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a b s t r a c t

Purpose: Vocal fold movement impairment (VFMI) secondary to recurrent laryngeal nerve (RLN) injury is
a common source of morbidity after pediatric cervical, thoracic, and cardiac procedures. Flexible
laryngoscopy (FL) is the gold standard to diagnose VFMI yet can be challenging to perform and/or risks
possible clinical decompensation in some children and is an aerosolizing procedure. Laryngeal ultra-
sound (LUS) is a potential non-invasive alternative, but limited data exists in the pediatric surgical
population regarding its efficacy. We aimed to investigate the diagnostic accuracy of LUS compared to FL
in evaluating VFMI.
Methods: A prospective, single-center, single-blinded (rater) cohort study was undertaken on periop-
erative pediatric patients at risk for RLN injury. Patients underwent FL and LUS. Cohen's kappa was used
to determine chance-corrected agreement.
Results: Between 2021 and 2023, 85 paired evaluations were performed with patients having a median
(IQR) age of 10 (4, 42) months and weight of 7.5 (5.4, 13.4) kilograms. The prevalence of VFMI was 27.1%.
Absolute agreement between evaluations was 98.8% (kappa 0.97, 95% CI: 0.91e1.00, P < 0.001). The
sensitivity and specificity of LUS in detecting VFMI was 95.7% and 100%, yielding a positive predictive
value (PPV) of 100% and negative predictive value (NPV) of 98.4% (95% CI: 90e100%). Diagnostic accuracy
was 98.8% (95% CI: 93e100%).
Conclusion: LUS is a highly accurate modality in evaluating VFMI in children. While FL remains the gold
standard for diagnosis, LUS offers a low-risk screening modality for children at risk for VFMI such that
only those with an abnormal LUS or presence of clinical symptoms discordant with LUS findings should
undergo FL.
Type of Study: Prospective, single-center, single blinded (rater), cohort study.
Level of Evidence: Level II.

© 2023 Published by Elsevier Inc.
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1. Introduction

Vocal fold movement impairment (VFMI), defined as decreased
or absent mobility of one or both vocal folds, can lead to substantial
morbidity in children in the form of stridor, aspiration, feeding
difficulties, dysphonia, and recurrent respiratory infections [1e3].
In children, VFMI can result from birth trauma, prolonged intuba-
tion, congenital disorders, acquired laryngeal anomalies, neurologic
disorders, post-viral neuropathy, and neoplastic insult but is most
commonly secondary to iatrogenic recurrent laryngeal nerve (RLN)
injury [1e4]. Its prevalence is often under-recognized, and recent
work has described VFMI to be present in as many as 1 in 4
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pediatric patients who have undergone complex esophageal and/or
airway surgery, with a considerable proportion of them being
asymptomatic [5]. Due to its potentially asymptomatic presenta-
tion, routine screening modalities are imperative and need to be
accessible, efficient, sensitive, and well-tolerated.

Awake flexible laryngoscopy (FL) is the gold standard for eval-
uating vocal fold movement [6]. Unfortunately, FL requires both
specialized equipment and provider expertise, and is often poorly
tolerated in pediatric patients [7e9]. Moreover, it can be associated
with a risk of adverse hemodynamic effects and is an aerosol
generating procedure [7,10]. Laryngeal ultrasound (LUS) has been
described in its application for other forms of airway evaluation
such as in the assessment of cricothyroid membranes, tracheal
rings, and tonsil size. Particularly, LUS has emerged as a potential
non-invasive alternative in the evaluation for VFMI in the pediatric
population as their laryngeal cartilages do not undergo significant
calcification until early adulthood, allowing improved visualization
of endolaryngeal structures with ultrasound [11e14]. Studies
comparing FL to LUS have demonstrated mixed results, with few
studies performed in children, small sample sizes, and none in
patients with complex airway and esophageal surgery [13,15,16].

We aimed to investigate the diagnostic accuracy of laryngeal
ultrasound when compared to flexible laryngoscopy in the evalu-
ation of VFMI in children undergoing complex airway and esoph-
ageal surgery. We hypothesized that laryngeal ultrasound would be
a reliable and accurate non-invasive alternative screening tool to FL.

2. Methods

2.1. Patient population

We conducted an Institutional Review Board (IRB) approved
prospective, single-center, single blinded (rater) cohort study on
perioperative pediatric patients at our Esophageal and Airway
Treatment (EAT) center who underwent both FL and LUS. Eligible
patients were children (less than 18 years of age) planning to un-
dergo or had undergone an esophageal, airway, or great vessel
operation where one or both RLNs were at risk over a two-year
period between January 2021 and February 2023. At-risk esopha-
geal procedures included primary esophageal atresia repair, trac-
tion-induced esophageal lengthening (Foker) process, esophageal
stricturoplasty or stricture resection, jejunal interposition, cervical
esophagostomy, esophageal duplication cyst resection, esoph-
agectomy, esophagopulmonary fistula repair, tracheoesophageal
fistula repair (primary, recurrent, or acquired), esophageal diver-
ticulum resection, and esophageal leak or perforation repair. At-risk
airway procedures included anterior or posterior tracheopexy,
mainstem bronchopexy, aortopexy (any type), pulmonary arterio-
pexy, and tracheal diverticulum resection. At risk great vessel-
related procedures included division and reimplantation of an
aberrant subclavian artery (right or left), division of double aortic
arch, aortic uncrossing, patent ductus arteriosus ligation, resection
of diverticulum of Kommerell, and pulmonary sling repair
(including tracheal resection or slide tracheoplasty).

2.2. Recruitment, FL, and LUS protocols

Eligible patients were approached and informed consent was
obtained. This represented a convenience sample based on the lo-
gistics of scheduling both studies without adding undue burden onto
patients. Patients enrolled in the study had baseline demographics
recorded including gestational age, gender, weight at the time of FL,
and pre- vs. post-operative status.We did not exclude patientswith a
knownVFMI. Enrolled patients underwent both FL and LUS. Based on
our institution's clinical protocol, patients undergo routine pre- and
post-operative FL for vocal fold movement evaluation. FL and LUS
assessmentswere paired such that both occurred either pre- or post-
operatively and were compared, respectively. Enrolled patients had
their FL and LUS scheduled as close as possible to each other. Post-
operative FL and LUS were performed in patients once they were
non-sedated, hemodynamically stable, extubated, and off positive
pressure respiratory support. No sedation was given or intravenous
access required for the LUS or FL.

The FL assessed for VFMI, documented as normal, hypomobile, or
immobile, along with associated laterality. FL was completed by
fellowship trained pediatric otorhinolaryngologists who were blin-
ded to the LUS results. FL exams were video-recorded and stored for
later review, if needed, if a contradictory LUS result was observed.

LUS assessed the presence of VFMI and overall quality of the
examination by the interpreting radiologist. Ratings were given for
eachmetric. Quality metrics were scored from 1 to 3 and diagnostic
interpretation scored from 1 to 4 (Fig. 1). The LUS quality score was
categorized as either optimal, suboptimal, or non-diagnostic rep-
resenting the radiologist's ability to observe and evaluate critical
structures, including adequate visualization of the arytenoid
cartilage during vocalization. A non-diagnostic LUS was defined as
one where the sonographer/radiologist could not perform the
study adequately (i.e., tracheostomy inhibiting study, parent asking
to stop midway, etc.) or in the setting of the blinded radiologist not
being able to make a diagnosis based on an incomplete study or
poor-quality images. Vocal fold movement was scored in one of
four categories: bilaterally normal vocal fold motion, asymmetric
motion with the left hypomobile or immobile relative to the right,
asymmetric motionwith the right hypomobile or immobile relative
to the left, or bilaterally hypomobile or immobile vocal folds.

LUS studies performed early in this study were personally per-
formed by a single radiologist, with subsequent studies performed
by one of five trained sonographers under the direct supervision of
the same fellowship trained pediatric radiologist, who was blinded
to the FL results. The ultrasound examinations were performed on a
GE Logiq E9 or E10 unit, using an ML6-15 transducer. Multiple
[5e15] cine clips were obtained in the transverse plane, centered
on the arytenoid cartilage, using copious gel for optimal skin con-
tact, with each clip lasting 3e5 s. All images were stored in our
clinical PACS for ease of review.

Non-diagnostic studies or patients unable to complete both the
FL and LUS examinations were excluded from the study.

2.3. Outcomes of interest

The primary outcome measures were the overall agreement,
sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of LUS in detecting VFMI with FL as the
standard. Secondary endpoints included the determination of pa-
tient specific factors (age, weight, operative approach, operative
history, etc.) that could impact the diagnostic accuracy of LUS when
compared to FL. Secondary outcomes also included the analysis of
optimal and suboptimal quality categories and their associated
statistical outcomes as mentioned above.

2.4. Statistical and data analysis

Descriptive characteristics for clinical features are presented as
frequency (%) and median (IQR) for categorical and continuous
variables, respectively. Cohen's kappa was used to obtain a chance-
corrected measure of agreement between LUS versus FL in
detecting injury from our sample with a 95% confidence interval to
true range of kappa agreement in the pediatric population. Values
of kappa greater than 0.75 are regarded as excellent agreement
beyond chance. Overall agreement, sensitivity, specificity, negative



Fig. 1. Laryngeal ultrasound (LUS) assessment protocol.

Fig. 2. Consort diagram.
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predictive value (NPV), and positive predictive value (PPV) were
also calculated. NPV and PPV were calculated using Bayes' formula
to account for the prevalence of injury in the population [17].
Binomial exact 95% confidence intervals were calculated for
selected measures. Two-tailed P-values less than 0.05 were
considered significant. Fischer's exact test was utilized to compare
sensitivity and specificity between cohorts. Statistical analyses
were performed using Stata version 16.1 (StataCorp LLC, College
Station, Texas) and JMP Pro 15 (SAS Institute, Cary, NC).

3. Results

3.1. Demographics

During the study period, 95 patients who met inclusion criteria
were approached, of which 88 were enrolled for participation at
our center, undergoing both FL and LUS. 3 patients were excluded
for having non-diagnostic studies (n ¼ 85); one due to early
termination at the request of a parent and two due to the presence
of a tracheostomy resulting in a poor sonographic window, with
incomplete probe-to-skin contact and a resultant incomplete study
(Fig. 2). The majority were male (62%), with a median age of 10
months (IQR: 4, 42) and median weight at the time of FL of 7.5 kg
(IQR: 5.4, 13.4). The most common category of surgical procedure
performed was an esophageal-focused repair from a diagnosis
related to esophageal atresia (EA) with a chest only (i.e., thoracot-
omy) approach being the most common (Table 1).

3.2. FL vs LUS

Thirteen (15%) paired studies were done in the pre-operative
period and 72 (85%) were done in the post-operative period. The
Table 1
Demographics.

Sub-groups Number of cases (%)

Age
0e1 month 4 (4.7%)
2e12 months 42 (49.4%)
13e24 months 14 (16.5%)
25e144 months 20 (23.5%)
>144 months 5 (5.9%)

Weight quartile
2.4 to <5.4 kg 21 (24.7%)
5.4 to <7.5 kg 22 (25.9%)
7.5 to <13.4 kg 20 (23.5%)
13.4e61.4 kg 22 (25.9%)

Sex
Female 32 (37.7%)
Male 53 (62.3%)

Diagnosis category
EA related 60 (70.5%)
Non-EA related 10 (11.7%)
Vascular ring/compression related 12 (14.1%)
Other 3 (3.5%)

Procedure category n ¼ 83
Esophageal repair only 41 (49.4%)
Airway repair only 8 (9.6%)
Vascular ring/compression repair 12 (14.5%)
Esophageal & airway repair 22 (26.5%)

Surgical approach n ¼ 79
Neck only 3 (3.8%)
Chest only 44 (55.7%)
Chest þ neck 20 (25.3%)
Sternotomy only 7 (8.9%)
Sternotomy þ neck 5 (6.3%)

Time between assessments
<14 days 63 (74.1%)
�14 days �31 days 17 (25.9%)
>31 days 5 (5.8%)
median time between studies was 7 days (IQR: 2, 13). FL demon-
strated a VFMI prevalence of 27.1% in our cohort. Overall absolute
agreement betweenpaired evaluationswas 98.8%with a kappa value
of 0.97, (95% CI: 0.91e1.00) (P< 0.001). The sensitivity and specificity
of LUS in detecting VFMI was 95.7% and 100%, respectively, yielding a
positive predictive value (PPV) of 100% and negative predictive value
(NPV) of 98.4% (95% CI: 90e100%) (Table 2). Diagnostic accuracy was
98.8% (95% CI: 93e100%).

When stratified for LUS quality, 58 were determined to be
optimal quality with 27 scored as suboptimal quality. Specificity for
either LUS quality was 100%. There was no statistically significant
difference between optimal and suboptimal test sensitivity
(P < 0.99).

Of the 85 paired evaluations in this study, only one had an
incorrect diagnosis (optimal quality study) of normal motion on
LUS (false negative) with unilateral hypomobility noted on FL. No
cases of hemodynamic instability or respiratory decompensation
were reported during LUS within our study.
3.3. Subgroup evaluation

When stratified into subgroups corresponding to their age,
weight quartile, sex, diagnosis category, procedure category, sur-
gical approach, and time between studies, there was no statistically
significant difference between their respective overall agreements,
sensitivity, specificity, PPV, and NPV (Table 3). Of note, the age
group ‘0e1month’ and diagnosis category ‘other’were unable to be
included in the subgroup analysis due to having too few cases.
4. Discussion

Our study results demonstrate LUS is a highly accurate modality
in evaluating VFMI in children in the perioperative period. For
pediatric patients who underwent both FL and LUS, overall agree-
ment between both evaluations was excellent. LUS offers a low-risk
option that can serve as an adjunct screening modality for children
at risk for VFMI. While FL remains the gold standard due to its
ability to diagnose other associated laryngeal pathology, the
implementation of LUS can broaden our ability to provide accurate
and reliable screening in children. It is particularly useful for those
who are at risk for VFMI due to their complex surgical history, or
when FL is not available or safe, such as in patients with tenuous
cardiorespiratory status.

Our findings are consistent with previous studies that have
shown the diagnostic utility of LUS in pediatric patients with vocal
cord pathology [15,18e20]. Early studies focused on LUS assess-
ment of VFMI in patients post-cardiac surgery or earenoseethroat
procedures with small sample sizes [13,16,20,21]. Furthermore,
initial studies reported awide spectrum of agreement between LUS
and FL in evaluating VFMI in children, ranging from 80 to 96% [13].
A more recent study conducted on 23 patients who underwent
both LUS and FL highlighted that the sensitivity, specificity, PPV,
and NPV of diagnosing VFMI with LUS to all be over 90% [15].
Table 2
Flexible laryngoscopy vs. laryngeal ultrasound for optimal þ suboptimal quality
score.

VFMI on FL (gold
standard)

Total

Yes No

VFMI detected on LUS 22 0 22
No VFMI detected on LUS 1 62 63
Total 23 62 85



Table 3
Flexible laryngoscopy vs. laryngeal ultrasound subgroup analysis.

Sub-groups Overall agreement Kappa Sensitivity Specificity PPV NPV

Age
0e1 month 100% (4/4) a a a a a

2e12 months 97.6% (41/42) 0.92 (P < 0.001) 87.5% (7/8) 100% (34/34) 100% 97.2%
13e24 months 100% (14/14) 1.0 (P < 0.001) 100% (7/7) 100% (7/7) 100% 100%
25e144 months 100% (20/20) 1.0 (P < 0.001) 100% (7/7) 100% (13/13) 100% 100%
>144 months 100% (5/5) 1.0 (P ¼ 0.013) 100% (1/1) 100% (4/4) 100% 100%

Weight quartile
2.4 to <5.4 kg 100% (21/21) 1.0 (P < 0.001) 100% (3/3) 100% (18/18) 100% 100%
5.4 to <7.5 kg 95.5% (21/22) 0.89 (P < 0.001) 85.7% (6/7) 100% (15/15) 100% 93.8%
75 to <13.4 kg 100% (20/20) 1.0 (P < 0.001) 100% (6/6) 100% (14/14) 100% 100%
13.4e61.4 kg 100% (22/22) 1.0 (P < 0.001) 100% (7/7) 100% (15/15) 100% 100%

Sex
Female 100% (32/32) 1.0 (P < 0.001) 100% (6/6) 100% (26/26) 100% 100%
Male 98.1% (52/53) 0.96 (P < 0.001) 94.1% (16/17) 100% (36/36) 100% 97.3%

Diagnosis category
EA related 98.3% (59/60) 0.95 (P < 0.001) 91.7% (11/12) 100% (48/48) 100% 97.3%
Non-EA related 100% (10/10) 1.0 (P < 0.001) 100% (2/2) 100% (8/8) 100% 100%
Vascular ring/compression related 100% (12/12) 1.0 (P < 0.001) 100% (9/9) 100% (3/3) 100% 100%
Other 100% (3/3) a a a a a

Procedure category
Esophageal repair only 100% (41/41) 1.0 (P < 0.001) 100% (5/5) 100% (36/36) 100% 100%
Airway repair only 100% (8/8) 1.0 (P ¼ 0.002) 100% (2/2) 100% (6/6) 100% 100%
Vascular ring/compression repair 100% (12/12) 1.0 (P < 0.001) 100% (9/9) 100% (3/3) 100% 100%
Esophageal & airway repair 95.5% (21/22) 0.89 (P < 0.001) 85.7% (6/7) 100% (15/15) 100% 93.8%

Surgical approach
Neck only 100% (3/3) 1.0 (P ¼ 0.042) 100% (1/1) 100% (2/2) 100% 100%
Chest only 100% (44/44) 1.0 (P < 0.001) 100% (7/7) 100% (37/37) 100% 100%
Chest þ neck 95% (19/20) 0.89 (P < 0.001) 87.5% (7/8) 100% (12/12) 100% 92.3%
Sternotomy only 100% (7/7) 1.0 (P ¼ 0.004) 100% (5/5) 100% (2/2) 100% 100%
Sternotomy þ neck 100% (5/5) 1.0 (P ¼ 0.013) 100% (2/2) 100% (3/3) 100% 100%

Time between studies
<14 days 98.4% (62/63) 0.96 (P < 0.001) 95% (19/20) 100% (43/43) 100% 97.7%
�14 days 100% (22/22) 1.0 (P < 0.001) 100% (3/3) 100% (19/19) 100% 100%

a Too few cases for statistical computation.
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Our study,however, is oneof thefirst and largest todate toevaluate
the accuracy of LUS in the pediatric surgical population in a prospec-
tive manner, particularly in those children with complex esophageal
and airway pathology. Prior work has highlighted the prevalence of
VFMI in approximately 25% of childrenwho have undergone complex
esophageal and/or airway surgery, with a considerable proportion
being asymptomatic [5]. This underscores the necessity for an acces-
sible and implementable protocol to screen these patients without
additional burden to an already vulnerable population.

Furthermore, our cohort of patients allowed us to look at a wide
range of sub-groups to further test agreement between LUS and FL
in the diagnosis of VFMI. Sub-group analysis stratified by age,
weight, sex, diagnosis category, surgical approach, and time be-
tween assessmentse did not demonstrate any statistical difference
between overall agreements, sensitivity, specificity, PPV, or NPV
highlighting the usefulness of applying LUS to a broad range of
pediatric patients. In addition to this, LUS quality did not affect the
sensitivity and specificity of the exam in diagnosing VFMI.

Importantly, a large subset of our patient population was be-
tween the ages of 2 and 24 months (65.9%) with the majority of
those between 2 and 12 months of age (49.4%). Studies have shown
that a single FL can fail to yield a diagnosis in 20% of evaluations of
children under three years of age [11,13]. This may be due to a range
of factors such as poor patient tolerance, airway secretions, or
obstructing supraglottic pathology limiting proper view of the
vocal folds. Such provides additional evidence for the use and
benefit of LUS as an adjunct screening modality.

4.1. Advantages of LUS in the pediatric population

One of themain disadvantages of performing LUS in adults is the
calcified profile of the laryngeal structures which creates significant
posterior shadowing of the sonographic image, thereby distorting a
proper view [12]. This burden is overcome in the pediatric popu-
lation as their laryngeal cartilages do not undergo significant
calcification until early adulthood, yielding improved visualization
of endolaryngeal structures and improved diagnostic accuracy
[12,14].

Advantages of LUS are that it is non-invasive, tends to be billed
at a lower rate than FL, andmay be better tolerated by childrenwho
have anxiety or a low pain threshold [13,22,23]. FL involves the
passage of a very thin endoscope (2.5 mm or 2.8 mm) into the nares
and traversed through the choana to view the glottis in the awake
patient. This technique is somewhat invasive and can be limited in
pediatric patients with poor patient cooperation [11]. In neonates
and infants, airway secretions and common diagnoses such as lar-
yngomalacia may render view of the glottis unobtainable. When
coupled with severe reflux, FL can be associated with a risk of
transient clinical deterioration and laryngospasm [7e9]. Moreover,
up to 35% of EA patients have congenital heart diseasewhich carries
risk for adverse hemodynamic changes during FL [7,24]. In contrast,
no cases of hemodynamic instability or respiratory decompensa-
tion were reported during LUS within our study. In addition, FL is
considered an aerosolizing procedure, and during the era of COVID-
19 precautions, the evaluation of vocal fold mobility via FL placed
providers at risk.

4.2. Implications of practice

The reliability and diagnostic accuracy of LUS has numerous
implications in the practice of how we approach patients prior to
and after undergoing surgery where VFMI is a potential compli-
cation [5]. We anticipate LUS being best employed as a screening
tool by centers that have the experience within their radiology
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department to perform efficient sonography. As in many pathol-
ogies that have an accurate screening test, a confirmatory test is
often required e the FL. Although we have limited long term
follow-up within our cohort, we would anticipate patients who
have a LUS-diagnosed VFMI with concordant FL may be followed
with interval examinations solely utilizing LUS, reducing time,
patient discomfort, and improve overall ease of surveillance. As is
true of other emerging techniques, expanded utilization often oc-
curs as experience and acceptance grows.

Despite the presented data, this does not detract from the utility
of FL as a fundamental component of the upper airway examination.
One of the primary benefits of FL is its ability to provide a detailed
and comprehensive view of the upper airway, allowing for the
identification and diagnosis of awide range of both upper airway and
laryngeal pathologies, including VFMI, laryngomalacia, polyps,
nodules, and tumors [25,26]. Additionally, the presence of a glottic
gap, which is key in the morbidity associated with VFMI can be
better assessed with direct visualization by FL [26]. There are also
populations where LUS may provide limited benefit. During the
study, two enrolled patients were excluded due to their inability to
obtain an adequate ultrasound image in the setting of a tracheos-
tomy. Anatomical or physical obstruction that does not allow for a
proper LUS should alternatively dictate screening with FL. Despite
such concerns, it is important to note 28 (33%) of our patients had a
recent neck incision as part of their surgical approach, and LUS was
able to be adequately performed within this subgroup.

In our study, at the time of the LUS, attention was paid to
symmetrical visualization of the arytenoid cartilage. We also
focused on the presence or absence of vocal fold separation at the
midline, or lack thereof (Figs. 3AeB and 4AeD). In the rare situation
of bilateral vocal fold abnormality, which we did accurately
observe, it is particularly important to assess for, both, midline fold
separation and a change in orientation/angle of the arytenoid
cartilage to differentiate random, ineffective patient motion from
actual vocal fold motion.
Fig. 3. Transverse plane ultrasound in a 9-month-old boy (A) and companion enhanced CT i
at rest, with horizontal, wide U-shaped hypoechoic lines which are the edges of the paired ar
ultrasound provides exquisite definition of tissue planes.
4.3. Limitations

This study has limitations that we acknowledge. Our practice
and patient population are very heterogeneous and complex, and
likely not reflective of other centers as we serve a large referral base
for patients that often present with baseline VFMI due to their past
operative history. Nonetheless, the high prevalence of VFMI within
our study group allows us to draw conclusions that would other-
wise not be possible. Due to difficulties in scheduling between our
otolaryngology, surgery, and radiology teams, time-dependent bias
is present as our median number of days between FL and LUS was 7
days, but with some exceeding 1 month between studies. Our goal
was to perform both studies within a few days of each other, but
there were times when specialty availability or obtaining consent
from parents created a delay in obtaining either study. Despite this,
we stratified our sub-group analysis to assess those with studies
>14 days, and there was no statistically significant discrepancy
between those sub-groups. The only incorrect diagnosis that
occurred was within the <14-day window. Importantly, no form of
surgical intervention or re-operation took place between paired
studies to ensure validity.

Also, while LUS can visualize the vocal folds in motion, it may
not be able to provide as detailed an image as FL, especially when it
comes to small subtleties in vocal fold motion and mobility.
Furthermore, as with all sonographic interpretations, LUS is not
immune to operator-dependance, and the quality of the image may
be affected by the experience of the examiner. This is apparent in
our incorrect diagnosis, which was a false negative. The paired FL
on this patient showed that the involved fold was hypomobile,
improved from immobile on a more remote assessment. One might
speculate that the degree of hypomobility was mild, perhaps
explaining the lack of detection on the companion LUS. To reduce
observer bias, we limited the LUS readings to a single fellowship
trained pediatric radiologist who was blinded to the FL results. We
aim to have future studies observe the diagnostic accuracy of LUS in
n a 4-year-old girl (B) at the level of the vocal folds. In A, the folds touch at the midline,
ytenoid cartilage (*). While CT provides very little soft tissue resolution, high resolution



Fig. 4. Two still frames taken from a transverse laryngeal ultrasound cine clip in a 7-month-old boy with normal vocal fold motion. The paired arytenoid cartilage assumes a near
horizontal plane at rest (A and C) but pulls to a symmetrical sloping plane with motion (B and D).
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the setting of multiple sonographers and interpreters from
different departments (i.e., otolaryngology, radiology, and surgery).

5. Conclusion

Despite FL remaining the gold standard for evaluating VFMI in
children, the use of LUS allows accurate detection of VFMI in children
at risk for RLN injury. Even in situations where the ultrasound image
is considered suboptimal, LUS offers a well-tolerated and accessible
screening optionwith excellent sensitivity and specificity. Given that
FL can be poorly tolerated in certain patients, LUS can be employed to
limit the use of FL to only those patients at high risk for abnormal
findings. FL can also be used for confirmatory diagnosis when LUS
cannot provide a definite assessment of VFMI due to inadequate
visualization or reports of abnormality. LUS is especially useful as a
screening tool in cases where FL is not available or safe, such as in
patients with precarious cardiopulmonary status. LUS can also be
used for monitoring recovery in patients with known VFMI. When-
ever feasible, FL should be used to validate VFMI detected in LUS and
to evaluate other laryngeal pathologies.

Previous communication

Presented at the American Pediatric Surgery Association (APSA)
Annual Meeting, Orlando, FL, May 2023.

Financial support statement

The authors have no sources of financial support or conflicts of
interest that are relevant to this work.



S. Izadi, B. Zendejas, J. Meisner et al. / Journal of Pediatric Surgery 59 (2024) 109e116116
Acknowledgments

Thank you to the generosity of our schedulers and our dedicated
sonographers (Schae Fratus, Erica Messina, Katelyn Rivera, Deb
Scott, and Kelli Withem).

References

[1] Fung SW, Lapidus-Krol E, Chiang M, Fallon EM, Haliburton B, Propst EJ, et al.
Vocal cord dysfunction following esophageal atresia and tracheoesophageal
fistula (EA/TEF) repair. J Pediatr Surg 2019 Aug;54(8):1551e6.

[2] Benjamin JR, Smith PB, Cotten CM, Jaggers J, Goldstein RF, Malcolm WF. Long-
term morbidities associated with vocal cord paralysis after surgical closure of
a patent ductus arteriosus in extremely low birth weight infants. J Perinatol
2010 Jun;30(6):408e13.

[3] Morini F, Iacobelli BD, Crocoli A, Bottero S, Trozzi M, Conforti A, et al. Symp-
tomatic vocal cord paresis/paralysis in infants operated on for esophageal
atresia and/or tracheo-esophageal fistula. J Pediatr 2011 Jun;158(6):973e6.

[4] Daya H, Hosni A, Bejar-Solar I, Evans JN, Bailey CM. Pediatric vocal fold pa-
ralysis: a long-term retrospective study. Arch Otolaryngol Head Neck Surg
2000 Jan;126(1):21e5.

[5] Meisner JW, Izadi S, Kamran A, Shieh HF, Smithers CJ, Bennett J, Demehri FR,
Mohammed S, Lawlor C, Choi SS, Zendejas B. Screening for Vocal Fold
movement impairment in children undergoing esophageal and airway sur-
gery. Laryngoscope 2023 Mar 9. https://doi.org/10.1002/lary.30646. Epub
ahead of print. PMID: 36892035.

[6] Liu YCC, McElwee T, Musso M, Rosenberg TL, Ongkasuwan J. The reliability of
flexible nasolaryngoscopy in the identification of vocal fold movement
impairment in young infants. Int J Pediatr Otorhinolaryngol 2017 Sep;100:
157e9.

[7] Ongkasuwan J, Ocampo E, Tran B. Laryngeal ultrasound and vocal fold
movement in the pediatric cardiovascular intensive care unit. Laryngoscope
2017 Jan;127(1):167e72.

[8] Grundfast KM, Harley E. Vocal cord paralysis. Otolaryngol Clin N Am 1989
Jun;22(3):569e97.

[9] Smith MM, Kuhl G, Carvalho PRA, Marostica PJC. Flexible fiber-optic laryn-
goscopy in the first hours after extubation for the evaluation of laryngeal le-
sions due to intubation in the pediatric intensive care unit. Int J Pediatr
Otorhinolaryngol 2007 Sep;71(9):1423e8.

[10] Curran J, Calder N, Yaneza M, Iyer A. Reducing potential aerosol generation in
flexible nasolaryngoscopy: a novel method. J Laryngol Otol 2020 Aug;134(8):
744e6.
[11] Friedman EM. Role of ultrasound in the assessment of vocal cord function
in infants and children. Ann Otol Rhinol Laryngol 1997 Mar;106(3):
199e209.

[12] Daniel SJ, Bertolizio G, McHugh T. Airway ultrasound: point of care in chil-
dren-The time is now. Paediatr Anaesth 2020 Mar;30(3):347e52.

[13] Lawlor CM, Choi SS. The best modality to assess vocal fold mobility in children:
flexible fiberoptic laryngoscopy or ultrasound? Laryngoscope 2023 Jan 30;133.

[14] Strauss S. Sonographic appearance of cricoid cartilage calcification in healthy
children. Am J Roentgenol 2000 Jan;174(1):223e8.

[15] Sayyid Z, Vendra V, Meister KD, Krawczeski CD, Speiser NJ, Sidell DR. Appli-
cation-based translaryngeal ultrasound for the assessment of vocal fold
mobility in children. Otolaryngol Head Neck Surg 2019 Dec;161(6):1031e5.

[16] Zhang WQ, Lambert EM, Ongkasuwan J. Point of care, clinician-performed
laryngeal ultrasound and pediatric vocal fold movement impairment. Int J
Pediatr Otorhinolaryngol 2020 Feb;129:109773.

[17] Staffa SJ, Zurakowski D. Statistical evaluation of diagnostic tests: a primer for
pediatric surgeons. J Pediatr Surg 2019 Apr;54(4):799e804.

[18] Wang LM, Zhu Q, Ma T, Li JP, Hu R, Rong XY, et al. Value of ultrasonography in
diagnosis of pediatric vocal fold paralysis. Int J Pediatr Otorhinolaryngol 2011
Sep;75(9):1186e90.

[19] Lambert A, Winlaw DS, Deacon V, Waters KA, Pettigrew J, Fleming G, et al.
Routine vocal cord mobility assessment post cardiac surgery via median
sternotomy approach. Int J Pediatr Otorhinolaryngol 2020 Nov;138:
110331.

[20] Vats A, Worley GA, de Bruyn R, Porter H, Albert DM, Bailey CM. Laryngeal
ultrasound to assess vocal fold paralysis in children. J Laryngol Otol 2004
Jun;118(6):429e31.

[21] García-Torres E, Ant�on-Pacheco JL, Luna-Paredes MC, Morante-Valverde R,
Ezquerra-Pozo E, Ferrer-Martínez A, et al. Vocal cord paralysis after cardio-
vascular surgery in children: incidence, risk factors and diagnostic options.
Eur J Cardio Thorac Surg 2020 Feb 1;57(2):359e65.

[22] Thawley SE, Ogura JH. Health care costs of laryngeal surgery. Laryngoscope
1979 Apr;89(4):595e600.

[23] Sistrom CL, McKay NL. Costs, charges, and revenues for hospital diagnostic
imaging procedures: differences by modality and hospital characteristics.
J Am Coll Radiol 2005 Jun;2(6):511e9.

[24] Lal DR, Gadepalli SK, Downard CD, Ostlie DJ, Minneci PC, Swedler RM, et al.
Perioperative management and outcomes of esophageal atresia and trache-
oesophageal fistula. J Pediatr Surg 2017 Aug;52(8):1245e51.

[25] Chorney SR, Zur KB, Buzi A, McKenna Benoit MK, Chennupati SK, Kleinman S,
et al. Recorded flexible nasolaryngoscopy for neonatal vocal cord assessment
in a prospective cohort. Ann Otol Rhinol Laryngol 2021 Mar;130(3):292e7.

[26] Hawkins DB, Clark RW. Flexible laryngoscopy in neonates, infants, and young
children. Ann Otol Rhinol Laryngol 1987;96(1 Pt 1):81e5.

http://refhub.elsevier.com/S0022-3468(23)00554-7/sref1
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref1
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref1
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref1
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref2
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref2
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref2
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref2
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref2
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref3
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref3
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref3
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref3
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref4
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref4
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref4
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref4
https://doi.org/10.1002/lary.30646
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref6
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref6
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref6
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref6
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref6
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref7
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref7
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref7
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref7
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref8
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref8
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref8
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref9
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref9
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref9
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref9
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref9
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref10
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref10
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref10
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref10
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref11
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref11
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref11
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref11
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref12
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref12
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref12
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref13
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref13
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref14
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref14
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref14
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref15
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref15
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref15
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref15
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref16
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref16
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref16
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref17
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref17
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref17
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref18
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref18
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref18
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref18
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref19
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref19
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref19
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref19
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref20
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref20
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref20
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref20
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref21
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref21
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref21
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref21
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref21
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref21
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref22
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref22
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref22
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref23
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref23
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref23
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref23
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref24
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref24
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref24
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref24
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref25
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref25
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref25
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref25
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref26
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref26
http://refhub.elsevier.com/S0022-3468(23)00554-7/sref26

	Diagnostic Accuracy of Laryngeal Ultrasound for Evaluating Vocal Fold Movement Impairment in Children
	1. Introduction
	2. Methods
	2.1. Patient population
	2.2. Recruitment, FL, and LUS protocols
	2.3. Outcomes of interest
	2.4. Statistical and data analysis

	3. Results
	3.1. Demographics
	3.2. FL vs LUS
	3.3. Subgroup evaluation

	4. Discussion
	4.1. Advantages of LUS in the pediatric population
	4.2. Implications of practice
	4.3. Limitations

	5. Conclusion
	Previous communication
	Financial support statement
	Acknowledgments
	References


