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Adverse effect of mirror artifact across trachea on microwave ablation of thyroid nodules
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[Abstract] Objective To study the adverse effect of mirror artifacts generated from the specular reflection of trachea
wall on microwave ablation (MWA) treatment of thyroid nodules and the causes. Methods Perioperative ultrasound imaging
data of 304 patients who received MWA of thyroid nodules in Shanghai International Medical Center from Jan. 2018 to
Oct. 2018 were systemically studied. The occurrence rate, sources, acoustic characteristics of the mirror artifacts and the
adverse effects of mirror artifacts on MWA were summarized. The factors contributing to specular reflection of trachea were
analyzed. Results A total of 169 cases (55.59%) presented tracheal mirror reflection artifacts in this study. The sources of
mirror artifacts included thyroid nodules (20 cases, 11.83%), injection needle (133 cases, 78.70%), ablation electrode (16
cases, 9.47%), hydro-dissection zone (137 cases, 81.07%), and remote ablated area of thyroid nodule (8 cases, 4.73%). We
also found that 88.17% (149/169) of mirror artifacts were during the MWA operative period. Conclusion Mirror artifacts
generated from the specular reflection of trachea wall are commonly seen in the perioperative period of thyroid nodule MWA.
Lesion close to the trachea, flattened tracheal wall, and flat interface linearity larger than the real source dimension are the
important causes of mirror artifacts. Direct compression on the tracheal wall caused by thyroid nodules, ablated areas and
hydro-dissection zone are the main causes of flattened tracheal wall.
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Fig1 An isthmic papillary thyroid carcinoma lesion and its mirror artifact across the trachea

A: An isthmic hypoechoic lesion (indicated by a bold solid arrow) compressed trachea, causing segmental flatting of the anterior
tracheal wall (indicated by a thin dashed arrow). A well-defined hypoechoic artifact similar in configuration to but smaller in size than
the true image developed at the area representing tracheal cavity (indicated by a thin solid arrow). B: The true image of papillary thyroid
carcinoma lesion (indicated by a bold solid arrow) appeared thoroughly unenhanced on contrast-enhanced ultrasound mode. The artifact
(indicated by a thin solid arrow) at the area representing tracheal cavity was also unenhanced. However, the area aside (indicated by a
thin dashed arrow) was distinctly enhanced, which was an artifact of the enhanced isthmic tissue (indicated by a bold dashed arrow).
C: Histologic findings of the isthmic hypoechoic lesion through core-needle biopsy revealed papillary thyroid carcinoma components.
The cancer cells were columnar and obviously atypical with large nuclei, sulcus and inclusion bodies. The cells were arranged in
irregular adenoid papillary and solid cord-like structures, and the interstitial fibrous tissue was significantly proliferated (H-E staining.

Original magnification: X200)
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Fig 2 Mirror artifact of isthmus papillary thyroid carcinoma and its change with hydro-dissection maneuver

A: The true image of isthmic hypoechoic lesion (indicated by a bold solid arrow), sized about 2.9 mm X 2.5 mm, with a transverse
dimension smaller than the flat dimension of adjacent tracheal wall. A hypoechoic mirror artifact (indicated by a thin solid arrow)
generated posterior to the anterior tracheal wall, in a similar shape but a smaller size than the true image. B: Fine needle aspiration was
conducted with isthmus-tracheal wall hydro-dissection maneuver to investigate interfacial adhesion. The crescent-shaped isolation
zone of saline (indicated by a bold dashed arrow) caused greatly flattened wall, with isolation zone artifact (indicated by a thin
dashed arrow) formed posterior to the tracheal wall. The isthmic papillary thyroid carcinoma lesion still existed (indicated by a bold
solid arrow), but its artifact was vanished, perhaps due to the increase of the distance between the real image and the anterior wall.
C: Fine needle aspiration cytology revealed enlarged nuclei with nuclear sulci and pseudoinclusions, suggesting microscopic papillary
carcinoma of the thyroid (Papanicolaou staining. Original magnification: X400)
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Fig3 Mirror artifact of an isthmic coarse calcification

and its change with hydro-dissection maneuver
A: Coarse calcification (indicated by a bold solid arrow) at the
position of isthmus and closely adjacent to tracheal wall causes a
distinct mirror artifact (indicated by a thin solid arrow) across the
anterior wall of trachea, which was far smaller than the true image,
perhaps due to the overlap by the strong acoustic shadow of the
true lesion. B: Hydro-dissection maneuver conducted among the
posterior isthmic space during fine needle aspiration procedure
caused both the appearance of mirror artifact (indicated by a
thin solid arrow) of isolation zone of saline and disappearance
of that of the isthmic coarse calcification, indicating that was a
mirror artifact of the isthmic coarse calcification other than the
calcification of the tracheal wall mucosa (the coarse calcification
was indicated by a bold solid arrow, and the isolation zone was

indicated by a bold dashed arrow)
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Fig4 Mirror artifact of the needle tip appearing in the

area representing tracheal cavity
A: A case of follicular thyroid adenoma in the left lobe was to
be treated with microwave ablation. Hydro-dissection maneuver
was conducted among the posterior isthmus space and the
inner thyroid space to protect the trachea. The true image of the
injection needle tip (indicated by a fine solid arrow) generated
virtual image with a clearer boundary and similar echo at the
position representing trachea cavity (indicated by a fine dashed
arrow). B: When the injection needle advanced or re-advanced,
the virtual image of the needle tip kept moving in the same
direction, at the same speed and at the same amplitude (indicated

by a fine dashed arrow)
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Fig5 Mirror artifact of microwave ablation needle

tip across the tracheal wall
A case of right thyroid nodule was to be ablated by microwave.
Hydro-dissection maneuver was conducted among the posterior
isthmus space and the inner thyroid space to protect the trachea.
While the microwave output was started, microwave radiation
field was formed around the microwave needle tip, showing
hyper-echoic true image (indicated by a fine solid arrow). The
virtual image (indicated by a fine dashed arrow) generated at
the position representing tracheal cavity with a clearer echo
boundary, which was synchronized with the true image to blink
and expand. After the suspension of microwave output, the
virtual image stopped flashing and expanding. The possibility
of conduction of heat into the tracheal cavity to damage the

trachea was ruled out upon this manifestation
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Fig 6 Mirror artifact of ablated area of papillary thyroid carcinoma (PTC)

Pictures A to C were from a treated PTC case examined 3 months after microwave ablation. A: On the sonogram of an ablated area
(indicated by a bold solid arrow) of left-side PTC at the end of the 3" month after ablation, the transverse dimension from 0 to 3 o’clock of
the anterior tracheal wall was flattened together with a rupture (indicated by a thin dashed arrow). A well-defined hypoechoic mirror artifact
(indicated by a thin solid arrow) generated at the position representing tracheal cavity, with similar configuration to that of the true image
of the ablated area. This artifact was absent but now readily misinterpreted as tumor invasion into tracheal cavity. B: Color Doppler flow
imaging showed no color signal of blood flow both in the true image of ablated area (indicated by a bold solid arrow) and its mirror artifact
position (indicated by a thin solid arrow). C: Microscopic observation of the specimen tissue near the edge of the trachea in the ablation
area showed degenerated necrotic tissue and fibrosis hyperplasia with hyaline degeneration (H-E staining. Original magnification: X200).
Pictures D to F were from another treated PTC case examined 6 months after microwave ablation. D: The ablated area (indicated by a bold
solid arrow) still contained more and strong echoes of tiny calcifications. The transverse dimension of tracheal wall from 0 to 2 o’clock was
slightly flattened. A well-defined calcified mirror artifact (indicated by a thin solid arrow) generated at the position representing tracheal
cavity, with similar configuration to that of the true image of the ablated area. This artifact was readily misinterpreted as tumor invasion
into the tracheal cavity. E: Hydro-dissection maneuver revealed complete separation of the ablation area (indicated by a bold solid arrow)
from the tracheal wall during fine needle aspiration procedure for therapeutic effect evaluation, indicating no adhesion to the tracheal wall.
The distance between the ablation zone and the tracheal wall increased, so did the distance between the mirror artifact image (indicated by
a thin solid arrow) and tracheal wall, indicating no tumor invasion into the trachea. F: Microscopic observation of the specimen from the
ablation area showed obvious hyperplasia of fibrous tissue with hyaline degeneration and scattered calcification. No definite carcinoma
cells were found. Immunohistochemical staining showed that the characteristic nuclear component of thyroid transcription factor 1 in
thyroid follicular cells was negative (Original magnification: X200), indicating no viable cancer tissue in the ablation area
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Fig7 CEUS mode of ablation area of papillary thyroid carcinoma and its mirror artifacts

A: A core-needle biopsy for histopathological evaluation of therapeutic efficacy was conducted to the ablation area (indicated by a bold
solid arrow) of papillary thyroid carcinoma accompanied with CEUS evaluation and hydro-dissection maneuver at the end of the 3"
month of microwave ablation. On CEUS mode, both the true image of ablation area (indicated by a bold dashed arrow) and its mirror
artifact (indicated by a thin dashed arrow) were thoroughly unenhanced, while the tracheal wall (indicated by a thin solid arrow) was still
enhanced. It indicated that the blood supply was completely lost in the ablation area, and the tracheal wall was of integrity and with good
blood supply. Hydro-dissection maneuver confirmed that the ablation area was completely separated from the tracheal wall, and there
was no adhesion or tumor infiltration on the tracheal wall. B: Nicotinamide adenosine dinucleotide phosphate diaphorase (NADPH-d )

enzyme chemical staining of coarse needle biospy specimens near the edge of trachea in the ablation area was negative, indicating no
residual viable cells in the ablation area (Original magnification: X200). C: Succinate dehydrogenase (SDH) staining of coarse needle
biopsy specimens near the edge of trachea in the ablation area was negative too, indicating that there were no residual active cells in the

ablation area (Original magnification: X200). CEUS: Contrast-enhanced ultrasound
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Fig8 Changes with time of mirror artifact of thyroid
ablation area across the tracheal wall
Compared with the manifestations on sonogram taken at the end
of the 3™ month (A) after microwave ablation, the flat shape of
the tracheal wall between 0 o’clock and 3 o’clock at 6 months
after ablation (B) was significantly restored. Both the true images
of ablation area (indicated by bold solid arrows) and mirror

artifacts (indicated by thin solid arrows) were reduced in size
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Fig9 Total reflection of air to ultrasound is the natural

cause of mirror reflection artifacts
A: The true image of the metal injection needle tip (indicated
by a fine solid arrow) formed a mirror image at the position
representing tracheal cavity (indicated by a fine dashed arrow);
B: The true image of the metal injection needle tip (indicated
by a fine solid arrow) did not form specular virtual image at

the position representing thyroid adenoma except reverberation

artifacts
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