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ABSTRACT

Background: Intraoperative imaging is used to address the challenges of parathyroidectomy, but no
standard modality has been established. This study aimed to assess whether carbon nanoparticle in-
jection is useful in localizing parathyroid glands (PGs) during parathyroidectomy.

Methods: Patients who underwent total parathyroidectomy (TPTX) between September 2015 and
November 2018 were included. The operative duration and intact parathyroid hormones (iPTH) were
analyzed.

Results: A total of 61 patients were included; of these, 32 with carbon nanoparticle injection (TPTX + CN
group) and 29 without (TPTX group). The operative duration in the TPTX + CN group was significantly
shorter (90.6 + 21.2 vs 101.4 + 19.4 min, P = 0.042), which is more apparent in those with normal sized
PGs. For those with four enlarged PGs, iPTH levels on 1 day and 1 year postoperatively were significantly
lower in the TPTX + CN group (P = 0.032 and P = 0.036, respectively).

Conclusion: Carbon nanoparticles are useful in the identification normal sized PGs and complete
resection of enlarged PGs.

© 2020 Elsevier Inc. All rights reserved.

Introduction

Secondary hyperparathyroidism (SHPT) is a common severe
complication of chronic kidney disease (CKD) that leads to osteo-
dystrophy and vascular calcification.! The 2017 Kidney Disease
Improving Global Outcomes guidelines stipulate that surgical
treatment remains an effective treatment modality for those who
fail to respond to pharmacological therapy and have a persistent
high level of parathyroid hormone (PTH).> Recent meta-analyses
have reported that total parathyroidectomy (TPTX) is the optimal
option for the surgical treatment of SHPT with respect to mini-
mizing the recurrence rate.®> However, TPTX continues to have
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unsatisfactory surgical outcomes as the incidence of persistent or
recurrent SHPT could be up to 20%.% Excessive residual parathyroid
glands (PGs) due to incomplete excision, ectopic PGs, or supernu-
merary PGs are the main contributing factor for persistent SHPT or
recurrence after surgery.’

The size of the PGs varies considerably in SHPT patients, with Li
et al.’ reporting a ranged of 0.4—3.5 cm, and the most common
challenges during total parathyroidectomy (TPTX) include the
localization of small PGs and complete resection of enlarged PGs
due to hyperplasia.” Currently, there is no established method for
accurate localization of PGs. Methylene blue has been reported to
concurrently stain thyroid glands and lymph nodes,® while indoc-
yanine green fluorescence imaging is expensive and could only be
used in video-assisted surgeries.” In China, carbon nanoparticles
(approved by China Food and Drug Administration, No.H20041829;
Lai Mei Pharmaceutical CO, Chongging, China) have been applied in
thyroidectomy for the identification and in situ protection of PGs
over 5 years.'%!! Since its introduction, no injection-associated al-
lergies, hematoma, or nerve injury have been reported.'? Because of
the special diameter of the granules, the nanoparticles could be
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captured by macrophages and enter the lymphatic ducts instead of
blood capillaries."> Consequently, the thyroid gland and the lymph
nodes are black stained, while PGs are unstained.'* This “identifi-
cation and protection” procedure has been proven to have the ad-
vantages of convenience and safety.'* Carbon nanoparticle injection
clearly distinguishes the border between the thyroid glands and the
PGs, and this could be helpful in identifying the PGs and reducing
the residual PGs in situ. However, a few studies have evaluated the
use of carbon nanoparticles in parathyroidectomy.'® In 2018, Chen
et al.'® reported combined use of carbon nanoparticles and 99mTc-
MIBI in total parathyroidectomy, which was complex and
challenging.

Therefore, this study aimed to retrospectively analyze if the
utility of carbon nanoparticles is useful in shortening the duration
of surgery and complete resection of the PGs.

Materials and methods
Ethics statement

The study was approved by the Ethics Committee of Shanghai
Changzheng Hospital affiliated to the Naval medical university, and
written informed consents were obtained from all patients.

Study design and subjects

A retrospectively cohort study was performed on patients who
underwent TPTX by the same surgical team between September
2015 and November 2018 in our department. Patients with(1)
sustained serum PTH over 800 pg/ml and medication failure; (2) at
least one enlarged parathyroid gland measuring more than 8mm?;
and (3) severe symptoms, such as bone pain, pruritus, and ectopic
calcification were included. Meanwhile, the exclusion criteria were
(1) previous history of neck surgery, (2) history of concurrent thy-
roidectomy and other surgery, and (3) missing data. The patients
were then divided into two groups according to the use of carbon
nanoparticle injection; the TPTX + CN group and the TPTX group
comprised those who underwent TPTX with and without carbon
nanoparticle injection, respectively. Allocation of patients was
nonrandomized.

Operative procedures

After general anesthesia, a 5-cm curved neck incision was per-
formed, similar to that in thyroidectomy. The anterior capsule was
carefully dissociated to expose each lobe of thyroid. For patients in
TPTX + CN group, approximately 0.1-0.2 ml of carbon nano-
particles suspension (with a standard concentration of 50 mg/ml)
was slowly injected into the middle points of each lobe, after which
the whole thyroid gland turned dark rapidly (see Fig. 1A and B). The
injection site was pressed by gauze for 10 seconds to avoid exos-
mosis. After injection, the middle thyroid veins were cut and the
lateral of thyroid lobe was dissected to identify PGs. For patients in
the TPTX group, routine exposure of the PGs was performed
without any injection (see Fig. 1C). The excised PGs were analyzed
via frozen section examination. Neck exploration and bilateral
thymectomy were performed in both groups when less than four
PGs were removed. The number of PGs resected, the maximal
diameter of each PG, and the operative duration were recorded.

Perioperative management and definitions
Preoperative imaging including ultrasound and 99mTc-MIBI

scintigraphy was conducted in both groups. Unfortunately, we
didn’t employ intraoperative parathyroid hormone (ioPTH)

monitoring in both groups. Serum intact parathyroid hormone
(iPTH), calcium and phosphate were routinely measured on day 1
after surgery. Intravenous supplementation of calcium gluconate
was performed when patients complained of hypocalcemia
symptoms or when the serum calcium was lower than the
threshold value of 2.1 mmol/l.

Ectopic PGs were defined as those located in uncommon sites
and required additional exploration or were missed.” Normal sized
PGs were defined as glands with a maximal diameter of less than
8 mm, which is reported to be the maximal size of normal PGs.'®
Supernumerary PG was assumed when patients have more than
4 PGs confirmed by surgery and pathology. Transient and perma-
nent hypoparathyroidism were defined as serum iPTH lower than
15 pg/ml within 6 months and 6 months post-surgery, respectively.
Persistent SHPT was defined as a sustained rise in PTH levels that
were five-fold greater than the upper threshold of normal value
within a 6-month period following surgery. SHPT recurrence was
defined as increased PTH levels that were five-fold greater than the
upper threshold of normal value after the 6-month period
following surgery.'® Both persistent SHPT and recurrence were
assumed as surgical failure.

The primary outcome was operative duration, while secondary
outcomes included (1) the incidence of persistent SHPT as well as
recurrence and (2) the incidence of complications such as vocal
cord palsy and neck hematoma.

Statistical analysis

Measurement data were presented as mean + standard devia-
tion (mean + SD) or median (interquartile range), and categorical
data were expressed as frequencies (%). Data were analyzed using
Student’s t-test, Mann-Whitney U test, chi-squared test, and Fisher
Exact test as appropriate. All statistical analyses were performed
using the SPSS software version 19.0 (IBM-SPSS, Inc., Chicago, IL,
USA), and a two-sided P value of <0.05 was considered significant.

Results
Patient characteristics

Of the 67 patients identified, one with a previous history of neck
surgery (n = 1) and five with a history of combined thyroidectomy
(n = 5) were excluded. Thus, 61 patients were included in the final
analysis. Of these, 32 and 29 patients belonged to the TPTX + CN
group and the TPTX group, respectively. No patients in both groups
underwent parathyroid glands auto-transplantation. The clinical
characteristics of the two groups are listed in Table 1. There were no
significant differences in age, sex, BMI, dialysis duration, and pre-
operative serum iPTH, creatine and hospital stay between the two
groups.

Characteristics of PGs

No ectopic or supernumerary PGs were found throughout pre-
operative imaging. A total of 9 cases were determined to have
ectopic PGs, 4 in TPTX group and 5 in TPTX + CN group, respectively
(Table 1). Characteristics of ectopic PGs could be divided as (1)
intrathymic, 1 in TPTX group, (2) intrathyroidal, 1 in TPTX + CN
group, (3) the descending superior PG, 1in TPTX + CN group, (4) the
descending inferior PG, 1 in TPTX group and 1 in TPTX + CN group,
and (5) unknown, 2 in TPTX group and 2 in TPTX + CN group. Su-
pernumerary PGs were identified by MIBI in 2 patients during
follow-up, 1 was located in the right carotid sheath from TPTX
group, and another one was located in the right supraclavicular
fossae from TPTX + CN group. Both patients underwent reoperative
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Fig. 1. Surgical procedures. (A) Approximately 0.1—-0.2 ml carbon nano particles were injected into subcapsular area of the thyroid gland. (B)The whole thyroid gland turned dark
rapidly while the parathyroid glands didn’t. (C) Parathyroid glands in those without carbon nano particles injection. Abbreviations in Figures: PG, Parathyroid gland.

parathyroidectomy within the year that followed surgery.

Comparison of surgical outcomes

The operative duration was significantly shorter in the
TPTX + CN group (1014 + 194 min in TPTX group and
90.6 + 21.2 min in TPTX + CN group, P = 0.042) (Table 2). The
occurrence of persistent SHPT and recurrence were not significantly
different between the TPTX and TPTX + CN groups (p = 0.614 and
p = 0.611, respectively). Detailed information regarding surgical
failure is described in Supplementary Table S1. There were no sig-
nificant differences in iPTH levels observed between the groups
either 1 day or 1 year post-surgery.

No supernumerary PGs were found in patients assumed as
surgical success. A subgroup analysis, investigating the potential
role of carbon nanoparticles on detection of normal sized PGs, was
conducted on those defined as successful surgery and had no
ectopic PGs (Table 3). We found that among patients with 1 or 2

normal sized PGs, the mean operative duration was significantly
shorter in the TPTX + CN group than that in the TPTX group
(P =0.033 and P = 0.026, respectively), while the difference did not
reach statistical significance among patients with no normal sized
PGs (P = 0.413). Notably, iPTH levels on 1 day and 1 year post-
surgery of patients with no normal sized PGs in the TPTX + CN
group were significantly lower than that in the TPTX group
(P =0.032 and P = 0.036).

Complications

There were also no significant differences in the incidence of
hypoparathyroidism (12.5% vs 10.3%, P > 0.999) between the
TPTX + CN and the TPTX groups. No permanent hypoparathyroid-
ism and recurrent laryngeal nerve injury occurred in both groups.
One patient in the TPTX + CN group underwent reoperation
because of hematoma.

Table 1
The clinical characteristics of patients in both groups.
TPTX group (n = 29) TPTX + CN group (n = 32) P value
Age (year) 50.6 + 10.8 494 + 128 0.708
Gender 0.481
Females (N, %) 11 (37.9) 15 (46.9)
Males (N, %) 18 (62.1) 17 (53.1)
BMI (kg/m?) 223 +26 222 +32 0.882
Dialysis duration (year) 73 +3.6 74 +3.7 0.875
Preoperative Serum iPTH (pg/ml) 1624.2 + 567.0 1600.0 + 656.8 0.879
Preoperative serum creatine (pumol/L) 1061.7 + 3244 1012.9 + 306.7 0.548
Hospitalization time (day) 5 (5-6) 6 (5-8) 0.231
Patients with 4 PGs resected 27 (93.1) 30(93.8) >0.999
Patients with ectopic PGs (N, %) 4(13.8) 5(15.6) >0.999
Patients with normal sized PGs (N, %) 0.264
None (N, %) 17 (58.6) 24 (75.0)
1(N, %) 9 (31.0) 4(12.5)
2 (N, %) 3(10.3) 4(12.5)
Data are presented as the means + SD, median (interquartile range) or number (%). Abbreviations: N, number; PGs, Parathyroid glands.
Table 2
Surgical outcomes of TPTX and TPTX + CN patients.
Variables TPTX group (n = 29) TPTX + CN group (n = 32) P value
Operative duration (min) 1014 + 194 90.6 + 21.2 0.042
Persistent SHPT (N, %) 1(3.4) 3(94) 0.614
Recurrence (N, %) 2(7.1) 1(34) 0.611
POD1 iPTH (pg/ml) 27.9 (4.5—-878.0) 23.5(7.7-1216.0) 0.260
1-year iPTH (pg/ml) 46.1(19.6—567.0) 34.8 (16.8—765.0) 0.067

Data are presented as the means + SD, number (%) or median (interquartile range). Abbreviations: N, number; SHPT, Secondary hyperparathyroidism; POD1 PTH, Serum

iPTH on postoperative day 1; 1-year iPTH, Serum iPTH on1 year after surgery.
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Table 3
Analysis on those defined as surgical success and had no ectopic PGs.

Variables
Number of normal sized PGs (N = 0)

TPTX group (n = 24)

Number of patients (n) 14 (58.3)
Operation duration (min) 904 + 17.5
POD1 PTH (pg/ml) 298 +13.6
1-year iPTH (pg/ml) 46.4 + 22.3
Number of normal sized PGs (N = 1)
Number of patients (n) 8(33.3)
Operation duration (min) 103.1 + 12.8
POD1 PTH (pg/ml) 293 + 183
1-year iPTH (pg/ml) 46.3 + 25.0
Number of normal sized PGs (N = 2)
Number of patients (n) 2(8.3)
Operation duration (min) 120.0 + 141
POD1 PTH (pg/ml) 41.6 +19.2
1-year iPTH (pg/ml) 50.3 +22.3

TPTX + CN group (n = 25) P value
18 (72.0)

844 +21.7 0.413
212+ 8.0 0.032
325+ 13.0 0.036
3(12.0)

833 +58 0.033
28.7 +4.5 0.958
364 +72 0.528
4(16.0)

87.5+9.6 0.026
31.2 + 10.6 0415
379 + 133 0423

Data are presented as the means + SD, number (%). Abbreviations: PGs, Parathyroid glands; POD1 PTH, Serum iPTH on postoperative day 1; 1-year iPTH, Serum iPTH on1 year

after surgery.

Discussion

TPTX is challenging due to the variability of parathyroid glands.’
Several intraoperative imaging techniques have been applied in
parathyroid surgery, of which carbon nanoparticles injection is
cost-effective.>?° To our knowledge, this is the first retrospective
study that thoroughly evaluated the effects of carbon nanoparticle
injection in parathyroidectomy. We found that carbon nanoparticle
injection could markedly shorten the operative duration, particu-
larly for those with normal sized glands. Furthermore, patients
with no normal sized PGs in the TPTX + CN group had a lower level
of serum iPTH on 1 day and 1 year post-surgery, which may pri-
marily be attributed to reduced residual PGs. These findings indi-
cate that carbon nanoparticle injection is a promising technique in
parathyroid surgery.

In our study, the PG borders were adequately distinct to confirm
complete excision (Fig. 2A—C). Therefore, we believe that TPTX
could be more standardized with the application of carbon nano-
particles. Serum iPTH levels on 1 year after surgery in the
TPTX + CN group tended to be lower than those in the TPTX group,
although differences were not significant [Median (interquartile
range), 34.8 (25.8—48.7) vs 46.1(32.6—63.0), respectively;
P = 0.067]. Subgroup analysis showed that the iPTH levels on
postoperatively day one and year one of those with no normal sized
PGs in the TPTX + CN group were significantly lower than the TPTX
group, probably because of the decreased residual PG tissues in the
TPTX + CN group. Theoretically, more distinctive differences in
serum iPTH and incidence of recurrence are most likely to be
observed throughout the long-term follow-up of patients. This is

because the continuing proliferation of residual parathyroid tissues
is likely to occur in CKD patients.

Generally, ectopic, small sized and supernumerary PGs are the
major factors leading to prolonged surgical duration.’! Patients
with renal failure are at increased risk under general anesthesia, as
a result of which, researches on preoperative and intraoperative
imaging techniques are proposed to shorten surgical duration.”??
Neck ultrasound has been reported to be much less accurate for
small glands (<10 mm).?> Our findings suggest that application of
carbon nanoparticles could significantly shorten surgical duration
in general. Subgroup analysis showed that the operative duration of
patients with 1 or 2 normal sized PGs was remarkably shorter in the
TPTX + CN group (83.3 + 5.8 vs 103.1 + 12.8, P = 0.033 and
87.5 + 9.6 vs 120.0 + 14.1, P = 0.026, respectively). These findings
suggested that carbon nanoparticle injection is effective for local-
izing PGs and is still useful for detection of normal sized PGs in situ.
The contrast between thyroid and surrounding tissues provided by
the use of carbon nanoparticles helps surgeons to identify PGs in
situ quickly, which is the mechanism of most intraoperative im-
aging for localization of PGs. In this current study, the contrast
formed by carbon nanoparticles was stable and dramatic (see
Fig. 1B), suggesting that carbon nanoparticles injection is optimal
for intraoperative imaging.

Approximately 66% of missed PGs in reoperative para-
thyroidectomy are comprised of ectopic PGs.? In this current study,
ectopic PGs were observed in 9 patients, of which 1 was intra-
thymic PG, 1 was intrathyroidal PG, 3 were descending PGs and 4
were missed PGs. Carbon nanoparticles injection could be helpful
for detecting intrathyroidal PGs as well as distinguishing between

Fig. 2. Parathyroid glands in those with carbon nanoparticles injection. (A) The left superior parathyroid gland was ectopic due to gravity. (B) and (C) The PG borders were
adequately distinct after the injection of carbon nano particles. Abbreviations in Figures: PG, Parathyroid gland.
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lymph nodes and PGs, thus shortening the duration needed for
neck exploration. It has been reported that missed ectopic PGs are
mostly likely to locate in the mediastinum and thymic tongue.”” In
another retrospective study, approximately 18% of patients that
underwent subtotal parathyroidectomy with prophylactic bilateral
thymectomy had thymic supernumerary glands.”® In this current
study, bilateral thymectomy was performed only when the 4th PG
failed to be found and an intrathymic PG was found in one patient.
This fact favors that bilateral thymectomy could partly prevent
recurrence through improving the detection of intrathymic PGs. In
general, application of carbon nanoparticles will likely accelerate
neck exploration but will not be as useful for identifying ectopic or
supernumerary PGs located in the mediastinum and thymus. For
these patients, preoperative imaging as well as bilateral thymec-
tomy could enhance rates of surgical success and compensate for
the inadequacy of carbon nanoparticles injection to a certain
extent.

This study has some limitations. First, long-term follow-up was
not performed. Serum iPTH levels on 1 year postoperatively in the
TPTX + CN group tended to be lower although differences were not
significant. Theoretically, these differences would likely be more
pronounced in the long-term because of the proliferation of re-
sidual PGs. Second, ioPTH monitoring was not applied in this study,
since it was not widely used in China during the study period.
Instead, the iPTH on post-operative day one as well as the number
of PGs confirmed by pathology were used to predict the surgical
success, which is in accordance with the concept described by
Schneider et al.>’ Third, the study population, particularly those
with ectopic PGs, was small.

Conclusions

The present study highlights that application of carbon nano-
particles plays an important role in detection of normal sized PGs
and complete excision of enlarged PGs via visual contrast among
thyroid glands, lymph nodes and PGs. Similarly, carbon nano-
particles injection could accelerate cervical exploration for identi-
fying ectopic or supernumerary PGs, but will not be as useful when
PGs located outside of central cervical compartment. In general,
carbon nanoparticle injection is effective and convenient as an
assistive modality for TPTX.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
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Abbreviation list

CKD chronic kidney disease
PGs parathyroid glands
POD1 postoperative day 1

1-year iPTH Serum iPTH on1 year after surgery

PTH
SHPT
TPTX

parathyroid hormone
secondary hyperparathyroidism
total parathyroidectomy

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Demeure M], McGee DC, Wilkes W, et al. Results of surgical treatment for

hyperparathyroidism associated with renal disease. Am ] Surg. 1990;160:
337-340.

. Burton JO, Goldsmith DJ, Ruddock N, et al. Renal association commentary on

the KDIGO (2017) clinical practice guideline update for the diagnosis, evalua-
tion, prevention, and treatment of CKD-MBD. BMC Nephrol. 2018;19:240.

. Liu ME, Qiu NC, Zha SL, et al. To assess the effects of parathyroidectomy (TPTX

versus TPTX+AT) for Secondary Hyperparathyroidism in chronic renal failure:
a Systematic Review and Meta-Analysis. Int J Surg. 2017;44:353—362.

. Jofré R, Gémez JML, Menarguez ], et al. Parathyroidectomy: whom and when?

Kidney Int. 2003;63:597—S100.

. Okada M, Tominaga Y, Yamamoto T, et al. Location frequency of missed para-

thyroid glands after parathyroidectomy in patients with persistent or recurrent
secondary hyperparathyroidism. World J Surg. 2016;40:595—599.

. Fang L, Tang B, Hou D, et al. Relationship between parathyroid mass and

parathyroid hormone level in hemodialysis patients with secondary hyper-
parathyroidism. BMC Nephrol. 2015;16:1—7.

. Kunstman JW, Kirsch ]JD, Mahajan A, Udelsman R. Clinical review: parathyroid

localization and implications for clinical management. J Clin Endocrinol Metab.
2013;98:902—-912.

. Haigh PI, Giuliano AE. Sentinel lymph node dissection for thyroid malignancy.

Recent Results Canc Res. 2000;157:201—-205.

. Hillary SL, Guillermet S, Brown NJ, Balasubramanian SP. Use of methylene blue

and near-infrared fluorescence in thyroid and parathyroid surgery. Langen-
beck’s Arch Surg. 2018;403:111-118.

Huang K, Luo D, Huang M, et al. Protection of parathyroid function using car-
bon nanoparticles during thyroid surgery. Otolaryng Head Neck. 2013;149:
845—850.

Wang L, Yang D, Lv JY, et al. Application of carbon nanoparticles in lymph node
dissection and parathyroid protection during thyroid cancer surgeries: a sys-
tematic review and meta-analysis. OncoTargets Ther. 2017;10:1247—1260.
Tian W, Jiang Y, Gao B, et al. Application of nano-carbon in lymph node
dissection for thyroid cancer and protection of parathyroid glands. Med Sci
Monit. 2014;20:1925—-1930.

Wang Y, Deng H, Chen H, et al. Preoperative submucosal injection of carbon
nanoparticles improves lymph node staging accuracy in rectal cancer after
neoadjuvant chemoradiotherapy. ] Am Coll Surg. 2015;221:923—-930.

Wang B, Du ZP, Qiu NC, et al. Application of carbon nanoparticles accelerates
the rapid recovery of parathyroid function during thyroid carcinoma surgery
with central lymph node dissection: a retrospective cohort study. Int J Surg.
2016;36:164—169.

Liu Q, Gan Y, Wu J, et al. Application of Carbon Nanoparticles Suspension Injection
in Uremic Patients with Secondary Hyperparathyroidism Underwent Total Para-
thyroidectomy: 2 Case Report and Literature Review. vol. 42. 2017:865—868.
Zhong Nan Da Xue Xue Bao Yi Xue Ban.

Chen J, Zhou Q, Feng ], Wang ]. Combined use of a nanocarbon suspension and
(99m)Tc-MIBI for the intra-operative localization of the parathyroid glands. Am
J Otolaryngol. 2018;39:138—141.

Parikh AM, Suliburk JW, Moron FE. Imaging localization and surgical approach
in the management of ectopic parathyroid adenomas. Endocr Pract. 2018;24:
589—-598.

Boyd JD. Development of the thyroid and parathyroid glands and the thymus.
Ann R Coll Surg Engl. 1950;7:455—471.

Schlosser K, Veit JA, Witte S, et al. Comparison of Total Parathyroidectomy
without Autotransplantation and without Thymectomy versus Total Para-
thyroidectomy with Autotransplantation and with Thymectomy for Secondary
Hyperparathyroidism: TOPAR PILOT-Trial. vol. 8. Trials; 2007.

Sound S, Okoh A, Yigitbas H, et al. Utility of Indocyanine Green Fluorescence
Imaging for Intraoperative Localization in Reoperative Parathyroid Surgery. Surg
Innov; 2015.

Puccini M, Carpi A, Cupisti A, et al. Total parathyroidectomy without auto-
transplantation for the treatment of secondary hyperparathyroidism associ-
ated with chronic kidney disease: clinical and laboratory long-term follow-up.


https://doi.org/10.1016/j.amjsurg.2020.04.034
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref1
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref1
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref1
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref1
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref2
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref2
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref2
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref3
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref3
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref3
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref3
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref3
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref4
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref4
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref4
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref4
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref4
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref4
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref5
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref5
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref5
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref5
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref6
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref6
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref6
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref6
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref7
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref7
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref7
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref7
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref8
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref8
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref8
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref9
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref9
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref9
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref9
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref10
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref10
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref10
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref10
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref11
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref11
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref11
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref11
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref12
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref12
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref12
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref12
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref13
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref13
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref13
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref13
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref14
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref14
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref14
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref14
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref14
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref15
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref15
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref15
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref15
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref15
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref16
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref16
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref16
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref16
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref17
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref17
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref17
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref17
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref18
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref18
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref18
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref19
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref19
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref19
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref19
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref20
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref20
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref20
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref21
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref21
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref21

W. Li et al. / The American Journal of Surgery 220 (2020) 1586—1591 1591

Biomed Pharmacother. 2010;64:359—362. and multigland disease. ANZ ] Surg. 2006;76:1048—1050.

22. Chen ], Wang JD. Radioguided parathyroidectomy in patients with secondary 25. Wang C. The anatomic basis of parathyroid surgery. Ann Surg. 1976;183:271.
hyperparathyroidism due to chronic renal failure. Nucl Med Commun. 2014;35: 26. Boltz MM, Zhang N, Zhao C, et al. Value of prophylactic cervical thymectomy in
391-397. parathyroid hyperplasia. Ann Surg Oncol. 2015;22(Suppl 3):5S662—S668.

23. Stern S, Tzelnick S, Mizrachi A, et al. Accuracy of neck ultrasonography in 27. Schneider R, Bartsch DK, Schlosser K. Relevance of bilateral cervical thymec-
predicting the size and location of parathyroid adenomas. Otolaryng Head Neck. tomy in patients with renal hyperparathyroidism: analysis of 161 patients
2018;159:968—-972. undergoing reoperative parathyroidectomy. World J Surg. 2013;37:2155—-2161.

24. Gough 1. Reoperative parathyroid surgery: the importance of ectopic location


http://refhub.elsevier.com/S0002-9610(20)30238-5/sref21
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref21
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref22
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref22
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref22
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref22
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref23
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref23
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref23
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref23
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref24
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref24
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref24
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref25
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref26
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref26
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref26
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref27
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref27
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref27
http://refhub.elsevier.com/S0002-9610(20)30238-5/sref27

	Application of carbon nanoparticles in localization of parathyroid glands during total parathyroidectomy for secondary hype ...
	Introduction
	Materials and methods
	Ethics statement
	Study design and subjects
	Operative procedures
	Perioperative management and definitions
	Statistical analysis

	Results
	Patient characteristics
	Characteristics of PGs
	Comparison of surgical outcomes
	Complications

	Discussion
	Conclusions
	Funding source
	Sponsorships
	Data statement
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	Abbreviation list
	References


