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Abstract: Objective: To explore a new identification and protection method of the parathyroid gland in reoperation
for thyroid diseases. Method: 54 patients receiving reoperation for thyroid diseases were selected. The experiment
group intraoperatively adopted carbon nanoparticles suspension for negative development of the parathyroid gland,
whereas the control group did not use carbon nanoparticles suspension. Results: At 48 h after surgery, the para-
thyroid hormone level was lower than the normal state in 9 patients (33.30%) of the control group and 1 patient
(3.70%) of the experiment group; meanwhile, 6 months after surgery, 8 patients of the control group (29.63%) and
1 patient of the experiment group (3.70%) showed a lower level than the normal state with statistical differences.
The serum calcium level in 10 patients of the control group (37.04%) and 2 patients of the experiment group (7.41%)
was lower than the normal state at 48 h after surgery, while a lower level than the normal state was also shown
in 8 patients of the control group (29.63%) and 1 patient of the experiment group (3.70%) 6 months after surgery
with statistically significant between the two groups. A total of 10 (37.04%) and 1 parathyroid gland (3.70%) were
detected with a statistical difference in both groups. Conclusion: By adopting carbon nanoparticles in reoperation
for the thyroid diseases and negative development of the parathyroid gland for identification and protection of the
parathyroid gland, the incidence of hypoparathyroidism is reduced effectively, thus improving the postoperative
quality of life of the patients.
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Introduction thyroidism markedly rises, thereby affecting
seriously the postoperative quality of life of the
patients. According to the foreign reports, the
incidence of permanent hypoparathyroidism
was 3% to 10% after the first surgery for thyroid
diseases while 9% to 35% after reoperation [2].
So, how to effectively decrease the probability
of the parathyroid damage in reoperation for
the thyroid diseases has become a pressing
problem for the surgeons in thyroid surgery. In
the present experiment, a comparative analysis
was made in 54 recurrent thyroid carcinoma
patients who were admitted and treated in our
department from Jan 2012 to Dec 2014, and
the results indicated that intra-operative appli-

The standard surgeries for thyroid diseases
include thyroid lobectomy, near-total thyroidec-
tomy and total thyroidectomy. However, a lack
of standardized understanding of resection
range for different thyroid gland diseases and
wide application of resection of thyroid carci-
noma, partial thyroidectomy and other non-
standard surgeries in clinical work and espe-
cially in the grass-roots hospitals often result in
increasing recurrence rate of thyroid diseases
and reoperation rate year by year [1]. Whereas,
in reoperation, the surgery difficulty and post-
operative complications are increased due to
organization structure damage, adhesions and

scar formation. Among them, the incidence of
the parathyroid damage is obviously higher
than that in the first surgery, so that the inci-
dence of postoperative permanent hypopara-

cation of carbon nanoparticles suspension for
development of thyroid gland and negative
development of the parathyroid gland can sig-
nificantly reduce the incidence of the parathy-
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Table 1. Basic information of patients
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follows: after the patient adopted a
horizontal and head hyperextension

roid damage. Now the details are reported
below.

Subjects and clinical data

General data

54 patients (4 males and 50 females) with
recurrent thyroid carcinoma who were treated
in our department from Jan 2012 to Dec 2014
were included in the experiment, with the size
of the maximum tumor being 8 cm*5 cm*4 cm
and the size of the minimum of 1 cm*1 cm.
Among them, 36, 11, 2, 3 and 2 patients were
found to have bilateral, left, right, right + isth-
mus and left + isthmus enlargement, respec-
tively, and the time interval from reoperation to
the last surgery was 4 days to 40 years. All
patients were randomized into the experiment
group and the control group. 27 patients (2
males and 25 females; mean age: 49.442.5
(15-71) years) in the experiment group used
intraoperatively carbon nanoparticles suspen-
sion for negative development of the parathy-
roid gland. Whereas, 27 patients (2 males and
25 females; mean age: 52.5+1.8 (18-73) years)
in the control group did not use intraoperatively
carbon nanoparticles suspension. Results of x?
tests showed no statistical difference in the
age, sex and tumor size between two groups
(Table 1). The postoperative pathological exam-
ination showed nodular goiter in 18 patients,
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position, an arc incision was made
along with the original incision of the
neck, and the residual thyroid gland was fully
exposed after entering along with the outside
of the linea alba cervicalis or sternohyoid mus-
cle. In the experiment group, after exposing the
thyroid gland, carbon nanoparticles suspen-
sion was injected into the gland from the upper,
middle and lower point with a 1 ml syringe,
about 0.1 ml for each point, and over-dose
must be avoided. Withdrawal was performed
while injecting to avoid mistakenly injecting into
the vessels (Figure 1). After completing the
injection, the injected sites were pressed gently
with the gauze for 1-3 min and the thyroid gland
was developed (Figure 2). 5 to 10 min later, the
lymphatic vessels and lymph nodes were devel-
oped whereas the parathyroid glands were not
developed (Figure 3). Both groups completed
the surgery according to the surgical methods
listed in Table 2, and adopted fine anatomy dur-
ing the surgery while the parathyroid glands
and serum supply were protected properly
(Figure 4).

Pre- and post-operative monitoring indicators

Serum calcium and PTH level before surgery
and at 48 h and 6 months after surgery as well
as number of detected parathyroid glands by
postoperative pathological examination in the
two groups were recorded. Meanwhile, we also
observed whether there were the clinical mani-
festations such as numbness in the fingers and
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Table 2. Surgical methods

Surgical methods N@) ~ Cperiment - Control X P value
group (%) group (%)

Bilateral subtotal resection of thyroid gland 3 (5.56) 1(1.85) 2 (3.7) 65.609 1

Bilateral total resection of thyroid gland 9 (16.67) 4(7.4) 5(9.26)

Bilateral total resection of thyroid gland, bilateral functional cervical lymphadenectomy 6 (11.12) 3(5.56) 3(5.56)

Bilateral total resection of thyroid gland, right functional cervical lymphadenectomy 7 (12.96) 2(3.7) 5(9.26)

Bilateral total resection of thyroid gland, left functional cervical lymphadenectomy 9 (16.67) 6 (11.12) 3(5.56)

Right + isthmus total resection of thyroid gland 1(1.85) 1(1.85) 0(0)

Right + isthmus total resection of thyroid gland, left functional cervical lymphadenectomy 1(1.85) 0(0) 1(1.85)

Right + isthmus total resection of thyroid gland, left subtotal resection of thyroid gland, left functional cervical lymphadenectomy 1(1.85) 1(1.85) 0 (0)

Right total resection of thyroid gland 1(1.85) 1(1.85) 0 (0)

Right total resection of thyroid gland, bilateral functional cervical lymphadenectomy 1(1.85) 0(0) 1(1.85)

Left + isthmus total resection of thyroid gland 2(3.7) 1(1.85) 1(1.85)

Left + isthmus total resection of thyroid gland, right subtotal resection of thyroid gland 1(1.85) 0(0) 1(1.85)

Left + isthmus total resection of thyroid gland, right subtotal resection of thyroid gland, left functional cervical lymphadenectomy 1(1.85) 1(1.85) 0 (0)

Left subtotal resection of thyroid gland 3 (5.56) 1(1.85) 2(3.7)

Left subtotal resection of thyroid gland, left functional cervical lymphadenectomy 1(1.85) 1(1.85) 0(0)

Left total resection of thyroid gland 7 (12.96) 4(7.4) 3 (5.56)

Total 54 (100) 27 (50) 27 (50)
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Figure 1. Intra-operative injection of carbon nanopar-
ticles in the experiment group.
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Figure 2. The arrow showing intraoperative develop-
ment of thyroid gland in the experiment group.

toes and around the lip after surgery. The nor-
mal range of serum parathyroid hormone (PTH)
is from 15 to 88 pg/ml, meaning that < 15 pg/
ml indicates hypoparathyroidism, and the nor-
mal range of serum calcium is between 2.08
and 2.80 mmol/L, indicating that < 2.08
mmol/L can serve as an indicator for hypocal-
cemia. If serum PTH and calcium level is still
lower than the above-mentioned standard
value 6 months after surgery, such patients are
diagnosed with permanent hypoparathyroi-
dism.

Statistical analysis

SPSS 17.0 was employed for statistical analysis
of PTH and serum calcium at 48 h and 6 months
after surgery as well as number of the parathy-
roid glands detected by postoperative patho-
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logical examination in the two groups. x> test
was used for inter-group comparison. P < 0.05
was considered statistically significant.

Results

No death was noted in both groups, and no
toxic-side effect due to carbon nanoparticles
was observed in the experiment group.

Postoperative PTH level

The preoperative PTH levels in both groups
were normal. At 48 h after surgery, however,
the level was lower than the normal state in 9
patients (33.30%) of the control group and 1
patient (3.70%) of the experiment group; mean-
while, 6 months after surgery, 8 patients of the
control group (29.63%) and 1 patient of the
experiment group (3.70%) showed a lower level
than the normal state. There were statistical
differences in the two time points between the
two groups. See Table 3.

Postoperative serum calcium level

The preoperative serum calcium levels in both
groups were normal. At 48 h after surgery, how-
ever, the level was lower than the normal state
in 10 patients (37.04%) of the control group
and 2 patients (7.41%) of the experiment group,
and there was a statistical difference between
the two groups. Moreover, 6 months after sur-
gery, 8 patients of the control group (29.63%)
and 1 patient of the experiment group (3.70%)
showed a lower level than the normal state,
and a statistical difference was found between
the two groups. See Table 3. All the patients
showing lower serum calcium than the normal
range exhibited different degrees of numbness
in the fingers and toes as well as around lips.

Number of the parathyroid glands detected by
postoperative pathological examination

Atotal 10 cases (37.04%) and 1 case (3.70%) of
the parathyroid gland(s) were detected in the
control group and experiment group, respec-
tively. The difference between the two groups
was statistical significant. See Table 3.

Discussion

Hypoparathyroidism is a common complication
after surgery for the thyroid diseases, especial-
ly after reoperation [3]. The incidence of the
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Figure 3. Black-stained thyroid gland during the sur-
gery in the experiment group and the arrow showing
negative development of the parathyroid gland in the
experiment group.

Figure 4. The arrow showing negative development
of the parathyroid glands retained in situ after thy-
roidectomy.

parathyroid damage in reoperation is obviously
higher than that in the first operation, thus
directly leading to a markedly rising incidence
of postoperative permanent hypoparathyroid-
ism [4]. The patients with temporary hypopara-
thyroidism may manifest as numbness in the
fingers and toes and around lips, and severe
cases may have hypocalcemic tetany, all of
which can return to the normal condition after
intravenous or oral administration of calcium.
Nevertheless, permanent hypoparathyroidism
patients might cause a frequent attack of the
symptoms such as numbness in the fingers and
toes, pain and hypocalcemic tetany, and even
induce anxiety, depression, confusion of con-
sciousness and other mental symptoms. So,
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such patients need long-term oral or intrave-
nous supplement of calcium. If the serum cal-
cium level is lower than the normal value for a
long time, apart from long-term symptoms
above, bone- and joint-related diseases may
also be caused. Additionally, excessive calcium
supplement also results in bone- and joint-
related diseases as well as stones. Hence, the
permanent hypoparathyroidism patients need
long-term medical testing and maintaining the
serum calcium level, which brings a heavy phys-
ical, mental and economic burden to the
patients and also promotes occurrence of med-
ical disputes. From this reason, identification
and functional protection of the parathyroid
glands is particularly significant in the process
of reoperation for the thyroid diseases [5].

Concerning protection of the parathyroid gland
in the reoperation for the thyroid diseases,
some scholars have advocated that, by using
“fine dissection operation”, total thyroidectomy
is performed during the surgery while the para-
thyroid glands could be protected. However, in
case of the parathyroid ectopia or sanguine in
the operative field leading to difficulty for iden-
tification, the parathyroid glands are often diffi-
cult to note. Meanwhile, as the patients receiv-
ing reoperation generally suffer from adhesion
and scar formation in the operative area as well
as significantly changed anatomical structure,
the conventional anatomical landmarks is hard
to play a role in seeking parathyroid glands dur-
ing surgery and is more difficult to identify the
parathyroid glands [6]. Moreover, some schol-
ars adopted preoperative ultrasound and intra-
operative biological dye. Whereas, because of
only 1 mm thickness in normal parathyroid
gland and similarity to thyroid echo, the para-
thyroid glands are different to develop by ultra-
sound during the surgery. Although nuclide has
the advantages of accurate development and
high identification rate, it is expensive, has a
certain equipment requirements and causes
radioactive contamination; furthermore, it may
play a role in localizing the parathyroidoma, but
is limited in localizing normal parathyroid
glands [7]. As for intraoperative use of biologi-
cal dye (e.g., methylene blue), quick diffusion of
methylene blue after injected into the thyroid
gland causes blue staining of the parathyroid
glands and sentinel lymph nodes of thyroid
gland, so that parathyroid gland can not be
identified [8-10]. Similarly, applying these meth-
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Table 3. Comparison of postoperative PTH, serum Ca?" and number of the parathyroid glands detected

between the two groups

Number of the

Number of the
patients showing patients showing

Number of the Number of the

patients showing patients showing Number of the

Groups lower PTHat 48 h  lower PTH 6 months  lower Ca?* at 48 h  lower Ca?* 6 months parathyroid
glands detected
after surgery after surgery after surgery after surgery
Control group 27 9 (33.30%) 8 (29.63%) 10 (37.04%) 8 (29.63%) 10 (37.04%)
Experiment group 27 1(3.70%) 1 (3.70%) 2 (7.41%) 1 (3.70%) 1 (3.70%)
X2 7.71 4.80 6.73 4.80 9.08
P 0.005 0.028 0.009 0.028 0.003

ods is ineffective in seeking parathyroid glands
intraoperatively. Because the difficulty of iden-
tification of the parathyroid gland in reopera-
tion for the thyroid diseases significantly
increases, the probability of the parathyroid
damage occurring after thyroid lobectomy,
near-total thyroidectomy, total thyroidectomy or
the standard surgical methods is obviously
higher than that after the first surgery, directly
causing a obvious increase of the incidence of
post-operative permanent hypoparathyroidism.
The postoperative hypoparathyroidism and
refractory hypocalcemia will seriously affect
the quality of life of the patients [11].

Currently, carbon nanoparticles suspension as
a lymph node tracer has been used clinically,
with the mean diameter of 150 nm and a lym-
phatic tendency. Since the space between cap-
illary endothelial cells is between 20 and 50
nm while the space between capillary lymphat-
ic endothelial cells ranges from 120 to 150 nm,
carbon nanoparticles can cause black-stained
lymph nodes but can not enter the capillaries.
As a lymph node tracer, carbon nanoparticles
have been used for treatment of gastric cancer,
breast cancer, colon cancer and other diseases
[12-16], but its application in reoperation for
the thyroid diseases is rarely reported in clinic.
According to the present study, after very few
carbon nanoparticles were injected to the
residual thyroid glands for reoperation (via the
upper, middle and lower point, 0.1 ml each), a
better staining of the thyroid gland and the sur-
rounding lymph nodes was reached while the
parathyroid glands were not stained. This
achieves development of the thyroid gland and
the surrounding lymph nodes and negative
development of the parathyroid glands. In the
surgery, only black-stained tissues needed to
be removed while the tissues that were not
black-stained were retained, which can not only
ensure complete removal of the thyroid gland,
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but also reserve the parathyroid glands, there-
by effectively protecting the parathyroid glands
and serum supply during the surgery. There
were statistical differences in serum calcium
and PTH level at 48 h and 6 months after the
surgery and number of the parathyroid gland
detected by pathological examination after sur-
gery between the experiment group and the
control group. 6 months after surgery, although
the parathyroid glands experienced self-com-
pensation, hypocalcemia still occurred in 8
patients of the control group and 1 patient of
the experiment group. The aforementioned
results indicated that use of carbon nanoparti-
cles in reoperation for the thyroid diseases can
effectively reduce the incidence of the parathy-
roid damage. Through the clinical practice, the
author found that the precautions are as fol-
lows: (a) we should try to select 1 ml syringe for
injection, and the injection volume should not
over-dose, 0.1 to 0.2 ml each. If the develop-
ment is not ideal, we can perform three-point or
multi-point injection. (b) the injection point
should be selected in the middle of the section
of the normal thyroid gland tissues, which
should not be too shallow or too deep.
Meanwhile, carbon nanoparticles should not
be injected into the tumor tissues, trying to
select a trisection point or the middle of the
gland and avoiding being close to the upper
and lower poles. (c) we should know whether
there is blood by withdrawal prior to injection. If
the injected vessels can not be developed, the
force should be small when infusing and the
best infusion time is > 1 min. (d) a negative
pressure should be adopted to withdraw the
needles, and the injection sites should be
immediately pressed with the gauze for 1 to 3
min. (e) development of only the thyroid gland
and negative development of the parathyroid
gland can be reached within 1 min after injec-
tion. If the lymph nodes need to be developed,
lymph node development of the central area
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and lateral neck needs waiting 3-5 min and 10
min, respectively. Moreover, prior to injection,
only the front of the thyroid gland needs to be
exposed, and the lateral and posterior enve-
lope of the thyroid gland should not be dam-
aged. (f) in the operation process, the pseudo-
capsule of the thyroid gland should be kept
intact to prevent leakage of carbon nanoparti-
cles. (g) if there are unstained small nodules on
the surface of thyroid gland, additional carbon
nanoparticles could be injected to identify the
thyroid gland from the parathyroid glands. (h) if
the tumor is larger, and there have not been
normal thyroid tissues, carbon nanoparticles
are not recommended, as the tumor tissues
can induce lymphatic obstruction so as to lead
to incomplete development.

In short, use of carbon nanoparticles in reop-
eration for the thyroid diseases, by adopting
negative development of the parathyroid gland
to identify and protect the parathyroid gland,
can effectively decrease the incidence of hypo-
parathyroidism, thus improving the postopera-
tive quality of life of the patients. Therefore, this
method is worthy of clinical application and pro-
motion. However, due to few sample size in the
present study, the prospect of this method
needs to be further in-depth investigated.
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