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Abstract

Purpose To investigate the use of conventional ultrasound and contrast-enhanced ultrasound (CEUS) in assessing

local therapeutic response of percutaneous laser ablation (PLA) for papillary thyroid microcarcinoma (PTMC).

Methods Sixty-four patients with 64 PTMCs who were referred to our hospital from November 2013 to July 2016

were treated with PLA. The extent of ablation was assessed by CEUS at 10–20 min and 7 days after PLA. The size

and volume of the ablation zone were evaluated on conventional ultrasound at 1 h, 1, 3, 6 and 12 months, and every

half-year thereafter, and recurrences were also recorded. Ultrasound-guided fine needle aspiration biopsy (FNAB) of

the ablated area was performed at 1, 6 and 12 months after PLA.

Results Two incomplete ablations were detected by CEUS, and a second ablation was performed. The mean largest

diameter and volume of the ablated area on CEUS at 10–20 min and 7 days after PLA were significantly larger than

those of pre-treatment on conventional ultrasound (p\ 0.05, for both). At the last follow-up, the mean largest

diameter was reduced from 4.6 ± 1.5 to 0.6 ± 1.3 mm (p\ 0.0.5), and the average volume was 41.0 ± 40.4 mm3,

which decreased to 1.8 ± 6.7 mm3 (p\ 0.0.5). A cervical metastatic lymph node was detected on ultrasound and

confirmed by ultrasound-guided FNAB at 30 months after PLA.

Conclusions CEUS could play a crucial role in assessing the completeness of PLA for treating PTMC, and con-

ventional ultrasound can not only guide the FNAB process but also is important in the follow-up of PTMC after PLA.

Abbreviations

PTMC Papillary thyroid microcarcinoma

CEUS Contrast-enhanced ultrasound

US Ultrasound

PLA Percutaneous laser ablation

FNAB Fine needle aspiration biopsy

Introduction

The incidence rates of thyroid cancer have increased

among most populations worldwide, with 49% of this

increase due to papillary thyroid microcarcinoma (PTMC)

[1, 2]. PTMC is defined as a small papillary thyroid cancer

measuring less than 10 mm in diameter, usually with a

good prognosis [3]. Most patients with PTMC may be

observed safely; however, there may be a subset of patients

who strongly desire resection. Management occasionally

becomes a dilemma for them when they are at high risk for

an operation [4]. In these cases, a minimally invasive local
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therapy that could eradicate these small nodules may be

desirable as part of a multimodality treatment.

In recent years, minimally invasive percutaneous ther-

mal ablation technologies including laser, microwave and

radiofrequency ablation have been applied to PTMCs,

yielding good results [5–7]. Close follow-up of thermal

ablation by imaging, however, is important both to guar-

antee that the tumour is completely ablated as soon as

possible after the treatment is completed and to detect early

recurrences which may be retreated [8, 9]. Conventional

high-frequency ultrasound (US) has been the most common

method for evaluating superficial organs, whereas contrast-

enhanced ultrasound (CEUS) is a real-time dynamic

imaging technique that works by taking advantage of the

propensity of microbubble contrast agents to create strong

nonlinear harmonic echoes, significantly enhancing the

visibility of small blood vessels [10]. Both of these meth-

ods have the potential to play an important role in the post-

procedural management [11, 12]. There were several

reports on US and CEUS assessment of radiofrequency or

microwave ablation of renal and hepatic tumours [13–15],

but in the laser ablation field, a study on US and CEUS

evaluation of PTMC was seldom. The aim of this study was

to evaluate the utility of conventional US and CEUS in

assessing therapeutic response of PTMC after percutaneous

laser ablation (PLA).

Materials and methods

Patients

This study is a retrospective study design and was

approved by our hospital ethics committee. From

November 2013 to July 2016, 64 patients with solitary

PTMC were treated by US-guided PLA in our department.

Patients’ characteristics are listed in Table 1. All the

patients were confirmed on cytology by US-guided fine

needle aspiration biopsy (FNAB) before PLA. Serum thy-

roid-stimulating hormone and thyroid hormones were

within normal limits. No patients were taking anti-platelet

medications or warfarin sodium for at least 2 weeks before

treatment. A written informed consent document was

obtained from all the patients before each PLA.

The inclusion criteria for PLA were as follows: (1)

cytologic diagnosis showing unifocal PTMC, (2) maximum

diameter of the lesion was \10 mm, (3) solid lesion

without massive calcification (massive calcification defined

as strong echo and maximum dimension [2 mm), (4) no

contact and disruption of thyroid capsule, (5) unsuited or

unwilling to undergo surgery for high surgical risk or other

reasons. The exclusion criteria were: (1) patients with other

histological type of thyroid malignancies such as medullary

carcinoma, (2) clinically apparent multicentricity, (3)

lesion larger than 10 mm in maximum diameter, (4) lesion

with cystic components, (5) lesion located in the isthmus,

(6) ultrasound or other image studies revealing cervical

node or distant metastasis.

Pre-ablation assessment

All the ultrasonographic examinations and FNABs were

performed by two radiologists with more than 10 years of

experience in thyroid imaging, using real-time US systems

(Mylab Twice, Esaote, Italy or Mylab 90, Esaote, Italy),

equipped with multifrequency linear transducers LA 523 in

the B-mode, and LA 522 in the B-mode contrast. Before

each PLA session, the location, size and volume of the

nodule were carefully evaluated on US. All nodules were

measured in the three orthogonal diameters including

length, width, and thickness. The volume was assessed by

the following equation: V = pabc/6, where V is the vol-

ume, a the length, and b, c the other two perpendicular

diameters, and percentage volume reduction ([initial vol-

ume - final volume] 9 100)/initial volume.

PLA procedures

A venous catheter was inserted in the dorsal hand vein

prior to PLA; however, no premedication was adminis-

tered. All the PLAs were carried out in an outpatient set-

ting, and performed by the same operators (Weiwei Zhan

and Wei Zhou) according to a previously reported proce-

dure [16]. The patients lay on an operation bed in the

supine position with the neck extended. In order to avoid

thermal damage to vital organs (trachea, recurrent

Table 1 Patients’ and PTMC characteristics

Characteristics Data

Gender

Male 23

Female 41

Age (years)

Mean ± SD (range) 42.5 ± 12.3 (16–77)

Largest diameter (mm)

Mean ± SD (range) 4.6 ± 1.5 (2.5–8.2)

Volume (mm3)

Mean ± SD (range) 41.0 ± 40.4 (4.0–176.4)

Location (side)

Right 42

Left 22

Cytological diagnoses by biopsy

Papillary thyroid carcinoma 64
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laryngeal nerve, esophagus or common carotid artery), a

mixture of 2% lidocaine and 0.9% sodium chloride solution

(1:8 dilution) was injected into the surrounding thyroid

capsule to achieve a ‘liquid isolating zone’ [17]. After local

anesthesia was administered with 2% lidocaine, the 21G

guide needle was penetrated into the target tumour under

real-time US monitoring. After the correct positioning of

the needle, a three-hundred-micrometer plane-cut optic

fiber was inserted through the sheath of 21G needle into the

same position, and then the introducer needle was with-

drawn at a distance of 5 mm, exposing the tip of the fiber in

direct contact with the tumour. Subsequently, the optic

fiber was connected with the laser source, a continuous-

wave Nd-YAG laser operating at 1.064 lm with an optical

beam-splitting device (EchoLaser X4, Esaote, Florence,

Italy). Laser illuminations were performed setting an out-

put power of 3–4 W, changing the appropriate exposure

time case by case, trying to exceed several millimeters

more than volume of the original lesion.

CEUS

After the target lesion was selected, the mode was switched

to gray-scale harmonic CEUS mode. Since microbubble

disruption is related to depth and focal area, the focus was

always placed deeper than the target nodule in order to

avoid microbubble disruption. Following agitation and

blending for the bolus injection, 2.0–2.4 ml sulphur hex-

afluoride-filled microbubble contrast agent (Sonovue,

Bracco, Milan, Italy) was injected through a 20-gauge

cannula placed in the dorsal hand vein. The injection of

Sonovue was followed by a flush of 10 ml physiological

saline solution. Simultaneously, the timer was started.

Observation was continuously up to 3 min following the

injection, and the entire examination was digitally recorded

and stored on the hard disk of the US scanner for subse-

quent analysis.

Therapy evaluation and follow-up

Local therapy evaluation was conducted with conventional

US, CEUS and US-guided FNAB. Conventional US

examination was performed at 1 h, 7 days, 1, 3 and

6 months after PLA, and every half-year thereafter. We

focused on the complications, size and volume of the

ablated area, development of recurrent and metastatic

tumours. CEUS was performed at 10–20 min and 7 days

after PLA. At CEUS examination, we evaluated the extent

of the ablation zone lack of enhancement in order to con-

firm that we had achieved a larger necrosis than the nodule

pre-operation. The ablation was considered a success on

the basis of all the imaging findings: (1) no contrast

enhancement was detected around or within the lesion; (2)

the margin of the ablation area was clear and smooth; and

(3) the ablation area extended beyond the tumour border

[18, 19]. In case of incomplete ablation, a subsequent

ablation procedure was performed. At 1, 6, 12 months after

ablation, US-guided FNAB was performed in the center, at

the edge of the ablated area and the surrounding thyroid

parenchyma to exclude recurrence, if the ablated area was

persistently visible. US-guided FNAB was also performed,

if suspicious metastatic lymph nodes were found in the

neck.

Analysis and statistics

Data were analyzed using statistical software SPSS, ver-

sion 17.0. The post-PLA largest diameter and volume of

the tumour were compared with pre-treatment measure-

ments by means of the paired-samples t test. Data were

reported as mean ± standard deviation (SD), and p\ 0.05

was considered significant.

Results

The mean total energy delivered during PLA was

994.0 ± 310.7 J (range, 400–1660 J). The laser illumina-

tion time during PLA treatment was 271.6 ± 86.7 s (range,

125.0–474.3 s). Among the 64 patients, the follow-up

period was 42 months in one patient, 36 months in eleven

patients, 30 months in twenty-one patients, 24 months in

thirteen patients, 18 months in eight patients, and

12 months in ten patients (mean, 25.7 ± 8.2 months;

range, 12–42 months). PLA treatment was well tolerated in

all patients including the two patients who required a

second ablation. No local infection, neck haematoma,

dysphonia. Injury to the vital organs of the neck and side

effects of the contrast agent were observed.

Immediately after PLA ablation, ultrasound images

showed that hypoechoic tumours had changed to hypere-

choic areas due to gas formed during the ablation. After gas

dispersed, the tumour had disappeared and had been

replaced by a hypoechoic area with a strip of high echo on

grey-scale imaging. At 1 h after PLA, the mean maximum

diameter and volume were significantly larger than them of

pre-treatment (14.1 ± 2.4 vs. 4.6 ± 1.5 mm, and

517.6 ± 262.9 vs. 41.0 ± 40.4 mm3; p\ 0.05,for both).

At 10–20 min after PLA, the mean largest diameter and

volume of the ablated area on CEUS were larger than those

of pre-treatment on conventional US (Table 2), but were

significantly smaller than those at 1 h after PLA on con-

ventional US (p\ 0.05). In the majority of cases, CEUS

showed well-defined avascular areas which completely

covered the original lesions (Fig. 1a, b). However, two

incomplete ablations were detected by CEUS. CEUS
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showed residual enhancement into the lesion uncovered by

the avascular area and the margin of the ablation zone was

not smooth in the first case (Fig. 2a–c). In the second case,

the margin of the ablation zone was clear and smooth, but

the ablation zone did not extended beyond the tumour

border (Fig. 3a–b). A complementary ablation was

performed for the two patients. After repeated ablation,

CEUS was performed again and confirmed that the second

ablation was complete.

On the seventh day, the appearance of the ablated area

on conventional US was similar to that at 1 h after ablation;

however, the mean values of maximum diameter and vol-

ume were larger (14.6 ± 2.7 vs. 14.1 ± 2.4 mm, and

1062.6 ± 490.8 vs. 517.6 ± 262.9 mm3; p\ 0.05 for

both). On CEUS, it showed that the necrotic areas extended

beyond the tumour borders and the margins of the ablation

areas were smooth and clear. The mean largest diameter

and volume of the avascular area were significantly larger

than those measured on CEUS at 10–20 min after treat-

ment (Table 2), and the mean increased volume was

108.4 ± 186.2 mm3.

At subsequent follow-up, the ablated area exhibited

change to a marked decrease in size. The mean largest

diameter was 4.6 ± 1.5 mm (range, 2.5–8.2 mm)

decreased to 0.6 ± 1.3 mm (range 0–6.0 mm; p\ 0.05),

and the average volume was reduced from

41.0 ± 40.4 mm3 (range, 4.0–176.4 mm3) to

1.8 ± 6.7 mm3 (range, 0–48.6 mm3; p\ 0.05) at the final

follow-up. Among the 64 patients, 51 (79.7%) ablation

zones completely disappeared, 13 (20.3%) ablation zones

remained as scar-like lesions (Fig. 4a–c). The average

volume reduction rates of the tumours were -25.0, -49.2,

-11.3, -3.3, 2.2, 44.7, 88.5, 95.3, 96.8, 100 and 100% at

1 h, 7 days, 1, 3, 6, 12, 18, 24, 30, 36 and 42 months,

respectively (Fig. 5).

At 1, 6 and 12 months after treatment, US-guided

FNAB of the ablated zones demonstrated inflammatory

cells, necrotic and carbonized material without viable

neoplastic cells. No regrowth of treated lesions could be

detected on conventional US during a mean follow-up of

25.7 ± 8.2 months (range, 12–42 months) in all the

patients. However, at 30 months after PLA, a suspicious

metastatic lymph node was detected in the neck on con-

ventional US (Fig. 6a, b). The size was

6.9 9 3.3 9 5.1 mm, and the node was confirmed by US-

guided FNAB. Subsequently, this patient underwent total

thyroidectomy and central lymph node dissection with

lateral cervical lymph node dissection. During the opera-

tion, no adhesion or inflammatory changes induced by the

PLA treatment was observed between the thyroid and

surrounding tissues.

Fig. 1 a Transverse ultrasound image demonstrated a hypoechoic

nodule (arrow) with an irregular border in the left lobe of thyroid

gland. Before PLA, ultrasound-guided FNAB confirmed the tumour

as a papillary thyroid microcarcinoma 38.3 mm3 in volume. b CEUS

showed that we had achieved a well-defined necrotic area (arrow)

479.0 mm3 in volume after treatment, which was significantly larger

than the pre-operation nodule

Table 2 Pre- and post-ablation size of the lesion

Measurement Before PLA (conventional US) 10–20 min after PLA (CEUS) 7 days after PLA (CEUS)

Largest diameter (mm) 4.6 ± 1.5 13.7 ± 2.3 14.4 ± 2.9

Volume (mm3) 41.0 ± 40.4 435.5 ± 234.9 543.9 ± 264.5
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Discussion

The widespread use of US and US-guided FNAB has

resulted in an increasing number of PTMCs. PTMC is

usually indolent with a favorable outcome. While there

may be some patients for whom more aggressive treatment

is indicated, the majority of patients with PTMC may be

over-treated, with no noticeable benefit to improved sur-

vival [20]. A report on large cohorts from Japan by Ito et al.

[3] showed that PTMC without unfavorable features can be

candidates for observation regardless of patient’s back-

ground and clinical features; however, a few cases of local

and distant metastases have been reported in the long term

[21]. Moreover, if the cancer is left untreated, it could

evoke major patient anxiety, and most patients will ask for

repeated and regular follow-up for understandably con-

cerning about their cancer. For these patients, PLA was

technically feasible for inducing complete necrosis of a

small-sized PTMC without nodal metastases. Valcavi et al.

[22] applied PLA to three single PTMC cases before total

thyroidectomy. The histological features proved the

absence of residual viable tumours after PLA procedure.

Papini et al. [4] directed their first trial of PLA towards one

patient with PTMC at high surgical risk, and there was no

evidence of regrowth of treated lesion, local recurrence or

distant metastases at 24 months’ follow-up. PLA appeared

to be effective for complete destruction of PTMC during a

short-term follow-up period.

The aim of thermal ablation is to destroy a tumour by

inserting an applicator directly into the tumour and locally

raising the temperatures, inducing coagulation necrosis

[23]. To obtain good local therapeutic effect, it is crucial to

assess the completeness of the ablation as soon as possible

after treatment, so that any detected residual viable tissue

could be retreated promptly, ideally in the same session

[24]. It was regarded as a successful ablation on the basis of

all the following imaging findings: (1) no contrast

enhancement was detected within or around the tumour; (2)

the margin of the ablation area was clear and smooth; and

(3) the ablation area extended beyond the tumour border.

Conventional US has difficulty in accurate measurement of

the ablation zone with poorly defined margin [25, 26].

Moreover, color Doppler has some limitations in the

detection of low-velocity blood flow and small blood

bFig. 2 a Ultrasound examination revealed the solid PTMC in the

right lobe to be 34.1 mm3 in volume before PLA. b At 20 min after

the first PLA, CEUS showed that the margin of the ablated area was

not smooth, and residual enhancement could be detected at the

periphery of the tumour (arrow), indicating incomplete ablation.

c After a second PLA was performed, a larger avascular area (arrow)

fully covered the original tumour on repeated CEUS
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vessels. The ablated area could be overestimated on con-

ventional US. CEUS is a contrast harmonic imaging

technique that allows to characterize focal lesions by

evaluating their microvascularization with a second gen-

eration contrast material [27]. As previously reported,

CEUS had high specificity, sensitivity, and accuracy in

evaluating ablative effects after thermal ablation,

bFig. 3 a Transverse ultrasound scan of the right lobe of thyroid gland

demonstrated a nodule (arrow) with inhomogenous internal echoes

and microcalcification. b After the first PLA procedure, CEUS

showed a narrow strip of necrotic area (arrow), which did not

completely encompassed the tumor margin. c After the complemen-

tary PLA, an oval-shaped avascular area was obviously greater than

the former on CEUS, and it significantly extended the original tumour

border

Fig. 4 a At 7 days after PLA, conventional ultrasound showed an

oval-shaped well-defined area measuring 14.5 9 9.3 9 16.3 mm.

b At follow-up ultrasound examination 24 months after treatment, the

ablated area exhibited change to a scar-like lesion (arrow), a marked

decrease in size
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particularly for renal tumour [13] and hepatocellular car-

cinoma [14, 15]. In our data, although the mean maximum

diameter and volume on conventional US were signifi-

cantly larger than them of pre-treatment, the actual necrotic

areas on CEUS were smaller than those measured on

conventional US. At 10–20 min after PLA, CEUS showed

that the majority of the tumours were completely ablated;

however, two incomplete ablative lesions were detected at

CEUS. It revealed residual enhancement into the lesion in

one case, and the ablation area did not extended beyond the

tumour border in the other case. These findings indicated

the need for a complementary treatment.

At the 7dth CEUS, we observed that the sizes of the

obtained necrotic zone were larger than those measured at

10–20 min after PLA. These results indicate that the

immediate post-procedural range of the ablated area may

not represent the final necrotic volume after thermal abla-

tion and a short-term repeated CEUS should be performed.

This is probably because of the fact that a certain amount

of sub-lethally injured tissue at the periphery of the abla-

tion zone is known to eventually become necrotic after

thermal ablation [24, 27]. The peripheral zone of the

ablated tissue displayed edema and hematoma after thermal

injury, likely followed by accumulation of inflammatory

cells and secreted inflammatory mediators. This could in

turn cause platelet aggregation and increase the release of

inflammatory cytokines and tumour necrosis factor [28].

These actions initiate the blood coagulation cascade and

promote microthrombus formation, which could aggravate

ischemia of the peripheral zone and further expand the

necrotic zone [29].

After treatment, serial post-procedure conventional

imaging is also very important to monitor for cancer and

recurrence in the follow-up. The estimation of the ablated

zone mainly depended on conventional US because of its

convenience in follow-ups, ability to get high resolution

data and perform real-time examinations [30]. In the pre-

sent study, conventional US demonstrated that the mean

largest diameter and volume of the ablated area decreased

from 4.6 ± 1.5 to 0.6 ± 1.3 mm (p\ 0.0.5) and

41.0 ± 40.4 mm3 decreased to 1.8 ± 6.7 mm3 at the last

follow up, and 51(79.7%) ablation zones completely dis-

appeared. US-guided FNABs of the ablated zones were

performed at 1, 6 and 12 months, and no cells were noted

to be suspicious for malignancy on cytologic analysis. All

the results on conventional US and US-guided FNAB

showed that PLA was an effective treatment for treating

solitary PTMC. US is also the main imaging method of

choice to identify cervical lymph node metastases in

patients with PTMC during the subsequent surveillance

after treatment [31]. US can increase the detection of

recurrence compared with palpation alone. In our study, the

suspicious metastatic lymph node was detected by con-

ventional US at 30 months after PLA. It was successfully

confirmed by US-guided FNAB, although the size was

small. It has been reported that neck nodal metastases as

small as 2–3 mm can be detected and diagnosed using

high-resolution US and US-guided FNAB [32]. After

thermal ablation, neck nodal metastases in the patients with

PTMC were not detected in the literature reported by Yue

et al. [5] and Zhang et al. [6]; however, the follow-up time

was short in the two studies. To the best of our knowledge,

Fig. 5 The diagram displays the mean volume reduction ratio at each follow-up visit after PLA
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this is the longest follow-up study of thermal ablation for

PTMC.

However, this study had several limitations. First, the

sample size was small. Second, ultrasound could not detect

all metastases from PTMC after PLA because of the

potential limitations of US in differentiating lymph nodes

of central compartment. Finally, the post-treatment biopsy

of the ablated area was performed by US-guided FNAB in

our study, which could produce false-negative results.

In conclusion, US-guided percutaneous laser ablation

for papillary thyroid microcarcinoma is an effective

method; however, long-term follow-up results are needed

and compared with the results of other treatments. CEUS

can play a crucial role in assessing early local completeness

of PLA for treating PTMC. Conventional US can not only

guide the FNAB process but also is important in the fol-

low-up of PTMC after PLA.
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