

reduced crush artifact, thereby enhancing diagnostic 

accuracy.[6,7] Initially established in the evaluation of 

interstitial lung diseases, cryobiopsy has increasingly 

been applied in endobronchial tumors with promising 

diagnostic yields exceeding 85–95% in some 

series.[8] 

Despite these advantages, concerns remain regarding 

the safety profile of cryobiopsy, particularly the risks 

of bleeding and airway complications. Although most 

bleeding episodes are mild to moderate and 

manageable endoscopically, standardized protocols 

and operator experience are essential to ensure 

safety.[9] Furthermore, there is limited data from 

developing countries comparing cryobiopsy and 

forceps biopsy specifically in patients with suspected 

lung carcinoma presenting with visible 

endobronchial growths. 

Given the growing demand for high-quality tissue 

sampling for histopathological and molecular 

analysis, and the need to balance diagnostic yield 

with procedural safety, a direct comparison between 

cryobiopsy and conventional forceps biopsy in 

patients with suspected lung carcinoma and 

endobronchial lesions is warranted. The present 

cross-sectional study was therefore undertaken to 

compare the diagnostic adequacy, sample quality, 

and safety outcomes of cryobiopsy and forceps 

biopsy in this clinically significant population. 

 

MATERIALS AND METHODS 

 

Study Design and Setting: This hospital-based 

cross-sectional comparative study was conducted in 

the Department of Pulmonary Medicine in 

collaboration with the Department of Pathology at a 

tertiary care teaching hospital over a period of 18 

months between October 2023 to October 2025. The 

study aimed to compare the diagnostic yield, 

specimen quality, and safety profile of transbronchial 

cryobiopsy and conventional forceps biopsy in 

patients with suspected lung carcinoma presenting 

with visible endobronchial lesions. The study 

protocol was approved by the Institutional Ethics 

Committee, and all procedures were performed in 

accordance with the Declaration of Helsinki. Written 

informed consent was obtained from all participants 

prior to enrollment. 

Study Population: Patients aged ≥18 years with 

clinical and radiological suspicion of lung carcinoma 

who were scheduled for diagnostic flexible 

bronchoscopy and found to have visible 

endobronchial growth during the procedure were 

considered eligible. Suspicion of malignancy was 

based on clinical features (chronic cough, 

hemoptysis, unexplained weight loss, dyspnea), 

imaging findings on chest radiograph and/or contrast-

enhanced computed tomography (CECT) thorax 

suggestive of an endobronchial mass, and 

multidisciplinary evaluation. 

Patients were excluded if they had uncorrectable 

coagulopathy (platelet count <50,000/mm³, INR 

>1.5), severe hypoxemia (SpO₂ <88% on room air), 

hemodynamic instability, recent myocardial 

infarction, severe pulmonary hypertension, inability 

to tolerate bronchoscopy, pregnancy, or refusal to 

provide consent. 

Sample Size: The sample size was calculated based 

on expected differences in diagnostic yield between 

cryobiopsy and forceps biopsy, assuming a 

diagnostic yield of approximately 85–90% for 

cryobiopsy and 65–75% for forceps biopsy, with 80% 

power and 5% level of significance. Using a two-

sided test for comparison of paired proportions (as 

both procedures were performed in the same patient), 

the minimum required sample size was estimated to 

be 68 patients. Considering an anticipated 10–12% 

rate of inadequate samples, procedural dropouts, or 

exclusion due to unforeseen intra-procedural 

complications such as significant bleeding or poor 

patient tolerance—factors commonly encountered in 

routine bronchoscopic practice in Indian tertiary care 

settings—the sample size was inflated accordingly. 

Thus, a total of 76 patients were enrolled in the study 

to ensure adequate statistical power and reliability of 

the findings.  

Bronchoscopic Procedure: All bronchoscopic 

procedures were performed in a dedicated 

bronchoscopy suite under standard monitoring, 

including continuous electrocardiography, pulse 

oximetry, and non-invasive blood pressure 

monitoring. Patients were kept fasting for at least 6 

hours prior to the procedure. Flexible bronchoscopy 
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was performed using a standard adult video 

bronchoscope under local anesthesia with 2% 

lignocaine and conscious sedation using intravenous 

midazolam and/or fentanyl as per institutional 

protocol. Supplemental oxygen was administered 

throughout the procedure. 

After systematic airway inspection, patients with 

visible endobronchial lesions underwent both 

conventional forceps biopsy and cryobiopsy during 

the same sitting. To minimize sampling bias, forceps 

biopsy was performed first, followed by cryobiopsy 

from the same lesion site or an adjacent 

representative area. A minimum of 3–5 forceps 

biopsy samples were obtained using standard 

endobronchial biopsy forceps. 

For cryobiopsy, a flexible cryoprobe (1.9 mm or 2.4 

mm diameter) connected to a cryotherapy unit using 

carbon dioxide or nitrous oxide as the cryogen was 

introduced through the working channel of the 

bronchoscope. The cryoprobe tip was placed in direct 

contact with the lesion, and freezing was applied for 

approximately 3–5 seconds. The bronchoscope and 

cryoprobe were then withdrawn en bloc with the 

frozen tissue attached to the probe tip. The specimen 

was immediately thawed in normal saline and 

transferred to formalin. A minimum of 1–3 

cryobiopsy samples were obtained per patient. 

Prophylactic measures to control bleeding, including 

the availability of cold saline, diluted adrenaline 

solution, and balloon tamponade catheter, were 

ensured prior to cryobiopsy. The severity of bleeding 

was graded as mild (self-limiting or requiring suction 

only), moderate (requiring topical vasoconstrictors), 

or severe (requiring advanced interventions such as 

balloon tamponade or procedure termination). 

Histopathological Evaluation: All biopsy 

specimens were fixed in 10% neutral buffered 

formalin and processed according to standard 

histopathological protocols. Paraffin-embedded 

sections were stained with hematoxylin and eosin 

(H&E). Immunohistochemistry (IHC) was performed 

where required for tumor typing (e.g., TTF-1, p40, 

CK7) as per standard diagnostic algorithms. 

Specimen adequacy was assessed by an experienced 

pulmonary pathologist who was blinded to the biopsy 

technique. Parameters evaluated included specimen 

size (maximum diameter in millimeters), presence of 

crush artifact, depth of tissue, preservation of 

architecture, and diagnostic adequacy. Diagnostic 

yield was defined as the proportion of biopsies that 

provided a definitive histopathological diagnosis of 

malignancy or a specific benign pathology. 

Outcome Measures: The primary outcome measure 

was diagnostic yield of cryobiopsy versus forceps 

biopsy. Secondary outcome measures included 

specimen size, presence of crush artifact, need for 

additional procedures due to non-diagnostic samples, 

and procedure-related complications, particularly 

bleeding severity and hypoxemia. 

Statistical Analysis: Data were entered into 

Microsoft Excel and analyzed using Statistical 

Package for the Social Sciences (SPSS) version 20.0. 

Continuous variables were expressed as mean ± 

standard deviation (SD). Categorical variables were 

expressed as frequencies and percentages. 

Comparisons between cryobiopsy and forceps biopsy 

were performed using paired statistical tests, as both 

techniques were applied to the same patient, thereby 

minimizing inter-individual variability. The 

McNemar test was used to compare paired 

categorical outcomes, including overall diagnostic 

yield, adequacy for histopathology, 

immunohistochemistry (IHC), molecular testing, 

presence of crush artifact, and procedure-related 

bleeding. Continuous variables such as specimen 

size, number of samples obtained, and procedure 

duration were assessed for normality using the 

Shapiro–Wilk test. Normally distributed variables 

were compared using the paired Student’s t-test, 

while non-normally distributed variables were 

analyzed using the Wilcoxon signed-rank test. 

Multivariate logistic regression analysis was 

performed to identify independent predictors of 

diagnostic success, with results expressed as adjusted 

odds ratios (OR) and 95% confidence intervals (CI). 

A two-tailed p-value of <0.05 was considered 

statistically significant. 

 

RESULTS 

 

The mean age of the study population was 59.4 ± 9.8 

years with the majority belonging to the 60–69-year 

age group (36.8%). There was a marked male 

predominance (80.3%). A high burden of tobacco 

exposure was observed, with 51.3% current smokers 

and 23.7% former smokers; the mean smoking index 

among smokers was 28.6 ± 11.2 pack-years. Among 

females, 60.0% reported biomass fuel exposure. The 

most common presenting symptoms were cough 

(82.9%), weight loss (60.5%), and dyspnea (53.9%), 

while hemoptysis was present in 44.7% of cases. 

Radiologically, mediastinal lymphadenopathy was 

observed in 57.9% and endobronchial mass with 

distal collapse in 38.2%. Bronchoscopically, lesions 

were more frequently located in the right bronchial 

tree (59.2%), with the right upper lobe bronchus 

being the most common site (25.0%) [Table 1]. 

Cryobiopsy yielded significantly larger specimens 

compared to forceps biopsy (6.8 ± 1.9 mm vs 3.2 ± 

1.1 mm; p < 0.001), despite requiring fewer samples 

(2.2 ± 0.6 vs 4.1 ± 0.8; p < 0.001). Adequacy for 

histopathological diagnosis was significantly higher 

with cryobiopsy (89.5% vs 69.7%; p = 0.003). 

Similarly, adequacy for IHC (85.5% vs 57.9%; p < 

0.001) and molecular testing (81.6% vs 50.0%; p < 

0.001) was markedly superior with cryobiopsy. Crush 

artifact was significantly more frequent in forceps 

biopsy specimens (42.1% vs 7.9%; p < 0.001). 

Additionally, deep stromal tissue was obtained in 

78.9% of cryobiopsy samples compared to 38.2% of 

forceps samples (p < 0.001), indicating improved 

tissue architecture preservation. The overall 

diagnostic yield was significantly higher with 
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cryobiopsy compared to forceps biopsy (88.2% vs 

68.4%; p = 0.002). In exophytic polypoidal lesions (n 

= 41), cryobiopsy demonstrated a yield of 92.7% 

compared to 75.6% with forceps biopsy (p = 0.031). 

Among infiltrative lesions (n = 35), diagnostic yield 

remained significantly superior with cryobiopsy 

(82.9% vs 60.0%; p = 0.021). Stratification by lesion 

size revealed that for lesions >2 cm (n = 49), 

cryobiopsy achieved a yield of 91.8% compared to 

75.5% with forceps biopsy (p = 0.039). Even in 

smaller lesions (≤2 cm, n = 27), cryobiopsy 

maintained higher diagnostic success (81.5% vs 

55.6%; p = 0.018), underscoring its consistent 

advantage across morphological subgroups [Table 2]. 

 

Table 1: Baseline Demographic, Clinical and Radiological Characteristics of Patients with Suspected Lung Carcinoma 

(n = 76). 

Variable Frequency (%)/mean ± SD 

Age (years) 59.4 ± 9.8 

Age Group (years) 
 

40–49 11 (14.5%) 

50–59 24 (31.6%) 

60–69 28 (36.8%) 

≥70 13 (17.1%) 

Gender 
 

Male 61 (80.3%) 

Female 15 (19.7%) 

Smoking Status 
 

Current smoker 39 (51.3%) 

Former smoker 18 (23.7%) 

Never smoker 19 (25.0%) 

Pack-years (smokers) 28.6 ± 11.2 

Biomass exposure (among females) 9/15 (60.0%) 

Common Symptoms 
 

Cough 63 (82.9%) 

Hemoptysis 34 (44.7%) 

Dyspnea 41 (53.9%) 

Chest pain 27 (35.5%) 

Weight loss 46 (60.5%) 

Radiological Findings (CECT) 
 

Endobronchial mass with collapse 29 (38.2%) 

Hilar mass 21 (27.6%) 

Central cavitary lesion 8 (10.5%) 

Mediastinal lymphadenopathy 44 (57.9%) 

Lesion Location (Bronchoscopy) 
 

Right upper lobe bronchus 19 (25.0%) 

Right main bronchus 16 (21.1%) 

Left main bronchus 14 (18.4%) 

Left upper lobe bronchus 12 (15.8%) 

Lower lobe bronchi 15 (19.7%) 

(CECT: Contrast-Enhanced Computed Tomography) 

 

Table 2: Detailed Comparison of Specimen Characteristics and Diagnostic Yield of Forceps Biopsy and Cryobiopsy (n 

= 76). 

Parameter Forceps Biopsy Cryobiopsy p-value 

Frequency (%)/mean ± SD 

Mean specimen size (mm) 3.2 ± 1.1 6.8 ± 1.9 <0.001 

Mean number of samples taken 4.1 ± 0.8 2.2 ± 0.6 <0.001 

Adequate for histopathology 53 (69.7%) 68 (89.5%) 0.003 

Adequate for IHC 44 (57.9%) 65 (85.5%) <0.001 

Adequate for molecular testing 38 (50.0%) 62 (81.6%) <0.001 

Crush artifact present 32 (42.1%) 6 (7.9%) <0.001 

Deep stromal tissue obtained 29 (38.2%) 60 (78.9%) <0.001 

Overall diagnostic yield 52 (68.4%) 67 (88.2%) 0.002 

Exophytic polypoidal lesion (n=41) 31 (75.6%) 38 (92.7%) 0.031 

Infiltrative lesion (n=35) 21 (60.0%) 29 (82.9%) 0.021 

Lesion >2 cm (n=49) 37 (75.5%) 45 (91.8%) 0.039 

Lesion ≤2 cm (n=27) 15 (55.6%) 22 (81.5%) 0.018 

(IHC: Immunohistochemistry) 

 

Among the 67 cases with definitive diagnosis, 

squamous cell carcinoma was the most common 

histological subtype (47.8%), followed by 

adenocarcinoma (31.3%) and small cell carcinoma 

(11.9%). Less common diagnoses included large cell 

carcinoma (4.5%), carcinoid tumor (3.0%), and 

poorly differentiated NSCLC (1.5%). In 

adenocarcinoma cases (n = 21), cryobiopsy 

specimens demonstrated significantly higher 

adequacy for molecular testing compared to forceps 

biopsy. EGFR mutation testing was feasible in 85.7% 

of cryobiopsy samples versus 52.4% of forceps 
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samples (p = 0.02). Similarly, adequacy for ALK 

rearrangement testing was 81.0% versus 42.9% (p = 

0.01), and for PD-L1 expression assessment was 

90.5% versus 47.6% (p = 0.004), highlighting the 

superior molecular diagnostic capability of 

cryobiopsy [Table 3]. 

 

Table 3: Final Histopathological Spectrum and Molecular Testing Feasibility (n = 67 Diagnosed Cases). 

Diagnosis Frequency (%) 

Squamous cell carcinoma 32 (47.8%) 

Adenocarcinoma 21 (31.3%) 

Small cell carcinoma 8 (11.9%) 

Large cell carcinoma 3 (4.5%) 

Carcinoid tumor 2 (3.0%) 

Poorly differentiated NSCLC 1 (1.5%) 

Forceps adequate 
 

EGFR mutation testing 11 (52.4%) 

ALK rearrangement 9 (42.9%) 

PD-L1 expression 10 (47.6%) 

Cryobiopsy Adequate 
 

EGFR mutation testing 18 (85.7%) 

ALK rearrangement 17 (81.0%) 

PD-L1 expression 19 (90.5%) 

(NSCLC: Non-Small Cell Lung Carcinoma; EGFR: Epidermal Growth Factor Receptor; ALK: Anaplastic 

Lymphoma Kinase; PD-L1: Programmed Death Ligand-1). 

 

Cryobiopsy was associated with a significantly 

longer mean procedural duration compared to forceps 

biopsy (24.8 ± 5.6 minutes vs 18.6 ± 4.3 minutes; p < 

0.001). Bleeding occurred more frequently following 

cryobiopsy (39.5%) compared to forceps biopsy 

(23.7%; p = 0.041), although the majority of episodes 

were mild and self-limiting. Moderate bleeding was 

observed in 10.5% of cryobiopsy cases versus 3.9% 

in forceps cases, while severe bleeding was rare 

(1.3%) and successfully managed without escalation 

of care. The requirement for topical adrenaline was 

higher in the cryobiopsy group (11.8% vs 3.9%; p = 

0.048). Transient hypoxemia occurred in 11.8% of 

cryobiopsy procedures and 6.6% of forceps 

procedures (p = 0.26). No pneumothorax, ICU 

admissions, or procedure-related mortality were 

recorded [Table 4]. 

 

Table 4: Procedure Duration and Complication Profile of Forceps Biopsy and Cryobiopsy (n = 76). 

Parameter Forceps Biopsy Cryobiopsy p-value 

Frequency (%)/mean ± SD 

Mean procedure time (minutes) 18.6 ± 4.3 24.8 ± 5.6 <0.001 

Any bleeding 18 (23.7%) 30 (39.5%) 0.041 

Mild bleeding 15 (19.7%) 21 (27.6%) — 

Moderate bleeding 3 (3.9%) 8 (10.5%) — 

Severe bleeding 0 (0.0%) 1 (1.3%) — 

Adrenaline required 3 (3.9%) 9 (11.8%) 0.048 

Balloon tamponade used 0 (0.0%) 2 (2.6%) — 

Transient hypoxemia (<90%) 5 (6.6%) 9 (11.8%) 0.26 

Pneumothorax 0 (0.0%) 0 (0.0%) — 

ICU admission 0 (0.0%) 0 (0.0%) — 
 

On multivariate analysis, the use of cryobiopsy 

independently predicted diagnostic success (adjusted 

OR 3.42; 95% CI: 1.48–7.89; p = 0.004). Lesion size 

greater than 2 cm was also significantly associated 

with higher diagnostic yield (adjusted OR 2.11; 95% 

CI: 1.01–4.42; p = 0.047). Exophytic morphology 

showed a positive but non-significant association (p 

= 0.08). Smoking history greater than 20 pack-years 

did not independently predict diagnostic success (p = 

0.45) [Table 5]. 
 

Table 5: Multivariate Logistic Regression Analysis of Factors Associated with Diagnostic Success. 

Variable Adjusted OR 95% CI p-value 

Cryobiopsy technique 3.42 1.48–7.89 0.004 

Lesion size >2 cm 2.11 1.01–4.42 0.047 

Exophytic morphology 1.86 0.91–3.78 0.08 

Smoking history (>20 pack-years) 1.34 0.62–2.91 0.45 

(OR: Odds Ratio; CI: Confidence Interval) 

 

DISCUSSION 

 

The present cross-sectional study demonstrates that 

endobronchial cryobiopsy provides significantly 

higher diagnostic yield and superior tissue adequacy 

compared to conventional forceps biopsy in patients 

with suspected lung carcinoma presenting with 

visible endobronchial lesions. Cryobiopsy achieved 

an overall diagnostic yield of 88.2% compared to 

68.4% with forceps biopsy (p = 0.002), while also 

producing larger specimens with substantially 
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reduced crush artifact and improved suitability for 

immunohistochemistry (IHC) and molecular testing. 

Our findings are consistent with multiple 

international studies by Nakai et al., Giri et al., and 

Hetzel et al., that have reported superior diagnostic 

performance of cryobiopsy in endobronchial 

malignancies. Hetzel et al., reported diagnostic yields 

exceeding 90% with cryobiopsy compared to 

approximately 65–75% with forceps biopsy, 

attributing the difference to larger specimen size and 

preserved tissue architecture.[11] Similarly, Giri et al. 

demonstrated significantly improved diagnostic 

accuracy and reduced crush artifacts with 

cryobiopsy.[11] The present study reinforces these 

findings within the Yong et al., Kumar et al., and 

Shinagawa et al., where the diagnostic yield of 

conventional forceps biopsy in routine practice often 

ranges between 60–75%, particularly in infiltrative 

lesions.[12-14] 

The mean specimen size in our study was more than 

double with cryobiopsy (6.8 ± 1.9 mm vs 3.2 ± 1.1 

mm; p < 0.001), with deep stromal tissue obtained in 

nearly 79% of cases. This directly translates into 

higher histopathological adequacy (89.5% vs 69.7%; 

p = 0.003) and significantly lower crush artifact 

(7.9% vs 42.1%; p < 0.001). Mechanistically, unlike 

forceps biopsy—which relies on mechanical cutting 

and compression—cryobiopsy freezes tissue at the 

probe tip, allowing en bloc extraction with minimal 

distortion.[15,16] This preservation of tissue 

architecture is particularly valuable in poorly 

differentiated tumors where morphological 

assessment is critical.[17,18] 

An important observation in our study was the 

consistent superiority of cryobiopsy across both 

exophytic and infiltrative lesions. Even in smaller 

lesions (≤2 cm), cryobiopsy maintained a 

significantly higher diagnostic yield (81.5% vs 

55.6%; p = 0.018). This is clinically relevant, as 

smaller central lesions frequently pose diagnostic 

challenges with forceps due to limited tissue capture 

and fragmentation.[18,19] 

Our multivariate analysis further confirmed 

cryobiopsy as an independent predictor of diagnostic 

success (adjusted OR 3.42; p = 0.004), even after 

adjusting for lesion size and morphology. This 

strengthens the argument that the technique itself 

contributes significantly to improved outcomes 

rather than lesion characteristics alone.[20,21] 

With the increasing reliance on molecular profiling 

for non-small cell lung carcinoma (NSCLC), tissue 

adequacy has become a critical determinant of 

clinical decision-making.[22] In our cohort, 

cryobiopsy samples demonstrated markedly superior 

adequacy for EGFR mutation analysis (85.7% vs 

52.4%; p = 0.02), ALK rearrangement testing (81.0% 

vs 42.9%; p = 0.01), and PD-L1 expression 

assessment (90.5% vs 47.6%; p = 0.004). 

These findings align with contemporary global data 

emphasizing the need for larger and intact specimens 

for biomarker testing. Studies by Tanaka et al., Hetzel 

et al., and Sharma et al., repeat showed that 

bronchoscopic procedures due to inadequate tissue 

impose additional economic burden and delay 

treatment initiation.[23-25] Thus, cryobiopsy may have 

substantial cost-effectiveness implications by 

reducing repeat diagnostic interventions.[26] 

The predominance of squamous cell carcinoma 

(47.8%) in our study reflects the central 

endobronchial location of lesions and the high 

smoking burden in Indian males in study by Sharma 

et al.[25] This distribution is comparable to several 

tertiary-care studies by where squamous histology 

remains common in centrally visible tumors, 

although adenocarcinoma incidence is rising 

overall.[23,24] The relatively high rate of mediastinal 

lymphadenopathy (57.9%) also indicates late-stage 

presentation, a well-recognized challenge in India.[26] 

Bleeding was more frequent with cryobiopsy (39.5% 

vs 23.7%; p = 0.041), although most episodes were 

mild to moderate and manageable with topical 

measures. Only one patient (1.3%) experienced 

severe bleeding requiring additional intervention, and 

no pneumothorax or mortality occurred. Ehab et al., 

similarly reports higher bleeding rates with 

cryobiopsy but without significant increases in 

serious adverse events when performed by 

experienced operators.[27] 

The slightly longer procedural duration (24.8 ± 5.6 vs 

18.6 ± 4.3 minutes; p < 0.001) is expected due to 

equipment preparation and bleeding control 

measures. However, the trade-off between modestly 

increased procedure time and substantially improved 

diagnostic yield appears clinically justified.[28-30] 

Clinical and Practical Implications 

The results of this study have meaningful 

implications for bronchoscopy practice in India and 

other developing countries. The significantly higher 

diagnostic yield, improved molecular adequacy, and 

acceptable safety profile suggest that cryobiopsy may 

serve as a superior first-line endobronchial sampling 

technique in suspected lung carcinoma. This is 

particularly relevant in the current therapeutic 

landscape where timely molecular characterization 

directly influences targeted therapy and 

immunotherapy eligibility. 

Given the burden of lung cancer in India and the need 

to optimize diagnostic pathways, integration of 

cryobiopsy into standard bronchoscopic practice may 

enhance diagnostic efficiency, reduce repeat 

procedures, and potentially improve patient 

outcomes. 

Limitations: This study was conducted at a single 

tertiary-care center with a relatively modest sample 

size, which may limit generalizability. Although both 

techniques were performed in the same sitting to 

reduce inter-patient variability, operator experience 

could have influenced outcomes. Long-term follow-

up and cost-effectiveness analysis were not 

evaluated. Additionally, advanced airway support 

such as rigid bronchoscopy backup was not routinely 

utilized, which may influence the safety profile in 

different institutional settings. 
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CONCLUSION 

 

In patients with suspected lung carcinoma presenting 

with visible endobronchial lesions, cryobiopsy 

demonstrated significantly higher diagnostic yield, 

superior specimen quality, and markedly improved 

adequacy for immunohistochemical and molecular 

testing compared to conventional forceps biopsy. 

Despite a modest increase in procedure duration and 

manageable bleeding risk, cryobiopsy proved to be a 

safe and effective technique in a tertiary-care Indian 

setting. Given the growing importance of molecular 

profiling in guiding targeted therapy and 

immunotherapy, cryobiopsy offers a substantial 

advantage in optimizing diagnostic pathways. 

Incorporating cryobiopsy into routine bronchoscopic 

practice may reduce repeat procedures, enhance 

diagnostic precision, and ultimately improve clinical 

outcomes in lung cancer management. 
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