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Abstract
Introduction: Thyroid nodules are very common. Many are detected incidentally due to increased head and neck imaging.
The majority are benign; however, malignancy can’t be excluded in many cases and tissue sampling is needed.
Ultrasound guided fine needle aspiration is an easy and effective way to sample g thyroid nodules. Inadequate sampling
was reported in 10-40% of the cases. Rapid On-site Evaluation (ROSE) was proposed to assess obtained sample for
adequacy. The aim of this study is to identify the benefit of applying ROSE with US-FNA of thyroid nodules within our
institution. Materials and methods: Patients who underwent FNA for thyroid nodules with ROSE availability documented
in their procedure note between January 2017 to December 2018 were retrospectively included. All procedures were done
by experienced radiologists. Aspirated material was Diff Quik stained for immediate evaluation. The final cytological
diagnosis and specimen adequacy was based on The Bethesda system for reporting thyroid cytopathology. Specimen
adequacy was compared between ROSE and non-ROSE groups. Results: 442 thyroid nodules were biopsied. ROSE was
available for 65 nodules. Non-diagnostic rate with ROSE was 10.8% compared to 13.8% without ROSE with the
difference being statistically insignificant. ROSE availability improved sample adequacy of nodules less than 3 cm with
statistically significant difference of 100.0% with ROSE vs. 87% without ROSE. Conclusion: The current study does not
justify the routine use of ROSE. However, ROSE availability is beneficial with smaller sized thyroid nodules and less
experienced radiologists performing the procedure.
Keywords: ROSE; FNA; Ultrasound; Cytopathology; Bethesda System.

1. Introduction
Thyroid nodules are one of the most common clinical findings, their prevalence depends on the population studied
and the tool used for screening [1]. As the use of neck imaging increases, the number of incidentally discovered
increases [2]. Approximately 62,450 new thyroid cancer cases were diagnosed in the United States during 2015 with
this being the 5th leading cause of cancer in women [3]. Around 3000 ultrasounds exams done annually in our
institution with a lot of thyroid nodules demonstrated. Most of those nodules would turn out to be benign, however
malignancy needs to be excluded in many cases [4].
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When tissue sampling is required, ultrasound guided fine needle aspiration [US-FNA] represents an easy and
effective way of getting the needed tissue with minimal risk [5]. Despite the use of ultrasound to guide our choice for
biopsy site, obtaining inadequate sample for diagnosis has been one of the most frustrating consequences of this
procedure, mainly due to obtaining few or no cells which is reported to occur in 10-40% of cases [6, 7]. This can result
in many cases in repeating the procedure which subsequently contributes towards increasing cost and patient anxiety; it
can also lead to treatment delay [8].
Rapid On-Site Evaluation (ROSE) of the obtained sample was proposed to determine the presence of adequate cells
in the obtained specimen. Multiple studies around the world has demonstrated beneficial effect of this strategy in
decreasing the rate of inadequate specimen with US-FNA at multiple sites, including thyroid [7, 9-12]. Some even
suggested using tele-cytopathology to overcome the shortage of onsite cytopathologist at some sites [13]. However,
this comes with the price of prolonging the procedure time and increasing the cost, with some studies suggesting no
overall benefit [14, 15].
In this study we retrospectively analyzed the adequacy rate of thyroid FNA samples with and without ROSE
implementation. Adequacy of the collected sample was determined according to the Bethesda scoring system. We also
analyzed ROSE availability difference with age, sex, and nodule size. Our objective was to identify the benefit of
using ROSE with US-FNA of thyroid nodules in our institution.

2. Methods
2.1. Study Population and Design
All data were collected retrospectively from our electronic medical records after obtaining the approval of
the Biomedical Institutional Review Board. All patients who underwent US-FNA for thyroid nodules between January
2017 to December 2018 were included. The pathology and procedure reports were collected for all the patients. If the
availability of ROSE was not clear in the procedure reports the patient was excluded (Figure 1).

Figure 1. Flowchart highlighting study design and patient selection criteria.

2.2. Procedure
The patient was placed in supine position with slight neck hyperextension. Ultrasound examination was performed
to identify the best access site. The skin was then cleaned with chlorhexidine and the area was draped in sterile fashion.
One percent Lidocaine was used in every case for local anesthesia to anaesthetize the skin and the expected needle
track under ultrasound guidance using linear high frequency probe. Under ultrasound guidance a free hand technique
was used to advance 22-25 G needle mounted on 10 cc empty syringe towards the target nodules and the sample was
aspirated. This was repeated 5 more times or less in case sample deemed adequate by the on-site pathologist whenever
available.
Aspirated material was then placed on to a glass slide and smeared. In cases where ROSE was available, two smear
slides of each pass were prepared. One slide was air-dried and stained by Diff Quik and examined under light
microscopy to assess for adequacy. The second slide was then fixed with 95% ethyl alcohol and submitted to the
pathology lab for PAP stain. The aspirate from last 1-2 passes was placed in Afirma test tube and saved for future
genetic study if needed. All the procedures were performed by radiologists with more than 10 years of experience in
ultrasound guided procedures.
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2.3. Outcomes
The availability of ROSE in each case was documented based on the procedure report. The final cytological
diagnosis was based on The Bethesda system for reporting thyroid cytopathology [16] and was classified into one of 6
categories: (I) nondiagnostic or unsatisfactory; (II) benign; (III) atypia of undetermined significance or follicular lesion
of undetermined significance; (IV) follicular neoplasm or suspicious for a follicular neoplasm; (V) suspicious for
malignancy; and (VI) malignant. Samples were considered inadequate if they were classified as I and were considered
adequate otherwise.

2.4. Statistical Methods
Discrete variables are presented as frequency and proportion and continuous variables are presented as median and
Interquartile Range (IQR). Patient and nodule data were stratified by availability of ROSE and by the binary
designation of adequacy. The expected cell frequencies of discrete variables were examined in order to select the chisquare or Fisher’s exact test; regardless of distribution of continuous variables, comparisons were with the MannWhitney test.
Multiple imputation was utilized to impute missing age and maximum nodule size by fully conditional specification
methods [17]. A mixed effects multivariable binary logistic regression model with robust sandwich estimator to
control for inflation of Type I error was selected to examine predictors of adequacy while accommodating the
clustering of multiple nodules within patients [18]. Restricted cubic splines with three knots at equally placed
percentiles were constructed to model age and maximum nodule size. SAS version 9.4 was used for all
analyses; P<0.05 indicated statistical significance [19].

3. Results
We obtained data from 447 nodules and omitted five due to missing Bethesda score and adequacy status for a total
of 442 nodules associated with 371 patients. Demographic and clinical characteristics from patients and
nodules stratified by the availability of ROSE are presented in Table 1. The majority of patients were female (79.8%)
and had a median age of 59 years (IQR: 46 years to 68 years). Of the 442 nodules, maximum size was missing for a
total of 90 nodules. The median nodule size was 2.4 cm and were predominantly classified as benign (Bethesda score =
II; (73.8%). ROSE was available for 62 patients (16.7%) and 65 nodules (14.7%). A total of 59 biopsies (13.3%) were
classified as Bethesda I (nondiagnostic or unsatisfactory), and there was no statistical evidence of a difference
associated with ROSE availability. In general, there was no ROSE availability difference associated with patient age
and biological sex, maximum nodule size, and overall adequacy. It was found that 383 (86.7%) of nodules were
adequate from 320 patients (86.3%). There was no evidence of an adequacy difference in relation to patient age and
biological sex and maximum nodule size.
Table 1. Baseline characteristics of patients stratified by presence of rapid onsite evaluation
Variable of Interest
Age, years, median (IQR)

n = 371

Biological Sex, n (%)

n = 371

No ROSE

ROSE

[n = 309]

[n = 62]

59 [45-68]

61 [52-74]

244 [79.0]

52 [83.9]

Male

65 [21.0]

10 [16.1]

2.4 [1.7-3.4]

2.4 [1.6-3.1]

I

52 [13.8]

7 [10.8]

II

278 [73.7]

48 [73.9]

III

29 [7.7]

4 [6.1]

IV

6 [1.6]

0 [0.0]

V

5 [1.3]

2 [3.1]

VI

7 [1.9]

4 [6.1]

No

52 [13.8]

7 [10.8]

Yes

325 [86.2]

58 [89.2]

n* = 352

Bethesda Score, n (%)

n* = 442

Adequacy, n (%)

0.122
0.380

Female
Maximum Nodule Size, cm, median (IQR)

P

0.574
0.254

n* = 442

0.508

*By Individual Nodule
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We also stratified clinical and demographic characteristics by adequacy of cell collection at the patient and nodule
level (Table 2). In comparison of adequate collection to inadequate collection, there was no difference in median age
(59 years vs. 57 years; P = 0.627) or female biological sex (79.4% vs. 82.4%; P = 0.623). Similarly, it was also found
that there was no difference in maximum nodule size (2.4 cm vs. 2.2 cm; P = 0.356).
Table 2. Multivariable Mixed Effects Binary Logistic Regression for Prediction of Adequacy
Variable of Interest

Odds Ratio

LL 95% CI

UL 95% CI

P

1.63

0.411

Biological Sex
Male
Female

Reference
0.70

0.30

ROSE
No
Yes

Reference
0.80

0.36

1.79

0.591

Results from the mixed effects binary logistic regression model are presented in Table 3. It was found after
adjusting for age, maximum nodule size, and biological sex, there was no statistical evidence of a relationship with
ROSE availability and adequacy (OR=0.80, 95% CI: 0.36 to 1.79; P = 0.591).
Table 3. Multivariable Mixed Effects Binary Logistic Regression for Prediction of Adequacy
Variable of Interest

Odds Ratio

LL 95% CI

0.70

0.30

UL 95% CI

P

1.63

0.411

1.79

0.591

Biological Sex
Male
Female

Reference

ROSE
No
Yes

Reference
0.80

0.36

Rate of adequacy was also compared among smaller size nodules. When examining nodules with maximum
diameter of 2 cm, it was found that ROSE availability in comparison to none was associated with increased adequacy
(100.0% vs. 83.3%; P = 0.042). In a similar comparison for nodules with a maximum diameter of 3 cm, there was also
evidence of an increased adequacy rate (100.0% vs. 87.0%; P = 0.019) (Figure 2).

Figure 2. The effect on performing onsite cytological exam on obtaining adequate sample in different nodule sizes
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4. Discussion
US-FNA is the most commonly available way to evaluate thyroid nodules, however obtaining inadequate
samples remain one of the challenging aspects of this procedure with rates up to 40% reported in the literature [7]
Ideally, non-diagnostic samples should not exceed 10% [8]. ROSE was suggested to improve the adequacy rate of
obtained samples. The reported literature appears to be controversial about that. Some studies reported significant
improvements after application of ROSE with up to 30% drop in the inadequacy rate [7, 10, 20]. Others failed to find a
statistically significant improvement in the adequacy rates after application of ROSE [8, 14]. This was attributed to
different practice patterns, radiologist’s experience and other factors. There is debate in literature about the cost
effectiveness of ROSE. Barriers to ROSE includes additional costs charged by cytology to fees of the procedure. At
the same time ROSE requires cytologist or pathologist to be available at FNA site which is not always available. Also,
ROSE can increase the overall procedure time. Despite that some might argue that ROSE benefits may outweigh costs
by decreasing the number of FNA repeats [21]. Other institutes implemented tele cytopathology for suspicious nodules
to overcome shortage of onsite cytopathologist with relatively good results, however with increased cost and
procedure time [13, 22].
In their meta-analysis, Witt et al. concluded that ROSE was associated with improved sample adequacy rate from
83 to 92% with the largest effect noted in studies with lowest initial -without ROSE- adequacy rates [11]. A large
study conducted by Pastorello et al. reported significant improvement in adequacy rates from 69.4% without ROSE to
93.4% with ROSE and a decrease in the mean number of thyroid needle passes from 3.0 to 1.5 [20]. Another study by
Chamorro et al. (2018) evaluated 552 thyroid nodules with 30.5% decrease in non-diagnostic samples after
implementation of ROSE [7].
Other studies reported more benefit in cases of less experienced radiologist and small size nodules [8, 23]. A
Chinese study conducted on 1103 thyroid nodules did not show a statistically significant difference in sample
adequacy between the two subgroups. However, ROSE was found to increase sample adequacy in subset of thyroid
nodules including sub centimetric, mixed solid and cystic nodules and nodules with macrocalcification. The mean
number of thyroid passes was reduced from 2.8 without ROSE to 1.7 with ROSE [8]. Another study by Ghofrani et al.
was performed on a total of 1502 thyroid nodules; 981 were performed under ultrasound guidance and 521 by
palpation. The non-diagnostic rate was 5.3% with ROSE compared to 10.5% without ROSE in the entire group.
However, there was no statistically significant difference in non-diagnostic sample rates among US guided subgroup.
Interestingly, among less experienced radiologists the non-diagnostic rates were reduced from 13 to 4.5%, suggesting
that the value of ROSE might vary according to the experience of radiologist performing the procedure [23].
In our study the non-diagnostic rate with ROSE was 10.8% compared to 13.8% without ROSE a statistically
insignificant result. This can be due to the low rate of non-diagnostic samples. This can be attributed to the low rate of
non-diagnostic samples at study initiation. All radiologists who performed our cases had more than 10 years’
experience in ultrasound guided procedures and that might be another factor. We then investigated the effect of ROSE
in certain subsets based on the nodule maximum diameter, ROSE was more helpful in smaller nodules which is
concordant with previously reported results in the literature.
Due to the retrospective nature of our study we were not able to accurately and reliably measure the effect of
ROSE on number of needle passes and overall time of the procedure. However, it was subjectively reported in multiple
cases that the procedure was stopped before completing the standard 6 passes when adequate samples were obtained.
Another factor that we didn’t evaluate is the cost of doing ROSE in all cases compared to the cost of repeat biopsy in
cases were inadequate sample was obtained.

5. Conclusion
In summary, the beneficial effect of ROSE is controversial, and this might not justify its routine application in all
cases. ROSE was found to be the most helpful with small sized nodules or nodules that are more difficult to sample for
less experienced radiologists. Other studies suggested that the value of ROSE in decreasing FNA repeats outweighs
the additional costs of ROSE related fees. Additional reported values in literature are decreasing the number of needle
passes needed to obtain adequate sample and thus degree of patient discomfort. The decision to implement ROSE
should be tailored according to the availability of resources and the patient population. It should be a case by case
decision based on nodule characteristics and the radiologist’s experience.
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