
Int J Clin Exp Med 2015;8(6):9640-9648
www.ijcem.com /ISSN:1940-5901/IJCEM0008870

Original Article
Potential role for carbon nanoparticles identification 
and preservation in situ of parathyroid glands  
during total thyroidectomy and central  
compartment node dissection

Jialei Gu*, Jiafeng Wang*, Xilin Nie, Wendong Wang, Jinbiao Shang

Departments of Head and Neck Surgery, Zhejiang Cancer Hospital, Wenzhou Medical University, China. *Equal 
contributors.

Received April 8, 2015; Accepted June 7, 2015; Epub June 15, 2015; Published June 30, 2015

Abstract: Objective: To determine the potential role of intraoperative carbon nanoparticles (CN) injections for iden-
tification and preservation of parathyroid glands, thereby reducing the postoperative hypocalcaemia. Methods: 100 
patients with thyroid cancer who underwent total thyroidectomy and central compartment node dissection (CCND) 
were randomly assigned to receive intraoperative injection of (CN) or not for identifying and preserving normal 
parathyroid glands. Results: There was no significantly difference for preoperative and postoperative parathy roid 
hormone (PTH) levels between the CN and control group (P>0.05). The levels of albumin-adjusted serum calcium 
(AASC) before surgery and at day 1 and 1 month after surgery did not reach the significant difference between the 
two groups (P>0.05). However, the patients in CN group had the higher level of AASC at day 3 after surgery than 
those in control group (P=0.044). Transient postoperative hypoparathyroidism occurred in 24 (48%) patients in CN 
group and 28 (56%) in control groups, respectively (P=0.423). The incidence of transient postoperative hypocalce-
mia was 20% (10/50) in CN group and 24% (12/50) in control groups, respectively (P=0.629). Conclusions: Carbon 
nanoparticles can make the thyroid gland and the central lymph node black-stained, but no-stained for parathyroid 
glands. After rapidly identifying parathyroid and distinguishing it from thyroid and lymph nodes by carbon nanopar-
ticles, complete lymph node dissection and preservation of parathyroid glands become feasible during total thy-
roidectomy with neck lymph node dissection. After identification, strict adherence to capsular dissection remains 
essential for safe preservation in situ of the parathyroid glands and their blood supply.

Keywords: Parathyroid glands, identification, preservation, carbon nanoparticle, lymph node excision, thyroid 
neoplasms

Introduction

During thyroid surgery, the inadvertent injury of 
parathyroid glands and laryngeal nerves may 
result in a profound influence in patient’s qual-
ity of life. With meticulous surgical techniques 
and intraoperative monitoring the nerve, the 
recurrent laryngeal nerve palsy has been 
reduced to a minimum rate, which could result 
in hoarseness, voice fatigue and even respira-
tory paralysis for tracheotomy [1, 2]. However, 
how to prevent and reduce the incidence of 
postoperative hypocalcaemia remains obscure. 
Intraoperative identification of the parathyroid 
glands can be a challenge even for experienced 
surgeons and unintentional parathyroidectomy 

may be as high as 9% [3]. Estimates for tran-
sient hypoparathyroidism after total thyroidec-
tomy range from 5% to 60% [4, 5] and for per-
manent hypoparathyroidism from 0.5% to 2% 
[6]. Patients who developed into hypocalcemia 
will eventually need to take oral calcium and 
vitamin D for a long time, which causes them 
significant discomfort. The most common fac-
tor for post-surgical hypocalcaemia was para-
thyroid gland injury, including an accidental 
resection or, most commonly, parathyroid 
“devascularization”. To minimize parathyroid 
injury, a variety of techniques have been used 
for localization and identification of parathyroid 
glands, such as preoperative ultrasound, 
Sestamibi scintigraphy, computed tomography 
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(CT), magnetic resonance imaging, and intraop-
erative intact parathyroid hormone assay [7]. 

Moreover, intraoperative methylene blue infu-
sion [8], technetium-99 m-sestamibi [Tc-MIBI] 

Figure 1. A. Injection of CN suspen-
sion into thyroid gland; B. The para-
thyroid gland (black arrow) and the 
recurrent laryngeal nerve (white ar- 
row) at the dorsal thyroid; C. The right 
inferior parathyroid gland (white ar-
row); D. The right superior parathyroid 
gland (white arrow); E. The black-
stained lymph node (white arrow), 
and the unstained parathyroid gland 
(black arrow).
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localization using a hand-held gamma probe [9, 
10] and optical coherence tomography [11, 12] 
may help maximize parathyroid preservation. 
These existing methods for identifying parathy-
roid glands are limited in their applicability and 
sensitivity, rendering them inadequate to pre-
vent surgical complications [13]. Therefore, 
there remains a need for a way to accurately 
identify parathyroid glands during thyroid sur-
gery, especially total thyroidectomy with central 
lymph node dissection for thyroid cancer.

Anatomical evidence shows rich lymphatics 
and lymphatic capillaries in the thyroid but 
almost none in the parathyroid glands. In addi-
tion, there are anatomically independent exter-

suspension injection (1 ml: 50 mg). This prod-
uct, which is a stable suspension of carbon pel-
lets of 150 nm in diameter, does not enter the 
blood circulation and has no toxic side effects 
on the human body. A small amount of tiny car-
bon particles may be captured by macro-
phages, and they are excreted through the 
lungs and intestines after a few months. Carbon 
nanoparticles also do not cause acute systemic 
toxicity.

Patients

Between June 2012 and August 2014, a total 
of 100 patients with thyroid carcinoma were 
randomly allocated to CN suspension group 

Table 1. Clinicopathologic characteristics of the patients in CN and 
control group

Characteristic CN group 
(n=50)

Control group 
(n=50)

P 
value

Age (yr) 46.98±9.027 47.76±13.912 0.013a

Sex 0.275b

    Male 10 (20%) 6 (12%)
    Female 40 (80%) 44 (88%)
Central compartment node dissection 1.000b

    Unilateral 17 (34%) 17 (34%)
    Bilateral 33 (66%) 33 (66%)
Lateral neck dissection 0.288b

    Yes 14 (28%) 19 (38%)
    No 36 (72%) 31 (62%)
Size of tumor (cm) 1.36±0.94 1.48±1.25 0.090a

Pathology -
    Papillary 47 (94%) 48 (96%)
    Follicular 1 (2%) 1 (2%)
    Medullary 2 (4%) 1 (2%)
Removed central lymph node 5.78±4.55 6.62±5.07 0.138a

No. of central lymph node metastasis 1.66±2.353 3.06±4.501 0.002a

Parathyroid autotransplantation 0.006b

    Yes 3 (6%) 13 (26%)
    No 47 (94%) 37 (74%)
Postoperative RAI therapy 0.405b

    Yes 16 (32%) 20 (40%)
    No 34 (68%) 30 (60%)
Transient hypoparathyroidism 0.423b

    Yes 24 (48%) 28 (56%)
    No 26 (52%) 22 (44%)
Transient hypocalcemia 0.629b

    Yes 10 (20%) 12 (24%)
    No 40 (80%) 38 (76%)
Footnotes: Values are presented as number (%) or mean ± SD. CN: carbon nanopar-
ticle; RAI: radioactive iodine; at-test; bχ2 test.

nal capsules for the thyroid 
and parathyroid glands [14, 
15]. Based on these findings, 
after injection into the thyroid, 
a carbon nanoparticle (CN) 
suspension can stain the thy-
roid lymphatics and capillary 
lymphatics completely black 
but not the parathyroid glands 
[16]. Thus, CN suspension 
injections could be used to 
identify the parathyroid glan- 
ds during surgery.

We conducted this study to 
compare the levels of parathy-
roid hormone (PTH) and albu-
min-adjusted serum calcium 
(AASC) after total thyroidecto-
my and neck lymph node dis-
section with visualization 
alone and with CN suspension 
injections. The aim of the 
study is to determine the 
potential role of intraopera-
tive CN injections for identifi-
cation and preservation of 
parathyroid glands, thereby 
reducing the postoperative 
hypocalcaemia.

Material and methods

Materials

Carbon nanoparticles (Chong- 
qing LUMMY Pharmaceutical 
Co., Chongqing, China) were 
applied in the form of a stan-
dard carbon nanoparticles 
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(n=50) or direct visualization group (n=50) for 
the identification of parathyroid during the sur-
gery at the department of head and neck sur-
gery in Zhejiang Cancer Hospital. All patients 
were performed with total thyroidectomy and 
ipsilateral central lymph nodes dissection by 
the same surgeon. If there was an existing sus-
picion of lateral neck lymph node metastasis, 
the therapeutic lateral neck dissection would 
be performed as the same time. Exclusion cri-
teria included non-thyroid cancer, previous thy-
roid or parathyroid surgery, preoperative hypo-
parathyroidism or hypocalcemia and pregnancy 
or lactation. Ethics approval for this study was 
obtained from our hospital’s research ethics 
board and informed consent was obtained 
before these procedures.

Medical records were reviewed and the follow-
ing data were collected: demographic informa-
tion, such as sex and age at diagnosis; extent of 
surgery; various histological parameters, 
including primary tumor size, the number of 
tumor foci, extrathyroidal invasion, and cervical 
lymph node involvement; radioactive iodine 
(RAI) therapy and accumulated RAI doses; and 
clinical outcome at the last follow-up. Pre- 
operative and postoperative AASC levels and 
(PTH) levels were also collected.

Surgical procedures

The surgical procedures were as follows: After 
general anesthesia, a standard approach was 

tissue were stained black by CN suspension, 
whereas the parathyroid glands negative 
stained (Figure 1B-E). The middle thyroid vein 
was ligated and the lobes of the thyroid were 
retracted medially. The superior and inferior 
thyroid arteries were identified together with 
recurrent laryngeal nerve (RLN). In order to pre-
serve the blood supply of parathyroid glands, 
inferior thyroid artery was ligated distal to 
branches to inferior parathyroid gland and 
superior thyroid artery ligated adjacent to the 
thyroid capsule. Then the lobe was resected 
from the trachea. The contralateral lobe was 
managed in a similar manner. All tumor resec-
tions were pathologically confirmed via intraop-
erative frozen biopsy. Then all patients were 
underwent ipsilateral central compartment 
node dissection (CCND). The extent of dissec-
tion involved clearance of nodal tissue from the 
hyoid bone superiorly to the innominate vein 
inferiorly and the medial border of the carotid 
artery laterally. The radical lateral lymph node 
dissection was performed for patients with pre-
operative evidence of lateral neck nodal dis-
ease by physical examination, ultrasonography 
and fine-needle biopsy.

Postoperative evaluation and follow-ups

Calcium supplementation was not routinely 
administered to patients undergoing thyroid 
surgery. The AASC and PTH levels are both 
measured at day 1, 3, and 1 month after thy-
roid surgery. Hypoparathyroidism was defined 

Table 2. The PTH and AASC levels before and after surgery 
in the two groups
Characteristic CN group (n=50) Control group (n=50) P value*

PTH (pg/ml)
    Preoperative 46.46±16.19 46.71±19.63 0.400
    Postoperative
        Day 1 18.01±12.00 16.67±13.62 0.410
        Day 3 15.90±11.04 16.64±14.37 0.083
        One month 29.56±13.67 31.61±18.02 0.352
AASC (mmol/L)
    Preoperative 2.21±0.09 2.22±0.10 0.685
    Postoperative
        Day 1 2.08±0.21 2.07±0.44 0.551
        Day 3 2.14±0.36 1.93±0.21 0.004
        One month 2.16±0.20, 2.10±0.18 0.815
Footnotes: Values are presented as mean ± SD; CN: carbon nanoparticle; 
PTH: parathyroid hormone; AASC: albumin-adjusted serum calcium; *t-test.

employed with an incision two finger 
breadths above the clavicle. Sub- 
platysmal flaps were raised, the 
strap muscles retracted and the thy-
roid gland exposed. The CN suspen-
sion was injected into the lower and 
upper points of the thyroid gland by 
avoiding lesions, with 0.1 to 0.15 mL 
administered for each area, and the 
total amount injected would be less 
than 0.5 mL per lobe (Figure 1A). In 
addition, when injecting or withdraw-
ing from the thyroid, the syringe was 
pumped back to avoid mistakenly 
injecting into any blood vessels. After 
injection, the sites of injection should 
be pressed lightly for 3-5 minutes, to 
prevent the overflow of CN suspen-
sion and pollution to surgical field. 
The thyroid and surrounding lymph 
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as any drop in serum PTH below the normal 
limit (normal range, 15 to 65 pg/mL), regard-
less of hypocalcemic symptoms. Hypocalce- 
mia was defined as AASC levels <1.90 mmol/L 
and/or any signs or symptoms of hypocalcemia 
(e.g., perioral numbness, digital paresthesia, or 
positive Trousseau’s sign). Patients with symp-
tomatic hypocalcemia received oral calcium 
supplements and vitamin D, depending on the 
severity of the clinical symptoms. Intravenous 
substitution of calcium therapy was necessary 
to serious symptomatic hypocalcemia such as 
muscle cramps, tetany, or seizures. If the serum 
PTH at 3 months after surgery was still lower 
than normal standard, the patient was consid-
ered to have permanent hypoparathyroidism.

Statistical method

The t-test and chi-square test were used for the 
measurement and count data, respectively. 
SPSS 16.0 package was used for all statistical 
analyses. The case with a P-value of less than 
0.05 was considered to be statistically 
significant.

Results

One hundred patients underwent total thyroid-
ectomy and node dissection for thyroid cancer 
at the surgical department of head and neck of 
Zhejiang Cancer Hospital between February 
2012 and July 2014. Among them, 50 patients 
were identified parathyroid glands with the aid 
of intraoperative CN suspension injections (CN 
group) and 50 patients by visualization alone 
(control group). Patients’ demographics, opera-
tive details, histological findings, and postop-
erative events are reported in Table 1. The CN 
group consisted of 10 (20%) males and 40 
(80%) females, ranging in age from 25 to 63 
years, with a mean of 46.98 years. The control 
group consisted of 6 (12%) males and 44 (88%) 
females, ranging in age from 10 to 77 years, 
with a mean of 47.76 years. All the patients 
underwent total thyroidectomy, 17 (34%) with 
unilateral CCND, and 33 (66%) with bilateral 
CCND in both two groups. Fourteen (28%) 
patients underwent lateral neck dissection 
together with CCND in CN group, and 19 (38%) 
cases in control group. The pathological types 
of specimen consisted of papillary (47:48, CN 
vs. control group), follicular (1:1) and medullary 
(2:1) carcinomas. The mean of tumor diameter 
in CN and control group was 1.36±0.94 and 

1.48±1.25 cm, respectively (P=0.09). The 
mean number of lymph nodes removed by 
CCND in CN and control group was 5.78±4.55 
and 6.62±5.07, respectively (P=0.138). The 
mean number of central lymph nodes metasta-
sis in CN and control group was 1.66±2.353 
and 3.06±4.501, respectively (P=0.002). Six- 
teen (32%) patients received postoperative RAI 
therapy in CN group, and 20 (40%) in control 
group. Parathyroid autotransplantation was 
performed for 3 (6%) patients in CN group and 
for 13 (26%) in control group.

Table 2 lists the AASC and PTH levels before 
and after surgery in CN and control group. 
There was no significantly difference for preop-
erative and postoperative PTH levels between 
the CN and control group (P>0.05). The levels 
of AASC before surgery and at day 1 and 1 
month after surgery did not reach the signifi-
cant difference between the two groups 
(P>0.05). However, the patients in CN group 
had the higher level of AASC at day 3 after sur-
gery than those in control group (2.14±0.36: 
1.93±0.21 mmol/L, P=0.044). Transient post-
operative hypoparathyroidism occurred in 24 
(48%) patients in CN group and 28 (56%) in 
control groups, respectively (P=0.423). The 
incidence of transient postoperative hypocalce-
mia was 20% (10/50) in CN group and 24% 
(12/50) in control groups, respectively (P= 
0.629). Eleven (22%) patients in CN group have 
experienced symptoms of hypocalcemia (eg, 
perioral numbness, digital paresthesia) and 15 
(30%) in control group (P=0.362).

Discussion

The incidence of thyroid carcinoma has in- 
creased in recent years due to the widespread 
use of ultrasonographic screening procedures. 
Thyroidectomy has been performed safely with 
technical improvement and better knowledge 
of thyroid anatomy [17], however, postoperative 
complications can still occur even with experi-
enced surgeons. The most common complica-
tion after total thyroidectomy (TT) is hypocalce-
mia, which can be either transient or permanent. 
The causes for hypocalcemia are attributed to 
devascularization, injury, or removal of the 
parathyroid glands during the surgery [18, 19]. 
Preservation of the parathyroid glands in situ 
by meticulous dissection and preservation of 
their blood supply [20-22] is a recommended 
surgical strategy in thyroid surgery to decrease 
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the rate of postoperative hypoparathyroidism. 
Whereas removal of a single parathyroid gland 
is not associated with postoperative hypocalce-
mia, resection of at least 2 parathyroid glands 
increases the risk of transient and permanent 
hypoparathyroidism [23]. If the parathyroid 
gland was mistakenly removed during the sur-
gery, a small piece of the sample should be 
sent for intraoperative frozen section, and the 
remaining tissues should be transplanted into 
sternocleidomastoid when parathyroid gland 
was proved. However, the incidences of perma-
nent hypoparathyroidism were 1.4% and 21.4% 
after autotransplantation of 1 or 2 parathyroid 
glands, respectively [24]. Thus, autotransplan-
tation of parathyroid glands did not completely 
restore the normal function. So it is essential to 
identify and preserve parathyroid glands in situ 
during thyroid surgery and surgeons should 
have a good knowledge of its anatomical loca-
tion and relations with other cervical struc- 
tures.

There are typically four parathyroid glands; 
however, supernumerary glands and less than 
four glands have been reported [25, 26]. The 
color of each gland varies from yellow to red-
dish brown, measuring about 3-8 mm and are 
usually oval shaped [15]. The superior glands 
were usually located on the posterior aspect of 
the thyroid gland within a circumscribed area 2 
cm in diameter about 1 cm above the crossing 
point of the recurrent laryngeal nerve and infe-
rior thyroid artery [26]. The inferior glands were 
evenly distributed between the lower pole of 
the thyroid and isthmus [27]. However, there 
existed ectopic positions of the superior and 
inferior parathyroid glands. As parathyroid 
glands with small size, variable color, supernu-
merary number and ectopic positions, it was 
difficult to identify and preserve them only by 
surgeons’ naked eyes. Therefore, various pro-
cedures have been developed and tested in 
order to facilitate the identification and preser-
vation of normal parathyroid glands both before 
and during surgery.

In recent years, staining agents such as methy-
lene blue or 5-aminolevulinic acid (5-ALA) have 
been applied to visualize parathyroid glands 
intraoperatively. However, adverse effects have 
been reported and their effectiveness has yet 
to be shown [28-31]. Intravenous application of 
methylene blue has the staining rate close to 

100% for the localization of enlarged parathy-
roid glands. Meanwhile, methylene blue may 
falsely stain the normal parathyroid glands, 
lymph nodes, thyroid tissue and fat. There have 
been several reports of the development of 
postoperative toxic metabolic encephalopathy 
in patients taking serotonin reuptake inhibitors 
and serotonergic medication [28, 31]. Intra- 
operatively, parathyroid glands would show red 
fluorescence under the blue light with a wave-
length of 380-440 nm after the administration 
of 5-Aminolevulinic acid(5-ALA), which convert-
ed into protoporphyrin IX (PpIX) and accumu-
lates in mitochondria. It may be unaccustomed 
and uncomfortable that patients should be 
shielded from direct light exposure within 48 
hours after surgery. Protoporphyria constitutes 
a clear contraindication for this technique [29, 
30]. Intraoperative sesta MIBI scintigraphy 
using a gamma probe is probably the most 
established in localizing enlarged parathyroid 
glands, especially in ectopic sites, with a sensi-
tivity of 93%, a positive predictive value of 88% 
and an accuracy of 83% [32]. Optical coher-
ence tomography (OCT) imaging technique has 
shown promising potential to identify parathy-
roid tissue and discriminate it from other tis-
sues in the operating field. Further advances in 
OCT miniaturization and development of sterile 
intraoperative probe formats may allow OCT to 
offer an intraoperative “optical biopsy” without 
fixation, staining, or tissue resection [11, 12]. 
However, there were no randomized clinical tri-
als available to determine the effectiveness of 
aforementioned methods for the identification 
of parathyroid glands yet.

With the development of nanotechnology, 
nanocarbon has been widely used as a lymph 
node tracer in breast, thyroid and colorectal 
cancer [33-35]. An injection of CN suspension 
comprises nanosized carbon particles with an 
average diameter of 150 nm. Particles could 
pass through the lymphatic vessels rather than 
the blood capillaries mainly due to the differ-
ence in permeability. Upon injection into the tis-
sues around the tumor, through penetration, 
diffusion and macrophage pinocytosis, carbon 
nanoparticles rapidly moved into the drainage 
capillary lymphatic strand and accumulated in 
the corresponding lymph nodes to result in 
black staining. This unique selective biodistri-
bution has been applied in sentinel lymph node 
(SLN) staining, drug carriers and thermothera-
py, in recent years [36-38].
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During sentinel lymph node biopsy (SLNB) using 
carbon nanoparticles for patients with thyroid 
cancer, Hao et al found that the parathyroid 
glands were not dyed black and clearly shown 
during the dissection of SLNs in the patients 
with thyroid cancer [34]. Recent studies have 
reported that CN suspension was a new meth-
od to allow a complete dissection of the lymph 
nodes in cervical level VI without injury to the 
parathyroid during thyroid surgery [16, 39]. At 
present, we conducted this research to further 
determine the potential role of CN suspension 
for identifying and protecting the parathyroid 
during thyroid surgery. AASC and PTH levels 
were taken as the measurements to predict the 
risk of transient or permanent postoperative 
hypoparathyroidism or hypocalcemia. After 
injection into thyroid, CN suspension rapidly 
stained the thyroid completely black and gradu-
ally dyed the central compartment lymph nodes 
but not the parathyroid glands behind the thy-
roid. The unstained parathyroid glands were 
identified and preserved in situ by meticulous 
dissection in CN group. The parathyroid was 
identified and protected with visual inspection 
and surgeon’s experience in control group. It 
was unexpected that the comparison of post-
operative levels of AASC and PTH between the 
two groups had no significant difference. 
Moreover, the incidence of postoperative hypo-
parathyroidism and hypocalcemia were not sig-
nificantly different between the two groups. 
Several explanations for this result are as fol-
low: 1) the patient population enrolled in our 
study was limited; 2) the CN suspension effu-
sion affected the surgical field in experiment 
group; 3) the operation in two groups was per-
formed by the same experienced surgeon. 
Anyhow, CN suspension certainly could help 
the identification of parathyroid glands. It was 
the first step to preserve parathyroid in situ dur-
ing thyroid surgery. Next, strict adherence to 
capsular dissection represents the optimal 
method for safe preservation of the parathyroid 
glands and their blood supply. Distal ligation of 
all terminal branches of the superior and infe-
rior thyroid arteries, close to the thyroid cap-
sule, enables reliable separation of all tissues 
carrying the parathyroid gland away from the 
thyroid surface.

Through the identification of parathyroid glands 
by CN suspension injections, parathyroid pres-
ervation and subsequent function is available 
during thyroid surgery. After identification, cap-
sular dissection remains essential for parathy-

roid glands preservation in situ. The combina-
tion between new technology to identify 
parathyroid and conventional capsular dissec-
tion to preserve it in situ could decrease the 
incidence of symptomatic postoperative hypo-
calcemia. Application of CN suspension in total 
thyroidectomy and central lymph node dissec-
tion is a new and effective method to identify 
and protect the parathyroid glands and 
deserves clinical application for young sur-
geons, especially. However, further investiga-
tion of this new technology should be consid-
ered for surgical management of thyroid 
cancer.
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