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Y Reverse: Modified technique in challenging airway management
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Abstract
Introduction: Self-expanding Y-metal stents (SEMS) are best suited lesions with
involvement of the carina and proximal main bronchi; however, Y-stents can be diffi-
cult to place. These difficulties guided us to develop a modification of the classic tech-
nique that addresses some of the challenges during positioning. We present the Y
reverse technique for Y stent insertion using a combination of rigid and flexible
bronchoscopy.
Materials and Methods: This retrospective study included 15 consecutive patients,
suffering from tracheal-carina-lower main bronchi complex, hospitalized at the Tho-
racic Surgery Unit of the Vanvitelli University of Naples between October 2021 and
October 2023. Inclusion criteria: patients in which the length of the stenosis of the
right bronchi was greater than that of the left bronchi, advanced oncological condi-
tions, severe respiratory failure; exclusion criteria: Karnofsky scale with <40 points. All
patients were admitted to the hospital and treated with Y-stent insertion using the
modified technique Y reverse.
Results: The comparison between the group undergoing the Y reverse technique with
the group undergoing the traditional positioning of the Y prosthesis has shown an
improvement in respiratory function; prolongation of the mean survival time;
improvement in SpO2 in spontaneous breathing; reduction mean time procedure.
p < 0.05 was considered as statistically significant.
Conclusion: Y Reverse is a safe and effective procedure that provides rapid symptom
relief in individuals who have critical central airway obstruction near the distal portion
of the trachea, carina, and main right and left bronchi.
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INTRODUCTION

Extrinsic compression and endoluminal airway obstruction
are usually caused by malignant processes: esophageal

cancer, local primary lung cancer, and other mediastinal
tumors.1 Distal tracheal obstruction with involvement of the
carina and proximal main bronchi is an extremely challeng-
ing problem2 (Figure 1). It is frequently a life-threatening
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condition, so prompt treatment is required.3 Self-expanding
Y-metal stents (SEMS) are best suited for these lesions; they
can ensure an improvement in symptoms and quality of life,
restoring luminal patency in central airway obstruction
(CAO) and immediately relieving severe respiratory
failure.4–6 Y-stents, while effective, can be difficult to place
due to the inability to visualize the airway, loss of the airway,
inability to ventilate during placement, and difficulty prop-
erly positioning the stent branches.7–9 These difficulties
guided us to develop a modification of the classic technique
that addresses some of the challenges during position-
ing.10,11 We present the Y reverse technique for Y stent
insertion using a combination of rigid and flexible bron-
choscopy.12 The Y reverse technique, thanks to the inversion
of the branches, allows covering the entire section of the
bronchial lumen obstructed by the neoplastic tissue, which
affects the left main bronchus, the carina, the right main
bronchus, and the right upper lobar bronchus, allowing
recanalization of the right lower lobar bronchus and the left
main bronchus.

MATERIALS AND METHODS

This retrospective study included 15 consecutive patients
suffering from tracheal-carinal-lower main bronchi com-
plex. All patients were admitted to the hospital and treated
with Y-stent insertion using the modified technique per-
formed at the Thoracic Surgery Unit of the Vanvitelli Uni-
versity of Naples between October 2021 and October 2023.
Written informed consent was signed by all the patients.
Inclusion criteria: patients in which the length of the steno-
sis of the right bronchi was greater than that of the left bron-
chi, advanced oncological conditions, severe respiratory
failure; exclusion criteria: Karnofsky scale <40 points. We
have a modified technique for positioning without
Seldinger-type guideless tracheobronchial Y-stents on a flex-
ible bronchoscope for Y-stent insertion.13,14 The size and
type of stents were chosen based on the results of chest CT15

and three-dimensional reconstruction of the airways.16–18 A
Y stent consists of a proximal limb located on the trachea
and two distal limbs that extend into the two main bronchi,
with the bifurcation positioned on the carina.19,20 Stents Y
are a self-expanding nitinol mesh stent with an optional sili-
cone coating and a dedicated loading device (the delivery
catheter, 8 mm in diameter and 600 mm in length). The
stent body had a length of 30–40 mm and a diameter of 18–
24 mm; the bronchial branches were 11–14 mm in diameter
for the right bronchus and 10–30 mm long for the left bron-
chus.21,22 The procedure was performed by a team of tho-
racic surgeons and nurses experienced in rigid
bronchoscopy. General anesthesia was used for rigid bron-
choscopy.23,24 First of all, the trachea was intubated with a
rigid bronchoscope with an internal diameter of 14 mm; the
large diameter working channel allows for controlled and
safe passage of the Y Stent Delivery System while maintain-
ing airway control. The site of the stenosis was visually local-
ized with the flexible bronchoscope, always measuring the
length of the stenotic area affected by disease of the left and
right main bronchi and the trachea.25,26 Through preventive
evaluation with a flexible bronchoscope, it is possible to
establish the stent release site more accurately.13,27 The first
phase of the procedure began with an assessment of the air-
ways and was followed by the treatment of the endoluminal
disease with the following techniques: mechanical debulking,
using rigid bronchoscopes of progressively increased diame-
ter, n. 6.5, 7.5, and 8.5, laser ablation, electrocoagulation,
and balloon dilation.28,29 The second phase of the procedure
involves placing the stent in the airways. First, we released
the locking of the first launch gear to free the two distal
limbs, intended for the main bronchi; we brought the two
branches of the prosthesis closer, thus inserting them easily
into the bronchoscope; we advanced the delivery catheter
into the rigid bronchoscope together with the optic under
vision, proceeding delicately along the lumen of the trachea
up to approximately 2 cm from the carina, assisting the
entire procedure with an aspirator to make the vision clear,
near the carina; we then rotated the delivery catheter by

F I G U R E 1 Distal tracheal obstruction with involvement of the carina and proximal main bronchi.
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about 180� so as to insert the longest branch on the right
and the shortest one on the left30,31 (Figures 2 and 3). The
delivery system is slowly rotated left and right, then
the bifurcation of the two branches is positioned on the
carina, anchoring it firmly, maneuvering the stent branches

into the correct position. The stent was then gently pushed
with a push rod while simultaneously retracting the rigid
barrel of the bronchoscope until the entire stent was
deployed32,33 (Figure 4). Correct stent placement was con-
firmed by flexible bronchoscopy. If necessary, the stent was

F I G U R E 2 Advancement the delivery catheter into the rigid bronchoscope together with the optic under vision, until 2 cm from the carina, rotating the
delivery catheter by about 180� so as to insert the longest branch on the right and the shortest one on the left.

F I G U R E 3 The delivery system is slowly rotated left and right, then the bifurcation of the two branches is positioned on the carina, maneuvering the
stent branches into the correct position.

F I G U R E 4 The bifurcation of the two branches is positioned on the carina, anchoring it firmly.
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gently manipulated with stiff forceps. The flexible broncho-
scope is passed consecutively through the rigid broncho-
scope, exploring the tracheal branch of the stent and the two
right and left bronchial branches of the stent.34 Difficulties
in passing the flexible endoscope through the deformed
stent edges can be expected; however, in all our cases, we
were able to pass a 5- to 6-mm flexible bronchoscope
through the bronchial limb. The flexible
bronchoscope therefore allows you to check the position,
help with orientation, and guide the progression of the stent
branches.35,36 Ideally, the length of the stent should be mini-
mized by covering the entire stenotic region and the shape
of the stent should be chosen to fit the anatomical structure
of the airway37,38 (Figure 5). The length of the limbs should
be long enough to cover the lesion and be as short as possi-
ble to reduce the possibility of obstruction of the stent by
secretions. There were no complications during procedure;
however, only one patient exhibited a momentary drop in
SpO2 to 61% during distal stent expansion due to obstruc-
tion in the right main bronchus, but it recovered soon after
the removal of the obstruction. Follow-up was performed
with serial flexible bronchoscopies and high-resolution com-
puted tomography.

Statistical analysis

The group of patients undergoing the reverse metal Y stent
(SEMS) technique (Table 1) was compared with the group
of patients undergoing the conventional metal Y stent
(SEMS) technique (Table 2). The analysis concerned an
improvement in respiratory function (50.4 vs. 68.3;
p = 0.012); an improvement of SpO2 in spontaneous breath-
ing (0.94 vs. 0.78; p = 0.013); reduction in mean time proce-
dure (26 min [21 ± 31 min] or 0.43 vs. 55 min or 0.92;
p = 0.01); a reduction in CO2 (0.41 vs. 0.37; p = 0.004); an
improvement in P/F (2 vs. 3; p = 0.02); a reduction in heart
rate (0.91 vs. 0.83; p = 0.003); a reduction in respiratory rate

(0.18 vs. 0.13; p = 0.001); and extension of the mean sur-
vival time (68.1 days [0.40 vs. 0.32; p = 0.008]). p < 0.05
was considered statistically significant (Figure 6).

RESULTS

The present study was designed as a single-center retrospec-
tive study in which 15 patients underwent Y reverse proce-
dures between October 2021 and October 2023. The average
age of the patients was 65 years; the youngest patient was
35 years old and the oldest patient was 78 years old. There
were six female patients and nine male patients. The most
frequent symptoms were dyspnea and stridor in all patients
(100%); cough in 15 (100%), hemoptysis in 11 (73%), infec-
tion in 4 (27%), and other symptoms (weightloss, asthenia)
in 8 cases (53%). The obstruction was caused by intralum-
inal injury or external compression. Neoplasia, primary or
metastatic lung, was the most frequent malignant diagnosis
in eight patients (53%), followed by patients with esophageal
cancer in two patients (13%) and mediastinal lymphadenop-
athy in five patients (33%). The degree of airway obstruction
and impairment of respiratory function was assessed using a
scale: 0—airway stenosis <30%, without dyspnea (0 patients);
1—airway stenosis 30%–50%, dyspnea during walking
(0 patients); 2—airway stenosis 50%–70%, dyspnea after sev-
eral minutes of walking (4 patients); 3—subtotal airway ste-
nosis >70%, dyspnea at rest (11 patients). The patients’
conditions before and after stent implantation were evalu-
ated according to the Karnofsky scale. Patients with <40
points were excluded from the study. The diagnosis of air-
way stenosis was established by patient history, thoracic
multislice spiral computed tomography, and three-
dimensional airway reconstruction. Flexible and rigid bron-
choscopy was performed in all patients. All procedures were
performed under general anesthesia.

The site of obstruction was located at the lower end of
the trachea and carina in all subjects, involving the origin of

F I G U R E 5 The inversion of the limbs allowed the longest stenotic tract on the right to be covered with the left branch.
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the left main bronchus in six patients (40%), of the right
main bronchus in nine patients (60%), upper right bronchus
in all patients (100%). The extent of the stenosis was longer
on the right (14 ± 22 mm) than on the left (11 ± 18 mm) in
all patients.

In five subjects, both main bronchi were involved in
malignant infiltration, which caused a luminal obstruction
of approximately 80%–90% on the right and 60%–70% on
the left. The degree of airway obstruction was Grades 3–4 in
13 of the 15 (86.6%) subjects with CAO. Stent dimensions
were 15 � 14 � 13 mm in nine patients (60%) and

18 � 12 � 12 mm in six patients (40%). Thirteen subjects
(87%) were extubated on the operating table, while two sub-
jects (13%) required endotracheal intubation after the proce-
dure for a mean duration of 11 h. During stent placement,
SpO2 was above 91% in 11 patients but approximately 86%
in 3 patients. Only one patient experienced a momentary
drop in SpO2 to 61% during distal stent expansion due to
obstruction in the right mainstem bronchus, but it recovered
soon after the removal of the obstruction. The duration of
the procedure from intubation to end was 21–29 min
(ffi 25min), while the stent placement procedure to full
deployment takes 6–9min (ffi 7:5). The most commonly
used stent was the Y-stent with an 11- to 15-mm tracheal
limb. Successful deployment of SEMYS with the above-
described technique was carried out in 14 patients (93%).
Only one subject had procedure-related complications that
included dental trauma. Thirteen (87%) subjects experienced
symptom relief after the procedure, and there was rapid res-
olution of respiratory failure after stent placement. In only
one case was the stent removed immediately after insertion
due to severe respiratory failure due to failure of the stent to
re-expand. All patients remained hospitalized for at least
24 h after the procedure (mean length of stay, 1 day; range,
1–2). Follow-up bronchoscopic inspection 1week after the
procedure revealed the stents in place and no signs of migra-
tion. All patients stated that their clinical symptoms had
improved significantly after surgery. The average follow-up
was 6months (2 ± 14months); two patients were followed
up for 21months (15 ± 28months). The most frequent late
complication was stent obstruction with secretions
(13 patients, 87%), which was managed with bronchoscopic
toileting. Granulation tissue formation at both ends of the
stent was another common complication encountered dur-
ing follow-up in nine patients (60%). No case of stent loss
was found. Five patients died during the follow-up within

T A B L E 1 Characteristics of patients undergoing Y reverse endoscopie
treatment.

Y-metal stents [SEMS]
reverse technique

Total number of subjects 15

Rate of succes of Y-metal stent [SEMS]
placement with reverse techniquea

14 [93%]

Average age of subjects 65 [35 + 71]

Data extraction period Oct 2019–Sep 2023
[48 months]

Average follow-up 6 months [2
± 14 months]

Signs and symptoms

Dyspnea and stridor 15 [100%]

Cough 15 [100%]

Hemopthysis 11 [73%]

Infections 4 [27%]

Other (weightloss, asthenia) 8 [53%]

Obstructive primary oncological disease

Lung cancer (and/or metastases) 8 [53%]

Esophageal cancer 2 [13%]

Mediastinal lymphadenopathy 5 [33%]

Degree of airway obstruction and
impairment of respiratoryfunctionb

0—airway stenosis <30%, without
dyspnea

0

1—airway stenosis 30%–50%, dyspnea
during walking

0

2—airway stenosis 50%–70%, dyspnea
after several minutes of walking

4 [27%]

3—subtotal airway stenosis >70%,
dyspnea at rest

11 [73%]

Site and extension of obstruction

Right [R] main bronchus 9 [60%]—[14 ± 22 mm]

Left [L] main bronchus 6 [40%]—[11 ± 18 mm]

Extraoperative complications

Stent obstructions by secretions 13 [87 %]

Granulation tissue formation 9 [60%]

Case of stent loss 0

Abbreviation: SEMS, self-expanding Y-metal stents.
aOnly one subject had procedure-related complications that included dental trauma.
bPatients with <40 points were excluded from the study according to Karnofsky scale.

TAB L E 2 Characteristics of patients undergoing conventional
Y-prosthesis placement.

Y-metal stents [SEMS]
conventional technique

Total number of subjects 20

Rate of succes of Y-metal stent
[SEMS] placement with reverse
technique

20 [100%]

Data extraction period Oct 2019–Dec 2023
[50 months]

Signs and symptoms

Dyspnea and stridor 18 [90%]

Cough 11 [55%]

Hemopthysis 7 [35%]

Other (weightloss, asthenia) 19 [95%]

Site of obstruction

Right [R] main bronchus 15 [75%]

Left [L] main bronchus 5 [25%]

Abbreviation: SEMS, self-expanding Y-metal stents.
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4weeks of the procedure (33%). Two patients were lost to
follow-up (13%). Neoplastic progression was the most com-
mon cause of death during follow-up. We compared the
group of patients undergoing endoscopic Y reverse treat-
ment with a second group of 20 patients undergoing con-
ventional Y-prosthesis placement (Figures 7 and 8). Patients
in the second group had endoluminal obstruction localized
at the lower end of the trachea and keel in all subjects,

involving the origin of the left main bronchus (5 patients;
25%), of the right main bronchus (15 patients; 75%); they
were referred to the Thoracic Surgery Unit of the Luigi Van-
vitelli University of Naples between October 2021 and
December 2023. The eligibility criteria for the referral of
patients with the length of the stenosis of the right bronchi
was greater than that of the left bronchi, advanced oncologi-
cal conditions, severe respiratory failure; exclusion criteria:

F I G U R E 6 Statistical analysis.

F I G U R E 7 Conventional Y-prosthesis placement.
F I G UR E 8 Y Reverse placement.
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Karnofsky scale <40 points. The most common signs and
symptoms were: dyspnea in 18 cases (90%), cough in
11 cases (55%), hemoptysis in 7 cases (35%), and other
symptoms (weightloss, asthenia) in 19 cases (95%). There
were no deaths on the operating table. In all these patients,
we positioned the Y-prosthesis in a conventional manner.
The analysis between the two groups highlighted an
improvement in respiratory function, improvement of SpO2

in spontaneous breathing, and procedure for reducing the
average time in the group of patients undergoing Y reverse
endoscopic treatment. p < 0.05 was considered statistically
significant.

DISCUSSION

Stent placement is necessary to restore airway patency after
procedures such as laser photocoagulation, dilatation, electro-
coagulation, and mechanical debridement, used for the treat-
ment of endoluminal bronchial obstruction and in
the treatment of airway stenosis from external compres-
sion.39,40 These techniques restore ventilation and relieve
symptoms.41 Insertion of a Y stent provides relief from dys-
pnea and provides improved quality of life for patients with
CAO involving the carina, distal trachea, and proximal main
bronchi.42,43 Several techniques for the placement of Y-stents
have been described. The “push” or “pullback” technique
uses alligator clips to compress the bifurcation of the stent.
With the “pullback” technique, both bronchial branches of
the stent are placed in one of the main bronchi and the stent
is pulled until the shorter branch into place in the contralat-
eral bronchus.44 Nowadays, the techniques used require distal
advancement of the Y-shaped stent into the trachea and main
bronchi without direct vision of the airways. Therefore, blind
advancement of the stent increases the risk of perforation of
the membranous part of the trachea and injury to the tracheal
wall or bronchia.45,46 The greater number of patients requir-
ing Y-stent placement have very limited tolerance to hypoxia
and poor respiratory reserve, thus increasing the risk of the
procedure during the apnea time required for Y-stent place-
ment.47 Therefore, timely stent placement and adequate ven-
tilation are of utmost importance.48 However, if major
repositioning is necessary, the stent must be removed and a
new stent used; the length and circumference of the stent can-
not be adapted to patients; however, several stent sizes are
available. The rigid tracheoscope (bronchoscope) after stent
placement in the proximal trachea allows for rapid return of
ventilation, and thus apnea time is minimized. The advantage
of our procedure is that it allows you to view every moment
in real time; thanks to the constant use of optics, it is possible
to have a clear vision of each step of the positioning of the
prosthesis. Adequate ventilation is ensured throughout
the procedure.49 Therefore, the procedural time using the
modified technique was 37% shorter than the procedural time
with the conventional technique, which compared with the
procedure time reported by Oki and Saka.50 In their case
series, they described an average procedure time of 55 min
for the conventional Y-stent technique. Y Reverse by means

of the 180� rotation of the branches of the prosthesis allows
the inversion of the positioning of the longest branch on the
right and the shortest on the left, thus covering the longest
stenotic section ensures, saturation above 92% and reducing
the onset of severe respiratory failure.51 Therefore, this tech-
nique is safe, convenient, and easy to master. We did not use
fluoroscopic guidance for the positioning of the stents, avoid-
ing exposure to radiation of the patient and the personnel
involved, but we ensured the correct positioning of the stent
with direct visualization of the flexible bronchoscope during
positioning. We preferred SEMS over silicone stents in cases
where the obstruction turns out to be extraluminal; therefore,
the external pressure cannot be relieved by silicone stents,
and metallic stents with their better radial strength are pre-
ferred. The use of SEMS is preferred when bronchoscopic
maneuvers cannot be possible and when the airway obstruc-
tion appears to be irregular. Metallic stents play an important
role due to their thinner wall thickness and their ability to
wrap the internal airway. However, while silicone stents can
be customized on-site during the procedure by changing their
length, the length of a metal stent cannot be changed, while it
is also possible to customize the lumen diameter of the metal
stent more widely, which is not possible with a silicone stent.
Given the different structures of silicone and metal stents, dif-
ferent complication rates occur. In cases of Y-shaped silicone
stents, the most common complications were mucostasis and
granulation tissue. In cases of SEMS, the most common com-
plications were granulation tissue formation, mucostasis, and
minimal stent fractures. The positioning of the stent with the
Y reverse technique ensured an improvement in respiratory
failure immediately after the procedure.52 The upper lobar
bronchus in all patients is the site of neoplasms; therefore, it
was only possible to recanalize the lower lobar bronchus, the
inversion of the branches, which allows to ensure the patency
of a longer section of the right bronchus, excluding the bron-
chus upper lobar, thus ensuring the recanalization of the
lower lobar bronchus. However, the present study is limited
by its single-center nature and small sample size. Further-
more, the metal stent has some limitations, being difficult to
remove and reposition after epithelialization, which usually
occurs at around 8 weeks. Furthermore, the metal stent can
become damaged and the broken filaments can damage the
mucosa. Therefore, they are mainly indicated in conditions
where patient survival is limited, such as in advanced cancer
patients. During stent placement, the patient cannot be venti-
lated, the stent cannot be repositioned once inserted, although
it can be gently moved for gentle repositioning. However, if
major repositioning is necessary, the stent must be removed
and a new stent used; the length of the stent cannot be
adapted to patients; however, several stent sizes are available.

CONCLUSIONS

Y Reverse is a valuable tool in the palliative treatment of
patients with CAO. Tracheobronchial stent implementation
and maintenance practices vary widely around the world.
The use of Y Reverse and its widespread use depends on the
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skills of the professional who places it. The engineering,
design, and innovations of the Y Reverse in its implementa-
tion are an ever-evolving process. Y Reverse is a safe proce-
dure for improving quality of life, reducing CO2,
improvement in respiratory and heart rate, increasing P/F,
improvement in saturation; prolonging survival, and provid-
ing rapid symptom relief in individuals who have critical
central airway obstruction near the distal portion of the tra-
chea, carina, and main right and left bronchi. However, fur-
ther studies are needed to corroborate our studies.
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