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Abstract

Purpose To describe the technique and outcomes of percutaneous tracheostomy under laryngosuspension.

Methods A consecutive series of patients who underwent percutaneous tracheostomy under laryngosuspension were reviewed
for outcomes. The procedure is performed under general anesthesia and laryngosuspension. An 8.5 oral endotracheal tube is
inserted and the cuff is inflated in the supraglottis, allowing access to the whole trachea and subglottis. The tube is taped to
the laryngoscope. A rigid endoscope is inserted in the endotracheal tube through a swivel connector connected to the tube
and the ventilation circuit. Percutaneous tracheostomy kit is used to perform dilatational tracheostomy at the desired level
of the trachea under direct visual endoscopic control.

Results Forty-eight patients underwent percutaneous tracheostomy under laryngosuspension. Thirty-two cases were per-
formed in an emergency after securing the airway with endotracheal intubation. In all other cases, tracheostomy was per-
formed as a part of an elective procedure affecting the airway or in patients requiring prolonged ventilation. More than half
of patients were considered high risk by virtue of one or more of the following: morbid obesity, prior neck surgery, prior
neck radiotherapy, progressive head and neck cancer, or laryngotracheal stenosis. Complications occurred in seven cases.
Conclusion Percutaneous tracheostomy under laryngosuspension has the advantage of optimal control of patient ventilation
and hemostasis throughout the procedure. High-quality endoscopic vision and easy access to the airway under laryngosus-
pension allow tracheostomy to be performed with maximum safety.
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Introduction

Tracheostomy is an ancient surgical procedure, described
over 4000 years ago. Chevalier Jackson in the early twentieth
century described a safer surgical technique with the addi-
tion of anesthesia and modern surgery [1]. This technique,
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approach to the trachea, has continued to improve and has
become a technique of reference.

Shelden made the first attempts of percutaneous trache-
ostomy in 1955 [2]. Percutaneous tracheostomy with a dila-
tation system was proposed by Ciaglia in 1985 [3]. It then
became a safe technique and was adopted as an alternative
to conventional surgical tracheostomy. It is characterized by
the use of a dilatation kit and endoscopic control during
the procedure [4-6]. This procedure is mainly performed in
intensive care units, in patients requiring prolonged ventila-
tion [7]. Percutaneous tracheostomy has several advantages
over conventional surgical tracheostomy: reduced opera-
tive time, reduced risk of intra- and postoperative bleeding,
reduced risk of infection of the surgical site, lower cost, and
reduced time of spontaneous tracheostomy stoma closure
after decannulation. The overall complication rate of both
techniques seems to be identical [8§—10]. Several contraindi-
cations to percutaneous tracheostomy have been reported:
pediatric population, unsafe airway, emergency, presence
of a median cervical lesion, non-palpable cricoid cartilage,
and coagulopathy [5]. Airway emergencies are character-
ized by urgency and unpredictability that need a clear pro-
cess to be followed so that the airway can managed rapidly
[11]. The following factors further increase the difficulty of
emergency airway management: (I) lack of information on
detailed medical history without enough time to get com-
plete thorough physical examination before needing to act;
(IT) lack of preparation: the decision to establish an artificial
airway is often made suddenly and preparation time is usu-
ally short, which means a comprehensive preparation cannot
be relied upon at every intubation; (IIT) lack of compliance:
emergency patients may have difficulty in cooperating [11].

Percutaneous dilatational tracheostomy under laryngo-
suspension is a blending of two techniques [12, 13]. In this
technique, ventilation and hemostasis are secured during the
entire procedure with permanent and easy access to the air-
way in case of complication [12, 13]. Here, we present an
evaluation of this technique that allows tracheostomy to be
performed with maximal safety in the setting of emergency
or elective procedure.

Material and methods

A cohort of all patients undergoing percutaneous dilatational
tracheostomy under laryngosuspension from 2016 to 2019
was retrospectively reviewed at a tertiary referral otolaryn-
gology center. Informed consent for data collection in medi-
cal records was obtained. All procedures performed in the
study were in accordance with the ethical standards of the
institution and with the 1964 Helsinki Declaration and its
later amendments. In addition, our study got the approval
of the national committee of data privacy (Commission
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nationale de I’Informatique et des Libertés pour I’ Utilisation
des Données Patients, approval number: 2205066v0).

Recorded data consisted of age, sex, body mass index
(BMI), tracheostomy indication, perioperative complications
such as pre or postoperative desaturation (SpO, <90%),
bleeding, and accidental decannulation occurring within
five days following the procedure. In addition, history of
tracheostomy, neck surgery, laryngotracheal stenosis, and
coagulopathy were collected. The size of the tracheostomy
tube and the operative time were also reported.

Intubation criteria collected were Mallampati score,
maximum mouth opening, thyromental distance in centim-
eters, cervical spine mobility, and Cormack-Lehane grade.
In addition, short cricosternal distance in extended position,
corresponding to the absence of a gap between the inferior
border of the cricoid cartilage and the sternum, was reported.
Intubation modalities included direct laryngoscopy, vide-
olaryngoscopy using the GlideScope® (Verathon, Bothell,
WA, USA) or the C-MAC® videolaryngoscope (Karl Storz,
Tuttlingen, Germany), rigid bronchoscopy, and flexible
transnasal bronchoscopy.

Operative technique

Percutaneous dilatational tracheostomy technique under
laryngosuspension was described in details in one of our
previous works [12].

In brief, after securing the airway with adequate size
endotracheal tube in the setting of emergency or elective
procedure, a Bouchayer laryngoscope and arm suspension
apparatus (Integra® MicroFrance®, Saint Aubin le Monial,
France), a 5.5 mm 0° Storz rigid endoscope (Karl Storz
Endoscopy Ltd., Tuttlingen, Germany), and an 8.5 oral
endotracheal tube were used for laryngotracheal examina-
tion and airway control.

An ULTRAperc®, Portex® tracheostomy introducer
(Smiths-Medical, Kent, UK) is used in all cases. Patient
ventilation is maintained throughout the entire procedure
with only very brief intervals of apnea during endotracheal
tube exchange and airway evaluation. The laryngoscope is
placed just into the laryngeal inlet within the aperture of the
false vocal folds. An 8.5 oral endotracheal tube is inserted
and the cuff is inflated and impacted in the supraglottis to
avoid any air leak, allowing access to the whole trachea and
subglottis as well as adequate ventilation of the patient dur-
ing percutaneous tracheostomy performance. The tube is
taped to the laryngoscope to avoid any displacement. The
rigid endoscope is inserted in the endotracheal tube through
a swivel connector connected to the tube and the ventila-
tion circuit. Percutaneous tracheostomy kit is then used to
perform dilatational tracheostomy at the desired level of the
trachea under direct visual endoscopic control (Fig. 1). At
the end of the procedure, a Blue Line Ultra® size 7 or 8
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Fig. 1 Percutaneous dilatational tracheostomy under laryngosuspen-
sion. a Patient is placed in rigid suspension and intubated through
the laryngoscope with an 8.5 endotracheal tube. The patient is venti-

Table 1 Indications for percutaneous dilatational tracheostomy under
laryngosuspension

Indications n %

Elective head and neck cancer surgery 3 6
Scheduled airway surgery 7 15
Malignant upper airway obstruction® 17 35
Non-malignant airway obstruction® 15 31
Prolonged ventilation 5 10
Swallowing disorders with aspiration 1 2

#Tracheostomy was performed in an emergency setting

(Smiths-Medical, Kent, UK) tracheostomy is inserted and
stitched to the skin to reduce the risk of accidental decan-
nulation. The laryngoscope and the endotracheal tube are
removed.

Results

Percutaneous dilatational tracheostomy under laryngo-
suspension was performed in 48 cases (36 males and 12
females). The mean age was 63 years. The mean BMI was
22.7+4.8. No patient had a BMI > 35.

Indications for tracheostomy are represented in Table 1.
Sixty-seven percent of cases were performed in an emer-
gency setting of malignant (n=17) and non-malignant
(n=15) upper airway obstruction after securing the air-
way with endotracheal intubation. Non-malignant airway
obstruction etiologies included laryngeal stenosis secondary
to radiotherapy or surgery (n=35), cricoid chondronecrosis
secondary to radiotherapy (n=4), bilateral vocal fold paraly-
sis in adduction due to central or peripheral etiologies, head
and neck cellulitis associated with dyspnea (n=1), laryngeal
abscess in a patient with immunosuppression (n=1), and
autoimmune inflammatory laryngitis (n=1).

lated throughout the procedure via the side port. b A rigid telescope
inserted into the endotracheal tube offers high quality endoscopic
vision throughout the entire procedure

Intubation criteria included a median Mallampati score
of 2 and a mean maximum mouth opening of 2.8 + 0.8
fingers. The thyromental distance was greater than 6.5 cm
in 30 cases (63%), less than 6.5 cm in 2 cases (4%), and
was missing in the medical records in 16 cases. Cervical
spine mobility was decreased in 11 patients (23%) and was
normal in 21 patients (4%). Data concerning cervical spine
mobility were missing in the medical records of sixteen
patients. The median Cormack—Lehane score was 2 and
data were missing in thirty-nine cases.

Intubation modalities included direct laryngoscopy in
33 cases (69%), videolaryngoscopy in 9 cases (19%), and
flexible transnasal bronchoscopy in 6 cases (13%). There
was no use of rigid bronchoscopy for intubation in any
case.

Short cricosternal distance was reported in 5 cases (10%).
Eleven patients (23%) had a history of tracheostomy and 14
patients (29%) had a history of neck surgery. Twenty cases
(46%) had a history of head and neck radiotherapy. No his-
tory of coagulopathy was found.

Size 8 tracheostomy tube was inserted in 29 patients
(60%) and size 7 in 19 patients (40%).

Major complications occurred in three cases (Table 2).
Significant postoperative bleeding occurred in one case and
needed surgical revision for hemostasis. Postoperative acci-
dental decannulation occurred in two cases within 5 days
after the procedure: one case required general anesthesia to
reinsert the tracheostomy tube at the operating room (OR)
and one patient died secondary to cardiopulmonary arrest.
Oral intubation was possible but the patient refused resusci-
tation in accordance to his advance directives. Minor com-
plications occurred in four cases. One case presented perop-
erative desaturation (SpO, < 90%) due to abundant bronchial
secretions that were suctioned during the procedure. Insig-
nificant peroperative bleeding occurred in two cases and was
stopped after inserting the tracheostomy tube. Post-operative
desaturation (SpO, <90%) was reported in one case due to
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Table2 Complications of percutaneous dilatational tracheostomy
under laryngosuspension

Complications n %

Minor complications
Peroperative desaturation (SpO, <90%) 2 4

—

Postoperative desaturation (SpO, <90%)
Minor peroperative bleeding 1

Major complications

Postoperative bleeding® 1 2
Accidental decannulation

Total 7 14

*Patient needed surgical revision for hemostasis. The conversion rate
to open tracheostomy was 2%

abundant bronchial secretions and resolved on suction. The
mean operative time was 14 +3 min.

Discussion

Percutaneous dilatational tracheostomy under laryngosus-
pension can be performed in the context of emergency or
elective surgery. Two thirds of our procedures were per-
formed in an emergency setting of acute dyspnea, which was
previously considered as a contraindication to dilatational
percutaneous tracheostomy. In our series, first, the airway
was accessed with the appropriate intubation modality then
percutaneous dilatational tracheostomy under laryngosus-
pension was performed. This needs appropriate experience
with all intubation modalities in order to be prepared to man-
age any difficult airway to avoid performance of awake open
tracheostomy. The latter is considered as a stressful condi-
tion for the patient, the surgeon and the anesthesiologist in
case of any delay in securing the airway due to distorted
neck anatomy or difficult surgical approach to the trachea.
In most of emergency cases of our series, the airway was
first intubated with a small endotracheal tube and then laryn-
gosuspension was performed allowing permanent access to
the airway during the whole procedure and safe endotra-
cheal tube exchange with a larger one (ID: 8.5) permitting
adequate ventilation of the patient while inserting a rigid tel-
escope in the endotracheal tube. In traditional percutaneous
dilatational tracheostomy with flexible endoscopic control,
smaller endotracheal tubes are used and this may result in
ventilatory compromise secondary to partial obstruction of
the small tubes by the endoscope. In addition, laryngosus-
pension allows easy examination of the airway and the per-
formance of biopsies in case of malignant airway obstruc-
tion. Finally, laryngosuspension and taping the endotracheal
tube to the laryngoscope allows retraction of the distal end of
the tube to the laryngeal inlet and inflation of its cuff in the
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supraglottis, without any fear to lose the airway, thus permit-
ting visualization of the majority of the airway starting from
the subglottis. No damage or injury to the true vocal folds
occurred in our series as the balloon of the endotracheal tube
was inflated within the supraglottis and only the distal tip of
the tube was inserted at the level of the glottis.

In our series, percutaneous dilatational tracheostomy
under laryngosuspension was performed in the OR while
most of the series of percutaneous tracheostomy under laryn-
gosuspension described in the literature are performed in
the intensive care unit (ICU) in patients requiring prolonged
ventilation [10, 13]. The advantage of performing the pro-
cedure in the OR is the presence of a technical platform
that allows dealing with any complication. In addition, it
allows easy access to flexible and rigid instrumentation for
intubation with maximal security of patients with airway
emergencies. The disadvantage remains a higher cost than a
procedure performed in the ICU [8]. In contrast, we have to
remind that in the actual context of COVID-19 pandemic,
percutaneous dilatational tracheostomy under laryngo-
suspension could be an alternative to open tracheostomy
in patients with prolonged ventilation secondary to acute
respiratory distress syndrome, not candidate for traditional
percutaneous tracheostomy. In this setting, percutaneous
dilatational tracheostomy under laryngosuspension could
be performed in ICU to avoid transfer of infected patients
to the OR to diminish the risk of COVID-19 spread during
transportation.

In our series, airway exposure scores were satisfactory,
although this could not be confirmed in cases with missing
data, but the difficulty remained in finding the airway and
to insert the endotracheal tube due to the high proportion of
malignant airway obstruction and distorted airway anatomy
secondary to radiotherapy and previous airway surgeries.
Our series is different from those described in the literature
where percutaneous tracheostomy is mainly performed in
patient already intubated requiring prolonged ventilation in
the ICU [13, 14].

Most obese patients have very short, thick necks. Obe-
sity makes for challenging airway access regardless of the
technique used. Palpation of anatomic landmarks often
reveals a short cricostenal distance. In addition, neck
extension might not help or could be limited. Open surgi-
cal tracheostomy in these patients are notoriously difficult
with the trachea oriented obliquely and posteriorly within
the thorax. Percutaneous dilatational tracheostomy under
laryngosuspension is far easier and safer than open tra-
cheostomy or conventional percutaneous tracheostomy in
these patients. In addition, it might require the use of an
extended length tracheostomy cannula which is not usually
supplied with the set of percutaneous tracheostomy [15].
The surgeon should always be prepared to introduce an
endotracheal tube, either through the laryngoscope from
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above or directly into the wound itself, in the event that
passage of the tracheostomy tube is not initially success-
ful [13]. This is facilitated by the laryngosuspension that
provides stable and easy access to the airway. Although we
have been ready for this possibility, thus far it has not been
necessary. In our series, 27% of patients were overweight
with a maximum BMI of 33.3. No patient was morbidly
obese (BMI > 35). We did not encounter any particular
difficulty in patients with overweight. Percutaneous dila-
tational tracheostomy under laryngosuspension appears
to be a good alternative in overweight patients. This is
confirmed in American series with a mean BMI of 28.1
[13, 15, 16].

In our series, no patients had coagulation disorders.
However, percutaneous tracheostomy could be performed
in patients with bleeding disorders defined as INR > 1.5, or
platelet count < 50,000/mm?, or receiving curative anticoag-
ulation treatment with heparin [16, 17]. Laryngosuspension
allows endoscopic control of hemostasis in case of bleeding
using large-bore suction rigid instrumentation, tamponade,
and monopolar or bipolar electrocautery.

Three major complications (6%) occurred in our series.
This complication rate is comparable to that of other teams
using similar technique and appears to be lower than con-
ventional percutaneous tracheostomy techniques despite
the great heterogeneity of the average rates of complica-
tions estimated between 9.2 and 37.4% in published series
[10, 13, 15, 18, 19]. In our series, complications occurred
in patients with no intubation difficulties and with various
tracheostomy indications. In our experience, we did not find
any risk factor predictive for complications. In general, the
main complication in percutaneous tracheostomy is inad-
vertent decannulation which enables the tip of the cannula
to fall out entirely or to sit within a false passage anterior
to the tracheal lumen [8]. For this reason, we recommend
to stitch the tracheostomy tube to the skin and to perform
the first cannula change at least on post-operative day 5. In
our series, no complications were observed regarding pos-
terior tracheal wall injury during the procedure. This could
be explained by the fact that the rigid telescope provides
improved direct optical visualization. Finally, complications
such as pneumothorax or major subcutaneous emphysema
did not occur in our series.

Despite broadening of our indications for percutaneous
dilatational tracheostomy under laryngosuspension, there
are still few contraindications such as severe trismus, unsta-
ble cervical spine fractures, and patients contraindicated to
general anesthesia. Severe trismus prevents introduction of
the laryngoscope for laryngosuspension. Unstable cervical
spine fractures is a contraindication for laryngosuspension
due to the risk associated with neck extension. Conventional
percutaneous dilatational tracheostomy is preferable in this
context [20].

In our series, a single expert airway surgeon performed
all the procedures. The senior author recommends per-
forming five to ten procedures accompanied by a mentor,
before that otolaryngologists interested in this technique, get
autonomy to practice it [14]. Once mastered, this technique
presents a short operative time comparing to open surgical
tracheostomy.

We did not perform neck ultrasound check-up before
the procedure. This seems to be a point to work on for the
additional safety that ultrasound could provide regarding
anterior cervical vascular structures localization [21, 22].
Ultrasound guided localization of the trachea seems to be
less convincing in our technique. Indeed great extension of
the neck provided by laryngosuspension, improves ability to
palpate anatomical airway landmarks [12]. In addition, rigid
endoscope helps to see palpation on the anterior tracheal
wall to visualize and centralize the planned puncture site
before cannula insertion.

We propose this technique as an alternative for open tra-
cheostomy in ICU patients not candidate for conventional
percutaneous tracheostomy. These patients include cases
with unsafe airway, midline neck mass, inability to palpate
the cricoid cartilage and uncorrectable coagulopathy [5].
The laryngosuspension system allows direct access to the
upper airway for efficient ventilation with a high level of
safety and visualization quality during the entire surgery
with the possibility to perform complementary hemostasis
and aspiration throughout the procedure.

Any conventional percutaneous dilatational tracheostomy
should continue to be performed in the ICU after careful
evaluation of its feasibility to avoid transportation of criti-
cally ill patients to the OR and unnecessary costs [5, 14].

Conclusion

Percutaneous dilatational tracheostomy under laryngosus-
pension is an improvement of preexisting conventional per-
cutaneous tracheostomy. It is an alternative to open surgical
tracheostomy in many indications. It can be performed in
the setting of airway emergency or as a part of an elective
surgery affecting the airway. It has the advantage of optimal
control of the patient ventilation and hemostasis through-
out the procedure. High quality endoscopic vision and easy
access to the airway under laryngosuspension allow trache-
ostomy to be performed with maximum safety.
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