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Abstract: Medical device research and development are characterized by high costs, extended timelines, inherent 
risks, and the necessity for interdisciplinary knowledge and skills. It is significantly influenced by policies, making 
the understanding of medical device innovation both important and challenging. This paper takes a dual approach 
to analyze medical device innovation. We reviewed representative clinical product of bougie and stylet and sum-
marized the common characteristics and trend of these product. Innovations in these products often involve add-
ing depth markings, replacing material and design structure, enhancing visualization, deciding between reusable 
or disposable designs, and integrating multi-functional features. This underscores the delicate balance between 
technological advancements and medical costs for widespread clinical applicability. We explored the guiding role of 
policy in medical device innovation, emphasizing its impact through an analysis of medical device regulations and 
policies in China. By offering insights from the perspectives of medical device companies and regulators, this paper 
aims to elucidate the critical aspects of medical device innovation, assisting researchers in mitigating risks during 
product development.
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Introduction

Medical device development spans various dis-
ciplines, including biology, chemistry, mechani-
cal design, and electronic information [1]. 
Research indicated that stringent regulatory 
requirements contribute to pre-market approv-
al costs for medical devices. This can reach mil-
lions of dollars, coupled with a time-to-market 
that extends over several years [2]. This sce-
nario introduces significant risk in medical 
device projects. Research and development 
funding are frequently constrained, impeding 
innovation within companies. Understanding 
the intricate trends in the innovation and devel-
opment of medical devices is paramount for 
fostering a robust and swift growth of the medi-

cal device industry. Innovation is not confined 
to technological influences; it encompasses a 
multitude of factors, particularly medical device 
regulations and policies [3-5]. As a result, the 
innovation of medical device can be complex 
and circuitous. Amidst the diverse array of med-
ical devices, a focused examination of repre-
sentative components, such as bougie and sty-
let, emerges as a strategic approach to compre-
hending the innovative trajectory. These com-
ponents play a profound role in shaping the 
lives and health of patients.

Tracheal intubation stands as a pivotal tech-
nique for the critical treatment of patients fac-
ing severe illness or injuries requiring clinical 
anesthesia and mechanical ventilation [6]. The 

http://www.ajtr.org
https://doi.org/10.62347/LTAT2593



Medical device innovation

4072	 Am J Transl Res 2024;16(8):4071-4082

success of this procedure directly correlates 
with the ability to effectively rescue the lives of 
critically ill or injured patients. Auxiliary devices 
such as bougie and stylet play integral roles in 
clinical tracheal intubation. Bougies, character-
ized by their soft, slender, and cylindrical 
design, are crafted to guide, position, support, 
and establish a pathway for the endotracheal 
tube [7]. Stylets are soft and slender devices 
that provide rigidity, stability, guidance, and 
support. These functions are essential for the 
endotracheal tube [8]. Despite the distinct 
design and appearance disparities between 
bougie and stylet, their shared objective is to 
facilitate and support the intubation process. 
Ongoing efforts to address intricate issues  
in clinical applications prompt continuous 
enhancements to these devices. Analyzing the 
innovation processes and unique characteris-
tics of different bougies or stylets aids health-
care professionals in selecting more suitable 
tools and provides a profound insight into medi-
cal device innovation. This insight encompass-
es problem identification, the development of 
new devices tailored to specific needs, and 
contributes to the heightened efficiency of 
medical device research and development. 
This mitigates the risks associated with devel-
opment failures [9].

The trajectory of medical device development 
is shaped by market dynamics and by a com-
plex interplay of government policies, industry 
regulations, standards, and considerations 
involving the insurance sector [10-12]. Some of 
these elements impose constraints on corpo-
rate behavior. A thorough analysis of pertinent 
industry policies offers valuable insights into 
the course of medical device development [13]. 
This analytical approach enables companies to 
navigate resource wastage, attain a renewed 
understanding of market dynamics, and align 
with national demands for medical devices.  
It serves to enhance the overall effectiveness 
of the final products by ensuring their compli-
ance with regulatory frameworks and industry 
standards.

Bougie and stylet

Tracheal intubation, a critical technique in 
ensuring patient safety, presents various chal-
lenges that can be effectively addressed 
through the utilization of appropriate auxiliary 
tools [14]. For instance, when confronted with 

challenges related to poor visibility in the air-
way, the deployment of a bougie becomes 
instrumental. Bougies serve to expand the air-
way, guiding the endotracheal tube during the 
intubation [15]. The endotracheal tube encoun-
ters difficulty with its softness, impeding 
smooth insertion. The stylet is meticulously 
designed to provide the necessary rigidity and 
stability. Stylets offer rigidity, helping maintain 
the endotracheal tube’s shape during insertion. 
This makes them suitable for standard intuba-
tions with clear airway anatomy and requiring 
visual confirmation of tube passage through 
the vocal cords, often aided by a laryngoscope. 
Both bougie and stylet play indispensable roles 
in clinical settings, addressing different aspects 
of the intubation process. Bougies are ideal for 
difficult airway intubations where navigating 
the airway’s curvature is challenging, minimiz-
ing tissue trauma due to their flexibility. Stylets, 
though providing stability, pose a risk of airway 
damage if not promptly removed after the  
tube passes the vocal cords. Researchers con-
tinue to innovate, developing products that 
improve the intubation process and introduce 
sophisticated features to meet evolving clinical 
demands. These innovations often incorporate 
new technologies or employ novel structures to 
address the intricacies of clinical scenarios, as 
illustrated by the diverse designs of bougie and 
stylet products born out of ongoing research 
and development efforts.

Bougie

There is a wide range of bougie products, but 
their use can be broadly divided into the follow-
ing steps. Preceding intubation, the endotra-
cheal tube is affixed to the bougie. The bougie 
is meticulously inserted through the glottis, 
often in tandem with a direct laryngoscope or a 
video laryngoscope. This combined approach 
facilitates a comprehensive visualization of the 
glottis, ensuring precise information gathering 
and accurate insertion of the endotracheal 
tube into the airway. With the endotracheal 
tube appropriately positioned, it is deftly 
maneuvered through the glottis. The final step 
involves the removal of the bougie, marking the 
completion of the tracheal intubation process. 
Table 1 provides a summary of representative 
bougie products, offering insights into the 
diverse options available in the market and 
highlighting their unique features. Some of the 
products are shown in Figure 1.
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In 1949, Sir Robert Reynolds Macintosh pio-
neered the design of the inaugural bougie, rec-
ognized as the “Gum Elastic Bougie [16]”. This 
drew inspiration from a urethral dilatation cath-
eter. The evolution of bougie technology contin-
ued in the 1970s when P.H. Venn made signifi-
cant improvements, culminating in the creation 
of the first purpose-made bougie [17]. This 

innovation was later manufactured by the UK 
company Eschmann and named the “Eschmann 
introducer”. This introducer has undergone 
refinements, boasting current specifications of 
a 60 cm length, a 5 mm outer diameter, and a 
distal tip angled at 40°. The introducer exhibits 
a unique memory function, maintaining its new 
shape when bent, having been made of a poly-

Table 1. Summary of the bougie product on the market

Device Name Depth 
markings

Material and design 
structure Visualization Reusable or 

disposable Featured Functions

Eschmann introducer No A polyester core and a resin No Change from 
reusable to

Clinical gold standard

Frova intubating introducer Yes Polyethylene No Disposable Tube lumen and distal side port for 
oxygen delivery

Introes pocket bougie Yes A unique fluoropolymer blend No Disposable Allows it to fit in a pocket for quick 
rescue

Total Control Introducer Yes A flexible shaft, an articulating 
tip, and a removable pistol grip 
handle

Conjunction with 
a laryngoscope

Disposable Suitable for use with laryngoscope, 
can be operated by one person

Flexible Tip Bougie™ Yes Silicone tip with fluorescent 
and slider

No Disposable Slider to adjust tip angle and 
silicone tip to minimize the risk of 
tracheal trauma

Figure 1. Representative product diagrams of bougie and stylet. A. Eschmann introducer, SP Services (UK) Ltd. B. 
Frova intubating introducer, COOK MEDICAL LLC P.O. C. Introes pocket bougie, MD Inc. D. Total Control Introducer, 
SOURCEMARK, LLC. E. Flexible Tip Bougie™, Lateral Medical. F. Portex stylet, Universal Specialities Limited - USL 
Medical. G. Truflex™ Stylet, T K India Private Limited. H. SEEKflex image from “Application of “twelve-step” approach 
based on SEEKflex for difficult awake tracheal intubation in patients with cervical spinal tumor (Adapted from We-
nyun Xu et al, 2022)”. I. Shikani Optical Stylet, Sharn Anesthesia Inc. All images of products were cited from manu-
facturer’s websites.
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ester core and a resin coating. This combina-
tion ensures an optimal balance of rigidity and 
flexibility, facilitating ease of insertion and with-
drawal. In practical application, physicians ben-
efit from sensory indicators such as audible 
“clicks” or encountered resistance to gauge the 
accurate placement of the endotracheal tube 
with the Eschmann introducer. In 2014, the 
“traffic-light bougie”, proposed by A Paul, intro-
duced color coding to indicate insertion depth, 
preventing it from being pushed too far and 
causing airway trauma [18].

Building on the foundation laid by the Eschmann 
introducer, the introduction of the Frova 
Intubating Introducer [19] in the 1990s marked 
a pivotal evolution in the design and functional-
ity of airway management tools. The Frova 
Intubating Introducer, designed with a length of 
65 cm and a tip angle of 35°, distinguishes 
itself by facilitating enhanced sliding below the 
epiglottis. Crafted from polyethylene, the Frova 
Intubating Introducer embodies a memory 
effect and features a rigid, detachable internal 
sheath, contributing to its increased stiffness. 
This unique design empowers an anesthesiolo-
gist to adeptly maneuver the introducer to the 
ideal position during medical procedures. The 
Frova Intubating Introducer includes a hollow 
lumen for oxygen delivery and distal side ports, 
offering versatility for both regular and jet venti-
lation. This ensures the continuous supply of 
oxygen during the intubation process, safe-
guarding the patient’s life and health. The clini-
cal application method of the Frova Intubating 
Introducer mirrors that of the Eschmann 
Introducer, providing a familiar and standard-
ized approach across various scenarios.

The Frova intubating introducer has demon-
strated significant success in clinical applica-
tions. There remain challenges regarding the 

portability of the device in out-of-hospital emer-
gency scenarios. The Introes Pocket Bougie 
[15] stands out as a specialized tool made from 
a unique fluoropolymer blend, characterized by 
a pre-designed curved shape and remarkable 
plasticity with memory. Crafted with these dis-
tinctive features, the bougie is specifically 
designed for easy storage in airway kits, coat 
pockets, or bags. This design facilitates rapid 
deployment during airway rescue scenarios, 
offering convenience and accessibility for med-
ical professionals in critical situations.

The Total Control Introducer [20], introduced in 
the 2010s, was designed to provide clinicians 
with enhanced control during intubation, par-
ticularly in difficult airway scenarios. This tool 
offers improved maneuverability and guidance, 
prioritizing control to make it easier for clini-
cians to navigate challenging airways. Despite 
its advantages, the Total Control Introducer is 
more expensive and requires further training 
for effective use, that can be a barrier to wide-
spread adoption. The Total Control Introducer, 
an articulating bougie with a length of 70 cm, 
comprises three integral components: a flexible 
shaft, an articulating tip, and a removable pis-
tol grip handle. Significant features include col-
or-coded depth markings for precise naviga-
tion. Typically utilized with either a direct laryn-
goscope or a video laryngoscope, it enables  
a single operator to proficiently execute the 
procedure. 

In the 2010s, the Flexible Tip Bougie™ [21] was 
introduced, featuring a flexible tip designed to 
navigate airway anatomy more easily. This bal-
ance of flexibility and rigidity enhances its ver-
satility and effectiveness across various clini-
cal scenarios. The flexible tip allows for smooth-
er navigation through complex airway struc-
tures, though clinicians need to adapt to its 

Table 2. Summary of the stylet product on the market

Device Name
Depth 

markings Material and design structure Visualization Reusable or 
disposable Featured Functions

Portex Stylet No High-density polyethylene outer sheath 
and an expandable aluminum coated 
with high-density polyethylene

No Disposable Conventional Rigid stylet

Truflex™ Stylet No Stainless steels Conjunction with 
a laryngoscope

Reusable Distal end allows leveraged 
movement

SEEKflex No Stainless steel core, PVC tubing, ABS 
resin fittings, handles

Conjunction with 
a laryngoscope

Disposable Shapeable, retractable,  
removable, versatile, inexpensive, 
and features a bougie

Shikani Optical Stylet No Includes a fiber optic cable, extendable 
and angle adjustable distal end handle

Yes Reusable Optical stylet
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unique handling characteristics. In extremely 
rigid airway situations, the flexible tip may not 
perform as well as more rigid alternatives.  
The Flexible Tip Bougie™ is a disposable, artic-
ulating bougie measuring 65 cm in length. 
Characterized by graduated centimeter mark-
ings from 10 to 50 cm, its smooth silicone tip is 
designed to minimize the risk of tracheal trau-
ma during intubation. The fluorescent tip aids in 
optimal positioning. A distinctive advantage 
lies in its innovative slider, enabling the tip to 
move forward or backward. This feature facili-
tates easy manipulation in an up-and-down 
motion, allowing for the single-handed opera-
tion of the device.

Stylet

Prior to intubation, the insertion of the mallea-
ble stylet into the endotracheal tube serves a 
crucial function in maintaining the shape of the 
tube throughout the intubation process. This 
aids in the smooth insertion of the endotrache-
al tube. Upon successful passage through the 
vocal cords, it is imperative to promptly remove 
the stylet to mitigate the risk of airway damage. 
Table 2 provides a summary of representative 
stylet products.

One such product is the Portex Stylet, function-
ing as a traditional rigid probe. The rigidity of 
the Portex Stylet can be a limitation, as it may 
not easily navigate more complex airway anato-
mies. It consists of a smooth high-density poly-
ethylene outer sheath and an expandable alu-
minum core coated with high-density polyethyl-
ene, allowing for shaping into any desired form. 
The Portex Stylet is available in a range of sizes 
to suit adults and children.

Building upon the foundation established by 
the Portex stylet, the Truflex™ Stylet [22] intro-
duced enhanced flexibility and maintained suf-
ficient rigidity to guide the endotracheal tube. 
This design allows it to navigate intricate airway 
more effectively. The Truflex™ Stylet is particu-
larly beneficial in scenarios requiring a balance 
between flexibility and support. It has improved 
versatility but it may lack advanced features for 
extremely difficult airways and does not provide 
real-time visual guidance. Another stylet is  
the Truflex™ Stylet, designed for endotracheal 
tubes ranging from 6.5 to 8.5 in diameter. 
Featuring a flexible tip for enhanced control, it 
allows leveraged movement up to 30° to 60° 

at its distal end, contingent on the tube diame-
ter. The stainless steels components can be 
sterilized by any method. The Truflex™ Stylet is 
equipped with a plug for securing the endotra-
cheal tube and ergonometric handle, facilitat-
ing single-handed use.

The SEEKflex [23] (Safe Easy Endotracheal Kit-
flexible) represents an evolution in stylet tech-
nology, incorporating a more refined balance  
of flexibility and rigidity. Its design is optimized 
for ease of maneuverability through complex 
airway structures, enhancing the clinician’s 
ability to navigate challenging intubations. 
SEEKflex often includes features such as a 
more ergonomic handle and improved material 
composition for better control. It does not  
provide direct visualization of the airway, rely-
ing on tactile feedback and anatomical knowl-
edge. It represents a new single-use endotra-
cheal intubation kit meticulously designed to 
enhance the intubation process with various 
endotracheal tubes. Ranging in length from 43 
to 81 cm, the introducer features a tube tip with 
three large ventilation holes and three rows of 
small side holes. At the proximal end, the tube 
can be seamlessly paired with a compatible 
transition connector after the removal of the 
joint. The inner guide core is constructed from 
malleable steel, and the outer catheter is craft-
ed from polyvinyl chloride (PVC). The lock con-
nector, handle, and transition connector are 
fabricated from acrylonitrile-co-butadiene-co-
styrene (ABS) resin material. This device, char-
acterized by suitable materials and a distinctive 
design proves efficacious for challenging air-
ways,  reducing the likelihood of hypoxemia and 
functions as a bougie. Its flexibility in use and 
cost-effectiveness contributes to its appeal. 
Expanding on this foundation, developers have 
introduced a complementary intubation proce-
dure, unlocking the device’s chances for broad-
er clinical applications and solidifying its status 
as a versatile and valuable tool.

Introduced in 1999, the Shikani Optical Stylet 
[24] has undergone continuous enhancements 
to become a leading semi-rigid optical stylet 
that employs fiber optics for light and image 
transmission. This stylet represents a signifi-
cant advancement in stylet technology, provid-
ing the necessary rigidity and flexibility for intu-
bation and allowing for real-time visualization 
of the airway during the procedure. These 
improvements have significantly increased the 
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success rate of intubations, especially in sce-
narios involving difficult airways. By combining 
visual guidance with physical support, the 
Shikani Optical Stylet addresses many of the 
limitations of previous stylets. It is more com-
plex and expensive, necessitating additional 
training and maintenance. Comprising a fiber 
optic cable connected to a camera and video 
monitor, the device features an extendable dis-
tal end with an adjustable angle tailored to the 
patient’s anatomical structure. An adjustable 
stop near the proximal end and an oxygen port, 
designed for oxygen insufflation and to mitigate 
delayed desaturation, complete the ensemble. 
This optical stylet stands as a valuable tool for 
intubation, empowering healthcare profession-
als with the ability to visualize the airway and 
enhance the precision of endotracheal tube 
placement. The adaptability of the distal end 
angle and the capability to adjust the stop near 
the proximal end contribute to its versatility 
across diverse clinical scenarios. The incorpo-
ration of an oxygen port bolsters oxygenation 
throughout the intubation process.

Development of medical device

In the ever-evolving landscape of science, tech-
nology, and socio-economic advancements, 
the bougie and stylet keep undergoing continu-
ous innovations. These advancements encom-
pass the design of novel structures and the 
integration of achievements from various  
fields. In clinical practice, anesthesiologists 
select bougie and stylet by considering a blend 
of personal preferences, anatomical consider-
ations, and economic factors. Despite the myr-
iad of options available, the earlier-introduced 
Endotracheal Introducer and Frova Intubating 
Introducer persist as primary choices for many 
physicians [25]. By summarizing and exploring 
the evolutionary trends and characteristics of 
the bougie and stylet, we aim to provide valu-
able insights into the innovation within medical 
devices.

Addition of depth markings

The integration of depth indicators or scales 
has emerged as a prevalent feature in contem-
porary bougie products, underscoring the cru-
cial role of precise endotracheal tube insertion 
depth in patient care. The choice of both physi-
cal markings and the actual insertion depth is 
informed by clinical expertise. The device can 

already visualize the airway by itself or in com-
bination with other devices [20, 24]. Factors 
such as economic constraints, clinical efficien-
cy, and equipment limitations influence the 
prevalence of depth markings in contemporary 
practice [26, 27]. Derived from extensive 
patient data, these markings play a pivotal role 
in ensuring the safe insertion of endotracheal 
tubes for the majority of patients. Advanced 
techniques like fiberoptic bronchoscopy or 
ultrasound devices offer precise determination 
of the tube’s position, mitigating the risk of  
penetration or superficial placement. These 
approaches pose challenges in terms of medi-
cal efficiency, resource utilization, and econom-
ic costs. In environments without access to 
instruments like fiberoptic bronchoscopes or 
ultrasound devices, the adoption of such 
advanced techniques may not be feasible. 
Clinicians grappling with difficult airways may 
resort to fiberoptic bronchoscopy or ultrasound 
devices [28]. For routine cases, the choice of 
insertion depth predominantly relies on clinical 
experience - a compromise necessitated by the 
imperative to manage economic costs while 
ensuring patient safety [29].

Material and methods

Various bougie products make deliberate mate-
rial and structural choices aligned with their 
design philosophy. These decisions, influenced 
by the technological context of the time, aim to 
strike a balance between softness and rigid-
ness. The material selection is meticulously 
calibrated to avoid extremes - neither exces-
sively soft to impede insertion nor excessively 
rigid to risk tissue damage. Bougie products 
vary in length and in the angle of their tips, 
offering anesthesiologists the flexibility to 
choose products tailored to different clinical 
conditions. The replacement of materials and 
the design of novel structures can be iterative 
improvements to the previous generation of 
products, highlighting strengths or creating 
new products that increase flexibility and 
address challenges. The risks associated with 
material and structural changes are often man-
ageable, instilling confidence in enterprises to 
invest in research and development [30, 31]. 
Clinically, there is a willingness to adopt such 
innovations. Medical professionals find the 
learning curve for these medical devices rela-
tively low, facilitating teaching and widespread 
clinical dissemination [32].
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Visualization enhancements

Anesthesiologists play a pivotal role in monitor-
ing various indicators during the perioperative 
period, with heightened attention during intu-
bation to ensure the safe and reliable comple-
tion of the procedure. Visual technologies have 
emerged as effective tools in improving obser-
vation conditions for anesthesiologists, provid-
ing a more intuitive assessment of the endotra-
cheal tube’s status [33]. Both the Total Control 
Introducer and SEEKflex can be used in con-
junction with video laryngoscopes, while the 
Shikani Optical Stylet achieves direct visualiza-
tion. Visualization stands out as a prominent 
trend in the development of bougie and stylet.

The use of visualization empowers anesthesi-
ologists with better insights into the airway. In 
extreme scenarios, such as heavy bleeding or 
blood-contaminated lenses, challenges may 
arise, leading to blurred vision and hindered 
observation [34]. Even in cases where the deci-
sion is made to remove the tube and clean the 
lens, complexities such as multiple intubation 
attempts, increased patient trauma, prolonged 
procedural time, and the life-threatening risk of 
interrupted breathing can rise. In such circum-
stances, the Endotracheal Introducer demon-
strates a significant advantage by providing 
tactile sensation or encountering resistance, 
offering crucial feedback to gauge the intuba-
tion process. This should not overshadow the 
inherent advantages of visualization. It is sig-
nificant in current clinical settings, aiding anes-
thesiologists in better patient observation. 
With the ongoing development of artificial intel-
ligence, visualization becomes a crucial data 
foundation and a prerequisite for future intelli-
gent systems [35].

Decisions between reusable or disposable 
designs

Designed for repeated use through steriliza-
tion, the Eschmann introducer has experienced 
a shift in its clinical application, leaning towards 
becoming a disposable consumable [36]. The 
cost savings associated with sterilization for 
reuse are apparent. Several studies have raised 
valid concerns about hazards linked to viral 
infections [37]. Devices with higher economic 
costs, such as the Truflex™ Stylet and Shikani 
Optical Stylet, are often reused. This empha-
sizes the inherent contradiction between the 

one-time disposable approach that prioritizes 
safety and the economic considerations asso-
ciated with reuse. This paradox underscores 
the ongoing challenge in balancing patient 
safety and economic considerations within clin-
ical practices. The choice between disposable 
and reusable options remains a nuanced deci-
sion that necessitates careful consideration of 
both financial implications and safety risks.

Integration of multi-functional features

From their initial role in guiding and assisting 
with endotracheal tube insertion to evolving 
into instruments that facilitate tube replace-
ment ensuring uninterrupted ventilation, bou-
gie and stylet have progressed to address  
challenging problems through technological 
advancements. The SEEKflex, with its strategic 
material selection and innovative structural 
design, seamlessly integrates the functions of 
both bougie and stylet [23]. This innovation 
offers enhanced solutions for addressing diffi-
cult airway challenges while maintaining cost-
effectiveness. The integration of multiple func-
tions introduce challenges such as bulkiness, 
increased costs, and material waste. The 
Shikani Optical Stylet, driven by factors such as 
the imperative for visualization and the use of 
stainless steels material, results in a more 
expensive device, prompting its preference for 
viral sterilization and reuse. The economic and 
learning costs associated with the Shikani 
Optical Stylet may pose constraints. It is an 
important tool in the clinic.

In conclusion, the evolution of bougie and stylet 
products reflects the delicate balance between 
cost and functionality, operating within the con-
fines of technological limitations of their time. 
As the primary objective of medical devices is 
to safeguard people’s health, it is imperative 
that these products should be accessible to a 
broad spectrum of individuals and reasonably 
priced [38]. The introduction of a new device 
into clinical practice involves establishing a 
new production line or abandoning old ones, 
incurring costs that are ultimately reflected in 
the final product’s price [39]. Recognizing the 
principle of marginal effects, as clinical accep-
tance of a new device grows, the market 
expands, and new production lines are estab-
lished, the initially hidden costs associated 
with the product gradually amortize. This pro-
cess is time-intensive and exhibits a degree of 
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lag [40]. The extended development cycle of 
medical devices implies prolonged capital 
return periods for medical device companies, 
rendering them vulnerable to risks [41, 42]. 
Economic costs emerge as highly sensitive  
factors for both production companies and 
patients within the medical device industry. In 
navigating these complexities, the balance 
between innovation, accessibility, and econom-
ic considerations is essential to ensure the sus-
tainable advancement of medical practice and 
improved patient well-being.

Impact of policies on innovation within medi-
cal devices

As evidenced by the preceding discussion, the 
development of medical devices operates with-
in the constraints of economic costs in the cur-
rent technological landscape. The resolution of 
one issue often begets new challenges [43, 
44]. The distinctive characteristics of the medi-
cal device industry subject it to more stringent 
regulations compared to other sectors [45, 46]. 
Industry policies exerts substantial influence 
over various facets of medical device develop-
ment [47]. A pivotal regulation significantly 
shaping the medical device landscape in China 
is the “the Regulations on the Supervision  
and Administration of Medical Devices (2021 
Revision) (RSAMD)”, officially implemented in 
2000 and subsequently undergoing multiple 
revisions. Serving as the sole administrative 
regulation governing the Chinese medical 
device industry, the RSAMD spans the entire 
lifecycle of medical device research and pro-
duction [48]. Augmenting this foundational reg-
ulation are complementary documents such  
as the “Special Examination Procedure for 
Innovative Medical Devices (SEPIMD)”, the 
“Administrative Measures for Medical Device 
Registration and Filing”, and the “Measures for 
the Supervision and Administration of Medical 
Device Production”. Together, these regulations 
collectively define the developmental trajectory 
of innovation in the medical device industry 
[49].

Innovative medical devices, characterized by 
superior performance and cutting-edge tech-
nology, showcase the technological prowess of 
the medical device industry and underscores 
its developmental success. The development 
of new products in the medical field is often 
spearheaded by startups grappling with limited 

funding, leading to a measured pace in the 
advancement of high-end innovative medical 
devices [50]. To catalyze innovation within the 
medical device industry, the RSAMD marked a 
significant shift by designating the promotion of 
the medical device industry’s development as 
one of its primary goals [48]. Innovative medi-
cal devices, as representatives of the industry, 
are granted priority in the approval process. 
The commitment to incentivizing innovation in 
the field of medical devices was solidified by 
the National Medical Products Administration 
(NMPA) through the introduction of the “Special 
Approval Procedure for Innovative Medical 
Devices (Trial)” in 2014. Building on this initia-
tive, the procedure was officially promulgated 
in November 2018 as the “Special Examination 
Procedure for Innovative Medical Devices”, 
establishing a more complete regulation to sup-
port and accelerate the development of innova-
tive medical technologies. In the year of its  
official promulgation, NMPA received 316 appli-
cations for special approval and completed 
310 reviews. This included applications carried 
over from 2017, and determined that 45 prod-
ucts qualified to enter the special approval 
channel for innovative medical devices. A total 
of 21 innovative medical device products  
were approved for market release, marking an 
increase of 8 compared to the number approved 
in 2017. This initiative, including the establish-
ment of a greenway for the priority review and 
approval of innovative medical devices, has sig-
nificantly reduced the approval time for these 
devices. According to the 2023 annual report 
on medical device registration released by the 
Food and Drug Administration, NMPA received 
466 applications for the special examination 
and approval of innovative medical devices in 
2023, marking a 35.9% increase over the previ-
ous year. Of these applications, 69 were admit-
ted into the SEPIMD. Throughout the year, a 
total of 61 innovative medical devices received 
approval, representing an 11% increase com-
pared to 2022. There were 12 medical devices 
granted priority status. That is an increase of 6 
compared to the previous year. This effective 
streamlining of the approval process has played 
a pivotal role in facilitating the development of 
core technologies for innovative medical devic-
es by medical device enterprises. 

Innovative medical devices hold paramount 
importance, advancements in manufacturing 
processes, the design of new structures and 
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other methods can effectively enhance the clin-
ical experience for patients and alleviate the 
workload for doctors. Despite incremental in 
nature, these innovations, especially in more 
mature products, play a crucial role in improv-
ing clinical outcomes, with their associated 
risks being more predictable and assessable 
[51]. The RSAMD recognize the maturity of cer-
tain devices with proven safety records and 
stipulate exemptions from clinical evaluations 
for similar devices. In 2022, the NMPA regis-
tered an initial 2,500 items, reflecting a sub-
stantial 46.2% increase compared to 2021. 
There were 4,224 items with registration 
changes, marking a significant 58.5% increase 
from the previous year. Innovations encom-
passing process improvements and parameter 
enhancements fall within the category of regis-
tration changes. The impact of the revised 
RSAMD in 2021 is evident as the medical 
device industry has witnessed heightened 
activity. In 2023, NMPA approved a total of 
12,213 initial registrations, renewals, and 
changes in medical device registrations, mark-
ing a 2.3% increase compared to 2022. Of 
these, 2,728 items were registered for the first 
time, showing a 9.1% increase from the previ-
ous year. There were 4,788 renewals, which 
represented an 8.2% decrease from 2022, 
marking a decline for the second consecutive 
year. There were 4,697 changes in registra-
tions, reflecting an 11.2% increase compared 
to 2022. Innovations, related to process 
improvements and parameter enhancements, 
are advancing rapidly. These innovations 
involve lower upfront investments and reduced 
R&D risks for enterprises, contributinge to 
shorter time-to-market and lower final selling 
prices. This is particularly significant for regions 
with relatively weaker development [52].

Regulating medical devices presents signifi-
cant challenges due to their multidisciplinary 
nature, involving domains such as medicine, 
mechanics, materials, electronics, and com-
puter science [53]. Distinguished from other 
industrial products, medical devices must 
ensure safety in clinical applications [40]. The 
execution of clinical trials encounters con-
straints stemming from ethical considerations, 
cost, and time constraints. The challenge is 
that even when large-scale, long-term clinical 
trials are conducted, it is difficult to compre-
hensively summarize the changes introduced in 

the clinical setting. These challenges are par-
ticularly pronounced for innovative medical 
devices that leverage advanced technologies. 
The RSAMD and associated documents, such 
as the “Administrative Measures for Medical 
Device Registration and Filing”, explicitly allow 
registrants or qualified medical device testing 
institutions to provide self-inspection reports 
and product inspection reports. This provision 
aims to infuse vitality into the medical device 
industry. The adoption of self-inspection for 
medical device registration remains limited 
among manufacturing enterprises. Successful 
cases are infrequent, with most relying on labo-
ratory testing accredited by the China National 
Accreditation Service for Conformity Assess- 
ment (CNAS) [54, 55]. Despite these challeng-
es, the integration of real-world evidence (RWE) 
in regulatory frameworks, as exemplified by  
the accelerated approval of the XEN® glau- 
coma drainage tube, represents a significant 
advancement. This innovative approach facili-
tated the device’s approval within five months 
in the Boao Lecheng Pilot Zone, demonstrating 
how specialized regulatory environments can 
effectively reduce approval times and foster 
medical innovation, meeting urgent clinical 
needs while upholding safety and efficacy stan-
dards [56]. There is an ongoing trend towards 
shortening the review period and fortifying 
post-market supervision efforts [57]. This 
poses challenges for companies and relevant 
authorities, enhancing innovation-related sys-
tems can inject greater vitality into the intricate 
and expansive field of medical devices [58, 59].

Conclusions

Since the inception of the first bougie in 1949, 
clinicians have witnessed a significant expan-
sion in options for bougies and stylets, each 
presenting distinct features and advantages. 
Despite this diversity, innovations across vari-
ous products predominantly center around crit-
ical aspects such as an addition of depth mark-
ings, material and design structure replace-
ments, visualization enhancements, decisions 
between reusable or disposable designs, and 
integration of multi-functional features. With 
the march of technological advancements,  
the integration of artificial intelligence (AI)  
technology, particularly following visualization, 
is emerging as a noteworthy trend [60]. It 
becomes imperative for companies to support 
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their products with reliable evidence to ensure 
safety and reliability. This means that medical 
device companies and risk analysis institutions 
should delve into research on model interpret-
ability. Recognizing the constraints imposed by 
economic costs on the application and sales of 
medical devices is paramount. As policies wield 
significant influence on industry trajectories at 
a macro level, the challenge lies in determining, 
amid the burgeoning trends of artificial intelli-
gence and big data, resources can be effective-
ly integrated to foster deeper collaboration 
among companies in different fields, facilitating 
the efficient sharing of data [61]. This collabor-
ative approach and data sharing simultaneous-
ly pose both challenges and opportunities for 
the future.
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