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INTRODUCTION
Thyroid cancer is the most prevalent cancer in Korea, and 

its incidence has increased strikingly [1]. The age-adjusted 
incidence rates per 100,000 persons increased from 2.1 and 
10.4 in 1999 to 15.4 and 79.6 in 2009 in men and women, 
respectively [2]. Cho et al. [1] reported that the cumulative 
recurrence rates of thyroid cancer were 18% at 10 years and 31% 

at 20 years in Korea. The high sensitivity of ultrasound (US) and 
thyroglobulin measurement allowed early detection of smaller 
nonpalpable recurrences [3]. Although repeated radioiodine 
treatment alone may effectively eliminated small recurrent 
tumors, up to 30% of these recurrent tumors will show no 
radioiodine uptake; a more aggressive surgical approach may be 
warranted [4].

Reoperation for recurrent thyroid cancer is challenging and 

Purpose: Surgical excision is the definitive treatment for localized recurrence of papillary thyroid carcinoma. Reoperation 
for recurrence, however, is challenging and associated with increased operative times and complication rates. For safe 
and effective reoperation, ultrasound-guided charcoal tattooing localization can be used. The aim of this study was to 
investigate the feasibility and safety of the ultrasound-guided charcoal tattooing localization.
Methods: Between November 2012 and August 2013, ten patients underwent preoperative charcoal tattooing localization 
for twelve recurrent lesions. Patient demographics, pathologic features, and operation results were reviewed.
Results: The technical success rate of charcoal tattooing was 100%. Eight patients had one recurrent lesion, and two 
patients had double lesions. Among these 12 recurrent lesions, three (25%) were found in level II, four (33%) in level IV, 
four (33%) in level VI, and one (8%) was found in the thyroidectomy bed site. The mean size of lesions was 0.87 ± 0.35 cm. Of 
these 10 patients, eight patients underwent selective lymph node dissection, one patient underwent modified radical neck 
dissection, and one patient underwent recurrent mass excision. Transient hypocalcemia developed in one patient, and no 
recurrent laryngeal nerve palsy occurred. There were no major complications related to the injection of the charcoal. The 
mean follow-up period after reoperation was 8.6 ± 2.7 months; in the follow-up ultrasound, there were no remnant lesions 
in all patients.
Conclusion: Preoperative ultrasound-guided charcoal tattooing localization for recurrent thyroid cancer appears to be a 
feasible and safe procedure for reoperation. Further evaluation is warranted in larger patients' cohorts.
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associated with increased operative times and complication 
rates when compared with initial surgery [5,6]. For safe and 
effective reoperation, several techniques for the localization 
of recurrent lesions have been reported [7-12]. US-guided 
charcoal tattooing localization has been used for more than 
15 years for tattooing breast cancer and this technique is easy 
and innocuous to implement [13]. There is some controversy, 
however, as to whether charcoal tattooing is feasible and safe 
for patient with recurrent thyroid carcinoma.

The aim of this study was to investigate the feasibility and 
safety of the US-guided charcoal tattooing localization.

METHODS

Patients
The Institutional Review Board of Seoul National University 

Hospital approved this study (H-1401-002-543), and the need 
for written informed consent was waived. Ten patients with 
papillary thyroid carcinoma underwent charcoal tattooing 
localization for 12 recurrent regions between November 2012 
and August 2013. All patients were diagnosed with recurrent 
thyroid cancer by fine-needle aspiration cytology and/or 
washout thyroglobulin of the suspected lesions.

Charcoal tattooing technique
For US-guided charcoal tattooing, we used an US machine 

(HD3; Philips Healthcare, Ridgedfield Park, NJ, USA) with a 
high-frequency transducer (7–12 MHz), 4% Activated Charcoal, 
and a 1-mL syringe with a 22-gauge needle. One day before or at 
the operation day, tattooing was performed by the radiologists 
without local anesthesia.

In brief, the patient was placed in a supine position with 
neck extension. After preparing the skin with an alcohol wipe, 
a 1-mL syringe fitted with a 22-gauge needle was inserted into 

the tumor under US guidance. Once the needle tip was located 
inside the tumor, 4% activated charcoal was injected slowly (Fig. 
1). The amount of charcoal was adjusted according to the tumor 
size, from 0.2 to 1.5 mL. After tattooing, the injection site was 
compressed gently for 3 minutes to prevent hematoma.

Follow-up protocol
Vocal cords were examined using video-assisted or direct 

laryngoscopy 1 day before surgery. Serum levels of calcium, 
phosphorus, ionized calcium, and parathyroid hormone were 
measured on postoperative Day 1. All patients were followed 
up at 2 weeks, 3 months, 6 months, and annually. Follow-up 
tests included clinical examinations for hypoparathyroidism, 
vocal cord evaluation, thyroid function test, and surveillance 
US. In cases where vocal cord injury was noted in the previous 
follow-up, the vocal cord was re-examined using video-assisted 
or direct laryngoscopy. In cases where hypoparathyroidism was 
noted in the previous examination, serum levels of calcium, 
phosphorus, and parathyroid hormone were also measured.

RESULTS
The characteristics of the patients were summarized in Table 

1. The mean age of the patients was 53.3 ± 14.9 years (range, 
32–73 years), and number of neck operations before charcoal 
tattooing was 1.6 ± 1.07 (range, 1–4). Four patients underwent 
total thyroidectomy with central lymph node dissection as 
initial operation. Total thyroidectomy with modified lateral 
neck dissection was performed in six patients for lateral neck 
lymph node metastasis. Three patients were classified as TNM 
stage I, and seven were as stage IVA.

After initial operation, nine patients received radioactive io-
dine (RAI) ablation; two patients received single dose of RAI 
and seven patients underwent 2 to 5 times RAI ablation. The 
mean times of RAI ablation before reoperation was 2.2 (range, 
0–5), and dose of 131I was 172 mCi (range, 60–290 mCi).

Time interval between prior surgery and reoperation was 
48 ± 37.85 months (range, 10–128 months). Eight patients 
had one recurrent lesion, and two patients had double lesions 
(Table 2). Among these 12 recurrent lesions, three (25%) were 
found in level II, four (33%) in level IV, four (33%) in level VI, 
and one (8%) was found in the thyroidectomy bed site. The 
mean size of lesions was 0.87 ± 0.35 cm (range, 0.49–1.61 cm). 
All foci of recurrent lesions arose in the previously operated 
compartments. Of these 10 patients, eight patients underwent 
selective lymph node dissection, one patient underwent 
modified radical neck dissection, and one patient underwent 
recurrent mass excision. The operation time was 97.6 ± 27.9 
minutes (range, 62–140 minutes). In pathologic examination, 
one ectopic thyroid, and one thyroidectomy bed site recurrence, 
and 10 lymph node recurrences were confirmed.

Hyungju Kwon, et al: Charcoal tattooing localization for recurrent thyroid cancer

Fig. 1. Charcoal injection to localized recurrent lesions under 
ultrasound guidance. Needle (red arrows) tip was inserted 
into recurrent lymph node (yellow circle).
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All patients had no change of vocal cord function after 
reoperation. Transient hypocalcemia developed in one patient 
and resolved after 2 weeks. No patient had esophageal or tra-
cheal injury. There were no major complications related to the 
injection of the charcoal including hematomas and allergic 
reactions, while 1 patient had a dot-like marking at the skin 
puncture site after charcoal injection. The mean follow-up 
period after reoperation was 8.6 ± 2.7 months (range, 5–14 
months). In the follow-up US, there were no remnant lesions in 
all patients.

DISCUSSION
Surgical excision is the most definitive treatment for local-

ized recurrence. However, due to fibrosis and scar tissue 
formation in the surgical field, reoperation is technically 
challenging [12]. Moreover, reoperation can be associated with 
higher complication rates and increased operation time. The 

major complications of reoperation included recurrent laryngeal 
nerve (RLN) injury, hypoparathyroidism, and injury to major 
neural structures, such as lower division of the facial nerve, 
the accessory nerve, or the sympathetic trunk [14]. In cases of 
reoperation, permanent recurrent RLN occurred in 3%–15% 
and permanent hypoparathyroidism in 5% or more; whereas 
permanent RLN injury developed in 0%–3% and permanent 
hypoparathyroidism in 1%–2% of the patients who underwent 
a first thyroid operation. Furthermore, a recurrent lesion can 
be missed at the time of operation because of scarring, fibrosis, 
bleeding, and proximity of the tumor to the recurrent laryngeal 
nerve [15].

To perform the reoperation safely and effectively, several 
techniques including intraoperative US, preoperative US-guided 
skin marking, and radio-guided surgery using intraoperative 
gamma probe have been reported for the localization of 
recurrent lesions [7-12]. Although these techniques helped 
physicians to localize the recurrence, potential disadvantages 

Table 1. Demographics with previous treatment results of ten patients

Case Sex Age (yr)
Initial operation RAI ablation Time intervala) 

(mo)Type Stage Times Dose (mCi)

1 F 72 TT with BCND, MRND, right IVA (pT3N1bM0) 2 60 128
2 F 73 TT with RCND, MRND, right IVA (pT1N1bM0) 4 290 72
3 F 50 TT with BCND, MRND, right IVA (pT3N1bM0) 2 180 10
4 F 55 TT with BCND I (pT1N0M0) 0 0 30
5 F 32 TT with BCND, MRND, right I (pT3N1bM0) 2 130 26
6 M 49 TT with BCND, MRND, left IVA (pT3N1bM0) 5 270 30
7 F 47 TT with BCND IVA (pT3N1aM0) 2 180 13
8 F 73 TT with BCND, MRND, right IVA (pT3N1bM0) 3 90 35
9 F 46 TT with RCND IVA (pT3N1aM0) 1 150 44

10 F 36 TT with LCND I (pT3N1aM0) 1 200 92

RAI, radioactive iodine; TT with BCND, total thyroidectomy with bilateral central neck dissection; MRND, modified radical neck 
dissection; RCND, right central neck dissection; LCND, left central neck dissection.
a)Duration between last treatment and reoperation with charcoal tattooing.

Table 2. Outcomes of the charcoal tattooing in ten patients

Case Sex Age 
(yr)

Location of 
recurrence

Size of 
recurrence (cm)

Type of 
reoperation

Op. time 
(min)

Final pathology
(metastatic LN/total LN)

1 F 72 Left VI 0.95 SND (left level VI) 85 2/4
2 F 73 Right II, right IV 0.52, 0.56 SND (right level II & IV) 140 1/3 (level II), 2/2(level IV)
3 F 50 Left II 1.43 SND (left level II) 140 1/10
4 F 55 Left VI 0.97 SND (left level VI) 74 Ectopic thyroid
5 F 32 Right IV 0.85 SND (right level IV) 75 5/7
6 M 49 Right VI 0.66 SND (right level VI) 78 3/5
7 F 47 Left IV 1.61 MRND 94 3/10
8 F 73 Right II, right VI 1.28, 0.61 SND (right level II & VI) 115 1/3 (level II), 1/7 (level VI)
9 F 46 Right VI 0.65 SND (right level IV) 62 1/4

10 F 36 Op. bed 1.01 Mass excision 113 Recurred thyroid cancer

Op., operation; LN, lymph node; SND, selective neck dissection; MRND, modified radical neck dissection.
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also existed. Intraoperative US required the presence of an US 
machine in the operating room and a radiologist or a surgeon 
practicing US [7]. In preoperative US-guided skin marking, the 
skin marking no longer provides a reference point to mark 
the exact location of the recurrent lesion after subplatysmal 
flaps are elevated [9]. US-guided hook-wire localization was 
reported to have minimal complications from the needle 
placement; however, the needle could become dislocated during 
retraction. The hook needle could break during insertion, 
fall out, or migrate to an unexpected site [16]. Rubello et al. 
[17] reported the use of an intraoperative gamma probe after 
131I administration showed a technical success rate of 80.6%. 
However, radio-guided surgery using 131I, 99mTc-sestamibi, 
and 18F-fuorodeoxiglucose required preoperative injection of 
material intravenously, and additional probes for detection of 
the targeted lesion [11,17,18]. Furthermore, false positive lesions 
including submandibular salivary glands and thymus, and false 
negative cases might arise when the lesion exhibits low iodine 
uptake [17]. Radio-guided surgery technique also exposes the 
hands of the surgeon to radiation, although the overall received 
dose was found to be minimal [19].

In this context, we chose and investigated charcoal 
tattooing localization method for patients with recurrent 
thyroid cancer. US-guided charcoal tattooing localization 
has several advantages. First, charcoal tattooing may remain 
up to 3 months in the patient [3]. Charcoal tattooing can 
be implemented ahead of the operation; surgeons can have 
some flexibility in scheduling. Second, charcoal injection for 
tattooing has no secondary complications, such as abscess, pain, 
fever; toxicity has never been reported with charcoal injection 
to date [13,20]. Third, no additional diagnostic instruments are 
needed in the operation field. The injected charcoal is easy to 
visualize in the surgical field and specimen. When present, it 
appears as a black area inside or at the periphery of the injected 
lesions (Fig. 2). Fourth, the practice of charcoal injection is 

easy and safe, because basically the same technique is used 
as US-guided fine-needle aspiration cytology. Several authors 
reported that the technical success rate was 84%–96% in the 
case of using charcoal for localization. In this study, there were 
no complications including bleeding, hematoma, abscess, and 
fever after charcoal injection. A dot-like marking occurred in 
the needle insertion site in only one case. Fifth, charcoal has 
no interference with the results of pathology even when having 
tattooed to the lesions (Fig. 3). In pathologic examination, 
there was no evidence of inflammatory reactions after charcoal 
tattooing; no polynuclear neutrophils or lymphocytes had 
infiltrated the charcoal tattooing areas [13]. In addition, thyroid 
follicular cells were not stained by charcoal tattooing. 

In the present study, we reported our experience of 10 cases 
with US-guided charcoal tattooing localization for recurrent 
PTC. Our major concern was to reduce the rate of complications 
and to remove the recurrent lesions completely. Transient 
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Fig. 2. Charcoal tattooing lesion was easily localized in surgical field and specimen; operation field (A) and resected mass (B). 
Arrows mark charcoal inside the recurrent lesion. 

A B

Fig. 3. The charcoal (arrows) was surrounded by coll agen 
fibers; charcoal has no interference with results of pathology 
(H&E, x100).
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hypocalcemia developed in one patient, but no RLN injury 
occurred. Furthermore, all the lesions were removed completely 
and no remnant lesions were found in follow-up US. These 
results showed the technical feasibility and safety of charcoal 
tattooing for recurrent thyroid cancer. 

In conclusion, preoperative US-guided charcoal tattooing 
localization for recurrent thyroid cancer seems a feasible and 
safe procedure for reoperation. Further evaluation is warranted 

in larger patients' cohorts.
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