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Abstract: The Sleeve-Type Endotracheal Tube (STET) is an innovative airway management device designed to address the 
limitations associated with traditional double-lumen tubes (DLTs) and bronchial blockers (BBs). Utilizing a modular structure 
comprising an outer sheath tube, inner sheath tube, and blocking tube, the STET offers increased flexibility in one-lung ventilation 
(OLV) and airway clearance, thereby reducing airway trauma and improving ventilation efficiency. Its dual-cuff system ensures stable 
positioning, while its versatile design accommodates diverse patient populations, including pediatric patients and those with difficult 
airway anatomy. This review explores the structural characteristics, manufacturing processes, clinical advantages, potential limitations, 
and practical applications of the STET. After multiple rounds of structural optimization, the STET design has successfully advanced 
into pilot production. Preliminary validation results from small-scale manufacturing and functional testing demonstrate promising 
structural stability, operational flexibility, and safety performance. The STET represents a significant advancement in airway manage
ment, holding substantial potential to improve patient outcomes and transform clinical practice in thoracic surgery and critical care 
anesthesiology. 
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The successful implementation of thoracic surgery relies on anesthesiologists’ precise management of lung isolation and 
one-lung ventilation (OLV).1 OLV is a critical technique that allows ventilation of one lung while collapsing the other, 
providing a static surgical field and protecting healthy lung tissue from cross-contamination, all while maintaining 
adequate oxygenation.2 This technique is widely used in pulmonary resections, minimally invasive cardiac surgery, 
esophagectomy, and certain spinal surgeries. Currently, double-lumen tubes (DLTs) and bronchial blockers (BBs) are the 
primary airway devices employed to achieve OLV in clinical practice.3

Both DLTs and BBs have their advantages and limitations. DLTs are favored for their rapid and stable positioning. 
Their dual-lumen design facilitates easy switching between bilateral lung ventilation and OLV, making them particularly 
suitable for surgeries requiring alternating operation on both lungs.4 Additionally, DLTs support continuous positive 
airway pressure (CPAP), aiding in the management of hypoxemia during OLV. DLTs also allow for efficient suctioning of 
secretions and blood, which is especially beneficial for patients with significant distal airway secretions or bleeding.5 

However, due to their larger external diameter, DLTs pose a risk of laryngeal and tracheal injury, with postoperative 
complications such as sore throat, hoarseness, and airway edema commonly reported.6 Moreover, DLT use is limited in 
pediatric patients and those with difficult airways or abnormal tracheobronchial anatomy, and the limited range of 
available sizes can increase the difficulty of tube selection and placement.7
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In contrast, BBs, which are inserted through single-lumen tubes (SLTs), are often the preferred choice for pediatric 
patients and those with complex airway anatomy.8 The smaller external diameter of BBs reduces the risk of laryngeal and 
tracheal injuries, while their larger internal diameter improves ventilation efficiency. Furthermore, BBs can be easily 
removed after OLV, minimizing the need for tube exchange in patients requiring prolonged postoperative mechanical 
ventilation.9 However, BBs have significant drawbacks, including more complex placement procedures, longer position
ing times compared to DLTs, and a higher likelihood of intraoperative displacement requiring frequent readjustments.10 

When patients’ positions change during surgery, BBs are more prone to dislocation,11 which may interfere with surgical 
operations. BBs also have limited capacity for clearing secretions from the non-ventilated lung, making them less ideal 
for surgeries requiring alternating lung isolation.12

In summary, both DLTs and BBs are effective tools for achieving OLV, yet each has its inherent limitations. 
Optimizing airway management tools to enable safer, more stable, and efficient OLV remains a critical scientific 
challenge in the field of anesthesiology for thoracic surgery.

To address these challenges, we have developed the Sleeve-Type Endotracheal Tube (STET), a recently patented 
airway device that integrates several innovative design elements. Unlike existing double-sleeve ET or traditional devices, 
the STET features a modular dual-lumen architecture, detachable inner components, and a dual-cuff structure. These 
patented innovations enhance operational flexibility, improve sealing performance, and increase procedural safety. The 
STET aims to combine the advantages of both DLT and BB while minimizing their respective shortcomings, such as 
airway trauma, complex positioning, and secretion management difficulties. By optimizing both structural design and 
functional performance, the STET represents a promising advancement in airway management for one-lung ventilation.

Design of the Sleeve-Type Endotracheal Tube (STET)
STET is a recently patented, novel airway device specifically designed to overcome the limitations of existing 
endotracheal tools. Unlike traditional devices, the STET integrates the advantages of the DLT, such as ease of positioning 
and reduced displacement, with the benefits of the BB, including a smaller external diameter, larger ventilation lumen, 
and minimized airway trauma. Furthermore, through its modular dual-lumen architecture, detachable inner components, 
and dual-cuff structure, the STET provides enhanced flexibility and operational efficiency, effectively addressing the 
shortcomings of both DLT and BB.

Structural Features
The STET design consists of an outer sheath tube (1) and an inner sheath tube (7), where the inner tube is inserted into 
the lumen of the outer sheath tube and forms a detachable, sealed connection with the outer tube. The length of the inner 
sheath tube is fixed and does not exceed the length of the outer sheath tube (Figure 1).

The front end of the outer sheath tube is equipped with two cuffs: the first cuff (2) and the second cuff (3). 
A breathing hole (9) is located between the two cuffs. The rear end of the outer sheath tube is fixed with a first inflation 
port (4) and a second inflation port (5), which are connected to the first and second cuffs through inflation tubes 
embedded within the wall of the outer sheath tube. The rear end of the outer sheath tube is inclined and equipped with 

Figure 1 The outer sheath tube. 1. Outer sheath tube; 2. First cuff; 3. Second cuff; 4. First inflation port; 5. Second inflation port; 6. Branch tube; 7. Inner sheath tube; 8. 
Connector sealing cap; 9. Breathing hole.

https://doi.org/10.2147/MDER.S526736                                                                                                                                                                                                                                                                                                                                                                                                                                        Medical Devices: Evidence and Research 2025:18 282

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



a branch tube (6) that passes through it, with the end of the branch tube fixed to a ventilator interface. This branch tube 
not only meets ventilation needs but also provides a passage for bronchoscopy and airway clearance (Figure 2).

The inner sheath tube is a hollow, fixed-length tube structure with openings at both ends. The front end of the inner 
tube is equipped with a sealing cuff (11), and the rear end is fixed with a third inflation port (13), which connects through 
tubes embedded within the inner tube to control cuff inflation.

Operation and Flexibility
The STET supports a straightforward and adaptable operation. First, the outer sheath tube is inserted into one side of the 
bronchus, ensuring that the first cuff (2) enters the bronchus, with the breathing hole (9) positioned in the trachea. Both 
cuffs (2 and 3) are inflated to seal them. Next, the inner sheath tube is inserted into the outer sheath tube, and the sealing 
cuff (11) at the front of the inner tube is positioned across the breathing hole (9) of the outer sheath tube. The sealing cuff 
(11) is inflated to block the inner lumen of the outer sheath tube.

Based on surgical needs, the appropriate inner sheath tube can be selected and swapped to alternate between OLV and 
airway clearance. Due to significant anatomical variations in the right upper lobe bronchus, left-sided insertion of the 
outer sheath tube is preferred in clinical practice, except when a right-sided OLV is required. If left-sided OLV is needed, 
a larger inner sheath tube is chosen, and the ventilator interface (10) at the tail end of the inner tube is connected to the 
ventilator. Ventilation is performed through the outer sheath tube branch (6), collapsing the right lung. Conversely, if 
right-sided OLV is required, a smaller inner sheath tube is used to seal the outer sheath tube and collapse the left lung, 
with the ventilator connected to the outer sheath tube branch (6) for ventilation (Figure 3).

Figure 2 The inner sheath tube. 7. Inner sheath tube; 10. Ventilator interface; 11. Sealing cuff; 12. Inflation tube; 13. Third inflation port.

Figure 3 Schematic diagram of operation method. 2. First cuff; 6. Branch tube; 7. Inner sheath tube; 8. Connector sealing cap; 9. Breathing hole; 10. Ventilator interface; 11. 
Sealing cuff; 14. Blocking tube; 15. Inflated cuffs.
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For bilateral lung ventilation, the inner sheath tube (2) is removed, and a sealing cap (8) is placed on either the outer 
sheath tube’s ventilator port (7) or the branch tube port (6) to block it. The remaining port is then connected to the 
ventilator for ventilation.

Pilot Production and Preliminary Validation
After multiple rounds of structural and technical refinement, the STET design was finalized and advanced to a small- 
scale pilot production phase. The objective of this pilot study was twofold: first, to evaluate the structural durability and 
material endurance of the device under simulated operational conditions; and second, to assess its functional performance 
in airway management procedures using simulated airway models. This preliminary evaluation focused on validating the 
design and operational feasibility of the STET, establishing a foundation for subsequent development and future clinical 
application.

In selecting materials and manufacturing processes, we employed a range of polymers, including polyvinyl chloride 
(PVC), polyurethane (TPU), polypropylene (PP), and nylon (PA), tailored specifically for the outer sheath tube, inner 
sheath tube, and blocking tube. The materials and manufacturing processes were shown in Table 1. The outer sheath tube 
was extruded from PVC and featured a thermally molded tip, which ensured sufficient flexibility and compatibility with 
airway anatomy (Figure 4A). The inner sheath tube, designed to fit precisely within the outer sheath, enabled accurate 
lung-lobe isolation (Figure 4B). The blocking tube, fabricated by extruding PA with an integrated TPU balloon, 
facilitated localized bronchial occlusion or airway clearance (Figure 4C).

Manufacturing methods such as extrusion, injection molding, blow molding, and thermal forming were carefully 
chosen to meet specific requirements concerning hardness, flexibility, transparency, and biocompatibility. Both the outer 
and inner sheath tubes utilized PVC extrusion combined with thermal forming techniques to maintain optimal flexibility 
and structural stability within the airway. Balloon components, fabricated through TPU or PVC blow molding based on 
their functional placement, effectively balanced expansion characteristics with durability.

Following individual component production and rigorous quality inspections, semi-automated assembly was con
ducted under clean-room conditions to produce the final STET device. As illustrated in Figure 4D, the completed STET 
integrates the outer sheath tube, inner sheath tube, and blocking tube into a cohesive unit. Each balloon underwent 

Table 1 Materials and Manufacturing Processes of the Main STET Components

Component Part Material Manufacturing Process

Outer Sheath Tube Connector Polypropylene (PP) Injection molding
Tube body Polyvinyl chloride (PVC) Extrusion, thermal molding (tip)

Balloon (tracheal segment) Thermoplastic polyurethane (TPU) Blow molding

Balloon (bronchial segment) Polyvinyl chloride (PVC) Blow molding
Inflation tube Polyvinyl chloride (PVC) Extrusion

Pilot balloon Polyvinyl chloride (PVC) Blow molding

Check valve Polyvinyl chloride (PVC) Injection molding
Connector sealing cap Silicone Compression molding

Inner Sheath Tube Connector Polypropylene (PP) Injection molding

Tube body Polyvinyl chloride (PVC) Extrusion, thermal molding (tip)
Balloon Thermoplastic polyurethane (TPU) Blow molding

Inflation tube Polyvinyl chloride (PVC) Extrusion
Pilot balloon Polyvinyl chloride (PVC) Blow molding

Check valve Polyvinyl chloride (PVC) Injection molding

Blocking Tube Connector Polypropylene (PP) Injection molding
Tube body Nylon (Polyamide, PA) Extrusion

Balloon Thermoplastic polyurethane (TPU) Blow molding

Inflation tube Polyvinyl chloride (PVC) Extrusion
Pilot balloon Polyvinyl chloride (PVC) Blow molding

Check valve Polyvinyl chloride (PVC) Injection molding
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independent leak and pressure testing to verify safety and reliability standards essential for clinical application. 
Concurrently, repeated adjustments were made to material formulas and manufacturing processes to optimize transpar
ency and visualization, thus enabling clinicians to achieve a consistently clear view during direct laryngoscopy or fiber- 
optic bronchoscopy.

During the preliminary functional validation, we focused on several key aspects: we first assessed the ease of 
intubation and operational flexibility by testing STET insertion, inner sheath replacement, and blocker placement in 
simulated airways and anatomical models, thereby confirming its navigability and positioning capability under both 
routine and difficult airway conditions. We then evaluated sealing integrity and lung isolation performance by inflating 
the two cuffs of the outer sheath tube and the balloon on the inner sheath tube (or blocker) separately, verifying their 
capacity to effectively block airflow and achieve targeted lung isolation while accommodating a collapsed non-ventilated 
lung or maintaining CPAP. In terms of safety and durability, we repeatedly inflated and deflated the balloons and 
monitored the catheter walls in a 37°C environment over several hours, observing no significant material degradation, 
deformation, or balloon rupture. Finally, regarding cleaning and visualization, the branch interface on the outer sheath 
tube and the removable design of the inner sheath tube facilitated suctioning, secretion clearance, and management of 
intraoperative bleeding, while fiber-optic bronchoscopy ensured prompt aspiration of secretions and preservation of 
a clear view.

Overall, the results from the small-scale pilot production and preliminary tests demonstrate that the STET has 
achieved the expected goals in terms of structural stability, operational flexibility, and lung isolation efficiency. Larger- 
scale pilot production and clinical trials will be conducted in the future to collect multicenter data and further refine the 
STET’s manufacturing parameters and material formulations.

Advantages of the Sleeve-Type Endotracheal Tube (STET)
The STET overcomes many limitations of traditional airway devices, offering a range of distinct advantages that improve 
safety, efficiency, and versatility in clinical practice. By combining the strengths of DLTs and BBs while mitigating their 
respective drawbacks, the STET represents a significant advancement in airway management for thoracic surgery and 
other complex procedures.13 To provide an overall comparison of the STET with existing airway devices, Table 2 
summarizes the functional features of the STET in relation to the DLT and BB.

Enhanced Safety and Reduced Airway Trauma
One of the primary advantages of the STET is its smaller external diameter, which significantly reduces the risk of 
laryngeal and bronchial trauma during intubation. This is particularly important for patients with difficult airways, airway 

Figure 4 STET and its main components. (A) Outer sheath tube with dual. cuff structure for secure placement in the airway; (B) Inner sheath tube designed for precise lung. 
lobe isolation; inserted within the outer sheath tube; (C) Blocking tube (blocker) used for localized bronchial occlusion or airway clearance; (D) Complete STET assembly 
showing the integrated arrangement of the outer sheath tube; inner sheath tube; and blocking tube.
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compression, or anatomical abnormalities where traditional DLTs may pose challenges.14 By minimizing trauma to the 
airway structures, the STET helps reduce the incidence of postoperative complications such as sore throat, hoarseness, 
and airway edema.15 This advantage also extends to pediatric patients, for whom appropriately sized DLTs are often 
unavailable, making the STET a safer and more feasible option.16

Superior Ventilation Efficiency
The STET features a larger ventilation lumen compared to traditional DLTs, enhancing ventilation efficiency during 
OLV.17 This improvement ensures adequate oxygenation and ventilation, particularly in patients with compromised 
respiratory function. For instance, an outer sheath tube with a 7.5 mm internal diameter, paired with an inner sheath tube 
of 2.3 mm internal diameter, provides ventilation performance equivalent to a SLT with a 7.14 mm internal diameter. This 
configuration is especially beneficial for patients requiring high ventilation demands or prolonged surgical procedures.18 

Alternatively, using an inner sheath tube with a 5 mm internal diameter achieves ventilation performance comparable to 
a 39Fr DLT, offering flexibility for varying clinical scenarios.

Modular Design and Surgical Adaptability
The modular design of the STET, featuring interchangeable inner sheath tubes, offers exceptional flexibility to accom
modate various surgical needs. This design enables rapid transitions between OLV and airway clearance, minimizing 
procedural interruptions and allowing anesthesiologists to efficiently adapt to dynamic surgical requirements.19 For 
example, the inner sheath tube can be quickly replaced to switch between ventilating different lungs or to facilitate 
airway clearance without necessitating a complete tube replacement.

Additionally, the modularity allows the STET to handle diverse surgical scenarios. When the inner sheath tube is used 
for ventilation, the outer sheath tube can serve to collapse the non-ventilated lung or clear the airway. Conversely, when 
ventilating through the outer sheath tube, the inner sheath tube can be employed for lung isolation. This adaptability is 
particularly beneficial in complex surgeries requiring frequent transitions, such as bilateral thoracic procedures.20 By 
reducing the risks associated with tube exchange—such as airway trauma or loss of ventilation—the STET ensures safer 
and more efficient intraoperative management.21

Stable Positioning and Reduced Adjustments
The dual-cuff structure of the outer sheath tube ensures stable positioning, significantly reducing the likelihood of 
displacement during surgery.22 This stability is particularly valuable in thoracic procedures, where changes in patient 
positioning, such as transitioning from supine to lateral decubitus, are common. The reduced need for intraoperative 
adjustments enhances surgical workflow efficiency and minimizes disruptions. Additionally, the outer sheath tube’s 
secure fit decreases the reliance on fiberoptic bronchoscopy for positioning verification, further simplifying the 
procedure.

Table 2 Comparative Analysis Highlighting the Advantages of STET 
Over DLT and BB

Feature DLT BB STET

External diameter (smaller is better) Large Small Moderate

Ventilation efficiency Moderate High High

Airway trauma risk (lower is better) High Low Low
Positioning stability High Low High

Adaptability to difficult airway Low Moderate High

CPAP compatibility Yes Limited Yes
Ease of secretion clearance High Low High

Modularity and flexibility No Limited High
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Versatility for Diverse Clinical Scenarios
The STET’s versatility makes it suitable for a wide range of patients and clinical scenarios. It is especially advantageous 
for patients with difficult airways, including those with airway compression due to tumors or tracheobronchial anomalies. 
Its smaller external diameter and modular inner sheath tube design provide a practical solution for pediatric patients, 
addressing a significant limitation of traditional DLTs. Moreover, the STET supports nasal and awake intubation, offering 
flexibility in cases where oral intubation may not be feasible.

The STET is also compatible with CPAP for the non-ventilated lung, an essential feature for managing hypoxemia 
during OLV. This capability enhances its utility in complex surgeries and critical care settings, ensuring better patient 
outcomes.

Application Prospects of the Sleeve-Type Endotracheal Tube (STET)
The STET holds significant promise for advancing airway management, particularly in thoracic surgical anesthesia. Its 
unique design, combining the strengths of DLTs and BBs, positions it as an innovative solution to meet diverse clinical 
demands.22 The STET’s versatility, safety profile, and operational efficiency make it a valuable tool in a variety of 
clinical scenarios, including difficult airway management, pediatric anesthesia, and surgeries requiring precise lung 
isolation.

Enhanced Safety and Efficiency in Thoracic Surgery
Thoracic surgery often requires meticulous airway management to achieve effective OLV and ensure optimal surgical 
exposure.23 The STET’s dual-cuff design and modular inner sheath tube allow for stable positioning, reduced risk of 
airway trauma, and seamless transitions between OLV and bilateral ventilation. These features significantly enhance 
patient safety and minimize complications such as laryngeal and bronchial injuries. Furthermore, the STET’s compat
ibility with CPAP supports the management of hypoxemia during OLV, a critical challenge in thoracic surgery.24

Broad Clinical Applicability
The STET’s adaptability extends its application beyond thoracic surgery. It is particularly advantageous in patients with 
difficult airways, airway compression due to tumors, or tracheobronchial anomalies, where traditional DLTs may be 
difficult or impossible to use.25 Its smaller external diameter and larger ventilation lumen make it suitable for pediatric 
patients, addressing a significant gap in airway management for younger populations. The STET also supports nasal and 
awake intubation, offering anesthesiologists greater flexibility in managing complex cases.26

Practical Benefits in Resource-Limited Settings
The STET’s simple and efficient design makes it ideal for use in primary care hospitals and resource-limited settings. Unlike 
DLTs, which require precise sizing and carry higher risks of complications, the STET’s modular structure and ease of 
insertion reduce the technical demands on anesthesiologists.27 Its compatibility with both fiberoptic bronchoscopy and 
traditional auscultation methods simplifies the learning curve, enabling broader adoption across healthcare settings. 
Additionally, the reduced need for intraoperative repositioning enhances surgical workflows and reduces operating room time.

Potential for Broader Adoption
As healthcare systems increasingly emphasize patient safety, efficiency, and cost-effectiveness, the STET aligns well with 
these priorities. Its ability to combine the advantages of existing airway devices while mitigating their limitations 
highlights its potential for widespread adoption. Future clinical studies comparing the STET to DLTs and BBs in 
terms of safety, efficacy, and cost-benefit will be critical to establishing its role as a standard airway management tool.28

Driving Innovation in Airway Management
The STET not only addresses current challenges in thoracic anesthesia but also sets the stage for further innovations in 
airway management. Its modular design could inspire the development of next-generation devices tailored to specific 
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surgical needs, such as robotic-assisted thoracic surgery or minimally invasive procedures. Additionally, the integration 
of advanced materials and technologies, such as real-time pressure sensors or biofeedback systems, could further enhance 
the STET’s functionality and safety.

Potential Limitations of the Sleeve-Type Endotracheal Tube (STET)
While the STET presents significant advantages in airway management, it is essential to acknowledge its potential 
limitations to provide a balanced perspective and identify areas for improvement.

Increased Complexity in Design and Manufacturing
The STET’s modular design and dual-component structure, while innovative, may increase manufacturing complexity 
and costs compared to conventional airway devices like DLTs and BBs. The integration of multiple cuffs, inflation ports, 
and the detachable inner sheath tube requires precise engineering and quality control, which could pose challenges in 
large-scale production. This may affect its affordability and accessibility, particularly in resource-limited settings.

Learning Curve for Clinical Implementation
The STET introduces a new approach to airway management, which may require additional training for anesthesiologists 
unfamiliar with its operation. Proper insertion and management, especially the precise coordination between the inner 
and outer sheath tubes, could initially lengthen procedural times in clinical settings. The reliance on specific insertion 
techniques, such as fiberoptic bronchoscopy (FOB) or auscultation, may further complicate its adoption in hospitals with 
limited expertise or equipment.

Risk of Airway Leakage and Misalignment
Although the STET is designed for secure and stable positioning, the detachable connection between the inner and outer 
sheath tubes introduces a potential risk of airway leakage or misalignment. During complex or prolonged surgeries, shifts 
in patient positioning or repeated adjustments could disrupt the seal, potentially compromising ventilation or lung 
isolation. Additional clinical studies are needed to evaluate the robustness of the STET in these scenarios.

Limited Evidence From Clinical Trials
As a novel device, the STET currently lacks extensive clinical trial data to fully validate its efficacy, safety, and long-term 
outcomes compared to established devices. While its design addresses known limitations of DLTs and BBs, empirical 
evidence is essential to confirm its superiority in diverse patient populations and surgical contexts. The lack of robust 
data may initially limit its acceptance and adoption among anesthesiologists.

Compatibility With Existing Ventilators and Equipment
The STET’s dual-component structure and modular design may raise compatibility concerns with standard ventilators 
and other airway management equipment. For example, ensuring a secure and efficient connection between the STET and 
various ventilator models could require additional adapters or modifications, potentially complicating its use in different 
clinical settings.

Prospects and Outlook
The STET holds great promise for transforming airway management in thoracic surgery and beyond. Its innovative 
modular design, combining versatility and efficiency, makes it a strong candidate for addressing diverse clinical needs. 
Beyond thoracic anesthesia, the STET’s adaptability offers advantages for managing difficult airways, pediatric cases, 
and airway compression, positioning it as a versatile tool in a wide range of surgical and critical care scenarios. As 
healthcare systems emphasize safety and efficiency, the STET is well-aligned to meet these demands and improve patient 
outcomes.

Future advancements could further enhance the STET’s potential by integrating smart technologies like real-time 
pressure monitoring and automated cuff adjustments. Comprehensive clinical trials and comparative studies are crucial to 
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validating its safety, efficacy, and cost-effectiveness. Efforts to address current limitations, such as manufacturing 
complexity and compatibility with existing equipment, will enable broader adoption. With its simplicity and accessibility, 
the STET could also benefit resource-limited settings, making advanced airway management more widely available. As 
these developments unfold, the STET is poised to become a cornerstone of modern airway management, advancing the 
field of anesthesiology and improving surgical care.

Conclusion
The STET offers an innovative approach to airway management, combining the strengths of traditional devices like DLTs 
and BBs while addressing their limitations. Its modular design ensures adaptability, safety, and efficiency, making it 
particularly valuable for OLV and airway clearance in thoracic surgery. With ongoing refinement and clinical validation, 
the STET has the potential to set a new standard in airway management, improving patient outcomes and advancing the 
field of anesthesiology.
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