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ABSTRACT 

Objective. To investigate the association between imaging findings and histopathological characteristics of parathyroid 
glands in patients with secondary hyperparathyroidism ( SHPT) . 
Methods. Seventy-four glands from 21 patients with SHPT who underwent parathyroidectomy were evaluated for their 
pathological characteristics. The detection rates of parathyroid glands using ultrasound ( US) and 99Tc-MIBI-SPECT/CT 

( MIBI) were compared. Glands were classified as either US-positive or US-negative, and MIBI-positive or MIBI-negative. 
Morphological and pathological differences between the positive and negative groups were systematically analysed. 
Results. The detection rates for parathyroid glands were 71% with US, 65% with MIBI, and 82% when combining both 

methods. US and MIBI showed similar localization accuracy in SHPT ( P = .38) . MIBI-positive glands had significantly 
larger oxyphil nodules compared with MIBI-negative glands ( area: 10.92 mm² vs 3.09 mm², P < .01; area proportion: 
61% vs 30%, P = .002) , while no significant differences were found in chief nodules. The US-positive group had fewer and 
smaller chief nodules ( number: 2 vs 9, P = .005; area: 1.53 mm² vs 11.08 mm², P = .033) and a higher percentage of oxyphil 
nodules ( 74% vs 33%, P = .003) compared with the US-negative group. Thirteen glands undetected by both US and MIBI 
had smaller oxyphil nodule areas ( 3.59 vs 13.24 mm²) and lower oxyphil nodule area percentages ( 25% vs 68%) . These 
pathological features, including adipose infiltration, intra-gland haemorrhage, cyst formation, and calcification, showed 
no correlation with the gland’s imaging results. 
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Conclusion. US and MIBI had similar value in preoperative localization of SHPT. Parathyroid glands with more and larger 
oxyphil nodules were more likely to be detected by both MIBI and US. 

Keywords: 99Tc-MIBI-SPECT/CT, chief cell, oxyphil cell, secondary hyperparathyroidism, ultrasound 

KEY LEARNING POINTS 

What was known: 

• Parathyroidectomy is a crucial surgical treatment for secondary hyperparathyroidism ( SHPT) .
• Preoperative ultrasound ( US) and 99Tc-MIBI-SPECT/CT ( MIBI) determine the effectiveness of parathyroidectomy, but neither 

can locate all the parathyroid glands.
• SHPT is characterized by increased oxyphil cell content, nodular proliferation, adipose infiltration, intraglandular haemor- 

rhage, calcification, and fluid-cyst formation.

This study adds: 

• The pathological characteristics of parathyroid glands are correlated with the detection rate of US and MIBI.
• Adipose infiltration, intraglandular haemorrhage, calcification, and fluid-cysts do not impact imaging results.
• Parathyroid glands with more and larger oxyphil nodules are more likely to be detected by US and MIBI.

Potential impact: 

• The study further supports the idea that oxyphil cells may play an important role in SHPT.
• US and MIBI can be used clinically as markers to detect the progression of SHPT to advanced stages based on the increasing 

number and volume of oxyphil nodules.
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NTRODUCTION 

hronic kidney disease–mineral bone disorder ( CKD–MBD) 
s characterized by dysregulated calcium and phosphorus 
etabolism, in addition to alterations in parathyroid hormone 

 PTH) levels and fibroblast growth factor 23 ( FGF-23) , thereby 
ontributing to vascular calcification and heightened cardiovas- 
ular risk [1 ]. The pathophysiological mechanism of CKD–MBD is 
rimarily attributed to secondary hyperparathyroidism ( SHPT) ,
hich is characterized by parathyroid gland hyperplasia and ex- 
essive PTH secretion. SHPT is a significant prognostic risk fac- 
or in patients with CKD, necessitating aggressive management 
trategies to attain target PTH levels and to optimize patient out- 
omes [2 ]. In certain cases, despite comprehensive drug ther- 
py, the parathyroid gland may persistently proliferate along- 
ide continuous increases in PTH levels. In such circumstances,
urgical excision of hyperplastic parathyroid glands is often nec- 
ssary [3 ]. 

In contrast to primary hyperparathyroidism ( PHPT) , the sur- 
ical management of SHPT often necessitates the complete exci- 
ion of all identifiable parathyroid tissue due to potential stim- 
lation by various factors, such as elevated phosphorus levels,
hich can lead to SHPT recurrence [4 ]. Therefore, preoperative 

maging techniques for the accurate localization of parathyroid 
issue in SHPT patients present greater challenges than those 
mployed in PHPT patients. Ultrasound ( US) and 99mTc-MIBI- 
PECT ( MIBI) are the most frequently utilized non-invasive ex- 
minations in clinical practice. However, neither of these meth- 
ds can effectively detect all potential parathyroid glands. The 
ccuracy of US and MIBI imaging for detecting parathyroid 
lands is influenced by various factors; however, existing studies 
ave focused primarily on PHPT involving parathyroid adenoma 
r carcinoma rather than on SHPT [5 –8 ]. Therefore, an investiga- 
ion of the characteristics of and factors influencing parathyroid 
7
S and MIBI in the localization of SHPT holds significant scien- 
ific and clinical value. 

Compared with PHPT, SHPT has distinct pathological fea- 
ures. Under normal physiological conditions, the parathyroid 
land consists mainly of chief cells, which are responsible for 
TH secretion, along with sporadic oxyphilic cells, whose func- 
ion remains unknown. However, in SHPT there is a significant 
eviation from this state. During the early stages of SHPT, there 
s diffuse proliferation of glandular cells, which subsequently 
ive rise to fibrous nodules as the disease progresses [9 , 10 ]. This
rogression is accompanied by the development of fluid-filled 
ysts, tissue calcification, infiltration of adipose tissue, and in- 
raglandular haemorrhage. Notably, oxyphil cell proliferation be- 
omes particularly prominent in SHPT and may even lead to the 
ormation of giant oxyphil nodules—a characteristic patholog- 
cal manifestation unique to this condition. Furthermore, the 
recise role of chief cells and oxyphil cells in SHPT remains 
lusive. The cytoplasm of oxyphil cells is predominantly occu- 
ied by dysfunctional mitochondria, suggesting a potential ab- 
ence of endocrine functions. However, numerous studies have 
emonstrated that, compared with chief cells, oxyphil cells ex- 
ibit an even greater capacity for synthesizing PTH [11 ]. Investi- 
ating the pathological characteristics of SHPT serves as a cru- 
ial starting point for exploring its pathogenesis.

Given the distinct morphological and functional differences 
etween chief cells and oxyphil cells, their appearance on imag- 
ng may vary. Consequently, parathyroid glands with varying 
ell compositions can exhibit diverse characteristics in US and 
uclear medicine evaluations. To investigate the pathological 
haracteristics of the parathyroid glands on imaging and to 
dentify potential factors that may influence the US and MIBI 
esults from a pathological perspective, we conducted a correla- 
ion analysis between pathology and imaging examinations of 
4 parathyroid tissues obtained from 21 patients with SHPT. 
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Figure 1: Pathological characteristics of SHPT. The parathyroid glands of patients with SHPT were surgically removed and stained with H&E. The merged field of view 

revealed nodular hyperplasia in the gland ( A) . Histological examination also showed fat infiltration ( B) , intraglandular haemorrhage ( C) , and formation of fluid-filled 
cystic cavities within the tissues ( D) . The chief cells and oxyphilic cells were surrounded by fibrous tissue, forming chief cell nodules ( E) and oxyphilic cell nodules ( F) . 
Upon H&E staining, the cytoplasm of the chief cells appeared lightly stained with small-sized cell bodies ( G) , while the cytoplasm of the oxyphilic cells showed strong 
eosinophilia with relatively larger cell bodies ( H) . 
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ATERIALS AND METHODS 

ubjects 

his was a single-institution retrospective study. Between Jan- 
ary 2017 and March 2021, 21 consecutive uremic patients ( 11 
ale, 10 female, 20 who received haemodialysis, and 1 who re-
eived peritoneal dialysis) with biochemically suggestive SHPT 
nderwent parathyroidectomies. According to the KDIGO 2017 
linical Practice Guidelines [11 ], all patients were diagnosed 
ith SHPT and met the criteria for parathyroidectomy. Briefly,
atients with CKD stage 5D with severe hyperparathyroidism 

 over 9 times the upper normal limit) who failed to respond to
harmacological therapy were considered suitable for parathy- 
oidectomy. Thirteen patients exhibited resistance to all avail- 
ble treatments, including calcium supplements, phosphate 
inders, calcitriol, and calcimimetics, indicating a potential pro- 
ression to tertiary hyperparathyroidism. Eight patients were 
nable to receive calcimimetics due to severe adverse reactions 
r drug unavailability, which hindered a definitive assessment 
f PTH responsiveness. Consequently, all subjects in this study 
ere classified as having SHPT. Patient records were carefully 
eviewed, and clinical information, including body mass index 
 BMI) , dialysis vintage, underlying disease, and medication his- 
ory, was collected. 

aboratory parameters 

ull-length PTH levels were measured preoperatively and 1 day 
ostoperatively using a second-generation assay on a Beckman 
oulter CX4CE automatic biochemical analyser ( Beckman Coul- 
er, USA) . Alkaline phosphatase ( ALP) levels, with a normal ref- 
rence range of 50–35 U/L, were determined by continuous mon-
toring colorimetry using the same instrument. Additionally,
ther routine serum biochemical indicators were assessed for all
atients included in the study: total calcium ( 2.20–2.65 mmol/L) ,
hosphate ( 0.9–1.6 mmol/L) , alanine aminotransferase ( ALT) ( 7–
0 U/L) , aspartate aminotransferase ( AST) ( 13–35 U/L) , urea ( 3.1–
.8 mmol/L) , and creatinine ( 41–81 μ mol/L) . Both US and MIBI
xaminations were conducted preoperatively to facilitate pre- 
ise localization of the parathyroid glands in all patients. Dur-
ng surgery, all accessible parathyroid tissue was removed while
he plasma PTH levels were continuously monitored. The op-
ration was deemed successful when a reduction of > 70% in
TH levels compared with preoperative values was achieved,
long with complete excision of all identifiable parathyroid
lands. 

arathyroid tissue preparation and haematoxylin–eosin 

taining 

he surgical procedure was a total parathyroidectomy under
eneral anaesthesia, involving the removal of all identifiable
arathyroid glands without forearm subcutaneous transplanta- 
ion. In brief, the steps were: ( i) a transverse neck incision ex-
osed and excised both normal and ectopic parathyroid glands,
ith tissues sent for frozen section analysis; ( ii) PTH levels
ere measured in blood samples; ( iii) if fewer than four glands
ere found or PTH levels remained ≥400 pg/mL, exploration ex-
ended to retro-oesophageal, deep paratracheal spaces, the sub- 
ternal region, the carotid sheath, the thyroid gland, and the
hymus to locate and remove any missed glands; ( iv) success
as confirmed by an 80% drop in PTH levels from preoperative
alues. 
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Figure 2: Serum PTH levels, detection rate, and parathyroid characteristics in combined positive vs negative groups. ( A) Serum PTH levels before and 1 day post- 
operation. ( B) Overall detection rate of the parathyroid gland by ultrasound ( US) , 99mTc-MIBI-SPECT/CT ( MIBI) , and combined ( US + MIBI) imaging. ( C –H) Characteristics 
of the combined positive group ( n = 61) vs the negative group ( n = 13) . Each point represents an individual gland’s measurement, while the lines show the median and 
interquartile range. ( C) Parathyroid gland volume. ( D) Percentage of nodular area. ( E) Area of the chief nodule. ( F) Area of the oxyphil nodule. ( G) Percentage of chief 
nodule area. ( H) Percentage of oxyphil nodule area. ns, no statistical difference; * P < .05; ** P < .01; **** P < .0001. 
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A total of 74 parathyroid glands were surgically excised 
rom 21 patients. Subsequently, precise measurements of length,
idth, and height were promptly obtained using a Vernier 
alliper. The volume of the hyperplastic parathyroid lesion 
as estimated following previously established methodolo- 
ies [12 ]. Briefly, the volume was calculated using the formula 
 = 4/3 π ( abc) , where V represents the volume of each parathy- 
oid lesion determined by its three radii ( a , b , and c) . The glands 
ere subsequently fixed in 4% formalin, embedded in paraffin 
nd sectioned into 4- μm thick slices. These sections were uni- 
ormly stained with haematoxylin and eosin ( H&E) . Two expe- 
ienced pathologists independently evaluated the H&E-stained 
ections. Among the 74 surgically removed tissues, both pathol- 
gists consistently diagnosed all samples as secondary hyper- 
lastic parathyroid glands. Related H&E-stained slices, which 
ere meticulously selected from the largest cross-sectional area 
f each gland, were subsequently selected for further quantita- 
ive analysis in the field of pathology. 

istological image acquisition and analysis 

he parathyroid slices stained with H&E were scanned using the 
issueFAX platform ( TissueGnostics, Vienna, Austria) at a mag- 
ification of 20 × and merged into a combined image for each 
land. Further quantitative analysis was performed on these im- 
ges using StrataQuest software ( version 7.0, TissueGnostics, Vi- 
nna, Austria) . By employing the colour separation engine of 
trataQuest, oxyphil cells, characterized by intense eosinophilia 
n their cytoplasm, were automatically distinguished from chief 
ells via subtle staining. The number, cell count, area, and cell 
ensity of oxyphil nodules and chief nodules ( defined as oxyphil 
r chief cells surrounded by fibrous tissue) were subsequently 
ssessed. The presence of fatty infiltration, cysts, calcifications,
nd haemorrhages was also documented ( Fig. 1 ) . 

maging protocols 

 dual-phase 99mTc-MIBI SPECT/CT scan was performed as a 
outine procedure in all patients. SPECT/CT images of the cervi- 
al region and thorax were acquired 15 minutes ( early stage) and 
20 minutes ( late stage) after intravenous administration of 555 
Bq of 99mTc-MIBI ( HTA Co. Ltd, China) . For image acquisition,
 Discovery NM/CT 670 Pro system ( GE Healthcare, Haifa, Israel) 
quipped with both parallel hole and pinhole high-resolution 
ollimators was utilized. For the analysis of dual-phase imag- 
ng, a comparison was made between early and delayed 99mTc- 
IBI planar images; regional uptake of 99mTc-MIBI with slower 
ashout than that from thyroid tissue was considered indicative 
f hyperfunctioning parathyroid tissue. 
Cervical ultrasound was performed on each patient using an 

U22 high-resolution ultrasonic diagnostic device ( Philips, Ams- 
erdam, Netherlands) by an experienced radiologist to identify 
ny proliferating parathyroid glands. A high-frequency linear 
ransducer ( 5-12 MHz) was utilized to examine the region ex- 
ending from the angles of the mandible to the sternal notch,
ith specific emphasis on the posterior thyroid gland, para- 
nd retro-oesophageal space, carotid sheath, and retrosternal 
pace. The parathyroid gland, which appears hyperechoic on 
ltrasound imaging, exhibits distinct demarcation from the 
urrounding thyroid parenchyma and demonstrated dynamic 
ovement during swallowing, showing robust vascular supply.
he number, size, location, echogenicity, and morphology of the 
arathyroid glands were meticulously documented. 
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Table 1: Characteristics of SHPT patients ( n = 21) . 

Characteristics Data 

Age ( years) 54.3 ± 8.5 
Sex 
Male 11 ( 52%) 
Female 10 ( 48%) 
BMI ( kg/m2 ) 25.3 ± 3.8 
Dialysis modality 
Haemodialysis 20( 95%) 
Peritoneal dialysis 1 ( 5%) 

Dialysis vintage ( months) 96 ( 36, 192) 
Concomitant diseases 
Hypertension 19 ( 91%) 
Diabetes mellitus 5 ( 24%) 
Coronary heart disease 5 ( 24%) 
Cerebrovascular disease 3 ( 14%) 
Obstructive sleep apnoea syndrome 2 ( 10%) 
Digestive ulcer 5 ( 24%) 

Number of parathyroid glands removed 
< 4 9 ( 43%) 
4 11 ( 52%) 
> 4 1 ( 4.8%) 

Preoperative PTH ( pg/mL) 1309 ( 909, 2590) 
Postoperative PTH ( pg/mL) 32.2 ( 3.78, 646) 
Preoperative correction calcium ( mmol/L) 2.4 ± 0.2 
Preoperative phosphorus ( mmol/L) 2.5 ± 0.6 
Preoperative ALP ( mmol/L) 171 ( 92 697) 
Preoperative predialysis urea ( mmol/L) 21.1 ± 7.2 
Preoperative predialysis creatinine ( μmol/L) 771 ± 239.8 
Preoperative haemoglobin ( g/L) 115 ( 88, 164) 
Preoperative ALT ( U/L) 9.4 ± 5.3 
Preoperative AST ( U/L) 10.4 ± 3.0 
Preoperative triacylglycerol ( mmol/L) 1.82 ( 0.6, 5.47) 
Preoperative total cholesterol ( mmol/L) 4.1 ± 0.9 
Medication history 
Phosphorus binding agent 21 ( 100%) 
1,25-vitamin D3 21 ( 100%) 
Cinacalcet 13 ( 63%) 

Measurement data with a normal distribution are presented as mean ± stan- 

dard deviation, while non-normal data are reported as median ( minimum, 
maximum) . Enumeration data are presented as frequencies and proportions. 

Table 2: Detection of parathyroid in SHPT by ultrasound and 99mTc- 
MIBI-SPECT/CT. 

99mTc-MIBI-SPECT/CT 

Ultrasound + − Total 

+ 40 13 53 
− 8 13 21 
Total 48 26 74 

The table shows the counts of parathyroid glands with different examination re- 
sults from two imaging methods. ‘ + ’ indicates glands detectable via ultrasound 
or 99mTc-MIBI-SPECT/CT imaging,while ‘ −’ means undetectable in preoperative 
examinations. 
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tatistical analysis 

escriptive statistics were employed based on the data type: cat-
gorical variables were analysed using frequencies and corre- 
ponding percentages, while continuous variables were initially 
ssessed for normality and are presented as the mean ± stan-
ard deviation if they followed a normal distribution; otherwise,
he median and range are reported. The difference between the
egative and positive groups of imaging examinations ( MIBI + 

s MIBI −, US + vs US −) was analysed. If the data were con-
inuous, a t -test was used; for categorical data, a χ2 test was
sed. In the analysis comparing the detection rates of parathy-
oid glands between US and MIBI, appropriate statistical tests 
ere employed based on the type of data. These tests in-
luded paired t -tests, McNemar tests, and standard χ2 tests. In
articular, mid- P McNemar’s test was utilized when inconsis- 
ent sample size was small [13 ]. Statistical analysis was per-
ormed using IBM SPSS Statistics 26.0 for Windows ( Chicago,
L, USA) . P values < .05 were considered to indicate statistical
ignificance. 

ESULTS 

atient information 

linical information from 21 patients with stage 5 CKD 

ndergoing dialysis was collected and analysed, along with 
athological and imaging information obtained from 74 ex- 
ised parathyroid glands. The median dialysis vintage of 20 
aemodialysis patients ( 4 hours per session, 3 times per week) 
nd 1 peritoneal dialysis patient ( 10 litres per day) was 96 
onths. Thirteen patients received cinacalcet therapy, while 
ight patients were unable to tolerate or access cinacalcet.
espite appropriate pharmacotherapy, there was persistent un- 
ontrolled and significant elevation in PTH levels ( with a me- 
ian value of 1309 pg/mL) , accompanied by parathyroid gland 
nlargement. After surgery, a significant reduction in PTH con- 
entration was observed in 21 patients, with a median blood
TH concentration of 32.2 pg/mL on the first postoperative day
 Fig. 2 A) . Nine patients underwent removal of fewer than four
arathyroid glands, 11 patients underwent removal of exactly 
our parathyroid glands, and one patient underwent removal of 
ore than four parathyroid glands. In total, a total of 74 parathy-

oid glands were surgically excised. Additionally, an extensive 
nalysis was conducted on the findings regarding the patho- 
ogical characteristics and preoperative imaging associated with 
hese 74 glands ( Table 1 ) . 

omparison between US and MIBI 

o compare the efficacy of both imaging modalities for the pre-
perative localization of parathyroid glands, we evaluated the 
etection rate across various gland locations, sizes, and patho- 
ogical characteristics. The US technique achieved an overall de- 
ection rate of parathyroid glands of 72% ( 53 out of 74) , while
he utilization of MIBI yielded a detection rate of 65% ( 48 out
f 74) . There was no statistically significant difference between 
he two groups ( P = .38) ( Table 2 , Fig. 2 B) . The subgroup anal-
sis revealed that for glands smaller than 0.5 cm3 , cervical US
emonstrated a significantly greater detection rate ( 71%) than 
IBI ( 50%, P = .04) for glands smaller than 0.5 cm3 . Both US
nd MIBI exhibited comparable efficacy in localizing parathyroid 
lands at different locations, irrespective of size or the presence
f adipose tissue, calcification, cysts, or haemorrhage ( Fig. 1 ) ,
hile also accommodating variations in oxyphil cell content.
dditionally, the performance of US and 99mTc-MIBI-SPECT 
emained consistent regardless of the preoperative PTH level
nd prior cinacalcet medication ( Table 3 ) . 
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Table 3: Characteristics of 74 parathyroid lesions and overall performance of ultrasound ( US) and 99mTc-MIBI-SPECT/CT ( MIBI) . 

N US-positive MIBI-positive P value 

Overall lesion 74 53 ( 72%) 48 ( 65%) .38 
Position 
Upper left 14 11 ( 79%) 7 ( 50%) .13 
Lower left 21 16 ( 76%) 15 ( 71%) .63 
Upper right 15 9 ( 60%) 6 ( 40%) .22 
Lower right 20 16 ( 80%) 17 ( 85%) .69 
Ectopia 4 1 ( 25%) 3 ( 75%) .25 

Volume ( cm3 ) 0.426 ( 0.002, 3.183) 
< 0.5 42 30 ( 71%) 21 ( 50%) .04 
0.5–1.0 20 16 ( 80%) 17 ( 85%) .62 
> 1.0 12 7 ( 58%) 10 ( 83%) .13 

Cinacalcet treatment 
Yes 50 lesions from 13 patients 36 ( 72%) 31 ( 62%) .30 
No 24 lesions from 8 patients 17 ( 71%) 17 ( 71%) .69 

Preoperative PTH ( pg/mL) 
≥1500 35 lesions from 9 patients 24 ( 69%) 20 ( 57%) .42 
< 1500 39 lesions from 12 patients 29 ( 74%) 28 ( 72%) .73 

Adipose infiltration 
Yes 26 21 ( 81%) 17 ( 65%) .29 
No 48 32 ( 67%) 31 ( 65%) .79 

Haemorrhage 
Yes 18 13 ( 72%) 12 ( 67%) .69 
No 56 40 ( 71%) 36 ( 64%) .45 

Cyst formation 
Yes 16 13 ( 81%) 12 ( 75%) .69 
No 58 40 ( 69%) 36 ( 62%) .45 

Calcification 
Yes 7 4 ( 57%) 6 ( 85%) .38 
No 67 49 ( 73%) 42 ( 62%) .14 

The area ratio of oxyphil nodules 
≥50% 43 36 ( 84%) 34 ( 79%) .75 
< 50% 31 17 ( 55%) 14 ( 45%) .55 

Data are presented as the number of parathyroid glands that tested positive on either US or MIBI, along with their respective detection rates ( %) . 
A statistically significant difference in the detection rate was defined as a P value < .05. 
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orrelation between MIBI results and pathological 
haracteristics 

he parathyroid glands ( n = 74) were categorized into two 
roups based on the performance of MIBI imaging: a positive 
roup ( MIBI + , n = 48) and a negative group ( MIBI −, n = 26) .
ubsequently, a comparative analysis was conducted to assess 
he characteristics of these two groups. The maximum cross- 
ectional area of the gland in the MIBI + group ( 23.58 mm2 ) 
as larger than that in the MIBI − group ( 17.89 mm2 ) , although 
here was no statistically significant difference in gland volume 
etween the two groups. Compared with those in the MIBI −
roup, the MIBI + group had significantly greater numbers of to- 
al parathyroid pathological cells ( 30.32 × 104 vs 26.90 × 104 ,
 < .001) and nodular cells ( 24.56 × 104 vs 20.33 × 104 , P < .001) . To 
nvestigate the correlation between these two types of nodules 
nd the MIBI results, we quantified the number, area, and pro- 
ortion of oxyphil and chief cell nodules while comparing differ- 
nces in these pathological characteristics between both groups 
f glands. A significantly greater median area of oxyphil nodules 
 10.92 vs 3.09 mm2 , P < .01) and a greater proportion of oxyphil 
odules ( 61% vs 30%, P = .002) were detected in the MIBI + group 
han in the MIBI − group. In contrast to those of oxyphil nodules,
he number, area, and proportion of chief cell nodules did not 
ignificantly differ between the two groups. Moreover, there 
ere no statistically significant differences in the occurrence 
f fat infiltration, calcification, intraglandular haemorrhage, or 
uid cyst formation between the two groups ( Table 4 ) . 

orrelation between US results and pathological 
haracteristics 

ccording to the results of the cervical US examinations, 74 
lands were divided into two groups: a positive group ( US + 

roup, n = 53) and a negative group ( US − group, n = 21) . To in-
estigate correlations between pathological characteristics and 
he US detection rate, further comparisons and analyses were 
onducted on the characteristics of parathyroid glands in both 
he US + and US − groups ( Table 5 ) . The proportion of nodule
rea in the US + group was 86%, which was significantly greater 
han that in the US − group ( 85%, P = .03) , despite the absence 
f any observed difference in gland volume between these two 
roups ( P = .81) . Notably, there was a significantly greater num- 
er of chief nodules in the US − group than in the US + group
 mean difference = 4, 95% CI: 1–6, P = .005) . Similarly, the area of
he parathyroid chief nodule in the US − group was significantly 
arger than that in the US + group ( 11.08 vs 1.53, P = .03) . Notably,
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Table 4: Comparison of pathological characteristics in parathyroid glands between MIBI-positive and MIBI-negative group. 

MIBI + 

( N = 48) 
MIBI −
( N = 26) P value 

Overall characteristics 
Volume ( cm3 ) 0.43 ( 0.12, 0.85) 0.20 ( 0.07, 0.49) .02 
Total area ( mm2 ) 23.58 ( 16.01, 38.97) 17.89 ( 10.21, 24.08) .003 
Percentage of nodular area 86 ( 76.22, 94.63) 81.81 ( 55.86, 92.95) .02 
Total cell count ( ×104 ) 30.32 ( 18.95, 49.20) 26.90 ( 12.52, 34.62) .02 

Nodular cell count ( ×104 ) 24.56 ( 16.56, 39.30) 20.33 ( 10.77, 26.57) < .001 
Non-nodular cell count ( ×104 ) 2.97 ( 1.00, 9.84) 3.55 ( 1.06, 10.42) .57 

Total cell density ( ×103 /mm2 ) 12.83 ( 10.77, 14.73) 12.91 ( 11.28, 15.22) .43 
Nodular cell density ( ×103 /mm2 ) 12.78 ( 10.17, 15.26) 13.05 ( 10.99, 15.59) .54 
Non-nodular cell density ( ×103 /mm2 ) 9.94 ( 5.67, 14.07) 12.33 ( 7.53, 18.19) .39 

With fat 17 ( 35%) 9 ( 35%) .95 
With calcification 6 ( 13%) 1 ( 4%) .41 
With haemorrhage 12 ( 25%) 6 ( 23%) .85 
With cyst 12 ( 25%) 4 ( 15%) .34 

Characteristics of oxyphil nodules 
Number of oxyphil nodules 6 ( 2, 9) 6 ( 5, 9) .21 
Area of oxyphil nodules ( mm2 ) 10.92 ( 3.71, 22.05) 3.09 ( 1.66, 10.08) < .001 
Percentage of oxyphil nodule area 61.00 ( 27.44, 81.92) 30.29 ( 12.79, 68.71) .002 

Characteristics of chief nodules 
Number of chief nodules 3 ( 0, 9) 4 ( 1, 9) .55 
Area of chief nodules ( mm2 ) 2.97 ( 0, 14.14) 3.17 ( 1.14, 13.29) .97 
Percentage of chief nodule area 16.51 ( 0, 51.31) 30.55 ( 7.34, 57.73) .06 

MIBI, 99mTc-MIBI-SPECT/CT. 
Measurement data are reported as median ( interquartile range) and enumeration data as frequencies and proportions. 
A statistically significant difference in the detection rate was defined as a P value < .05. 
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U  
here was a considerably greater proportion of oxyphil nodules 
n the US + group than in the US − group ( 74% vs 33%, P = .003) .
oreover, the incidence of fat encapsulation, occurrence of cal- 
ification, presence of haemorrhage, and frequency of fluid cyst 
ormation did not exhibit any notable differences between the 
wo groups. These findings align with the results obtained from
IBI analysis. 

orrelation between combined US and MIBI detection 

ates and parathyroid characteristics 

n clinical practice, US and MIBI imaging are frequently used
oncurrently for preoperative localization of parathyroid glands.
 statistical analysis was conducted on the combined detection 
ate of 74 parathyroid glands using US and MIBI. Of these 74
lands, 61 were successfully identified by the combination of US
nd MIBI, resulting in a combined detection rate of 82% ( Fig. 2 B) .
hirteen glands remained undetected by both modalities prior 
o surgery. Compared with the positive group, the 13 undetected 
lands exhibited significantly lower percentages of hyperplastic 
odules, oxyphilic nodule areas, and oxyphilic nodule area pro- 
ortions. However, there were no statistically significant differ- 
nces in gland volume, chief cell nodule area, or chief cell nodule
rea proportion ( Fig. 2 C–H, Supplementary Table S1) . 

ISCUSSION 

S and MIBI are the most widely used examinations for preop-
rative localization; however, their results can be influenced by 
arious factors. In this study, a total of 74 parathyroid glands
ere selected to investigate the correlation between their patho- 

ogical characteristics and imaging findings. The results indi- 
ated that US and MIBI had similar localization values for the
arathyroid gland in SHPT patients ( detection rate: 71% vs 65%) .
owever, according to the data of Ishii and colleagues, US de-
ection of parathyroid glands in SHPT patients was significantly
reater than that in MIBI patients ( 93% vs 61%) [8 ]. The differ-
nce between that study and the current one may be attributed
o differences in the study population. Specifically, patients with
oth primary and secondary hyperparathyroidism, only eight of
hom were patients with SHPT, and only 32 parathyroid glands
ere included in the previous study. Additionally, several factors
ay have influenced the imaging findings, such as the location
nd size of the gland, the presence of a parathyroid cyst, and
he use of cinacalcet treatment [8 , 14 , 15 ]. These factors could
xplain the wide variability observed in US and MIBI detection
ates across different studies. 

In the present study, although the number of oxyphil nodules
emained consistent, the area occupied by oxyphil nodules was
ignificantly greater in the MIBI + group. A similar phenomenon
as also been documented in patients with primary parathyroid
yperplasia and parathyroid adenoma [16 ]. The specific mech-
nism of 99mTc-MIBI uptake by the parathyroid gland remains
nclear. However, in vitro cell experiments have confirmed a po-
ential close association between 99mTc-MIBI uptake and mito-
hondrial membrane function [17 ]. Importantly, SHPT results in
n abundance of oxyphil cells filled with numerous mitochon-
ria [18 ], which may explain the correlation between the oxyphil
ell content and MIBI results. 

The appearance of the parathyroid glands on US can be at-
ributed to their cellular composition. Glands with a hypoe-
hoic appearance are likely to have a greater abundance of func-
ional cells, while isoechoic or hyperechoic glands may contain
 greater proportion of non-functional components [19 ]. How-
ver, the presence of non-functional components such as fatty
issue, calcification, cysts, and haemorrhage did not appear to af-
ect the results of US imaging in the present study. In this study,
S demonstrated a higher detection rate of 71% for parathyroid

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf040#supplementary-data
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Table 5: Comparison of pathological characteristics in parathyroid glands between ultrasound ( US) -positive and US-negative groups. 

US + 

( N = 53) 
US −

( N = 21) P value 

Overall characteristics 
Volume ( cm3 ) 0.45 ( 0.15, 0.82) 0.27 ( 0.07, 1.07) .81 
Total area ( mm2 ) 23.94 ( 16.44, 35.02) 22.76 ( 15.66, 49.11) .07 
Percentage of nodular area 86.00 ( 81.10, 95.26) 84.79 ( 55.45, 92.69) .03 
Total cell count ( ×104 ) 28.49 ( 18.42, 46.46) 33.24 ( 22.45, 62.91) .06 
Nodular cell count ( ×104 ) 24.56 ( 16.61, 39.56) 24.88 ( 13.54, 39.29) .80 
Non-nodular cell count ( ×104 ) 2.48 ( 0.55, 5.44) 8.02 ( 1.84, 18.64) .03 
Total cell density ( ×103 /mm2 ) 12.53 ( 10.05, 14.73) 13.14 ( 11.11, 15.49) .20 
Nodular cell density ( ×103 /mm2 ) 12.87 ( 10.17, 15.07) 12.29 ( 10.19, 16.75) .68 
Non-nodular cell density ( ×103 /mm2 ) 9.37 ( 5.08, 12.92) 14.07 ( 0.76, 30.23) .03 
With fat 21 ( 40%) 5 ( 24%) .28 
With calcification 4 ( 8%) 3 ( 14%) .40 
With haemorrhage 13 ( 25%) 5 ( 24%) .95 
With cyst 13 ( 25%) 3 ( 14%) .53 

Characteristics of oxyphil nodules 
Number of oxyphil nodules 6 ( 1, 8) 7 ( 5, 10) .11 
Area of oxyphil nodules ( mm2 ) 13.22 ( 5.71, 22.59) 7.39 ( 1.63, 17.39) .34 
Percentage of oxyphil nodule area 73.74 ( 31.41, 83.37) 33.02 ( 10.37, 62.65) .003 

Characteristics of chief nodules 
Number of chief nodules 2 ( 0, 6) 9 ( 4, 11) .005 
Area of chief nodules ( mm2 ) 1.53 ( 0, 12.23) 11.08 ( 2.93, 16.20) .03 
Percentage of chief nodule area 9.38 ( 0, 42.28) 22.74 ( 14.00, 63.81) .06 

Measurement data are reported as median ( interquartile range) and enumeration data as frequencies and proportions. 
A statistically significant difference in the detection rate was defined as a P value < .05. 
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lands with a volume < 0.5 cm3 . This may be attributed to the rel- 
tively lower spatial resolution of MIBI-SPECT, which limits its 
bility to accurately identify smaller glands. Consequently, US 
ppears to be a more effective tool for screening and monitoring 
HPT, allowing earlier detection of parathyroid gland enlarge- 
ent. The US + group exhibited a greater prevalence of larger 
xyphil nodules, suggesting that glands with more oxyphil con- 
ent may be more easily detected by US. This observation aligns 
ith previous studies on PHPT [20 ]. Recent studies confirmed 
hat PTH expression levels in oxyphilic cells are significantly 
reater than those in chief cells [21 ]. The correlation between 
xyphil cell content and findings obtained via ultrasound imag- 
ng may further support the potential role of oxyphil cells in 
HPT. 

In the current study, a higher content of oxyphil cells was 
ssociated with easier detection by MIBI and US examination.
hese findings have several clinical implications. First, previ- 
us studies have suggested that oxyphilic cells may play a 
ole in SHPT, and the correlation between the cell composi- 
ion of the parathyroid gland and imaging findings further con- 
rms this speculation. Second, during the progressive course of 
HPT, there is dynamic evolution in the cellular components of 
arathyroid glands, transitioning from diffuse hyperplasia with 
ower oxyphil contents in the early stages to an increased pres- 
nce of oxyphil cells with nodule formation in the later stages 
22 ]. The association between imaging results and cell composi- 
ion suggests that imaging techniques could be used to monitor 
isease progression and medication response. Indeed, studies 
ave demonstrated that US and MIBI can be utilized to moni- 
or therapeutic responsiveness to cinacalcet treatment as well 
s outcomes following kidney transplantation for SHPT patients 
14 , 23 ]. The study found that both US and MIBI are equally effec- 
ive in detecting parathyroid glands in SHPT. Glands with severe 
odular hyperplasia and a high proportion of oxyphil nodules 
re more likely to be detected. As this pathological feature be- 
omes progressively more pronounced with the advancement 
f SHPT, US and MIBI may serve as effective tools for assessing
he disease stage of SHPT in clinical settings, thereby aiding in 
urgical decision-making. 

This study also has several limitations. On one hand, the 
ample size was relatively small. Some obvious differences, such 
s the difference in the ability to detect ectopic parathyroid 
lands between MIBI and US, were not statistically significant.
n the other hand, the pathological section of the largest cross- 
ection of the gland was selected to represent the pathological 
ituation of the whole gland in this study. However, the patho- 
ogical characteristics of such a section may not completely re- 
ect the situation of the whole gland, especially some relatively 
mall nodules, which may not be reflected in the section. The 
alue of other non-invasive examination methods, such as CT,
ositron emission tomography ( PET) , and enhanced US, needs 
o be further explored and applied in cases of SHPT [14 , 24 –27 ]. 
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