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GIRIS ve AMAC: Pediatrik iist solunum yolu problemlerinin ayrici tanisi zordur. En iyi method direkt
gorlintiilemektir. Fleksibl nazofaingoskopi en sik uygulanan yontemdir. Rijit teleskop video
laringoskopi (RTVL), fleksible nazofaringoskopi uygulanamayan hastalarda bir alternatif olabilir. Bu
calisgmada RTLV ile {ist solunum yolu degerlendirilen hasta sonuglarinin degerlendirilmesi

amaglanmustir.

YONTEM ve GERECLER: Ust solunum yolu problemi nedeniyle RTVL uygulanan hastalar retrospektif
olarak c¢aligmaya dahil edildi. Hastalarin semptomlari, ek hastaliklar1 ve bulgulart kaydedildi.
Uygulamalar 30 derece rijit teleskop video laringoskop ile ayni tecriibeli KBB uzmaninca
gerceklestirildi. Hastalar fleksibl nazofaringoskopi yapilamayan ya da cerrahi planlanan hastalara

yapildi. Bulgular ve cerrah islemler kaydedildi.

BULGULAR: 332 hastaya 427 islem uygulandi. Stridor en sik endikasyondu. En sik bulgu
laringomalaziydi. 73 hastada endikasyon ekstiibasyon basarisizligrydi. Bu hastalarin  59'unda
entiibasyon graniilomu en sik bulguydu. 67 hastaya trakeotomi islemi yapildi. Trakeotomi i¢in en sik
endikasyon uzamis entiibasyondu. Tiim islemler i¢inde tek ciddi komplikasyon bir hastada gelisen

bradikardiydi ve uygun miidahale ile normale dondii.

TARTISMA ve SONUC(: Stridor ve uzamis entiibasyon pediatrik iist havayolu i¢in en sik semptomdu.
Gastro-ozefageal reflii ile birlikte olan ya da olmayan laringomalazi en sik bulguydu. Rijit teleskop -

video laringoskopi uygulamasi, fleksibl nazofaingoskopi yapilamayan hastalarda yararl bir metoddur.

Anahtar Kelimeler: stridor, laringomalazi, ses kisikligi, entiibasyon

Yayin haklar: Giincel Pediatri’ye aittir.
Sorumlu yazar yazisma adresi: Ibrahim KETENCI. Erciyes Universitesi, Tip Fakiiltesi, KBB Hastaliklart ve Bag Boyun
Cerrahisi, Kayseri, Tiirkiye 253



Ketenci i. Rijid Teleskop Video Laringoskopi JCP2019;17:(2):253-264

SUMMARY

INTRODUCTION: It is hard to make a differential diagnosis of upper airway diseases in pediatrics. Best
method is direct visualization. Flexible nasopharyngoscopy is the most performed method. Rigid
telescope-video laryngoscopy (RTVL) could be an alternative in patients who can not be performed
flexible nasopharyngoscopy. It is aimed to review RTVL results of pediatric patients for the evaluation
of upper airway problems.

METHODS: A retrospective analysis of patients who underwent RTVL because of upper airway
problems were conducted in the study. The patients’ symptoms, additional diseases and examination
findings were recorded. The examinations were performed with a 30 degree rigid telescope — video
laryngoscopy by a same, experienced physician. The procedures were performed when flexible video
nasopharyngolaryngoscopy was unsuccesfull or when any kind of surgical intervention was planned.

Examination findings as well as the surgical procedures performed were recorded.

RESULTS: Total of 427 procedures were performed to 332 patients. Stridor was the most common
indication for the procedure. The most common examination finding was laryngomalacia. There were
73 patients who had extubation failure and were applied rigid telescope — video laryngoscopy for this
reason. Fifty-nine patients had intubation granuloma and this was the most common finding in patients
with extubation failure. Tracheotomy was applied to 67 patients. The most common indication for
tracheotomy was prolonged intubation. One patient experienced bradycardia during all procedures who

recovered with appropriate intervention.

DISCUSSION and CONCLUSION: Stridor and prolonged intubation were the most common symptoms
of pediatric upper airway diseases. Laryngomalacia with or without gastro-esophageal reflux were the
most common causes. Rigid telescope — video laryngoscopy may be a useful method to evaluate

pediatric upper airway diseases when flexible laryngoscopy can not be performed.

Keywords: striodor, laryngomalacia, hoarseness, intubation
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Introduction

Evaluation of the larynx and the upper airway is crucial in patients with stridor, voice disorders and
other upper airway symptoms. This evaluation can be troublesome in children. Although this
examination can be done by flexible fiber optic laryngoscopy or indirect laryngoscopy in older children,
it might be difficult in newborns and toddlers [1].

Children with congenital upper airway anomalies may have multiple pathologies in the airway thus a
complete examination of the upper airway must be performed to achieve a keen diagnosis. Rigid
telescope — video laryngoscopy (RTVL) is an appropriate method of examination in children on whom
flexible fiber optic laryngoscopy (FFL) or indirect laryngoscopy cannot be performed. RTLV is a kind
of direct laryngoscopy supported by video and recording system. Direct laryngoscopy is a useful
procedure for intubation and examination of the upper airway in children. RTLV is a modified technique
supported by video system. There is no article which named this procedure as RTVL in the literature.
This study presents the results of 427 RTLV procedures over 9 year’s period.

Materials and Methods

The study was planned as a retrospective study. After the approval of local ethical committee (Nr: 2018-
160), the study was performed. Patients and collecting data: Patients who underwent RTVL between
January 2007 and December 2016 were enrolled into the study and the data was examined
retrospectively. The ages, genders, any comorbidities, procedure indications and examination findings
of the patients were recorded. Children who underwent flexible fiber optic laryngoscopy or indirect
laryngoscopy and had pharyngolaryngeal infection were ruled out. Patients were divided into 3 groups
according to their ages as; newborns (0-28 days), infants (29 days-24 months) and toddlers (25 months
-6 years).

Definitions: Laryngomalacia was defined as a larynx with omega-shaped elongated epiglottis, short
aryepiglottic folds and collapsing of these structures towards the glottis during inspiration. Myer-Cotton
staging system was used in order to stage subglottic stenosis[2]. To define a vocal cord paralysis,
movements of vocal cords of patients were examined. If a patient was re-intubated in 48 hours after
extubation, it was defined as extubation failure. When intubation time of a patient was longer than 7
days, it was defined as prolonged intubation. Post-cricoidal hyperemia and edema of arytenoids were
accepted as gastro-esophageal reflux disease (GERD) findings.

Anesthesia: After oxygenation, anesthesia was induced by midazolam (0.1 mg/kg), sufentanyl (0.1-0.2
ng/kg), and propofol (1-2 mg/kg) intravenously. During procedures; electrocardiograms, noninvasive
blood pressure measurements and pulse oximeters were continuously examined by a surgical monitor.

In addition, the ventilation status was observed by auscultation of the lungs, skin color, and observation
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of thorax excursions as well as following via the monitor. Muscle relaxants were not used in order to
see vocal cord movements and respiration at the upper airway and to avoid tracheal intubation.
Anesthesia was maintained with an infusion of propofol (6—8 mg/kg/h). After anesthesia induction,
spontaneous breathing was maintained. Tracheal intubation and general anesthesia conditions were
prepared for the possibility of hypoxemia and other respiratory and cardiac complications.

Procedure: RTLV was a kind of direct laryngoscopy supported by video and recording system. While
a child was unconscious, not intubated or paralyzed, RTLV was performed. Firstly, the tongue base was
elevated by an intubation laryngoscope and 30 degree telescope was proceeded through the larynx.
Laryngeal structures and vocal cord movements could be seen. Then telescope was conducted to
subglottic area. All procedures were applied by an experienced otolaryngologist. Before the procedures,
a written informed consent was obtained from the parents both for the procedures and for the use of the
patient data in scientific purposes. After the induction of anesthesia, the operator elevated the tongue
base with an appropriate size of laryngoscope. Then; upper airway (oropharynx, tongue base,
hypopharynx, supraglottis, vocal cords, subglottic area, upper esophagus, and trachea) was examined
by 30°, 4 mm telescope (Karl Storz, Tiittlingen, Germany). Images were transferred to a HD monitor by

a video system and recorded.

Findings

There were 332 patients enrolled into the study (174 boys and 158 girls) who underwent a total of 427
procedures. The ages were between 0-6 years. The youngest patient was 0 days old and the oldest one
was 6 years old. Infants (29 days — 2 years) consisted 67.8 % of all patients (N=225). The most common
indication of RTVL was stridor (48.8%, N:162) followed by extubation failure (22%, N:73). Table 1

shows the indications of procedures.

Table I. Rigid Telescope Video Laryngoscopy Indications According To Age Groups;

Indications 0 - 28 days 29 days — 24 months | 25 months - 6 years | Total %*
(n:44; 13.25%) (n:225; 67.77%) (n:63; 19%) (n:332)
Stridor 14 (8.6 %) 126 (77.7 %) 22 (13.6 %) 162 (48.8 %)

Extubation Failure | 10 (13.7 %) 51 (69.8 %) 12 (16.4 %) 73 (22.0 %)
Respiratory Distress | 12 (21 %) 32 (56.1 %) 13 (22.8 %) 57 (17.2 %)
Hoarseness 6 (25 %) 11 (45.8 %) 7 (29.1 %) 24 (7.2 %)
Dysphagia 2 (18.2 %) 3(27.3 %) 6 (54.5 %) 11 (3.3 %)
Aspiration - 2 (40 %) 3 (60 %) 5 (1.5 %)

*indicates the percent of total indications, not about age groups.
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There were 23 patients with normal upper airway. 309 patients had at least one upper airway pathology.
Twenty-nine patients had 2 and 2 patient had 3 different pathologies at the same time when patients with
only GERD were excluded. Laryngomalacia (Figure 1A) was the most common examination finding in
patients with stridor followed by intubation granuloma (Figure 1B). Table 2 shows the examination
findings during procedure. Eighty-one patients (24.4%) underwent surgery following RTVL procedures.
The surgeries performed were; 67 tracheotomies, 18 endo-laryngeal laser surgeries, 6 cold-knife
surgeries, 13 granuloma excision, 1 laryngocele excision, 1 hypo-pharyngeal mass excision (Figure 1C),
1 tongue-base mass excision (Figure 1D) and 3 foreign body extraction.

Figure 1: Picture showing laryngoscopy findings.

A: Laryngomalacia, B: Intubation Granuloma, C: Hypopharyngeal mass, D: Tongue base mass, E:
Laryngeal papillomatosis, F: Subglottic stenosis, G: laryngeal atresia, H: Vocal nodules

Sixty-one patients underwent RTVL more than once. A patient with laryngeal papillomatosis (Figure
1E) was taken to the operation 8 times either for tracheotomy or laser surgery. Fifty of these 61 patients
had tracheotomies and RTVL was performed to evaluate the airway if decannulation was appropriate.
Seventy-three RTVL’s were applied for extubation failure. There were 59 patients who had had
intubation granuloma, 29 subglottic stenosis (Figure 1F), 9 bilateral vocal cord paralysis, 10 left vocal
cord paralysis and 2 tongue-base mass. The mean intubation time was 24.13 days before tracheotomy.
An urgent tracheotomy was performed to a baby with laryngeal atresia (Figure 1G).

There were 9 patients who had bilateral vocal cord paralysis. Four had metabolic disease. Etiology was
unknown in others. There were 11 patients with unilateral vocal cord paralysis 10 of which were on the
left. Five patients with left vocal cord paralysis had a history of cardiac surgery, 3 of them for Fallot’s
tetralogy and 2 for ventricular septal defect. There were 5 patients with laryngeal web and 7 patients
with vocal nodule (Figure 1H). Stridor was the main complaint in laryngeal web patients, while
hoarseness was the main in vocal nodule patients. Eighty-one patients (24.4%) had GERD which had

concurrent laryngomalacia. Rate of GERD in patients with laryngomalacia was 40.1%. Severe
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bradycardia occurred in one patient during the procedure which was immediately managed by

anaesthesiology team. No other complication was observed.

Table I1. Examination Findings According To Age Groups;

Findings 0-28 days 29 days — 24 months | 25 months - 6 years | Total
(n:41; 12%) | (n:236; 69%) (n:65, 19%) (n:342)
Laringeal Problems
Laryngomalacia 16 (13.2%) | 93 (76.9 %) 12 (9.9 %) 121
GERD+Laryngomalacia - 63 (77.7 %) 18 (22.2 %) 81
Laryngeal Nodule - 2 (28.6 %) 5(71.4 %) 7
Laryngeal Web 2 (40 %) 3 (60 %) - 5
Laryngeal Papillomatosis 1 (33.3 %) 2 (66.6 %) 3
Laryngeal Foreign Body 1 (33.3 %) 2 (66.6 %) 3
Laryngocele - 1 (50 %) 1 (50 %) 2
Epiglottic Anomaly 1 (50 %) 1 (50 %) - 2
Laryngeal Cleft - 1 (100 %) - 1
Saccular cyst 1 (100 %) 1
Laryngeal Atresia 1 (100 %) - - 1
Glottic Problems
Intubation Granuloma 8 (13.5 %) 34 (57.6 %) 17 (28.8 %) 59
Left Vocal Cord Paralysis 2 (20 %) 6 (60 %) 2 (20 %) 10
Bilateral VVocal Cord Paralysis | 2 (22.2 %) 5 (55.6 %) 2 (22.2 %) 9
Right VVocal Cord Paralysis - - 1 (100 %) 1
Subglottic Problems
1° Subglottic Stenosis 5 (35.7 %) 8 (57.1 %) 1(7.1%) 14
2°Subglottic Stenosis 1(9.1%) 8 (72.7 %) 2 (18.2 %) 11
3%Subglottic Stenosis 1 (50 %) 1 (50 %) 2
Subglottic hemangioma 2 (100 %) 2
Tracheomalacia 2 (100 %) 2
Other Problems
Tongue-Base Mass 1 (50 %) 1 (50 %) - 2
Tracheo-esophagial Fistula 1 (100 %) 1
Hypopharyngeal hamartoma - 1 (100 %) - 1
Palatal Giant Polyp 1 (100 %) - - 1

There were normal examination findings in 3,12 and 8 patients in groups respectively.
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Discussion

Endoscopic examination is very crucial in the diagnosis of laryngeal upper airway pathologies. Either
with rigid direct laryngoscopy (RDL) or with flexible fiber optic laryngoscopy (FFL) the larynx and the
upper and sometimes the lower airway must be examined [3]. Each of the methods has advantages and
disadvantages and also in a way they complete each other. In FFL technique, the instrument is passed
through the nose, nasopharynx and oropharynx and vision is provided. In selected cases it can even be
extended through the trachea and bronchia if needed. It provides a magnified image by a fiber optic light
source [4]. Because FFL is performed during spontaneous respiration, respiration dynamics can be
observed better in this technique [5]. In RDL procedure, the larynx is examined by a tubular tool with
naked eyes. The tool is placed inside the mouth on larynx or vallecula. Sometimes vision is provided by
a microscope or rigid telescope [3]. Intubation is often needed in this technique which might disrupt the
vision. In RDL, laryngeal movements can not be seen. They are disadvantages of this technique [6].
Glass rod telescopes are developed for RDL and this provides a better vision than FFL, which is the
advantage of RDL [7].

In the presented RTVL technique, 30°, 4 mm rigid telescopes (Karl Storz, Tiittlingen, Germany) were
used. With the use of a 30° telescope, the laryngeal structures can be adequately seen. The procedures
were performed during spontaneous respiration and apneic intermittent ventilation, thus respiration
dynamics - especially movements of vocal cords and epiglottic collapse - for the diagnosis of
laryngomalacia and paralysis could be well observed. The procedure does not require tracheal
intubation.

This technique provides observation of the respiration dynamics as FFL does. Images received are
transferred to video screen and are routinely recorded. The limited vision disadvantage of RDL is
avoided. Without sedation, the awake approach is typically limited to a diagnostic evaluation of the
upper airway by which the dynamic conditions can also be observed. It can be safely performed in an
office setting under topical anesthesia without sedation in children of all ages. The limitation of
performing this procedure in an office setting without sedation is the inability to pass the scope below
the vocal cords [8].

Spontaneous ventilation under general anesthesia is generally used for endoscopy of the pediatric
airway. However, the multiple techniques in use indicate that no single method is universally accepted.
Spontaneous breathing techniques in neonates and infants should be limited to shorter examinations.
Under anesthesia; a combination of reduced elastance and high compliance of the pediatric airways and
chest wall, increased oxygen consumption and further airflow limitations imposed by the surgical
instrumentation inside and around the airway can lead to a rapid hypoxemia if spontaneous ventilation
is maintained. If spontaneous ventilation fails due to apnea or hypoventilation, institution of alternative

ventilation techniques must be promptly implemented [8].
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For the physiologic reasons mentioned previously, apneic intermittent ventilation (AIV) in young
pediatric patients is suitable for only very short procedures, such as a diagnostic bronchoscopy [8].

In children, supraglottic jet ventilation (JV) is probably most commonly used. Subglottic JV is used less
frequently, because the smaller, compliant airways of infants and small children may not allow adequate
exhalation, potentially leading to a higher incidence of barotrauma [9]. We used combination of
spontaneous breathing and AIV in our procedure. Upper airway was examined with spontaneous
ventilation to investigate vocal cord movements and supraglottic structures during inspiration, which is
very important to diagnose laryngomalacia. Lower airway was examined with AIV to avoid
laryngospasm.

When indications of procedure were investigated; the most common reason was stridor. Stridor is
defined as noisy breathing which occurs because of turbulent flow in the airway in narrowed places [10].
It can be congenital or acquired. History of mechanical ventilator must be asked in a child with stridor.
Laryngomalacia, vocal cord paralysis and congenital subglottic stenosis could be reasons for congenital
stridor. Acquired stridor is usually related to mechanic ventilation and intubation granuloma, subglottic
stenosis and laryngeal edema [11, 12]. Inspection of larynx is necessary in a child with stridor. The
diagnosis of laryngomalacia, subglottic stenosis, vocal cord palsy and intubation granuloma were easily
set by RTVL method. The most common cause of stirodr in our series was laryngomalasia followed by
subglottic stenosis, vocal cord palsy and laryngeal web.

Extubation failure was the second reason for RTVL. It can be defined as re-intubation of a patient after
extubation. There are different sights about time between extubation and re-intubation for definition of
extubation failure. Gupta et al.[13] defined this period as 24 hours; while Edmunds et al. [14]
emphasized it as 48 hours. In the current study, if a patient was re-intubated in 48 hours after extubation,
it was defined as extubation failure. There are some anatomical and physiological reasons for extubation
failure. Subglottic area is narrow in children. Therefore; intubated younger children tend to develop
subglottic edema, granuloma and stenosis[14]. Besides; compliance of chest wall increases and elastance
decreases in younger children. Children consume more effort than adults to provide same tidal volume.
Intubation granuloma was the most common cause of extubatio failure in the present study. Baisch et
al. reported 4.1% of 3193 children with extubation failure which the most common causes are
multifactorial and upper airway obstruction [15]. Jang et. al reported that to avoid developing of
intubation granuloma appropriate intubation protocols, endotracheal tube size, and adequate sedation
are required [16]. In RTVL procedure with the indication of extubation failure, the most common
pathology was intubation granuloma. It is especially seen in traumatic and/or oversized tube intubation.
Another pathologic finding was intubation related subglottic stenosis[17]. Fifty-nine patients had
intubation granuloma and 27 had subglottic stenosis in the current study. Subglottic stenosis was the
third common cause of stridor [18]. Myer — Cotton staging system is used to stage subglottic stenosis.
Grade 1 defines as narrowness to 50%, grade 2 is 51 to 70%, grade 3 is 71 to 99% and grade 4 defines

total obstruction [2].
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The most common examination finding was laryngomalacia. Laryngomalacia can be defined as
collapsing of supraglottic structures towards glottis during inspiration[19]. Laryngomalacia could easily
be observed in RTVL because respiration is not depressed and movements of laryngeal structures can
be dynamically seen. Children with laryngomalacia show a high incidence of GERD (65%) and require
anti-reflux treatment[20]. This rate was 40.1% in our study. It is the most common cause of stridor in
neonates and children, accounting for 60-70% of cases [21]. Laryngomalacia is blamed 45 -75 % of
children with stridor [22]. Laryngomalacia had less rate in the presented study. It could be related to
excluding patients who can be performed FFL in the study group.

Vocal cord palsy consists 10-22% of all laryngeal diseases in children and is the second most common
congenital laryngeal anomaly [23, 24]. Left sided unilateral cord palsy is more common [25, 26]. The
cause of vocal cord palsy might be either idiopathic or iatrogenic - caused by surgical traumas like
cardiac or neck surgery [27]. Unilateral vocal fold paralysis is considered the most common neurologic
disorder of the larynx and is frequently caused by intubation or neonatal cardiothoracic surgery [28]. In
this study, there were 10 left vocal cord palsy cases, 5 of which were after cardiac surgeries, which was
compatible with literature. There were 9 children with bilateral vocal cord palsies. Two of them were
idiopathic, 4 had metabolic diseases and 3 had neurological disturbances.

There were 67 children who underwent tracheotomy. While the most common indication was upper
airway infections in the past; recently, in this study, the most common reason for tracheotomy was
prolonged intubation with the rate of 76%. The mean time between the first intubation and tracheotomy
was 24.13 days. Because of its possible complications, tracheotomy must be terminated as soon as
possible. When a prolonged intubation requirement is assumed for a patient, tracheotomy must be
applied without undue delay to avoid complications like subglottic stenosis.

Vocal nodules are the most common causes of chronic hoarseness in children. Among the 646 children
Shah et al. [29] examined, 254 had vocal nodules. Their study demonstrated that vocal nodules are most
commonly seen in boys especially between the ages 3-10. Interestingly, they presented 6 infants with
vocal nodules (less than 7 months of age). They suggested that hyperfunction of the larynx correlates
with nodule size while the presence of reflux disease does not correlate. The treatment and the evaluation
of vocal nodules are based on a few principles: voice rest, speech therapy, treatment of reflux disease,
and evaluation for other etiologies that result in nodules [30].

Laryngeal atresia is a rare and lethal upper airway anomaly. There are few reports in the literature related
to this pathology. Fetus prenatally presents with hyperechogenic lungs, ascites or hydrops. Visualization
of a dilated trachea distal to the obstruction is a direct diagnostic sign [31]. In our clinic, an urgent
tracheotomy was applied to a newborn immediately after birth with a diagnosis of laryngeal atresia.
Epiglottic anomaly is another rare condition. Bifid epiglottis has been reported in the literature. It
presents congenital stridor and may be associated with congenital syndromes like Pallister Hall

Syndrome. Patients must also be investigated for associated hypothyroidism and hypothalamic
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abnormalities. If respiratory distress is serious, malacic part of the anomalic epiglottis must be removed
by sharp instrumentation or laser [32].

Laryngeal papilloma is one of the most common benign neoplasms in children. It is most commonly
located on the true vocal cords but may also involve supraglottic or subglottic areas. It is suggested that
a congenital transmission via the genitalia of the mother occurs in children with laryngeal papillomas
[33]. There were 3 patients with laryngeal papillomatosis. One of them underwent a tracheotomy and 8
times laryngosurgery.

Conclusions: This study contributes the literature by evaluating a large case series with pediatric upper
airway problems. RTVL is a valuable examination method to evaluate pediatric upper airway diseases
with a minimal morbidity when flexible laryngoscopy cannot be performed and the patient is planned
to have any type of airway surgery. With this method, laryngeal dynamics could be examined because
it is performed without muscle relaxants. Stridor and prolonged intubation were the most common
causes and laryngomalacia, subglottic stenosis were the most common findings of laryngeal diseases as
consistent with the literature, in the presented study.
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