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a b s t r a c t

Objective: Horner’s syndrome (HS) is a rare complication of high-intensity focused ultrasound (HIFU)
and radiofrequency ablation for thyroid nodules. We present such a case and discuss how to avoid this
complication in the future.
Methods: This case occurred during HIFU treatment of a benign thyroid nodule (BTN). Ultrasound and
fine-needle aspiration cytology (FNAC) were performed before the procedure. Volume reduction was
evaluated at 6 weeks, 3, 6, and 12 months. Technical success was �50% reduction at 6 months.
Results: A 30-year-old woman presented with a solitary symptomatic thyroid nodule. Her thyroid
stimulating hormone was 1.16 (ref 0.4-3.6) mUI/mL), ultrasound found a 13 mL right-thyroid EU-TIRADS 4
nodule. Two FNACs were read as Bethesda II. The subsequent HIFU procedure was conducted with local
2% lidocaine anesthesia. The procedure was painful (visual analogic scale 10/10) and ipsilateral partial
ptosis occurred during the procedure. Volume reduction at 12 months was 34.6% of the initial volume
with persisting functional and cosmetic complaints, discomfort, and partial ptosis. As the volume
reduction was �50%, the procedure was a technical failure. A new FNAC was read as Bethesda IV. A right
lobectomy was performed without postoperative outcomes and without requiring hormonal replace-
ment therapy. Pathological evaluation found no malignant cells.
Conclusion: HS is a rare complication of HIFU for management of BTNs. It may be symptomatic and have
sequalae that persist for months. Severe neck pain may by associated, but further investigation is needed.
© 2021 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Horner’s syndrome (HS) has been frequently reported as a
complication following thyroid surgery. This complication is a
result of damage of the oculo-sympathetic chain and may present
with ptosis, miosis, anhidrosis, enophthalmos, and vascular dila-
tation. The safety and efficacy of thermal ablation (TA) of benign
thyroid nodules (BTNs) is well established and many centers
perform this technique in a standardized manner, following recent
rvical sympathetic chain; EU-
system; HIFU, high-intensity
ablation; RFA, radiofrequency
SH, thyroid stimulating hor-

Dr. A. Ben Hamou, American
or Hugo, 92200, Neuilly-sur-

en Hamou).
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guidelines.1e5 Four main procedures have been studied: radio-
frequency ablation (RFA), laser ablation (LA), high-intensity focused
ultrasound (HIFU), and microwave ablation (MWA).6

HIFU is one of the latest minimally invasive ultrasound (US)-
guided ablation therapies for benign but symptomatic TNs.7,8

Currently, RFA and LA are considered effective for treating
medium-large solid or cystic nodules (>10 mL) and also for smaller
nodules (< 10 mL), with similar results in comparative studies,
which reported volume reduction rates (VVRs) of 70% to 85% with a
median follow-up of 18 months. This technique is mainly per-
formed to treat smaller nodules (<10 mL), even though in some
series physicians use it for larger nodules that are inaccessible to
other techniques or when patients refuse surgery or other mini-
mally invasive techniques.8,9 An inverse correlation between the
initial nodule volume and the percentage shrinkage of the lesion
was reported, and a >50% volume decrease was seen only in small
(�3.0 mL) nodules.10 Previous studies have reported volume
reduction rates of 48% to 77%. Adverse events (eg, pain, skin
redness, and/or skin edema) are rare (<3%) but are not well-
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documented.7,11 To our knowledge, only few cases of regressive HS
have been cited12: it was a patient included in the HIFU treatment
group and who suffered from HS on the treatment side. Partial
ptosis and miosis were found immediately after treatment. These
signs improved gradually over time and became unnoticeable
clinically after 5 months. Zhang et al.13 have also reported 1 case of
HS following MWA treatment of a BTN. We report a case of HS
following HIFU ablation in the management of a BTN.

Case Report

A 30 year-old woman was referred to our thyroid unit for
evaluation of a symptomatic TN that was diagnosed on US and was
followed for 3 years. Nodule cytology or biopsy had not been car-
ried out. On physical examination, a right inferior solid thyroid
nodule was palpated. Functional and cosmetic complaints were
rated on a clinical scale (compressive score of 6 with symptom
scores of 0 to 10 on a 10-cm visual analog scale and aesthetic score
of 3 with 1 ¼ no palpable mass, 2 ¼ no cosmetic problem but a
palpable mass; 3 ¼ cosmetic problem on swallowing only; and 4 ¼
a readily observable cosmetic problem).14e16 The laboratory test
results thyroid stimulating hormone (TSH) 1.16 (ref 0.4-3.6) mIU/mL,
fT4 15 (ref 8.6-16.6) pmol/L, anti-thyroperoxydase (TPO) antibodies
<1 UI/L, TSHR-stimulating antibodies (TSAb) <1 UI/L, and calcitonin
<2 pg/mL. Thyroid US imaging was performed with a high fre-
quency linear US transducer (Esaote MyLab Twice, LA435). The
thyroid volume was about 21 mL. The nodule was solid, classified
according to the European thyroid image reporting and data system
(EU-TIRADS) classification as EU-TIRADS 4.17. The initial ellipsoid
volume of the nodulewas 13mL calculated as V¼ length�width�
depth � 0.524 (Fig. 1). The nodule vascularization was classified by
color flow Doppler as type 3 (ie, combined intranodular and peri-
nodular vascularization). Vagal and recurrent laryngeal nerves
were considered “danger zones” and excluded from treatment. The
physicians performed a thorough evaluation of the important
structures close to the thyroid. All imaging data were recorded on a
map drawing.

Two distinct fine-needle aspiration cytology procedures (27G
needle) were performed at different times and were read as
Bethesda category II by an experienced cytologist in our center.18

The patient was informed concerning the minimally invasive
alternative treatment and the surgical option, and had signed a
written inform consent before procedure. HIFU ablation was per-
formed in an operating room with an Echo pulse system (Ther-
aclion). The limits of the nodules and the margins of the
surrounding cervical structures were delineated on the active
screen with a pencil-like device. Beamotion computer software
(version TUS 3.2.2, Theraclion) automatically identified the areas
suitable for safe treatment, excluding the danger zones. The neck
position was controlled by a laser mechanism that stopped treat-
ment in case of patient movement. The first HIFU shot was deliv-
ered with an energy of 45W/site and, successively, the dose was
calibrated based on complaints and the efficacy of the pulse. The
number of treated pixels resulted from the percentage of nodule
volume that was eligible for treatment. Thirty-five sites were
planned (and treated) with a planned (and treated) volume of
2.96 cm3 (Fig. 2). The delivered energy was 6.35 kJ, the mean
delivered energy/site was 181.4 J/site and the mean delivered
output was 25.1 W/site. The duration of the treatment was 60 mi-
nutes. The procedure was closely monitored. HIFU treatment was
performed after local anesthesia with 2% lidocaine solution. How-
ever, the procedure was very painful (10/10), with ipsilateral
shoulder pain. Immediately at the end of the treatment ipsilateral
HS was observed, with miosis, partial ptosis, apparent anhidrosis,
and apparent enophthalmos (Fig. 3). The patient have admitted to
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feeling discomfort in the eye and the cheek during the first 10
minutes of the procedure. Shewas reassured about the pain and the
early HS symptoms. She had rapidly received 0.5mg/kg of intra-
venous dexamethasone. A pressure dressing and an ice bag were
applied to the skin after TA to reduce inflammation and pain.
Twenty-four hours after the procedure, miosis, partial ptosis, and
enophthalmos persisted. A neuro-ophthalmologic exam was posi-
tive for moderate ptosis with a prolonged photomotor reflex
compensated by left (contralateral) eyelid retraction. An MRI of the
orbits did not show any sign of inflammation, unsheathing, or
hemorrhage. No organic damage was observed. The symptoms
improved during the first 6 months of follow-up. Technical efficacy
was defined as a volume reduction rate (VRR ¼ initial volume
(ml) � final volume (ml) x 100 / initial volume (ml)) �50% at 6
months (intermediate follow-up).19 VRR was evaluated at 6 weeks,
6, and 12 months. The nodule VRR was �30.7% at 6 weeks, �23.1%
at 3 months, and �34.6% at 6 months. As the symptoms (ie,
discomfort and partial ptosis) persisted 12 months after the HIFU
procedure, a new fine-needle aspiration cytology was performed
and was read as Bethesda IV. A right lobectomy was performed
without any postoperative outcomes. No malignant cells were
observed on the final pathological evaluation. No hormonal
replacement therapy was needed as the TSH level was normal at
the 12-month follow-up visit.

Discussion

A 30-year-old woman presented with an ipsilateral HS during a
HIFU procedure for a symptomatic nonfunctioning BTN, with the
improvement of the symptoms for the first 6 months. HS is a result
of the paralysis of the ipsilateral sympathetic chain, it classically
presents with miosis, ptosis, facial anhidrosis, and enophthalmos.
Most frequently, HS is caused by a preganglionic lesion with an
incidence ranging from 21% to 67%.20,21 Apical neoplasms of the
lung are the most common cause, followed by other causes
including cervical lymph nodes, iatrogenic causes, trauma, in-
fections, and thyroid diseases.

HS describes the clinical outcomes that appear when an inter-
ruption of the sympathetic innervation to the eye (oculosympa-
thetic paresis) occurs.22 It is considered as a “red flag”warning that
the oculosympathetic pathway has been interrupted. The neuron
chain comprises the hypothalamus / lower cervical and upper
thoracic spinal cord/ chest cavity and apex of the lung/ inferior
cervical ganglion / preganglionic neuron / superior cervical
ganglion / internal carotid artery / cavernous sinus / orbit to
innervate the pupillary sphincter, and accessory muscles for eyelid
retraction. In fact, conjunctival complaint is known as an early
symptom of HS, and should be carefully monitored during HIFU
procedure. HS caused by carotid dissection (injury of the superior
sympathetic ganglion) and Pancoast-Tobias syndrome (injury of the
inferior sympathetic ganglion) have totally different mechanisms
than the complication induced by the thyroid TA procedure.23,24

Indeed, in case of TA, HS is induced by middle sympathetic gan-
glion injury during the treatment of BTNs. It could finally be
explained by the location of the nodule that was close of the
sympathetic chain’s zone, and also because the chain was not
clearly identified on the US exam. In a recent observational study,
Shin et al24 established that the middle cervical sympathetic chain
(CSC) was identified in 41% of their patients, with a mean size of 3.8
± 1.5 mm in width, 1.9 ± 0.7 mm in height, and 8.7 ± 3.2 mm in
length andmost (95%) were located at the C6 level. This should lead
physicians to identify more precisely the “danger zone”, especially
the CSC zone, by performing a rigorous preassessment evaluation
on the HIFU screen to locate anatomic structures and to monitor
closely the early symptoms of the HS during the procedure. This



Fig. 1. A right-lobe thyroid nodule treated by high-intensity focused ultrasound (HIFU). The nodule is solid, EU-TIRADS 4, and has combined intranodular and perinodular
vascularization. The carotid artery, sympathetic nervous system, and recurrent laryngeal nerve “danger zone” is indicated. CA ¼ carotid artery; CSC ¼ sympathetic nervous system;
RN ¼ recurrent laryngeal nerve.
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approach may reduce complications and improve the accuracy
of US-guided neck procedures. Besides, in case of an “exotic”
topographic location of a nodule, the operators could use hydro
dissection as a preventive strategy by reducing damage to the
surrounding tissues.25 Finally, we have analyzed the data of our
procedure with the Theraclion engineers and found no failed op-
erations. It should be noted that a similar case was described pre-
viously in only one prospective study. That complication was
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probably caused by overzealous treatment and the nodule location
close to the sympathetic chain. Importantly, no cases of transient
recurrent laryngeal nerve palsy, compressive hematoma, subcu-
taneous abscess, or thyroid dysfunction were reported in previous
HIFU series.

HIFU is a relatively new, innovative technique for the treatment
of BTNs that was introduced in 2010. The safety and efficacy of this
technique have been described in both prospective and
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Fig. 2. High-intensity focused ultrasound (HIFU) preprocedure assessment. The nodule
is automatically divided (Beamotion version TUS 3.2.2, Theraclion) into multiple
ablation voxels. Each voxel received a continuous 8-s pulse of HIFU energy (blue and
white). Structures like the ipsilateral carotid artery, trachea, recurrent laryngeal nerve
zone, and skin safety margins (arrows) were marked out on the treatment screen
before the start of the procedure.
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retrospective studies.7,8 RFA and LA have shown similar results,1,26

with decreases in nodule volume ranging from 60% to 85%, HIFU,
which is used routinely to treat smaller nodules, seems less effec-
tive, with reported nodule volume decreases of 48% to 77%. HIFU
has also been compared with surgery.12 It seems to be safe and
noninvasive, although we reported a regressive HS. In a recent
meta-analysis, no patient experienced any major complications,
such as full-thickness skin burn, voice change, tracheal injury, or
esophageal rupture, which nevertheless demonstrated the safety of
this technique. 7 Several studies have reported that pain was the
most common complication during HIFU, along with skin redness
and edema. Our patient experienced an intense pain (visual
analogic scale: 10/10) during treatment, which contributed to a
premature interruption of the procedure. The fact that HIFU ap-
pears to be more painful than RFA or LA has previously been re-
ported, without evident predictive factors.11 Pain, especially an eye/
conjunctival complaint, could be an early predictive sign of HS and
that patient had moved during the procedure and induced un-
planned heat injury of the middle CSC. The most successful re-
ported results were obtained with the use of conscious sedation
and/or local anesthesia. In our experience, pain is the main limiting
factor for completing the procedure with a high output. In our
patient, the procedure was interrupted and then resumed with a
2 hours after HIFU 

24 hours after HIFU 

6 weeks after HIFU 

6 months after HIFU 

Fig. 3. Right (ipsilateral) Horner syndrome clinical description and follow-up at 2
hours, 24 hours, 6 weeks, and 6 months). Images of the patient’s eyes at each follow-up
visit are shown.
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lower delivered energy. Pain and ocular symptoms should be
closely monitored during these procedures and operators should
use sedation, adequate analgesia, or peri-thyroidal lignocaine
infusion to properly perform HIFU procedures.27

Conclusion

HIFU is a safe procedure, as we found only 2 cases with major
complications, namely HS that spontaneously resolved within 6
months. A case similar to ours was described only once previously
in prospective study. We postulate that the occurrence of such an
adverse event could be explained by the learning curve, the loca-
tion of the nodule, and individual anatomical variation. For these
reasons, physicians have to consider cost-effectiveness and to use
the best US-guided minimally invasive option for the treatment of
BTNs (ie, RFA, LA, HIFU, or MWA). HIFU procedures need to be
performed in expert centers to limit the occurrence of adverse
events.
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