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Abstract 

Background: Ultrasound-guided fine-needle aspiration (FNA) is the preferred 

method to evaluate the dignity of thyroid nodules. Nevertheless, the often-reported high 

non-diagnostic rate burdens affected patients and the healthcare system. Rapid on-site 

evaluation (ROSE) constitutes an addition to the thyroid FNA procedure, with various 

studies showing its beneficial effect on the Bethesda I non-diagnostic rate. We aimed to 

assess whether ROSE may reduce the rate of Bethesda categories III and V. Additionally, 

we examined the influence of ROSE on specimen quality. 

Methods: We performed a retrospective cohort study, comparing Bethesda 

categorization and specimen quality in specimens subject to ROSE compared to those not 

subject to ROSE. We also evaluated aspects of specimen quality that differed according to 

the use of ROSE. We subcategorized Bethesda I into insufficient cellularity or artifacts, and 

Bethesda categories III and V into cellular without artifacts, sparsely cellular, or artifacts. 

Results: We evaluated 5030 thyroid FNAs. ROSE was performed in 1304 (25.9%) 

cases, and ROSE was not utilized for 3726 (74.1%) specimens. The rate of Bethesda I non-

diagnostic and Bethesda III categories was reduced in specimens subject to ROSE (4.3%, 

56/1304), compared to non-ROSE (39.9%, 1487/3726, p<.001). The rate of both benign 

Bethesda II and malignant Bethesda VI diagnoses was 91.6% (1194/1270) in ROSE 

specimens, compared to 56.6% (1999/3530) in non-ROSE (p<.001). This was reflected by a 

significant improvement in diagnostic accuracy with ROSE (AUCnon-ROSE=0.811, 

AUCROSE=0.895, p=.004). The overall rate of specimens flawed by sparse cellularity in 

Bethesda categories III and V was 0.1% (1/1304) in ROSE specimens compared to 1.2% 

(45/3726) in non-ROSE (p<.001). The overall artifact rate was 0.3% (4/1304) for ROSE 

specimens and 2.5% (92/3726) for non-ROSE (p<.001). 

Conclusions: ROSE significantly increased diagnostic accuracy by improving FNA 

specimens quantitatively and qualitatively. We suggest considering ROSE as standard of 

care for thyroid FNAs. 
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Introduction 

Ultrasound-guided fine-needle aspiration (FNA) is the method of choice for 

evaluating the dignity of thyroid nodules. The Bethesda System for Reporting Thyroid 

Cytopathology (TBSRTC) categorizes aspirates of thyroid nodules on a six-level scale from 

Bethesda I to Bethesda VI (1). This standardized classification scheme guides physicians on 

the decision of the further treatment course. Bethesda II (benign) and Bethesda VI 

(malignant) results are considered a definitive cytological diagnosis, usually allowing a 

targeted recommendation on how to proceed. However, despite its status as the gold 

standard, thyroid FNA is frequently reported to produce high non-diagnostic rates – in 

some cases amounting to 40% (2). Aspirates classified as Bethesda I non-diagnostic usually 

require repetition of the FNA (1), increasing patient discomfort. Likewise, specimens 

classified as Bethesda III entail repeating the FNA or additional molecular testing – the 

latter increases the costs considerably. Surgery is usually advised if a thyroid FNA specimen 

is classified as Bethesda IV or V, but with a reduced probability of malignancy (3). Surgery 

is also occasionally performed in cases of two consecutive Bethesda III diagnoses. The 

malignancy rate in these three Bethesda categories vary between centers but might be as 

low as 6% for Bethesda III, 10% for Bethesda IV, and 45% for Bethesda V when noninvasive 

follicular thyroid neoplasm with papillary-like nuclear features (NIFTP) is not regarded as 

carcinoma (1, 4). In addition, determining the optimal primary surgical approach for 

Bethesda V is a matter of debate (3). 

A sufficient number of cells within the aspirated specimen is the mandatory 

prerequisite for accurate categorization. In addition, preparation artifacts and heavy 

bloodstaining significantly impact the quality of the smears and hamper proper 

categorization. These decisive quantitative and qualitative characteristics are primarily 

influenced, on the one hand, by the expertise of the aspirator (5, 6) and, on the other 

hand, by the preparation technique of the acquired samples (7). Both aspects are 

particularly challenging in training settings and with a low procedural volume of thyroid 

FNAs (8). 

Rapid on-site evaluation (ROSE) of thyroid FNAs offers immediate feedback on the 

representativeness and quality of the harvested sample. ROSE has repeatedly been shown 

to significantly reduce the non-diagnostic rate of thyroid specimens (e.g., 8, 9). For 
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example, in one study, the introduction of ROSE decreased the non-diagnostic rate by 

more than 30% (2). By contrast, few studies reported no significant influence of ROSE on 

specimen adequacy (10, 11). 

However, most studies have focused on ROSE as a tool to reduce the non-

diagnostic rate – which comes along with an increase in overall adequacy – but disregard 

that adequacy alone is not necessarily sufficient for a definitive diagnosis. Despite the 

clinical significance, studies on the influence of ROSE on each Bethesda category are 

lacking. Our aim was to evaluate the impact of ROSE on sample adequacy, sample quality, 

rate of Bethesda categorization, and diagnostic performance. We hypothesized that ROSE 

could reduce the number of Bethesda I, III, and V categorizations of thyroid FNAs by 

diminishing the rate of low cellularity specimens. We postulated that ROSE, in the 

presence of a cytopathologist, may improve the overall quality of the smears by reducing 

the rate of negatively affected specimens from preparation artifacts or heavy 

bloodstaining. We believed that quantitative and qualitative improvements in FNA 

specimens attributed to the use of ROSE could increase the frequency of Bethesda II and 

Bethesda VI diagnoses. 

Materials and Methods 

Study population 

This study was reviewed and authorized by the local ethics committee Bern, 

Switzerland (2020-02231). Patient data were retrieved from the Institute of Pathology, 

University of Bern's electronic information system for all FNAs of thyroid nodules 

performed between January 2015 and December 2020. FNAs of lymph nodes, ectopic 

thyroid tissue, and thyroid bed after prior thyroidectomy were excluded from the analysis. 

FNAs without ROSE were performed by residents and senior physicians of the 

Departments of Endocrinology, Nuclear Medicine, Otolaryngology, and Radiology of the 

Inselspital, Bern University Hospital, and specialists of the same disciplines and internal 

medicine in private practices. Per nodule, at least two needle passes are performed, and at 

least three smears with spray fixation are made. Subsequently, the aspiration needle is 

rinsed with CytoLyt® solution for later ThinPrep® or cell block. See supplemental methods 

for a detailed overview of the procedure with ROSE. 
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ROSE was performed only at the Department of Endocrinology by cytopathologists 

from the Institute of Pathology, University of Bern. Before April 2019, ROSE was restricted 

to selected cases, namely as part of repeat FNAs of nodules that had provided non-

diagnostic (Bethesda I) or indeterminable (Bethesda III) results. However, in April 2019, the 

Department established a twice-weekly interdisciplinary thyroid FNA service in which ROSE 

is an integral part of every FNA (see supplemental table 4a+b for a comparison between 

ROSE and non-ROSE before and after it became standard of care at our hospital).  

Final cytological analyses for all FNAs are conducted at the Institute of Pathology. 

Each cytological assessment is performed by a senior cytopathologist and routinely 

reviewed in an unblinded way by a second senior cytopathologist. The cytopathologists 

involved had 13–20 years of pathology experience. 

Categorization of cytology results 

Cytology specimens were categorized according to the Bethesda System for 

Reporting Thyroid Cytopathology (TBSRTC) (1). Bethesda I non-diagnostic was further 

subdivided into the two subcategories acellularity / too low cellularity or artifacts. 

Furthermore, we differentiated Bethesda III and Bethesda V results into the three 

subcategories cellular without artifacts, sparsely cellular, and artifacts. Artifacts were 

defined as heavy bloodstaining or preparation artifacts due to overly thick smears or air 

drying/spraying artifacts (spray fixation was only performed in the non-ROSE group). 

We combined Bethesda I and III to estimate the frequency of nodules requiring 

another appointment to repeat the FNA. In addition, we analyzed sparse cellularity by 

combining the Bethesda III and V subcategory sparsely cellular. Lastly, we merged the 

subcategory artifacts of Bethesda I, III, and V to assess overall artifacts within ROSE and 

non-ROSE, respectively. 

ROSE is not expected to significantly affect the Bethesda IV rate (10, 11). However, 

the rate of Bethesda IV may vary between different centers. Therefore, to facilitate 

comparability, we defined the sum of Bethesda II and VI as definitive cytology and the sum 

of Bethesda I non-diagnostic, III, and V as non-definitive cytology. 

Histology 

The patient data of FNAs with histological confirmation were retrieved from the 

electronic information system of the Institute of Pathology, University of Bern. Every 
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histological assessment is performed by a senior histopathologist and routinely reviewed 

in an unblinded way by a second senior histopathologist. Histological diagnoses were 

divided into benign, malignant, or NIFTP. Aspirates of thyroid nodules subsequently 

surgically removed and histologically evaluated formed the basis for further calculations 

on the risk of malignancy (ROM), sensitivity, specificity, and diagnostic accuracy. All 

analyses were conducted assuming NIFTP once as benign and once as malignant. We 

excluded incidental microcarcinomas (<10 mm) within larger nodules from these 

calculations. 

Statistical analyses 

Continuous variables are presented as mean and standard deviation and 

categorical variables as proportions and percentages. Statistical analyses were performed 

with either a two-sample t-test, Pearson's chi-squared test, or Fisher's exact test. 

Sensitivity, specificity, and diagnostic accuracy were calculated as described in Bongiovanni 

et al. (12). Similarly to these authors, 37% of our cases with Bethesda III categorization had 

to undergo surgery. For this reason, we included this category in the sensitivity, specificity, 

and accuracy calculation. For comparison, these diagnostic metrics were also calculated 

without Bethesda III. In short, Bethesda II FNAs with benign histology were considered true 

negative samples. In contrast, true positives were defined as Bethesda (III,) IV, V, and VI 

FNAs with histologically confirmed malignancy. False negative samples included Bethesda 

II FNAs with malignant histology. Finally, false positive cases were defined as Bethesda (III,) 

IV, V, and VI FNAs, but histology confirmed benignancy. To compare sensitivity and 

specificity between non-ROSE and ROSE, we performed chi-squared tests on the true 

positives and false negatives (sensitivity) and the true negatives and false positives 

(specificity) of the two groups, respectively.  

To evaluate diagnostic accuracy, receiver operating characteristic (ROC) curves 

were built, and the respective areas under the curve (AUC) were computed for each group 

(non-ROSE vs. ROSE). The difference in the AUC between non-ROSE and ROSE was 

evaluated using the DeLong method (13). 

For percentages, Wilson’s confidence intervals are calculated. For sensitivity 

calculations, exact binomial 95% confidence intervals are reported. 
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In order to determine independent predictors for a definitive (Bethesda II and VI) 

and a non-definitive (Bethesda I non-diagnostic, III, and V) cytology, we conducted post-

hoc secondary multivariate logistic regression analysis with ROSE (yes/no), gender 

(male/female), and site (internal/external) as predictors and definitive cytology as the 

outcome variable. For each of these predictors, odds ratios and 95% confidence intervals 

were calculated. 

P-values <.05 were considered statistically significant, and all reported p-values 

were corrected for multiple comparisons using the false-discovery-rate (FDR) method. The 

exact p-values for the chi-squared tests were calculated with the approach of Shan & 

Gerstenberger (14). All statistical analyses were performed on R (version 4.0.3). 

Results 

Patients 

In this retrospective cohort study, the analysis included 5030 FNAs of 3140 

patients. Of these, 3813 (75.8%) were obtained by physicians from the Inselspital, Bern 

University Hospital (i.e., internal), and 1217 (24.2%) by physicians in private practices (i.e., 

external). There were no significant differences between the non-ROSE cytology results 

obtained at the external and internal site, except for samples classified as Bethesda I cyst 

fluid only (internal 57/2517 (2.3%) vs. external 97/1209 (8.0%), (p<.001). Of the 5030 

performed procedures, 3726 (74.1%) FNAs were conducted without ROSE (non-ROSE) and 

1304 (25.9%) with ROSE. Between the two groups, there was no significant difference in 

age (non-ROSE 57.6±15.2 vs. ROSE 58.5±14.7 years, p=.074) or gender (male non-ROSE vs. 

male ROSE: 955/3726 (25.6%) vs. 366/1304 (28.1%) female non-ROSE vs. female ROSE: 

2771/3726 (74.4%) vs. 938/1304 (71.9%) (p=.085). Inspecting the Bethesda categories 

separately, gender differences were found only within the non-ROSE group (see 

supplemental table 1a+b). 

Cytology results without ROSE vs. with ROSE 

An overview of ROSE for each Bethesda category is presented in table 1. Samples 

performed with ROSE showed significantly lower Bethesda I non-diagnostic (non-ROSE 

1349/3726 (36.2%) vs. ROSE 29/1304 (2.2%), p<.001) and Bethesda III rates (non-ROSE 

138/3726 (3.7%) vs. ROSE 27/1304 (2.1%), p<.001). There was no significant difference in 

the Bethesda IV rate between ROSE and non-ROSE (non-ROSE 42/3726 (1.1%) vs. ROSE 
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16/1304 (1.2%), p=.880). In examining the combined subcategories, the rate of need for a 

repeat FNA for Bethesda I non-diagnostic and Bethesda III categories was reduced in 

specimens subject to ROSE compared to non-ROSE (non-ROSE 1487/3726 (39.9%) vs. ROSE 

56/1304 (4.3%), p<.001). Furthermore, the application of ROSE significantly decreased the 

rate of sparse cellularity (non-ROSE 45/3726 (1.2%) vs. ROSE 1/1304 (0.1%), p<.001) and 

artifacts (non-ROSE 92/3726 (2.5%) vs. ROSE 4/1304 (0.3%), p<.001) (see figure 1). Within 

Bethesda III and V, cellularity without artifacts was significantly higher with ROSE in both 

Bethesda III (non-ROSE 60/138 (43.5%) vs. ROSE 25/27 (92.6%), p<.001) and Bethesda V 

(non-ROSE 28/44 (63.6%) vs. ROSE 19/20 (95.0%), p=.038). Furthermore, ROSE 

demonstrated a significantly lower proportion of sparse cellularity (non-ROSE 41/138 

(29.7%) vs. ROSE 1/27 (3.7%), p=.010) and artifacts (non-ROSE 37/138 (2.5%) vs. ROSE 1/27 

(3.7%), p=.011) within Bethesda III (see figure 2). 

The higher rate of diagnostic results and the lower rate of artifacts with ROSE 

resulted in a rise of benign Bethesda II results (non-ROSE 92/3726 (2.5%) vs. ROSE 4/1304 

(0.3%), p<.001) and increased the rate of malignant Bethesda VI specimens (non-ROSE 

92/3726 (2.5%) vs. ROSE 4/1304 (0.3%), p<.001) (table 1). 

Accordingly, the ratio of definitive to non-definitive cytology improved significantly 

with ROSE (non-ROSE definitive 1999/3530 (56.6%) to non-definitive 1531/3530 (43.4%) vs. 

ROSE definitive 1194/1270 (94.0%) to non-definitive 76/1270 (6.0%); percentage difference 

(definitive): -37.4%, 95% CI [35.2%, 39.5%]; percentage difference (non-definitive): 37.4%, 

95% CI [-39.5%, -35.2%], p<.001). ROSE (odds ratio: 10.5, 95% CI [8.4, 13.2], p<.001) and 

gender (odds ratio: 1.4, 95% CI [1.2, 1.6], p<.001) were significantly associated with 

definitive cytology. 

Histology 

The histological results for each Bethesda category can be found in table 2 (and 

supplemental table 2 for NIFTP=malignant). 893/5030 aspirates (17.8%) were followed by 

surgery. Histology was benign in 597/893 cases (66.9%), while 280/893 aspirates (31.4%) 

were histologically malignant (see supplemental table 5 for subtypes of malignant 

histological diagnoses). Only a small proportion (16/893, 1.8%) of specimens was classified 

as NIFTP. 
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Considering NIFTP as benign, the agreement on a benign diagnosis between the 

cytological and histological reports was significantly higher with ROSE than without ROSE 

(non-ROSE 225/463 (48.6%) vs. ROSE 134/150 (89.3%), percentage difference: -40.7%, 95% 

CI [-47.9%, -33.6%], p<.001). Similarly, histologically malignant nodules were more often 

cytologically malignant or suspicious for malignancy (Bethesda V and VI combined) with 

ROSE than without ROSE (non-ROSE 92/190 (48.4%) vs. ROSE 66/90 (73.3%), percentage 

difference: 24.9%, 95% CI [-37.3%, -12.5%], p<.001). The agreements on a benign and 

malignant diagnosis remained significantly higher with ROSE when NIFTP was considered 

as malignant (non-ROSE 93/199 (46.7%) vs. ROSE 67/97 (69.1%), percentage difference: 

22.4%, 95% CI [-34.6%, -10.1%], p<.001; see also supplemental table 2). 

Considering NIFTP as benign, specificity was significantly higher in the ROSE group 

than in the non-ROSE group (non-ROSE 80.1%, 95% CI [74.9%, 84.6%] vs. ROSE 90.5%, 95% 

CI [84.6%, 94.7%], p=.005). Additionally, diagnostic accuracy was significantly increased in 

the ROSE group compared to non-ROSE (AUCnon-ROSE=0.811, 95% CI [0.772, 0.850] vs. 

AUCROSE=0.895, 95% CI [0.854, 0.936]), p=.004) (table 3, upper row, and supplemental 

figure 1). Diagnostic accuracy was also significantly increased in the ROSE group when 

Bethesda III was not considered (AUCnon-ROSE=0.845, 95% CI [0.805, 0.885] vs. 

AUCROSE=0.907, 95% CI [0.866, 0.948], p=.036) (table 3, bottom row). 

Considering NIFTP as malignant and including Bethesda III, specificity and 

diagnostic accuracy remained significantly higher in the ROSE group. Excluding Bethesda 

III, diagnostic accuracy was not significantly different anymore (supplemental table 3). 

Discussion 

Our study suggests that ROSE is helpful in the evaluation of thyroid nodules by FNA. 

The use of ROSE was associated with improvements in diagnostic conclusiveness, quality of 

cytological samples, and diagnostic accuracy. 

Cytological and histological results without ROSE vs. with ROSE 

In our study, the percentage of non-diagnostic specimens was 36.2% without ROSE 

and 2.2% with ROSE. Medina Chamorro and colleagues (2) reported a similar decrease in 

the non-diagnostic rate from 40.0% to 9.5% by adding ROSE. The initial inadequacy rate 

determines how much can be gained from the use of ROSE (15), and institutions with high 

inadequacy rates without ROSE have significantly more room for improvement (16). We 
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recognize that the initial non-diagnostic rate at our hospital of 36.2% was comparatively 

high. Still, such high rates are not uncommon (2, 17–19) and must be anticipated in the 

context of a training facility. Nevertheless, despite a high initial non-diagnostic rate, a 

Bethesda I rate of 2.2% with ROSE is in no way inferior to studies conducted with 

experienced operators with a high procedural volume. For instance, Houdek and 

colleagues (8) reported a 4.2% non-diagnostic rate with ROSE where pathologists and 

radiologists with high procedural volume performed the FNAs. Apart from a significantly 

improved non-diagnostic rate with ROSE, the authors could also demonstrate that, 

contrary to the assertion of Witt and Schmidt (15), experienced clinicians can very well 

benefit from ROSE. They reported a significant decrease of the non-diagnostic rate from 

12.5% to 5.1% from a group of specialists who routinely perform thyroid FNAs. Therefore, 

the assumption that ROSE is only beneficial for inexperienced clinicians should not be 

extrapolated to any institution and expert group. ROSE can likewise be a valuable tool in 

reducing FNA inadequacy rates in training hospitals with high procedural volume such as 

ours. 

In our study, the Bethesda III rate was 3.7% without ROSE and 2.1% with ROSE. 

When combining Bethesda I non-diagnostic and Bethesda III, ROSE reduced the need to 

repeat the FNA by nearly tenfold. A reduction in the need for repeat FNAs can significantly 

diminish the burden on patients and lower health care costs. By contrast, the rate of 

definitive benign and malignant diagnoses was significantly higher in the ROSE group 

(86.5% and 5.1%, respectively) than in the non-ROSE group (51.1% and 2.6%, respectively). 

As previously reported (10, 11), the addition of ROSE had no impact on the Bethesda IV 

rate. However, the Bethesda IV rate was relatively low in our study compared to other 

reports (10, 19). 

In a meta-analysis, Lan et al. (21) reported a pooled sensitivity of 72% (ranging from 

50% to 94%) and a pooled specificity of 99% (ranging from 32% to 100%) for FNAs. In 

another meta-analysis, Bongiovanni et al. (12) reported an overall sensitivity rate of 97.2% 

(with the inclusion of Bethesda III as true positive) and an overall specificity rate of 50.7% 

for FNA of thyroid nodules. Compared to the latter, the sensitivity of ROSE in our study 

was lower but still above the sensitivity reported by Lan et al. (21). However, the specificity 

rate in the ROSE group in our study appeared to be higher than reported by Bongiovanni et 
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al. (12) but slightly lower than calculated by Lan et al. (21). Lastly, while the diagnostic 

accuracy of both our groups corresponded to previous studies (21–23), it was significantly 

higher in the ROSE group.  

Bethesda subcategories 

We observed lower rates of inferior FNAs in specimens subject to ROSE compared 

to those not subject to ROSE. This reduction is likely related to the presence of a 

cytopathologist performing ROSE. A good smearing and staining technique with the 

omission of spray fixation prevents artifactual changes to the aspirate. Likewise, the lower 

rate of sparse cellularity can be attributed to the cytopathologists' assistance during the 

FNA. 

Risk of malignancy 

Overall, risk of malignancy in our sample was comparable to other studies. For 

example, Inabnet et al. (20) conducted a large multicenter study with over 20,000 thyroid 

patients with cytological and histological assessments. Interestingly, the overall ROM rate 

in Bethesda category I of 22% in the current study was similar to Inabnet et al. (20) and 

Pastorello et al. (18), who reported 19% and 24%, respectively. However, when comparing 

the ROM rate between the ROSE and non-ROSE groups, all Bethesda categories except for 

Bethesda II were higher in the ROSE group. This could be due to the higher diagnostic 

accuracy of ROSE. 

Cost considerations of ROSE 

A handful of studies have conducted analyses on the cost-effectiveness of ROSE 

with varying results (see Schmidt et al. (24) for an overview). Cost fluctuations depending 

on the country and institution need to be considered. At our hospital, a regular FNA 

amounts to approximately US$300 per patient. Extending an FNA consultation with ROSE 

adds US$100. In comparison, the costs of molecular testing for Bethesda III can amount to 

up to US$5000 per nodule. We, therefore, believe that ROSE may be more cost-effective 

than molecular testing. 

Limitations 

There are some limitations to report for this study. Needle passes per nodule were 

not documented and could not be collected due to the study's retrospective nature. The 

FNAs were performed by different physicians, and there were also different 
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cytopathologists involved. Additionally, the cytopathologists and histopathologists were 

not blinded when reviewing the specimens. We further acknowledge that the 

retrospective pre-post analysis of the implementation of ROSE utilized in this study has its 

flaws, as the allocation of ROSE could be biased. Indeed, a prospective randomized 

assignment of ROSE would be the most accurate method to evaluate its influence on 

specimen adequacy. 

Conclusion 

This retrospective study on over 5000 thyroid specimens demonstrated that the 

use of ROSE with FNA was associated with improvements in specimen quality, definitive 

diagnosis rate of benign and malignant nodules, and diagnostic accuracy compared to FNA 

without ROSE. We, therefore, suggest considering implementing ROSE as standard of care, 

especially when the rate of definitive cytology is below 90%. The need for additional 

human resources should not overshadow the benefits of ROSE concerning patient comfort, 

prevention of unnecessary surgery, and the financial burden on the health care system. 
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Table 1: Cytology results without ROSE and with ROSE 

 
non-ROSE 

(n=3726) 

ROSE 

(n=1304) 

Percentage Difference 

(95% CI) 
p-value 

Bethesda I cyst fluid 

only *** 
154 (4.1%) 18 (1.4%) 

2.7% (1.8%, 3.7%) <.001 

Bethesda I non-

diagnostic *** 
1349 (36.2%) 29 (2.2%) 

34.0% (32.2%, 35.8%) <.001 

Bethesda II *** 1903 (51.1%) 1128 (86.5%) 
-32.4% (-37.9%, -

32.9%) 

<.001 

Bethesda III ** 138 (3.7%) 27 (2.1%) 1.6% (0.6%, 2.7%) .007 

Bethesda IV 42 (1.1%) 16 (1.2%) -0.1% (-0.8%, 0.6%) .880 

Bethesda V 44 (1.2%) 20 (1.5%) -0.3% (-1.2%, 0.5%) .454 

Bethesda VI *** 96 (2.6%) 66 (5.1%) -2.5% (-3.8%, -1.1%) <.001 

Percentages in relation to the whole sample of ROSE and non-ROSE, 

respectively. CI: 95% confidence interval for the difference between the 

percentages. Significance levels after FDR-correction: *p<.05, **p<0.01, 

***p<.001.  
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Table 2: Histology of nodules according to Bethesda category and malignancy rate 

(NIFTP ≠ malignant) of cytologies with histological confirmation 

 
Histological 

confirmation 
Benign NIFTP Malignant 

Risk of 

Malignancy 

Bethesda I cyst fluid 

only 

(n=172) 

26 

(24 / 2) 

25 

(23 / 2) 

0 

(0 / 0) 

1 

(1 / 0) 

4% 

(4% / 0%) 

Bethesda I non-

diagnostic 

(n=1378) 

205 

(202 / 3) 

157 

(157 / 0) 

2 

(2 / 0) 

46 

(43 / 3) 

22% 

(21% / 

100%) 

Bethesda II 

(n=3031) 

395 

(251 / 144) 

354 

(224 / 130) 

5 

(1 / 4) 

36 

(26 / 10) 

9% 

(10% / 7%) 

Bethesda III 

(n=165) 

61 

(50 / 11) 

29 

(26 / 3) 

6 

(4 / 2) 

26 

(20 / 6) 

42% 

(40% / 

55%) 

Bethesda IV 

(n=58) 

39 

(27 / 12) 

25 

(18 / 7) 

1 

(1 / 0) 

13 

(8 / 5) 

33% 

(30% / 

42%) 

Bethesda V 

(n=64) 

49 

(33 / 16) 

6 

(5 / 1) 

1 

(0 / 1) 

42 

(28 / 14) 

86% 

(85% / 

88%) 
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Bethesda VI 

(n=162) 

118 

(66 / 52) 

1 

(1 / 0) 

1 

(1 / 0) 

116 

(64 / 52) 

98% 

(97% / 

100%) 

Total  

(n=5030) 

893 

(653 / 240) 

597 

(454 / 143) 

16 

(9 / 7) 

280 

(190 / 90) 

31% 

(29% / 

38%) 

Numbers in brackets show numbers or percentages of non-ROSE and ROSE, 

respectively. NIFTP = noninvasive follicular thyroid neoplasm with papillary-like 

nuclear features.  
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Table 3:  Sensitivity, specificity, and diagnostic accuracy for the ROSE and non-ROSE 

group (NIFTP = benign) 

 Sensitivity Specificity Diagnostic accuracy 

(AUC) 

 Non-

ROSE 

ROSE Χ2 p Non-

ROSE 

ROSE Χ2  p Non-

ROSE 

ROSE D p 

Bethes

da III, 

IV, V, 

and VI 

viewe

d as 

true 

positiv

es 

82.2% 

(75.0%, 

88.0%) 

(120/1

46) 

88.5

% 

(79.9

%, 

94.4

%) 

(77/8

7) 

1.

7 

.19

7 

80.1% 

(74.9%, 

84.6%) 

(225/2

81) 

90.5% 

(84.6%, 

94.7%) 

(134/1

48) 

7.

8 

.00

5 

0.81

1 

(0.77

2, 

0.85

0) 

0.89

5 

(0.85

4, 

0.93

6) 

-

2.9

0 

.00

4 

Bethes

da IV, 

V, and 

VI 

viewe

d as 

true 

positiv

es 

79.4% 

(71.3%, 

86.1%) 

(100/1

26) 

87.7

% 

(78.5

%, 

93.9

%) 

(71/8

1) 

2.

4 

.12

5 

89.6% 

(85.1%, 

93.1%) 

(225/2

51) 

93.7% 

(88.4%, 

97.1%) 

(134/1

43) 

1.

9 

.16

9 

0.84

5 

(0.80

5, 

0.88

5) 

0.90

7 

(0.86

6, 

0.94

8) 

-

2.1

0 

.03

6 

Sensitivity, specificity, and diagnostic accuracy calculated once with Bethesda III, IV, V, and 

VI (upper row) and once without the addition of Bethesda III (bottom row). Noninvasive 

follicular thyroid neoplasm with papillary-like nuclear features (NIFTP) included as benign. 
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Numbers in brackets indicate 95% confidence interval. Proportions are described below 

the 95% confidence intervals (for sensitivity: true positives/(true positives +false 

negatives); for specificity: true negatives/(true negatives + false positives)). Χ2 = Chi-

squared, D=D-statistic.  
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Figure 1: Effect of ROSE on the estimated need for a repetition of the FNA and the 

subcategories sparsely cellular and artifacts 

Percentages in relation to the whole sample of ROSE and non-ROSE, 

respectively. The corresponding 95% confidence intervals and FDR-corrected p-

values for each group are as follows: Bethesda I non-diagnostic and Bethesda 

III: CI [0.336, 0.376], p=.000; Sparsely cellular Bethesda III and V: CI [0.399, 

0.043], p=.001; Artifacts Bethesda I, III, and V: CI [0.015, 0.028], p=.000. 

Significance levels after FDR-correction: *p<.05, **p<.01, ***p<.001).  
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Figure 2: Effect of ROSE on cellularity and artifacts in Bethesda I non-diagnostic, III, and 

V, respectively 

Percentages in relation to Bethesda I non-diagnostic, III and V, respectively. 

The corresponding 95% confidence intervals and FDR-corrected p-values for 

each group are as follows: Bethesda I non-diagnostic too low cellularity: CI [-

0.073, 0.147], p=.488; Bethesda I non-diagnostic artifacts: CI [-0.147, 0.073], 

p=.488; Bethesda III cellular without artifacts: CI [-0.642, -0.340], p=.000; 

Bethesda III sparsely cellular: CI [0.134, 0.387], p=.010; Bethesda III artifacts: CI 

[0.106, 0.356], p=.011; Bethesda V cellular without artifacts: CI [-0.521, -0.106], 

p=.038; Bethesda V sparsely cellular: CI [-0.030, 0.212], p=.300; Bethesda V 

artifacts: CI [0.024, 0.422], p=.073. Significance levels after FDR-correction: 

*p<.05, **p<.01, ***p<.001.  
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