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ABSTRACT 

 

The value of different staining methods for rapid analysis of transbronchial needle aspirates 

during bronchoscopy has not been explored.  

 

This study compared a Papanicolaou-based rapid stain, prepared by a technologist and read 

by a cytopathologist, and a Wright-Giemsa-based rapid stain, prepared and read by a 

cytopathologist alone. Gold standard was the final laboratory report issued on each aspirate.  

 

We harvested 827 aspirates from 217 target sites in 126 consecutive patients. At least one 

positive aspirate was found in 99 patients (79%). In those 99 patients, 288 of 574 aspirates 

(50%) were positive for neoplastic (83%) or non-neoplastic (17%) disease. False negative 

aspirates and target sites were more frequent with the rapid Wright-Giemsa than with the 

rapid Papanicolaou stain (14.2% versus 7.3%, p=0.008, and 13.7% versus 3.6%, p=0.021). 

The sensitivity of the Wright-Giemsa-based and Papanicolaou-based rapid stains, 

respectively, for detecting diagnostic material was 93% and 100% in patients, 83.1% and 

95.5% in target sites, and 72.8% and 84.9% in aspirates. Specificity was 100% for both 

methods in patients and target sites, and 90.4% and 95% in aspirates.  

 

We concluded that a Papanicolaou-based stain has superior yield and accuracy to a Wright-

Giemsa-based stain for rapid on-site evaluation of transbronchial needle aspirates 

.



 

INTRODUCTION 

Transbronchial needle aspiration (TBNA) via flexible bronchoscopy (FB) is a well-established 

sampling method for a variety of neoplastic and non-neoplastic lung lesions. [1] Its ability to 

establish a diagnosis and to permit staging in a single intervention has made TBNA the key 

technique for the evaluation of patients with suspected lung cancer. [2-4] Endobronchial 

ultrasound (EBUS) and rapid on-site evaluation (ROSE) have been shown to improve TBNA 

yield. [5-9] ROSE-TBNA provides the bronchoscopist with real-time guidance and allows for 

termination of sampling when the diagnostic objective has been met. This increases patient 

comfort and reduces cost. [8, 10] A formal off-site review involving routine and ancillary 

staining methods, e.g. for microorganisms and immunocytochemistry is obligatory to confirm 

provisional ROSE results.  

 

Experienced bronchoscopists harvest TBNA samples in quick succession by repetitively 

aspirating multiple target sites to minimize false negative results. To fulfill its purpose a ROSE 

procedure must keep up with the pace of sampling. On-site staining methods must therefore 

find a compromise between speed, ease of preparation and staining quality. Commonly used 

fast stains are modified versions of standard laboratory based staining methods. Wright-

Giemsa-based rapid stains are water-based and provide mainly cytoplasmic definition on air-

dried slides. Such procedures are not labor-intensive and allow staining and evaluation by a 

single person. Alcohol-based modified Papanicolaou stains on alcohol-fixed slides are more 

time consuming, but provide superior demonstration of nuclear features. This comes at the 

cost of requiring on-site hands-on assistance for the cytopathologist.  

 



 

The practical utility of different ROSE stains is not well standardized and validated. This study 

investigated whether either of these two popular methods is superior in yield and accuracy of 

rapid on-site staining of transbronchial aspirates.  

 

 

METHODS 

Patients, interventions and diagnoses 

Consecutive patients scheduled for FB with TBNA were randomized to ROSE with either one 

of the rapid staining methods. Three pulmonologists experienced in TBNA performed or 

supervised all procedures using standard video bronchoscopes (Olympus Exera; Hamburg, 

Germany) and standard TBNA for cytological specimens (Bard, Billerica, MA, USA) under 

topical anaesthesia (Lidocaine 1%) and conscious sedation (Midazolam intravenously as 

needed). Target sites were arbitrarily subdivided into tracheobronchial sites (regions 1 to 4 

according to the ATS system [11]), bronchial sites (all other sites in visible range), and 

peripheral sites. It was recommended that operators harvest at least three successive 

aspirates per target site in close proximity. TBNA sampling ended when all target sites had 

been aspirated or upon ROSE confirmation of two diagnostic aspirates. All patients gave 

written informed consent.  

 

Staining methods 

One of two cytopathologists (ML, KB) performed ROSE. Each aspirate was immediately 

expressed onto numbered glass slides, smears made and stained with either a rapid modified 

Wright-Giemsa stain (G-ROSE) or a modified rapid Papanicolaou stain (P-ROSE). G-ROSE 



 

(Rapidiff, Clinical Sciences Diagnostic CC, Johannesburg, South Africa) on unfixed air-dried 

slides involved three steps and took 45 seconds to complete. Staining and on-site evaluation 

was performed by a cytopathologist on wet stains without assistance. For P-ROSE, smears 

were spray-fixed (ether/alcohol with poly-ethylene-glycol, Fencott, Sangene Products, Cape 

Town, South Africa) and stained on-site with a procedure involving 15 steps in 3 minutes. 

Slides were stained and cover-slipped by a technologist on-site and handed over to the 

cytopathologist for evaluation. Each slide was reported separately in theatre for 1) the 

presence of diagnostic material 2) the presence of neoplastic versus non-neoplastic disease, 

and 3) diagnostic subclassification of neoplastic lesions into lymphoma, epithelial 

malignancies (small-cell or non-small cell type) or unspecified malignant cells.  

 

Statistical aspects 

An independent person provided sequentially numbered closed envelopes to randomize 

procedures into equal groups in blocks of six, which were opened at the Pathology 

Department immediately before each bronchoscopy. For each procedure a separate trolley 

equipped with the staining tools for either method was used. Each ROSE slide was reviewed 

off-site by a different cytopathologist (ML or KB). A third, senior cytopathologist (CAW) was 

available to resolve diagnostic discrepancies. Formal proficiency training was not considered 

necessary as both stains were routinely employed before the study. To detect a potential 

training bias we compared the number of false negative ROSE results with either stain in the 

first and second half of the study. A positive TBNA was defined as an aspirate that contained 

diagnostic material on the final laboratory report issues for each aspirate. A positive target site 

and a positive FB were defined as a site or FB with at least one positive TBNA.  



 

 

The primary outcome was the accuracy of each ROSE method to predict a positive TBNA. 

Prediction of a positive target site, a positive FB and the accuracy of the tissue diagnosis 

were the secondary outcomes. Sample size was estimated by extrapolating from recent 

experience at our institution [8]. We conservatively assumed a proportion of positive passes 

(50%), an average number of TBNA performed per patient (n=7), and a proportion of patients 

with at least one positive TBNA. This would allow detecting an increase in false negative 

aspirates from 5% to 15% with 63 patients per group (significance level 0.05, power 0.80). 

Proportional data were analyzed with Pearson’s chi square test or Fisher’s exact test in case 

of very small counts (≤5). P of <0.05 was considered significant. Two-sided tests were used. 

Values are mean ± standard deviation unless stated otherwise. 

 

 

RESULTS 

Patients, diagnoses and interventions 

We included 126 consecutive patients who underwent FB with TBNA (age 55.1 ±14.7 years, 

61% male). From 218 target sites (121 tracheobronchial; 56%, 88 other sites in visible range; 

40%, and 9 peripheral sites; 4%) we sampled 827 needle passes (6.6 ±2.8 per patient; 3.8 

±1.6 per target site). The final bronchoscopic diagnosis was neoplastic disease in 85 patients 

(68%) and non-neoplastic disease in 17 patients (12%). In 25 patients (20%) the FB did not 

yield a diagnosis (Table 1). For the comparative analysis of ROSE performance we did not 

include 27 FB that had only negative TBNA and 7 FB that were only positive on 

microbiological culture of an aspirate. The distribution of procedural parameters between G-



 

ROSE and P-ROSE is shown in Table 2. No significant differences between groups were 

found. The distribution of G-ROSE and P-ROSE among bronchoscopists did not differ 

significantly (data not shown). 

 

Prediction of positive TBNA  

The accuracy of both ROSE procedures for predicting positive TBNA was high (Table 3) with 

P-ROSE being slightly superior to G-ROSE at all levels. False negative readings were 

significantly more frequent with G-ROSE at target site level (13.7% versus 3.6%, p=0.021) 

and at the level of single aspirates (14.2% versus 7.3%, p=0.008). Overall sensitivities for G-

ROSE and P-ROSE were 72.8% and 84.9%, 83.1% and 95.5%, and 93.0% and 100% at 

single pass, target site and bronchoscopy level, respectively. False positive on-site readings 

were rare (<1%) with both methods and occurred only at single aspiration level. There was no 

significant difference in false negative readings between the first and second half of the study 

(data not shown).  

 

Prediction of a specific diagnosis 

Overall, TBNA was diagnostic in 99 of 126 procedures (79%), and in 82 of 85 patients with 

neoplastic disease (96%). G-ROSE failed to recognize a diagnostic sample and hence no 

diagnosis was provided in 3/43 patients with positive TBNA (7%; NSCLC: n=1, SCLC: n=1, 

granulomatous inflammation with positive culture for M tuberculosis: n=1). P-ROSE provided 

a provisional diagnosis for all 49 patients with positive TBNA. Both ROSE procedures 

accurately discriminated between neoplastic and non-neoplastic disease. A sub-classification 

into lymphoma, SCLC, and NSCLC was made in 35/43 (81%) of FB with G-ROSE and in 



 

41/49 (82%) of FB with P-ROSE. All diagnoses made were accurate. G-ROSE was not 

diagnostic in 3 negative FB and 5 FB with unspecified neoplastic cells (all NSCLC). Eight 

cases were classified as unspecified neoplastic cells with P-ROSE (NSCLC: n=5, SCLC: 

n=3). None of these differences were statistically significant.  

 

 

DISCUSSION 

This randomized comparison of two on-site staining methods for TBNA in patients 

representative for clinical practice confirmed the high sensitivity of ROSE, with both methods 

combined predicting 96.7% of positive procedures, 89.7% of positive target sites and 79.2% 

of positive aspirates. Compared to the Wright-Giemsa-based rapid stain, the Papanicolaou-

based rapid stain provided better diagnostic accuracy. Owing to significantly fewer false 

negative aspirates, P-ROSE predicted 12.4% more positive target sites and 7% more positive 

procedures than G-ROSE at the cost of an additional on-site cytology technologist. False 

positive aspirates were rare with both methods. Both stains discriminated correctly between 

neoplastic and non-neoplastic disease, and both stains accurately differentiated between 

lymphoma, SCLC and NSCLC in more than 80% of cases. These findings contribute to 

standardizing ROSE for TBNA.   

 

To our knowledge, this is the first randomized comparison of ROSE staining methods for 

TBNA. The 84% on-site yield with P-ROSE was consistent with a previous study from our 

group, where P-ROSE recognized 85% of positive TBNA. [8] Other studies have associated 

ROSE with a higher yield of TBNA, [6, 7] better aspirate quality, [6, 12] educational value, [12] 



 

improved quality of service, [7, 8, 10] and cost-effectiveness owing to shorter procedure time 

and fewer samples submitted for analysis. [8, 10] In our experience, the bronchoscopist in 

routine clinical practice benefits from ROSE in two ways. Firstly, ROSE can determine when 

sufficient diagnostic material has been harvested. This is most helpful if stepwise aspiration of 

nodal stations from the highest rated potentially involved region down to the primary tumor is 

required for staging of suspected bronchogenic carcinoma. Demonstration of positive N2 or 

N3 lymph nodes with TBNA avoids unnecessary further exploration with all the associated 

morbidity and cost. [2, 8, 10, 11] Secondly, ROSE assists in selecting appropriate additional 

sampling modalities during FB. The wide differential diagnosis of enlarged mediastinal lymph 

nodes can be considerably narrowed by ROSE, which will provide real-time guidance as to 

whether sampling can be terminated (when bronchogenic carcinoma cells are harvested) or 

should continue for confirmation of lymphoma (additional TBNA for flow-cytometry, large bore 

TBNA for histology), sarcoidosis-type granulomatous inflammation (transbronchial and 

mucosal biopsies, bronchoalveolar lavage), or granulomatous inflammation with necrosis as 

seen in tuberculosis (specimens for mycobacterial culture). 

 

Off-site confirmation of all ROSE diagnoses is mandatory to avoid errors in diagnosis and 

clinical handling of patients. Interestingly, the few false positive aspirates in this study did not 

cause a target site or a procedure to be false positive. The study followed the rule that a 

procedure is terminated when at least two concordant positive on-site readings are harvested. 

This ensured that each false positive aspirate was backed up with a true positive aspirate 

analyzed with the same method, which suggests that false positive readings most likely occur 

by overcalling highly suspicious material on-site. It could be seen as a weakness of this study 



 

that FB were randomized and not single aspirates, but in practice it was not feasible to 

mobilize two different on-site staining teams for each FB. False negative readings, on the 

other hand, can occur due to a combination of limited examination time and paucity of 

diagnostic material on an aspirate, but may also be due to suboptimal stain quality. The 

majority of diagnoses made in bronchoscopy practice are bronchogenic carcinomas, and 

consequently the accuracy of ROSE will mostly depend on the ability of the stain to 

demonstrate changes associated with malignancy. In well-differentiated tumors such as 

bronchiolar alveolar carcinoma these may be subtle nuclear abnormalities, highly dependent 

on optimal preparation and staining of the slides. While G-ROSE is faster, it is also known for 

its ability to demonstrate cytoplasmic features (Figure 1A), while P-ROSE is more complex 

but is superior in demonstrating the nuclear features associated with malignancy (Figure 1B). 

If all other factors are standardized as they were in this study, it is reasonable to speculate 

that this property makes P-ROSE the superior stain for TBNA-ROSE, albeit at the price of 

technical assistance for its preparation.  

 

Does the on-site stain really matter in clinical practice? The answer will depend on local 

factors such as cost, availability of trained cytology staff and geographical proximity of 

services. The scientifically minded pathologist will insist that there is a measurable benefit of 

P-ROSE, that the best tools must be used in the laboratory, and will motivate for an additional 

person to be provided for on-site assistance. The cost-conscious hospital manager will argue 

that using P-ROSE instead of G-ROSE will only detect one more positive target site every 8 

patients at best. The clinician, most aware that thorns and roses grow on the same tree, 

should declare that ROSE is an essential service, and that it is best delivered with a 



 

Papanicolau based fast stain.  
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TABLE 1 

Patients and bronchoscopic diagnosis 

 Diagnosis TBNA yield 

 n % n % 

All 126 100 99 79 

Neoplastic disease 85 68 82 96 

Non-small cell lung cancer 75 60 72 96 

Adenocarcinoma 36 29   

Squamous cell carcinoma 14 11   

Undifferentiated carcinoma 25 20   

Small cell lung cancer 8 6 8 100 

Lymphoma 2 2 2 100 

Non-neoplastic disease 17 13 17 100 

Tuberculosis** 14 11   

Sarcoidosis 3 2   

Undiagnosed 24 19   

*At least one diagnostic aspirate 

**Granulomatous necrosis on TBNA and positive culture for M tuberculosis; n=5, 

positive culture for M tuberculosis only; n=7, granulomatous necrosis only; n=2 

TBNA = transbronchial needle aspiration 

 



 

 

TABLE 2: TBNA sites and needle passes 

 Both methods G-ROSE P-ROSE 

 N % n % n % 

All procedures 126 100 63 50 63 50 

 Sites aspirated 218 100 108 50 110 50 

  Lymph node sites 121 56 58 54 63 57 

  Other sites 97 44 50 46 47 43 

 Needle passes 827 100 401 48 426 52 

  Lymph node sites 483 58 229 57 254 60 

  Other sites 344 42 172 43 172 40 

Diagnostic procedures 92 73 43 47 49 53 

  Neoplastic 82 89 38 88 44 90 

  Non-neoplastic 10 11 5 12 5 10 

 Sites aspirated 157 100 73 46 84 54 

  Lymph node sites 109 69 39 53 46 55 

  Other sites 48 31 34 47 38 45 

 Needle passes 574 100 261 45 313 55 

  Lymph node sites 326 57 146 56 180 58 

  Other sites 248 43 115 44 133 42 

TBNA = transbronchial needle aspiration 

G-ROSE, P-ROSE = Wright-Giemsa, Papanicolaou-based rapid on-site evaluation 

 



 

 

TABLE 3: Accuracy of ROSE in procedures with at least one positive TBNA 
 All G-ROSE P-ROSE p 
 n % n % n %  

Total procedures 126  63  63   
Procedures with positive TBNA 92 100 43  49  0.228 
True positive 89 96.7 40 93.0 49 100 0.078 
False positive 0 0 0 0 0 0 N/A 
True negative 0 0 0 0 0 0 N/A 
False negative  3 3.3 3 7.0 0 0 0.122 
Sensitivity  96.7  93.0  100  
Specificity  100  100  100  
Sites aspirated* 157  73  84   
Off site positive 126 80.3 59 80.8 67 79.8 0.868 
True positive  113  49  64  0.207 
False positive 0  0  0  N/A 
True negative 31  14  17  0.868 
False negative 13  10  3  0.017 
Sensitivity  89.7  83.1  95.5  
Specificity  100  100  100  
Needle passes* 574  261  313   
Off site positive 288 50.2 136 52.1 152 48.6 0.398 
True positive  228  99  129  0.423 
False positive 20  12  8  0.184 
True negative 266  113  153  0.181 
False negative  60  37  23  0.008 
Sensitivity  79.2  72.8  84.9  
Specificity  93.0  90.4  95.0  

* in procedures with at least one positive TBNA 
P for comparison between G-ROSE and P-ROSE; N/A = no value 
TBNA = transbronchial needle aspiration 
G-ROSE, P-ROSE = Wright-Giemsa, Papanicolaou-based rapid on-site evaluation 



 

FIGURE LEGEND 

 

Figure 1 

1000x magnification of a transbronchial needle aspirate with adenocarcinoma, stained with 

different methods on-site and photographed on-site. The Wright-Giemsa-based rapid stain 

(G-ROSE, Figure 1A) demonstrates cytoplasm more clearly and shows dark pleomorphic 

nuclei but chromatin quality is poor. The Papanicolaou-based rapid stain (P-ROSE, Figure 

1B) demonstrates crisp nuclear morphology with irregular nuclear membranes and nucleoli, 

and is hence better suited to diagnose malignancy. 

Figure 1a 

 

Figure 1b 
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