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Abstract

Background: Rapid on-site evaluation (ROSE) with cytology preparations plays a critical role in 

minimally invasive procedures. The time spent by a pathologist performing ROSE is unpredictable 

and could be used for more cost-effective activities. The solution encountered by several 

institutions to address this issue is the use of telecytology (TC). This study analyzes the experience 

of using telecytology for ROSE in a major cancer center over a period of over 2 years.

Methods: A retrospective analysis of all remote TC evaluations for adequacy on fine needle 

aspiration (FNA) and touch preparations (TP) of core biopsies (CB) performed at a major cancer 

center was performed. The preliminary adequacy assessment was then compared to the adequacy 

assessment at final diagnosis.

Results: A total of 12 949 adequacy assessments were analyzed. The most common sites 

biopsied in our institution were lymph node, lung, and liver. There were 7725 adequacy 

assessments for CB (59.7%), while adequacy assessment for FNA specimens represented 40.3% (n 
= 5224) of the total number of specimens evaluated by ROSE. Perfect concordance between initial 

adequacy assessment and the adequacy assessment at final cytologic diagnosis was 93% (12 

049/12 949). The final diagnosis adequacy upgrade rate was 6.7% (n = 863), and the adequacy 

downgrade (a specimen considered adequate on-site that was determined to be nondiagnostic on 

final examination) was 0.3% (n = 37).

Conclusions: TC can be easily implemented with the current technologies available. It is cost-

effective and allows for better patient care with a more efficient use of the pathologist’s time and 

laboratory resources.
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1 | INTRODUCTION

The current trend in healthcare relies increasingly on minimally invasive procedures to 

obtain material for diagnosis, instead of surgical resections. It is in this setting that rapid on-

site evaluation (ROSE) with cytology preparations plays an important role. Several authors 

have shown ROSE to improve patient care by reducing the number of repeat procedures.1–5 

This reduction in repeat procedures decreases potential side effects from the procedures, 

such as lower rates of infection, hemorrhage, and pneumothorax in lung biopsies. ROSE 

with cytology preparations is also useful in core biopsies (CB) as it minimizes the loss of 

material that could have been lost if the specimen was submitted to frozen section. 

Additionally, it decreases the psychological stress inflicted on the patients when a procedure 

does not yield the intended material or the burden on the patient and family by eliminating 

unnecessary hospital commutes. Furthermore, increasingly complex oncologic specimens 

often require immediate feedback for clinical management and ancillary study triage 

highlighting the importance of ROSE in modern patient care.

ROSE of fine needle aspirations biopsies (FNAB) and touch preparations (TP) from CBs are 

traditionally performed by pathologists or cytotechnologists (CT) that have to go to the site 

where the procedure is being performed. The personnel stay on-site until the diagnostic 

material is obtained or the specimen is considered adequate. The time spent performing 

ROSE can extend to hours if the lesion is in a location of difficult access and these 

procedures are very operator dependent. Unfortunately, the wait time of the pathologist is 

not reimbursable and it can significantly impact the workflow and revenues of cytology 

services as other reimbursable activities are not performed. Conversely, if a pathologist is not 

directly involved in the process, the whole ROSE activity cannot be performed, albeit some 

institutions in the U.S. charge the technical component, even though this matter remains 

controversial. The process can be quite time consuming and not cost-effective.6

The solution encountered by several institutions to address this issue is the use of 

telecytology (TC). In this model, CTs and fellows go on-site to prepare the smears or TPs 

while the cytopathologist stays in the laboratory/office and the slide images are sent through 

TC. This model is much more cost and time-effective as the cost per minute of a CT or 

fellow is lower than of a pathologist, who can then engage in other academic or other 

reimbursable activities during the procedure downtime. Additionally, a pathologist can 

support multiple sites simultaneously, further enhancing the cost effectiveness of the 

process. This study analyzes the experience of using telecytology for ROSE in a major 

cancer center over a period of 2 years. It describes the adequacy and discrepancy rates as 

well as some difficult cases.

2 | MATERIALS AND METHODS

A retrospective analysis of all remote TC evaluations for cellular content and adequacy on 

fine needle aspiration (FNAs) and TPs of CBs performed at Memorial Sloan Kettering 

Cancer Center (MSK) for a period of 26 months was performed. The data was obtained for 

internal Quality Assurance purposes; therefore, Institutional Review Board review was not 

required. Patient age and sex data were collected along with the number of cases at each 
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satellite site. Cellular content and adequacy were determined based on the correlation with 

clinical-radiological findings. The preliminary adequacy assessment was then compared to 

the adequacy assessment at final cytology diagnosis that included all preparations, including 

monolayer preparations and cell block preparations from needle rinses, and/or CB diagnosis 

in case of ROSE of TPs. Concordance is defined as correlation between the preliminary 

adequacy assessment and the adequacy assessment at final cytologic diagnosis. An adequacy 

upgrade occurs when the preliminary adequacy assessment is considered inadequate but the 

adequacy assessment at final diagnosis is determined to be diagnostic. An adequacy 

downgrade occurs when the preliminary adequacy assessment is deemed adequate but the 

adequacy assessment at final cytologic diagnosis is determined to be nondiagnostic.

2.1 | Technical description

The iMedHD2 system by Remote Medical Technologies (RMT; Melville, New York) was 

used to send the images. The RMT architecture is based on a spoke and hub networked 

client-server concept. The system is coupled with Optronics® (Goleta, California) or 

Lumenera® HD2 (Ottawa, Ontario, Canada) HD video cameras that generate video at 60 

frames per second (fps). The systems were either stationary or installed in mobile carts 

(Figure 1). The captured digital HD images are sent to 28 inches ultra high definition LED 

Samsung™ U28D590D (Seoul, South Korea) monitors or Apple® mini iPads (Cupertino, 

California, USA) for remote viewing. The live image stream is broadcast at 1920 × 1080 and 

is contained behind MSK’s institutional firewall. Remote viewing is web-based and uses 1 

Gigabit per second intranet connection speeds.

2.2 | Process workflow

The CT is informed when a biopsy procedure is about to begin and alerts the cytopathology 

attending, who proceeds to access the on-site camera through the web browser. The CT 

prepares slides on-site and selects the appropriate region of interest. She/He then 

communicates with the attending cytopathologist through a hands-free Vocera™ (San Jose, 

California) device. ROSE for adequacy is performed with TC assistance. The material was 

considered adequate if lesional tissue was identified or the radiologic findings were 

compatible with the radiological and clinical suspicion. Collection of additional material for 

ancillary studies was obtained if deemed necessary by the pathologist.

3 | RESULTS

A total of 12 949 adequacy assessments were performed during the observed period. The 

vast majority of procedures were performed in interventional radiology and ultrasound 

suites. TPs from interventional radiology comprised most of the cytologic evaluations. The 

most common sites biopsied in our institution were lymph node, lung and liver. There were 

7725 adequacy assessments for CB (59.7%), while adequacy assessment for FNA specimens 

represented 40.3% (n = 5224) of the total number id specimens evaluated by ROSE. Our 

study shows that TC-assisted preliminary adequacy assessment was highly concordant with 

the final cytopathologist-rendered adequacy assessment. Perfect concordance or accuracy 

was at 93.0% (12 049/12 949). The adequacy upgrade rate (a specimen considered 

nondiagnostic on site that was determined to be adequate on final examination) was 6.7% (n 
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= 863), and the adequacy downgrade (a specimen considered adequate on site that was 

determined to be nondiagnostic on final examination) was only 0.3% (n = 37). The 

discrepancy rate was higher in the FNA ROSE specimens (8.7%, 455 cases) as compared to 

the TP ROSE specimens (5.7%, n = 445). Both adequacy upgrade and downgrade rates were 

higher in FNA specimens (8.3% and 0.4%, respectively) in comparison to TP ROSE (5.5% 

and 0.2%, respectively)

The most common cases with discrepancies between the adequacy assessments at initial 

assessment and final cytologic diagnosis were cases from well differentiated neoplasms from 

the liver and kidney (Figure 2) and mesenchymal lesions. Bronchial cells in thick smears 

also represented challenges in endobronchial ultrasound guided biopsies as they could be 

mistaken for lymphocytes if present in thick parts of the smears.

4 | DISCUSSION

TC represents a potential solution for the increased need of cytology services for ROSE in 

many institutions. It has benefited from technological improvements that occurred in the past 

few years. Cameras and monitors with increased image resolution, improved software 

available for image transmission, enhanced communication platforms, and faster internet 

speed have allowed the implementation of optimized ROSE processes using TC. The use of 

TC allows one pathologist to support multiple sites concurrently without the need for a 

pathologist to be physically present at each site to provide ROSE. High definition images 

can be sent to the pathologist by technical or medical trainee staff with cytology experience, 

thus decreasing the number of pathologists required for this activity.

There are several platforms available in the market that can be used to share microscopic 

images, including static image transmission, live image transmission, and scanned digital 

images. Each of these platforms offers different advantages and disadvantages over others. A 

workflow based on static image transmission platform is simple and cheaper than the other 

platforms, but it might not be suited for large volume settings and it does allow the full 

review of the slide. The use of scanned digital images for ROSE suffers from current 

technological limitations such as the speed of scanning of cytology preparations. Currently, 

in our opinion, live imaging streaming represents the most time and cost effective platform. 

It allows the pathologist to review the whole slide.7,8 Live image transmissions can be 

performed with different types of equipment. There are low-cost mobile applications like 

Apple’s FaceTime that has also been evaluated as TC options.9,10 Although popular, this 

application has limitations when used for TC such as quality of the image when changing 

magnifications and potential network connection issues. Also, the required level of security 

mandated by most institutions makes it difficult to use such application for clinical purposes.
11 The selection of live image streaming as the platform for TC should be based on the 

workflow of each individual laboratory and should take in the consideration the resources 

available, both human and technical, as well as image quality, user-friendliness, reliability, 

and security of the equipment.11

This study represents the largest evaluation of TC to date (n = 12 949). As a comparison, 

other larger assessments of digitized scanned slides from other institutions may have a 
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sample size of up to 600 cases.12 The workflow implemented for this activity was designed 

to minimize the efforts of the personnel on-site. Communicating with the pathologist and 

making sure the images transmitted were in focus was the only additional effort required of 

the on-site personnel. The pathologist would access the images transmitted by the equipment 

when notified by the personnel on-site. There was no notable increase in time of screening 

and the feedback from the clinicians was very positive. It allowed direct pathologist to 

clinician communication, including live discussion of the case. Our study also demonstrated 

that the use of telecytology did not impact the accuracy of ROSE. The concordance or 

accuracy in our study was 93%. This was similar to our prior TC studies, suggesting that the 

learning curve for the implementation of ROSE did not impact accuracy. Also, these results 

are comparable to previous reports, which have demonstrated an 80% to 95% concordance 

rate for TC and 66.7% to 97% for conventional on-site methods.13–19 A slightly higher 

concordance obtained from TP might be a result of a more aggressive sampling of the 

specimen leading to the increased amount of diagnostic material available or degree of 

experience of the clinician performing CB.

The adequacy upgrade rate in which lesions initially designated as nondiagnostic became 

diagnostic on the evaluation of the entire specimen was 6.7% in our study. Adequacy 

upgrades in our setting are expected because not all diagnostic material may be available at 

the time of adequacy assessment. At MSK, most specimens are accompanied by a needle 

rinse that is prepared later in the cytology laboratory and, sometimes, a cell block is also 

prepared. The diagnostic material might be present in these additional preparations or only 

in the CB if a touch preparation was performed. Furthermore, many of the upgraded cases 

were lesions associated with marked fibrosis or hypocellular specimens. The diagnostic cells 

in these specimens with extensive fibrosis are only seen when the entire specimen, including 

the core biopsy and/or needle rinse material is evaluated. It also explains why FNAs have a 

lower accuracy, as FNAs of these lesions are frequently hypocellular.

The adequacy downgrade rate in which lesions initially considered adequate were later 

deemed inadequate was noted in only 0.3% of cases and it was most common among FNA 

cases. The leading cause of downgraded cases is the misinterpretation of benign cells as 

malignant cells. Examples of such cases include misinterpretation of reactive hepatocytes 

containing bilirubin pigment as melanoma cells in a patient with a prior diagnosis of 

metastatic melanoma and renal tubular cells misinterpreted as oncocytoma cells. The impact 

of an adequacy downgrade at final cytologic diagnosis is an early termination before the 

diagnostic cells were collected. Conversely, an adequacy upgrade at final cytologic diagnosis 

implies that the lesion was sampled but might suggest that unnecessary passes were 

performed. It is important to emphasize the discrepancy rates will depend on the skill level 

of the CTs or fellow present onsite. Their role is critical to show the pathologist the cells of 

interest. The skill level of the CTs in our institution contributed to our results and similar 

adequacy downgrades may not be replicated in every institution. In our institution, the CTs 

are trained in this process for 3 months before they participate in ROSE independently.

Although properly trained CTs have the ability to perform adequacy assessments 

independently,20,21 there are several reasons why the participation of a pathologist is critical. 

The increased complexity of cases requiring a multitude of ancillary studies requires 
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advanced knowledge to triage the specimen appropriately for the proper testing. For 

instance, a possible hematopoietic lesion might require material to be sent for flow 

cytometry studies22 and a possible diagnosis of lung carcinoma might require additional 

immunohistochemical and molecular studies.23–31 Additionally, ROSE billing in the absence 

of a pathologist in the process is still controversial in the United States. Most institutions do 

not bill for ROSE in which there is no direct participation of the pathologist, while others 

bill only for the technical component. The College of American Pathologists’ position is that 

88172 CPT code should not be used to report the assistance of a technologist during FNA as 

88172 is a physician service code.32 The CPT code 88333 for the evaluation of TP is a 

pathology consultation code, although a technical component modifier component can be 

used. Therefore, the use of telecytology for ROSE is justified both from the point view of an 

improved patient care as well as from a financial perspective. The investment for the 

implementation of TC can be recovered through the revenue generated when the pathologist 

is directly involved in ROSE.

In summary, TC can be easily implemented with the current technologies available. It 

requires some upfront investment that is offset by additional revenue and time savings 

obtained from the activity. More importantly, it allows a better patient care throughout the 

institution with a more efficient and cost effective use of the pathologist time and laboratory 

resources. The discrepancy rate of adequacy assessment using TC is similar to adequacy 

assessments performed on-site.
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FIGURE 1. 
RMT® equipment used for telecytology with live image transmission installed in a mobile 

cart
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FIGURE 2. 
Modified Giemsa stained slide from a kidney biopsy showing cells with bland nuclear 

features and abundant granular cytoplasm. The differential diagnoses include benign renal 

tubular cells and neoplasm with oncocytic features
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