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Introduction: The presence of metastatic disease in the cervical lymph nodes can affect the recurrence and survival of patients with
thyroid cancer. Parathyroid gland injury during surgery can result in hypoparathyroidism, particularly with total thyroidectomy.
Injection of carbon nanoparticles into the thyroid will label draining lymph nodes and aid in the visualization of metastatic cervical
lymph nodes during a radical operation, sparing accidental damage to the parathyroid glands. Although reported to be useful during
surgery, the safety of nanocarbon particles has rarely been investigated, and adverse side effects need to be studied.
Case presentation: The author describes five patients with thyroid cancer who had carbon secretions in the trachea or mucosa
after carbon nanoparticles were injected into the thyroid. A patient with carbon secretions in the trachea mucosa recovered but had
progressive dyspnoea. Surgical treatment was performed, and a mass was found in the trachea mucosa. After excluding all other
possibilities, the author concluded that the mass was caused by nanocarbon suspension.
Discussion: To the author’s knowledge, there are no reports on nanocarbon suspension into the mucosa and no consensus has
yet been reached on the precise injection site, depth, or dose for injecting carbon nanoparticles before thyroidectomy.
Conclusion: The author suggests that the most appropriate injection depth of nanocarbon suspensions should be no more than
3 mm of the thyroid gland thickness to avoid deep injection into the trachea.
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Introduction

Approximately 85% of all thyroid cancers are papillary thyroid
carcinomas (PTC)[1,2]. PTC can be accompanied by lymph node
metastasis even in its early stages[3,4], and metastasis can affect
clinical outcomes[5]. Regional lymph node dissection during
surgical treatment of PTC is a common treatment option[6].
Inadvertent damage to parathyroid glands during surgery can
result in hypoparathyroidism. Improvements in the detection and
visualization of metastatic lymph nodes can decrease damage to
the parathyroid tissue and reduce the incidence of postoperative
hypoparathyroidism.

Injecting nanocarbon particles into the thyroid can mark the
lymphatic tissue and help visualize the lymph nodes. This leads to

better differentiation of lymph nodes and facilitates more precise
excision of the metastatic lymph nodes. After nanocarbon label-
ling of the thyroid gland lymph nodes, the parathyroid glands can
be identified as unlabelled, thus reducing inadvertent damage to
the parathyroid glands and the occurrence of hypoparathyroid-
ism after the operation[5]. While this is helpful during surgery,
there have been no studies on its adverse side effects. Here, we
report five patients, Han Chinese, with thyroid cancer. They had
carbon secretions in the trachea ormucosa following the injection
of nanocarbon suspension into the thyroid. They were performed
with transoral endoscopic thyroidectomy vestibular approach
(TOETVA)[7] and traditional open surgery at Hunan Cancer
Hospital in China. This case series has been reported in line with
the SCARE criteria.

HIGHLIGHTS

• Injection of carbon nanoparticles into the thyroid will label
draining lymph nodes and spare accidental damage to the
parathyroid glands during thyroidectomy surgery.

• The safety and adverse effects of nanocarbon suspension in
thyroid surgery have never been evaluated.

• In this report, we describe five patients with thyroid cancer
who had carbon secretions in the trachea ormucosa caused
by deeply nanocarbon suspension and its surgical
treatment.

• We propose three possible solutions that may help avoid
the same situation in the future.

• The precise injection site, depth, or dose for injecting
carbon nanoparticles in the product manual should be
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Case presentation

Bilateral thyroid nodules were found on a 50-year-old woman.
The cytology of the thyroid nodule suggested papillary thyroid
cancer. The patient was very anxious and strongly desired
surgery. TOETVA surgery was performed[8] on the patient on
21 September 2020. A Nano-carbon suspension (H20073246;
Chongqing LUMMY Pharmaceutical Co., Ltd.) was injected
into the thyroid gland using a 1-ml skin test syringe.
Unfortunately, shortness of breath occurred in the patient after
the operation.

No abnormalities were observed in the skin of the anterior
neck. The skin of the anterior area was intact, with a flaky, hard,
and relatively fixed appearance. A local wheeze from the trachea
was felt, and auscultation was heard. Bilateral lymph nodes in the
neck were not palpable. Except for slightly higher white blood cell

counts, there were no other obvious abnormalities in laboratory
examinations. A subglottic mass was observed with a laryngo-
scope during follow-up (Fig. 1B). Computed tomography of the
neck indicated trachea stenosis (Fig. 1A). We excluded tumours in
the oesophagus when no malignant tumour was found on gas-
troscopy (Fig. 1C-H). To solve the above problem, exploratory
surgical treatment was performed on 22 February 2021, under
local 0.75% lidocaine infiltration anaesthesia, combined with
intravenous sedation. With the patient in the supine position,
shoulder pads were used to fully expose the neck. A low-neck arc
incision of ~5 cm was made. The skin and subcutaneous and
platysma muscles were separated up to the level of the laryngeal
knot and down to the level of the clavicle. The midline of the neck
was opened and the trachea was exposed. The recurrent laryngeal
nerve and the superior parathyroid glands were explored and
protected. One millilitre of 2% lidocaine was then injected into

Figure 1. Preoperative neck and chest computed tomography scans indicated trachea stenosis in the cricoid cartilage plane (A). Subglottic mass can be seen
under the laryngoscope (B). To exclude tumours from the oesophagus, no malignant tumour was found in the oesophagus and gastroscope (C–H).
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the trachea cavity. The third ring of the trachea front wall was
opened, a trachea cannula was inserted, and general intravenous
anaesthesia was administered. Continuing to explore the trachea
wall, we found that the lateral wall of the trachea thickened and
protruded into the trachea, forming a clear stenosis. The mass was
locatedmainly in the right trachea, up to the cricothyroid cartilage
joint, down to the fourth trachea ring, anteriorly exceeding the
midline, and posterior to the tracheoesophageal groove plane. A
complete resection of the mass was performed (Fig. 2C). The mass
was completely black and had the same colour as

nanocarbon (Fig. 2A and B). After excluding all other possibi-
lities, we concluded that the mass was caused by nanocarbon
suspension. Intraoperative frozen sections repeatedly indicated
chronic inflammation, but no tumour cells were observed Fig. 3B.
The skin and trachea edges were sutured for the tracheostomy.
The size of the inflammatory lesion was ~2×1.5 cm. The upper
and lower tracheas appeared unobstructed after repeated exam-
inations. A negative pressure drainage tube was placed, and the
wound was closed with no. 4 silk thread (Fig. 2D). A tracheost-
omy was performed on 17 May 2021, by waiting for the skin to

Figure 2. The total black mass was detected, which was the same colour as nanocarbon (A, B). A complete resection was performed on the mass during the
rescue operation (C). A tracheostomy was performed and completed to resolve dyspnoea in this patient (D).

Figure 3. A subglottic mass was removed and no lesion remained after the operation (A). Inspection of paraffin tissue sections under the microscope found fibrous
tissue hyperplasia with a large inflammation cell infiltration. No tumour cells were observed (B).

Li. Annals of Medicine & Surgery (2024) Annals of Medicine & Surgery

4340



loosen (Fig. 3). The fistula was cleaned and disinfected before the
surgery (Fig. 4A). Methylene blue was used to design the surgical
incisions(Fig. 4B). Through subcutaneous loosening, the external
port of the tracheostomy was closed using a linear healing incision
(Fig. 4C, D). Electronic laryngoscopy confirmed that the sub-
glottic mass was removed, and no lesions remained post-
operatively Fig. 3A. Walking long distances (> 1000 m) slowly
without breathing difficulties was possible, and no other com-
plications developed. Even in the presence of a scar, the patient
was satisfied with the surgery. The patient took levothyroxine
daily and was asked to exercise the neck daily (Table 1).

The other four patients who had carbon secretions in the tra-
chea recovered without complications such as cough, fever, chest
pain, or phlegm production. The four patients were under phy-
sical examination 6 months after the surgery, with good condi-
tions and no evidence of recurrence Table 1. The work has been
reported in line with the PROCESS criteria.

Discussion

More than 85% of all thyroid cancers are PTC, and lymph node
metastasis can be found in up to 90% of patients at the initial

Figure 4.After the fistula was cleaned (A), methylene blue was used to design surgical incisions (B). The external port of tracheostomywas closed by a linear incision
by ingenious conception and subcutaneous loosening (C, D).
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diagnosis[3,4]. Recurrence and survival in patients with thyroid
cancer are closely related to cervical lymph node metastasis.
Thyroidectomy combined with regional lymph node dissection is
the primary treatment for PTC. The reported incidence of per-
manent hypoparathyroidism after total thyroidectomy/central
lymph node dissection ranges from 1.4 to 14.3%[9,10]. The inci-
dence of hypocalcemia following hypoparathyroidism can be as
high as 20.8%, which can diminish quality of life[5,10]. Carbon
nanoparticles have been successfully used in gastric, colorectal,
and breast cancer surgeries to identify lymph nodes[11,12].
Nanocarbon particles have also been introduced for thyroid
cancer surgery[5]. Carbon nanoparticles are smaller than the
lymphatic endothelial cell gap (500 nm), but larger than the
capillary endothelial cell gap (30–50 nm). Carbon nanoparticles
(150 nm) can enter lymphatic vessels after injection into the
thyroid and become localized in lymph nodes, staining them
black to make them easy to identify[13]. Because there is no
lymphatic connection between the thyroid and parathyroid
glands, the parathyroid glands remain unstained, while the
thyroid gland lymph nodes stain black[14]. Staining with nano-
carbon particles aids in the visualization and dissection of the
lymph nodes and helps preserve parathyroid tissue. Their mor-
phology and function are well recognized and preserved in situ,
thus reducing the occurrence of hypoparathyroidism after the
operation[15]. The use of carbon nanoparticles can also sig-
nificantly reduce the incidence of parathyroid gland injury during
a second surgery[16]. Thus, the injection of nanocarbon particles
to better define lymph nodes before thyroidectomy is particularly
important for the preservation of the parathyroid glands. This
clinical review describes five patients with thyroid cancer. They
were found to have carbon secretions in the trachea or mucosa
after infusion of nanocarbon particles during TOETVA or tra-
ditional open surgery.

A complete resection of the mass was performed on the 50-
year-old woman during the second surgery. The mass was com-
pletely black, with the same colour as the nanocarbon. This has
three possible explanations, which are very similar to those of the
previous case reported by Zhang[13]. First, the syringe needle with
an injection depth of greater than 0.3 cm might have penetrated
the gland, causing direct entry into the trachea through the
mucosa. However, the trachea was examined endoscopically and
no surgical wounds were found on the surface during the first
operation. However, such pinholes are so small that they are
difficult to identify. Second, the interaction between the thyroid
lymphatic vessels and lymphatic capillary networks of the trachea
mucosal layers may have contributed to the small amount of
carbon nanoparticle leakage. Theoretically, an obvious lympha-
tic structure could be one cause of such a large amount of carbon
nanoparticle leakage. In this case, no abnormal lymphatic
structures were found during preoperative examination or
intraoperative exploration. Third, inadvertent injection into a

possible trachea diverticulum, thyroglossal cyst, or fistula could
also cause carbon-containing secretions. However, our patient
had no trachea diverticulum, thyroglossal cyst, or fistula on the
preoperative neck and chest computed tomography scans. A
thyroglossal cyst is located in the anterior central region of the
neck; therefore, the possibility that carbon nanoparticles were
injected into a thyroglossal cyst was impossible in this patient.
Zhang[13] described a case of carbon secretion in the trachea
caused by a nanocarbon suspension. After comparing all possi-
bilities, we concluded that a deeply injected suspension into the
trachea mucosa caused progressive dyspnoea in this case[17].

To the best of our knowledge, no allergic or toxic adverse side
effects or other safety concerns have been reported with the use of
nanocarbon particles. There is currently no clinical consensus on
the best injection site or dosage for the injection of nanocarbons
to optimize the PTC. Most reports are of four to six injection
points around the tumour without injection into the tumour or
blood vessels[5]. The manufacturer’s manual for the nanocarbon
suspension indicates that the total injection volume should range
from 0.4 to 1 ml (0.1–0.3 ml per point) before surgery[5]. This
amount is more than that used in our 1521 TOETVA cases and
486 traditional open surgery patients. We found that a single
0.1 ml injection is sufficient.

Nanocarbon suspensions have been reported to be safe for use
in thyroid cancer surgery[11]. In addition to our experience,
Zhang[13] also reported a patient with carbon secretions in the
trachea caused by nanocarbon suspension. Our cases included
TOETVA surgeries, and Zhang’s report was from traditional
open surgery.

Conclusion

Carbon nanoparticles used to delineate lymph nodes in thyroid
malignancy can also lead to complications such as aggregation of
these particles in the trachea mucosa. There are no reports on
nanocarbon suspension into the mucosa, and no consensus has
yet been reached on the precise injection site, depth, or dose for
injecting carbon nanoparticles before thyroidectomy.

We propose three possible solutions that may help avoid the
same situation in the future. The amount of nanocarbon injected
should be 0.1 ml in the product manual for papillary thyroid
carcinomas. The single injection point in the product manual
should be Outer lower region without injection into the tumour
or blood vessels. Finally, the length of the syringe needle to inject
nanocarbonwas suggested to be nomore than 3mm, which helps
avoid excessive and deep injection into the trachea or mucosa.

Ethical approval

This case report did not require review by the Ethics Committee.

Table 1
Other 4 cases with carbon secretions in the trachea

Case Age (year) Occupation Sex Surgical method Surgical content

1 17 Freelance Female TOETVA Total thyroidectomy combined with central lymph node dissection
2 39 Business manager Male Traditional open surgery Total thyroidectomy combined with central lymph node dissection
3 43 Civil servant Male Traditional open surgery Right thyroidectomy combined with central lymphatic dissection
4 32 Professional technicians Male Traditional open surgery Total thyroidectomy combined with regional lymph node dissection
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