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Abstract

Background
This study aimed to evaluate the association between fine-needle-based interventions widely used for
preoperative and intraoperative localization of parathyroid adenomas and the development of post-
excision stromal fibrosis and other histopathological changes that may mimic malignancy.

Methods
A total of 164 patients who underwent parathyroidectomy for primary hyperparathyroidism were
retrospectively evaluated. The patients were divided into three groups according to the number of
ultrasound-guided fine-needle interventions: needle-naive (Group 0, n = 70), single-needle (Group 1, n = 
43), and two-needle (Group 2, n = 51). All surgical specimens were histopathologically examined for the
presence and extent of stromal fibrosis, thick fibrous capsule, fibrous bands, hemorrhage, hemosiderin
deposition, capsular pseudoinvasion, tumor implantation, granulation tissue, and necrosis. Intergroup
comparisons were performed using Welch’s t-test, the chi-square test, Fisher’s exact test, and Tukey post
hoc analysis.

Results
The mean age of the patients was 54.8 ± 11.9 years, and 83.5% were female. Histopathological
examination revealed fibrosis in 28 cases (17.1%), with a median stromal fibrosis percentage of 2.0%
(1.0–10.0). The presence of fibrosis differed significantly among the needle-naive (12.9%), single-needle
(30.2%), and two-needle (11.8%) groups (p = 0.028). Among cases with fibrosis, the stromal fibrosis
percentage was higher in the needle-naive group than in the single- and two-needle groups (median 6.5%
versus 2.0% and 2.0%, respectively, p = 0.045). No significant differences were observed in the remaining
histopathological parameters (p > 0.05 for all).

Conclusion
In this study, the association between fibrosis and fine-needle interventions in parathyroid adenomas
differed according to intervention frequency. Although the presence of fibrosis was more frequent in
cases with a single needle intervention, the stromal fibrosis percentage in cases with fibrosis was higher
in the needle-naive group. In contrast, the remaining histopathological parameters did not differ
significantly among the needle groups. These findings suggest that fine-needle-based interventions have
an acceptable histomorphological safety profile in parathyroid adenomas.
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Primary hyperparathyroidism (PHPT) is a common endocrine disorder, most frequently caused by
parathyroid adenomas, and is characterized by hypercalcemia. The definitive treatment for PHPT is
parathyroidectomy. In current practice, bilateral neck exploration has largely been replaced by minimally
invasive parathyroidectomy, the success of which depends on accurate preoperative and intraoperative
localization [1, 2].

The most commonly used methods for preoperative adenoma localization are ultrasonography and
technetium-99m sestamibi scintigraphy. However, both techniques have limited sensitivity and
specificity and may yield false results in small adenomas, thyroid nodules, lymph nodes, cystic lesions,
and regional malignancies [3, 4]. In cases where localization cannot be achieved with first-line tests, four-
dimensional computed tomography offers additional diagnostic value but is used as a second-line
modality only in selected centers because of its cost and limited availability [5]. Particularly in ectopic
adenomas and in patients with a history of neck surgery, no single imaging modality alone can provide
reliable localization [6, 7].

Ultrasound-guided fine-needle aspiration and the parathyroid hormone washout (PTH-WO) test have
emerged as valuable diagnostic tools for confirming parathyroid tissue in PHPT cases where imaging
findings are inconclusive [8]. Similarly, the radioguided occult lesion localization (ROLL) technique
improves surgical success by allowing precise intraoperative identification of small or ectopic adenomas
and reduces the need for extensive exploration [9, 10]. Nevertheless, there are still concerns regarding
whether fine-needle interventions used for diagnosis and localization of parathyroid adenomas are
associated with degenerative histopathological changes, including stromal fibrosis that may mimic
malignancy. Although aspiration-related histopathological changes in parathyroid adenomas have been
reported, the effect of these findings on the diagnostic process remains unclear [11–14]. Available
studies are limited, and comprehensive datasets comparing needle-naive cases with patients exposed to
different numbers of interventions at different time points are particularly scarce.

This study aimed to investigate the association between single or multiple fine-needle-based
interventions related to PTH washout and ROLL procedures and histopathological changes in excised
parathyroid adenomas that may be considered diagnostic pitfalls in terms of stromal fibrosis and
suspicion of malignancy.

Methods

Study Design and Patient Selection
This retrospective cohort study was conducted at a tertiary care teaching and research hospital between
June 2021 and June 2024. The study was carried out through multidisciplinary collaboration among the
departments of pathology, endocrinology, general surgery, and nuclear medicine.

The inclusion criteria were age ≥ 18 years and being scheduled for surgical treatment with a diagnosis of
primary hyperparathyroidism caused by a parathyroid adenoma. The exclusion criteria were secondary
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or tertiary hyperparathyroidism due to chronic kidney disease, familial hyperparathyroidism syndromes,
parathyroid tissues incidentally removed during thyroid surgery, concomitant thyroidectomy and
parathyroidectomy, and a history of parathyroidectomy or cervical surgery accompanied by marked
fibrotic adhesions. In addition, cases in which a diagnostic PTH washout procedure was attempted but
did not yield successful results because of technical or biochemical reasons were excluded to eliminate
the potential confounding effect of needle intervention. Patients with a history of malignancy that could
affect stromal fibrosis or histopathological evaluation, those who had received radiotherapy to the neck
region, and cases with missing preoperative, intraoperative, or histopathological data were also
excluded.

A total of 342 parathyroidectomy specimens excised by the general surgery clinic over the study period
were reviewed. After applying the defined inclusion and exclusion criteria, 164 patients with
histopathologically confirmed parathyroid adenomas were included in the final analysis. To minimize
selection bias, all consecutive patients who met the eligibility criteria were included. Demographic,
clinical, biochemical, imaging, and surgical data for all patients were retrospectively obtained from the
electronic medical record system of the hospital.

The patients were divided into three groups according to the frequency of ultrasound-guided fine-needle
interventions performed for diagnostic or localization purposes. This classification was designed to
assess potential histopathological risks related to intervention frequency. Table 1 presents the
definitions of study groups, applied procedures, number of patients, and clinical implications.

Table 1
Definition of Study Groups and Distribution of Applied Procedures and Clinical Significance by Group
Group Definition Applied

Procedure
Patients,
n (%)

Clinical Significance  

Group
0

No fine-needle
intervention
performed

None 70
(42.7%)

Natural control group
independent of needle effect

 

Group
1

One fine-needle
intervention
performed

PTH-WO

(diagnostic
purpose)

43
(26.2%)

Group in which minimal
needle effect was evaluated

 

Group
2

Two fine-needle
interventions
performed

PTH-WO + ROLL
(preoperative-

intraoperative
localization)

51
(31.1%)

Group in which potential
effects of repeated needle
interventions were evaluated

 

[Insert Table 1 here]

Fine-Needle Interventions and Localization Techniques
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Ultrasound-guided fine-needle interventions were performed by a single experienced endocrinologist
with extensive expertise in ultrasound-guided fine-needle aspiration, using a standard 23-gauge needle
under real-time ultrasonographic guidance. The procedures were carried out under sterile conditions
using a linear transducer (13–15 MHz; Mindray DC-60 Exp HD, Shenzhen, China), with patients in the
supine position and the neck in slight extension.

All interventional procedures were undertaken after obtaining written informed consent from the
patients. Appropriate techniques and safety precautions were applied to minimize hematoma formation
and tissue trauma. After the procedure, the patients were observed for approximately 30 minutes to
monitor for potential complications.

Parathyroid Hormone Washout (PTH-WO) Test
The PTH-WO test was performed to confirm the parathyroid origin of lesions with suspicious imaging
findings. Lesion contents were aspirated under negative pressure using a 23-gauge needle, then rinsed
with 1 mL of isotonic saline and collected into an Eppendorf tube. Intact PTH levels in the samples were
measured using Cobas e411 (Roche Diagnostics, Germany) and Immulite XPi (Siemens Healthineers,
USA) analyzers (3–5,000 pg/mL). A washout PTH level higher than the simultaneous serum PTH level
was considered diagnostic in favor of parathyroid tissue.

Radioguided Occult Lesion Localization (ROLL) Procedure
The ROLL technique was applied in small or ectopic adenomas that were confirmed by PTH-WO and
were difficult to localize intraoperatively. Approximately 1 hour before surgery, 3.7–5.55 MBq (0.1–0.15
mCi) of 99mTc-macroaggregated albumin was injected intralesionally using a 23-gauge needle, in
collaboration between endocrinology and nuclear medicine specialists. The accuracy of the injection
was confirmed preoperatively using a gamma probe (Crystal Photonics GmbH, Germany).

Histopathological Evaluation
All surgically excised parathyroid adenoma specimens were fixed in formalin, entirely sampled,
embedded in paraffin, and re-evaluated on 4 µm-thick hematoxylin and eosin-stained sections.

All cases were examined under light microscopy (Nikon Eclipse E200, Japan) by two experienced
pathologists in the same laboratory. Histopathological evaluation included the assessment of
hemorrhagic changes, hemosiderin deposition, edema, granulation tissue formation, tumor implantation,
capsular pseudoinvasion, thick fibrous capsule, fibrous bands, and fibrosis (Fig. 1). In cases with fibrosis,
the percentage was calculated by evaluating the entire largest sectional area of the fibrotic region at ×20
magnification (Figs. 2 and 3).
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All assessments were performed in a blinded manner, independent of clinical, radiological, and fine-
needle intervention data.

Statistical Analysis
All statistical analyses were performed using R software (version 4.3.2; R Foundation for Statistical
Computing, Vienna, Austria). The distribution of continuous variables was assessed using the Shapiro-
Wilk test. Variables with a normal distribution were expressed as mean ± standard deviation, whereas
non-normally distributed variables were expressed as median (Q1–Q3). Categorical variables were
summarized as number (percentage).

For intergroup comparisons, Welch’s t-test was used for continuous variables under the assumption of
unequal variances, and Welch’s analysis of variance test was used for three-group comparisons. When a
significant difference was detected, Tukey post hoc testing was applied to identify intergroup
differences. Categorical variables were compared using the chi-square test, and Fisher’s exact test was
used when expected frequencies were < 5.

For the analysis of stromal fibrosis, only adenomas demonstrating histological fibrosis were included,
and the fibrosis percentage was evaluated as a continuous dependent variable. All tests were two-tailed,
and a p-value < 0.05 was considered statistically significant.

Results

Descriptive Characteristics
Of the 164 patients included, 83.5% (n = 137) were female and 16.5% (n = 27) were male, with a mean
age of 54.8 ± 11.9 years. The demographic, clinical, biochemical, and histopathological findings of the
study cohort are summarized in Table 2.
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Table 2
Demographic, Clinical, Biochemical, and Histopathological Characteristics of the Study Cohort

Variable   (n = 1641)

Patient Groups

  Group 0 70 (42.6)

  Group 1 43 (26.22)

  Group 2 51 (31.10)

Demographic Characteristics

  Sex  

  Male 27 (16.46)

  Female 137 (83.54)

  Age (years) 54.79 ± 11.95

Biochemical Parameters

  Parathyroid hormone (pg/mL) 143.50 (110.00–196.50)

  Calcium (mg/dL) 11.31 ± 1.35

  Phosphorus (mg/dL) 2.69 ± 0.64

  Vitamin D (ng/mL) 16.32 ± 8.75

  24-hour urinary calcium (mg/24 h) 334.81 ± 173.51

Clinical Characteristics

  Interval between PTH-WO and surgery (days)2 60.00 (27.00–126.00)

Tumor Morphology

  Tumor size (mm) 15.18 ± 5.66

Histopathological Findings

  Presence of fibrosis 28 (17.07)

  Stromal fibrosis percentage3 2.00 (1.00–10.00)

  Thick fibrous capsule 12 (7.32)

  Fibrous bands 28 (17.07)

  Hemorrhage 87 (53.05)

  Hemosiderin deposition 10 (6.10)
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Variable   (n = 1641)

Patient Groups

  Capsular pseudoinvasion 8 (4.88)

  Tumor implantation 3 (1.83)

  Granulation tissue 1 (0.61)

  Edema 28 (17.07)

  Necrosis 1 (0.61)

1Continuous variables are presented as mean ± standard deviation or median (Q1–Q3), and
categorical variables are presented as n (%), according to data distribution.

2The analysis was performed in a subcohort of 94 patients from Groups 1 and 2 with available PTH-
WO data.

3The percentage of stromal fibrosis was calculated only in the 28 adenomas presenting with fibrosis.

Group 0: needle-naive group (PTH-WO not performed), Group 1: single-needle group (PTH-WO
performed once), Group 2: two-needle group (two needle interventions performed for diagnostic and
preoperative radioguided localization purposes), PTH-WO: parathyroid hormone washout

[Insert Table 2 here]

Comparison of Clinical and Histopathological Findings
Among Groups
Comparisons among the three groups revealed statistically significant differences in tumor size (p = 
0.011) and serum PTH levels (p = 0.006). Both parameters showed a decreasing trend with an increasing
number of needle interventions.

On histopathological evaluation, the frequency of fibrosis was highest in Group 1 (30.2%). Among
patients with fibrosis, the percentage of stromal fibrosis was significantly higher in Group 0 (Group 0:
6.5%; Group 1: 2.0%; Group 2: 2.0%; p = 0.045). Among the remaining histopathological findings, only the
presence of fibrous bands differed significantly among the groups (p = 0.009). Comparison of data
among the study groups is presented in Table 3.
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Table 3
Comparison of Clinical, Biochemical, and Histopathological Parameters Among Study Groups

Variable Group 0

(n = 70)1

Group 1

(n = 43)1

Group 2

(n = 51)1

p2

Tumor size (mm) 16.6 ± 6.4 14.9 ± 5.1 13.5 ± 4.5 0.011

Parathyroid hormone (pg/mL) 150.5 (111–
237)

158 (125–245) 123 (89.6–153) 0.006

Calcium (mg/dL) 11.33 ± 0.78 11.51 ± 2.35 11.11 ± 0.60 0.16

Vitamin D (ng/mL) 13.7 ± 9.6 17.9 ± 9.2 17.5 ± 6.9 0.076

Presence of fibrosis 9 (12.9) 13 (30.2) 6 (11.8) 0.028

Fibrosis percentage3 6.5 (1.00–
25.00)

2.0 (2.00–
2.00)

2.0 (1.00–
10.00)

0.045

Thick fibrous capsule 4 (5.7) 4 (9.3) 4 (7.8) 0.75

Fibrous bands 15 (21.4) 11 (25.6) 2 (3.9) 0.009

Hemorrhage 34 (48.6) 22 (51.2) 31 (60.8) 0.40

Hemosiderin deposition 3 (4.3) 4 (9.3) 3 (5.9) 0.55

Capsular pseudoinvasion 3 (4.3) 3 (7.0) 2 (3.9) 0.81

Tumor implantation 0 (0.0) 2 (4.7) 1 (2.0) 0.11

Granulation tissue 0 (0.0) 0 (0.0) 1 (2.0) 0.57

Edema 16 (22.9) 8 (18.6) 4 (7.8) 0.091

Necrosis 0 (0.0) 1 (2.3) 0 (0.0) 0.26

1Continuous variables are presented as mean ± standard deviation or median (Q1–Q3), and
categorical variables are presented as n (%), according to data distribution.

2Pearson's chi-square test, one-way analysis of means not assuming equal variances, and Fisher's
exact test

3The percentage of stromal fibrosis was calculated only in the 28 adenomas presenting with fibrosis.

Bold p-values indicate statistical significance (p < 0.05).

Group 0: needle-naive group (PTH-WO not performed), Group 1: single-needle group (PTH-WO
performed once), Group 2: two-needle group (two needle interventions performed for diagnostic and
preoperative radioguided localization purposes), PTH-WO: parathyroid hormone washout

[Insert Table 3 here]
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Comparison Between Needle-Naive and Needle
Intervention Groups (Groups 0 vs. 1 and 2)
When the needle-naive group (Group 0) was compared with the needle intervention groups (Groups 1
and 2), tumor size was larger in the former (16.6 ± 6.4 mm vs. 14.2 ± 4.8 mm; p = 0.010), whereas vitamin
D levels were significantly higher in the latter (p = 0.023).

Histopathological examination showed a higher frequency of fibrosis in needle intervention groups,
although this difference was not statistically significant (12.9% vs. 20.2%; p = 0.22). In contrast, the
stromal fibrosis percentage was significantly higher in the needle-naive group (6.5% vs. 2.0%; p = 0.049).
No significant differences were observed between the two groups with respect to the remaining
histopathological findings (p > 0.05 for all).

Table 4 presents the histopathological comparison between needle-naive adenomas and adenomas
subjected to fine-needle intervention.
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Table 4
Histopathological comparison between needle-naive and needle intervention groups

Variable Group 0

(n = 70)1

Groups 1 and 2

(n = 94)1

p2

Tumor size (mm) 16.56 ± 6.42 14.16 ± 4.82 0.010

Parathyroid hormone (pg/mL) 150.50 (111.00–
237.00)

138.00 (102.00–
177.00)

0.33

Serum calcium (mg/dL) 11.33 ± 0.78 11.29 ± 1.65 0.87

Vitamin D (ng/mL) 13.65 ± 9.60 17.65 ± 8.02 0.023

Presence of fibrosis 9 (12.86%) 19 (20.21%) 0.22

Fibrosis percentage3 6.50 (1.00–25.00) 2.00 (1.00–3.00) 0.049

Thick fibrous capsule 4 (5.71%) 8 (8.51%) 0.50

Fibrous bands 15 (21.43%) 13 (13.83%) 0.20

Hemorrhage 34 (48.57%) 53 (56.38%) 0.32

Hemosiderin deposition 3 (4.29%) 7 (7.45%) 0.52

Capsular pseudoinvasion 3 (4.29%) 5 (5.32%) > 0.99

Tumor implantation 0 (0.00%) 3 (3.19%) 0.26

Granulation tissue 0 (0.00%) 1 (1.06%) > 0.99

Edema 16 (22.86%) 12 (12.77%) 0.089

Necrosis 0 (0.00%) 1 (1.06%) > 0.99

1Continuous variables are presented as mean ± standard deviation or median (Q1–Q3), and
categorical variables are presented as n (%), according to data distribution.

2Pearson’s chi-square test, Welch’s two-sample t-test, and Fisher’s exact test

3The percentage of stromal fibrosis was calculated only in the 28 adenomas presenting with fibrosis.

Bold p-values indicate statistical significance (p < 0.05).

Group 0: needle-naive group (PTH-WO not performed), Group 1: single-needle group (PTH-WO
performed once), Group 2: two-needle group (two needle interventions performed for diagnostic and
preoperative radioguided localization purposes), PTH-WO: parathyroid hormone washout

[Insert Table 4 here]

Comparison of Needle Intervention Groups (Groups 1 and
2)
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After exclusion of needle-naive cases, comparisons between single-needle (Group 1) and two-needle
(Group 2) intervention groups were performed. Histopathological examination showed that the
frequency of fibrosis was significantly higher in Group 1 (30.2% vs. 11.8%; p = 0.026). However, no
significant difference was detected between the two groups in terms of stromal fibrosis percentage (p = 
0.29). The presence of fibrous bands was also significantly more frequent in the single-needle group
(25.6% vs. 3.9%; p = 0.002). In contrast, no statistically significant differences were observed between
the two groups with respect to thick fibrous capsule, hemorrhage, hemosiderin deposition, capsular
pseudoinvasion, tumor implantation, granulation tissue, edema, or necrosis (p > 0.05 for all)
(Supplementary Table 1).

Post Hoc Analysis for Intergroup Differences in Stromal
Fibrosis Percentage
Tukey post hoc analysis was performed to evaluate differences in stromal fibrosis percentage among
the three groups. Although the overall model was not significant (p > 0.05), a borderline difference was
observed between Group 0 and Group 1, indicating a tendency toward a higher fibrosis percentage in
Group 0 (mean difference = 10.19; 95% confidence interval: − 5.84 to 19.40; p = 0.055). The difference
between Group 0 and Group 2 was not significant (mean difference = 5.58; p = 0.474), and no significant
difference was observed between Groups 1 and 2 (mean difference = − 4.61; p = 0.628).

Correlation Between Stromal Fibrosis and Clinical or
Biochemical Parameters
The correlations between stromal fibrosis percentage and clinical and biochemical variables were
evaluated using Spearman correlation analysis. The fibrosis percentage showed weak correlations with
the interval between PTH-WO and surgery (r = − 0.24, p > 0.05) and plasma PTH levels (r = 0.24, p > 0.05).
Although these associations did not reach statistical significance, they were interpreted as trend-level
associations. Similarly, no statistically significant correlations were detected between stromal fibrosis
percentage and age (r = − 0.18), vitamin D (r = − 0.16), serum calcium (r = 0.06), urinary calcium (r = − 
0.21), serum phosphorus (r = − 0.09), or tumor size (r = − 0.14) (p > 0.05 for all).

Multivariable Regression Analysis for Independent
Predictors of Stromal Fibrosis
In the linear regression analysis performed to identify factors affecting fibrosis percentage, only the
group variable was independently associated with fibrosis percentage. The fibrosis percentage was
significantly lower in Group 1 than in Group 0 (β = − 10; 95% confidence interval: − 19 to − 1.6; p = 0.022).
A similar decreasing trend was observed in Group 2, although it did not reach statistical significance (p = 
0.25). No significant associations were identified between fibrosis percentage and other clinical or
biochemical variables, including age, tumor size, timing of PTH-WO, PTH levels, vitamin D, serum
calcium, urinary calcium, and related parameters (p > 0.05 for all).
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Discussion
Accurate localization of parathyroid adenomas is a fundamental determinant of the success of
minimally invasive parathyroidectomy. PTH-WO and ROLL are complementary minimally invasive
techniques that are increasingly used for this purpose, particularly in cases with inconclusive imaging
findings or ectopically located lesions [8, 10]. The present study evaluated the potential effects of these
interventions and the frequency of needle use on the presence and extent of fibrosis and on
histopathological findings that may mimic malignancy based on 164 surgically excised parathyroid
adenoma specimens.

In this study, tumor size was smaller in the needle intervention groups (Groups 1 and 2) compared with
the needle-naive group (Group 0). Serum PTH levels were higher and vitamin D levels were lower in
Group 0. Certain histopathological differences were observed among Groups 0, 1, and 2. Although the
frequency of fibrosis was more pronounced in Group 1, the intensity of stromal fibrosis was higher in
Group 0, and this finding was also supported by regression models. When Groups 1 and 2 were
compared, the frequency of fibrosis and the presence of fibrous bands were more prominent in Group 1,
whereas the stromal fibrosis percentage was similar between the two groups. In analyses comparing
Groups 1 and 2 together with Group 0, only the stromal fibrosis percentage differed, being higher in
Group 0. In contrast, histopathological features suggestive of malignancy, such as fibrous bands,
capsular pseudoinvasion, tumor implantation, and necrosis, were very rarely observed and were detected
at similar frequencies across all groups.

Taken together, these findings indicate that fine-needle-based interventions do not appear to produce a
marked alteration in the overall morphology of parathyroid adenomas. The similar frequency of
malignancy-mimicking histopathological patterns across groups suggests that diagnostic and
localization techniques such as PTH-WO and ROLL have an acceptable histopathological safety profile
when applied with appropriate indications. On the other hand, the modest increase in fibrosis frequency
in needle intervention groups and the higher stromal fibrosis percentage observed in needle-naive
patients suggest that the observed fibrotic changes may be related not only to the interventions
themselves but also to intrinsic structural characteristics of the tumor.

Although fine-needle-based interventions have been used for many years, data in the literature regarding
their histopathological effects in parathyroid adenomas remain limited and heterogeneous [15]. Early
studies reported that these procedures could lead to marked fibrotic reactions and surgical difficulties,
with Norman et al. describing fibrosis and prolonged operative times in the majority of cases undergoing
fine-needle aspiration [11, 12, 16]. Similarly, Hirokawa et al. emphasized that thick fibrous capsules and
fibrous bands developing after fine-needle aspiration could mimic atypical adenoma or parathyroid
carcinoma [14]. In contrast, a more recent study by Ahmad et al. demonstrated low fibrosis percentages
that were comparable to those observed in needle-naive cases [17].

In the present study, stromal fibrosis was identified in only 17.1% of cases, a rate that is markedly lower
than those reported in early series and is consistent with the contemporary literature [17]. The higher
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frequency of fibrosis observed particularly in Group 1 suggests that needle-related mechanical trauma
may act as a trigger for fibrosis development. However, the finding that the highest percentage of
stromal fibrosis was observed in Group 0, together with multivariable analyses indicating an association
between the group variable and stromal fibrosis percentage in favor of needle-naive cases, suggests that
the fibrotic response cannot be attributed solely to interventional trauma. These observations imply that,
in addition to mechanical effects, the biological and structural characteristics of the tumor may also play
a role in the development of stromal fibrosis.

It has been proposed that fibrosis development may be affected by biological and structural
characteristics such as tumor size, intratumoral hemorrhage, and degeneration [18]. Stromal fibrosis has
also been reported to be associated with microvascular remodeling and stromal remodeling processes
related to chronic PTH excess [19]. In the current study, despite larger tumor sizes in needle-naive cases
and higher PTH levels in Groups 0 and 1, fibrosis and fibrous bands were observed at lower rates in
Group 2, which was characterized by smaller tumor size and lower PTH levels. This pattern suggests that
the fibrotic response may be more closely related to the biological properties of the tumor than to the
mechanical effect of needle intervention. Furthermore, the relatively higher fibrosis percentage observed
in Group 0, which had the lowest vitamin D levels, may be interpreted as indirect evidence of a potential
association between chronic vitamin D deficiency and stromal fibrosis, a concept that is consistent with
fibrotic remodeling processes described in secondary hyperparathyroidism [20].

Aspiration technique-related factors may also have an impact on fibrotic responses in parathyroid tissue.
Needle gauge, number of needle passes, operator experience, and the interval between needle
intervention and surgery may affect the frequency and severity of fibrotic responses in parathyroid tissue
[11, 12, 14, 16, 17]. Norman et al. reported that marked fibrotic reactions and surgical difficulties were
particularly associated with multiple needle passes (3–10 passes) and the use of larger-gauge needles
(18–22 G) and noted no fibrosis with 3 passes using a 27-G needle, whereas fibrosis percentages
reached 85% with 8 or more passes. However, because the procedures were performed by different
operators and methodological standardization was poorly reported, the generalizability of these high
fibrosis percentages is limited [11].

In this study, all parathyroid fine-needle aspirations were performed using a standardized approach, with
a 23-G needle, by a single endocrinology specialist, with a limited number of passes (mean 2–3), and
under high-resolution real-time ultrasonographic guidance. This standardized methodology is considered
to have led to the limited fibrotic responses observed. Consistent with this interpretation, Ahmad et al.
reported that interventions performed with 25–27 G needles and a limited number of passes did not
result in clinically significant fibrosis and that histopathological findings were similar to those in needle-
naive cases [17]. In contrast, the use of larger-gauge needles and the longer median interval between
aspiration and surgery in the study by Hirokawa et al. may have contributed to more pronounced needle-
related tissue trauma and a more evident secondary fibrotic response over time [14].
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When the findings of the present study are evaluated alongside the existing literature, fine-needle
aspiration using 23-G or thinner needles, a limited number of passes, experienced operators, and a short
interval between intervention and surgery may represent an appropriate approach in PHPT cases with a
clear surgical indication. Considering the limited evidence regarding long-term potential risks such as
parathyromatosis [21, 22], the use of fine-needle aspiration in parathyroid lesions for differential
diagnosis and localization purposes should be carefully considered in clinically necessary and selected
cases.

Early literature reported that perilesional fibrotic adhesions were more frequently observed in parathyroid
adenomas subjected to fine-needle aspiration, leading to more difficult and prolonged surgery and, in
some cases, a need for microdissection. On this basis, it was suggested that fine-needle aspiration
should be avoided unless strictly necessary [11, 23, 24]. In the current study, the primary focus was on
stromal fibrosis, and perilesional fibrotic adhesions were not systematically analyzed. However, the fact
that all surgeries were performed by the same experienced surgeon provides a degree of observational
consistency. Notably, in cases undergoing PTH-WO and particularly ROLL, shorter operative times were
observed, and advanced microdissection due to fibrotic adhesions was not required, despite smaller
lesion size. These findings are consistent with recent studies using similar methodologies [9, 10].
Despite repeated needle interventions required for PTH-WO and intralesional marking, the ROLL
technique has been reported to facilitate the surgical process and to be associated only with limited
reactive histopathological changes [9]. In our study, the absence of histomorphologically significant
changes and the lower fibrosis percentages observed in Group 2 (ROLL-treated cases) further support
the acceptable histopathological safety profile of this technique.

Another major concern regarding fine-needle interventions is whether these procedures induce
histopathological changes that may constitute diagnostic pitfalls with respect to malignancy.
Parathyroid lesions encompass a broad histopathological spectrum ranging from adenoma to atypical
parathyroid tumor and parathyroid carcinoma. Although long-term follow-up studies of atypical
parathyroid tumors have reported low recurrence rates, these lesions are still regarded as borderline
entities because of their uncertain malignant potential [18, 25, 26]. In the present study, histopathological
patterns defined within the spectrum of atypical parathyroid tumors, including thick fibrous capsule,
fibrous bands, capsular pseudoinvasion, and tumor implantation, were rarely observed and did not differ
significantly among groups according to the presence or frequency of needle interventions. Despite the
warnings by Hirokawa et al. that these patterns may develop secondary to fine-needle aspiration [14], the
similar rates observed in needle-naive cases and different needle intervention frequencies suggest that it
may not be sufficient to interpret these changes solely as iatrogenic artifacts. The rate of atypical
parathyroid tumors detected in the needle-naive group (1.4%) was also lower than those reported in the
literature, further supporting the notion that these findings may represent part of the natural histological
overlap between parathyroid adenomas and the atypical spectrum [25, 27].

Among the histopathological patterns that raise the greatest suspicion for malignancy, capsular
pseudoinvasion and tumor implantation were rarely observed in the overall study cohort (4.9% and 1.8%,
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respectively) and did not differ significantly between needle-naive and needle intervention groups.
Although capsular pseudoinvasion can be difficult to distinguish from true capsular invasion and tumor
implantation from direct invasion into adjacent soft tissues [14], these patterns did not provide definitive
evidence of malignancy on their own in our study. In some cases, these findings may necessitate more
detailed histopathological evaluation, immunohistochemical analysis (when appropriate), and clinical
follow-up similar to that applied to atypical parathyroid tumors.

Parathyroid carcinomas represent the rarest lesions within this spectrum and are distinguished by
definitive malignant criteria such as invasion, vascular or perineural spread, metastasis, or overtly
atypical mitotic activity [18]. No cases fulfilling these criteria were identified in our series, and therefore
fine-needle-based interventions are not expected to induce histopathological changes that mimic these
invasive features. In lesions suspected of parathyroid carcinoma, the principal concern is the potential
risk of tumor seeding related to the intervention. Because these malignancies usually present as large
lesions with marked hypercalcemia, very high PTH levels, and imaging findings that readily raise
suspicion, fine-needle-based procedures such as PTH-WO or ROLL, which are intended for selected
cases with localization difficulties, are generally not required in this patient group [18, 23, 28].

Parathyroid adenomas are known to be highly vascular lesions, and hemorrhagic areas adjacent to the
capsule may create peliosis-like appearances that raise suspicion for invasion [29]. However, the
absence of a true endothelial lining in these patterns allows differential diagnosis through careful
histopathological assessment and, when necessary, immunohistochemical evaluation. Consistent with
this knowledge, hemorrhage was the most frequently observed histopathological finding in our series
(53%). Together with the prominent vascular structure of parathyroid tissue and its sensitivity to surgical
manipulation, this finding suggests an intrinsic tendency of these lesions toward bleeding in response to
interventional procedures. Although a relative increase in hemorrhage rate was observed in the group
undergoing a second needle intervention on the morning of surgery (Group 2), the lack of statistical
significance and the similar rates detected across all groups, including needle-naive cases, indicate that
hemorrhage cannot be attributed solely to needle intervention. This observation suggests that, in
addition to iatrogenic mechanical effects, lesion vascularity and individual stromal characteristics may
also play a determining role in the development of hemorrhage. From a clinical perspective, limited
hematoma areas did not negatively affect the surgical procedure and sometimes even facilitated
intraoperative localization. These observations indicate that the hemorrhagic changes do not pose a
significant surgical risk and should rather be considered nonspecific, reactive phenomena.

Hemosiderin deposition is among the reactive and iatrogenic changes described after fine-needle
aspiration in parathyroid adenomas and is not considered to be directly associated with malignant
transformation because it does not provide definitive evidence of invasion [14]. In our series, despite the
frequent occurrence of hemorrhage, hemosiderin deposition was detected in only a limited number of
cases (7.4%) and was observed at similar rates across groups. Nevertheless, it should be remembered
that, particularly when limited tissue samples are evaluated, these changes may create appearances that
mimic malignancy. The combined consideration of clinical and biochemical data, intraoperative
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macroscopic findings, and a comprehensive histopathological evaluation including the entire parathyroid
tissue supports the interpretation that these changes belong to a nonspecific, reactive spectrum.
Therefore, awareness of a history of fine-needle-based intervention by the evaluating pathologist may
contribute to reducing the risk of diagnostic misinterpretation.

Fine-needle aspiration and PTH-WO provide important clinical advantages in parathyroid adenomas.
They support differential diagnosis, reduce the need for additional investigations, and optimize surgical
planning, regardless of whether ROLL is performed. These approaches also have the potential to reduce
additional costs and comorbidity risks associated with repeat surgeries. Furthermore, PTH-WO
represents an important complementary tool for biochemical confirmation of parathyroid origin before
the application of methods such as thermal ablation in patients who are not suitable candidates for
surgery or who refuse surgical intervention. In our study, PTH-WO and fine-needle-based interventions
were not associated with prominent histopathological changes mimicking malignancy or with surgically
significant technical difficulties in parathyroid adenomas. These findings may provide additional and
supportive evidence in the literature regarding the use of these methods under appropriate indications
and with standardized techniques. Nevertheless, potential long-term effects of parathyroid aspiration
procedures and rare but clinically significant conditions such as parathyromatosis were beyond the
scope of the present study. Prospective, multicenter studies with longer follow-up are needed to evaluate
these risks in detail. In addition, a more comprehensive investigation of the mechanical and biological
factors that may be involved in the development of parathyroid fibrosis would help more clearly define
the complementary role and safety boundaries of fine-needle-based interventions in clinical decision-
making.

The main strength of this study lies in its systematic evaluation of the histopathological effects of fine-
needle-based localization methods used for parathyroid adenomas in a relatively large patient cohort, as
well as a comparative analysis of fibrosis and diagnostic pitfalls that may mimic malignancy. In addition,
the fact that all interventions were performed by the same endocrinologist and endocrine surgeon
strengthens procedural standardization and methodological consistency. However, the study also has
several limitations. Due to the retrospective and observational design, causality between fine-needle-
based interventions and histopathological changes cannot be established. It is also unclear whether the
observed fibrosis reflects needle-related mechanical effects or intrinsic tumor biology. Potential
selection bias related to intervention indications and patient selection, as well as limited generalizability
associated with the single-center and registry-based data structure, should also be acknowledged.
Although the overall case number was high, the relatively small number of cases with detected fibrosis
and the low frequency of other histopathological features limited the ability to robustly and
comprehensively evaluate factors associated with these variables through statistical modeling. Although
single- and two-needle intervention groups were defined, the lack of quantitative recording of the number
of needle passes during procedures limited the assessment of mechanical effects. Lastly, observations
regarding the association between stromal fibrosis and surgical difficulty were based on observational
data, and long-term clinical outcomes such as parathyromatosis and recurrent laryngeal nerve injury
were not evaluated within the scope of this study. For these reasons, there is a need for prospective

Page 17/24



studies incorporating standardized needle gauge and pass protocols and providing long-term follow-up
data to clearly delineate the potential effects of parathyroid fine-needle aspiration and PTH-WO on
histopathological changes and surgical and clinical outcomes.

Conclusion
This study quantitatively evaluated stromal fibrosis and histopathological patterns that may mimic
malignancy in parathyroid adenomas undergoing fine-needle-based localization interventions such as
PTH-WO and ROLL. Although the frequency of fibrosis was moderately higher in patients undergoing
needle interventions, the higher intensity of stromal fibrosis observed in needle-naive patients suggests
that needle-related mechanical effects may be limited and that the observed changes may be related not
only to the interventions themselves but also to tumor biology. With respect to malignancy-suspicious
patterns, PTH-WO and ROLL appear to be generally histopathologically safe when applied with
appropriate indications and standardized techniques, although some findings may occasionally overlap
with the histology of atypical parathyroid tumors. Prospective studies with standardized protocols and
larger sample sizes are required to elucidate these associations.
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Figure 1

Histopathological patterns in parathyroid adenomas after fine-needle aspiration, which overlap with
atypical parathyroid tumors and may represent iatrogenic artifacts.

(A) A fibrous capsule showing marked thickening around a parathyroid adenoma (H&E; ×100).
(B) Fibrous bands in the stroma that may create appearances mimicking malignancy (H&E; ×40).
(C) Areas of capsular pseudoinvasion giving the impression of disrupted capsular integrity (H&E; ×100).
(D) Foci of intratumoral hemorrhage that may have developed secondary to previous needle intervention
(H&E; ×100).
(E) Hemosiderin deposits secondary to previous hemorrhagic areas (H&E; ×200).
(F) A rarely observed area of tumor implantation located as small foci around the tumor tissue (H&E;
×20). (H&E: hematoxylin and eosin)
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Figure 2

Areas of stromal fibrosis in hematoxylin and eosin-stained sections of a parathyroid adenoma.

(A) Stromal fibrosis area comprising approximately 5% of the total tissue surface area (H&E; ×40).
(B) A stromal fibrosis area comprising approximately 25% of the total tissue surface area, centrally
located within the lesion and containing dense collagen (H&E; ×20). (H&E: hematoxylin and eosin)
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Figure 3

Collagenized stromal fibrosis adjacent to the needle tract. A hematoxylin and eosin stained section (×40)
shows collagenized stromal fibrosis with associated parenchymal distortion in the area adjacent to the
needle tract, involving approximately 10% of the total sectional area.
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