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A diagnostic head and neck fine needle aspiration service can be provided using liquid-based cytology

only

Objective: Liquid-based cytology (LBC) has been used for non-gynaecological specimens since its introduc-

tion into routine use in cervical cytology in the mid-1990s. There are still relatively few large studies compar-

ing performance in reporting the head and neck fine-needle aspirations (H&N FNA) processed by LBC only to

conventional direct smears (CDS).

Methods: This study compared 686 H&N FNAs processed by LBC only with 3719 CDS. All were taken under

ultrasound (US) guidance by a small cohort of three consultant radiologists and reported by the author.

Results: The (smaller) LBC sample was statistically representative of the larger CDS population at an alpha

level of 0.05. There was no difference between CDS and LBC at a 95% confidence interval (CI) when compar-

ing specificity and sensitivity (specificity: 94.8–96.5% versus 90.2–95.4%; sensitivity: 91.4–94.1% versus

86.8–93.4%). The inadequate rate between the two techniques was similar, 0.5–1.0% for CDS versus

0.7–2.5% for LBC. The significance difference was in the suspicious rate which was greater at 2.8–5.8% for

LBC versus 1.7–2.6% for CDS. Consequently, there was a slight but non-significant difference between the

two populations with respect to the overall accuracy: 93.5–95.1% for CDS versus 89.4–93.7% for LBC.

Conclusions: While there are morphological differences between LBC and CDS in H&N FNAs, once a degree

of familiarity is achieved, the two techniques have equivalent sensitivity, specificity and inadequate rates.
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Introduction

A fine needle aspiration (FNA) biopsy is an effective

method for triage of head and neck (H&N) masses. The

diagnostic accuracy is in the range of 80% to 95%.1,2

ThinPrep� (Source BioScience, Nottingham, UK)

and SurePath� (Hologic Inc., Marlborough, MA,

USA) are the two commonest platforms for LBC and

are increasingly being used for non-gynaecological

samples. The advantages and disadvantages of the

techniques are well described, see Table 1.3–5

Although there is some literature comparing liquid-

based cytology (LBC) with conventional direct smears

(CDS), 6–9 studies comparing performance in H&N

FNA are scarcer and there are few large series.10,11.

In 1996, the author was involved in setting up an

ultrasound-guided FNA clinic for H&N masses with

onsite evaluation.12 As a result of the increasing

demand on the histopathology service during 2011,

involvement in this time expensive activity came

under managerial scrutiny and pressure.

LBC seemed to offer an option. Since its introduc-

tion (in Derby) in 2005 for cervical cytology, occa-

sional needle washings from the ultrasound (US)

FNA clinic had been processed by LBC. In early

2011, a small local pilot was carried out comparing

LBC and CDS on the same sample. This subjectively

confirmed the feasibility of transfer to an LBC-only

practice. A quick but measured withdrawal from

Correspondence:

I. Robinson, Department of Histopathology, Level 5, Royal

Derby Hospital, Derby, DE22 3NE UK

Tel.:+44 1332788235; Fax: +44 131788238; E-mail:ivan.

robinson1@nhs.net

DOI:10.1111/cyt.12340

24

© 2016 John Wiley & Sons Ltd

Cytopathology 2017, 28, 24–30



rapid on-site evaluation was made during the latter

half of 2011. After this, the radiologists continued to

take the FNA under ultrasound guidance, placing all

the material in Cytorich Red for transport to the

Laboratory.

Initial experience was based on the SurePath plat-

form. In 2013, the laboratory transferred the tech-

nology to ThinPrep. We had a 6-month period

where we split samples seeing one preparation using

each technique. Currently, all samples are processed

using ThinPrep, producing a single Papanicolaou-

stained slide.

Material and methods

From a personally held database, all H&N FNAs

reported by the author between 1 January 1996 and

31 March 2015 were identified. Only those taken

under ultrasound guidance by three Consultant

Radiologists in the Derbyshire Royal Infirmary and

Royal Derby Hospitals were considered for this

study. Those cases with CDS�LBC (CDS group)

were compared to LBC-only cases.

The author’s practice is to place a H&N FNA diag-

nosis into four diagnostic categories: confident

benign, confident malignant, material inadequate to

be able to offer a diagnosis and suspicious, i.e.

appearances not sufficient to confidently offer a

benign or malignant diagnosis. With thyroid FNA’s,

the Thy1-5 categories are used with Thy3 reflecting

material from follicular proliferations. Thy1 corre-

sponds to inadequate samples, Thy2 to confident

benign, Thy4 to suspicious and Thy5 to malignant.

The cytological diagnosis was compared with any

subsequent relevant cellular pathology specimens

(FNAs, diagnostic biopsy or excision) found on inter-

rogating the laboratory (iLab) system. Where no

subsequent specimen was identified, the FNA diag-

nosis was assumed correct.

Minimal latitude was given in establishing if an

FNA diagnosis was correct: for example, an FNA

diagnosis of benign salivary adenoma was accurate if

the subsequent histology showed a monomorphic or

mixed tumour but was inaccurate if the biopsy

showed a Warthin’s (non-neoplastic) tumour. An

FNA diagnosis of malignancy was considered incor-

rect if a subsequent FNA or excision demonstrated a

different cell type, e.g. SCC on FNA and adenocarci-

noma on biopsy or small cell carcinoma on FNA and

lymphoma ultimately. A thyroid FNA result of follic-

ular proliferation (Thy 3) was scored as accurate if

the subsequent excision showed a follicular neo-

plasm, either adenoma or carcinoma, but not if the

dominant lesion was a colloid nodule/goitre or non-

follicular neoplasm.

All cases where there was insufficient material

(inadequate category) or where a confident diagno-

sis was not offered (suspicious category) were

deemed incorrect results for the purpose of the sta-

tistical evaluation.

The 95% confidence interval between the propor-

tions was calculated using a validated programme.13.

In the past, we have described a cumulative sum

control chart (CUSUM) technique to show

Table 1. Advantages and disadvantages of conventional

direct smears (CDS) and liquid-based cytology (LBC)

Advantage Disadvantage

CDS Cheap Quality operator

dependent

Fast to prepare Multiple slides

Relative cellularity Transport of air-dried/

wet fixed needle

washing material

Retained background Variable quality

Ability to evaluate close

to patient

Crush, air drying artefact

Detail obscured by thick

smears and adherent

blood, fibrin

inflammatory cells

LBC Easy collection Cost

Easy transport Central processing

I slide, defined area

(20 mm ThinPrep,

13 mm SurePath)

Fragmentation of cell

clusters

Reproducible quality Some loss of background

colloid, mucin, crystals

etc.

Better cell presentation Artifactual cell

dissociation or

aggregation

Monolayer Smaller cell size

Less artefact Denser cytoplasm

Less obscuring by fibrin,

blood or inflammatory

cells

Rim compression artefact

(ThinPrep)

Ability to make several

slides of similar quality

Immunohistochemical

and molecular tests

directly or on cell

blocks from excess

material
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attainment and maintenance of proficiency in H&N

FNA.14 The CUSUM is a graphical tool, it is inter-

preted by analysing the slope and it is useful for

determining a trend.15 Because it alters with time, it

can illustrate progress in acquiring new skills and

show proof of continued competence at a particular

task.16.

For a series of observations (X1, X2, X3,. . .. . ..Xn),

the CUSUM is defined as the sum of the failures

minus the successes or Sn = Σ(Xi–Xo) where Xi

scores zero for success and 1 for failure and Xo is

the level of performance at which competence is

considered satisfactory. In assessing FNAs perfor-

mance from thyroid, nodes and soft tissue or salivary

glands, our standard is at least 90% of aspirates

should reflect the surgical pathology of the lesions

(Xo = 0.1).

In essence, where the FNA was proven or

assumed correct, the CUSUM score is –0.1 and a sus-

picious, inadequate, false-positive, false-negative or

incorrect cell type identification scored 0.9. A Thy3

diagnosis that identified a follicular neoplasm scored

�0.1 and a colloid goitre or non-follicular neoplastic

outcome scored 0.9.

A CUSUM curve was graphed to show the impact

of the change of technology.

Results

In total, 6139 H&N FNAs were reported by the

author in the period stated. 1733 were taken outside

the USFNA clinic and were not considered.

There were 3719 CDS smears and 686 were

reported by LBC only. At an alpha level of 0.05, this

is a representative sample size with a 2.45% margin

of error. 17.

Transfer between the two LBC technologies (basi-

cally, cell enrichment by cells being allowed to settle

in SurePath versus filtration and transfer in Thin-

Prep) did not cause significant difficulty (see

Figures 1 and 2). The agitation stem in the ThinPrep

method may have caused one acinic carcinoma to

lyse. Ultimately neither technology was considered

sufficiently superior to warrant its preferential use in

H&N FNAs; the chosen technology was driven by

the needs of the cervical cytology service.

There was a broad similarity between sites sam-

pled (node & soft tissue, salivary gland and thyroid)

in the two populations, see Table 2.

There was no difference in rates of inadequate

samples between the groups. In the LBC group,

more aspirates were reported as malignant and

fewer as benign, see Table 3. This is probably as a

result of the radiologists being more selective in the

lesions sampled. As might be expected with more

malignant diagnoses, the excision rate was higher in

the LBC group (44.5–51.9% versus 37.3–40.4% in

Figure 1. Pleomorphic salivary adenoma, SurePath pre-

paration.

Figure 2. Pleomorphic salivary adenoma, ThinPrep pre-

paration.

Table 2. Anatomical sites sampled

CDS LBC

n 95% CI n 95% CI

Node soft tissue 1960 51.1–54.3 366 49.6–57.1

Salivary 959 24.4–27.2 219 28.5–35.5

Thyroid 800 20.2–22.9 101 12.3–17.6

Total 3719 686

CDS, conventional direct smears; LBC, liquid-based cytol-

ogy; CI, confidence interval.

© 2016 John Wiley & Sons Ltd
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the CDS group). There was no significant difference

between the groups with respect to the main perfor-

mance parameters: specificity, sensitivity, the predic-

tive value of a malignant or benign diagnosis, false-

positive rate and false-negative rate, see Table 4.

There was a statistically significant higher rate of

suspicious opinions on LBC-only samples.

However, despite the lack of a statistical difference

using conventional performance parameters, the

CUSUM showed a definitive flattening in the curve

with the introduction of the LBC technology into

the US H&N FNA service, see Figure 3.

Comparing the first 686 samples reported by CDS

to the same number reported by LBC by superimpo-

sition of the CUSUM curves, showed the author

needed to report 4–500 specimens before familiarity

was gained, see Figure 4.

Discussion

LBC preparation has the advantage of eliminating

the time and commitment to perfecting the tech-

nique of making direct smears by the smear taker. It

has the added advantage of a clean monolayered cell

preparation and improved cell preservation. Conse-

quently, it takes less time to screen as the material is

limited and on a clear back environment.18 The

preparations are more uniform, useful when assess-

ing material from different sites within a cancer

network.

There are cogent arguments against LBC-only

practice. Faquin 20 considers the use of LBC only as

’cytologic heresy‘ mentioning the loss of cytomor-

phological information. Advantages of CDS include

maintenance of relative cellularity. LBC is designed

to give a uniform cellularity. Background material,

such as stromal elements, mucin, colloid and necro-

sis, is better preserved on CDS. CDS will better pre-

serve the cytoarchitectural integrity of the tissue as

disruption of large cell groups is one of the aims in

LBC preparation.

Furthermore, LBC can cause a unique physical

artefact by distorting cells in the periphery of the

field by compression (ThinPrep) and experience has

taught that cells found in the peripheral rim need to

be interpreted with caution.21 With increasing atten-

tion to and publications of LBC artefact, there is

increased familiarity which should reduce the rate of

misinterpretation.22,23 LBC can uncover novel char-

acteristics such as hobnail and swirling architecture

to help in the diagnosis of papillary thyroid carci-

noma.24.

Ultimately, the assessment must rest on ’is there

sufficient preservation of cytomorphological infor-

mation to render an accurate diagnosis?’

The aim of this study was to establish if US-guided

H&N FNAs reported in isolation using LBC were

comparable with rapid on-site assessment using

direct smears: would ceasing rapid onsite assessment

by a cytopathologist reduce the efficacy of the ser-

vice? The latter fear has not been proven.

The impact on our traditionally very low inade-

quate rate was the main pre-adoption concern.

Immediate assessment offered the opportunity to

repeat the aspirate if insufficient material was

obtained, negating the need for a further visit to

repeat the aspiration. Changing methods did not

increase the inadequate rates.

It is not surprising that the suspicious rate

increased with the adoption of LBC. Interpretation is

a subjective process relying on the pathologist asking

’is this sufficiently characteristic for me to be confi-

dent that this is/is not malignant?’

Table 3. Diagnostic categories

CDS LBC

n 95% CI n 95% CI

Benign 2185 57.2–60.3 345 46.6–54.0

Inadequate 25 0.5–1.0 9 0.7–2.5

Malignant 1286 33.1–36.1 288 38.3–45.7

Suspicious 78 1.7–2.6 28 2.8–5.8

Follicular (thyroid

Thy3)

145 3.3–4.6 16 1.4–3.8

Total 3719 686

CDS, conventional direct smears; LBC, liquid-based cytol-

ogy; CI, confidence interval.

Table 4. Performance parameters

CDS LBC

95% CI 95% CI

Accuracy 93.5–95.1 89.4–93.7

Sensitivity 91.4–94.1 86.8–93.4

Specificity 94.8–96.5 90.2–95.4

PPV malignant 89.7–93.5 89.3–96.4

NPV benign 91.5–95.6 92.9–98.9

False-negative rate 3.5–5.7 2.2–6.6

False-positive rate 2.1–3.9 1.3–5.0

CDS, conventional direct smears; LBC, liquid-based cytol-

ogy; CI, confidence interval; PPV, positive predictive value;

NPV, negative predictive value.

© 2016 John Wiley & Sons Ltd
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Intuitively there should be a similarity in the

appearances of pathological processes between the

two technologies, this is not always assured. A con-

cern before the adoption of LBC was a loss of non-

cellular material and how this may influence diag-

nosis. To date, experience suggests colloid, mucin,

necrosis, crystals and cyst debris are adequately

maintained, but in smaller amounts. This does not

adversely affect the use of LBC technology in H&N

FNA. Becoming familiar with the fragmentation of

microbiopsies and artifactual aggregation of cells,

particularly lymphocytes, were the main challenges

in adopting LBC.

Of major concern was the use of LBC only in

FNAs from salivary glands. Worries over stromal

assessment have proven unfounded. It is the

author’s opinion that, with familiarity, the stroma is

easier to interpret on LBC than CDS, see Figures 1,2 and

5. One potential pitfall that was not initially appreci-

ated is how the background in inflamed or infarcted
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Warthin’s tumours can closely resemble tumour

diathesis. A diligent search for the oncocytic epithe-

lium is the key to avoiding this pitfall, see Figure 6.

Studies comparing CDS and LBC in non-

gynaecological cytology specimens have inconsistent

conclusions. One reason may be that many of these

studies rely on split samples where CDS were made

first and residual needle washings went to form the

LBC preparation. 4,5 Other studies suggest LBC and

CS have a comparable diagnostic accuracy in the

evaluation of breast FNAB’s.6,7 This cross-over study

overcomes any error introduced by split samples by

comparing performance on CDS+/-LBC performance

against LBC only.

Faquin 20 compares the use of an ’LBC-only

approach‘ to reading student study pamphlets

instead of the full novel. To a certain extent he is

correct. A downside of transferring to LBC is my

working life is less rich by not attending the USFNA

clinic. I miss interacting with radiology colleagues

and nursing staff, meeting patients whose resections

I had or was about to report and even occasionally

explaining why I misinterpreted a previous FNA.

This study shows an H&N FNA service using LBC

only can be as good as one using rapid on-site

evaluation and CDS once familiarity with the different

appearances is gained. This took me 4–500 cases. The

upsides of an LBC-only technique are better quality

and reproducibility of preparations and having

material for limited ancillary investigations. While

LBC will cost more, this can be set against a different

use of the pathologist’s time, i.e. availability in the

laboratory by not attending for on-site evaluation.
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