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Introduction

The number of thyroid surgery cases is steadi-
ly increasing [1]. While the safety of thyroidectomy 
has improved, recurrent laryngeal nerve (RLN) palsy 
is a  widely acknowledged complication in thyroid 

surgery. Reported incidence rates vary from 0% to 
38.4% and generally are accepted as underreported 
[2, 3]. Though voice and speech have very important 
roles in human social life and professional perfor-
mance, bilateral laryngeal nerve injury is a  partic-
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A b s t r a c t

Introduction: Recurrent laryngeal nerve injury is one of the major complications related to thyroid surgery. Intra-
operative recurrent laryngeal nerve functional status monitoring is becoming a standard part of thyroid surgery. 
However, the current methods for intraoperative nerve functional status assessment are associated with a demand 
for specialized devices and increased costs.
Aim: To assess the validity of a new method – intraoperative laryngeal ultrasonography – for prediction of recurrent 
laryngeal nerve injury.
Material and methods: This prospective diagnostic test accuracy study included 112 patients undergoing thyroid 
surgery in Vilnius University Hospital Santaros Clinics. Neurostimulation combined with laryngeal ultrasonography 
and laryngeal palpation was performed intraoperatively to evaluate recurrent laryngeal nerve functional status. Re-
current laryngeal nerve injury was confirmed by laryngoscopy, which was performed on the first postoperative day 
and considered to be the gold standard method.
Results: Data on 112 consecutive patients and 200 nerves at risk were collected. The temporary vocal cord palsy 
rate was 5.4% per patient and 3% per nerve at risk. No permanent palsy or bilateral injury cases were registered in 
the study cohort. Laryngeal ultrasound sensitivity counted per nerve at risk was 83.3%, specificity 97.2%, accuracy 
96.4%, positive predictive value 62.5% and negative predictive value 99%.
Conclusions: Laryngeal ultrasonography is a feasible new technique for accurate intraoperative recurrent laryngeal 
nerve injury evaluation.
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ularly pressing concern for a  surgeon as it can in-
flict such serious ill effects as breathing difficulties, 
reintubation, tracheostomy or even death. Every 
surgeon should be aware of how to avoid bilater-
al RLN palsy. Most surgeons agree that RLN should 
be identified in all cases. The advantage of this 
approach has been proven by many studies [4–6]. 
Furthermore, identifying the functional status of an 
RLN during thyroid surgery is of paramount signif-
icance, as in most cases the injured nerve seems 
visually intact [7, 8]. Injury identification intraop-
eratively is crucial, because it can change the op-
erative strategy: the operation on the second side 
can be canceled, two-stage thyroidectomy planned 
and bilateral nerve injury avoided [9]. Intraoperative 
neuromonitoring (IONM) has gained general accep-
tance among thyroid surgeons. The most common 
method in use is a special endotracheal tube with 
embedded electrodes for electromyographic record-
ings. Despite the widespread popularity of this tech-
nique, disadvantages such as a substantial learning 
curve, increased cost, additional setup time, equip-
ment dysfunctions related to tube malpositioning, 
low sensitivity, and positive predictive value are 
repeatedly mentioned [10–13]. Moreover, the possi-
bility to reliably predict RLN functional status intra-
operatively is sometimes seriously doubted [14, 15]. 
An alternative simple and inexpensive technique of 
vocal cord (VC) mobility evaluation with similar pre-
dictive values to IONM is finger palpation of the cri-
coarytenoid muscle or so-called laryngeal palpation 
(LP) [16–22]. A new promising technique, gaining in 
popularity in the perioperative setting, is larynge-
al ultrasonography (LU) [23–27]. To our knowledge, 
there has been no attempt to assess the feasibility 
of LU as an intraoperative technique to date. Keep-
ing in mind such important points as the less inva-
sive and more objective character of LU technique, 
it could be considered as a very promising method 
for intraoperative RLN functional status assessment 
which could be used in both conventional and min-
imally invasive thyroid surgery. 

Aim

We designed this study to evaluate the efficacy 
of intraoperative LU for RLN functional status verifi-
cation. Another objective of this study was to com-
pare the predictive values of the intraoperative LU 
and LP methods.

Material and methods

Patients’ selection

All patients who underwent thyroid surgery be-
tween March 2016 and December 2017 in Vilnius 
University Hospital Santaros Clinics were screened 
for inclusion in this prospective diagnostic test accu-
racy study. The protocol of the study was approved 
by the Vilnius regional bioethics committee. All pa-
tients aged 18 years or older who had thyroid pa-
thology and were scheduled for thyroid surgery were 
eligible. Exclusion criteria were as follows: pregnan-
cy, refusal to participate in the study, and presence 
of RLN palsy before the surgery.

Study protocol

All patients prior to the inclusion in the study under-
went preoperative laryngeal examination by indirect 
or fiber optic laryngoscopy for VC mobility evaluation. 
Those patients who had no evidence of RLN palsy were 
enrolled in the study and underwent thyroid surgery. 
In all cases, surgery and all intraoperative tests for RLN 
functional status evaluation were performed by a sin-
gle surgeon (A.R.). To reduce errors in LU interpretation, 
the surgeon was additionally trained in the Instruction-
al Course of Transcutaneous Laryngeal Ultrasonogra-
phy at the first World Congress of Neural Monitoring 
in Thyroid and Parathyroid Surgery (September 2015, 
Krakow) held by the International Neural Monitoring 
Study Group. Intraoperative LP and LU were performed 
as described below. Laryngoscopy was performed in all 
patients on the first postoperative day. Follow-up la-
ryngoscopy was reserved for those patients who were 
diagnosed with VC palsy on the first postoperative 
laryngeal examination. Follow-up checkups were per-
formed every 3 months during the first year after the 
surgery. If VC palsy was present for more than 1 year it 
was considered as permanent RLN palsy.

Recurrent laryngeal nerve  and vagus nerve 
stimulation

Both the vagus nerve and RLN were stimulated 
during LP and LU at the end of the surgery of each 
side. The nerve stimulator Stimuplex HNS 12 (BBraun, 
Melsungen, Germany) was used for stimulation with 
stimulus amplitude 1 mA and stimulus frequency  
2 Hz. No neuromuscular blocking agents were used 
after the induction of anesthesia. The proper func-
tioning of the neural stimulator was tested in each 
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case on the muscular tissue of the surgical field be-
fore direct nerve stimulation. As the international 
neural monitoring study group has emphasized the 
importance of vagal nerve stimulation for accurate 
nerve prognostication, the vagus nerve was dissect-
ed and visually identified in all cases [28].

Laryngeal palpation technique

For laryngeal palpation, intraoperative neuro-
stimulation was performed as described above 
and the functional status of the RLN was assessed 
by palpating the post-cricoid region of the larynx, 
and sensing posteior cricoarytenoid muscle con-
traction, the so-called “laryngeal twitch resre-
sponse” [16].

Laryngeal ultrasound technique

For the utrasound system, BK Flex Focus 800 8815,  
4–10 MHz was used for ultrasound evaluation. The 
transcutaneous laryngeal ultrasonography tech-

nique was adopted for intraoperative use, applying 
acoustic gel and covering the probe with a  sterile 
sleeve. To improve surface contact warm sterile sa-
line was used on the outer surface of the probe cov-
er. Anterior-approach and lateral-approach LU were 
used to increase the VC “assessability” rate; the 
techniques were performed as described elsewhere 
[25, 26] (Photo 1).

Using the anterior-approach a  transducer was 
placed on the skin above the surgical wound at  
the middle of the thyroid cartilage. In the case of the  
lateral approach, the transducer was placed on  
the lateral surface of the thyroid cartilage lamina. The 
3 most commonly described sonographic landmarks 
were chosen for ultrasonographic visualization: false 
cords, true cords, and arytenoids. Intraoperative LU 
examination was defined as assessable if 1 or more 
landmarks were identified. The anterior-approach LU 
was performed first, whereas the lateral-approach 
LU was performed only when visualization using the  

Photo 1. Anterior-approach laryngeal ultrasound and lateral-approach laryngeal ultrasound
AR – arytenoids, FVC – false vocal cord, TC – true vocal cord, ET – endotracheal tube.
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anterior-approach technique proved unsuccessful. 
The observed movement in any of 3 landmarks was 
considered as sufficient proof of normal RLN func-
tion [23].

Definitions and statistical analysis

If both the LU and postoperative laryngoscopy 
confirmed RLN palsy, the case was defined as true 
positive. If both tests refuted RLN palsy the case was 
defined as true negative. If movement was observed 
in any of the 3 chosen sonographic landmarks on 
intraoperative LU, but postoperative laryngoscopy 
revealed VC palsy, the case was interpreted as false 
negative, and vice versa, if no movement was ob-
served on intraoperative LU, but if postoperative la-
ryngoscopy demonstrated normal vocal cord move-
ment the case was assigned to the false-positive 
category. The same principles were equally applied 
for the LP method interpretation.

Statistical analysis

Statistical analysis was performed using SPSS 
v.23 For Windows (IBM, Armonk, NY, USA). The RLN  
injury incidence calculations were based on the num-
ber of nerves at risk. The McNemar test was applied 
to compare tests’ sensitivity and specificity. The lev-
els of significance were indicated by p-values. All 
p-values of less than 0.05 were considered to indi-
cate statistical significance.

Results

Clinicopathological characteristics

One patients twelve patients were enrolled and un-
derwent the full study protocol and in total 200 RLN at 
risk were evaluated. The mean age of the patients was 
56.22 ±13.57 years and the majority of them were fe-

male – 92 (82.1%). The indications for surgery were as 
follows: suspected or proven malignancy – 53 (47.3%) 
cases; goiter with compressive symptoms – 39 (34.8%) 
cases; and thyrotoxicosis – 20 (17.9%) cases.

The most common operation was total thyroid-
ectomy – 54 (48.2%) cases (Figure 1).

There were no subtotal thyroidectomies, which 
could underestimate the RLN palsy rate. Only 2 (1.78%)  
patients underwent recurrent thyroid surgery. His-
tological examination showed that 72 (64.3%) pa-
tients underwent surgery for benign pathology and 
40 (35.7%) for malignant. Papillary carcinoma ac-
counted for the vast majority of malignant patholo-
gy cases – 32 (28.6%) (Table I).

Intraoperative RLN functional status 
assessment

The RLN and vagal nerve were successfully dis-
sected and visualized in all cases. Also, in all cases, 
RLN and vagal nerve stimulation resulted in the same 
response. Visualization of at least one of the laryngeal 
sonographic landmarks by one of the two intraopera-
tive LU techniques was successful in all cases.

Figure 1. Indications for surgery
Total – 112 

Thyroidectomy + parathyroidectomy (2.7%)

Thyroidectomy + parathyroidectomy + two sided lymphadenectomy (0.9%)

Thyroidectomy (48.2%)

Thyroidectomy + modified radical lymphadenectomy (3.6%)

Lobisthmectomy (21.4%)

Thyroidectomy + one sided central lymphadenectomy (18.7%)

Thyroidectomy + two sided central lymphadenectomy (3.6%)

Removal of residual tissue (0.9%)

Table I. Histological examination results

Result Patients, n (%)

Papillary thyroid carcinoma 32 (28.5)

Follicular thyroid carcinoma 4 (3.5)

Medullary thyroid carcinoma 4 (3.5)

Nodular hyperplasia 35 (31.2)

Diffuse hyperplasia 6 (5.3)

Adenomatous nodules 14 (12.5)

Hashimoto’s thyroiditis 1 (0.9)

Follicular adenoma 16 (14.6)
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The RLN palsy rate based on the number of 
nerves at risk was 3% and based on the number of 
patients was 5.4% (6 cases). VC mobility recovered 
in all 6 patients within 2–9 months after surgery. 

Intraoperative RLN functional status assessment 
with LU resulted in 3 false positive cases and 1 false 
negative case. The LP was falsely positive in 6 cases 
and there were no false negative cases.

Table II shows each method’s sensitivity, speci-
ficity, accuracy, positive predictive values, and neg-
ative predictive values. There was no significant dif-
ference between LP and LU for intraoperative RLN 
injury detection (p = 0.289).

Discussion

Our study demonstrated that LP and the new 
method LU are both effective for intraoperative RLN 
functional status evaluation. Nerve identification 
alone is insufficient because visual integrity does 
not guarantee normal RLN functional status [7, 8]. 
One of the most significant attributes of neural 
testing is prognostication of postoperative neural 
function and its impact on surgical strategy in bilat-
eral thyroid disease [9, 21, 29, 30]. Accurate identi-
fication of unilateral RLN injury might allow second 
lobe surgery and bilateral nerve injury to be avoided. 
Recently, IONM has received considerable attention 
and has gained popularity, but controversy remains 
as to whether electromyographic monitoring has 
any clear advantage in preventing nerve injury and 
whether it precisely predicts VC function postopera-
tively [15, 31–33]. Also, it is clear that the need for 
specialized neural monitoring equipment increases 
the surgery costs and in some centers IONM is not 
used for this reason [11, 12, 31]. According to vari-

ous authors, IONM increases the cost of surgery by 
$ 387–683 [11, 12]. Also, IONM demands the precise 
placement of endotracheal tube electrodes over the 
VC, and therefore fiberoptic laryngoscopy should be 
used, increasing the costs even more. In contrast, LP 
and LU methods require the only fixed cost of a neu-
ral stimulator and an ultrasound machine. 

Some studies indicate that the LP method is as 
reliable and sensitive as IONM in predicting RLN 
functional status or can be used when IONM is un-
available [19, 20, 22]. Different authors report very 
different rates of sensitivity and specificity of IONM 
for RLN injury detection. Systematic appraisal of the 
literature by Dralle et al. shows the sensitivity rang-
ing from 23.5% to 100% and specificity ranging from 
94% to 99.7% [34]. Two more recent studies pub-
lished by Mirallie et al. [35] and Randolph et al. [36] 
demonstrated the low sensitivity (29% and 33%) 
and high specificity (98% and 99.9%) of the method. 
In contrast, Calo et al. reported very high values of 
both parameters – sensitivity 93.6% and specificity 
99.4% [37]. For comparison, the reported sensitivity 
of LP varies between 33.4% and 100% while spec-
ificity varies between 92.2% and 100% (Table III). 
Therefore, the predictive values IONM and LP can be 
judged as comparable. 

Recent studies described a  new technique, LU, 
to assess VC mobility and RLN functional status in 
preoperative and postoperative settings [23–27, 38, 
39]. With regard to such advantages as simplicity, 
the possibility of use in combination with minimally 
invasive surgery and documentation of the real-time 
VC mobility, we considered that LU application as an 
intraoperative technique would be valuable to im-
prove thyroid surgery quality. However, it was never 
tested in an intraoperative setting and the validity of 
the method was not documented before our study 
was conducted. The results of our study confirmed 
that intraoperative LU can be used for intraopera-
tive RLN functional status assessment with a slightly 
higher accuracy than the technique of LP. Moreover, 
intraoperative LU can be a good alternative to LP in 
confined surgical fields, such as mini-invasive thy-
roidectomy or parathyroidectomy, when LP is very 
difficult and probably dangerous [19]. 

All the methods for intraoperative RLN function-
al status assessment require additional knowledge 
and skills; therefore learning curves exist. The learn-
ing curve of standardized IONM is about 50 cases 
[40, 41] and generally should be considered as long 

Table II. Laryngeal ultrasound and laryngeal pal-
pation sensitivity, specificity, accuracy, positive 
and negative predictive values for intraopera-
tive recurrent laryngeal nerve injury detection

Parameter LU (%) LP (%)

Sensitivity 83.3 100

Specificity 97.2 95.3

Accuracy 96.4 95.5

Positive predictive value 62.5 54.5

Negative predictive value 99 100

LU – laryngeal ultrasonography, LP – laryngeal palpation.
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[42]. In contrast, the learning curve for transcutane-
ous laryngeal ultrasound is significantly shorter; sur-
geons could master the ultrasound after seven pro-
cedures and assess vocal cord function consistently 
and accurately after 40 procedures [43]. We could 
not assess the learning curve of intraoperative LU in 
our study, because the procedures were performed 
by a  single surgeon, who was already trained in 
perioperative LU. However, our study demonstrated 
that VC was visualized in all cases and the predic-
tive values of the method were high. Therefore we 
assume that intraoperative LU can be handled easily 
without special training for surgeons already trained 
in perioperative LU.

The main disadvantage of LU may be a poor VC 
visualization rate. According to recently published 
studies in a perioperative setting VC cannot be vi-
sualized and assessed in approximately 20% of cas-
es [25, 27, 38]. However, we did not experience this 
problem in our study, where the visualization rate 
was 100%. To increase the VC visualization rate we 
used a  modified LU technique – a  combination of 
the traditional anterior approach and the novel lat-
eral approach LU as described by Woo et al. [26]. To 
achieve a  further increase in VC visualization rate 
the LU examination was defined as assessable even 
if 1 out of the 3 laryngeal sonographic landmarks 
was identified, as was suggested by Wong et al. [23]. 
Another potential limitation of the new intraopera-
tive LU method is the distortion of the normal laryn-
geal anatomy due to the endotracheal tube position, 
but our study achieved a  100% visualization rate. 

High specificity and a negative predictive value con-
firm that the observed movement on intraoperative 
LU after completion of one side of surgery predicts 
normal vocal cord function postoperatively. Howev-
er, lower sensitivity and a positive predictive value 
make it more difficult to decide whether to continue 
the operation on the contralateral side when there 
is no visible damage to the nerve, but there is no 
observed movement on the intraoperative LU exam-
ination. Our experience showed that in 1 case there 
was no observable contraction of the cricoarytenoid 
muscle, yet weak movement was observed on intra-
operative LU. We can speculate that remaining nerve 
fibers after RLN damage would produce muscular 
movement only on suprathreshold stimulation and 
too few of them were left intact to produce volitional 
movement on postoperative laryngeal examination. 
We can presume that any movement observed on 
intraoperative LU could be a reliable prognostic fac-
tor for temporary palsy with a reasonable prospect 
of recovery. All operations in our study were per-
formed by a single surgeon, and this fact gives rise 
to uncertainty as to whether the same results can be 
reproduced in other studies.

It is difficult to draw conclusions when dealing 
with small numbers, and the low rates of RLN palsy 
may preclude the achievement of the most reliable ev-
idence of LU sensitivity and positive predictive value.

Conclusions

Intraoperative vocal cord ultrasonography has 
proved feasible during thyroid surgery. It is a nonin-

Table III. Reported rates of sensitivity and specificity for recurrent laryngeal nerve injury detection by intra-
operative laryngeal palpation

Author and year  
of study

Country Study type Number  
of patients

Sensitivity 
(%)

Specificity 
(%)

Recommendations 
for application to 
clinical practice 

Cavicchi et al. (2018) Italy Retrospective cohort 716 90 99.1 Recommended

Cha et al. (2018) South Korea Prospective cohort 293 81.82 100 Recommended

Cavicchi et al. (2012) Italy Prospective double 
blind RCT

250 33.4 97.5 Recommended

Cavicchi et al. (2009) Italy Retrospective  
case-control

993 55.3 95.2 Recommended

Tomoda et al. (2006) Japan Prospective cohort 1376 69.3 99.7 Questionable

Randolph et al. (2004) USA Prospective cohort 449 100 100 Recommended

Otto et al. (2002) USA Retrospective cohort 55 75 92.2 Recommended
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vasive tool with a very high assessability rate (100%) 
when combining both anterior and lateral laryngeal 
ultrasonography methods and reducing the number 
of sonographic landmarks. LP and LU showed similar 
results. With regard to the slightly higher accuracy and 
potential application in minimally invasive surgery, LU 
could be recommended as the preferred technique.
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