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A B S T R A C T

Simple morphological identification of a sample as parathyroid gland tissue is not always sufficient for optimal pa-

tient treatment. Instead, patients with parathyroid gland lesions that increase the risk of disease relapse should be iden-

tified. To assess the possibility of differentiating adenoma from hyperplasia in preoperative material by use of computer-

ized morphometric analysis in order to enable better preoperative work-up in patients with hyperparathyroidism.

Samples obtained by US guided fine-needle aspiration biopsy of 67 parathyroid glands without known histopathologic

diagnosis were dried and stained by May-Grünwald-Giemsa. Fifty nuclei per sample were analyzed and designated au-

tomatically with manual correction using image analyzer and specific software. The area, circumference, convexity, min-

imal and maximal radius, length and width, and factors of regularity, i.e. form factor and factor of nucleus elongation,

were determined for each nucleus. Basic descriptive parameters and measures of variability (variation coefficient and

standard deviation) were calculated for each continuous variable. The correlation of continuous variables was analyzed

by use of Mann-Whitney test. Computer analysis of cell image classified the cell nuclei into two groups. The area, circum-

ference, minimal radius, convexity and width of the nuclei showed higher values in the hyperplasia group as compared

with the adenoma group. Standard deviation also showed higher values of each of the study parameters in the former

group. Our own observations and subjective assessment of variations in nucleus size to represent substantial characteris-

tics differentiating parathyroid adenoma and hyperplasia in cytologic smear were quantitatively verified by the use of ob-

jective morphometric measurement and should therefore be considered valid parameters on differentiating these two en-

tities.
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Introduction

Since the first morphological description of parathy-
roid gland cells in cytologic smear, attempts have been
made to identify morphological differences between para-
thyroid adenoma and parathyroid hyperplasia. Such an
approach has greatly contributed to the development of
parathyroid cytomorphological diagnosis. Differentiation
between adenoma and hyperplasia exclusively based on
morphology remains an issue for debate to the present.
Morphological diagnosis relies on visual perception or di-
agnostic criteria for various tissue samples, which re-
quire specific training of the morphologist. Although the

majority of morphological criteria have been clearly de-
fined for each disease, differences in their interpretation
are still possible, as reported in numerous studies for
various neoplasms, inflammatory diseases and other pa-
thologic processes. The problem of reproducibility is even
more pronounced when other parameters such as prog-
nostic criteria (level of differentiation, mitotic activity)
or sample quality (type, method and time of fixation,
staining technique) are introduced1.

Simple morphological identification of a sample as
parathyroid gland tissue is not always sufficient for opti-
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mal patient treatment at long term. Parathyroid gland
hyperplasia is known to recur frequently in spite of radi-
cal and properly done operation2,3. Thus, additional in-
formation is necessary to identify patients with tumors
that increase the risk of recurrence in patients with
parathyroid gland hyperplasia. Many parameters have
been investigated using immunocytochemistry and other
methods, e.g., total mass of parathyroid parenchyma,
nodular growth pattern, absence of adipose cells, and mi-
totic index3. On immunocytochemistry, parathyroid gland
cells show positive reaction to cytokeratin 8, 18 and 19,
chromogranin A and parathormone, and negative reac-
tion to thyroglobulin (positive in parathyroid gland epi-
thelial cells). As chromogranin A and parathormone are
positive in the cells of normal, hyperplastic and neoplastic
parathyroid glands, they cannot be used to differentiate
the nature of alteration4,5. Recently, however, immuno-
histochemistry of operative material has demonstrated
that high Ki-67 may be indicative of an increased risk of
recurrence in patients with parathyroid hyperplasia3,6.
Development of molecular biology and cytogenetics was
expected to solve the everlasting problem of differential
diagnosis between parathyroid adenoma and hyperplasia
through clonality studies; however, it failed. Adenoma
was found to show clonality, which was also observed in
parathyroid diseases characterized by clinical and mor-
phological features of primary or secondary hyperplasia
where a nodular component was detected7–9. Thus, the
presence of clonality need not imply the presence of neo-
plasia and the issue of differential diagnosis of parathy-
roid pathologic lesions remains unsolved10,11.

According to literature data, computerized morpho-
metric analysis of cell pattern in cytologic aspirate of var-
ious tissues can differentiate tumor from other patho-
logic states, as well as various histopathologic tumor
types and degree of tumor differentiation, based on some
quantitative parameters12–18.

In the present study, cytomorphological features of
the parathyroid gland cell nuclei obtained by target ul-
trasound guided fine-needle aspiration biopsy (US-FNAB)
were objectively tested in aspirate smears. The aim was
to assess the possibility of differentiating parathyroid
adenoma from parathyroid hyperplasia in preoperative
material, which would upgrade the preoperative work-up
in patients with hyperparathyroidism, reduce the opera-
tion time, improve therapeutic results, and in case of sol-
itary tumors spare the patient from bilateral neck explo-
ration, while reducing the rate of hyperparathyroidism
recurrence that requires major reoperation of uncertain
prognosis.

Materials and Methods

Sixty-seven parathyroid gland US-FNAB smears with
unknown histopathologic diagnosis were included in the
study. The aspirates were subsequently divided accord-
ing to histopathologic diagnosis into two groups of para-
thyroid hyperplasia and parathyroid adenoma. The
group of parathyroid hyperplasia included 53 (79%) aspi-

rates of patients with chronic renal insufficiency cur-
rently on hemodialysis (21 male and 32 female), mean
age 49.5 (range 25–75) years. The group of parathyroid
adenoma included 14 (21%) aspirates from 3 male and 11
female patients, mean age 62.2 (range 45–83) years (Ta-
ble 1).

Ultrasonographic studies were performed on an
ALOKA SSD-256 US device with a 5-MHz probe for su-
perficial tissues and a DIASONICS CV 400 device with
7.5-, 10- and 13-MHz probes. US-FNAB was performed
by free-hand technique.

All US-FNAB smears were air dried and stained by
the standard May-Grünwald-Giemsa method. Each slide
was examined under Olympus BX 50 microscope con-
nected to computer image analyzer, initially at low mag-
nification to select a representative area; then the se-
lected area was systematically explored under immersion
objective (magnification X1000). Morphometric measure-
ments were done on a PC using the SFORM (VAMSTEC,
Zagreb, Croatia) software. The system consists of a high-
-resolution color camera, which digitalizes microscope
image and transfers it to the PC.

Fifty nuclei were analyzed per sample. Cytoplasms
were not measured because they mostly are unsharply
demarcated, and bare nuclei of parathyroid epithelial
cells are quite frequently found in aspirate smear. Cell
borders were designated automatically with manual cor-
rection. In order to obtain some possibly reproducible pa-
rameters for cytologic differentiation of parathyroid tu-
mor and hyperplasia, the features determining average
nucleus size and features determining the grade of aniso-
karyosis including nucleus area, circumference, convex-
ity, minimal and maximal radius, length and width, and
factors of regularity (form factor and factor of nucleus
elongation (nucleus length to width ratio) were deter-
mined for each nucleus. Upon testing completion, pa-
tients were divided into two groups based on histopatho-
logic findings: parathyroid hyperplasia and parathyroid
adenoma. The basic descriptive parameters (minimal/
maximal value and arithmetic mean) and variability
measures (coefficient of variation and standard devia-
tion) were calculated for each continuous variable. The
pattern of distribution was assessed for each continuous
variable. The mean value as a measure of central ten-
dency and a central value based on the value size, and
standard deviation (SD) as a measure of deviation of
arithmetic means of the samples from one population
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TABLE 1

PATIENT MEAN AGE AND AGE RANGE ACCORDING TO
PARATHYROID GLAND DIAGNOSIS

Diagnosis n (%)
Patient age (yrs)

P*
Mean (SD*) Range

Parathyroid hyperplasia 53 (79) 49.5 (14.6) 25–75 0.005

Parathyroid adenoma 14 (21) 62.2 (9.9) 45–83

*Mann-Whitney test
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from arithmetic means of the population were deter-
mined. The correlation of continuous variables in the
two groups was analyzed by the Mann-Whitney test as
the most sensitive nonparametric test, along with the
rank-sum calculation19.

Results

Measurement results and SD for parathyroid hyper-
plasia and parathyroid adenoma are shown in Table 2.

The values of nucleus area, nucleus circumference, nu-
cleus minimal radius, nucleus convexity and nucleus
width were higher in the group of parathyroid hyperpla-
sia and the difference from the group of parathyroid
adenoma was statistically significant (Fig. 1).

The following nucleus parameters showed higher
mean values (SD) in parathyroid hyperplasia as com-
pared with parathyroid adenoma, all yielding statisti-
cally significant differences (P): nucleus area 48.40 (SD
12.76) mm2 vs. 40.78 (SD 9.45) mm2 (P=0.033); nucleus
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TABLE 2

MEAN VALUES OF NUCLEUS PARAMETERS ACCORDING TO PARATHYROID GLAND DIAGNOSIS

Parameter
Parathyroid hyperplasia Parathyroid adenoma

P†

Mean SD* Min Max Mean SD* Min Max

Nucleus area 48.40 12.76 20.60 73.48 40.78 9.45 30.37 59.07 0.033

Nucleus circumference 25.58 3.63 16.61 32.17 23.54 2.79 20.21 28.65 0.039

Nucleus minimal radius 3.32 0.50 2.09 4.24 3.00 0.40 2.52 3.77 0.024

Nucleus maximal radius 4.31 0.58 2.88 5.32 4.01 0.44 3.40 4.78 0.062

Nucleus convexity 49.08 12.95 20.91 74.62 41.39 9.55 30.76 59.86 0.033

Nucleus length 8.25 1.13 5.45 10.16 7.66 0.87 6.46 9.17 0.052

Nucleus width 7.27 1.06 4.71 9.29 6.63 0.82 5.70 8.27 0.030

Factor of nucleus regularity 0.90 0.01 0.88 0.93 0.91 0.01 0.88 0.93 0.963

Factor of nucleus elongation 1.14 0.04 1.07 1.26 1.17 0.05 1.10 1.24 0.131

*standard deviation; †Mann-Whitney test
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Figure 1. Mean value and confidence interval for nucleus parameters according to diagnostic groups.
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circumference 25.58 (SD 3.63) mm vs. 23.54 (SD 2.79) mm
(P=0.039); nucleus minimal radius 3.32 (SD 0.50) mm vs.
3.00 (SD 0.40) (P=0.024); nucleus convexity 49.08 (SD
12.95) mm vs. 41.39 (SD 9.55) mm (P=0.033); and nucleus
width 7.27 (SD 1.06) mm vs. 6.63 (SD 0.82) mm (P=
0.030). The mean values of nucleus maximal radius and
nucleus length were higher in parathyroid hyperplasia as
compared with parathyroid adenoma, however, the dif-
ference did not reach statistical significance (P=0.062
and P=0.052, respectively). The form factor and factor of
nucleus elongation were comparable in the two groups
(Figure 1).

Discussion

Differential diagnosis between parathyroid hyperpla-
sia and parathyroid adenoma remains an open question
not only in the analysis of preoperative cytologic samples
but also in the analysis of postoperative histopathologic
samples2. In addition, it is well known and already re-
ported in the literature that relapses of parathyroid hy-
perplasia also occur after radical and properly performed
operative procedures2,3. In order to establish a more pre-
cise differential diagnosis between these parathyroid gland
pathologic lesions, numerous parameters have been in-
vestigated in postoperative histopathologic samples, e.g.,
total mass of parathyroid glands, nodular growth pat-
tern, absence of adipose cells, etc. 3. However, preopera-
tive localization of the pathologic process in patients
with hyperparathyroidism is associated with reduced op-
eration time and improved therapeutic outcome, while
patients are spared from bilateral neck exploration in
case of solitary lesions. In addition, the rate of hyper-
parathyroidism recurrence, which requires technically
demanding reoperation of uncertain prognosis, is de-
creased. Therefore, the present study was focused on the
search for new and objective possibilities to detect para-
thyroid gland cells in preoperative FNAB smears and to
identify some new morphological parameters for differ-
entiation of parathyroid hyperplasia and parathyroid
adenoma in cytologic material.

The parameters related to the mean nuclear size of
parathyroid gland cells and the features determining the

grade of anisokaryosis (nucleus area, circumference, con-
vexity, minimal and maximal radius, length and width,
and regularity factors, i.e. form factor and factor of nu-
cleus elongation (nucleus length to width ratio) were
measured. Based on these parameters, computer analy-
sis of the cell image classified cell nuclei into two groups.
Subsequent correlation with histopathologic findings re-
vealed the cell nuclei with higher values of the nucleus
area, circumference, minimal nucleus radius, convexity
and width to belong to the hyperplasia group, while those
showing lower values of these parameters belonged to
the adenoma group. On extrapolating these findings to
cell morphology, FNAB smears from parathyroid hyper-
plasia patients contained cells with larger nuclei as com-
pared with FNAB smears from adenoma patients. In ad-
dition, standard deviation showed higher values of all
study parameters in the group of parathyroid hyperpla-
sia as compared with the group of parathyroid adenoma,
suggesting greater cell size heterogeneity and inequality
in the former.

The form factor and factor of nucleus elongation were
comparable in the two groups, pointing to the uniformity
of nucleus shape, thus these parameters cannot be used
to differentiate the two entities.

Our observations and subjective assessment of the
variation in nucleus size as the substantial characteristic
differentiating parathyroid hyperplasia and parathyroid
adenoma in FNAB smear were quantitatively confirmed
by use of objective morphometric measurement and sta-
tistical data analysis. Thus, this variation can be consid-
ered a valid parameter for differentiation of the two enti-
ties.

In conclusion, based on the results presented, the
method can be employed as a routine cytodiagnosis pro-
cedure, offering better preoperative work-up in patients
with pathologic parathyroid lesions and reducing dilem-
mas in case of hyperparathyroidism treatment with per-
cutaneous alcohol inactivation of pathologically altered
parathyroid glands or hypoparathyroidism treatment with
remnant parathyroid tissue autotransplantation requir-
ing differentiation of hyperplasia and adenoma.
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MORFOMETRIJA U DIFERENCIJALNOJ DIJAGNOZI PATOLO[KI PROMIJENJENIH DO[TITNIH

@LIJEZDA

S A @ E T A K

Jednostavan odgovor morfologa da se radi o tkivu do{titnih `lijezda nije uvijek dovoljan za optimalno lije~enje boles-
nika. Potrebno je izdvojiti bolesnike s promjenama koje pove}avaju rizik od pojave recidiva. Cilj rada je u materijalima
dobivenim prije operacije istra`iti mogu}nosti razlikovanja adenoma od hiperplazije primjenom kompjutorizirane mor-
fometrijske analize radi {to bolje prijeoperacijske obrade bolesnika s hiperparatireoidizmom. Analizirani su razmazi
punktata 67 do{titnih `lijezda bez poznate patohistolo{ke dijagnoze, dobiveni ultrazvu~no vo|enom citolo{kom punk-
cijom, osu{eni i bojani po May-Grünvald-Giemsi. Analizirano je 50 jezgara po uzorku, ozna~avane su automatski uz
ru~nu korekciju. Rabio se analizator slike i specifi~ni ra~unalni program. Za svaku jezgru odre|eni su povr{ina, opseg,
zakrivljenost, najmanji i najve}i polumjer, duljina i {irina jezgre, te faktori pravilnosti, tj. form faktor i faktor izdu`e-
nosti jezgre. Za svaku kontinuiranu varijablu izra~unati su osnovni opisni pokazatelji i mjere varijabilnoasti (koeficijent
varijacije i standardna devijacija). Mann-Whitney testom analizirana je povezanost kontinuiranih varijabla. Kompju-
torska analiza stani~ne slike klasificairala je jezgre analiziranih stanica u dvije skupine. Povr{ina jezgre, opseg jezgre,
minimalni polumjer jezgre, zakrivljenost jezgre i {irina jezgre pokazali su ve}e vrijednosti u skupini hiperplazija negoli
u skupini adenoma. Standardna devijacija za svaki izmjereni parametar tako|er je pokazala vi{e vrijednosti u skupini
hiperplazija. Primjenom objektivnog morfometrijskog mjerenja su i kvantitaivno potvr|ena vlastita opa`anja i subjek-
tivna prosudba da su razlike u veli~ini jezgara bitne zna~ajke u razlikovanju adenoma od hiperplazije do{titne `lijezde u
citolo{kom razmazu, te ih treba smatrati valjanim parametrima za razlikovanje ovih dvaju entiteta.
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