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Abstract
Context: Rapid on- site evaluation (ROSE) optimises the performance of cytology, but 
requires skilled handling, and smearing can make the material unavailable for some an-
cillary tests. There is a need to facilitate ROSE without sacrificing part of the sample.
Objective: We evaluated the image quality of inexpensive deconvolution fluores-
cence microscopy for optically sectioning non- smeared fine needle aspiration (FNA) 
tissue fragments.
Design: A portion of residual material from 14 FNA samples was stained for 3 min in 
Hoechst 33342 and Sypro™ Red to label DNA and protein respectively, transferred to 
an imaging chamber, and imaged at 200× or 400× magnification at 1 micron intervals 
using a GE DeltaVision inverted fluorescence microscope. A deconvolution algorithm 
was applied to remove out- of- plane signal, and the resulting images were inverted and 
pseudocoloured to resemble H&E sections. Five cytopathologists blindly diagnosed 
2 to 4 representative image stacks per case (total 70 evaluations), and later compared 
them to conventional epifluorescent images.
Results: Accurate definitive diagnoses were rendered in 45 (64%) of 70 total evalua-
tions; equivocal diagnoses (atypical or suspicious) were made in 21 (30%) of the 70. 
There were two false positive and two false negative “definite” diagnoses in three 
cases (4/70; 6%). Cytopathologists preferred deconvolved images compared to raw 
images (P < 0.01). The imaged fragments were recovered and prepared into a ThinPrep 
or cell block without discernible alteration.
Conclusions: Deconvolution improves image quality of FNA fragments compared to 
epifluorescence, often allowing definitive diagnosis while enabling the ROSE material 
to be subsequently triaged.
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1  |  INTRODUC TION

The goal of rapid on- site evaluation (ROSE) is to ensure that a po-
tentially invisible sample, obtained with micro- sized instruments, 
is adequate for full diagnostic work- up.1 ROSE significantly re-
duces the non- diagnostic rate and the number of repeated proce-
dures.2- 4 There is no standardised protocol for performing ROSE; 
however, smearing a portion of a sample from one pass is common to 
virtually all protocols. The smeared material is generally fixed by air- 
drying or alcohol, the slide is stained, and then examined by bright- 
field microscopy. The remaining specimen that was not smeared is 
saved in a needle rinse solution. Depending on the ROSE findings, 
additional samples (or portions of the additional samples) may need 
to be triaged for ancillary studies.

In the era of personalised medicine, ancillary studies are often 
required for the full diagnostic work- up needed to direct clinical 
management. Different ancillary studies have specific requirements 
for specimen collection, and the collection requirements vary for 
each laboratory. These ancillary studies may require triage of ma-
terial into various potential fixatives for a cell block, triage into a 
physiological saline for flow cytometry or cytogenetics, triage into a 
nucleic acid- preserving solution for some molecular studies, or tri-
age into a sterile vial for microbiology cultures. These various triages 
are mutually exclusive. While attempts have been made to allow the 
smear to be a source of material for molecular studies or immuno-
cytochemistry5 (after validation by each laboratory6), most laborato-
ries use cell blocks as a source for these studies.7,8

Therefore, a significant limitation of ROSE is that the portion of 
the sample that has been smeared onto a slide for on- site microscopy 
often cannot be triaged for ancillary studies. As currently conducted, 
ROSE can only indirectly allow the cytologist to estimate the quantity 
or quality of the sample that has NOT been smeared and may be in the 
needle rinse. It is not uncommon for insufficient material to be pres-
ent in the needle rinse solution for ancillary studies in cases in which 
diagnostic tissue fragments are mostly present on the smeared slides.

These limitations of ROSE could be minimised if microscopy of 
the sample could be conducted on viable cells, and if the assessed 
sample could eventually be recovered in suspension for triage.

Conventional transmitted light microscopy is not compatible 
with live cell imaging.9 Therefore, we evaluated fluorescence mi-
croscopy techniques because fluorescence staining allows imaging 
of unfixed living cells,9 and it has the advantage of allowing rapid 
one- step staining. Fluorescent images can be easily digitally con-
verted to an image very closely resembling haematoxylin and eosin 
(H&E) staining.9 Thus, fluorescence imaging techniques can allow 
cytologists to use their existing expertise in diagnosis. Several fluo-
rescence microscopy techniques could theoretically allow an H&E- 
like image to be obtained from unfixed tissue particles. Fluorescent 
optical sectioning technologies10 such as confocal or two- photon 
microscopies are suitable for high resolution imaging of multi- cell 
layer tissue fragments. However, due to their high expense and lack 
of portability, they are impractical for laboratories that may need to 
have ROSE performed in multiple locations. Simple epifluorescence 

microscopy is widely available and is inexpensive. However, image 
resolution is compromised by out- of- plane signals that progressively 
add glare, decreasing contrast and resolution from a plane of inter-
est, especially when dealing with multi- cell layer tissue fragments.11

Deconvolution microscopy, also known as computational opti-
cal sectioning microscopy (COSM), is an image processing technique 
used to remove the light that comes from above or below a plane 
of interest when using simple epifluorescence microscopy.12 The 
out- of- focus light degrades the image and is particularly problem-
atic when looking at thick clusters of cells. To perform deconvolu-
tion microscopy, images are obtained with a simple epifluorescent 
microscope at a series of defined planes (e.g., 1 micron intervals) 
through the full thickness of the sample. A point source of light has a 
definable intensity— called the point spread function— away from its 
plane. The point- spread function of the microscopy system is used 
to back- calculate the most likely contribution of all sources of light 
at each plane, allowing digital subtraction of a substantial part of 
the glare. Multiple commercial software platforms as well as open 
source algorithms are available for deconvolution,13 making it rela-
tively inexpensive to use.

In this study, we emulated key steps of ROSE on suspended 
particles in solution, using residual needle rinses from fine needle 
aspiration (FNA) specimens, and demonstrate that a deconvolution 
algorithm significantly improves image quality of FNA specimens 
compared to raw images acquired via epifluorescence microscopy, 
allowing frequent definitive diagnosis. Further, we showed that the 
imaged fragments can be recovered in suspension for triage after 
performing ROSE.

2  |  MATERIAL AND METHODS

Institutional Review Board approval was granted for this study 
(Docket H10396). Residual material in ThinPrep vials (Hologic 
Corporation) vials from 14 FNA samples, previously diagnosed at 
UMass Memorial Medical Center, were selected by two individuals 
(HL and TS) to cover a variety of tissue types and diagnoses. The 
original FNA samples had all been collected into CytoRich™ Red 
(ThermoFisher Scientific), centrifuged and transferred to a ThinPrep 
vial before making a ThinPrep and a Cellient (Hologic Corporation) 
cell block.

One mL of the residual material of each case in 
PreservCyt® Solution (Hologic Corporation) was pipetted to include 
grossly visible tissue fragments. The study material was suspended 
in a total of 1.5 mL PreservCyt Solution and centrifuged at 252 g for 
4 min and the supernatant was discarded. The tissue fragments were 
stained with 1 µg/mL solution of Hoechst 33342 (ThermoFisher 
Scientific) together with a 1:5000 dilution of the supplied 5000× 
stock of SYPRO Red protein stain (Catalogue S6653, ThermoFisher 
Scientific) for 3 minutes. Fragments were washed one time in Hanks 
balanced salt solution, resuspended in 500 µL of HBSS and trans-
ferred by pipette to 35 mm glass bottom cell culture dish (Cellvis) for 
image acquisition (Figure S1 in the Supporting Information).
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Wide- field fluorescence microscope (GE Healthcare Deltavision 
Personal Deconvolution Microscope) with Cool SNAP HQ camera 
and softWoRx 5.5 software was used to acquire stack images of 
optical sections of tissue fragments. The sample was first exam-
ined by differential interference contrast microscopy and up to 
five groups of tissue fragments for each specimen were selected as 
representative of the final diagnosis by one of the two individuals 
who were aware of the final diagnosis (HL and TS). The fluorescent 
signals were recorded for Hoechst 33342 (excitation/emission: 
350/435 nm) and for SYPRO Red (excitation/emission: 300– 
550/676 nm) through the thickness of the fragments at 1 µm inter-
vals in the Z plane. The raw fluorescent images at each image plane 
were saved. The image stacks for each of the fluorochromes were 
then deconvolved using the softWoRx 5.5 software package, and a 
second set of deconvolved images was saved. Images were down-
loaded from DeltaVision using ImageJ2 (an iteration of the NIH 
ImageJ program) and its plugin (Deltavision Opener).13 For both 
the raw (non- deconvolved) and deconvolved images, a pseudoco-
louring operation was performed to approximate an H&E appear-
ance using the Hoechst fluorescence (DNA or chromatin stain) as 
a surrogate for haematoxylin, and the SyproTM Red stain (protein 
stain) as a surrogate for eosin.9 The steps for the pseudocolouring 
were conducted in ImageJ2 and the LUT panel,13 by first inverting 
the black and white images separately for each channel to have 
a white background. Images were then converted to red- green- 
blue colour mode. A blue- purple colour was assigned to pixels for 
Hoechst channel, and red- pink colour was assigned to the Sypro 
Red channel. The two channels for each plane were then added 
to have a single image. ImageJ2 was then used to string the whole 
image stack for either raw or deconvolved images into a movie, 
emulating focusing up and down. The steps of image acquisition 
and processing are illustrated in Figure S2.

In this study, two tasks were completed by five cytopathol-
ogists including four senior cytopathologists with more than 
5 years of experience and one junior cytopathologist with less 
than 2 years of experience. Four of the five cytopathologists per-
forming the image evaluation received no exposure or training 
prior to rendering a diagnosis on evaluating digital images that are 
acquired and processed using the methods described in this study. 
In the first task, five cytopathologists, blinded to the original di-
agnoses, were presented with the deconvolved optical section 
movie stacks of the 14 cases and together with demographics, 
clinical history, and specimen sources as shown in Table 1, and 
asked to give both a categorical and descriptive diagnosis. Four 
categories of diagnosis were used: I. Negative for malignant cells; 
II. Atypical cells are present; III. Suspicious for malignancy; IV. 
Positive for malignant cells. If category II or III was chosen, the 
reason(s) for lack of a definitive diagnosis were specified. In the 
second task, 6 pairs of deconvolved and non- deconvolved stack 
images were evaluated blindly by five cytopathologists to rate 
which image series was preferred. The total number of decon-
volved series preferred by cytopathologists was compared with 
that of non- deconvolved images. Fisher exact test was used to 
compare proportions.

After imaging, the study sample was recovered with a plastic 
disposable pipette from the well of the imaging chamber and used 
to make a ThinPrep slide and/or a cell block by following the stan-
dard operation protocols of UMass Memorial Health Care Cytology 
Laboratory. The recovered material was evaluated to confirm the 
presence and proper selection of diagnostic tissue fragments for im-
aging and interpretation, and to determine if the ROSE procedure 
alters the conventional appearance of the fragments.

3  |  RESULTS

In the first task, the 14 cases selected consist of four benign and 
ten malignant reference diagnoses (Table 1) and a total 70 of evalu-
ations by five cytopathologists were generated. Compared to the 
reference diagnoses, accurate definitive diagnoses were rendered 
by participating cytopathologists in 45 (64%) of 70 total evaluations, 
whereas equivocal diagnoses (atypical or suspicious) were rendered 
in 21 (30%) of the 70. Two false negative (3%) and two false positive 
(3%) diagnoses were rendered (Table 1).

Equivocal diagnoses were more likely rendered in benign cases 
(8 out of 20, 40%) than in malignant cases (13 out of 50, 26%). 
Cases 13 and 14 accounted for 33% of total equivocal diagnoses 
(7/21). Limitations leading to equivocal diagnosis were described by 
participants as due to sampling limitation (9/21, 43%), suboptimal 
image quality (8/21, 38%), and need for ancillary study (4/21, 19%; 
Table 1 and Figure 1).

The reference diagnoses of the two false negative diagnoses 
(cases 6 and 9) were high- grade mucoepidermoid carcinoma of pa-
rotid gland and metastatic thyroid carcinoma of torso soft tissue. 
The two false positive diagnoses were made on one case, which was 
benign inflamed pancreatic tissue from a patient with tuberculous 
pancreatitis presenting with a pancreatic body mass. These four erro-
neous diagnoses were made by four out of five cytopathologists and 
were described by participants as due to case- specific difficulty, such 
as misinterpretation of malignant squamous cells as benign squamous 
cells in the mucoepidermoid carcinoma case, and specimen overrun 
by necrosis in the benign pancreatic case (Figure 1F,M). The necrosis 
has a somewhat unanticipated appearance in these pseudocoloured 
images which may also contribute to the errors (Figure 1M).

In the second task, the image quality of deconvolved images was 
blindly and independently compared by the five cytopathologists to 
non- deconvolved images for six pairs selected from four represen-
tative cases (Figure 2) and a total of 30 evaluations were generated. 
The deconvolved images were preferred by cytopathologists in 23 
of the 30 image pairs. The non- deconvolved images were preferred 
in 5 pairs (23 vs 5, P < 0.01 Fisher exact test), and the quality of 
the deconvolved image was considered the same as that of the non- 
deconvolved image in two cases (Table 2).

The H&E slides of cell block and ThinPrep slides made from the 
recovered sample proved the proper selection of tissue fragments 
for image acquisition and interpretation, and they showed that fluo-
rescent staining and image acquisition do not have an adverse effect 
on subsequent morphology for a final diagnosis. (Figure 1O,P).
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4  |  DISCUSSION

The advantage of cytology (less invasive, lower risk, potentially 
faster diagnosis) is offset by its lower definitive diagnosis rate com-
pared to traditional core needle or excision biopsies.14 The reasons 
for the lower definitive diagnostic rate are multi- fold, but they can 
probably mostly be attributed to technical problems1: poor perfor-
mance of microbiopsy devices and difficulties in specimen handling 

are probably as important as the difficulty cytologists face in inter-
preting fewer or smaller fragments. Nevertheless, cytology is the 
best or even the only choice for making a diagnosis in certain clinical 
scenarios, such as ultrasound- guided endoscopic biopsy, or biopsy 
next to vital structures.

ROSE is needed to maximise the diagnostic performance of 
cytology.1- 4 Optimal specimen triage during ROSE becomes espe-
cially challenging when material is scant. Two of the major technical 

F I G U R E  1  (A- N) Representative deconvoluted images from one plane of the 14 cases used in the study, in the order given in Table 1. (A) 
Case 1: Benign lymph node. (B) Case 2: Breast ductal carcinoma. (C) Case 3: Breast ductal carcinoma. (D) Case 4: Neuroendocrine carcinoma. 
(E) Case 5: Squamous cell carcinoma. (F) Case 6: Mucoepidermoid carcinoma. (G) Case 7: Small cell carcinoma. (H) Case 8: Squamous cell 
carcinoma. (I) Case 9: Thyroid carcinoma. (J) Case 10: Adenocarcinoma. (K) Case 11: Adenocarcinoma. (L) Case 12: Benign colloid nodule. (M) 
Case 13: Benign pancreatic tissue. (N) Case 14: Benign thyroid nodule. (O) ThinPrep of adenocarcinoma made from the recovered sample 
(case 11, panel K). (P) Cell block section of the original sample (case 11, panel K). (Pseudocolour [A- N]; Papanicolaou [O]; haematoxylin- eosin 
[P]; original magnifications ×200 [A- D,M] and ×400 [E- L,O- P])

(A) (B) (C) (D)

(E) (F) (G) (H)

(I) (J) (K) (L)

(M) (N) (O) (P)
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challenges of ROSE are to rapidly produce a proper representation 
of the FNA pass, and to have a sense of how much material was NOT 
examined and is available in the needle rinse for ancillary tests. An 
overly thick or overly thin smear, and a poorly preserved or stained 
smear can all waste precious material.

We propose that examination of an unfixed sample at the bed-
side as it is being collected offers solutions to the major problems 
for ROSE.

Confocal microscopy is a common method used in research 
for optical sectional microscopy and provides high resolution im-
ages of tissue fragments, typically to a depth of up to about 30 mi-
crons.9 Two- photon microscopy is able to obtain a high resolution 
optical section even deeper into tissue— perhaps up to 50 microns.9 
However, confocal and especially two- photon microscopy may be 
impractically expensive to enable ROSE. No publications have used 
confocal or two- photon microscopies for ROSE of cytology speci-
mens, though there is considerable interest in advanced microscopy 
techniques for the ex- vivo evaluation of surgical biopsies.15- 17

Wide- field fluorescence microscopy, such as epifluorescence mi-
croscopy, is widely available in most clinical laboratories and allows 
rapid evaluation of specimens with one- step fluorescence staining. 
For certain well- defined applications, wide- field epifluorescence mi-
croscopy without deconvolution may be sufficient as a platform for 
ROSE.18 The limitation of conventional epifluorescent microscopy is 
the drastic deterioration of image quality when fragment thickness 
exceeds one cell layer (about 10 microns).

Deconvolution microscopy can be used with wide- field fluo-
rescence microscopy and has gained acceptance as an alternative 
to confocal and two- photon fluorescence microscopy.11 This tech-
nology improves the image quality significantly for relatively thin 
objects.12 The deconvolution algorithms, which now include open 
source programs, attempt to back- calculate the contribution of light 
from point sources above and below a plane of detection. To work, 
deconvolution theoretically requires that true negative (black) voxels 
be detectable, and this is not feasible when fluorescence emission 
takes place multiple planes above and below the plane of interest. 
Image deterioration from lack of contrast is evident in the sample 
set of the present study: The clearest images are in thinner portions 
of tissue, or from samples in which fluorescence signals are loosely 
packed above and below the plane. From the present study, resolu-
tion of chromatin detail is severely limited in fragments greater than 
about 30 microns. Still, this is an improvement over non- deconvolved 
images of small tissue fragments. Three- dimensional architecture 
was readily appreciated on stacks of deconvolved optical slices, 
akin to focusing up and down, allowing follicular architecture to be 

F I G U R E  2  Comparison of deconvolved (left column) and non- 
deconvolved (right column) images at the same plane. (A- D) Case 
2: Breast carcinoma. (E,F) Case 3: Breast carcinoma. (G,H) Case 
8: Squamous cell carcinoma. (I- L) Case 10: Adenocarcinoma of 
pancreas. (Pseudocolour; original magnifications ×200 [A,B,E,F,I,J] 
and ×400 [C,D,G,H,K,L)

(A) (B)

(C) (D)

(E) (F)

(G) (H)

(I) (J)

(K) (L)
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discerned (Figure 3). In 30 comparisons (six samples compared by 
five cytopathologists), the deconvolved images were preferred in 
23 comparisons while the non- deconvolved images preferred in five 
comparisons (P < 0.01). The image quality was considered the same 
in two comparisons. Relatively small fragments benefit the most 
from deconvolution.

We assessed the ability of the deconvolution platform to 
allow a definitive diagnosis, based on 14 cases from a variety of 
tissue types and diagnoses. Four of the five cytopathologists had 
no special training or experience with the type of imaging used. 
Deconvolution microscopy showed a sensitivity of 70% and spec-
ificity of 55% compared to the reference diagnosis if all equivocal 

diagnoses were considered as wrong diagnoses. It is worth point-
ing out that all the samples used in this study were adequate and 
we were focused on assessing whether this method allows cyto-
pathologists to make definitive and accurate diagnosis instead of 
adequacy evaluation. The tissue fragments that were imaged and 
evaluated in this study were highly selected by individuals who 
knew the final diagnosis and the selection was to ensure the pres-
ence of diagnostic material. In real circumstances without know-
ing the diagnosis, a significantly greater amount of tissue would be 
selected for imaging and evaluation. While the sensitivity and the 
specificity might seem low for any diagnostic tools, this is actu-
ally a high bar to impose on ROSE: Generally, all that is needed for 

TA B L E  2  Summary of image quality comparison of deconvolved and non- deconvolved images in correspondence to Figure 2

Corresponding panel in 
Figure 2

Number of evaluations preferring 
deconvolved image

Number of evaluations preferring non- 
deconvolved image

Number of evaluations 
with no preference

A and B 3 2 0

C and D 4 1 0

E and F 5 0 0

G and H 4 0 1

I and J 3 2 0

K and L 4 0 1

In total 23 5 2

F I G U R E  3   (A- D) Optical sections at 5 micron intervals through a thyroid follicle (case 14: Benign thyroid follicle; pseudocolour, 400×)

(A) (B)

(C) (D)
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ROSE (all that is reimbursed by payers) is a statement of whether 
diagnostic material has been obtained or not. Additional studies 
with blinded selection of tissue fragments should be conducted for 
further evaluation of this technology.

In addition, amongst the 21 evaluations with equivocal diagnosis, 
43% were due to sampling limitation. Considering only two to four 
image stacks were provided for each case in this study, a significant 
reduction of equivocal diagnosis can be achieved by evaluating more 
image stacks for future studies. Therefore, we believe our results es-
tablish the feasibility of using deconvolution microscopy for ROSE.

While we demonstrated that deconvolution microscopy signifi-
cantly improved the Z stack image quality of tissue fragments, many 
techniques are available to further improve the image quality and 
therefore image interpretability, such as using the image adjustment 
functionalities in Photoshop (Figure 4).

Turn- around- time would be a major concern when evaluating 
any method or technology used for ROSE. In this study, the key 
steps from sample preparation to evaluation include fluorescent 
staining, sample loading, image acquisition and image processing. It 
takes approximately 11– 15 minutes to prepare the specimen for im-
aging; image acquisition takes 30 seconds to 1 minute for each tissue 
fragment depending on the thickness of tissue fragments. The entire 
process for each case takes approximately 30 minutes. However, the 
manner of handling the sample can be streamlined, accelerated, and 
probably fully automated, allowing ROSE via telepathology without 
the need for a technical person to prepare smears and stain slides. 
For this study, we made up a manual process for getting material 
to an optical plane for deconvolution microscopy. We also chose to 
rinse the excess dye, to reduce background. However, the fluores-
cence of Hoechst 33342 and other DNA binding dyes is so much 
stronger when it is bound that protocols for visualising fluorescent 
DNA binding dyes do not mandate a washing step.19 Since most cyto-
pathologists are familiar with H&E staining, we developed a pseudo-
colouring algorithm, using ImageJ and its open source plugins. These 
image manipulations take seconds and can easily be automated. It is 
likely that a needle rinse could ultimately be examined within about 
5 minutes of collection with this technology.

We used fixed archival material for this study. However, a num-
ber of fluorochromes can penetrate living cells, including Hoechst 

33342 and fluorescein (which emulates eosin staining of proteins). 
Image stacks can be obtained and processed using the same meth-
ods described in this study. Thus, we believe the basic concept can 
be adapted to evaluate living tissue fragments/cells in suspension.

After staining, cells embedded for a cellblock or for a ThinPrep 
showed no morphological alteration. Residual fluorochrome from 
the ROSE procedure could pose a problem for flow cytometry, but 
two solutions can be anticipated. First, only part of the sample 
(for example a random sample of the suspension) could be used 
for the ROSE, the part that would ultimately be converted to a 
monolayer preparation or cellblock. Second, if only a DNA stain 
were used, a single fluorochrome could be used and it could be 
chosen to not overlap with the needed fluorescent channels for 
flow cytometry.

We envision that the clinician can simply rinse the needle in a 
container adapted to hold part of the sample at an optical plane, 
enabling deconvolution microscopy to capture electronically trans-
missible images through a representative part of the sample within 
minutes. This technology could assess the quality and quantity of 
the entire material obtained during a ROSE procedure. After the 
ROSE procedure, the entire sample, or parts of it, could then specif-
ically be triaged for necessary ancillary studies.

In conclusion, our study, as a proof of concept, demonstrates 
that deconvolution fluorescence microscopy improves image quality 
and allows frequent definitive diagnosis. With further improvement 
and optimisation, deconvolution microscopy shows promise for fa-
cilitating ROSE.
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