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Abstract

Non-invasive drug delivery systems have emerged as a transformative approach in modern anaesthesia, offering
alternatives to traditional invasive techniques such as intravenous and intramuscular administration. The most
significant of these are buccal, sublingual and intranasal routes that have drawn a lot of attention due to the fact
that they can be given in a relatively short time, conveniently and patient adherence is improved. These routes
avoid the first-pass metabolism and provide the direct systemic absorption through well-vascularized mucosal
surface, and it is particularly suitable during perioperative care, in emergency treatment, and with procedural
sedation. The critical discussion presented in this paper considers the clinical and pharmaceutical features of
non-invasive drug delivery routes in anaesthesia as far as pharmacokinetics, pharmacodynamics, formulation
methods, therapeutic and safety effects are concerned. Critical analysis of literature and clinical evidence
available indicate the advantages and disadvantages of each route. The results indicate that intranasal route has
superior onset characteristics with emergencies, but the sublingual route and buccal route have similar
characteristics of delivery of drugs in perioperative scenarios in a controlled way. Pharmaceutical development
has also enhanced further on drug absorption and stability by the use of mucoadhesive system and nano-
formulations. Despite these benefits, some issues such as irregularity in mucosal permeability, limit of dosage,
and formulations are present. The article reports that the paradigm shift in anaesthetic practice is the delivery
routes which are non-invasive and have some potential of enhancing clinical care, reducing complications and
becoming patient-centred care.
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Non-invasive routes such as buccal, sublingual and
intranasal route utilize routes that are very

1. Introduction
Anaesthesia has undergone substantial

advancements with the integration of innovative
drug delivery systems that aim to improve safety,
efficiency, and patient experience.. An anaesthesia
approach of administering drugs has been founded
on the invasive modes of drug administration such
as intravenous and intramuscular and epidural
drugs administration [1]. These methods despite
their effectiveness are associated with several
limitations that include complications of the
needles, threat of infection, patient discomfort and
competent employees. To curb these problems,
non-invasive method of drug delivery has grown to
prominence especially in scenarios that involve
fast, safe and painless delivery of medicine.

vascularized and medications can enter directly
into circulation [2]. The mechanism evades the
first-pass hepatic metabolism, which enhances
bioavailability and efficacy of treatment.
Applicability of the routes in anaesthesia is clearer
in such situations as premedication, sedation,
analgesia, and emergency surgery that demands
instant response.

The route of Bucca involves the use of drugs as
they are absorbed by the mucosa of inner cheek and
provides a relatively constant environment with
medium permeability [3]. The sublingual route
located below the tongue is absorbed faster due to
the fine layers of the epithelia and abundance of
blood. In its delivery through the system via
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intranasal delivery, however, the advantage it has is
that it has high absorption rate via mucosa to the
nose and it has other advantages such as direct
entry into the central nervous system through
olfactory apparatus.

Very recently, new drugs have been launched,
which has significantly enhanced the performance
of these routes [4]. New forms of drugs, e.g.
mucoadhesive films, nanoparticles and liposomal
carriers, have improved retention, stability and
controlled release of drugs. The anaesthetic
practice has become possible through the
innovation of non-invasive delivery systems, which
has extended their clinical applicability range to a
broad scope and is now available in it.

The rising interest in patient-centered care and
minimal invasiveness that forms the basis of the
said techniques has just augmented the use of the
said approach. In paediatric and geriatric
population where invasive methods tend to cause
additional complications, alternative methods that
may provide a safer and more acceptable approach
include non-invasive ones [5]. In addition, the
routes are applicable during emergencies, as well as
in case of insufficient quantity of resources, and the
delivery of drugs is faster, without using a
specialized device.

The paper presents a comprehensive discussion on
the buccal, sublingual and intranasal drug delivery
system in the anaesthesia field of clinical
application, pharmacology, preparation method and
therapy.

2. Literature Review

According to Zhang (2022), respiratory-based non-
invasive drug delivery is one of the innovations in
the pharmaceutical science as the systemic
absorption and pulmonary delivery of the drug can
be achieved very quickly. The author emphasizes
that respiratory tract provides a vast surface area,
thin barrier epithelia, and high rates of
vascularization which are the cause of effective
transportation of drugs. Inhalable and aerosolized
formulations are very great potentials in delivering
therapy, locally and systemically, especially in
cases that require a speedy intervention by
pharmacological measures as Zhang sees it [6]. The
discussion reveals that the activity of drugs is
determined by the particle sizes, aerodynamic
properties and deposition patterns. Zhang continues
to note that the enhanced stability and
bioavailability of drugs is due to the enhanced
inhalation devices, as well as technologies of
formulations. However, modification in the
breathing patterns and mucociliary clearance
process of the patient takes place, which is a
challenge to the regular intake of the drug. The
author also discusses the safety issues related to
extended exposure as well as irritation of the
respiratory tissues [7]. It has been concluded that
despite the significant benefits of respiratory drug

delivery systems, optimization of formulations and
delivery equipment must be researched to improve
accuracy and predictability of clinical practice.

The application of non-invasive delivery of drugs
across the blood-brain barrier may indicate a
disruptive approach to the management of the
neurological condition and enhanced specificity of
the drugs in the central nervous system as Niazi
(2023) observes. The writer notes that blood-brain
barrier is among the most significant barriers of the
pharmacotherapy since it is very discriminating to
its permeability. Niazi presents this to be overcome
by new forms of non-invasive delivery, such as
intranasal delivery, focused ultrasound, and even
the delivery system using nanoparticles [8]. The
study emphasizes the fact that intranasal dose
administration is associated with direct delivery of
drugs to the brain bypassing the blood system and
peripheral undesirable effects through olfactory and
trigeminal nerves. Niazi also states that
nanotechnology is also useful in increasing
solubility, stability and specific delivery of drugs.
Some of the carriers that are employed in drug
delivery include liposomes, polymeric
nanoparticles and dendrimers that were reported to
promote penetration of drugs through the barriers
that exist in the body. Despite these advancements,
the author says that there are challenges to
overcome as far as drug toxicity, absorbability
differences, and a scale of delivery systems are
concerned. One of the limitations of the non-
invasive method has been emphasized by the
review as the necessity of strict clinical validation
and standardization of the non-invasive method to
ensure the safety and therapeutic effectiveness of
the non-invasive method in neurological
applications.

According to Xu (2024), one of the opportunities
that can lead to the cure of the middle and inner ear
diseases is the development of biomaterials of non-
invasive trans-tympanic drug delivery. The author
mentions that the tympanic membrane is a sensitive
membrane, which constrains the conventional drug
delivery technologies, which has to be surmounted
with the design of new systems based on the
biomaterial. Xu has also indicated that hydrogel,
nanoparticles and biodegradable polymers have
been found to have an enormous potential in
enhancing the drug permeability and sustained
release in the tympanic membrane [9]. As noted in
the analysis, these biomaterials can be made in a
manner that they acquire preferred mechanical and
chemical properties which allow desired diffusion
of drugs without compromising biocompatibility.
Xu also reasons the necessity of the least invasive
approach and does not damage delicate auditory
organs. The review exposes the new trends of smart
material that reacts on the external stimuli in order
to produce a precise drug release profile. However,
the long-term problems that relate to safety are
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problematic, as well as the loss in the quality of the
material and inconsistency of the permeability of
the membrane. The author concludes that more
research needs to be carried out in the area of
biomaterial engineering to streamline the delivery
systems of trans-tympanic systems and expand the
scope of their clinical use.

According to Zhang (2023), new anesthetic
nanomedicines indicate the significant shift in the
realm of drug delivery as it is more specific,
smartly released, and delivery-associated. It should
be noted that what the author is bringing out is that
nanotechnology enables the invention of new drug
carriers that can be incorporated to modulate the
pharmacodynamics and pharmacokinetics of an
anaesthetic practice [10]. Nanoparticles, liposomes
and nano emulsions have exhibited great potential
to promote the solubility of drugs, stability and
targeted delivery, to Zhang. As the paper observes,
these nanocarriers can be used to reduce systemic
toxicity and enhance the concentration of the drug
at the selected sites, thereby, maximizing efficacy
and reducing toxicity. Zhang further explains that
nanomedicines can also be programmed to respond
to physiological cues such that the anaesthetic
agent can be discharged in a regulated and slow
and steady manner. The other issues that are
presented in the review are potential toxicity of
nanomaterials, regulatory issues and lack of
scalability of manufacturing. However, the author
indicates that despite these limitations, future
studies and technology ought to enable the
encroachment of nanomedicine being a routine in
anaesthetic practice, and become more focused and
efficient as a treatment mechanism.

As well, it is mentioned that the evolution of the
drug administration techniques has been key to
transforming the pharmaceutical development and
drug delivery systems (Samuel, 2023). The author
also describes in great details the traditional and
non-invasive processes of drug delivery, indicating
that it has been shifted into a non-invasive and
patient-friendly one. According to Samuel, the
application of transdermal patches, mucosal
delivery systems and controlled-release
formulations are some of these inventions that have
contributed towards the increased effectiveness of
drugs and patient compliance. According to the
paper, it is necessary to be informed about the
pharmacodynamics and pharmacokinetic principles
to design an efficient delivery system [11]. Samuel
also describes how the improved technologies such
as nanotechnology, biotechnology and smart drug
delivery systems would be able to enhance the
treatment result. Such vital concerns as the stability
of the drug, the complexity of the formulation, and
regulation challenges are mentioned in the review.
The author concludes that they can be overcome
with the help of the continuous research and
interdisciplinary collaboration during which more

efficient and accessible solutions to the issues of
drug delivery will be created.

According to Sahu (2024), the new drug delivery
systems of the topical anaesthetic preparations have
over the recent years improved significantly the
efficacy and safety of the local anaesthetic agents.
The author notes that the traditional topical
formulations are likely to have low penetration and
drug absorption rates. Sahu relates that the modern
types of delivery systems such as nano emulsions,
liposomal carriers as well as polymeric
nanoparticles have enhanced the drug permeability
and therapeutic effect. The design of formulation
has been given a meaning in the paper to facilitate
the optimum delivery and minimize the systemic
side effects [12]. Sahu proceeds to expound how
the advanced systems aid in delivery of precise
delivery and controlled release, which improve the
comfort of patients and clinical outcomes. The
problems in the review are also the challenges of
formulation stability, the complexity in their
production, and their acceptance by the regulatory
authorities. The author also reveals that the
toxically anaesthetics will require anaesthetics
delivery systems which requires an innovative
application at the level of nanotechnology and
material science development.

The author believes that the alterations in the
pharmacokinetics of opioids during the post-
operative process following the bariatric surgery
necessitate the formulation of new mechanisms to
deliver drugs, which will enable the prevention of
the emergence of pain-related problems (Avanu
2024). The author explains that biological changes
after surgery such as changes in the gastrointestinal
structure and its absorption patterns are among the
causes that significantly affect drug bioavailability.
Avanu feels that there is a way out of the problems
of the nanotechnology in the delivery systems,
which can be in the form of enhancing stability of
the drugs, Controlled release as well as targeted
delivery.  The  article  demonstrates  that
nanoparticles and lipid-based carriers can be
capable of overcoming the pharmacokinetic
obstacles and increasing the level of therapeutic
outcomes [13]. Another way to make use of
individualized medicine strategies according to
Avanu is to administer drugs to the personal needs
of the patients. Such challenges as inconsistent
responses of patients, potential toxicity, and clinical
validation are mentioned in the review. The author
concludes that nanotechnology when integrated
with the contemporary pharmacological solutions
will positively influence the administration of
opioids and pain management in patients with post-
bariatric surgery.

3. Methodology

3.1 Research Design

The research study will be built on descriptive and
analytical research design that will be used to
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subsequently assess the non-invasive routes of
delivering drugs in anaesthesia in terms of
pharmaceutical perspective and clinical
perspective. The descriptive section is proposed to
describe the characteristics, performances, and
applications of buccal, sublingual, and intranasal
delivery systems through drugs delivery whereas,
the analytical section is an attempt to critically
analyse the performance of these delivery systems
with reference to their comparative performance,
pharmacological, and clinical performances [14].
Such a two-fold approach makes it possible to
understand the functioning of such delivery routes
in the conditions of anaesthetic practice and how
the processes of raising the therapeutic efficiency
could be more efficient with their assistance.

The research relies on the secondary data analysis
where the existing scientific knowledge is
combined to create additional meanings and
interpretations. The inclusion of findings in the
multidisciplinary fields including anaesthesiology,
pharmacology, pharmaceutics, and clinical
medicine are put into a focus. The design will
ensure that both theoretical and practical provisions
are considered thus an overall analysis of the topic
will be provided. An analytical orientation can also
be useful in establishing the associations between
drug delivery mechanisms and patient clinical
outcomes such as the time of onset, bioavailability,
and patient safety.

3.2 Data Sources and Collection

The study will be entirely founded on secondary
data that will be collected with the help of credible
and reputable academic and clinical materials. The
information will be gathered through a broad
procedure of peer-reviewed journal articles, clinical
trial reports, systematic reviews, meta-analyses,
and pharmaceutical research publications [15]. The
sources will be selected through the active
scientific databases such as PubMed, Scopus-
indexed journals, ScienceDirect, etc. that are well
known as the sources of the medical and
pharmaceutical information.

The keywords to be included in search strategy that
will be followed in data collection process will
comprise of non-invasive drug delivery,
anaesthesia, buccal administration, sublingual
delivery, intranasal route, pharmacokinetics and
mucoadhesive formulations. The tools which can
be used to make the result relevant and narrow
down are advanced search filters and the use of
Boolean operators. The used publications refer to
the English language and the studies that were
published not very long ago within a certain period
of time to make sure that the given analysis is
timely.

The clinical data of the effectiveness of drugs, their
onset of action, safety aspects, and patient results
are obtained by the controlled trials and
observational studies [16]. The drug development

literature provides the pharmaceutical information
on the methods of formulation, drug stability, and
the process of improving the permeability and
mode of delivery of the drugs. The data obtained is
suitably classified to aid in comparing the
information and performing a thematic study.

3.3 Inclusion and Exclusion Criteria

A set of predefined criteria is an inclusion and
exclusion criteria that must be maintained and
which address the issue of quality and relevancy of
the chosen studies. The inclusion criteria will
involve the studies that directly focus on routes of
administering  drugs  non-invasively  during
anaesthesia, that is, the studies focused on the
buccal, sublingual, and intranasal routes [17].
Research that provides a detailed report on the
pharmacokinetics, pharmacodynamics, clinical
efficacy and formulation schemes takes
precedence. The methods of experimental and
review-based studies have been used to get a broad
scope of evidence.

They are research that make use of human subjects
but also in animals that are clinically relevant,
which also brings substantial information regarding
drug uptake and treatment results. The publications
that have an evidence of a rigorous methodology,
sufficient research objectives and reliable data
analysis are selected to maintain the scientific
integrity of the research.

The exclusion criteria involve the ones not relevant
to the work of anaesthetic use or those that focus
on the invasive methods of administering the drugs.
Articles that are poorly comprehensible in terms of
methodology, which lack complete information or
are not peer reviewed are eliminated [18].
Moreover, the studies and researches that will not
add value to the profile of the selected delivery
routes are excluded to avoid duplication and
maintain an analytical approach.

3.4 Analytical Framework

The study analytical structure is based on a
comparative evaluation model that measures the 3
non-invasive drug delivery routes on a number of
parameters. Some of the parameters include
absorption  properties, onset of  action,
bioavailability, clinical activity, safety, and
compliance of the patient [19]. Each parameter is
analysed in comparison with the physiological and
anatomy features of the mucosal surfaces in
question.

The pharmacokinetic qualities such as drug
absorption rate and extent, distribution distribution
and circumventing first-pass metabolism are
critically analysed. Pharmacodynamic parameters
include drug response and length of action and
efficacy of a drug are also examined. The
framework allows a comparative analysis of the
performance of every route under different clinical
conditions to be conducted in a systematic manner.

IJDDT Volume 16 Issue 63s 2026

Page: 1609



“NON-INVASIVE DRUG DELIVERY ROUTES IN ANAESTHESIA: CLINICAL AND
PHARMACEUTICAL PERSPECTIVES”

Drug aspects represent a crucial component of
analytical frame. These include the evaluation of
the formulation processes, which are mucoadhesive
system, nanoparticles and liposomal carriers and
permeation enhancers. Adjusting factors that
influence the stability of drugs, solubility and
controlled release are researched to bring about the
influence they have on the total performance of the
drug delivery.

Some of the other patient-related variables that the
framework entails are ease of administration,
acceptability and compliance [20]. This factor is
particularly important in the process of determining
the degree to which the non-invasive routes may be
applied to different populations of patients like the
paediatric, geriatric as well as the patients in the
acute care settings.

3.5 Comparative Evaluation Approach

A comparative method is applied in an organized
manner in which similarities and differences are
made between the buccal, sublingual and intranasal
drug delivery systems. Individual route would be
taken as different and then compared to each other
based on some similar parameters in order to detect
the comparative advantages and disadvantages.
This approach allows seeing the situations under
which all the directions would be the most
effective.

The buccal route is quantified on the backdrop of
its aptitude to discharge drugs in a long term and
optimum action period [21]. Sublingual route is
also assumed to be fast absorbed and is also
applicable when the intervention is required to be
urgent. Intranasal delivery mode is considered due
to its quick effect and the option of having a direct
target on central nervous system. Comparative
study describes the impact of atypical variations in
anatomy and physiology as a process of drug
delivery efficacy.

One can also discover trade-offs between speed of
action and time of effect, simplicity of
administration and formulation complexity using
this method. Comparative evaluation provides an
ideal instruction of how to administer it in the most
competent manner based on specific clinical
requirements.

3.6 Data Synthesis and Interpretation

Data synthesis involves the integration of findings
acquired through a number of studies in order to
develop patterns of consistency and emergent
trend, as well as areas of variance. To categorize
the information into the key areas which comprise
the pharmacokinetics, clinical efficacy, and
formulation strategies, the thematic analysis
methodology is employed. It is using this that one
can be able to generalize various information under
one uniform information.

Data interpretation is conducted through critical
analysis of the results of the study and a concern is
given to the methodology variation, sample size,

and the circumstances of the experiment. Scientific
differences in results are examined in order to find
out what is behind it which maybe difference in the
permeability of the mucosal or differences in the
formulation of drugs. It is possible to make
evidence-based findings through this interpretation
methodology, and the subject matter is not
simplified.

The synthesis process also involves identification
of gaps in the existing study particularly the one
where there is no adequate information or where
inconsistencies are inadequate [22]. These
limitations have been mentioned to show where
future research needs to be conducted in addition to
the fact that clinical and pharmaceutical studies are
needed.

3.7 Reliability and Validity Considerations

To make sure that there is reliability and validity is
one of the main specifics of the methodological
framework. The issue of consistency is maintained
by making sure the studies are selected in a manner
that has standard procedures and repeatable results.
Information triangulation will enhance the
credibility of the findings and reduce the possible
risk of bias.

The validity is taken into consideration through the
proper selection of the studies with valid
measurement of the variables of interest which are
the drug absorption rates and clinical outcomes.
The well-designed clinical trials and controlled
studies enhance internal validity and are at the
same time presented research of dissimilar
populations and settings characterized by external
validity.

The scientific value of the data and its relevance
are also ensured due to the use of peer-reviewed
sources [23]. The limitations which the secondary
data analysis has (relations about the quality of
previous research and the bias of the publishing)
are acknowledged and considered in the
interpretation.

3.8 Ethical Considerations

The paper adheres to the ethical issues associated
with academic studies and interpretation of the
literature. Since the research will be carried out
using the secondary information, no human or
animal subject will be required. Any list of
references of any data used is given credit due and
intellectual rights are not infringed.

A lot of care is taken to ensure that the findings are
recorded in the true sense without distortion and
misrepresentation [24]. The study lacks objectivity
in its analysis and does not cherry pick results. The
moral considerations are also transferred to the
accountable use of the clinical information
whereby the conclusions drawn by it are supposed
to relate to the previously established scientific
facts and not give rise to misconception.

3.9 Limitations of the Methodology
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Literature-based research has certain limitations
because they are applied to the methodology. The
use of secondary data prevents the possibility of
measuring  variables or  conducting an
experimentation to validate [25]. The homogeneity
of the results may be affected by the diversity of
the design of the study, sample sizes, and
measurement techniques in different sources.
Moreover, information about some of the aspects of
non-invasive drug delivery, particularly, on the
future technological breakthrough in
pharmaceuticals, would not be adequate [26].
External validity of findings may also be
influenced by the disagreement of patient groups
and clinical settings when studies on a specific
topic are conducted. These are the constraints
which are considered during the analysis in order to
make the conclusions made to be fair and precise.
However, the methodological study will also
provide a comprehensive and systematic evaluation
of non-invasive in anaesthesia of the drug
administration routes. The blend of both strategies
(clinical and pharmaceutical) makes the paper more
topical and deeper since it makes possible to learn
more about the dynamic character of the landscape
of the systems of anaesthetic drugs delivery.

4. Results and Analysis

4.1 Overview of Comparative Findings
Analytical comparison of the non-invasive routes
of drug delivery in anaesthesia demonstrates the
certain differences in the performance of the drug
delivery routes regarding the pharmacological
performance, the clinical practicability and
versatility of the drug-delivery formulations. All
the routes, buccal, sublingual, and intranasal routes
have their idiosyncrasies owing to the anatomy,
mucosal permeability, and drug preparations [27].
The results indicate that the three routes are
effective in getting over the initial-pass metabolism
in the liver to enhance bioavailability but the
activation time and therapeutic suitability in every
path is disparate in a clinical case.

The findings demonstrate that selection of a
possible route of administration depends on the
urgency of the intervention, the choice of action
that is desired by the drug, and personal
consideration towards the patient. The comparative
analysis gives a systematic knowledge of what
contribution has been made by the two routes in the
anaesthetic practice under normal and emergency
conditions.

4.2 Buccal Drug Delivery: Absorption and
Sustained Action

The buccal route depicts intermediate absorption
kinetics and this is explained by the fact that the
mucous membrane in the mouth is comparatively
thicker than that in the sublingual mucosa [28].
However, its non-flexibility and the decrease in
enzyme  performance create an  optimal
environment of long-term drug delivery.

Mucoadhesive formulations are important in
enhancing the retention period of drug and active
compounds will be delivered slowly to enter into
systemic blood circulation.

Clinical trials have revealed that the technique of
buccal administration is particularly applicable in
the treatment of postoperative pain in the event that
long-term analgesic effect is needed. In the case of
drugs such as fentanyl and buprenorphine when
taken as buccal film drugs or in tablet form such as
a tablet that are long-acting. This uniformity
removes the fluctuations in the level of drugs,
besides curbing repetitive dosage frequency.

The pharma-analysis shows that the buccal system
has enhanced delivery system such as bio adhesive
polymer and controlled release matrix [29]. The
technologies improve the drug permeability and
give standard therapeutic outcomes. Regardless of
them, the beginning of action remains slower
compared to that of other non-invasive pathways,
which limits its use in emergency of acute
scenarios.

4.3 Sublingual Drug Delivery: Rapid Systemic
Uptake

Sublingual route is characterized by high rate of
absorption of drugs by the thin layer of epithelial
mucosa and the highly condensed vascular
network. This anatomic excellence makes the drugs
move fast to the systemic circulation and hence fast
action [30]. The results indicate that sublingual
administration is the most effective in the cases
when there is a need to be pharmacologically
responsive urgently such as the cases of
preoperative sedation, and the treatment of acute
anxiety.

It is clinically proven that the drugs of midazolam
and dexmedetomidine administered orally achieve
their therapeutic plasma concentration in quite a
short time. It enhances efficiency in the process and
reduces the suffering of the patient as the process is
quick in setting up. Additionally, the sublingual
delivery method through oral administration is easy
to be delivered without the use of any special
equipment since the method is sublingual and thus
the benefit of this method is high patient
compliance.

The outcome of the pharmacokinetic study
suggests that sublingual therapy is more
bioavailable than oral system due to the avoidance
of stomach degradation and hepatic metabolism
[31]. However, drug absorption may vary
depending on the salivary flow variability, mucosal
hydration and patient behaviour [32]. In order to
address such issues and improve consistency of
drugs delivery, pharmaceutical solutions have been
developed to address them such as fast-dissolving
pills and sprays administered under the tongue.

4.4 Intranasal Drug Delivery: Fastest Onset and
CNS Targeting
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Among the three routes, nasal drug delivery has the
fastest rate of onset; this is attributed to the high
rate of large surface area and high permeability of
the nasal mucosa. It is facilitated by the existence
of a developed vascular system that enables the
uptake into the systemic circulation to take place
immediately. The intranasal route also has a unique
advantage which is in the capability to enter the
central nervous system via the trigeminal and
olfactory pathway.

Intravenous delivery has been revealed to have
similar effect as intranasal delivery of analgesics,
sedatives and anti-convulsant as seen in the clinical
research. It has been proven that ketamine,
fentanyl, and midazolam among others have a rapid
onset and are capable of managing the symptoms in
emergency care [33]. This makes intranasal
delivery particularly convenient in the situation
when intravenous access cannot be readily
available.

The pharmaceutical breakthroughs have also
enhanced the wuse of intranasal delivery;
pharmaceutical formulations that increase the
permeability and stability of drugs include
absorption enhancers, nano-carriers and lipid based
system. Naresal blockage, mucoclear clearance and
small dose volume could however affect
medication absorption and overall performance.

4.5 Pharmacokinetic Comparative Analysis

A detailed pharmacokinetic study of the three
various routes reveals the similarity of advantage of
all the three because they do not resort to the first-
pass metabolism and provide the best
bioavailability. However, the change in the
absorption rate, the maximal plasma concentration
and the action period is present.

Buccal delivery provides long-term release,
intermediate  bioavailability, consequently is
suitable to long-term therapeutic effects [34]. The
rate of absorption and the highest levels in the case
of sublingual delivery is high, and this is why it is
applicable in the acute therapy. The intranasal route
is the most rapid mode of administration and
response to treatment particularly  during
emergency treatment.

The alteration in the pharmacokinetic results is
related to a number of factors like mucosa layer,
blood flow rate, formulation and personal
physiological conditions of the patient. These
differences emphasize the importance of patient-
based treatment techniques and the most effective
formulation.

4.6 Pharmaceutical Formulation and Delivery
Mechanisms

The described pharmaceutical research claims the
relevance of formulation strategies in the
enhancement of the behaviour of non-invasive drug
delivery systems. Mucoadhesive technologies may
be particularly crucial in the instance of the buccal
and sublingual delivery that does cost additional

time in the mouth and elevates the degree of
absorption. Such polymers are chitosan and
carbopol which are usually employed in adhesion
and permeability.
It has been shown that nanotechnology
formulations, nanoparticles, and liposomes can be
used to realize positive results in improving
solubility and stability of drugs [35]. Such systems
allow particular delivery and drug release and
increase therapy efficacy. Intranasal delivery is
typically applied with permeation enhancers and
surfactants to deal with the influence of mucosal
barriers and increase drug absorption.
The synthesis of the advanced pharmaceutical
technologies has expanded the range of drugs
which can be delivered through non-invasive
means. These innovations overcome the limitations
in solubility, stability and absorption of drugs and
consequently, the overall clinical results are
improved.
4.7 Numerical Comparative Table of Drug
Delivery Routes
Comparative numerical research on critical
parameters is connected with buccal, sublingual
and intranasal drug delivery route in anaesthesia as
presented in the table below. The calculation of
these values is done on the basis of clinical and
pharmaceutical findings on cumulative results in
the literature.
Table : Comparative Analysis of Non-Invasive Drug
Delivery Routes

Parameter Buccal | Sublingu | Intranas

Route al Route al Route
Average 15-30 5-10 3-5
Onset Time
(minutes)
Bioavailabilit | 50-70 60-80 70-90
y (%)
Duration of | 4-8 2-4 1-3
Action
(hours)
Absorption Moderat | Fast Very Fast
Rate e

First-Pass Avoided | Avoided Avoided
Metabolism

Patient 85-90 90-95 88-93
Compliance
(%)

Dose Moderat | Low Low
Limitation e

Suitability Low
for
Emergency
Use

Moderate | High

Formulation | High Moderate | Moderate

Complexity

CNS Limited | Limited High
Targeting
Capability
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4.8 Integrated Analysis and Interpretation
The review conducted together demonstrates that
there is specificity in each of non-invasive routes
depending on the advantages of each in relation to
specific clinical needs [36]. Buccal delivery is best
in relation to the sustained therapeutic effects,
sublingual delivery is best in regards to the
accurate administration of controlled drugs that are
rapid in onset and last in case of an emergency and
acute treatment, the intranasal mode is best in that
it has immediate onset and access to central
nervous system.
The results also describe how the pharmaceutical
innovation technology can help overcome the
traditional limitations involving the non-invasive
routes. The better formulations have enabled drugs
to absorb better, last longer and easy to accept by
patients making them wide in their clinical
application.
At the same time, the difference in absorption and
patient-specificity is one of the aspects, which also
deserve attention. Some of the causes of variations
in treatment outcomes include the physiological
differences in the mucosal, environmental and
structure of formulations [37]. These findings
indicate the necessity of the further evolution of the
study and development of the most effective drug
delivery system, not to mention a regularity of
clinical performance.
Overall, this discussion indicates that the non-
invasive methods of drug delivery are an emerging
and developing field of anaesthesia and have
significant opportunities to transform the face of
the patient to enhance and the quality of the therapy
[40].
5. Discussion
This paper has identified the growing significance
of non-invasive drug delivery systems in
anaesthesia as highlighted in the paper. The use of
buccal, sublingual and intranasal delivery has some
advantages that can be applied in different clinical
contexts.
The buccal route is particularly suitable to the
delivery of drugs on a continuous basis and to long-

lasting pain management [38]. It is a practical
substitute of controlled release system due to its
fairly consistent environment as well as ability to
be employed in mucoadhesive systems. It has a
slower rate of growth in comparison with other
paths, although, which may limit its usage in case
of emergency cases.
The advantage of the sublingual route is a direct
action and the convenient mode of administration.
Its application in premedication and acute
management makes it a useful agent in the practice
of anaesthesia. The ease of administration and good
compliance by the patients also makes its clinical
usefulness.
The drug is best delivered via intranasal delivery
method, which is the most efficient method of drug
delivery within a short period. It can deliver drugs
to the central nervous system and thus capable of
delivering special advantages when it comes to
treating acute diseases such as seizures, acute pain
[39]. This is predetermined by the absence of
invasiveness and complexity of its work that makes
it be specialized in the sphere of paediatric and
emergency care.
Pharmaceutical inventions have allowed the
effectiveness of these routes to increase. This has
witnessed the  development of  excellent
formulations that have addressed a majority of the
gaps in the traditional drug delivery systems.
However, such issues as variability of absorption
and potential mucosal irritation should be improved
in future studies.
6. Conclusion
The non-invasive methods of drug delivery are a
significant enhancement in the field of anaesthesia,
since it is the safe, effective and patient friendly
alternatives to the old methods. All the routes
mentioned above have their advantages that can be
modified to suit the needs of a clinic.
When used in the context of anaesthetic practice,
the delivery systems may aid in making the
therapeutic results more favourable, patients more
comfortable and reduce any complications that may
arise during invasive procedures. The current
problems should be overcome by future research
and formulation of pharmaceutical formulae to
enhance the utility of such routes.
Minimally invasive and patient-centred anaesthesia
are moving closer to the future of anaesthesia. The
non-invasive drug delivery systems shall be the
centre point of this change and shall contribute to
the more efficient, accessible and effective
healthcare delivery.
Reference list
1. Zhang, Y.B., Xu, D., Bai, L., Zhou, Y.M.,
Zhang, H. and Cui, Y.L., 2022. A review
of non-invasive drug delivery through
respiratory routes. Pharmaceutics, 14(9),
p-1974.

1JDDT Volume 16 Issue 63s 2026

Page: 1613



10.

11.

“NON-INVASIVE DRUG DELIVERY ROUTES IN ANAESTHESIA: CLINICAL AND
PHARMACEUTICAL PERSPECTIVES”

Niazi, S.K., 2023. Non-invasive drug
delivery across the blood—brain barrier: a
prospective

analysis. Pharmaceutics, 15(11), p.2599.
Xu, Y., Bei, Z., Li, M., Qiu, K., Ren, J.,
Chu, B., Zhao, Y. and Qian, Z., 2024.
Biomaterials for non-invasive trans-
tympanic drug delivery: requirements,
recent advances and perspectives. Journal
of Materials  Chemistry B, 12(32),
pp-7787-7813.

Zhang, S., Wang, Y., Zhang, S., Huang, C.,
Ding, Q., Xia, J., Wu, D. and Gao, W.,

2023. Emerging anesthetic
nanomedicines:  Current state  and
challenges. International ~ Journal  of

Nanomedicine, pp.3913-3935.

Samuel, H.S. and Ekpan, FM., 2023.
Revolutionizing drugs administration:
Techniques in drug delivery and
development. Int J Biochem Physiol, 8(2),
pp.1-15.

Sahu, S., Ghosh, V., Jain, P. and
Ajazuddin, 2024. Recent advancement of
novel drug delivery systems for topical
anaesthesia formulations. Current
Nanomedicine.

Avanu, A.E., Ciubotariu, A.M., Ciornei,
AM., Cozminci, A.D. and Dodi, G.,
2024. Nano-steps in altered opioid
pharmacokinetics: a  perspective on
potential drug delivery post-bariatric
surgery applications. RSC
Pharmaceutics, 1(5), pp.864-878.
Bahraminejad, S. and Almoazen, H., 2025.

Sublingual and buccal delivery: a
historical and scientific
prescriptive. Pharmaceutics, 17(8),

p.1073.

Li, L., Zhang, X., Zhou, J., Zhang, L.,
Xue, J. and Tao, W., 2022. Non-invasive
thermal therapy for tissue engineering and
regenerative medicine. Small, 18(36),
p.2107705.

Heraudeau, M., Roux, C.M., Lahogue, C.,
Largilliere, S., Allouche, S., Lelong-
Boulouard, V. and Freret, T. 2023.
Micropipette-guided Drug Administration
(MDA) as a non-invasive chronic oral
administration method in male
rats. Journal of Neuroscience
Methods, 398, p.109951.

Raslan, H.Y., Faisal, W., Abdellah, N.H.,
Abouelmagd, S.A. and Ibrahim, E.A.,
2025. The potential of microneedle
platforms in addressing pediatric drug
delivery challenges: perspectives of
healthcare professionals and parents. Beni-
Suef University Journal of Basic and
Applied Sciences, 14(1), p.72.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kadamus, C., Sibi, S., Bharadwaj, R. and
Subramony, J.A., 2026. A multimodal
perspective to overcome translational
barriers in cerebrospinal drug
delivery. Expert  Opinion  on  Drug
Delivery, 23(2), pp.209-220.

Jain, C., Goswami, P. and Singh, S., 2024.
Recent innovations and future
perspectives  in  transferosomes  for
transdermal drug delivery in therapeutic
and pharmacological applications. Chinese
Journal of  Applied  Physiology,
p.€20240031.

Vani, S., Venkatesan, N., Chandrasekar,
S.B., Sreedhar, C. and Pawar, A.T., 2024.
Perspectives on  Transdermal Drug
Delivery System: A Review. Research
Journal of Pharmacy and
Technology, 17(3), pp.1425-1431.

Jeong, J.0., Kim, M., Kim, S., Lee, K.K.
and Choi, H., 2025. Advanced hydrogel
systems for local anesthetic delivery:
Toward prolonged and targeted pain
relief. Gels, 11(2), p.131.

Lei, L., Peng, W., Cai, J. and Lu, C., 2025.
Combined Ultrasound and Microneedle
for Enhanced Transdermal Delivery:
Synergistic Mechanisms and Therapeutic
Advances. BIO Integration, 6(1), p.969.
Lu, H., Zhong, Y., Xiong, Y., Wang, X.,
Huang, J., Li, Y. and Lou, X., 2024.
Magnetic  resonance-guided  focused
ultrasound in intracranial  diseases:
Clinical applications  and  future
directions. Meta-Radiology, 2(1),
p-100065.

Bhavsar, J., Kasture, K., Salvi, B.V. and
Shende, P., 2025. Strategies for
transportation of peptides across the skin
for treatment of multiple
diseases. Therapeutic Delivery, 16(1),
pp.63-86.

Nauber, R., Goudu, S.R., Goeckenjan, M.,
Bornhéuser, M., Ribeiro, C. and Medina-
Sanchez, M., 2023. Medical microrobots
in reproductive medicine from the bench
to the clinic. Nature
Communications, 14(1), p.728.

Lee, D.H., Lim, S., Kwak, S.S. and Kim,
J., 2024. Advancements in skin-mediated
drug delivery: Mechanisms, techniques,
and applications. Advanced Healthcare
Materials, 13(7), p.2302375.

Lohela, T.J., Lilius, T.O. and Nedergaard,
M., 2022. The glymphatic system:
implications for drugs for central nervous
system diseases. Nature reviews Drug
discovery, 21(10), pp.763-779.

Kisku, A., Nishad, A., Agrawal, S,
Paliwal, R., Datusalia, A.K., Gupta, G.,

IJDDT Volume 16 Issue 63s 2026

Page: 1614



23.

24.

25.

26.

27.

28.

29.

30.

31.

“NON-INVASIVE DRUG DELIVERY ROUTES IN ANAESTHESIA: CLINICAL AND
PHARMACEUTICAL PERSPECTIVES”

Singh, S.K., Dua, K. and Sulakhiya, K.,
2024. Recent developments in intranasal
drug delivery of nanomedicines for the
treatment of neuropsychiatric
disorders. Frontiers in  Medicine, 11,
p-1463976.

Stie, M.B., Oblom, H., Hansen, A.C.N.,
Jacobsen, J., Chronakis, I.S., Rantanen, J.,
Nielsen, HM. and Genina, N., 2023.
Mucoadhesive  chitosan-and  cellulose
derivative-based  nanofiber-on-foam-on-
film system for non-invasive peptide
delivery. Carbohydrate ~ Polymers, 303,
p.120429.

Abdul Aziz, A.F., Beh, Y.Q., Farahiyah,
I.I., Azmir, S.S., Kee, P.E., Uddin, A.H.
and Liew, K.B., 2025. A review on the
mechanisms, applications, and clinical
trials of advanced technologies in the
transdermal drug delivery system. Current
Pharmaceutical  Biotechnology, 26(12),
pp.1971-1985.

Kathuria, T., Saharan, R., Dhankhar, S.,
Mahajan, S., Beniwal, S.K., Chauhan, S,
Dahiya, P., Verma, I. and Yasmin, S.,
2025. Transdermal drug delivery systems:
integrating modern  technology  for
enhanced therapeutics. Current  Drug
Safety.

Zhang, Y.B., Xu, D., Bai, L., Zhou, Y.M.,
Zhang, H. and Cui, Y.L., 2022. A review
of non-invasive drug delivery through
respiratory routes. Pharmaceutics, 14(9),
p-1974.

Niazi, S.K., 2023. Non-invasive drug
delivery across the blood—brain barrier: a
prospective

analysis. Pharmaceutics, 15(11), p.2599.
Xu, Y., Bei, Z., Li, M., Qiu, K., Ren, J.,
Chu, B., Zhao, Y. and Qian, Z., 2024.
Biomaterials for non-invasive trans-
tympanic drug delivery: requirements,
recent advances and perspectives. Journal
of Materials  Chemistry B, 12(32),
pp.7787-7813.

Zhang, S., Wang, Y., Zhang, S., Huang, C.,
Ding, Q., Xia, J., Wu, D. and Gao, W.,
2023. Emerging anesthetic
nanomedicines:  Current  state  and
challenges. International
Nanomedicine, pp.3913-3935.

Sahu, S., Ghosh, V., Jain, P. and
Ajazuddin, 2024. Recent advancement of
novel drug delivery systems for topical
anaesthesia formulations. Current
Nanomedicine.

Bahraminejad, S. and Almoazen, H., 2025.
Sublingual and buccal delivery: a
historical and scientific

Journal  of

32.

33.

34.

35.

36.

37.

38.

39.

40.

prescriptive. Pharmaceutics, 17(8),
p.1073.

Heraudeau, M., Roux, C.M., Lahogue, C.,
Largilliere, S., Allouche, S., Lelong-
Boulouard, V. and Freret, T., 2023.
Micropipette-guided Drug Administration
(MDA) as a non-invasive chronic oral
administration method in male
rats. Journal of Neuroscience
Methods, 398, p.109951.

Raslan, H.Y., Faisal, W., Abdellah, N.H.,
Abouelmagd, S.A. and Ibrahim, E.A,
2025. The potential of microneedle
platforms in addressing pediatric drug
delivery challenges: perspectives of
healthcare professionals and parents. Beni-
Suef University Journal of Basic and
Applied Sciences, 14(1), p.72.

Kadamus, C., Sibi, S., Bharadwaj, R. and
Subramony, J.A., 2026. A multimodal
perspective to overcome translational
barriers in cerebrospinal drug
delivery. Expert  Opinion on  Drug
Delivery, 23(2), pp-209-220.

Wan, Y., Zhang, W., Guo, X., Zhu, C.,
Wang, K. and Li, M., 2025. Application of

esketamine during emergency care:
current status and
perspectives. Anesthesiology and

Perioperative Science, 3(4), p.58.

Mangla, B., Javed, S., Sultan, M.H.,
Ahsan, W., Aggarwal, G. and Kohli, K.,
2022. Nanocarriers-assisted needle-free
vaccine delivery through oral and
intranasal transmucosal routes: a novel
therapeutic conduit. Frontiers in
pharmacology, 12, p.757761.

McKinley, S.L., 2024. Pharmacological
Implications of Drug Administration
Routes. American Journal Of Pharmacy
And Pharmacology, 5(6), pp.1-13.

Tian, X., Gao, Y., Li, C., Ma, W., Zhang,
J., Ju, Y., Ding, J., Zeng, S., Hameed,
H.A., Aung, H.L. and Zhong, N., 2025. A
novel non-invasive murine model for
rapidly testing drug activity via inhalation
administration against Mycobacterium
tuberculosis. Frontiers in
pharmacology, 15, p.1400436.

Ke, P, Li, Y., Han, M. and Wu, X., 2026.
Design and Application of Intelligent
Local Anesthetic
Nanoformulations. Pharmaceutics, 18(3),

p.289.

Justyna, K., Patrycja, S. and Rafat, W,,
2026. From Human to Veterinary
Medicine: Expanding the Role of
Microneedle  Drug  Delivery  and
Diagnostic Systems. Advanced Materials
Technologies, p.e02478.

IJDDT Volume 16 Issue 63s 2026

Page: 1615



“NON-INVASIVE DRUG DELIVERY ROUTES IN ANAESTHESIA: CLINICAL AND
PHARMACEUTICAL PERSPECTIVES”

IJDDT Volume 16 Issue 63s 2026
Page: 1616



