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INTRODUCTION

Primary hyperparathyroidism (PHP) is a common
endocrine disorder, with worldwide incidence of
21.6 cases per 100,000."" The main cause of PHP is
solitary adenoma (87%-91%), generally originating
from chief cells, although the other causes include
hyperplasia (6%) and parathyroid carcinoma (<1%)."!
Parathyroid adenoma may present with hypercalcemia,
kidney stone, osteoporosis, bone pain, depression, peptic
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ulcer, and many other clinical manifestations.! The
standard treatment for parathyroid solitary adenoma
or carcinoma is surgical excision.”’ However, surgical
approach may not be appropriate for some patients due to
clinical considerations, or it may fail in some patients.!*”)
Medical treatments, although may be effective, but
does not usually lead to long-term sustained control of
hypercalcemia and needs life-long therapy.®

Percutaneous ethanol injection treatment of parathyroid
adenomas is introduced as an alternative therapeutic
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approach with a relatively high response rate which has
been introduced in only some case reports.”!”? Moreover,
little data are available concerning the long-term results of
the percutaneous ethanol injection.”? On the other hand,
direct injection of alcohol has some advantages which have
not been studied as well, including lower costs as it is an
outpatient procedure without needing general anesthesia,
repeatability, and lack of interference with other therapeutic
methods such as surgery. Finally, ethanol injection is a
minimally invasive procedure with much less morbidity
and mortality and few side effects in comparison to the
surgery.l'%

There are few prospective clinical trials about the efficacy of
ethanol injection in the treatment of parathyroid adenoma
and subsequent laboratory changes in the long term.[*!2
In the current study, we evaluated and compared the
clinical efficacy of percutaneous ethanol injection in the
treatment of parathyroid adenoma through a prospective
self-controlled study.

METHODS

Study design and target group

This prospective, self-controlled, open-label study was
conducted in Isfahan endocrine and metabolism research
center (IEMRC), Isfahan, Iran during November 2014 to
November 2017. We evaluated patients with a probable
diagnosis of PHP who were referred to endocrinology clinics
of IEMRC. Then, based on clinical, biochemical/hormonal
and imaging (ultrasound * sestamibi scan) assessments,
the diagnosis was confirmed and decision for surgery
were made based on the last guidelines.!" The participants
were selected based on the following criteria: 1 patient
in whom parathyroid adenoma was clearly visible by
ultrasound and confirmed by fine-needle aspiration (FNA)
and parathyroid hormone (PTH) wash out of the suspected
mass, 2 patients who did not accept surgery, or surgery was
not an appropriate plan for them,™ and 3 patients who
choose ultrasound-guided parathyroid alcohol ablation.
Patients who needed second or third injection, but were not
satisfied with the procedure after the first or second time
had the option to stop the procedure and to be followed or
introduced for the surgery. We explained the protocol of
the study to all participants, and a signed written consent
was obtained from them. For elderly patients aged more
than 70, we also obtained informed consent from their
legal caregivers. The study received ethics approval from
the Ethics Committee of Isfahan University of Medical
Sciences (396431).

Intervention and measurements
All percutaneous ethanol injection procedures were

performed by two experienced interventional radiologists
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after FNA biopsy of the suspected mass. The ultrasound
characteristics of parathyroid adenomas was usually a single
fusiform and well-capsulated nodule, with moderate-to-high
vascularity and most of the time significantly hypoechoic.
The ultrasonography was performed by Samsung R730
ultrasound. After sterilization of the skin, a small amount
of local anesthetic (lidocaine 2%) was injected into
subcutaneous tissue before alcohol injection. A 25G needle
was used to inject ethanol. Needle of the syringe containing
96% ethanol was inserted into the parathyroid adenoma
under the guidance of real-time ultrasonography by the
radiologist. Between 3 and 6 mL of ethanol, depending
on the vascularity and size of adenomas was injected into
the four quadrants of parathyroid adenoma with alcohol
diffusion monitoring by ultrasonography. One month after
the first injection, ultrasound was repeated. Then, based on
the biochemical and sonographic findings, a decision for the
second ethanol injection was made. The third and fourth
injections were repeated at later months if needed as well.

Serum levels of PTH, calcium, phosphate, 25-OH Vitamin
D, and alkaline phosphatase (ALP) were evaluated before, 1
month, 3 months, 6 months, and 1 year after the procedure.
Successful ablation was defined by a significant reduction of
adenoma size and vascularity on Doppler ultrasonography,
decreased level of serum calcium (returning to normal
range), and PTH (returning to normal range or more than
50% decrease). The study flow diagram is presented in
Figure 1.

Serum calcium was measured by Arsenazo method (normal
range: 8.6-10.3 mg/dl). Serum PTH was measured
by ELISA (Uroimmune, Deutschland, normal range:
10.9-54.8 pg/dl). Serum 25-(OH) D was measured by
ELISA (Biorex fars, Iran, normal range: 20-100 ng/ml).
Serum ALP was measured by calorimetry (normal range:
64-306 mg/dl). Serum phosphate was measured by
calorimetry (normal range: 2.5-5 mg/dl).

The patients with PHP were defined and categorized in
three groups: elevated PTH and high normal serum calcium,
elevated serum calcium and high normal PTH and elevated
both PTH and serum calcium. To unify these three groups in
one group for statistical analysis by the software in a more
straightforward way, and as a practical guideline, we also
proposed a variable (PTH x serum calcium >550 and serum
calcium >9.8 mg/dl) for defining PHP.

Statistical analysis

Continuous data were reported as mean + standard
deviation (SD) and categorical data as frequency (percentage).
Normality of continuous data was evaluated using the
Kolmogorov-Smirnov test and Q-Q plot. Right skewed
data were subjected to logarithmic transformation.

Journal of Research in Medical Sciences 2



Yazdani, et al.: Ethanol ablation of parathyroid adenoma

Assessed for eligibility (n=51)

Excluded (n=6)
Chronic disease (n=4)
Anticoagulant drugs (n=1)
Refused to participate (n=1)

v

Ethanol injection (n=45)

|

Allocated to intervention (n= 45)

Did not receive allocated intervention (give reasons) (n= 0)

¥
[ 3 months later (n=45) ]

Discontinued study (n=1)

Lost to follow up (n=0)

!

[ 6 months later (n= 44) ]

Discontinued study (n=2)
Lost to follow up (n=3)

|

[ Analysis J

Analysed (n=39)
Excluded from analysis (Dropped out) (n=0)

Figure 1: The study flow diagram

Baseline characteristics were compared across age groups
by independent sample t-test. To compare the outcome
variables between different periods, repeated measures
analysis was used. All statistical analyses were conducted
using the SPSS software version 20 (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, version 20.0,
Armonk, NY, USA: IBM Corp.).The two-tailed P <0.05 was
considered statistically significant.

RESULTS

After 1 year follow-up, 39 patients remained in the study
that 35 (87.5%) of them were females. The mean age of
the participants was 61.28 + 10.37 years, ranging from
33 to 83 years. Baseline characteristics of the participants
are presented in Table 1. About 51.3% of participants
were < 60 years old. Adenoma size was slightly larger
among older age group (0.82+0.74 cm?® vs. 2.98+9.21 cm?,
P =0.302). Serum calcium as well was significantly higher
in older patients (10.52+0.75 vs. 11.07+0.84, P =0.039). Other
characteristics did not show any significance difference
between the age groups (P > 0.05). Mean 24 h urinary
calcium was 267 mg/24 h.
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Table 1: Baseline characteristics of participants

Age groups (years) Total P°
<60 >60
n (%) 20 (51.3)° 19 (48.7) 39
Sex (female) 18 (90.0) 17 (89.5) 35 (89.7)  0.957
Length (mm) 13.60£4.70  16.58%9.55 15.05£7.52  0.22
Width (mm) 7.71£3.04 9.49+7.40 8.58+5.60 0.325
Diameter (mm) 6.46+2.54 6.47+4.92 6.46+3.84  0.991
Calcium 10.52+0.75 11.07+0.84 10.79+£0.83  0.039
Phosphate 3.15+0.49 3.07+0.60 3.11x0.54  0.662
Albumin 4.46+0.56 4.30£0.36 4.38+0.47  0.322
25-(OH)-Vitamin = 44.99+22.59 34.82+14.96 40.04%19.69 0.108
D3
ALP 247.65+91.11 238.84+79.17 243.36%84.50 0.75

PTH 116.72+48.44 143.68+74.89 129.85+63.37 0.188

Serum creatinine  0.97+0.15 1.16£0.15 1.09£0.17  0.001
aMean+SD; °n (%); °“Resulted from Chi-square test for qualitative variable

and independent t-test for quantitative variables. PTH=Parathyroid hormone;
ALP=Alkaline phosphatase; SD=Standard deviation

Overall, 26 (66.7%) patients underwent one injection, 8 (20.5%)
twice, 4 (10.3%) three times, and one patient (2.6%) four times.

After the injections, mean of the adenoma volume
decreased significantly from 1.87+6.45 cm?® to 0.38+ 0.48
cm?® (P <0.001) . Adenoma size did not decrease in only one
patient [Figure 2].

Table 2 indicates the changes of measured outcomes during
the follow-up. Corrected serum calcium levels decreased
significantly after the 1** month and remained stable
during 1 year follow-up (P < 0.001). Serum PTH as well
decreased significantly after the 1% month and continued
to decrease during 1 year follow-up (P < 0.001) [Figure 3].
Serum phosphate increased significantly after 3 months
and increased gradually after that during the follow-up
period (P < 0.001). Serum ALP had a non-significant
decrease after 3 months and remained stable during the
follow-up period (P = 0.07). Serum 25-OH Vitamin D
increased progressively during the study (by prescribed
or personal supplement intake) (P < 0.001).

About 46% of the patients with hyperparathyroidism
improved after one month of ethanol ablation therapy which
increased to 84.5% during 1 year follow-up.

No major complications were observed in the participants
during or after ethanol injection and during 1 year of
follow-up. Minor complications such as local pain and
injection site irritation were observed rarely in some
patients, which usually subsided rapidly.

DISCUSSION

The present study showed that ethanol injection could control
hyperparathyroidism in 85% of the patients and decrease
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Table 2: Serial serum levels of parathyroid hormone, corrected calcium, phosphate, 25-OH Vitamin D, and alkaline

phosphatase during the follow-up

Follow up F (df)® P
Baseline 1 month 3 months 6 months 12 months
later later later later
PTH (pg/mL) 129.85+63.37 84.99+71.26 72.58+53.86 68.43+43.49 44.78+28.05 8.69 (4, 152) <0.001
Corrected calcium (mg/dL) 10.41+0.97 9.45+0.83 9.35+0.79 9.10£0.65 8.83+0.59 43.04 (4, 152) <0.001
Phosphate (mg/dL) 3.11+£0.54 3.23+0.46 3.32+0.49 3.37+0.53 3.48+0.38 6.21 (4, 152) <0.001
25-OH Vitamin D (ng/mL) 40.04+19.69 40.32+18.61 51.71+53.47 56.45+31.06 76.84+42.49 23.71 (4, 152) <0.001
ALP (IU/L) 243.36+84.50 240.77+87.76  228.23+75.06 227.33+68.55 228.69+63.28 2.87 (4, 152) 0.070

aMeanxSD; °F statistic value and degrees of freedom in a repeated measures analysis. PTH=Parathyroid hormone; ALP=Alkaline phosphatase; SD=Standard deviation

age<60 years age>=60 years
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Figure 2: Trajectories of Adenoma volume before and after the percutaneous
ethanol injection in 39 patients of two age groups

serum corrected calcium, PTH and adenoma volume in them.
Parathyroidectomy, a surgical procedure, is currently the
treatment of choice in PHP. If performed by an experienced
parathyroid surgeon, parathyroidectomy is curative in
95%-98% of the patients.!' Despite this high success rate, it
might have various complications, such as hematoma and
neck swelling,™! while the ethanol injection method was
relatively safe and did not show any major complications.

To the best of our knowledge, there are not enough clinical
trials on the ethanol injection for PHP, and only some case
reports/series and animal studies have been published.
Verges et al. showed that ultrasound-guided percutaneous
ethanol injection of parathyroid adenomas was effective in
64.5% of patients with PHP during the 5-year follow-up.
It was very effective in patients with contraindications to
the surgery.l"! Another study performed by Cercueil et al.
revealed a biochemical recovery (i.e. reduction of plasma
calcium and PTH, and increase in serum phosphate levels)
of 58%. It also showed only 7% failure rate and finally
concluded that acquired results in ethanol injection were
remarkable but not as good as surgery method.!""!

Guttinet al. performed a study on the efficacy of percutaneous
ultrasound-guided ethanol ablation on the outcomes of 24
dogs with PHP with parathyroid nodules. They showed that
ethanol ablation was an effective treatment for those dogs,
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Corrected Ca (mg/dg)

Figure 3: Serial changes of mean (Bonferroni 95% confidence interval) of
corrected calcium and parathyroid hormone (Parathyroid hormone) of 39 patients
during the follow-up (baseline until 12" month). Dash lines indicate to normal
ranges

with lower duration of anesthesia, lower complications, and
low risk for hypocalcemia.l'”]

Montenegro et al. reported a case with unresectable
parathyroid carcinoma who responded to ultrasound-guided
ethanol injection. They observed the reduction in PTH levels
from 2990 pg/mL to 2230 pg/ml after the first injection,
and decreased to 1104 pg/mL after the second injection
and reduction in calcium serum levels from 19.8 mg/dL to
16.1 mg/dL and to 14.5 mg/dL, respectively, without serious
complication.®!

Alherabi et al. reported ultrasound-guided ethanol injection
of parathyroid adenomas as an alternative to the surgery in
patients with significant medical comorbidities. They observed
significant response in laboratory tests and clinical findings.™

Cappelli et al. reported two cases of PHP with parathyroid
adenoma who underwent ultrasound-guided ethanol
injection. Both cases showed remarkable response in clinical
manifestation and laboratory variables to alcohol injection
after 20 months of follow-up.”

Harman et al. had reported four indications, including
medical comorbidities, patient choice, difficult surgery
technically, and partial ablation.! Percutaneous alcohol
ablation is less expensive, less invasive, with less extensive
preparation, and reduces the usual risks of surgery.'”
Shenoy et al. used radiofrequency ablation followed by
percutaneous ethanol ablation for a case. They observed
a reduction of adenoma size and a decrease in PTH level
after the procedure.
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Few complications have been reported with the percutaneous
alcohol ablation, including incomplete necrosis of the
adenoma, recurrent laryngeal nerve injury," hypocalcemia,
and peri-glandular fibrosis,'*?'*! which have not been
observed in our study.

Limitations

Our study has some limitations: first, we did not have
the control group, and it was an open-label study. As it
was a pilot study, we recommend designing an RCT for
better evaluation of the method, its efficacy, side effects,
and acceptability. Second: duration of follow-up of this
study was 1 year, and we do not have sufficient data
regarding the recurrence or stability of the condition after
that time. Furthermore, we did not include bone mineral
density (BMD), because based on the guidelines, it was
not mandatory for all the patients. Limited number of
participants is another limitation of the present study.
We suggest larger and if possible, randomized controlled
studies with longer duration of follow-up for better
elucidation of this alternative management technique.

CONCLUSIONS

The results of the present study suggest the beneficial
effects of ultrasound-guided ethanol injection in
controlling PHP due to parathyroid adenoma, which
could be considered as a suitable alternative treatment
instead of surgery in patients with contraindication for
surgery and significantly lead to better control in the
short term and increase the quality of life for a long time.
Further investigation on a larger sample size of patients
is needed to guarantee the efficacy and safety of the
proposed procedure in contrast to surgery method for
longer periods of follow-up.
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