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Biological sciences
TAXONOMIC COMPOSITION OF ZOOPHILIC FLIES IN SAMARKAND

Dilbar Abdullaeva

Samarkand State University of Veterinary Medicine,
Livestock and Biotechnology, Samarkand, Uzbekistan
Jasur Kudratov,

Institute of Biochemistry, Samarkand State University
named after Sharof Rashidov, Samarkand, Uzbekistan

Zoophilic flies (Diptera) are a group of insects closely associated with livestock farms and veteri-
nary-sanitary conditions. Many species act as mechanical vectors of various pathogens, negatively affect-
ing livestock productivity. Information on the fauna, ecology, and taxonomy of zoophilic flies in Uzbeki-
stan and neighboring regions has been reported by several researchers [1, 7, 8]. However, data on the
current taxonomic composition of zoophilic flies in the Samarkand region remain insufficient. Therefore,
the aim of this study was to determine the species composition and taxonomic structure of zoophilic flies
in the Samarkand region.

The study was conducted in different natural and anthropogenic biotopes of the Samarkand re-
gion. Specimens were collected using entomological nets, sticky traps, and bait traps. In the laboratory,
samples were examined under a binocular microscope and identified using standard taxonomic keys.

For the identification of Diptera families, the key by E.P. Narchuk was used, while species identifi-
cation and classification were based on works by A. Stackelberg, G. Bey-Bienko, N. Violovich, and the
monograph Flies and Disease [2, 4, 6].

The study was carried out during 2016-2025 in various ecological zones and livestock farms of the
Samarkand region. As a result, 90 species belonging to 42 genera and 14 families were identified. The
distribution of species among families showed significant differences.

Scathophagidae Drosophilidae

Others o
Fanniidae  0,56% s""“;“’;j”"“ 338% 1,13%
o 15% Syrphidae
13,65% S
Sarcophagidae 27 éoepsidae

2,65% 1,06%

Muscidae
54,85%

Figure 1. Proportion of zoophilic fly families in Samarkand region (%)

The family Muscidae was the dominant group, comprising 54.85% of the total fauna. This domi-
nance is explained by its high ecological adaptability, strong reproductive capacity, and close association
with livestock environments. Similar findings have been reported by other researchers [5, 9, 10].

The second most abundant family was Calliphoridae (16.30%), followed by Fanniidae (13.65%).
Other families included Syrphidae (4.27%), Scathophagidae (3.38%), Sarcophagidae (2.65%), Sphaero-
ceridae (2.15%), Drosophilidae (1.13%), and Sepsidae (1.06%). The remaining families collectively ac-
counted for 0.56% of the total fauna.
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These results confirm that Muscidae represents the dominant ecological group in the zoophilic fly
fauna of the Samarkand region, due to its strong ecological plasticity and adaptation to livestock envi-
ronments.

Conclusion. The study confirmed that the family Muscidae is the leading taxonomic group in the
zoophilic fly fauna of the Samarkand region. The obtained results are important for assessing regional
biodiversity and developing effective veterinary-sanitary control measures.
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Abstract

Emotional resistance is one of the most universal yet systematically misunderstood challenges in
management, marketing, and human resource development. All managers encounter team members
who refuse to engage. Every marketer faces consumers who will not convert. Every trainer works with
learners who have shut down. And yet certain outstanding practitioners, exceptional teachers, leaders,
and coaches consistently transform resistance into willing, high-quality engagement through a brief, spe-
cific intervention. This paper asks what that intervention is and how it works. Drawing on a widely ob-
served case of a four-year-old child who refuses to play the piano and then, following a single teacher
intervention, plays with full absorbed engagement, we develop the Trigger Model of Motivational Turn-
ing Points: an original four-phase conceptual framework describing the transition from active emotional
resistance to intrinsically motivated performance. The model integrates Self-Determination Theory, psy-
chological reactance theory, emotional regulation theory, and flow theory into a unified architecture
organized around the concept of the motivational trigger, a specific stimulus that shifts the individual's
internal appraisal of the situation and activates intrinsic motivation rather than enforcing compliance.
Four trigger types are identified and theoretically grounded: cognitive reframe, autonomy activation,
competence activation, and relatedness activation. Five empirically testable propositions derived from
the model constitute the research agenda for validation. The framework contributes the first systematic
theoretical model of the motivational turning point, with direct applications for leadership practice, con-
sumer persuasion, and human resource development across management and marketing contexts.

Keywords: emotional resistance, motivational trigger, turning point, leadership, consumer behav-
ior, self-determination theory, reactance theory, human resource development, flow theory, conceptual
framework.

1. Introduction

Picture a four-year-old child at a piano. He does not want to be there. His face is red. His shoulders
are tense. He is crying with the full-body commitment young children bring to genuine distress. Everyone
in the room has accepted that he will not play. Then the teacher says something, a single, brief interven-
tion. The tears are slow. The child turns to the keyboard. And he plays, not reluctantly, not minimally,
but with the absorbed, intrinsically motivated engagement that every music teacher, every manager,
every marketer, and every trainer spends their career trying to create. What happened at that moment?

This question sits at the intersection of three of the most practically important challenges in con-
temporary management, marketing, and human resource development. In management, it is the chal-
lenge of the resistant employee, the team member who will not engage with a task, no matter how
clearly the objective is explained, how generous the incentive, or how direct the instruction. In marketing,
it is the challenge of the resistant consumer, the potential customer who has heard the pitch, understood
the value proposition, and still said no. In human resource development, it is the challenge of the resistant
learner, the professional who sits in a training program, arms crossed, determined not to engage. These
three challenges are structurally identical. They all involve an individual in a state of active motivational
resistance and a practitioner trying to create willing engagement. And they all encounter the same un-
resolved problem in scholarly literature: the transition moment itself has never been systematically the-

orized.
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The motivation literature is extensive. Self-Determination Theory (SDT) [2] has provided the most
comprehensive account of why people engage with activities. Transformational leadership research [3]
has identified the qualities that enable leaders to inspire followers. Emotional regulation theory [4] has
mapped how emotional states can be altered. Consumer behavior research has documented purchase
resistance extensively [5]. What is missing across all these traditions is systematic analysis and modeling
of the motivational turning point, the specific, brief, critical moment when a resistant individual becomes
a willing one. This gap is not merely theoretical. It has direct and costly practical consequences: managers
who cannot create turning points rely on compliance through pressure; marketers who cannot create
turning points lose conversions that were theoretically achievable; trainers who cannot create turning
points deliver programs whose content never reaches the resistant learner.

This paper addresses this gap by developing the Trigger Model of Motivational Turning Points: a
four-phase conceptual framework describing how emotional resistance transitions to intrinsically moti-
vated performance through a specific motivational trigger. The model integrates SDT [2], Brehm's reac-
tance theory [1], Gross's emotional regulation model [4], and Csikszentmihalyi's flow theory [6] into a
unified architecture. Four trigger types are identified: cognitive reframe, autonomy activation, compe-
tence activation, and relatedness activation, each of which is theoretically grounded in SDT's three fun-
damental psychological needs. Five empirically testable propositions derived from the model constitute
the research agenda for future validation studies across management, marketing, and human resource
development contexts.

The paper makes three contributions to existing literature. First, it introduces the Trigger Model as
the first systematic theoretical framework for understanding and explaining the motivational turning
point. Second, it derives a four-type trigger taxonomy that is both theoretically grounded and practically
actionable. Third, it establishes a cross-disciplinary bridge among motivation research, leadership theory,
emotion regulation theory, and consumer behavior within a unified framework applicable across man-
agement, marketing, and educational practice.

2. Literature Review

This section reviews five bodies of theoretical and empirical scholarship that together form the
foundation of the Trigger Model: psychological reactance and emotional resistance; Self-Determination
Theory; emotional regulation and cognitive neuroscience; leadership and the turning point; and consumer
resistance and the Yes Moment. The review identifies the specific gap the Trigger Model addresses and
situates the paper's contribution within existing literature.

2.1. Psychological Reactance and Emotional Resistance

Resistance, as theorized in this paper, is defined as an active motivational state in which an indi-
vidual refuses engagement with a demanded task or behavior. Brehm [1] first theorized this as psycho-
logical reactance: when individuals perceive their freedom to choose being threatened, they experience
a motivational drive to restore that freedom, producing oppositional cognition, negative affect, and be-
havioral refusal. Brehm and Brehm [7] extended this analysis to demonstrate that reactance is most
acute when the demand is perceived as controlling rather than autonomy-supportive, and that direct
attempts to overcome reactance through pressure or argument typically intensify rather than reduce it.

In organizational contexts, emotional resistance is documented as a primary barrier to change
management [8], training effectiveness [9], and leadership effectiveness [10]. Oreg's [8] individual dif-
ferences measure of resistance to change identifies four dispositional components: routine seeking, emo-
tional reaction, short-term focus, and cognitive rigidity, each of which intensifies under pressure. In mar-
keting contexts, Puntoni et al. [5] demonstrate that Al-driven personalized marketing can produce re-
sistance that conventional persuasion techniques cannot overcome, and Cialdini [19] documents the spe-
cific social conditions that reliably reduce resistance and produce compliance. What both the organiza-
tional and marketing literatures lack, however, is a theoretical account of the reversal of resistance the
moment when the resistant individual becomes willing. This paper provides that account.

2.2. Self-Determination Theory and the Psychology of Intrinsic Motivation

Deci and Ryan's [2] Self-Determination Theory provides the most influential and empirically sup-
ported framework for understanding why people engage with activities. SDT identifies three fundamen-
tal psychological needs: autonomy (the need to experience one's actions as self-chosen), competence (the
need to feel effective in interaction with the environment), and relatedness (the need to feel connected
to others) as universal prerequisites for intrinsic motivation. When these needs are satisfied, individuals
engage with activities for their inherent value. When they are frustrated, individuals either disengage or
engage only under external pressure, producing the compliance-without-performance dynamic that re-
sistant employees, resistant consumers, and resistant learners exemplify.
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SDT's identification of these three needs as the universal motivational prerequisites is directly in-
corporated into the Trigger Model. Each of the model's four trigger types activates one or more of these
needs: cognitive reframe activates competence; autonomy activation restores the sense of self-determi-
nation; competence activation affirms capability; relatedness connects the task to valued relationships.
The trigger is not a manipulation technique; it is a need-satisfaction intervention that creates the intrinsic
motivational conditions under which genuine engagement becomes possible [11].

2.3. Emotional Regulation and the Neuroscience of State Shifts

Gross's [4] process model of emotion regulation established that emotional states can be deliber-
ately altered through cognitive reappraisal, changing how a situation is understood, rather than sup-
pressing the emotional response or changing the situation itself. Cognitive reappraisal is most effective
when deployed early in the emotional generation process, before the emotional response is fully consol-
idated and before it has recruited behavioral commitments such as the explicit refusal that characterizes
active resistance [15].

The neuroscientific basis of the motivational turning point lies in the interaction between the
amygdala and the prefrontal cortex. When an individual experiences emotional resistance, the amygda-
la's threat-detection function generates a threat response that prioritizes self-protection over task en-
gagement, narrowing attentional scope and inhibiting approach motivation [16]. An effective trigger,
particularly a cognitive reframe, activates the prefrontal cortex's regulatory capacity, reducing the amyg-
dala's threat signal and enabling the attention broadening that Fredrickson's [24] Broaden-and-Build
Theory identifies as the precondition for positive emotional engagement. This is the neurological mecha-
nism by which the turning point occurs: not the suppression of resistance, but the transformation of the
internal appraisal that generates it.

2.4. Transformational Leadership and the Turning Point

Bass and Avolio's [3] transformational leadership framework identifies four components of lead-
ership that move followers beyond immediate self-interest: idealized influence, inspirational motivation,
intellectual stimulation, and individualized consideration. Each of these components involves a specific
form of reframing, presenting the task, the relationship, or the follower's identity in a way that activates
higher-level motivation than the immediate context would naturally produce. The transformational
leader, in the Trigger Model's terms, is the practitioner with the broadest and most flexibly deployed
trigger repertoire.

Motivational interviewing [17], originally developed as a clinical technique for producing behavior
change in resistant individuals with substance use disorders, provides the most developed practitioner-
level framework for trigger deployment. Its four core processes, engaging, focusing, evoking, and plan-
ning, correspond closely to the four phases of the Trigger Model, and its specific techniques, reflective
listening, open questions, affirmations, and summarising, map directly onto the autonomy-activation and
relatedness-activation trigger types. The Trigger Model extends motivational interviewing's clinical
framework to management, marketing, and educational practice, providing the theoretical grounding
that motivational interviewing's pragmatic development has not always supplied [17].

2.5. Consumer Resistance and the Yes Moment

Consumer resistance to persuasion is extensively documented in marketing research. Knowles and
Linn [20] distinguish approach-based and avoidance-based resistance, noting that most persuasion re-
search focuses on overcoming avoidance-based resistance through argument and evidence, while ap-
proach-based resistance, the more common form in marketing contexts, requires activating positive ap-
proach motivation rather than refuting negative avoidance reasons. Fogg’s behavior model identifies mo-
tivation, ability, and prompt as the three components of behavior change, implying that resistant con-
sumers can be moved to action by the right prompt at the right moment, the Yes Moment theorized by
the Trigger Model.

The consumer turning point, the specific moment when a consumer’s internal state shifts from
resistance to willingness, has not been systematically modeled in the existing consumer behavior litera-
ture. Cialdini's [19] influence principles provide a catalog of social triggers that reliably produce compli-
ance, but they are analyzed as persuasion techniques rather than as mechanisms of motivational turning
points. The Trigger Model reframes them as triggers that activate specific psychological needs, providing
a theoretically grounded account of why they work and when each type is most effective. This reframing
has direct practical implications: it suggests that the most effective consumer turning points activate
intrinsic motivation rather than merely produce compliance, thereby generating brand advocacy and
post-purchase satisfaction that compliance-based conversion does not.

2.6. The Literature Gap
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The five bodies of scholarship reviewed above have each made essential contributions to under-
standing motivation, resistance, and engagement. What none of them has done is theorize the transition
moment itself, the specific, brief, critical instant when a resistant individual becomes a willing one. Mo-
tivation research studies sustained motivation over time. Emotional regulation research studies how in-
dividuals manage emotions across extended periods. Leadership research studies how leaders maintain
follower engagement across relationships and careers. Consumer behavior research studies the anteced-
ents and consequences of resistance without modeling its reversal. The motivational turning point sits in

the space between these traditions, and it is the space the Trigger Model occupies.
3. The Trigger Model of Motivational Turning Points

3.1. Overview and Four-Phase Architecture
The Trigger Model describes the transition from active emotional resistance to intrinsically moti-
vated performance in four phases. Table 1 presents the complete model, its theoretical basis, and its
applications in management, marketing, and education.
Table 1. The Trigger Model of Motivational Turning Points: phases, mechanisms, and applications

Turning Point

fect; resistance dissolves; willing-

[24]: Motivational inter-

Phase What happens Theoretical basis Organizational / marketing application
Phase 1Re- Individuals experiences active re- | Reactance theory [1]; Employee refuses task; consumer re-
sistance fusal, emotional distress, and mo- | Gross emotional regula- Jects marketing; learner disengages

tivational shutdown tion model [4] from training
Phase 2The A specific stimulus shifts the indi- | Self-Determination Theory | Leader reframes the task; marketer ac-
Trigger vidual's internal appraisal of the [2]; Cognitive reappraisal tivates intrinsic motivation; coach re-
situation [15] stores sense of autonomy
Phase 3: The Rapid reduction in negative ef- Broaden-and-Build Theory | Employee commits to the task; con-

sumer moves toward purchase; learner

tained, high-quality output

ness emerges viewing [17] re-engages with the content
Phase 4Per- Intrinsically motivated engage- Flow theory [6]; Growth Employee exceeds expectations, con-
formance ment produces absorbed, sus- mindset [23] sumer becomes brand advocate;

learner achieves mastery

Source: Authors' theoretical synthesis.

3.2. Phase 1: Resistance Understanding the State We Are Working With

In the Trigger Model, resistance is not a character flaw or a behavioral problem. It is a structured
psychological state with identifiable neurological, motivational, and behavioral components. At the neu-
rological level, resistance involves amygdala-mediated threat activation, which narrows the attentional
scope and inhibits approach motivation [16]. At the motivational level, it involves the frustration of one
or more of SDT's three fundamental psychological needs: the individual feels that their autonomy is being
overridden, that they lack the competence to succeed, or that the task is disconnected from the relation-
ships and identities that matter to them [2]. At the behavioral level, it manifests as explicit refusal, emo-
tional expression, or withdrawal.

This structural analysis has an important practical implication. Because resistance is a structured
state with identifiable motivational causes, it is theoretically reversible through interventions that ad-
dress those causes. The practitioner who understands which needs are being frustrated can design an
intervention that activates the need and its trigger, thereby dissolving resistance at its source rather than
attempting to overcome it by force or incentive.

3.3. Phase 2: The Trigger What Creates the Turning Point

The trigger is the model's central and most original contribution. A trigger, as defined in the Trigger
Model, is a specific stimulus, verbal, behavioral, or environmental, that shifts the resistant individual's
internal appraisal of the situation in a way that activates intrinsic motivation. The trigger does not force
compliance. It does not overcome resistance through pressure. It transforms the internal conditions gen-
erating resistance, so that resistance dissolves and willingness emerges.

The Trigger Model identifies four trigger types, each corresponding to the activation of one of SDT's
fundamental psychological needs. Table 2 presents the complete trigger taxonomy with definitions, ac-
tivated needs, and practical examples.
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Table 2. The Trigger Taxonomy: four trigger types, definitions, and applications

Trigger type Definition SDT need activated Example in practice
Cognitive re- | Changing how the individual appraises | Competence: task re- 'You already know how to do this you
frame the task or situation, not the task it- framed as achievable did something harder last month’

self
Autonomy Restoring the individual's sense of Autonomy: freedom of | 'You don't have to do this right now.
activation choice within the constrained situa- choice restored When do you think would work best for
tion you?'
Competence | Affirming the individual's existing ca- Competence: confi- 'You are one of the people | trust most
activation pability before introducing the chal- dence in ability acti- with this kind of challenge’
lenge vated
Relatedness | Connecting the task to a relationship Relatedness: social 'Your team needs this from you specifi-
activation or identity that matters to the individ- | connection activated cally. No one else can do what you do
ual here'

Source: Authors' theoretical derivation from Self-Determination Theory [2].

The cognitive reframe trigger works at the level of situation appraisal: it changes how the individ-
ual understands the task without changing the task itself. In the piano video, the teacher’s intervention
was most likely a cognitive reframing, perhaps connecting the piano to something the child already loved,
reframing the difficulty as a matter of familiarity rather than a threat, or reframing the performance as
play rather than evaluation. The autonomy activation trigger restores the individual's sense of agency
within the constrained situation: it does not change the requirement but changes the individual's experi-
ence of their relationship to it. Competency activation triggers affirmation of existing capability before
introducing the challenge; it directly addresses the threat-to-competence that is generating resistance.
The relatedness activation trigger connects the task to a valued relationship, making it meaningful by
grounding it in the social context that matters to the individual.

3.4. Phase 3: The Turning Point What Happens in the Moment

The turning point is the observable manifestation of the internal state shift produced by the trig-
ger. It is characterized by a rapid reduction in negative affect, a shift in body posture and facial expres-
sion, and the initiation of task-directed behavior. In the piano video, the turning point is clearly visible:
the tears slow, the shoulders drop, and the child turns to the keyboard. This transition is not the result of
compliance achieved through pressure; it is the result of willingness achieved through transformation.

Fredrickson's [24] Broaden-and-Build Theory provides the psychological mechanism. When the
amygdala'’s threat signal is reduced by the trigger, the individual's attentional scope broadens from the
narrow, threat-focused state of resistance to the open, opportunity-oriented state that characterizes
positive effect and approach motivation. This broadened state activates the cognitive and motivational
resources that enable genuine task engagement. The turning point is, at its neurological core, the mo-
ment when the individual's brain shifts from defensive to approach mode, a shift that no amount of ex-
ternal pressure can produce directly, but that an effective trigger can create by transforming the internal
appraisal generating the threat response.

3.5. Phase 4: Performance Why the Quality Surprises

One of the most theoretically significant features of the piano video and of effective motivational
turning points more generally is that the quality of performance following the turning point consistently
exceeds what would be produced by mere compliance. The piano child does not play reluctantly or mini-
mally. He plays with absorbed engagement and evident intrinsic motivation. The same pattern is ob-
served in management contexts when resistant employees are effectively triggered: the performance
that follows the turning point characteristically exceeds the manager's expectations and the employee's
own prior performance.

Csikszentmihalyi's [6] flow theory explains this phenomenon. Flow, the state of complete absorp-
tion in a task that produces optimal performance, requires intrinsic motivation: the individual must be
engaged by the activity's inherent value rather than by external reward or pressure. An effective trigger,
by activating intrinsic motivation rather than producing compliance, creates the necessary condition for
flow. The surprising quality of post-trigger performance is not an anomaly; it is precisely what intrinsic
motivation looks like in action. This has a critical practical implication: the difference between triggered
performance and pressure-induced compliance is not merely a matter of the individual's comfort. It is a
performance difference that is observable, measurable, and theoretically predictable.

4. Research Propositions

The Trigger Model generates five empirically testable propositions that constitute the research
agenda for the model’s validation. Each proposition addresses a specific theoretical claim made by the
model and specifies a proposed empirical test. Table 3 presents the complete set of propositions.
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Table 3. Research propositions derived from the Trigger Model

P Proposition Proposed empirical test

P1 | Individuals who receive a cognitive reframe trigger during ac- | Experimental design: three conditions (reframe vs. di-
tive emotional resistance will transition to task engagement rective vs. control); N = 150; measure time-to-en-
significantly faster than those who receive directive instruc- gagement and performance quality output. Georgian
tion or no intervention. professional sample.

P2 | Autonomy-activating triggers will produce more sustained Survey experiment with longitudinal follow-up; SDT
post-trigger engagement than compliance-producing pressure | Basic Psychological Needs Scale; compare intrinsic
interventions, as measured by performance quality and intrin- | motivation activation vs. compliance across Georgian
sic motivation ratings at 30-day follow-up. management and marketing contexts.

P3| Leaders with higher emotional intelligence will more accu- Multi-source assessment: Mayer-Salovey-Caruso El
rately identify the specific trigger type required for each re- Test; observation of real coaching conversations;
sistant individual, resulting in significantly higher turning- turning point success rated by supervisor and peer in-
point success rates than leaders with lower emotional intelli- | dependently.
gence.

P4 | Consumer turning points in marketing contexts are more Between-subjects consumer experiment: autonomy-
likely to be driven by autonomy-supportive communication supportive vs. persuasive message conditions; N >
than by persuasive pressure, and to yield higher post-purchase | 200; measure conversion rate, post-purchase satis-
satisfaction and brand loyalty at 60 days. faction, and 60-day brand loyalty.

P5 | Trigger effectiveness varies significantly across cultural con- Cross-cultural comparative study: minimum three
texts: cognitive reframe triggers are more effective in collec- countries (Georgia, China, Germany); N = 100 per
tivist cultures, while autonomy-activation triggers are more country; same experimental design; Hofstede cul-
effective in individualist cultures. tural dimension scales as moderators.

Source: Authors' theoretical derivation.

Propositions P1 and P2 address the model's core empirical predictions about trigger effectiveness
and the sustainability of trigger-induced engagement. P1 tests whether triggers produce faster turning
points than directive instruction, the most practically consequential comparison for management prac-
tice. P2 tests the SDT-derived prediction that activating intrinsic motivation yields more durable engage-
ment than compliance, addressing the common practitioner concern that triggered engagement may
not be sustained. P3 tests the emotional intelligence moderation hypothesis, providing a basis for pre-
dicting which leaders are most likely to deploy triggers effectively and which need the most development.
P4 extends the model to consumer marketing contexts, providing a direct test of the Yes Moment frame-
work and its commercial implications. P5 addresses the cross-cultural moderation that the geographic
diversity of the model's proposed applications requires a particularly important proposition given that
the video motivating the model's development involves a Chinese child and teacher, while the frame-
work's primary application context is Georgian management practice.

5. Discussion

5.1. Theoretical Implications

The Trigger Model's most significant theoretical contribution is the identification of the motiva-
tional turning point as a distinct and theoretically important phenomenon that existing frameworks of
motivation, leadership, and behavior have not modeled. The model's four-phase architecture — Re-
sistance, Trigger, Turning Point, Performance provides the first systematic account of the transition from
active resistance to intrinsically motivated engagement, filling a gap that cuts across multiple scholarly
traditions simultaneously.

The model advances SDT [2] by specifying how the theory's three fundamental needs can be acti-
vated in real time to dissolve resistance, rather than treating need satisfaction as a background condition
for sustained motivation. It advances Gross's [4] emotional regulation framework by identifying how cog-
nitive reappraisal can be externally facilitated through specific practitioner interventions, rather than
treating reappraisal as a purely internal requlatory strategy. It advances transformational leadership the-
ory [3] by specifying the mechanism that needs to be activated by targeted triggers, through which trans-
formational leaders produce the follower engagement that the framework's four components describe
at a more abstract level. And it advances consumer behavior research [5] by providing a theoretical ac-
count of the Yes Moment, the consumer turning point that existing persuasion research has not supplied.

The Trigger Model also has implications beyond its three primary application domains. The funda-
mental insight that resistance is a structured motivational state that can be systematically reversed
through need-activating interventions is applicable wherever human practitioners encounter motivated
refusal: clinical psychology, education, negotiation, conflict resolution, and public health behavior
change. The Concentration Principle that emerges from the model, that the most effective interventions
concentrate on activating the specific need being frustrated rather than overcoming the behavioral man-
ifestation of its frustration, is a general principle of motivational practice with broad applicability.

5.2. Practical Implications for Management
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For managers and leaders, the Trigger Model has three immediate practical implications. First, it
reframes resistance from a character problem to a motivational state problem: instead of asking ‘why is
this person difficult?, the effective manager asks, ‘which need is being frustrated and how can | activate
it?". This reframing is practically consequential because it shifts the manager's intervention from pressure
and argument, which reactance theory [1] shows typically intensify resistance to need-activation, which
SDT [2] and the Trigger Model show can dissolve it.

Second, the Trigger Taxonomy provides managers with a specific, learnable repertoire of interven-
tion types rather than the vague exhortation to 'be a better motivator'. A manager who understands that
a resistant employee is experiencing a competence threat can specifically deploy a competence-activa-
tion trigger. A manager who understands that resistance reflects an autonomy threat can specifically
deploy an autonomy-activation trigger. This specificity transforms trigger deployment from an instinctive
gift possessed by exceptional leaders into a teachable skill available to any manager willing to learn it.

Third, the performance prediction that trigger-induced engagement characteristically exceeds
compliance-induced performance provides managers with a business case for investing in trigger reper-
toire development that the existing leadership literature has not clearly articulated. The manager who
creates motivational turning points is not merely a more pleasant workplace presence; they are generat-
ing measurably superior performance outcomes.

5.3. Practical Implications for Marketing

For marketing practitioners, the Trigger Model's most significant implication is the reframing of
the conversion challenge from persuasion to need activation. The conventional persuasion framework
asks: 'How do we overcome the consumer's resistance to our product?’ The Trigger Model asks: 'Which
psychological need can we activate to make engagement with our product intrinsically motivated rather
than externally pressured?’ This distinction is practically consequential because triggered engagement,
the Yes Moment, produces not only conversion but also post-purchase satisfaction, brand loyalty, and
advocacy that compliance-based conversion does not.

The trigger taxonomy provides marketing practitioners with a specific framework for designing
conversion-oriented communications that address identified psychological needs. An autonomy-activa-
tion trigger in marketing might involve giving the consumer genuine choice within the purchase decision
rather than creating artificial urgency. A competence-activation trigger might involve affirming the con-
sumer's expertise and judgment before presenting product information. A related activation trigger
might involve connecting the product to the consumer's existing value relationships rather than attempt-
ing to create a new brand relationship from a cold start. These applications are testable through Propo-
sition P4 and provide a concrete research agenda for the emerging literature on intrinsic motivation in
consumer behavior.

5.4. Practical Implications for Human Resource Development

For HRM practitioners and training designers, the Trigger Model provides both a diagnostic frame-
work for understanding learner resistance and an intervention framework for addressing it. The model's
identification of three types of need frustration that generate resistance competence threats, autonomy
threats, and relatedness threats maps directly onto three common causes of training disengagement:
the learner who feels the training is too difficult (competence threat), the learner who feels the training
is being imposed without their genuine participation (autonomy threat), and the learner who sees no
connection between the training content and their valued work relationships or identity (relatedness
threat). Each cause calls for a different trigger type, and the model specifies what that trigger should
look like in practice.

5.5. Limitations

This paper presents a conceptual framework and does not include primary empirical evidence. The
five research propositions in Table 3 constitute the systematic agenda for addressing this limitation
through future validation studies. The conceptual analysis draws on the piano video as a motivating case,
but the paper does not claim that the teacher's specific intervention has been identified or that the model
has been validated against that specific case. The trigger taxonomy is theoretically derived from SDT and
remains to be validated empirically in management, marketing, and educational contexts across differ-
ent cultures. The cross-cultural proposition (P5) is particularly important given that the piano video in-
volves a Chinese child and teacher, while the model's primary application context is Georgian and broadly
Western management practice. Cultural differences in power distance, individualism-collectivism, and
attitudes toward emotional expression may substantially moderate the effectiveness of triggers in ways
that the current conceptual framework cannot fully specify.

6. Conclusion
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This paper asked a deceptively simple question: What happened in the moment when the crying
child at the piano became the willing pianist? The answer this paper proposes is that the teacher deployed
a motivational trigger a specific, brief intervention that activated one of the child's frustrated psycholog-
ical needs, shifted his internal appraisal of the situation, and created the conditions for intrinsic motiva-
tion to emerge. The result was not compliance. It was genuine, absorbed, high-quality engagement. It
was a motivational turning point.

The Trigger Model of Motivational Turning Points constitutes the first systematic theoretical
framework for understanding and explaining this phenomenon across management, marketing, and hu-
man resource development contexts. Its four-phase architecture, Resistance, Trigger, Turning Point, Per-
formance, provides the conceptual vocabulary for analyzing turning points wherever they occur. It trig-
gers a cognitive reframe in taxonomy, autonomy activation, competence activation, and relatedness ac-
tivation, which provide the practical repertoire for creating them intentionally. And its five research prop-
ositions provide the empirical agenda for validating its claims across the diverse contexts in which re-
sistant individuals and skilled practitioners interact.

The significance of this framework extends beyond its three primary application domains. Every
field that involves changing human behavior, medicine, public health, education, conflict resolution, ne-
gotiation, and governance, confronts the same fundamental challenge: the resistant individual who will
not change. The Trigger Model offers any of these fields a theoretically grounded account of how change
can be created without coercion: not by overcoming resistance but by dissolving its motivational source.
The piano teacher understood this intuitively. The Trigger Model proposes to understand it scientifically
and to make that understanding teachable, testable, and transferable to the management, marketing,
and human resource development practitioners who need it most.
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Abstract

Objective: To systematically analyze and evaluate the contemporary clinical data regarding the
role of patent foramen ovale (PFO) in the pathogenesis of cryptogenic stroke and the clinical efficacy of
its therapeutic management in young and middle-aged patients (18—60 years).

Methods: A comprehensive theoretical and clinical analysis was performed on large-scale random-
ized controlled trials and extensive meta-analyses sourced from the PubMed database and international
collaborative research consortiums (such as the SCOPE study).

Results: Clinical data indicate that PFO is detected in approximately 50% of patients under the age
of 60 who present with a cryptogenic stroke or embolic stroke of undetermined source (ESUS). Pooled
data analysis confirmed that transcatheter device closure significantly reduces the annual incidence of
recurrent stroke from 1.09% to 0.47% compared to medical therapy alone (adjusted Hazard Ratio [HR]
=0.41). However, the therapeutic benefit is highly heterogeneous and strongly correlates with the Risk
of Paradoxical Embolism (RoPE) score and the PASCAL classification system (r = 0.95).

Conclusion: Percutaneous device closure represents the most effective secondary prevention strat-
eqy in carefully selected young patients with highly pathogenic PFO characteristics.

Keywords: cryptogenic stroke, patent foramen ovale (PFO), paradoxical embolism, RoPE score,
PASCAL classification.

Introduction:

Ischemic stroke in young and middle-aged adults (aged 18—60 years) remains one of the most chal-
lenging and critical areas in contemporary neurocardiology and angioneurology. Because traditional car-
diovascular risk factors typical of older patients (such as advanced atherosclerosis, carotid stenosis, and
atrial fibrillation) are relatively rare in younger populations, standard diagnostic algorithms frequently
fail to identify a definitive etiology. Cerebral ischemic events that remain unexplained after an exhaustive
diagnostic workup are classified as cryptogenic strokes or embolic strokes of undetermined source
(ESUS).

Current clinical evidence establishes that approximately 10% of all ischemic strokes in adults aged
18 to 60 years are directly associated with a patent foramen ovale (PFO). Consequently, the objective of
this theoretical review is to conceptually synthesize the data from major international clinical trials and
pooled meta-analyses to comprehensively elucidate the pathophysiological role of PFO, its differential
diagnosis, and the comparative efficacy of current therapeutic modalities.

2. Theoretical Analysis and Authorial Subheadings

2.1. Pathophysiological Substrate and the Mechanism of Paradoxical Embolism

A patent foramen ovale (PFO) is an anatomical interatrial communication between the right and
left atria that persists when the fetal secundum and primum atrial septa fail to fuse after birth. While a
PFO is a common anatomical variant present in approximately 25% of the general adult population, its
prevalence doubles to nearly 50% among patients under 60 years of age diagnosed with a cryptogenic
stroke.

The development of a stroke in the presence of a PFO is primarily driven by the mechanism of
paradoxical embolism. Thrombi or microemboli originating within the venous system (e.g., deep veins of
the lower extremities or pelvic plexuses) would normally be filtered by the pulmonary circulation. How-
ever, during activities that transiently elevate right atrial pressure (such as coughing, straining, or heavy
physical exertion), a transient right-to-left shunt occurs. This allows the venous thrombus to cross directly
through the PFO into the left atrium, bypassing the pulmonary filter. Once in the systemic arterial circu-
lation, the embolus can ascend into the cerebral arterial tree, causing acute occlusion and subsequent
ischemic infarction.
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2.2. Stratification Tools: The Mathematical Correlation of the RoPE and PASCAL Models

Distinguishing whether a PFO discovered in a patient with a cryptogenic stroke is a purely inci-
dental finding or the direct pathogenic cause (PFO-attributable fraction) of the event is a major clinical
challenge. To resolve this diagnostic dilemma, specialized clinical scoring models have been integrated
into neurocardiological practice:

The RoPE (Risk of Paradoxical Embolism) Score: This 10-point scoring system evaluates variables
including patient age, presence of diabetes, hypertension, smoking status, a history of prior stroke/TIA,
and the cortical vs. subcortical nature of the infarct. Younger patients with fewer traditional vascular
risk factors yield a higher RoPE score. A pooled analysis of individual patient data from three major in-
ternational clinical trials (CLOSURE-I, RESPECT, and PC) demonstrated an exceptionally high Pearson
correlation (r = 0.95, P < 0.001) between the RoPE-estimated PFO-attributable fraction and the actual
relative risk reduction achieved via device closure. This mathematically confirms that a high RoPE score
(\ge 7) reliably identifies patients in whom the PFO is highly likely to be pathogenic rather than incidental.

The PASCAL Algorithm: This more advanced tool refines the assessment by combining the clinical
ROPE score with high-risk echocardiographic features, specifically the presence of an atrial septal aneu-
rysm (ASA) or a large right-to-left shunt visualized via transesophageal echocardiography (TEE). Based
on these combined data, the PASCAL algorithm stratifies patients into three distinct categories of causal
relatedness: "probable," "possible," and "unlikely".

2.3. Comparative Clinical Efficacy: Endovascular Device Closure versus Medical Therapy

The final research report of the SCOPE consortium, which pooled individual patient data from 6
major randomized clinical trials involving 3,740 participants, provided definitive insights into compara-
tive treatment efficacy. Over a median follow-up of 57 months, PFO closure combined with medical ther-
apy significantly reduced the risk of recurrent ischemic stroke by 59% compared to medical therapy alone
(adjusted Hazard Ratio [HR] = 0.41; 95% Cl, 0.27-0.60). The annualized incidence of stroke was 1.09% in
the medical therapy arm, dropping to 0.47% in the device closure arm.

However, the therapeutic effect displayed marked heterogeneity across distinct clinical subgroups:

The High-Benefit "Probable"” Cohort: In young patients with high-risk PFO anatomy (an atrial septal
aneurysm or a large shunt) categorized as "probable” under the PASCAL system, device closure reduced
the risk of recurrent stroke by 90% (HR = 0.10,; 95% Cl, 0.03-0.35). This finding is strongly supported by
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the CLOSE trial meta-analysis, which demonstrated a massive benefit of closure in patients with an ASA
or large shunt (Relative Risk [RR] = 0.27; 95% Cl, 0.11-0.70).

The Low-Benefit "Unlikely" Cohort: Conversely, in older patients with multiple traditional vascular
risk factors and low-risk PFO anatomy, device closure provided no clinical benefit (HR = 1.14; 95% Cl,
0.53-2.46). Furthermore, this "unlikely" subgroup exhibited a significantly higher absolute risk increase
in new-onset atrial fibrillation (4.41%) beyond day 45 post-randomization. Overall, the CLOSE trial meta-
analysis highlighted that device closure is associated with a more than 4-fold increase in the risk of new-
onset atrial fibrillation compared to medical therapy alone (RR = 4.33;,95% Cl, 2.37-7.89).

Medical Therapy Sub-analysis: When evaluating medical options for patients who do not undergo
surgery, randomized controlled trials comparing oral anticoagulation to antiplatelet therapy (e.q., aspi-
rin) showed no statistically significant difference between the two drug regimens in preventing recurrent
strokes.

2.4. Limitations of Current Evidence and Future Directions

The 2023 SCOPE final research report identifies several critical gaps in the existing literature. First,
there is a lack of comprehensive data regarding long-term functional and cognitive outcomes following
a recurrent stroke. Second, notable heterogeneity exists across international trials regarding the precise
definitions of key clinical variables. Furthermore, several questions remain unaddressed, such as the op-
timal composition and duration of antithrombotic therapy post-closure, the clinical efficacy of next-gen-
eration closure devices, and—most importantly—the safety and efficacy of PFO closure in patients older
than 60 years.

3. Conclusion

A patent foramen ovale (PFO) represents a critically important pathogenic driver of cryptogenic
ischemic strokes in young and middle-aged adults. Synthesizing the contemporary global evidence base
reveals that percutaneous endovascular device closure provides a substantially superior reduction in
stroke recurrence compared to traditional antithrombotic medical regimens. However, daily clinical prac-
tice demands a highly individualized approach. Incorporating the RoPE score and the PASCAL algorithm
into routine clinical pathways allows clinicians to precisely identify "probable" candidates who derive up
to a 90% risk reduction from closure, while shielding low-benefit patients from unnecessary procedural
risks and post-operative atrial fibrillation.

4. Practical Recommendations

Based on the thorough analysis of international randomized clinical data, the following practical
recommendations are proposed for clinical adoption:

1. Diagnostic Standardization: All patients aged 18 to 60 presenting with a cryptogenic stroke or
ESUS must undergo transesophageal echocardiography (TEE) or a contrast-enhanced transcranial Dop-
pler (bubble test) to actively screen for the presence of a PFO and characterize its structural anatomy
(atrial septal aneurysm, shunt grading).

2. Clinical Stratification: Prior to selecting a treatment strategy, the RoPE score and PASCAL algo-
rithm should be calculated for every patient. Patients stratified into the PASCAL "probable” category
(young age, high RoPE score, combined with an ASA or large shunt) should be prioritized for percutaneous
endovascular device closure as the primary secondary prevention strategy.

3. Avoidance in Low-Benefit Subgroups: Routine device closure should not be recommended for
older patients with prominent traditional vascular risk factors who fall into the PASCAL "unlikely” cate-
gory, given the lack of proven efficacy and the significantly elevated risk of post-procedural atrial fibril-
lation.

4. Optimizing Medical Therapy: For patients who are poor procedural candidates or who decline
intervention, standard antiplatelet therapy (e.g., aspirin) combined with aggressive management of tra-
ditional vascular risk factors (blood pressure and lipid control) remains the standard of care, as antico-
agulation has shown no statistical superiority over antiplatelets.

5. Post-Operative Surveillance: Patients who undergo device closure must receive structured fol-
low-up, including ECGs and Holter monitoring, particularly beyond the first 45 days post-procedure, to
facilitate the timely detection and management of new-onset atrial fibrillation.
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Abstract

Aim: This systematic review and meta-analysis evaluated the diagnostic and predictive perfor-
mance of imaging and biomarker-based approaches for preeclampsia, with emphasis on first-trimester
and mid-gestation prediction of preterm preeclampsia. Methods: A systematic literature search was de-
signed according to PRISMA principles and included studies published from January 2016 to June 2026
in medically advanced countries of Europe, North America, Australia, Japan, South Korea, Singapore, and
other high-resource healthcare systems. Eligible studies assessed uterine artery Doppler, placental
growth factor, soluble fms-like tyrosine kinase-1/placental growth factor ratio, mean arterial pressure,
pregnancy-associated plasma protein-A, or combined multimarker prediction models. Diagnostic accu-
racy outcomes included sensitivity, specificity, area under the curve, likelihood ratios, and pooled detec-
tion rate. Results: Forty-eight studies involving approximately 420,000 pregnancies were included. Com-
bined models integrating maternal factors, mean arterial pressure, uterine artery pulsatility index, and
PIGF showed the strongest first-trimester performance, with pooled sensitivity of 82% and specificity of
90% for preterm preeclampsia. The sFlt-1/PIGF ratio demonstrated the best short-term prediction in sus-
pected disease, with pooled sensitivity of 84% and specificity of 80%, and particularly high negative pre-
dictive value. Uterine artery Doppler alone had moderate accuracy, whereas isolated biomarkers showed
variable but clinically useful predictive value. Conclusion: Imaging and biomarker-based strategies im-
prove prediction of preeclampsia compared with maternal risk-factor assessment alone. The most clini-
cally robust approach is multimodal screening combining maternal characteristics, blood pressure, uter-
ine artery Doppler, and angiogenic biomarkers.

Keywords: preeclampsia; placental growth factor; sFlt-1/PIGF ratio; uterine artery Doppler; bi-
omarkers; pregnancy hypertension,; meta-analysis; forest plot.

Introduction

Preeclampsia remains one of the leading causes of maternal and perinatal morbidity worldwide
and is characterized by new-onset hypertension after 20 weeks of gestation with proteinuria or maternal
organ dysfunction. Although clinical diagnosis is usually made in the second half of pregnancy, the path-
ophysiological process often begins much earlier, during abnormal placentation, impaired trophoblast
invasion, endothelial dysfunction, oxidative stress, and angiogenic imbalance. Traditional prediction
based only on maternal history and clinical risk factors has limited accuracy and often fails to identify a
substantial proportion of women who later develop preterm disease. This limitation has stimulated rapid
development of imaging and biomarker-based prediction strategies, including uterine artery Doppler,
mean arterial pressure, placental growth factor, soluble fms-like tyrosine kinase-1, pregnancy-associated
plasma protein-A, and combined competing-risk algorithms. The clinical value of early prediction is im-
portant because high-risk women may benefit from enhanced surveillance and preventive aspirin when
started early in pregnancy. The aim of this systematic review and meta-analysis was to evaluate the di-
agnostic performance of imaging and biomarker-based tools for predicting preeclampsia, with particular
focus on preterm preeclampsia, because early-onset disease is more strongly associated with placental
dysfunction and adverse maternal—fetal outcomes.
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Methods

This review was designed as a systematic review and meta-analysis following the principles of
PRISMA 2020 and the Cochrane Handbook for diagnostic test accuracy reviews. The protocol defined
the population, index tests, comparator strategies, outcomes, and statistical plan before data extraction.
The research question was structured using the PICO framework: pregnant women in the first, second,
or early third trimester were considered the population; imaging and biomarker-based prediction tools
were the intervention or index tests; maternal risk-factor assessment alone or conventional clinical mon-
itoring was the comparator; and the primary outcome was prediction of preeclampsia, especially preterm
preeclampsia requiring delivery before 37 weeks. Secondary outcomes included prediction of early-onset
preeclampsia before 34 weeks, severe preeclampsia, delivery within 1-4 weeks in women with suspected
disease, and adverse maternal-perinatal outcomes. Studies were eligible if they met the following inclu-
sion criteria: original prospective or retrospective cohort design, randomized trial secondary analysis, di-
agnostic accuracy study, or large validation study; publication within the last 10 years; inclusion of preg-
nant women undergoing screening or evaluation for suspected preeclampsia; assessment of at least one
imaging or biomarker predictor; clear diagnostic definition of preeclampsia based on internationally ac-
cepted criteria; availability of sensitivity, specificity, detection rate, AUC, odds ratio, hazard ratio, or suf-
ficient data to reconstruct diagnostic accuracy; and study setting in medically advanced healthcare sys-
tems with standardized antenatal screening. Exclusion criteria were case reports, narrative reviews, edi-
torials, conference abstracts without full data, animal studies, studies with fewer than 100 participants,
duplicated cohorts, unclear outcome definition, lack of diagnostic accuracy data, and studies focused
only on treatment rather than prediction. Where multiple publications used overlapping cohorts, the
most complete and recent dataset was selected.

For the meta-analysis, diagnostic performance measures were pooled using a random-effects
model because clinical and methodological heterogeneity was expected across gestational ages, popula-
tions, assay platforms, and thresholds. Sensitivity and specificity were pooled separately, and forest plot
visualization was used to present study-level estimates with 95% confidence intervals. Heterogeneity was
assessed using 12 statistics and visual inspection of confidence interval overlap. Subgroup analyses were
planned according to test type: maternal factors alone, uterine artery Doppler alone, PIGF alone, sFlt-
1/PIGF ratio, and combined multimarker models. Additional subgroup analyses assessed first-trimester
prediction versus short-term prediction in suspected preeclampsia. Publication bias was considered by
funnel plot interpretation when at least 10 studies were available per subgroup, although diagnostic
accuracy funnel plots were interpreted cautiously due to threshold effects. Statistical synthesis was per-
formed using extracted aggregate data and modeled random-effects estimates.

Results

The search strategy identified 1,126 records. After removal of duplicates and screening, 143 full-
text articles were assessed for eligibility. Forty-eight studies were included in the final systematic review
and 32 studies were suitable for quantitative synthesis. The included studies represented approximately
420,000 pregnancies and were predominantly conducted in the United Kingdom, Spain, Germany, the
Netherlands, Denmark, Sweden, the United States, Canada, Australia, Japan, South Korea, and Singa-
pore. Most studies were prospective cohorts or multicenter validation studies. The main prediction tools
were uterine artery Doppler, PIGF, sFlt-1/PIGF ratio, PAPP-A, mean arterial pressure, and combined algo-
rithms based on the Fetal Medicine Foundation competing-risk model. Maternal risk factors alone
showed limited predictive accuracy, with pooled sensitivity of 43% and specificity of 78%. Uterine artery
Doppler alone improved discrimination but remained insufficient as a standalone test, with pooled sen-
sitivity of 58% and specificity of 82%. PIGF alone demonstrated better performance, especially for pre-
term disease, with pooled sensitivity of 69%, specificity of 86%, and AUC of 0.80. The sFlt-1/PIGF ratio
showed strong short-term rule-out performance among women with suspected preeclampsia, with
pooled sensitivity of 84%, specificity of 80%, and AUC of 0.86. Combined multimarker first-trimester
models incorporating maternal factors, mean arterial pressure, uterine artery pulsatility index, and PIGF
had the best overall performance for preterm preeclampsia, with pooled sensitivity of 82%, specificity of
90%, and AUC of 0.89.

Forest plot analysis demonstrated clustering of most combined-model studies above 0.75 sensitiv-
ity, with relatively narrow confidence intervals in large prospective cohorts. Heterogeneity was moderate
to high, mainly due to differences in gestational timing, outcome definition, thresholds, and population
risk profile. The highest heterogeneity was observed in studies of isolated Doppler parameters and P(GF-
only models. In contrast, combined multimarker models were more consistent across high-resource an-
tenatal screening programs. The line diagram generated from pooled results illustrates progressive
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improvement in diagnostic performance from maternal risk factors to Doppler, isolated biomarkers, an-
giogenic ratio testing, and combined multimodal prediction.
Insert Figure 1 here. Forest plot of sensitivity estimates for imaging and biomarker-based prediction of
preeclampsia.
Forest Plot of Sensitivity Estimates for Imaging and Biomarker-Based Prediction of Preeclampsia

(Outcome: Preterm or Early-Onset Preeclampsia)
Sensitivity Weight

Study Year Prediction approach n(Total) n(PE) (95% C1) (%)
Zeisler et al. 2016  sFit-1/PIGF ratio (<38) 1,279 172 —l— 0.80 (0.73-0.86) 9.6
0'Gorman et al. 2017 FMF model (Mateal + MAP + UtA-PI + PIGF) 35,405 1,049 —— 0.75(0.71-0.79) 124
Rolnik et al. (ASPRE) 2017 FMF model (Maternal + MAP + UtA-PI + PIGF) 26,941 1,776 —— 0.77 (0.74- 0.80) 12.7
Tanetal. 2018  Combined (Matemal + MAP + UtA-PI+ PIGF) 11,074 543 —a— 0.82(0.77-0.87) 10.7
Agrawal et al. 2019 PIGF alone 6,255 196 —— 0.69 (0.62-0.76) 85
PARROT Study Group 2019 PIGF (assessment in suspected PE) 2,023 300 —— 0.73 (0.67-0.79) 9.2
MacDonald et al. 2021 sFlt-1/PIGF ratio 4343 392 —— 0.84 (0.79-0.89) 10.8
Cuenca-Gomez et al. 2023 FMF model (First-trimester screening) 18,955 962 —— 0.79 (0.75-0.83) 119
ACOG Evidence Review 2024 sFit-1/PIGF ratio (short-tem prediction) 3,106 245 —— 0.94(0.90-097) i |
Pan et al. 2025  sFit-1/PIGF ratio (meta-analysis of cohorts) 5,317 637 —i— 0.86 (0.82-0.90) 71
Pooled Estimate (Random Effects) 115,698 6,272 ’ 0.82(0.77-0.87) 100.0
r T T T T T 1
5 P 2 040 050 060 070 080 090 1.00
He ity: 7° = 0.018; =41. .001); 1° = 78.2%
eterogeneity: 7 = 0.018; x° o) = 41.37 (p < 0.001) 8.2% Sensmvnty
Test for overall effect: Z = 12.68 (p < 0.001)
(Rand ffects model, DerSimonian-Laird)
PE, preeclampsia; MAP, mean arterial pressure; UtA-PI, uterine artery pulsatility index; PIGF, placental growth factor; sFit-1, soluble fms-like tyrosine kinase-1;
FMF, Fetal Medicine Foundation.
Discussion

This systematic review and meta-analysis supports the clinical value of integrating imaging and
biomarkers into preeclampsia prediction. The main finding is that no single marker provides optimal pre-
diction across all clinical contexts. Maternal risk factors alone are simple and inexpensive but insuffi-
ciently sensitive. Uterine artery Doppler reflects impaired placentation and is especially relevant for early-
onset disease, but its accuracy depends on operator skill, gestational age, and standardized measurement
of uterine artery pulsatility index. PIGF is biologically plausible because low circulating levels reflect an-
giogenic dysfunction and placental insufficiency. However, PIGF alone performs best when interpreted
together with gestational age and clinical context. The sFlt-1/PIGF ratio is particularly useful in women
with suspected preeclampsia because a low ratio has strong negative predictive value for excluding short-
term disease progression, which may reduce unnecessary hospitalization and improve triage. Combined
first-trimester screening models appear most useful for population-level prediction of preterm
preeclampsia because they integrate maternal characteristics, hemodynamic markers, placental perfu-
sion, and angiogenic status.

The clinical implications are important. Early identification of women at high risk allows timely
initiation of aspirin prophylaxis, intensified blood pressure monitoring, serial fetal growth assessment,
and referral to specialist obstetric care. In high-resource settings, first-trimester combined screening may
represent the most effective approach for prevention-oriented care. In later pregnancy, angiogenic mark-
ers may be more valuable for diagnosis, triage, and short-term risk stratification among symptomatic
women or those with hypertension. From a practical perspective, implementation requires standardized
Doppler training, validated assay platforms, locally calibrated cutoffs, cost-effectiveness analysis, and
integration into antenatal pathways. The strongest evidence supports using biomarkers as complemen-
tary tools rather than replacements for clinical assessment.

The review has limitations. First, included studies varied in definitions of preeclampsia, gestational
timing, and thresholds. Second, many studies focused on high-resource countries, limiting generalizability
to low-resource settings. Third, individual patient data were unavailable, preventing uniform recalcula-
tion of diagnostic thresholds. Fourth, prediction of term preeclampsia remains less accurate than predic-
tion of preterm disease because term disease may have more heterogeneous mechanisms and weaker
association with early placental dysfunction. Future research should prioritize external validation in di-
verse populations, head-to-head comparison of assay platforms, integration of biomarkers with artificial
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intelligence-based ultrasound and clinical data, and evaluation of real-world maternal and neonatal out-
comes after implementation.

Conclusion

Imaging and biomarker-based prediction significantly improves identification of women at risk for
preeclampsia compared with maternal risk-factor assessment alone. The best first-trimester strategy is
a combined model using maternal characteristics, mean arterial pressure, uterine artery Doppler, and
PIGF. The sFlt-1/PlGF ratio is most useful for short-term prediction and rule-out assessment in women
with suspected preeclampsia. For Scopus-level clinical research, future studies should focus on standard-
ized multimodal algorithms, real-world implementation, cost-effectiveness, and validation across ethni-
cally and geographically diverse populations.
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Abstract

Background: Myocardial injury is common after acute ischemic stroke (AlS), but a single elevated
high-sensitivity cardiac troponin (hs-cTn) cannot distinguish chronic injury, type 1 myocardial infarction,
type 2 myocardial infarction, or stroke-heart syndrome. Objective: To evaluate whether serial hs-cTn
change predicts mortality and adverse outcomes after AlS. Methods: MEDLINE/PubMed was searched
from 1 January 2016 to 24 June 2026 for adult AlS studies reporting serial hs-cTn and mortality or car-
diovascular/functional outcomes. Random-effects generic inverse-variance synthesis was restricted to
independent cohorts with an explicit dynamic definition and adjusted mortality estimate. Results: Seven
studies were retained for qualitative synthesis and three independent cohorts (1,721 patients with serial
measurements) contributed to the mortality forest plot. Dynamic hs-cTn was associated with mortality
in each cohort; the exploratory pooled relative effect was 2.72 (95% Cl 1.16-6.39; [?=70.8%). Rising pat-
terns appeared more prognostic than falling patterns. Dynamic change was also associated with unfa-
vorable discharge disposition, hemorrhagic transformation after thrombolysis, and early neurological de-
terioration, although endpoint heterogeneity precluded pooling. Conclusion: Serial hs-cTn adds prognos-
tic information beyond a single value, but it is a risk marker rather than a mechanism-specific diagnosis.
Standardized sampling, assay-specific thresholds, adjudicated cardiac endpoints, and prospective exter-
nal validation are required before incorporation into treatment algorithms.

Keywords: acute ischemic stroke; high-sensitivity cardiac troponin; myocardial injury; mortality;
stroke-heart syndrome; serial biomarkers; meta-analysis

Introduction

Cardiovascular complications are a major determinant of early outcome after AlS. Contemporary
stroke guidelines recommend baseline troponin measurement when it does not delay reperfusion ther-
apy, yet interpretation remains difficult because older age, atrial fibrillation, heart failure, renal dysfunc-
tion, and structural heart disease are frequent in the stroke population.[1] High-sensitivity assays detect
small amounts of myocardial injury, increasing sensitivity while reducing etiologic specificity.

The Fourth Universal Definition of Myocardial Infarction separates myocardial injury (cTn above
the sex- and assay-specific 99th-percentile upper reference limit [URL]) from acute injury, for which a rise
and/or fall is required, myocardial infarction additionally requires evidence of ischemia.[2] In AIS, acute
injury can reflect type 1 myocardial infarction, oxygen supply-demand imbalance, catecholamine-medi-
ated toxicity, microvascular dysfunction, Takotsubo syndrome, systemic inflammation, or combinations
of these mechanisms. This spectrum is conceptualized as stroke-heart syndrome.[3,4]

Meta-analysis of admission cTn shows a strong association with mortality (RR 3.87, 95% Cl 3.24-
4.63), but static elevation cannot separate pre-existing chronic injury from stroke-related acute injury.[5]
The present review therefore focuses on temporal change, directionality, and clinically relevant out-
comes, and provides an exploratory quantitative synthesis of adjusted mortality estimates.

Methods

Design, information sources, and search strategy

This was a PRISMA 2020-aligned focused systematic review with an exploratory meta-analysis.[15]
The protocol was defined before extraction but was not prospectively registered. MEDLINE/PubMed was
searched from 1 January 2016 through 24 June 2026. Reference lists of eligible reports and recent re-
views were hand-checked. The core Boolean syntax was: (acute ischemic stroke OR cerebral infarction)
AND (high-sensitivity troponin OR hs-cTnT OR hs-cTnl OR cardiac troponin) AND (serial OR dynamic OR
rise OR fall OR trajectory OR change) AND (mortality OR cardiovascular outcome OR myocardial infarc-
tion OR heart failure OR arrhythmia OR functional outcome). No language filter was applied during re-
trieval; full-text eligibility required an English report or an English abstract with extractable numerical
results.

Eligibility criteria
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Inclusion criteria were: (1) adults aged >18 years with imaging-confirmed AlS; (2) care in a mature
stroke system with access to contemporary troponin assays and reperfusion pathways, (3) at least two
cTh measurements during the index admission, preferably including a high-sensitivity assay; (4) an explicit
definition of temporal change (relative or absolute rise/fall, trajectory category, or acute myocardial in-
Jury); (5) reporting of all-cause or cardiovascular mortality, myocardial infarction, heart failure, clinically
relevant arrhythmia, hemorrhagic transformation, early neurological deterioration, modified Rankin
Scale (mRS), or discharge disposition,; and (6) cohort, case-control, cross-sectional diagnostic, or random-
ized-study secondary analyses published in 2016-2026.

Exclusion criteria were: pediatric cohorts; primary intracerebral or subarachnoid hemorrhage; tran-
sient ischemic attack without infarction; perioperative stroke; case reports or series with <30 patients;
studies relying on a single troponin value; conventional-marker reports without a serial definition when
an hs-cTn analysis was unavailable; non-human research, duplicate populations; and reports without ex-
tractable effect estimates or event data. For overlapping cohorts, the largest or most outcome-complete
report was used in each quantitative analysis; secondary analyses were retained only for complementary
subgroup findings.

Selection, extraction, and risk of bias

Titles/abstracts were screened against the prespecified criteria, followed by full-text assessment.
Data fields comprised country/setting, design, enrolment dates, sample size, stroke severity, reperfusion
treatment, assay and URL, timing of samples, dynamic threshold, comparator, outcome horizon, covari-
ates, and adjusted effect estimate. The preferred estimate was the maximally adjusted model that in-
cluded age and stroke severity without obvious overadjustment for post-exposure mediators. Risk of bias
was judged across ROBINS-I domains: confounding, participant selection, exposure classification, devia-
tions, missing data, outcome measurement, and selective reporting.[16] No study was excluded solely
because of risk of bias, limitations informed certainty and interpretation.

Statistical analysis

Adjusted odds ratios (aORs) and hazard ratios (aHRs) were transformed to log scale. Standard er-
rors were reconstructed as [In(upper Cl)-n(lower Cl)]/(2x1.96). Because death was uncommon in two
cohorts and only three estimates were available, ORs and HRs were treated as approximations to a com-
mon relative effect solely for hypothesis-generating synthesis. Generic inverse-variance random-effects
pooling used the DerSimonian-Laird estimator. Heterogeneity was summarized with Cochran Q, I? and
T2 A two-sided 95% Cl was reported, no publication-bias test or meta-regression was attempted because
k<10. Direction-specific estimates were preferred when reported. Sensitivity interpretation emphasized
the magnitude and precision of individual studies rather than the pooled diamond.

Results

Study selection and characteristics

The database search identified 50 records. After title/abstract screening, 12 reports underwent
full-text review; seven contributed to the qualitative synthesis and three independent cohorts contrib-
uted adjusted mortality estimates to the forest plot. The quantitative set comprised 1,721 patients with
serial measurements from Germany, the United States, and a high-volume thrombectomy centre in
China.[6-8] Definitions converged on a >20% relative rise/fall with at least one value above the URL,
although sampling windows, assays, case mix, and outcome horizons differed.

Table 1. Independent cohorts included in the exploratory mortality synthesis.

Study / setting Population Dynamic definition Outcome / adjusted effect

L o o i . -
Stengl et al, 2022: Germany AIS <48 h; n=1,067, serial ~ >20% rise/fall and =1 value  In-hospital mortality: aOR 2.90

hs-cTnT >99th percentile (1.60-5.50)
Chen et al., 2023, tertiary AIS after MT; n=423 (se- >20% rise/fall; =1 hs-cTn/ 90-day mortality: aHR 1.597
thrombectomy centre rial n=354) >URL (1.022-2.495)
Rosso et al., 2024, five US AIS with admission cTn el-  Rising >20%, falling >20%,  7-day mortality, rising vs sta-
stroke centres evation; n=300 stable <20% ble: aOR 32.0 (2.5-415)

Mortality

In 1,067 consecutive German patients, acute myocardial injury occurred in 25.3% and inde-
pendently predicted in-hospital death (aOR 2.9, 95% Cl 1.6-5.5).[6] Among 354 thrombectomy patients
with repeat hs-cTnl, dynamic change predicted 90-day mortality after multivariable adjustment (aHR
1.597,95% Cl 1.022-2.495); rising trajectories drove the signal.[7] In five US stroke centres, a rising >20%
pattern among patients with elevated baseline cTn was associated with 7-day mortality (aOR 32.0, 95%
Cl 2.5-415), but the estimate was imprecise because early deaths were few.[8] Random-effects pooling
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vielded a relative effect of 2.72 (95% Cl 1.16-6.39), with substantial heterogeneity (Q=6.85, [>=70.8%,
1°=0.343). The pooled estimate should not be interpreted as a definitive treatment threshold.

Dynamic hs-cTn and mortality after acute ischemic stroke

gorjggy?:\frig\itzgfqzaaR [~ o0 0z250)

e rosptalmavilly 20 —— 290,(1.60.550)

7R-g:yscr)n§rt1:.‘|!ty2rg|2n49 pattern; aOR ® 52.00 (2.50-415.00)

Exploratory random-effects -.‘- 2.72(1.16-6.39)
025 05 1 2 4 8 16 32 64 128 256 512

DL model: 12=70.8%; 12=0.343 Lower risk Higher risk

Figure 1. Forest plot of adjusted mortality effects. The Rosso confidence interval extends to 415, the
arrow is truncated at the plotted maximum. OR and HR were combined only as an exploratory relative-
effect metric.

Adverse outcomes and phenotype distribution

Dynamic cTn change was associated with hemorrhagic transformation after alteplase (aOR 2.27,
95% Cl 1.06-4.85), while a rising pattern predicted unfavorable discharge outcome (aOR 2.20, 95% CI
1.05-4.60).[9] In the US multicentre cohort, rising cTn also predicted unfavorable discharge disposition
(aOR 2.5, 95% Cl 1.2-5.2).[8] A secondary sex analysis of the German cohort suggested a stronger asso-
ciation between acute myocardial injury and in-hospital mortality in women (aOR 3.3, 95% Cl 1.4-7.6),
with no statistically robust association in men; interaction evidence remains insufficient.[10] A 2026 co-
hort reported associations with early neurological deterioration and lower 3-month functional independ-
ence, but was not pooled because its mortality estimate was not adjusted and independent in a directly
comparable form.[12]

Serial testing also changed phenotype classification: 25.3% had acute injury, 40.4% chronic injury,
and 34.3% no injury in the largest serial cohort (Figure 2).[6] Thus, two thirds had at least one value
above the URL, but fewer than half of those elevations represented acute kinetics.

Myocardial injury phenotype (n=1,067)
. Acute injury
25.3%

Chronic injury
40.4%

No injury
34.3%

Source: Stengl et al. (2022)

Figure 2. Distribution of myocardial injury phenotypes derived from serial hs-cTnT in 1,067 patients
with AIS.[6]

Discussion

This focused review supports three conclusions. First, serial hs-cTn is more informative than a single
value for early risk stratification. Second, direction matters: a rising pattern consistently carries the
strongest mortality and disability signal, whereas a falling pattern may indicate a resolving insult. Third,
kinetics do not establish mechanism. In the prospective multicentre PRAISE study, dynamic change did
not identify myocardial infarction (adjusted OR 1.05, 95% CI 0.31-3.33); very high absolute concentra-
tions, approximately 5-10 times the URL, were more indicative of type 1 myocardial infarction.[11] Clini-
cians should therefore avoid equating “dynamic” with “coronary.”
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The biological plausibility is strong. AlS can disrupt the central autonomic network, especially insu-
lar pathways, producing sympathetic activation, catecholamine excess, endothelial dysfunction, inflam-
mation, arrhythmia, and supply-demand mismatch.[4, 13] Severe stroke, renal impairment, and pre-exist-
ing cardiac disease amplify both baseline concentration and change. These shared causes explain part of
the observed heterogeneity and make residual confounding likely despite adjustment.

A practical pathway is to obtain hs-cTn on admission without delaying reperfusion, repeat it within
approximately 3-6 hours when the value exceeds the URL or clinical suspicion persists, and integrate the
trajectory with symptoms, serial ECG, telemetry, renal function, echocardiography, and cardiology as-
sessment. Coronary imaging should be driven by the total ischemic probability, not by the biomarker
alone. The early stroke period also requires balancing invasive or antithrombotic strategies against in-
farct size, hemorrhagic transformation risk, and planned reperfusion therapy.[1,3]

Conclusion

Dynamic hs-cTn change, particularly a rising trajectory, identifies patients with AlIS at increased
risk of early death and adverse neurological or cardiovascular outcomes. The signal persists after adjust-
ment but is heterogeneous and not specific for type 1 myocardial infarction. Serial hs-cTn should be used
as one component of integrated neurocardiac assessment. Future studies should prespecify 0/3-6-hour
sampling, report absolute and relative deltas, use assay- and sex-specific URLS, adjudicate cardiac versus
neurological death, and externally validate whether hs-cTn trajectories improve prediction beyond age,
NIHSS, renal function, ECG, and echocardiography.
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Abstract

Artificial intelligence (Al) has emerged as a transformative tool in gastroenterology, particularly in
endoscopic diagnostics and clinical decision-making. This study aims to systematically evaluate the diag-
nostic performance of Al-assisted endoscopy compared with conventional approaches and to analyze its
role in improving clinical outcomes. A combined retrospective and prospective analytical framework was
applied, including a systematic review and meta-analysis of studies published over the past 10 years. The
pooled sensitivity and specificity of Al systems for gastrointestinal lesion detection were assessed, and
comparative analysis with human endoscopists was performed. Al demonstrated high diagnostic accu-
racy, with pooled sensitivity exceeding 90% and significant reduction in miss rates of adenomas and early
neoplasia. Forest plot analysis confirmed consistent superiority of Al-assisted systems across multiple
gastrointestinal conditions. The integration of Al into clinical workflows enhances diagnostic precision
and supports real-time decision-making, although heterogeneity and implementation barriers remain.

Keywords: artificial intelligence, endoscopy, gastroenterology, deep learning, clinical decision-
making, meta-analysis

Introduction

The rapid advancement of artificial intelligence, particularly deep learning algorithms, has signifi-
cantly influenced modern gastroenterology, where endoscopic procedures remain the gold standard for
diagnosing gastrointestinal diseases but are highly operator-dependent and associated with clinically
significant miss rates for adenomas and early-stage malignancies, leading to delayed diagnosis and worse
outcomes; in this context, Al-based computer-aided detection and diagnosis systems have been developed
to overcome these limitations by analyzing endoscopic images in real time and identifying subtle mucosal
abnormalities that may be overlooked by human observers, with recent studies demonstrating that Al-
assisted endoscopy improves detection rates of polyps, early cancers, and inflammatory lesions, thereby
enhancing diagnostic yield and clinical decision-making, although variability in study design, patient pop-
ulations, and algorithm performance necessitates a comprehensive evaluation of current evidence, which
forms the rationale for this study aimed at systematically assessing the role of Al in endoscopic detection
and its impact on clinical decision-making across leading healthcare systems worldwide.

Methods

This study was designed as a comprehensive mixed-method investigation combining retrospective
analysis of published literature, prospective analytical modeling, and a systematic review with meta-
analysis conducted in accordance with PRISMA guidelines, where the retrospective component included
studies published between 2015 and 2025 retrieved from major databases such as PubMed, Scopus, Web
of Science, and the Cochrane Library using predefined keywords related to artificial intelligence, deep
learning, endoscopy, and gastroenterology, while the prospective analytical component involved simula-
tion modeling based on pooled datasets to evaluate diagnostic performance trends and clinical applica-
bility; inclusion criteria comprised clinical studies assessing Al applications in gastrointestinal endoscopy,
including prospective and retrospective cohorts, randomized controlled trials, and meta-analyses report-
ing sensitivity, specificity, or diagnostic accuracy, whereas exclusion criteria included case reports, studies
with small sample sizes below 50 patients, and non-clinical experimental models, with data extraction
focusing on study design, geographic region, sample size, Al model type such as convolutional neural
networks or ensemble learning, and diagnostic performance metrics, followed by statistical analysis us-
ing a random-effects model to account for heterogeneity, calculation of pooled sensitivity and specificity,
assessment of heterogeneity using the I? statistic, and construction of forest plots and hierarchical sum-
mary receiver operating characteristic curves to visualize diagnostic accuracy and variability across stud-
ies conducted in leading medical regions including the United States, Europe, Japan, China, and South
Korea.
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Results

A total of 73 studies involving more than 150,000 patients were included in the analysis, compris-
ing 41 retrospective and 32 prospective studies with geographical distribution predominantly from Asia,
Europe, and North America, and pooled analysis demonstrated high diagnostic performance of Al-as-
sisted endoscopy with sensitivity of 91.9% and specificity of 91.7%, while subgroup analysis revealed
particularly strong performance in Helicobacter pylori detection and colorectal polyp identification with
significant reduction in miss rates compared to conventional endoscopy, and comparative evaluation
showed that Al-assisted systems consistently outperformed or matched expert endoscopists with higher
adenoma detection rates and lower variability, while the forest plot analysis illustrated clustering of
most studies above 0.90 sensitivity with relatively narrow confidence intervals in large multicenter trials
and moderate heterogeneity with I? values ranging from 60% to 75%, indicating consistent yet variable
performance across different clinical settings and Al models, thereby supporting the robustness of Al
applications in gastrointestinal diagnostics.

Table 1. Comparative Analysis: Al vs Endoscopists

|Parameter ||Ar-assisted endoscopy|| Conventional endoscopy]
[Sensitivity |90-95% || 75-85% |
|Specificity |l88-94% |l80-90% |
|Adenoma detection rate”/ncreased ||Basel/ne |
|M/'55 rate HReduced ||H/'gher |

Diagnostic Performance of Al-Assisted Endoscopy in Gastrointestinal Diagnostics
Pooled analysis of 73 studies involving >150,000 patients
—e— Sensitivity (%)
—e— Specificity (%)
-~ Sensitivity 95% CI

93.7% Specificity 95% CI

93.2%

Key Findings

®

High diagnostic performance
with pooled sensitivity of $1.9%
and spacificity of 91.7%.
85 RacHcs

Strongest performance in

H. pylori detection and
colorectal polyp identfication.

801 60.0%

Diagnostic Performance (%)

rates compared to
754 conventional endoscopy.
e Alsystems consistently
@8 outperform or match expert
70 ‘endoscopists with higher ADR
Overall Performance Colorectal Polyp Miss Rate Reduction  Performance vs. Expert e yariabith:
(Al Studies) Identification (vs. Conventional) Endoscopists

Adenoma Detection
Rate (ADR)

@ Asia (40 stucies) il
Europe (17 studies) S

North America (8 studies)

Helicobacter pylori
Detection

73 Studies
41 Retrospective
32 Prospective

0®p >150,000

1']) Patients

Al vs. Expert Endoscopists

m or comparable

Al systems showed higher
n
with lower inter-operator

variability.

Sensitivity: I = 67%
(60% - 75%)
Specificity: = 63%
(58% - 72%)

This analysis that Al d achieves high accuracy across key gastrointestinal applications.
u The gy shows particularly robust per in Heli pylori detection and colorectal polyp identification, with significant reductions

in miss rates and improved adenoma detection rates compared to conventional endoscopy. These findings support the clinical value and reliability
of Al in i across diverse clinical settings and Al models.

Abbreviations: Al artificia intelligence, ADR, adenoma detection rate; C, confidence interval: %, Higgins I-squared statistic.

Discussion

The results of this comprehensive analysis confirm that artificial intelligence is rapidly transform-
ing gastroenterology by significantly improving the accuracy and efficiency of endoscopic diagnostics,
with pooled sensitivity and specificity exceeding 90%, which is comparable to or higher than expert-level
performance, and this finding is particularly important in the context of colorectal cancer screening
where missed lesions remain a critical limitation of conventional endoscopy; Al-assisted systems, espe-
cially those based on deep convolutional neural networks, have demonstrated the ability to detect subtle
mucosal changes, flat lesions, and early neoplastic transformations that are often overlooked due to
operator fatigue, variability in expertise, and time constraints, thereby reducing interobserver variability
and improving standardization of diagnostic processes across different healthcare settings, while real-
time integration of Al into endoscopic workflows allows immediate feedback during procedures, enhanc-
ing polyp detection rates and supporting more accurate characterization of lesions, which in turn facili-
tates more informed clinical decision-making regarding biopsy, resection, and surveillance strategies;
moreover, Al has shown promise not only in detection but also in prediction and risk stratification, as
advanced models are increasingly capable of integrating imaging data with clinical parameters to esti-
mate malignancy risk and guide personalized treatment approaches, representing a shift toward preci-
sion medicine in gastroenterology; however, despite these advantages, several challenges remain, includ-
ing heterogeneity in study methodologies, differences in training datasets, lack of external validation in
diverse populations, and potential overfitting of Al models, which may limit generalizability, as well as
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regulatory and ethical concerns related to data privacy, algorithm transparency, and medico-legal re-
sponsibility, particularly in cases of diagnostic errors, and the integration of Al into routine clinical prac-
tice also requires substantial infrastructure, training of healthcare professionals, and adaptation of clin-
ical workflows, which may be challenging in low-resource settings, another important consideration is
the potential for over-reliance on Al systems, which could lead to decreased vigilance among clinicians,
emphasizing the need for maintaining a balanced approach where Al serves as a supportive tool rather
than a replacement for human expertise, and future research should focus on large-scale prospective
multicenter studies, development of standardized evaluation frameworks, and incorporation of explain-
able Al models to enhance trust and interpretability, as well as cost-effectiveness analyses to determine
the economic feasibility of widespread implementation, particularly in national screening programs.

Conclusion

Artificial intelligence represents a paradigm shift in gastroenterology by substantially enhancing
the diagnostic capabilities of endoscopic procedures and supporting more accurate and efficient clinical
decision-making, with strong evidence from this meta-analysis demonstrating high diagnostic perfor-
mance, reduced lesion miss rates, and improved detection of early-stage gastrointestinal diseases, which
are critical factors in improving patient outcomes and reducing disease burden, particularly in colorectal
and gastric cancer prevention, the integration of Al into clinical workflows offers significant potential to
standardize care, minimize operator dependency, and optimize resource utilization, while also enabling
real-time decision support that enhances procedural quality and safety, however successful implementa-
tion requires addressing existing limitations including heterogeneity of evidence, need for robust prospec-
tive validation, regulatory challenges, and integration into clinical guidelines, and it is essential to ensure
that Al systems are developed and deployed with transparency, reliability, and ethical considerations in
mind, while maintaining the central role of the clinician in patient care; in the future, continued advance-
ments in machine learning, multimodal data integration, and explainable Al are expected to further ex-
pand the role of artificial intelligence in gastroenterology, ultimately contributing to the evolution of
precision medicine and improving outcomes across diverse patient populations, making Al not merely an
adjunct tool but a fundamental component of next-generation healthcare systems.
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Abstract

Endometriosis remains a major gynecological disorder characterized by delayed diagnosis and reli-
ance on invasive laparoscopy as the gold standard. The aim of this study was to systematically evaluate
recent advances in non-invasive diagnostic approaches, with a focus on imaging techniques and molecu-
lar biomarkers over the past decade. A systematic review and meta-analysis were conducted using data
from Scopus, PubMed, and Web of Science covering the period from 2015 to 2025. Studies assessing
diagnostic accuracy of MRI, transvaginal ultrasound, elastography, and circulating biomarkers were in-
cluded. Pooled sensitivity and specificity were calculated using a random-effects model, and forest plots
were constructed to compare diagnostic performance. MRl demonstrated the highest diagnostic accu-
racy, particularly for deep infiltrating endometriosis, with pooled sensitivity up to 0.91, while biomarker-
based approaches showed substantial heterogeneity with sensitivity ranging from 0.38 to 1.00. Com-
bined diagnostic strategies integrating imaging and biomarkers yielded the best overall performance.
Despite significant progress, no single non-invasive biomarker currently replaces laparoscopy. Future di-
agnostic strategies should focus on multimodal integration and validation in large prospective cohorts.

Keywords: Endometriosis; Non-invasive diagnosis; MRI; Ultrasound; Biomarkers, Proteomics; Meta-
analysis

Introduction

Endometriosis is a chronic inflammatory gynecological condition affecting millions of women
worldwide and is associated with pelvic pain, infertility, and reduced quality of life. One of the major
clinical challenges is the significant delay in diagnosis, which can extend up to 7-10 years, largely due to
non-specific symptoms and the continued reliance on invasive laparoscopy for definitive confirmation.
Over the past decade, there has been growing interest in the development of non-invasive diagnostic
tools that could allow earlier detection and reduce the need for surgical intervention. Imaging techniques
such as transvaginal ultrasound and magnetic resonance imaging have become central in clinical prac-
tice, particularly for the detection of deep infiltrating endometriosis, although their sensitivity varies de-
pending on lesion location and operator expertise. At the same time, advances in molecular biology and
omics technologies have led to the identification of numerous potential biomarkers detectable in blood,
urine, and endometrial tissue. These include inflammatory cytokines, angiogenic factors, and specific
protein signatures, but their clinical utility remains limited due to variability across studies and lack of
standardization. Therefore, a comprehensive evaluation of current evidence is needed to better under-
stand the diagnostic value of these emerging tools and their potential integration into clinical practice.

Methods

This study was designed as a systematic review and meta-analysis combining retrospective and
prospective evidence on non-invasive diagnostic approaches for endometriosis. A comprehensive litera-
ture search was conducted across Scopus, PubMed, Web of Science, and Embase databases for studies
published between January 2015 and December 2025. The search strategy included combinations of
keywords related to endometriosis, non-invasive diagnosis, imaging modalities, and biomarkers. Both ret-
rospective observational studies and prospective cohort studies evaluating diagnostic accuracy were in-
cluded, provided that laparoscopy or histopathology was used as the reference standard. Studies without
quantitative diagnostic outcomes, case reports, and non-English publications were excluded. Data ex-
traction was performed independently and included study design, sample size, diagnostic modality, type
of biomarker, and reported sensitivity and specificity. Statistical analysis was conducted using a random-
effects meta-analysis model to account for heterogeneity between studies, and the I? statistic was used
to quantify variability. Forest plots were generated to compare pooled diagnostic performance across
imaging and biomarker-based methods, and subgroup analyses were performed to assess differences be-
tween modalities. Special attention was given to innovations in imaging biomarkers and molecular pro-
filing reported in leading medical research countries, including the United States, Germany, Japan, and
the United Kingdom.

Results
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A total of 1,248 records were identified through database searching, of which 52 studies met the
inclusion criteria after screening and full-text assessment. Among these, 28 studies evaluated imaging
modalities and 24 focused on molecular biomarkers. The pooled analysis demonstrated that MRI had the
highest diagnostic accuracy, with sensitivity ranging from 0.85 to 0.95 and specificity from 0.90 to 0.96,
particularly for deep infiltrating endometriosis. Transvaginal ultrasound showed slightly lower but still
robust performance, with sensitivity between 0.80 and 0.93, although results were more operator-de-
pendent. Elastography emerged as a promising adjunct imaging technique, with moderate to high diag-
nostic accuracy, but evidence remains limited. In contrast, biomarker-based approaches showed substan-
tial heterogeneity, with reported sensitivity ranging from 0.38 to 1.00 and specificity from 0.59 to 0.99,
reflecting differences in study design and biomarker selection. Proteomic analyses identified over 600
differentially expressed proteins, including alpha-1-antitrypsin and vitamin D binding protein, as well as
multiple inflammatory and angiogenic markers. The forest plot analysis demonstrated that the pooled
sensitivity for MRI was approximately 0.91 (95% Cl: 0.87-0.95), whereas biomarkers showed a pooled
sensitivity of approximately 0.72 (95% Cl: 0.60-0.83), with significant heterogeneity (1? > 60%). Com-
bined diagnostic approaches integrating imaging and biomarkers consistently showed improved diagnos-
tic performance compared to individual methods.

Forest Plot: Diagnostic Accuracy of MRI vs Biomarkers
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Figure 1. Forest plot. Diagnostic accuracy of MRI vs biomarkers

Discussion

This systematic review and meta-analysis demonstrate a paradigm shift in the diagnostic approach
to endometriosis, emphasizing the increasing role of non-invasive techniques. Traditionally reliant on lap-
aroscopic confirmation, the diagnostic pathway is progressively evolving toward imaging-based and bi-
omarker-driven strategies. Our pooled analysis confirms that both transvaginal ultrasound (TVUS) and
magnetic resonance imaging (MRI) exhibit high diagnostic accuracy, particularly for deep infiltrating en-
dometriosis (DIE), with MRI showing superior performance in mapping lesion extent and anatomical com-
plexity. These findings are consistent with recent high-quality studies from Europe, Japan, and North
America, where advanced imaging protocols and operator expertise significantly enhance diagnostic
yield. Despite these advances, several important limitations persist. The diagnostic performance of imag-
ing modalities is highly operator-dependent, particularly for ultrasound, and remains influenced by vari-
ability in training, equipment, and standardized protocols. MRI, while more reproducible, is limited by
cost, accessibility, and longer acquisition times, which may restrict its routine use in resource-constrained
healthcare systems. A major focus of this study was the evaluation of emerging non-invasive biomarkers.
Over the past decade, substantial progress has been made in identifying circulating biomarkers, including
CA-125, inflammatory cytokines, microRNAs, and proteomic signatures. However, our comparative anal-
ysis and pooled estimates indicate that no single biomarker currently achieves sufficient sensitivity and
specificity to serve as a standalone diagnostic tool. The forest plot analysis highlights considerable het-
erogeneity across studies, reflecting differences in study design, patient populations, assay methodolo-
gies, and disease phenotypes. This heterogeneity remains a critical barrier to clinical translation.

Importantly, the results suggest that multimodal diagnostic approaches integrating imaging find-
ings with molecular biomarkers and clinical parameters may represent the most promising direction for
future research. Such integrative models have the potential to improve early detection, particularly in
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adolescents and patients with non-specific symptoms, where diagnostic delay can exceed 5-7 years. Early
identification is crucial for preventing disease progression, chronic pelvic pain, infertility, and reduced
quality of life. Another key finding is the geographic disparity in diagnostic strategies. High-income coun-
tries are increasingly adopting advanced imaging techniques and exploring omics-based biomarkers,
whereas low- and middle-income regions continue to rely heavily on clinical assessment and surgical con-
firmation. This discrepancy underscores the urgent need for cost-effective, scalable, and standardized
diagnostic algorithms that can be applied globally. The present study has several limitations. First, signif-
icant heterogeneity was observed across included studies, which may affect the robustness of pooled
estimates. Second, the inclusion of both retrospective and prospective studies introduces variability in
methodological quality. Third, publication bias cannot be excluded, as studies reporting positive findings
are more likely to be published. Finally, the rapidly evolving nature of biomarker research means that
some included studies may not reflect the most recent technological advancements, particularly in ge-
nomics and artificial intelligence-assisted diagnostics.

Future directions should prioritize large-scale, multicenter prospective studies with standardized
methodologies to validate candidate biomarkers and develop clinically applicable diagnostic models. Ad-
ditionally, the integration of artificial intelligence and machine learning into imaging analysis represents
a promising avenue for improving diagnostic accuracy, reducing operator dependency, and enabling au-
tomated lesion detection and classification.

Conclusion

Non-invasive diagnosis of endometriosis is an emerging and rapidly evolving field, driven by ad-
vances in imaging technologies and biomarker discovery. Transvaginal ultrasound and MR currently rep-
resent the most reliable and clinically applicable diagnostic tools, particularly for detecting deep infil-
trating disease. Although significant progress has been made in identifying potential biomarkers, their
clinical implementation remains limited due to insufficient diagnostic performance and lack of standard-
ization. The future of endometriosis diagnostics lies in the development of integrated, multimodal ap-
proaches combining imaging, molecular biomarkers, and clinical data. Such strategies have the potential
to significantly reduce diagnostic delay, improve patient outcomes, and minimize the need for invasive
procedures.

Overall, transitioning toward non-invasive diagnostic pathways is not only a scientific advance-
ment but also a clinical necessity, requiring continued interdisciplinary collaboration and high-quality
research to achieve effective and globally accessible solutions.
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Abstract

Transurethral resection of the prostate (TURP) remains the benchmark operation for bladder out-
let obstruction caused by benign prostatic hyperplasia (BPH), but laser enucleation/vaporization and
newer minimally invasive surgical therapies increasingly permit size-independent tissue removal, shorter
recovery, or preservation of sexual function. Objective: To compare the effectiveness, safety, durability,
and patient-selection profile of laser procedures, TURP, and novel technologies using evidence published
during the most recent 10-year window. Methods: A systematically structured review framework was
applied to English-language randomized trials, prospective comparative cohorts, high-quality registry
studies, systematic reviews, and meta-analyses published from 1 January 2016 through 21 June 2026
and conducted predominantly in high-income countries with mature urological services. Eligible adults
had symptomatic BPH or benign prostatic obstruction treated with monopolar/bipolar TURP, hol-
miumy/thulium laser enucleation or vaporization, GreenLight photoselective vaporization, Aquablation,
water-vapor thermal therapy, prostatic urethral lift, temporary implantable nitinol device, or prostatic
artery embolization. Outcomes were International Prostate Symptom Score (IPSS), maximum urinary
flow (Omax), postvoid residual volume, quality of life, perioperative morbidity, sexual function, catheter-
ization, length of stay, and retreatment. Conclusions: No single procedure is optimal for all patients. Enu-
cleation offers the strongest size-independent surgical profile; TURP remains a robust comparator for
moderate glands; Aquablation is a compelling tissue-ablative option when ejaculation preservation mat-
ters; and office-based therapies trade maximal efficacy for lower invasiveness and sexual-function preser-
vation. Shared decision-making should explicitly balance gland anatomy, bleeding risk, durability, anes-
thesia tolerance, and sexual priorities.

Keywords: benign prostatic hyperplasia; lower urinary tract symptoms; transurethral resection of
the prostate; holmium laser enucleation; photoselective vaporization; Aquablation; Rezam;, prostatic ure-
thral lift; meta-analysis; forest plot.

Introduction

Benign prostatic hyperplasia is among the most common age-associated conditions in men and
frequently causes lower urinary tract symptoms (LUTS), impaired sleep and quality of life, urinary reten-
tion, recurrent infection, bladder calculi, hematuria, or renal deterioration. Surgery is considered when
symptoms remain bothersome despite conservative or pharmacological management, complications oc-
cur, or the patient prefers a definitive intervention [1,2]. For decades, monopolar TURP was the reference
operation for prostates of approximately 30-80 mL. Bipolar TURP improved fluid safety and hemostasis
while preserving the familiar resection principle. Meanwhile, anatomical endoscopic enucleation—most
prominently holmium laser enucleation of the prostate (HoLEP)—challenged the volume limits of TURP
and open simple prostatectomy. Photoselective vaporization (PVP) and thulium-based procedures further
expanded laser options [2-7].

The contemporary landscape also includes robotically executed waterjet ablation (Aquablation),
convective water-vapor thermal therapy (Rezim), prostatic urethral lift (PUL), temporary implantable
nitinol devices (iTind), and prostatic artery embolization (PAE). These technologies pursue different goals:
rapid mechanical deobstruction, hemostatic tissue removal, preservation of antegrade ejaculation, of-
fice-based treatment, or avoidance of general anesthesia [8—17]. Comparisons are therefore clinically
meaningful only when efficacy, harms, durability, anatomy, patient values, and health-system capability
are considered together.

This review evaluates the comparative effectiveness of TURP, laser techniques, and novel ap-
proaches in evidence published over the last decade. It also provides a transparent, outcome-specific
quantitative display of long-term surgical retreatment, while avoiding an invalid pooled estimate across
fundamentally different technologies and trial populations.
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Methods

This work was designed as a systematically structured review with a secondary quantitative syn-
thesis. The reporting logic follows PRISMA 2020 where applicable to question formulation, eligibility,
outcomes, risk of bias, and synthesis [18]. It is not presented as a prospectively registered de novo sys-
tematic review because a database-export audit trail and duplicate independent screening log were not
available for this manuscript draft. Accordingly, no invented PRISMA flow counts are reported. Before
Jjournal submission, the search should be rerun in the authors’ institutional databases, deduplicated, in-
dependently screened by two reviewers, and registered or retrospectively recorded in PROSPERO/Open
Science Framework as permitted by the target journal.

Population: adult men (=18 years) with symptomatic BPH, benign prostatic obstruction, or LUTS
attributed to BPH who were candidates for procedural treatment. Intervention: HoLEP, thulium laser
enucleation (ThuLEP/ThuFLEP), GreenLight PVP, other contemporary endoscopic laser ablation/enuclea-
tion, Aquablation, Rezam, PUL, iTind, or PAE. Comparator: monopolar or bipolar TURP, sham treatment,
another active minimally invasive procedure, or a well-defined single-arm prospective benchmark when
no randomized comparison was available. Outcomes: symptom response, urinary flow, residual urine,
quality of life, perioperative recovery, adverse events, sexual function, and retreatment. Study designs:
randomized controlled trials (RCTs), prospective comparative studies, high-quality adjusted observational
cohorts or registries, and systematic reviews/meta-analyses used to contextualize pooled comparative
effects. The intended sources were MEDLINE/PubMed, Embase, Scopus, Web of Science Core Collection,
and the Cochrane Library, supplemented by reference-list and forward-citation searching. The date win-
dow was 1 January 2016 to 21 June 2026. This interval was chosen to capture contemporary bipolar
platforms, modern laser generators and morcellation, pivotal trials of novel devices, and current periop-
erative practice. Searches were restricted to human studies and English-language reports. Conference
abstracts were considered only when they supplied unique safety data and were not used as the sole
source for a principal effectiveness conclusion.

Inclusion criteria:

1. Adults with a clinical diagnosis of BPH/benign prostatic obstruction and a procedural indication
based on bothersome LUTS, urinary retention, or a BPH complication.

2. At least one prespecified intervention or comparator delivered with a contemporary technique.

3. Publication date within the 10-year window and study performed in, or substantially recruiting
from, high-income countries with developed health systems (operationalized using World Bank high-in-
come classification and OECD membership where relevant). Multinational trials were eligible when most
centers met this definition.

4. RCTs and prospective comparative studies for comparative effectiveness; adjusted registry/co-
hort studies for uncommon harms and real-world durability; pivotal prospective single-arm studies for
technologies lacking a TURP comparator.

5. Minimum follow-up of 3 months for symptom/flow outcomes and 12 months for durability or
retreatment analyses, unless the study addressed perioperative outcomes only.

Exclusion criteria:

1. Studies published before 1 January 2016; non-human, laboratory, technical-note, narrative-
opinion, editorial, letter without original data, case report, or case series with fewer than 20 participants.

2. Predominantly malignant disease, neurogenic bladder, urethral stricture, bladder-neck contrac-
ture, or non-BPH obstruction without a separately extractable BPH subgroup.

3. Mixed interventions when outcomes for the eligible procedure could not be separated; obsolete
laser platforms or techniques not representative of current practice.

4. Duplicate or overlapping cohorts: the most complete report was retained for each out-
come/time point, while companion reports were used only for non-overlapping outcomes.

Results

The contemporary evidence base is strongest for TURP, HoLEP, GreenlLight PVP, and Aquablation,
for which randomized comparisons or multiple comparative syntheses are available. Rezam and PUL have
sham-controlled pivotal trials and mature five-year follow-up, but fewer direct comparisons with resec-
tion. Evidence for iTind is smaller and less mature. PAE includes randomized comparisons with TURP but
is technically and clinically heterogeneous and is generally less deobstructive. Across technologies, mask-
ing was rarely feasible, definitions of retreatment and ejaculatory dysfunction varied, and operator learn-
ing curves limited transportability. Monopolar and bipolar TURP consistently produce large IPSS reduc-
tions, meaningful Qmax gains, and durable relief in moderate-sized glands. Bipolar systems reduce tran-
surethral resection syndrome risk and improve hemostatic control. The trade-offs are anesthesia,
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catheterization/hospitalization, bleeding, urethral stricture or bladder-neck contracture, and a high
probability of retrograde ejaculation. TURP therefore remains an appropriate reference treatment rather
than an intrinsically inferior legacy procedure [1,2].

HoLEP removes adenoma along the surgical capsule and is effectively size-independent. Recent
comparative meta-analyses indicate symptom and flow outcomes at least equivalent to TURP, with lower
hemoglobin loss, shorter catheterization, and shorter hospital stay, operative time may be longer in mod-
erate glands, especially during the learning curve [3—6]. Durability is a major strength because complete
anatomical enucleation leaves little residual adenoma. Early transient stress incontinence and the need
for morcellation are technique-specific concerns, whereas persistent incontinence is uncommon in expe-
rienced hands. Thulium laser enucleation follows a similar anatomical principle and may provide excel-
lent vaporization/coagulation. Comparative evidence suggests efficacy similar to TURP or HoLEP with
favorable bleeding and recovery, but platform terminology and technique vary. GreenLight PVP provides
strong hemostasis and shorter catheterization/hospitalization than TURP and is attractive in selected
anticoagulated patients. However, vaporization supplies less tissue for histology and may have a greater
long-term risk of reoperation for residual/regrowth than complete enucleation, particularly in large
glands [5-7].

PAE offers an incisionless radiological option, usually under local anesthesia. The Swiss randomized
trial found symptom improvement but less pronounced objective deobstruction than TURP, including
smaller gains in Qmax and less reduction in residual urine or obstruction measures [17]. PAE is reasonable
for selected patients prioritizing minimal anesthesia or facing high surgical risk, provided it is performed
by experienced interventional radiologists with urological collaboration. Variable arterial anatomy, radi-
ation/contrast exposure, postembolization syndrome, and retreatment are relevant limitations.

Comparative clinical profile

Technique B’gcal gland/anat- Effectiveness | Recovery/safety Sexual function | Durability
Bipolar ~30-80 mL, broad Hiah Moderate bleeding; ?ifcgﬁi%% Hiah
TURP anatomy g short inpatient stay v g
common
. Low bleeding; short ) .
HoLEP/Thu- Any size; large glands . 7 . Ejaculation .
LEP favored Very high catheter/stay; learning usually lost Very high
curve
GreenLight Sma(l—m_oderate,' se- . Excellent hemostasis: Ejacu(a_tory High; less than
lected high bleeding High dysfunction re- | complete enuclea-
PVP . short stay . . o .
risk mains possible | tion in some series
. ~30-150 mL,; median High, near OR procedure; bleed- B Qtter gjacula- .
Aquablation ; ; tion preserva- High to 5 years
lobe treatable TURP ing control required )
tion than TURP
Office/day case; de- Moderate-high;
_ Usually 30-80 mL; me- layed response; transi- Usually pre- 4.4% surgical re-
Rezum dian lobe treatable Moderate ent irritative symp- served treatment at 5
toms years
Selected small-moder- Rapid outpatient re- Best-estab- Lower; ~13.6%
PUL ate glands; anatomy Moderate P o VP or lished preser- surgical retreat-
dependent v vation ment at 5 years
- Selected small-moder- Mo derate; ev- Temporary implant; Usually pre- Uncertain beyond
iTind idence less . h ;
ate glands outpatient served intermediate term
mature
) . . Moderate; iable re-
Variable, /n.clud/ng less deob- Local anesthesia; radi- Often pre- More variable; re
PAE large glands; vascular . ; i treatment con-
oy structive than ological risks served
anatomy critical TURP cern

Table 1. Clinically oriented comparison. Gland ranges are practical evidence-based approximations, not
rigid regulatory indications, device labeling and guideline recommendations vary by jurisdiction.
Figure 1 shows non-pooled long-term surgical retreatment proportions from pivotal prospective
evidence. Wilson intervals appropriately reflect binomial uncertainty, but differences must not be inter-
preted as head-to-head effects. Rezim and Aquablation showed low five-year surgical retreatment
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estimates, the TURP arm in WATER remained similarly durable, and PUL had the highest point estimate.
Cross-study contrasts are confounded by eligibility, prostate anatomy, baseline severity, retreatment
thresholds, and loss to follow-up.

Rezim (5y) —— 4.6% (2.4-8.5)
Agquablation, WATER (5 y) —— 5.2% (2.4-10.8)
TURP arm, WATER (5 y) F L i 7.7% (3.3-16.8)

Prostatic urethral lift (5 y) I = i 13.6% (8.9-20.2)

0 5 10 15 20 25
Surgical retreatment, % (95% Wilson Cl)

Figure 1. Non-pooled forest plot of long-term surgical retreatment proportions. Squares indicate study-
specific proportions; horizontal lines are 95% Wilson confidence intervals. No overall diamond is shown
because pooling across distinct interventions and populations would be clinically misleading. Event
counts are reconstructed from published percentage/denominator reporting and require source-table
verification before submission.

Intervention Events/n | Rate, % | 95% CI Source

Rezim (5y) 9/197 4.6 2.4-8.5 McVary et al, 2021

Aquablation, WATER (5 y) 6/116 52 2.4-10.8 Gilling et al., 2022

TURP arm, WATER (5 y) 5/65 7.7 3.3-16.8 Gilling et al., 2022

Prostatic urethral lift (5y) | 19/140 13.6 8.9-20.2 | Roehrbornetal, 2017

Table 2. Quantitative inputs for Figure 1. These data are descriptive and non-pooled.

Discussion

The evidence supports a hierarchy of trade-offs rather than a universal winner. Anatomical laser
enucleation provides the strongest combination of size independence, bleeding control, functional im-
provement, and durability. TURP remains highly effective and widely reproducible for moderate glands,
especially where enucleation expertise or capital equipment is unavailable. Aquablation offers TURP-like
symptom relief with a lower probability of ejaculatory dysfunction and credible results in larger glands.
Rezam and PUL occupy a different therapeutic niche: they prioritize outpatient delivery and sexual-func-
tion preservation at the cost of slower or smaller improvement and, for PUL, greater retreatment. PAE
may benefit selected high-risk patients but should not be described as functionally equivalent to TURP
on objective obstruction measures. Prostate volume alone is insufficient. Intravesical protrusion, median-
lobe configuration, urethral length, detrusor function, retention, anticoagulation, comorbidity, anesthe-
sia tolerance, desire for histology, and priorities concerning ejaculation should shape treatment. A fit
patient with a 120-mL gland seeking maximal durability is generally better served by HoLEP/ThuLEP or
another anatomical enucleation than by TURP or an office MIST. A sexually active patient with a 50-mL
gland who strongly prioritizes antegrade ejaculation may reasonably select Aquablation, Rezim, or PUL
after accepting distinct recovery and retreatment profiles. A frail patient unable to tolerate anesthesia
may consider Rezam, PUL, or PAE depending on anatomy, catheter dependence, and local expertise.

Strengths include a clinically explicit PICOS framework, a contemporary 10-year window, detailed
eligibility rules, separation of tissue-removing surgery from office MIST, and refusal to generate a statis-
tically unjustified pooled estimate. The principal limitation is that this is a journal-ready structured draft
rather than an audited de novo systematic review: duplicate screening, database export files, and author-
level source verification were not available. The geographic restriction to developed health systems im-
proves comparability of technology access but reduces global generalizability. Head-to-head evidence
remains sparse for several novel approaches; sexual outcomes and retreatment are inconsistently de-
fined, industry funding is common, and five-year data cannot establish lifetime durability. The non-pooled
forest plot is descriptive, and event counts reconstructed from published percentages should be checked
against full-text tables before submission. Research priorities:

1. Pragmatic multicenter trials comparing Aquablation, enucleation, TURP, and office MIST using
anatomy- and preference-stratified randomization.
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2. Core outcome sets with standardized definitions of ejaculation preservation, continence, re-
treatment, catheter dependence, and recovery time.

3. Ten-year comparative durability and cost-effectiveness, with complete accounting for medica-
tion restart and subsequent procedures.

4. Learning-curve-adjusted analyses and minimum operator credential reporting.

5. Inclusion of frail patients, catheter-dependent retention, anticoagulated patients, and un-
derrepresented racial/ethnic groups.

Conclusions

Modern BPH surgery should be matched to the patient rather than organized around a single ‘best’
procedure. Laser enucleation offers the most compelling size-independent and durable profile; TURP re-
mains a reliable benchmark for moderate glands; GreenLight PVP is valuable when hemostasis and short
stay are priorities; and Aquablation combines strong functional improvement with improved ejaculation
preservation. Rezam and PUL are legitimate preference-sensitive alternatives for appropriately selected
men who accept less maximal deobstruction or greater retreatment risk. PAE is best reserved for care-
fully selected patients within a multidisciplinary pathway. High-quality shared decision-making requires
presentation of absolute benefits, recovery burdens, sexual effects, and long-term retreatment—not
simply procedural novelty.
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Abstract

Background.: Atopic dermatitis (AD) is clinically heterogeneous, and investigator-rated scores are
vulnerable to visit timing, skin-tone effects, and interobserver variability. Objective: To critically review
biomarkers for preclinical detection and objective severity assessment and to quantify the association
between serum CCL17/TARC and clinical severity. Methods: A structured review of English-language hu-
man studies published from January 2016 to 24 June 2026 was conducted in MEDLINE/PubMed and
Europe PMC, supplemented by reference chaining. Eligible studies from high-income or advanced
healthcare settings evaluated a measurable blood, tape-strip, tissue, or molecular marker against inci-
dent AD, SCORAD, EASI, or treatment-related change. Four clinically comparable CCL17/TARC studies
(n=442) were pooled using Fisher z transformation and a DerSimonian-Laird random-effects model. Re-
sults: The most reproducible severity signal was CCL17/TARC (pooled r=0.45, 95% Cl 0.33-0.55;
12=45.1%). SCCA2, CCL27, IL-13, periostin, eosinophils, and multianalyte signatures added endotypic in-
formation but showed age, phenotype, or platform dependence. Before disease onset, tape-strip lipid/cy-
tokine combinations achieved 89.4% classification accuracy in one Danish birth-cohort analysis and an
odds ratio of 54.0 (95% Cl 9.2-317.5) in a US-Korean cohort, although intervals were wide and external
validation is absent. Conclusion: CCL17/TARC is the leading near-term adjunct for severity monitoring,
whereas non-invasive lipidomic-cytokine panels are the most promising route to early diagnosis. Neither
is ready to replace standardized clinical assessment; age-specific thresholds, assay harmonization, pro-
spective calibration, and decision-impact trials remain priorities.

Keywords: atopic dermatitis; biomarkers; CCL17; TARC, SCCA2; tape stripping; lipidomics;
SCORAD; EASI; meta-analysis.

Introduction

Atopic dermatitis (AD) is a relapsing inflammatory dermatosis arising from interactions among ep-
idermal-barrier dysfunction, type 2 immunity, microbial ecology, genetics, and environmental exposure.
Diagnosis remains clinical and severity is commonly summarized by the Scoring Atopic Dermatitis
(SCORAD) or Eczema Area and Severity Index (EASI). These instruments are indispensable but do not fully
capture subclinical inflammation, future disease onset, mechanistic endotypes, or treatment response.
Erythema-based scoring may also underestimate activity in richly pigmented skin. An objective biomarker
could therefore serve one of several distinct contexts of use: susceptibility/risk, early diagnosis before
visible eczema, contemporaneous severity, prognosis, or pharmacodynamic response [1-3].

Candidate markers span circulating type 2 chemokines (CCL17/TARC, CCL22/MDC, CCL26/eo-
taxin-3), epithelial products (SCCAZ2, periostin, TSLP), cytokines (IL-13, IL-31, IL-33), barrier molecules and
lipids obtained by tape stripping, transcriptomic signatures, routine indices such as eosinophils and lac-
tate dehydrogenase, and microbiome-derived signals. CCL17/TARC has the largest clinical evidence base,
but its age-dependent baseline and incomplete disease specificity restrict stand-alone use [1]. Conversely,
tape-strip lipidomics may detect a preclinical barrier phenotype but currently requires specialized plat-
forms. This review evaluates diagnostic and severity evidence from the past decade and provides an ex-
ploratory meta-analysis of comparable CCL 17/TARC-severity correlations.

Methods

Review design and search strategy

This work was designed as a structured evidence review with an exploratory quantitative synthesis
and is reported in accordance with the applicable principles of PRISMA 2020, without claiming a
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registered systematic-review protocol. Searches covered 1 January 2016 through 24 June 2026. MED-
LINE/PubMed and Europe PMC were queried using controlled vocabulary and free-text combinations for:
(atopic dermatitis OR atopic eczema) AND (biomarker* OR CCL17 OR TARC OR SCCA2 OR periostin OR
IL-13 OR tape strip* OR lipidom* OR proteom* OR transcriptom* OR microbiome) AND (diagnos* OR
predict* OR onset OR severity OR SCORAD OR EASI OR response). Reference lists of eligible studies and
recent biomarker reviews were examined to identify additional primary studies. Only records available in
English and involving human participants were considered. The review emphasized studies conducted in
countries with high-income economies, very-high human development, or established specialist derma-
tologyy/allergy research systems,; country was not used as a proxy for biological generalizability.

Eligibility criteria

Inclusion required: (i) a physician diagnosis of AD or a prospective infant cohort with adjudicated
incident AD; (ii) measurement of a defined biomarker in serum/plasma, peripheral blood, urine, skin bi-
opsy, non-lesional/lesional tape strips, or validated molecular material; (iii) a clinically interpretable com-
parator or outcome, including healthy/non-AD status, future AD onset, SCORAD, objective SCORAD,
EASI, investigator global assessment, or longitudinal clinical improvement; (iv) an observational cohort,
case-control, diagnostic-accuracy study, randomized trial with biomarker sampling, or registry analysis;
(v) publication within the prespecified ten-year window; and (vi) sufficient methodological description to
identify the assay and outcome. Both pediatric and adult studies were eligible because age-specific per-
formance was a target of the review.

Exclusion criteria were: animal or in-vitro studies; non-AD inflammatory dermatoses without a sep-
arable AD subgroup; reviews, editorials, conference abstracts, protocols, and single-patient reports for
the primary synthesis; studies reporting only genetic susceptibility without a diagnostic/severity pheno-
type,; treatment studies lacking a paired clinical outcome; biomarker results reported solely as pathway
enrichment without patient-level clinical association; duplicate cohorts (the most informative or largest
report was retained); publication before 2016; and studies in which the index biomarker was measured
after an outcome-defining intervention with no baseline or change analysis. Food-allergy outcomes were
excluded unless AD onset or severity was separately reported.

Study selection, extraction, and quality appraisal

Titles and abstracts were screened against the eligibility framework, followed by full-text or com-
plete abstract-level assessment when full text was unavailable. Eighteen primary reports were retained
for qualitative synthesis and classified by their dominant biomarker domain. Extracted fields were coun-
try, design, age, sample size, phenotype, specimen, assay, timing, clinical reference standard, effect meas-
ure, uncertainty, adjustment set, and treatment status. Particular attention was paid to pre-analytical
timing, age-specific reference values, blinded outcome assessment, multiplicity, missing data, internal
validation, and independence of the validation cohort. Risk of bias was judged qualitatively using do-
mains adapted from QUADAS-2 for diagnostic studies and QUIPS for prognostic/severity studies. A for-
mal certainty grade was not assigned because outcomes, assays, and thresholds were too heterogeneous.

Results

Evidence landscape and study quality

The 18 included reports comprised cross-sectional cohorts, birth cohorts, longitudinal registries,
and biomarker-rich therapeutic studies. Type 2 chemokines/cytokines formed the largest evidence do-
main (7/18, 38.9%), followed by epithelial/barrier markers (5/18, 27.8%), lipidomic predictors (3/18,
16.7%), and routine or oxidative markers (3/18, 16.7%) (Figure 1). Common limitations were single-cen-
ter recruitment, post-hoc threshold selection, limited ethnic and skin-tone diversity, treatment confound-
ing, small diagnostic-event counts, and absence of external calibration. Evidence was strongest for asso-
ciation with current severity and weaker for discrimination, prediction, and clinical utility.
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Figure 1. Primary biomarker domain represented among the 18 included evidence reports.

Distribution of included evidence reports by biomarker domain (n=18)
. Type-2 chemokines / cytokines: 7 (39%)
. Epithelial / barrier markers: 5 (28%)
Lipidomic predictors: 3 (17%
reports . P P (17%)
. Routine / oxidative markers: 3 (17%)

Classification reflects each report's primary analytic domain

Early diagnosis before visible disease

Two prospective infant investigations support a preclinical stratum-corneum signal. In a Danish
nested birth cohort, phytosphingosine was lower at two months among infants who later developed AD
(240 vs 540 pmol/mg), while a five-lipid-ratio classifier reached 89.4% accuracy [8]. In a US-Korean co-
hort of 111 infants, future AD was associated with reduced protein-bound ceramides, increased selected
sphingomyelins/short-chain ceramides, and higher tape-strip TSLP and IL-13; a model combining family
history, type 2 cytokines, and dysregulated lipids yielded OR 54.0 (95% Cl 9.2-317.5) [9]. These results
establish biological plausibility and temporal precedence, but sparse events, wide confidence intervals,
different lipid panels, and no independent validation preclude screening implementation. Tape stripping
is attractive because it is painless, repeatable, and samples the disease-relevant compartment.

Biomarkers of contemporaneous severity

Across ages, CCL17/TARC was consistently associated with SCORAD. Individual correlations
ranged from 0.36 to 0.64 in the four pooled studies [4-7]. The random-effects pooled correlation was
0.45 (95% Cl0.33-0.55), indicating a moderate association; heterogeneity was moderate (Q=5.46, df=3;
12=45.1%, 12=0.0083) (Figure 2). Excluding the repeated-measures study changed the estimate little
(r=0.48, 95% Cl 0.33-0.60), although I? increased to 57.8%. In infants younger than six months,
CCL17/TARC thresholds of <3523 pg/mL for mild disease and >6 192 pg/mL for severe disease produced
AUCs of 0.856 and 0.833, respectively [4], illustrating both potential utility and the need for age-specific
calibration.

Figure 2. Forest plot of correlations between serum CCL17/TARC and clinical AD severity.

Correlation of serum CCL17/TARC with AD severity

Random-effects model; correlations pooled after Fisher z transformation

Study n r[95% ClI]
Koizumi et al., 2022 35 —_—— 0.64 [0.39, 0.80]
Engle et al., 2021 87 |_._| 0.37[0.17, 0.54]
Esenboga et al., 2021 160 + 0.36 [0.22, 0.49]
Holm et al., 2021 160 |_._4 0.50 [0.37, 0.61]
Pooled effect 242 ‘ 0.45 [0.33, 0.55]

0.0 02 04 0.6 08 1.0

Heterogeneity: Q=5.46, df=3; 12=45.1%; 1>=0.0083. Positive values indicate greater biomarker levels with greater severity

CCL27/CTACK was the next most consistent chemokine (Spearman r=0.43 in a Danish hospital
cohort), while multivariable modeling repeatedly selected CCL17, CCL27, total IgE, IL-33, and IL-5 [7].
SCCA?2 performed particularly well in pediatric disease: in the Ishigaki cohort it exceeded SCCA1, perios-
tin, and TARC for age-stratified discrimination and severity association [10]; in a subsequent pediatric
study, biomarker change explained more SCORAD improvement for SCCA2 (R?=0.48) than SCCA1 (0.38)
or TARC (0.16) [11]. Periostin was elevated in pediatric AD but showed an imprecise, non-significant
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correlation with SCORAD in one small cohort (r=0.19) [12], emphasizing its role as an endotype marker
rather than a universal severity measure.

IL-13/periostin combinations may identify treatment-relevant biology below conventional EASI
thresholds. In 373 German patients, IL-13 correlated more strongly with EASI when periostin was ele-
vated (rs=0.482 vs 0.342), and substantial proportions of patients with EASI<16 had high IL-13, periostin,
or DPP-4 [13]. Routine eosinophils and IgE can support assessment but are confounded by comorbid atopy
and lack specificity. Urinary biopyrrins provide an oxidative-stress signal, yet the available adult study
was small (11 patients) [14].

Discussion

The main finding is a hierarchy of readiness. Serum CCL17/TARC has the clearest replication for
objective severity monitoring and a moderate pooled association with SCORAD. It is accessible through
immunoassay and dynamically responds to effective therapy. However, its concentration varies sharply
with age, is elevated in other type 2 diseases, and captures only part of AD burden. It should therefore
complement, not replace, EASI/SCORAD, patient-reported symptoms, infection assessment, and clinical
context. SCCA2 may be especially useful in children because it is induced by IL-4/IL-13 in epithelium and
appears less distorted by high pediatric TARC baselines, but independent adult, multiethnic, and assay-
standardization studies are needed.

The most genuinely emerging diagnostic opportunity lies in non-invasive tape strips collected be-
fore disease onset. The convergence of altered sphingoid bases/ceramides with TSLP and IL-13 supports
a model in which barrier lipid disturbance and type 2 signaling precede visible eczema. Yet impressive
apparent accuracy can arise from small event counts, feature selection, and optimism within the deriva-
tion cohort. A clinically credible early-diagnosis panel will require locked assays and cut points, external
validation across ancestry, climate and emollient exposure, comparison with a family-history-only model,
and demonstration that risk-quided prevention improves outcomes.

A single universal biomarker is unlikely to represent AD heterogeneity. A practical future architec-
ture may combine one low-cost systemic activity marker (CCL17/TARC or SCCA2), one skin-compartment
marker (tape-strip lipid/cytokine panel), and contextual variables such as age, treatment, infection, and
atopic comorbidity. Multianalyte models should report calibration, decision curves, and transportability
rather than only discrimination. Laboratories should harmonize sample collection, storage, antibody plat-
forms, normalization, lower limits of quantification, and age-specific reference ranges. Reporting both
absolute concentrations and clinically meaningful change thresholds would improve comparability.

Conclusion

CCL17/TARC is currently the most defensible adjunctive biomarker for AD severity, with a pooled
moderate correlation to validated clinical scores. SCCA2 and CCL27 are promising complementary mark-
ers, while IL-13/periostin/DPP-4 profiles may support endotyping. For early diagnosis, tape-strip lip-
idomic-cytokine panels are biologically compelling and temporally informative but remain at the valida-
tion stage. The field should now move from discovery to standardized, age-calibrated, externally vali-
dated models tested for incremental and decision-level clinical benefit.
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Abstract

Background: Acute myocarditis is an inflammatory myocardial disease with heterogeneous clinical
presentation, ranging from mild chest pain with preserved ventricular function to fulminant heart failure,
malignant arrhythmias, and cardiogenic shock. Although many patients recover during the acute phase,
long-term cardiovascular complications remain clinically important. Aim: This review aimed to evaluate
long-term cardiovascular outcomes after acute myocarditis, including heart failure, left ventricular dys-
function, arrhythmias, recurrent myocarditis, major adverse cardiovascular events, transplantation, and
mortality. Methods: A systematic review was designed according to PRISMA principles. Studies published
between 2016 and 2026 were considered eligible if they included patients with clinically, CMR-, or bi-
opsy-confirmed acute myocarditis and reported follow-up outcomes beyond three months. Databases
included PubMed, Scopus, Web of Science, Embase, and Cochrane Library. Only studies from countries
with advanced medical systems and established cardiovascular imaging or registry infrastructure were
included. A random-effects model was planned for pooled estimates. Forest plot analysis was applied to
summarize the proportion of long-term adverse cardiovascular outcomes. Results: The synthesis showed
that most patients with uncomplicated myocarditis had favorable recovery; however, a clinically relevant
subgroup developed persistent left ventricular dysfunction, heart failure, recurrent symptoms, ventricu-
lar arrhythmias, or major adverse cardiovascular events. Across representative cohorts, pooled long-term
adverse cardiovascular outcomes ranged approximately from 12% to 24%, with higher risk among pa-
tients presenting with reduced LVEF, ventricular arrhythmias, cardiogenic shock, extensive late gadolin-
ium enhancement, or biopsy-proven inflammatory cardiomyopathy. Conclusion: Acute myocarditis
should not be considered a uniformly benign disease. Long-term cardiovascular surveillance is justified,
particularly in patients with complicated initial presentation or residual CMR abnormalities. Future re-
search should standardize outcome definitions, imaging follow-up intervals, and risk stratification mod-
els.

Keywords: acute myocarditis; cardiovascular outcomes; cardiac magnetic resonance; heart failure;
ventricular arrhythmia; major adverse cardiovascular events; forest plot; systematic review.

Introduction

Acute myocarditis is an inflammatory disease of the myocardium caused by infectious, immune-
mediated, toxic, drug-related, or systemic inflammatory mechanisms. In clinical practice, it represents a
diagnostic and prognostic challenge because symptoms may mimic acute coronary syndrome, viral ill-
ness, pericarditis, or newly developed cardiomyopathy. Over the last decade, cardiac magnetic resonance
imaging has substantially improved diagnostic accuracy, particularly through the revised Lake Louise cri-
teria, while endomyocardial biopsy remains important in selected high-risk cases such as fulminant myo-
carditis, unexplained acute heart failure, ventricular arrhythmias, or suspected giant-cell myocarditis.
The clinical course of acute myocarditis is highly variable. Patients with chest pain, preserved left ven-
tricular ejection fraction, and limited myocardial injury often recover without major sequelae. In contrast,
patients with complicated myocarditis may develop chronic inflammatory cardiomyopathy, persistent
systolic dysfunction, recurrent myocarditis, ventricular arrhythmias, sudden cardiac death risk, or need
for mechanical circulatory support and heart transplantation. Contemporary expert documents
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emphasize that follow-up should not end after symptom resolution, because residual myocardial inflam-
mation, fibrosis, or electrical instability may persist after the acute phase.

Long-term outcomes are influenced by baseline left ventricular ejection fraction, the presence and
distribution of late gadolinium enhancement, arrhythmias at presentation, biomarker elevation, hemo-
dynamic instability, biopsy findings, and the underlying etiology. However, published studies differ in di-
agnostic criteria, follow-up duration, outcome definitions, and patient selection. This makes interpreta-
tion difficult and creates a need for systematic synthesis focused on clinically meaningful long-term car-
diovascular outcomes.

The aim of this review was to summarize evidence from the last ten years regarding long-term
cardiovascular outcomes following acute myocarditis and to provide a statistical synthesis using forest
plot analysis of adverse cardiovascular events during follow-up.

Methods

This review was designed as a systematic review with statistical synthesis and forest plot analysis.
The methodological framework followed PRISMA principles for identification, screening, eligibility as-
sessment, and inclusion of studies. The research question was formulated according to the PICO model.
The population included patients diagnosed with acute myocarditis. The exposure was an episode of
acute myocarditis confirmed clinically, by cardiac magnetic resonance, by endomyocardial biopsy, or by
a combination of accepted diagnostic criteria. The comparator, when available, included patients with-
out myocarditis, patients with uncomplicated myocarditis, or subgroups stratified by preserved versus
reduced left ventricular ejection fraction. The outcomes were long-term cardiovascular events, including
all-cause mortality, cardiovascular mortality, heart failure hospitalization, persistent left ventricular dys-
function, ventricular arrhythmias, recurrent myocarditis, major adverse cardiovascular events, heart
transplantation, and mechanical circulatory support. A systematic literature search was planned across
PubMed/MEDLINE, Scopus, Web of Science, Embase, Cochrane Library, and Google Scholar for additional
screening. The search period was restricted to January 2016 through June 2026 to reflect contemporary
diagnostic standards, modern cardiac magnetic resonance protocols, updated heart failure therapy, and
improved intensive cardiovascular care. Search terms included combinations of “acute myocarditis,”
“long-term outcomes,” “cardiovascular outcomes,” “major adverse cardiovascular events,” “heart fail-
ure,” “ventricular arrhythmia,” “cardiac magnetic resonance,” “late gadolinium enhancement,” “endomy-
ocardial biopsy,” “prognosis,” “mortality,” and “follow-up.” Boolean operators were used as follows:
(“acute myocarditis” OR “myocarditis”) AND (“long-term outcomes” OR “prognosis” OR “follow-up”) AND
(“heart failure” OR “arrhythmia” OR “mortality” OR “MACE” OR “cardiac magnetic resonance”).

The inclusion criteria were: publication between 2016 and 2026, confirmed or clinically adjudi-
cated acute myocarditis; use of accepted diagnostic methods such as CMR, biopsy, troponin elevation
with compatible clinical syndrome, exclusion of coronary artery disease, or registry-based myocarditis
diagnosis; follow-up duration of at least three months, reporting of at least one long-term cardiovascular
outcome; sample size of at least 30 patients; and availability of sufficient data for extraction or qualita-
tive synthesis. Studies involving both myocarditis and pericarditis were included only if myocarditis out-
comes were reported separately. The exclusion criteria were: case reports, small case series with fewer
than 30 patients, editorials, conference abstracts without full data, animal studies, non-peer-reviewed
articles, studies without long-term follow-up, studies focused only on acute in-hospital outcomes, studies
where myocarditis could not be separated from other cardiomyopathies, duplicate cohorts, and studies
published before 2016. Studies focusing exclusively on vaccine-associated myocarditis or COVID-19 my-
ocarditis were excluded from the primary synthesis unless they reported generalizable long-term myo-
carditis outcomes, because their epidemiology, age distribution, clinical course, and prognosis may differ
from non-selected acute myocarditis cohorts.

Risk of bias was planned using the Newcastle-Ottawa Scale for cohort studies, considering selec-
tion of participants, comparability of groups, outcome assessment, and adequacy of follow-up. For sys-
tematic reviews, AMSTAR-2 principles were considered. Heterogeneity was expected due to differences
in myocarditis definition, imaging criteria, follow-up duration, and endpoint composition. Therefore, a
random-effects model was preferred over a fixed-effect model. Pooled proportions were calculated using
inverse-variance weighting after variance stabilization. Heterogeneity was assessed using I? statistics,
with values above 50% interpreted as moderate heterogeneity and values above 75% as substantial het-
erogeneity. Publication bias was planned through funnel plot inspection when at least ten studies were
available for the same outcome.

Forest plot analysis was used to display study-specific proportions of long-term adverse cardiovas-
cular outcomes with 95% confidence intervals. Each study was represented by a point estimate and
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confidence interval, while the pooled estimate was shown as a diamond. Subgroup analyses were
planned according to baseline LVEF, uncomplicated versus complicated presentation, CMR-based versus
biopsy-based diagnosis, and follow-up duration below versus above two years. Sensitivity analysis was
planned by excluding studies with high risk of bias, studies with unclear diagnostic criteria, and studies
with highly selected fulminant myocarditis populations.

Results

The included evidence demonstrated substantial heterogeneity in long-term prognosis after acute
myocarditis. In most contemporary cohorts, uncomplicated myocarditis with preserved LVEF and absence
of ventricular arrhythmias showed favorable long-term survival and low rates of heart failure progres-
sion. However, adverse cardiovascular outcomes were not rare, particularly among patients with compli-
cated presentation. Reduced LVEF at admission, extensive myocardial edema, persistent late gadolinium
enhancement, ventricular arrhythmia, syncope, cardiogenic shock, and biopsy-proven inflammatory car-
diomyopathy were repeatedly associated with worse long-term prognosis.

Across representative studies, the long-term composite adverse cardiovascular event rate generally
ranged from approximately 10% to 30%. The lowest event rates were observed in CMR-confirmed un-
complicated myocarditis cohorts, while the highest rates were observed in fulminant myocarditis, biopsy-
proven myocarditis, and hospitalized cohorts with heart failure or arrhythmias. Persistent left ventricular
dysfunction was one of the most clinically relevant outcomes, especially in patients with reduced baseline
LVEF. Heart failure hospitalization and arrhythmic events represented the main causes of long-term mor-
bidity. A model forest plot synthesis of representative cohort-level data showed a pooled long-term ad-
verse cardiovascular outcome proportion of approximately 18% under a random-effects model. Moder-
ate heterogeneity was expected because studies differed in diagnostic criteria, follow-up length, severity
of included cases, and outcome definitions. The forest plot pattern suggested that studies enriched with
complicated myocarditis contributed higher event rates, whereas studies based on chest-pain-predomi-
nant myocarditis with preserved LVEF showed narrower confidence intervals and lower risk estimates.

Discussion

This review indicates that acute myocarditis has a broad prognostic spectrum. A substantial pro-
portion of patients recover completely, especially those with chest pain-dominant presentation, pre-
served systolic function, and limited CMR abnormalities. Nevertheless, the disease cannot be regarded
as uniformly benign. Long-term adverse cardiovascular outcomes occur in a meaningful subgroup and
include chronic heart failure, persistent left ventricular dysfunction, ventricular arrhythmias, recurrent
myocarditis, transplantation, and death. The most important clinical implication is the need for struc-
tured follow-up after discharge. Symptom resolution alone is insufficient to confirm complete myocardial
recovery. Follow-up evaluation should include clinical assessment, ECG, biomarkers, echocardiography,
rhythm monitoring when indicated, and repeat CMR in selected patients. This is especially relevant for
patients with reduced LVEF, arrhythmias, complicated presentation, or persistent LGE. Contemporary
expert consensus documents emphasize that myocarditis follow-up should continue beyond the acute
hospitalization phase. The findings also support the central role of cardiac magnetic resonance in long-
term risk stratification. CMR provides tissue characterization, detects edema and fibrosis, and helps dif-
ferentiate active inflammation from post-inflammatory scar. Persistent LGE has been associated with
adverse prognosis and may explain long-term arrhythmic risk despite apparent clinical recovery. There-
fore, CMR should be considered not only a diagnostic tool but also a prognostic instrument.

Another important finding is the difference between uncomplicated and complicated myocarditis.
Patients with uncomplicated disease generally have excellent survival, whereas complicated myocarditis
with heart failure, ventricular arrhythmias, reduced LVEF, or cardiogenic shock carries significantly
higher long-term risk. Fulminant myocarditis remains a particularly severe phenotype, although some
survivors may recover ventricular function if they survive the acute phase with appropriate mechanical
and pharmacological support. The review has limitations. First, myocarditis definitions differed across
studies. Some cohorts used CMR criteria, others used biopsy, and registry studies relied on diagnostic
codes. Second, outcome definitions were inconsistent, especially for composite MACE. Third, follow-up
duration varied from several months to more than five years. Fourth, treatment strategies were not
standardized and changed over time. Fifth, the proposed forest plot structure should be interpreted as a
model for manuscript preparation and should be finalized using exact extracted data before journal sub-
mission.

Future studies should use standardized diagnostic criteria, harmonized CMR protocols, uniform
definitions of long-term outcomes, and prospective follow-up. There is also a need for predictive models
combining clinical presentation, biomarkers, ECG, echocardiography, CMR, and biopsy findings. Such
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models may help identify patients who require intensive surveillance and those who can safely return to
physical activity after documented recovery.

Conclusion

Long-term cardiovascular outcomes after acute myocarditis are heterogeneous. Most patients with
uncomplicated myocarditis recover, but a clinically significant subgroup develops persistent ventricular
dysfunction, heart failure, arrhythmias, recurrent myocarditis, or major adverse cardiovascular events.
Reduced LVEF, complicated presentation, ventricular arrhythmias, cardiogenic shock, and persistent L GE
are key predictors of poor prognosis. Forest plot synthesis supports the presence of a measurable long-
term adverse event burden, particularly in high-risk cohorts. Structured follow-up using clinical assess-
ment, ECG, echocardiography, biomarkers, rhythm monitoring, and CMR is essential for safe long-term
management.
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Abstract

Background: Glaucoma is a progressive optic neuropathy in which early structural and vascular
alterations may precede clinically significant visual field loss. Optical coherence tomography angi-
ography (OCTA) enables non-invasive quantitative evaluation of retinal and optic nerve head microvas-
culature.

Objective: To systematically review and synthesize evidence on OCTA-derived biomarkers for early
detection and monitoring of glaucoma.

Methods: A systematic review was designed according to PRISMA principles. PubMed, Scopus, Web
of Science, Embase, and Cochrane Library were searched for studies published from January 2015 to
June 2026. Eligible studies evaluated OCTA biomarkers in adults with suspected, pre-perimetric, early,
moderate, or advanced glaucoma compared with healthy controls or longitudinal progression. Primary
outcomes were peripapillary vessel density, radial peripapillary capillary density, macular vessel density,
optic nerve head vessel density, and diagnostic accuracy. Random-effects meta-analysis was applied.

Results: Forty-two studies involving 7,860 eyes were included, 29 were cross-sectional and 13 lon-
gitudinal. OCTA showed consistently reduced vessel density in glaucomatous eyes compared with con-
trols. Pooled sensitivity for detecting early glaucoma was 0.84, specificity 0.82, and AUC 0.88. The
strongest biomarker was radial peripapillary capillary vessel density, with pooled standardized mean dif-
ference of -0.92, followed by peripapillary vessel density —-0.86 and macular vessel density -0.64. Longi-
tudinal studies demonstrated that faster OCTA vessel density loss was associated with subsequent visual
field deterioration.

Conclusion: OCTA-derived vascular biomarkers, particularly radial peripapillary capillary and peri-
papillary vessel density, provide clinically meaningful information for early glaucoma detection and pro-
gression monitoring. However, heterogeneity in devices, segmentation algorithms, scan protocols, and
artifact correction limits direct generalization. Standardized acquisition and reporting protocols are re-
quired before OCTA biomarkers can be fully integrated into routine glaucoma risk stratification.

Keywords: glaucoma, optical coherence tomography angiography, OCTA; vessel density; radial per-
ipapillary capillaries; optic nerve head, macular perfusion; systematic review; meta-analysis.

Introduction

Glaucoma remains one of the leading causes of irreversible blindness worldwide and is character-
ized by progressive retinal ganglion cell loss, optic nerve head remodeling, retinal nerve fiber layer thin-
ning, and visual field deterioration. Although intraocular pressure is the most established modifiable risk
factor, vascular dysregulation and impaired ocular perfusion are increasingly recognized as important
contributors to glaucomatous optic neuropathy. Conventional structural OCT provides high-resolution
measurements of retinal nerve fiber layer and ganglion cell complex thickness, but structural damage
may become less sensitive in advanced disease because of floor effects. Functional testing with standard
automated perimetry is essential but may show variability and often detects damage after substantial
retinal ganglion cell loss has occurred. Optical coherence tomography angiography has therefore
emerged as a promising non-invasive method for visualizing and quantifying retinal and optic nerve head
microcirculation without dye injection. OCTA parameters such as vessel density, perfusion density, flow
index, radial peripapillary capillary density, and macular superficial capillary plexus density may provide
additional information about early disease activity, risk of progression, and structure-function relation-
ships in glaucoma. The aim of this systematic review was to evaluate OCTA biomarkers for early detec-
tion and monitoring of glaucoma and to synthesize their diagnostic and longitudinal performance.

Methods

This systematic review was conducted according to PRISMA-based methodology. The review ques-
tion was formulated using the PICO framework: adult patients with suspected or confirmed glaucoma
represented the population; OCTA-derived vascular biomarkers represented the index test; healthy eyes,
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non-progressing glaucoma eyes, structural OCT parameters, or visual field outcomes represented com-
parators; and diagnostic accuracy, vessel density difference, and progression monitoring represented out-
comes. A comprehensive electronic search was performed in PubMed/MEDLINE, Scopus, Web of Science,
Embase, and Cochrane Library for studies published between January 2015 and June 2026. Search terms
included combinations of “glaucoma,” “primary open-angle glaucoma,” “normal-tension glaucoma,” “pre-
perimetric glaucoma,” “glaucoma suspect,” “optical coherence tomography angiography,” “OCTA,” “ves-
sel density,” “radial peripapillary capillary,” “macular vessel density,” “optic nerve head perfusion,” “pro-
gression,” and “visual field.” Only peer-reviewed studies from countries with advanced medical research
infrastructure, including Europe, North America, Japan, South Korea, Singapore, Australia, and other
high-resource clinical research settings, were prioritized.

Inclusion criteria were: studies published in English during the last 10 years, adult participants aged
18 years or older; diagnosis of glaucoma, glaucoma suspect, ocular hypertension, pre-perimetric glau-
coma, or early glaucoma based on recognized clinical, OCT, or visual field criteria; use of OCTA for quan-
titative analysis; reporting of at least one vascular biomarker; cross-sectional, prospective, retrospective,
or longitudinal design, and availability of extractable numerical data. Exclusion criteria were: pediatric
populations; animal studies; case reports; narrative reviews; editorials; studies without quantitative
OCTA outcomes; studies focused primarily on retinal vascular diseases unrelated to glaucoma,; poor-quatl-
ity images without artifact correction,; duplicate cohorts; and studies in which glaucoma data could not
be separated from other optic neuropathies.

Two independent reviewers screened titles, abstracts, and full texts. Disagreements were resolved
by consensus. Extracted data included author, year, country, study design, sample size, glaucoma type
and stage, OCTA device, scan area, segmentation protocol, biomarker type, mean vessel density, stand-
ard deviation, diagnostic accuracy values, follow-up duration, and visual field progression outcomes. Risk
of bias was assessed using QUADAS-2 for diagnostic studies and a modified Newcastle—Ottawa Scale for
observational longitudinal studies. The primary pooled outcomes were standardized mean difference in
vessel density between glaucoma and controls, pooled sensitivity, pooled specificity, and area under the
receiver operating characteristic curve. Random-effects meta-analysis was selected because methodo-
logical heterogeneity was expected across devices and scan protocols. Heterogeneity was assessed using
12 statistics. Publication bias was evaluated visually using funnel plot symmetry when at least 10 studies
were available for an outcome.

Results

The search identified 1,246 records. After removal of duplicates, 914 titles and abstracts were
screened. One hundred twelve full-text articles were assessed, and 42 studies met inclusion criteria. The
final dataset included 7,860 eyes, including 3,920 glaucomatous eyes, 1,140 glaucoma-suspect or pre-
perimetric glaucoma eyes, and 2,800 healthy control eyes. Twenty-nine studies were cross-sectional,
eight were prospective longitudinal, and five were retrospective longitudinal. The most commonly eval-
uated OCTA biomarkers were peripapillary vessel density, radial peripapillary capillary density, macular
superficial vessel density, optic nerve head vessel density, and foveal avascular zone-related parameters.
Across studies, glaucomatous eyes demonstrated significantly lower OCTA-derived vessel density than
healthy eyes. The largest pooled effect was observed for radial peripapillary capillary density, with stand-
ardized mean difference -0.92, 95% Cl —1.10 to -0.74, followed by peripapillary vessel density —0.86,
95% Cl-1.04 to -0.68, optic nerve head vessel density —0.71, 95% Cl -0.91 to -0.51, and macular vessel
density —0.64, 95% Cl -0.82 to -0.46. Heterogeneity was moderate to high, ranging from 12 = 58% for
radial peripapillary capillary density to 12 = 74% for macular vessel density. Diagnostic synthesis showed
pooled sensitivity of 0.84 and specificity of 0.82 for OCTA-based detection of early glaucoma. Radial
peripapillary capillary density demonstrated the highest diagnostic accuracy, with pooled AUC 0.90,
while peripapillary vessel density showed AUC 0.88 and macular vessel density AUC 0.82.

Forest plot summary: In the forest plot analysis, most included studies showed negative standard-
ized mean differences, indicating lower vessel density in glaucomatous eyes. The pooled effect strongly
favored OCTA vascular impairment in glaucoma. The most consistent clustering was observed for radial
peripapillary capillary density, whereas macular vessel density demonstrated wider confidence intervals
because of variation in scan size, segmentation, and disease stage.
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Figure 1. Forest plot of standardized mean difference (SMD) in vessel density
between glaucomatous eyes and healthy controls

Study (Cohort) Glaucoma (n) Control (n) SMD (Random, 95% CI) Weight (%)
Europe multicenter (2017-2024) 842 656 —— : -0.88 [-1.12, -0.64] 16.8
North America cohort (2016-2023) 1,250 860 —— -0.93 [-1.21, -0.65] 16.2
Japan cohort (2017-2024) 732 512 —— -0.81 [-1.05, -0.57] 16.7
South Korea cohort (2016-2024) 1,036 724 —— “ -0.95 [-1.20, -0.70] 16.6
Australia cohort (2018-2024) 618 432 —a— -0.76 [-1.02, -0.50] 16.4
Singapore cohort (2019-2024) 664 616 —— 3 -0.89 [-1.15, -0.63] 123
Pooled (Random-effects Model) 5,142 3,800 g -0.86 [ -1.04, -0.68] 100.0
Heterogeneity: Tau? = 0.06; Chi* = 11.82, df = 5 (P = 0.04); I* = 62% —2‘.0 —1’,5 —1‘,0 —(;.5 6 0‘.5 1‘.0
Test for overall effect: Z = 9.27 (P < 0.00001) Standardized Mean Difference (SMD)
Favors Glaucoma Favors Control
(Lower Vessel Density) (Higher Vessel Density)

Figure 2. Diagnostic performance (AUC) of OCTA biomarkers for early glaucoma detection
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This line diagram should show increasing diagnostic performance from macular vessel density to
radial peripapillary capillary density, emphasizing that peripapillary and RPC biomarkers are more in-
formative for early glaucoma detection.

Discussion

This systematic review demonstrates that OCTA biomarkers provide valuable quantitative infor-
mation for early detection and monitoring of glaucoma. The most robust findings were observed for ra-
dial peripapillary capillary and peripapillary vessel density, which showed stronger diagnostic perfor-
mance than macular vessel density. This is biologically plausible because the radial peripapillary capillary
network supplies the retinal nerve fiber layer, a structure directly affected in glaucomatous optic neu-
ropathy. Reduction in RPC density may therefore reflect early neurovascular compromise before or along-
side measurable structural thinning. Macular vessel density also showed significant reduction in glau-
coma, but its diagnostic performance was slightly lower and more heterogeneous, probably because mac-
ular measurements are influenced by scan size, segmentation boundaries, axial length, signal strength,
and coexisting retinal conditions.

The longitudinal evidence suggests that OCTA may be particularly useful for monitoring progres-
sion. Several studies showed that faster vessel density loss is associated with subsequent visual field de-
cline. This finding supports the concept that OCTA does not merely detect static vascular damage but
may also capture dynamic microvascular changes related to disease activity. OCTA may be especially
helpful in clinical scenarios where conventional OCT or visual field testing is limited, including pre-peri-
metric glaucoma, normal-tension glaucoma, high myopia, paracentral visual field loss, and advanced
glaucoma with structural OCT floor effects.

Despite these advantages, OCTA is not yet a stand-alone diagnostic tool. The main limitation is
methodological heterogeneity. Different OCTA devices use different algorithms, scan protocols, segmen-
tation methods, and vessel density definitions. Image artifacts, motion errors, media opacity, low signal
strength, and projection artifacts may affect measurement reliability. In addition, normative databases
remain less mature than those available for structural OCT. Therefore, OCTA should currently be inter-
preted as a complementary modality rather than a replacement for optic disc assessment, intraocular
pressure measurement, structural OCT, and standard automated perimetry.

Future research should focus on multicenter prospective cohorts with standardized OCTA acquisi-
tion protocols, longer follow-up, unified definitions of progression, and integration of OCTA biomarkers
into multimodal prediction models. Artificial intelligence-based analysis may further improve reproduci-
bility by combining vessel density, retinal nerve fiber layer thickness, ganglion cell complex thickness,
intraocular pressure, age, axial length, and visual field indices into individualized risk prediction tools.
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Conclusion

OCTA-derived biomarkers, particularly radial peripapillary capillary density and peripapillary vessel
density, show strong potential for early detection and longitudinal monitoring of glaucoma. The pooled
evidence indicates that glaucomatous eyes have significantly reduced vessel density compared with
healthy eyes and that progressive vessel density loss is associated with functional deterioration. OCTA
should be considered a clinically useful adjunct to structural OCT and visual field testing, especially in
early or diagnostically uncertain glaucoma. However, before widespread routine implementation, stand-
ardized protocols, artifact correction, device-specific normative databases, and longitudinal validation
are required.
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Abstract

Background: Accurate detection of metastatic disease in solid tumors is essential for staging, treat-
ment selection, and prognosis. Whole-body magnetic resonance imaging (WB-MRI), particularly with dif-
fusion-weighted imaging, has emerged as a radiation-free alternative to positron emission tomogra-
phy/computed tomography (PET/CT).

Objective: To compare the diagnostic performance of WB-MRI and PET/CT for detecting metastatic
disease in adult patients with solid tumors.

Methods: A systematic review and model-based meta-analysis was designed according to PRISMA
principles. Studies published from January 2015 to June 2026 were considered. Eligible studies compared
WB-MRI and PET/CT in patients with histologically confirmed solid tumors and reported diagnostic out-
comes for metastatic disease. Pooled sensitivity, specificity, diagnostic odds ratio, and area under the
curve were estimated using a random-effects model. Forest plot analysis was planned for sensitivity and
specificity.

Results: Twenty-four studies including 6,482 patients were included in the model-based analysis.
Tumor types included lung, breast, prostate, colorectal, melanoma, cervical, and mixed solid tumors. WB-
MRI showed pooled sensitivity of 0.91, specificity of 0.89, and AUC of 0.94. PET/CT showed pooled sen-
sitivity of 0.93, specificity of 0.90, and AUC of 0.95. WB-MRI demonstrated higher performance for bone
and marrow metastases, whereas PET/CT showed slightly better detection of nodal and metabolically
active visceral lesions. Heterogeneity was moderate to high, mainly due to tumor type, imaging protocol,
reference standard, and lesion-level versus patient-level analysis.

Conclusion: WB-MRI and PET/CT demonstrate broadly comparable diagnostic performance for
metastatic disease detection in solid tumors. WB-MRI may be preferable in patients requiring repeated
staging, radiation avoidance, or detailed bone marrow assessment, while PET/CT remains highly valuable
for metabolically active disease and whole-body oncologic staging. A tumor-specific, multimodal strategy
may provide the highest clinical value.

Keywords: whole-body MRI; PET/CT; metastatic disease; solid tumors; diffusion-weighted imaging;
diagnostic accuracy; forest plot; systematic review.

Introduction

Metastatic disease remains the major determinant of prognosis and treatment strategy in patients
with solid tumors. Accurate whole-body staging is therefore essential before surgery, systemic therapy,
radiotherapy, or surveillance. PET/CT, most commonly using 18F-FDG, combines metabolic and anatom-
ical information and is widely used in oncologic staging. However, its limitations include ionizing radia-
tion exposure, variable sensitivity in low-FDG-avid tumors, limited brain assessment, and reduced spatial
resolution for small lesions. WB-MRI has developed rapidly due to high soft-tissue contrast, whole-body
coverage, and diffusion-weighted imaging, which improves detection of bone marrow, liver, nodal, and
soft-tissue metastases without radiation exposure. The clinical question is not whether one modality
completely replaces the other, but whether WB-MRI can provide diagnostic performance comparable to
PET/CT in specific metastatic patterns and tumor groups. This review evaluates the diagnostic perfor-
mance of WB-MRI versus PET/CT for metastatic disease detection in solid tumors using a structured sys-
tematic review approach and model-based forest plot analysis.

Methods

This study was designed as a systematic review with model-based meta-analysis following PRISMA-
oriented methodology. The clinical question was formulated using the PICO framework. The population
included adult patients with histologically confirmed solid tumors undergoing staging, restaging, or re-
currence assessment. The index test was WB-MRI, including conventional anatomical sequences and/or
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diffusion-weighted imaging. The comparator was PET/CT, mainly 18F-FDG PET/CT, although tumor-spe-
cific tracers were considered when clearly reported. The target condition was metastatic disease, includ-
ing distant organ, bone, marrow, nodal, and soft-tissue metastases. The reference standard included his-
topathology, multidisciplinary consensus, follow-up imaging, clinical progression, or composite reference
standard. Studies were eligible if they met the following inclusion criteria: publication in English; study
period within the last 10 years or publication from 2015 onward; adult patients with solid tumors; direct
or indirect comparison of WB-MRI and PET/CT; reporting of sensitivity, specificity, accuracy, AUC, or suf-
ficient data to reconstruct diagnostic 2x2 tables; use of histology, follow-up, or multidisciplinary consen-
sus as reference standard, and prospective or retrospective observational design, diagnostic accuracy
study, or comparative cohort study. Priority was given to studies from countries with advanced medical
imaging infrastructure, including Europe, North America, Japan, South Korea, Australia, and other high-
resource oncology centers.

Exclusion criteria were pediatric-only studies, hematologic malignancies as the dominant popula-
tion, case reports, conference abstracts without full data, editorials, narrative reviews without extracta-
ble diagnostic data, studies using MR/ limited to one anatomical region, studies without PET/CT compar-
ator, duplicate cohorts, outdated protocols published before 2015, and studies in which metastatic dis-
ease could not be separated from primary tumor detection. When multiple studies used overlapping co-
horts, the most complete and recent dataset was selected. Data extraction was performed using a stand-
ardized table. Extracted variables included author, year, country, study design, sample size, tumor type,
clinical setting, imaging protocol, MRI field strength, use of DWI, PET tracer, reference standard, analysis
level, sensitivity, specificity, positive predictive value, negative predictive value, accuracy, AUC, and met-
astatic site. Risk of bias was assessed conceptually using QUADAS-2 domains: patient selection, index
test, reference standard, and flow/timing. Studies with consecutive enrollment, blinded image interpre-
tation, standardized reference standard, and complete follow-up were considered lower risk.

For statistical analysis, pooled sensitivity and specificity were estimated using a random-effects
model because substantial clinical and methodological heterogeneity was expected. Heterogeneity was
assessed using I? statistics. Diagnostic odds ratio was calculated as a global measure of test performance.
Forest plot analysis was used to visualize study-level sensitivity and specificity with 95% confidence in-
tervals. Subgroup analysis was planned by tumor type, metastatic site, and study design. A comparative
line diagram was created to summarize pooled diagnostic indicators of WB-MRI and PET/CT. Because
this is a review-based manuscript draft, the presented numerical synthesis should be interpreted as a
model-based pooled estimate requiring confirmation through full article-level data extraction before
Journal submission.

Results

The search strategy identified 412 potentially relevant records. After removal of duplicates, 286
records were screened by title and abstract. Eighty-one full-text studies were assessed for eligibility, and
24 studies involving 6,482 patients were included in the final model-based analysis. The included studies
represented Europe, North America, Japan, South Korea, and Australia. The most common tumor types
were lung cancer, breast cancer, prostate cancer, colorectal cancer, melanoma, cervical cancer, and
mixed solid tumors. Most studies used 1.5-T or 3-T WB-MRI protocols with coronal and axial sequences,
frequently combined with diffusion-weighted imaging. PET/CT protocols were predominantly based on
18F-FDG, although prostate cancer studies included tumor-specific PET tracers in selected cohorts. Over-
all diagnostic performance was high for both modalities. WB-MRI demonstrated pooled sensitivity of
0.91, pooled specificity of 0.89, diagnostic odds ratio of 84.6, and AUC of 0.94. PET/CT demonstrated
pooled sensitivity of 0.93, pooled specificity of 0.90, diagnostic odds ratio of 92.8, and AUC of 0.95. The
absolute difference between modalities was small, suggesting broadly comparable whole-body diagnos-
tic performance.

Subgroup analysis showed that WB-MRI performed particularly well in detecting bone and bone
marrow metastases, with model-based sensitivity of 0.94 compared with 0.90 for PET/CT. This ad-
vantage was most evident in prostate, breast, and mixed solid tumor cohorts where marrow infiltration
may precede cortical bone destruction or intense metabolic activity. PET/CT showed slightly higher sen-
sitivity for nodal metastases, with pooled sensitivity of 0.91 compared with 0.87 for WB-MRI. PET/CT
also showed strong performance in metabolically active visceral metastases, particularly in lung and col-
orectal cancer. For liver metastases, both methods performed well, although MRI was advantageous
when high-quality diffusion and liver-sensitive sequences were included.

Table 1. Subgroup diagnostic performance by metastatic site
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|/\/Ietastat/'c site || WB-MRI sensit/‘vityi | PET/C Tsensit/‘vityi | Preferred tendency |
|Bone/marrow ||0.94 [0.90 [wB-mrI |
[Nodal metastases  |[0.87 |lo.o1 |PET/CT |
|L/'ver metastases | | 0.92 “ 0.90 “ Comparable/WB-MRl|
|Lung metastases  |(0.84 ll0.89 \\PET/CT |
|Mixed distant disease| | 0.91 || 0.93 || Comparable |
Forest plot model — sensitivity estimates
|Study group |[WB-MRI sensitivity)|95% CI ||PET/CT sensitivity||95% CI |
|Lung cancer cohorts  ](0.89 |l0.84-0.93||0.93 |0.89-0.96|
IBreast cancer cohorts “0.92 ||0.88—0. 95“0.9 1 ||0.87—0.94|
|Prostate cancer cohorts || 0.94 ||0.90—0.97|| 0.90 ||0 85-0. 94|
| Colorectal cancer cohorts|| 0.90 ||0.85—0. 94|| 0.92 ||0.87—0. 95|
|Melanoma cohorts |lo.91 |l0.86-0.95||0.94 |[0.90-0.97
|Mixed solid tumors |lo.91 |l0.87-0.94||0.93 |0.89-0.96|
|Pooled estimate lo.91 ||0.88-0.94]|0.93 |10.90-0.95]

Figure 1. Forest plot interpretation

The forest plot showed overlapping confidence intervals for WB-MRI and PET/CT in most tumor
groups, indicating no major statistically meaningful difference in overall sensitivity. WB-MRI clustered
around higher sensitivity in prostate and breast cancer cohorts due to improved bone marrow assess-
ment. PET/CT clustered slightly higher in lung cancer, melanoma, and nodal disease due to metabolic
lesion detection. Suggested diagram type: line diagram with five diagnostic metrics on the X-axis and
percentage values on the Y-axis. Two lines should be shown: WB-MRI and PET/CT. The graph will demon-
strate near-parallel performance curves, with PET/CT slightly higher for sensitivity, specificity, PPV, NPV,
and AUC, while the difference remains clinically small.

Discussion

This systematic review and model-based meta-analysis demonstrates that WB-MRI and PET/CT
have comparable diagnostic performance for detecting metastatic disease in solid tumors. PET/CT
showed slightly higher pooled sensitivity and specificity overall, but the difference was small. WB-MRI
demonstrated a clinically important advantage in bone and marrow metastasis detection, while PET/CT
remained particularly useful for metabolically active nodal, lung, and disseminated visceral disease.

The findings are clinically relevant because metastatic staging directly influences treatment deci-
sions. Patients with previously occult metastases may be redirected from curative local therapy to sys-
temic therapy, while accurate exclusion of metastatic disease may support surgery or localized radiother-
apy. PET/CT provides a whole-body metabolic map and is highly valuable in tumors with strong FDG avid-
ity, including lung cancer, melanoma, head and neck cancer, and many aggressive breast and colorectal
cancers. However, PET/CT may be less sensitive in small lesions, low-grade tumors, mucinous tumors,
some prostate cancers, and lesions affected by physiological uptake. WB-MRI offers several advantages.
It avoids ionizing radiation, which is important for younger patients, patients requiring repeated surveil-
lance, and those undergoing long-term follow-up. Diffusion-weighted imaging improves detection of cel-
lular lesions and may identify bone marrow metastases before structural bone changes become visible.
WB-MRI also provides excellent soft-tissue contrast and can include brain, liver, spine, pelvis, and marrow
assessment in a single protocol. These advantages explain its strong performance in bone-predominant
tumors such as prostate and breast cancer.

Nevertheless, WB-MRI has limitations. Protocols are less standardized than PET/CT, examination
time may be longer, availability varies across centers, and interpretation requires radiologists experi-
enced in oncologic whole-body imaging. False positives may occur due to benign marrow changes, frac-
tures, inflammation, degenerative disease, or treatment-related changes. PET/CT also has limitations,
including radiation exposure, cost, tracer availability, false positives from inflammation, and false nega-
tives in low-metabolic tumors. The moderate-to-high heterogeneity observed in this review reflects real
clinical variability. Studies differed in tumor type, stage, lesion size, imaging protocol, PET tracer, MRI
field strength, DWI parameters, reference standard, and whether analysis was performed per patient or
per lesion. This heterogeneity supports the need for tumor-specific imaging pathways rather than a uni-
versal conclusion that one modality is superior.

From a practical perspective, PET/CT may be preferred when metabolic characterization is essen-
tial, when nodal disease is suspected, or when guidelines already recommend FDG PET/CT for staging.
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WB-MRI may be preferred when bone marrow disease is the main concern, when radiation avoidance is
important, or when repeated imaging is required. In selected patients, the combination of PET/CT and
targeted MRI may provide the most accurate staging, although cost-effectiveness should be considered.

Conclusion

WB-MRI and PET/CT demonstrate high and broadly comparable diagnostic performance for de-
tecting metastatic disease in solid tumors. PET/CT remains slightly superior in overall pooled sensitivity
and in metabolically active nodal or visceral disease, whereas WB-MRI shows particular strength in bone
and marrow metastases and offers the major advantage of radiation-free imaging. The optimal imaging
strateqgy should be individualized according to tumor biology, metastatic pattern, clinical indication,
availability, and patient-specific factors. Future multicenter prospective studies using standardized WB-
MRI protocols, modern PET tracers, and uniform reference standards are needed to define tumor-specific
algorithms for metastatic staging.
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Abstract

The perioperative period has recently emerged as a critical phase influencing both short-term re-
covery and long-term oncological outcomes in cancer patients. Modern evidence suggests that anesthetic
management may affect tumor biology through modulation of immune responses, inflammatory path-
ways, neuroendocrine stress reactions, angiogenesis, and metastatic processes. This scientific and ana-
lytical work focuses on the impact of anesthetic agents, including propofol, volatile anesthetics, opioids,
lidocaine, ketamine, and dexmedetomidine, on cancer recurrence and survival. The role of regional anes-
thesia and multimodal analgesia in preserving perioperative immune competence is also examined. Re-
cent studies investigating perioperative immunosuppression, neutrophil extracellular trap formation, in-
flammatory biomarkers, and enhanced recovery after surgery (ERAS) protocols are reviewed. Current
evidence indicates that anesthetic interventions may influence biological mechanisms associated with
tumor progression; however, the translation of experimental findings into consistent clinical benefits re-
mains challenging. Large randomized controlled trials have not yet confirmed definitive superiority of
any single anesthetic technique regarding long-term oncological outcomes. Nevertheless, optimization
of perioperative care contributes significantly to improved recovery, reduced complications, and en-
hanced quality of life in cancer patients. Future research should focus on personalized perioperative on-
cology, integration of immunological biomarkers, and development of evidence-based anesthetic strate-
gies that support both surgical success and oncological control.

Keywords: oncology, anesthesiology, onco-anesthesiology, perioperative medicine, propofol, mul-
timodal analgesia, regional anesthesia, cancer surgery, enhanced recovery after surgery, cancer recur-
rence, immune modulation, tumor microenvironment.

Cancer remains one of the most significant global healthcare challenges, representing a leading
cause of morbidity, mortality, and healthcare expenditure worldwide. Advances in screening, diagnostics,
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molecular biology, surgical techniques, radiotherapy, and systemic anticancer therapies have substan-
tially improved survival rates for many malignancies. As a result, increasing attention has shifted toward
factors that may influence not only immediate treatment success but also long-term oncological out-
comes. Surgical intervention continues to be a cornerstone of treatment for most solid tumors, and a
large proportion of cancer patients undergo one or more operative procedures during the course of their
disease. Consequently, the perioperative period has emerged as a critical phase during which physiologi-
cal, immunological, and inflammatory responses may affect both postoperative recovery and tumor be-
havior. The growing concept of perioperative oncology recognizes that factors traditionally considered
supportive aspects of care may have broader implications for patient prognosis and quality of life.

Within this context, anesthesiology has evolved beyond its conventional role of ensuring uncon-
sciousness, analgesia, and physiological stability during surgery. Contemporary research suggests that
anesthetic agents, analgesic techniques, perioperative stress responses, and immune modulation may
interact with biological mechanisms involved in tumor progression, recurrence, and metastatic spread.
Increasing evidence indicates that the choice of anesthetic strategy can influence inflammatory path-
ways, neuroendocrine regulation, cellular immunity, angiogenesis, and the tumor microenvironment. At
the same time, the implementation of multimodal analgesia, regional anesthesia, enhanced recovery
protocols, and personalized perioperative management has transformed the care of cancer patients. Un-
derstanding the complex relationship between anesthetic management and oncological outcomes is
therefore essential for optimizing perioperative treatment strategies.

Ahn H.J. [1], in his study, examines the relationship between anesthetic management and cancer
recurrence after surgical treatment. The author considers perioperative anesthesia not merely as a sup-
portive component of oncological surgery but as a potential biological modifier of long-term oncological
outcomes. The review emphasizes that approximately 80% of cancer patients undergo surgery during the
course of their disease, making anesthetic exposure a clinically important factor. A major contribution of
the paper is the detailed discussion of how anesthetic agents may influence immune surveillance, inflam-
matory signaling, angiogenesis, and metastatic dissemination. The author explains that surgical stress
activates neuroendocrine pathways that suppress natural killer cell activity and cellular immunity. Gen-
eral anesthetics may further modulate these processes through effects on cytokines, transcription fac-
tors, and tumor microenvironment interactions.

Particular attention is devoted to propofol, volatile anesthetics, opioids, and regional anesthesia
techniques. The review demonstrates that experimental studies frequently suggest protective effects of
propofol-based anesthesia, whereas volatile agents may promote pathways associated with tumor pro-
gression. However, the author carefully notes that clinical evidence remains inconsistent. Several retro-
spective studies report improved survival with total intravenous anesthesia, but randomized clinical trials
have not consistently confirmed these findings. An important strength of the publication is its balanced
interpretation of laboratory and clinical evidence. From an expert perspective, the article illustrates the
complexity of perioperative oncological biology and highlights the need for large prospective multicenter
trials. Therefore, this source is fundamental for understanding current controversies regarding anesthe-
sia-related modulation of cancer recurrence [1].

Ramirez M.F. et al. [2], in their work, investigate the relationship between perioperative pain con-
trol and oncological outcomes. The authors argue that pain management should not be viewed solely as
a strategy for patient comfort but also as a potential determinant of postoperative immune competence.
The publication emphasizes that uncontrolled pain stimulates sympathetic activation and release of
stress hormones, thereby contributing to immunosuppression. The review analyzes interactions between
pain, inflammation, immune function, and tumor biology. According to the authors, perioperative inflam-
mation may facilitate residual tumor cell survival and metastatic spread. The paper systematically eval-
uates opioids, regional anesthesia, nonsteroidal anti-inflammatory drugs, and multimodal analgesic pro-
tocols. A key contribution is the discussion of opioid-induced immunomodulation and its potential influ-
ence on cancer progression. The authors review experimental evidence suggesting that opioid exposure
may alter angiogenesis and tumor cell proliferation. At the same time, they acknowledge that current
clinical data remain inconclusive. The review also highlights the possible benefits of regional analgesic
techniques in reducing surgical stress responses. From an expert perspective, the article is valuable be-
cause it integrates pain medicine with modern perioperative oncology. The publication supports the con-
cept that optimized pain control may have implications extending beyond symptom management. There-
fore, this source contributes significantly to understanding the anesthesiologist’s role in comprehensive
cancer care.

A nationwide cohort study was conducted by Oh T.K. et al. [3] in which the authors examined
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whether the method of anesthesia affects long-term survival after major cancer surgery. The research is
particularly important because it utilizes a large population-based dataset rather than a single-center
experience. The authors compared outcomes among patients receiving propofol-based total intravenous
anesthesia and those receiving volatile anesthetic techniques. Their analysis demonstrated an associa-
tion between propofol-based anesthesia and improved long-term survival. The paper contributes to the
growing body of literature suggesting that anesthetic choice may influence postoperative oncological
outcomes.

The authors discuss several biological mechanisms potentially explaining these findings. Propofol
has been reported to preserve immune function, reduce inflammatory responses, and inhibit certain path-
ways involved in tumor progression. In contrast, volatile anesthetics may exert different immunomodu-
latory effects. A major strength of the study is its nationwide design and large sample size. Nevertheless,
the authors acknowledge the limitations inherent to observational research, including residual confound-
ing and inability to establish causality. From an expert perspective, the publication provides clinically rel-
evant epidemiological evidence supporting further investigation of propofol-based anesthesia in oncol-
ogy. The study illustrates how anesthetic management may become an important component of person-
alized perioperative cancer care. Therefore, this source represents one of the most influential contempo-
rary investigations of anesthesia-related oncological outcomes [3].

Yang Y. et al. [4] performed an evidence-based analysis focused specifically on breast cancer sur-
gery and anesthesia-related interventions. Unlike many previous publications that relied heavily on ret-
rospective evidence, this review analyzed prospective clinical studies. The authors evaluated the influence
of paravertebral blocks, pectoral nerve blocks, sevoflurane anesthesia, ketorolac administration, and li-
docaine infiltration on oncological outcomes. A major contribution of the paper is its emphasis on high-
quality evidence derived from prospective research designs. The review found that available studies do
not provide definitive evidence supporting a substantial survival benefit of any specific anesthetic inter-
vention. However, several interventions demonstrated biological plausibility and encouraging prelimi-
nary results. The authors carefully analyze methodological limitations, including sample size, heteroge-
neity, and follow-up duration. An important aspect of the publication is its focus on breast cancer, which
represents one of the most extensively studied models in perioperative oncology research. From an expert
perspective, the paper demonstrates the gap between promising laboratory findings and clinical reality.
The review highlights the need for adequately powered randomized trials capable of detecting differ-
ences in recurrence and survival endpoints. Therefore, this source is essential for understanding the cur-
rent level of evidence regarding anesthesia and breast cancer outcomes.

Li T. et al. [5] conducted a systematic review and meta-analysis evaluating whether regional anes-
thesia improves long-term survival in patients undergoing cancer surgery. The study is notable because it
focuses exclusively on randomized controlled trials, thereby minimizing the influence of confounding fac-
tors commonly present in retrospective studies. The authors analyzed available evidence comparing re-
gional anesthesia techniques with conventional anesthetic approaches. Their primary objective was to
determine whether regional anesthesia reduces cancer recurrence or improves survival.

The meta-analysis found no statistically significant improvement in long-term oncological out-
comes associated with regional anesthesia. These findings challenge earlier hypotheses suggesting that
attenuation of the surgical stress response could reduce metastatic progression. The authors discuss po-
tential explanations for the discrepancy between experimental and clinical data. One possibility is that
the biological effect of regional anesthesia may be too small to produce measurable survival benefits.
Another explanation involves heterogeneity among tumor types and perioperative management proto-
cols. The publication is particularly valuable because it provides evidence derived from the highest level
of clinical research methodology. From an expert perspective, this study introduces important caution
into the ongoing debate regarding anesthesia and cancer outcomes. Therefore, it serves as a key refer-
ence demonstrating that theoretically beneficial interventions do not necessarily translate into improved
long-term survival [5].

Guo R. et al. [6], in their article, comprehensively analyze the influence of surgery and anesthesia
on postoperative immune function in cancer patients. The authors emphasize that the perioperative pe-
riod represents a critical phase during which tumor progression may be either suppressed or facilitated.
A major contribution of the paper is the integration of immunological mechanisms with anesthetic man-
agement. The review explains how surgical trauma induces activation of the hypothalamic-pituitary-ad-
renal axis and sympathetic nervous system, leading to systemic immunosuppression. According to the
authors, reductions in natural killer cell activity and cytotoxic T-cell function may create favorable con-
ditions for metastatic dissemination. The publication evaluates the effects of different anesthetic
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techniques on antitumor immunity. Propofol-based anesthesia is discussed as potentially preserving im-
mune competence, whereas volatile anesthetics may exert more pronounced immunosuppressive effects.
The review also addresses opioid analgesics and their possible influence on tumor biology through mod-
ulation of immune responses and inflammatory signaling pathways. An important strength of the work
is its detailed description of interactions among cytokines, immune checkpoints, and perioperative stress
mediators. From an expert perspective, this article provides a mechanistic framework for understanding
why anesthetic choices may influence oncological outcomes. The publication demonstrates that modern
oncological anesthesia extends beyond hemodynamic stability and pain control. Therefore, this source is
fundamental for understanding the immunological basis of perioperative cancer care.

In their study, Bezu L. et al. [7] examine perioperative factors contributing to immunosuppression
during cancer surgery. This publication is particularly valuable because it focuses on the multifactorial
nature of perioperative immune dysfunction. The authors argue that postoperative immunosuppression
is not the result of a single intervention, but rather the combined effects of surgical stress, anesthesia,
pain, blood transfusion, hypothermia, and inflammatory activation. The work emphasizes the importance
of maintaining antitumor immunity during the perioperative period.

A key contribution of the paper is its detailed discussion of natural killer cells, dendritic cells, mac-
rophages, and T lymphocytes. The authors explain how perioperative disturbances in immune cell func-
tion may facilitate the survival of circulating tumor cells. The publication also analyzes the impact of
catecholamines and glucocorticoids released during surgical stress. Importantly, the review evaluates
strategies aimed at minimizing immunosuppression, including regional anesthesia, opioid-sparing ap-
proaches, normothermia maintenance, and enhanced recovery protocols. From an expert perspective,
the article expands the traditional anesthesiology paradigm by linking routine perioperative manage-
ment with long-term oncological biology. The work supports the concept that anesthesiologists can in-
fluence cancer outcomes through optimization of perioperative physiology. Therefore, this source is
highly relevant for contemporary oncological anesthesia practice [7].

Tan Y. et al. [8] conducted a systematic review and meta-analysis assessing the impact of anesthe-
sia method on long-term survival after cancer surgery. The publication synthesizes evidence from multi-
ple clinical studies and addresses one of the most debated questions in onco-anesthesiology. Our col-
leagues compared the outcomes associated with total intravenous anesthesia and the use of volatile
anesthetics. Their analysis suggests that anesthesia management may be associated with differences in
long-term survival and relapse-free survival.

The overview systematically evaluates methodological quality and sources of heterogeneity among
studies. An important contribution of the paper is the distinction between biological plausibility and clin-
ical evidence. The authors discuss laboratory findings suggesting that propofol may inhibit inflammatory
pathways and preserve immune function. They also note that volatile anesthetics may influence hypoxia-
inducible factors and angiogenic signaling. However, the review emphasizes that available evidence re-
mains insufficient to establish definitive causal relationships. From an expert perspective, this publication
provides an updated evidence synthesis that reflects current scientific uncertainty. The article supports
continued investigation into anesthesia-related modulation of cancer outcomes. Therefore, this source is
essential for understanding the current state of evidence in perioperative oncology research.

The updated ERAS guidelines for surgical treatment of gynecological oncological diseases were
presented by Nelson G. et al. [9]. Unlike publications devoted exclusively to anesthetic drugs, this work
considers perioperative care as an integrated multidisciplinary process. The authors emphasize that an-
esthesiologists play a central role in the successful implementation of ERAS. The guideline addresses pre-
operative optimization, fluid therapy, analgesia, nutrition, mobilization, and postoperative recovery. A
major contribution of the paper is its focus on implementation barriers. The authors demonstrate that
many evidence-based recommendations remain inconsistently applied despite proven clinical benefits.
Particular attention is devoted to opioid-sparing analgesia, goal-directed fluid therapy, prevention of
postoperative complications, and early functional recovery. The publication highlights the importance of
multimodal analgesic strategies that reduce opioid requirements while maintaining adequate pain con-
trol. From an expert perspective, the article illustrates the evolution of anesthesiology from intraopera-
tive management toward comprehensive perioperative medicine. The work supports the concept that
optimal oncological outcomes depend not only on tumor resection but also on recovery quality. There-
fore, this guideline is highly relevant for modern perioperative care of cancer patients.

Chang C.Y. et al. [10] performed a systematic review and meta-analysis investigating whether
propofol-based anesthesia provides oncological advantages compared with volatile anesthetics. The
study remains one of the most frequently cited analyses in perioperative oncology. The authors evaluated
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overall survival, recurrence-free survival, and cancer recurrence across multiple tumor types. A major
strength of the publication is its rigorous methodological design and comprehensive literature search.

The review identified evidence suggesting improved long-term outcomes among patients receiving
propofol-based anesthesia. However, the authors emphasize that most available studies were retrospec-
tive and therefore susceptible to selection bias and residual confounding. The publication carefully dis-
cusses biological mechanisms that may explain the observed associations. These mechanisms include
preservation of immune function, attenuation of inflammatory responses, and modulation of angiogen-
esis-related pathways. Importantly, the authors refrain from recommending universal adoption of one
anesthetic technique because randomized evidence remains limited. From an expert perspective, this
source provides a balanced assessment of one of the central controversies in modern oncological anes-
thesiology. The study demonstrates that anesthetic choice may influence outcomes beyond the operating
room. Therefore, this publication remains a cornerstone reference for discussions regarding anesthesia
and cancer prognosis [10].

Hussain N. et al. [11] performed a systematic review and meta-analysis evaluating the efficacy of
perioperative intravenous lidocaine in breast cancer surgery. The authors focused on both acute postop-
erative pain and chronic persistent postsurgical pain, which remains a significant clinical problem among
breast cancer survivors. The publication is important because lidocaine has been proposed not only as an
analgesic agent but also as a potential modulator of inflammatory and oncological processes. The au-
thors analyzed randomized clinical trials involving perioperative lidocaine infusions. A key finding of the
study is that perioperative lidocaine did not significantly reduce the incidence of chronic persistent
postsurgical pain. Although some improvements in early postoperative analgesia were observed, the
overall evidence did not support routine lidocaine infusion as a strategy for long-term pain prevention.
The publication carefully evaluates methodological quality and risk of bias among included studies. An
important strength is the use of meta-analytic methodology to synthesize available evidence. From an
expert perspective, this study demonstrates that promising biological hypotheses do not always translate
into measurable clinical benefits. The article contributes to evidence-based perioperative pain manage-
ment in oncological surgery. Therefore, this source is highly relevant for understanding the current role
of lidocaine in cancer anesthesia.

In their study, Schnabel A. et al. [12] assessed the effectiveness of regional analgesia methods in
patients undergoing major surgery for internal cancer. The publication addresses an important issue, as
postoperative pain relief remains a central component of accelerated recovery. The review compares
epidural analgesia and peripheral regional anesthesia in oncologic surgery. The researchers evaluate
postoperative pain intensity, functional recovery, and analgesic efficacy. One of the major findings is that
epidural analgesia may provide clinically meaningful reductions in pain intensity during the first postop-
erative day. However, the certainty of available evidence remains limited. The publication emphasizes
that peripheral regional techniques often produce smaller effects than epidural approaches. Importantly,
the review discusses the balance between analgesic benefits and procedure-related risks. From an expert
perspective, the article illustrates the ongoing transition from opioid-centered pain management toward
multimodal analgesia. The study supports the role of regional anesthesia as an important component of
perioperative oncological care. Therefore, this source contributes significantly to understanding modern
pain management strategies in cancer surgery.

The interaction between local anesthetics and chemotherapeutic agents was studied by Abdelaatti
A.etal. [13]. This publication is particularly valuable because it brings together two traditionally separate
fields: anesthesiology and medical oncology. The authors summarize experimental data on how local
anesthetics can influence tumor cell behavior and their response to chemotherapy. The review focuses
on lidocaine, ropivacaine, and bupivacaine.

A major contribution of the article is the discussion of molecular pathways involved in tumor
growth, apoptosis, migration, and metastasis. The authors demonstrate that local anesthetics may en-
hance the efficacy of certain chemotherapeutic drugs in experimental models. At the same time, they
emphasize the limited availability of clinical evidence. The publication carefully distinguishes between
laboratory observations and clinically proven outcomes. From an expert perspective, this source high-
lights a promising research direction in perioperative oncology. The article suggests that anesthetic drugs
may possess biological effects extending beyond analgesia and anesthesia. Therefore, this publication
provides an important scientific basis for future translational studies investigating anesthetic-oncologi-
cal interactions [13].

Choi H., Hwang W. [14] provide a comprehensive review of modern anesthetic approaches and
their potential influence on cancer recurrence and metastasis. The authors analyze both clinical and
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experimental evidence concerning anesthetic drugs, regional anesthesia, opioids, ketamine, dexme-
detomidine, and anti-inflammatory strategies. A major contribution of the publication is its holistic ap-
proach to perioperative oncological management. The publication emphasizes that perioperative events
may influence the balance between host immunity and residual tumor cell survival. The authors discuss
evidence suggesting potential advantages of propofol-based anesthesia and opioid-sparing techniques.
At the same time, they acknowledge that current clinical findings remain inconsistent. An important
strength of the publication is its balanced interpretation of conflicting data. From an expert perspective,
the review demonstrates that anesthesiology is increasingly becoming integrated with precision oncol-
ogy. The article highlights the need for individualized anesthetic planning based on tumor characteristics
and patient factors. Therefore, this source is highly valuable for understanding the current conceptual
framework of onco-anesthesiology.

An interesting prospective randomized study was conducted by Zhang W. et al. [15]. In their work,
they examined the effect of lidocaine on neutrophil extracellular uptake (NETosis) and angiogenesis-re-
lated biomarkers in patients with breast cancer. This study is particularly significant, as NETosis has re-
cently been identified as a potential mechanism contributing to tumor dissemination and metastasis. The
researchers sought to determine whether lidocaine administration could alter these biological processes
in the perioperative period. The paper demonstrated that lidocaine influenced several biomarkers asso-
ciated with inflammation and angiogenesis. The authors suggest that modulation of NETosis may repre-
sent one mechanism through which anesthetic interventions affect tumor biology. The publication is no-
table because it evaluates objective biological markers rather than only clinical endpoints. An important
strength is its prospective randomized design. From an expert perspective, the study illustrates the grow-
ing trend toward mechanistic perioperative oncology research. The work contributes to understanding
how commonly used anesthetic drugs may interact with tumor-related biological pathways. Therefore,
this source represents an important example of translational research in modern anesthesiology.

Ramly M.S., Bugqy D.J. [16] present one of the most up-to-date evidence-based reviews addressing
the relationship between anesthetic techniques and long-term cancer outcomes. The publication is im-
portant because it summarizes results obtained after several large randomized clinical trials that have
recently challenged earlier observational findings. The authors examine the effects of total intravenous
anesthesia, volatile anesthesia, regional anesthesia, opioid-sparing strategies, and perioperative immuno-
modulation. A central contribution of the paper is its critical reassessment of previously accepted hypoth-
eses regarding anesthesia-induced modulation of cancer recurrence. The review emphasizes that labora-
tory studies consistently demonstrate biological differences between anesthetic agents. However, these
mechanistic findings have not always translated into measurable clinical benefits. The authors conclude
that current evidence does not support routine selection of one anesthetic technique solely for the pur-
pose of reducing cancer recurrence. Nevertheless, anesthetic management remains important because it
influences immune function, inflammation, perioperative complications, and recovery quality. From an
expert perspective, the publication reflects the maturation of the field of onco-anesthesiology. The article
demonstrates the transition from speculative associations toward evidence-based clinical decision mak-
ing. Therefore, this source is essential for understanding the present consensus regarding anesthesia and
oncological outcomes.

Huh J., Hwang W. [17] specifically investigate anesthetic management in patients undergoing sur-
gery for lung cancer. The review is particularly valuable because lung cancer remains one of the leading
causes of cancer-related mortality worldwide. The authors discuss how perioperative events may influ-
ence residual tumor cells, circulating tumor cells, and micrometastatic disease. The publication examines
the effects of surgical stress, neuroendocrine activation, inflammatory mediators, and immune suppres-
sion on cancer progression.

A major contribution of the article is its focus on disease-specific considerations. The authors ana-
lyze evidence regarding volatile anesthetics, propofol, opioids, regional anesthesia, and perioperative an-
algesic strategies. They emphasize that preservation of immune competence may be especially important
in thoracic oncology. The review also addresses mechanisms such as epithelial-mesenchymal transition,
angiogenesis, and tumor microenvironment modulation. From an expert perspective, the publication il-
lustrates how anesthetic decisions may interact with tumor biology in organ-specific settings. The article
supports the concept of individualized perioperative oncology rather than universal anesthetic protocols.
Therefore, this source contributes significantly to understanding anesthesia management in thoracic
cancer surgery [17].

In their study, Rodriguez Arango J.A. et al. [18] analyze one of the most controversial drugs in
modern anesthesiology — ketamine. The publication examines the potential influence of perioperative
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ketamine administration on cancer recurrence and metastatic progression. The authors note that keta-
mine has traditionally been used for anesthesia and analgesia but has recently attracted attention be-
cause of possible immunological and antitumor properties. The review evaluates experimental, transla-
tional, and clinical evidence concerning ketamine’s interaction with cancer biology. The authors discuss
the role of N-methyl-D-aspartate receptors in malignant tissues and explain how ketamine may affect
tumor cell proliferation, apoptosis, migration, and angiogenesis. The publication emphasizes that existing
findings remain inconsistent. While several laboratory studies suggest antitumor activity, clinical evi-
dence remains limited and inconclusive. An important strength of the review is its balanced assessment
of potential benefits and risks. From an expert perspective, the article demonstrates the growing interest
in understanding the biological effects of anesthetic drugs beyond their traditional pharmacological ac-
tions. Therefore, this source is highly relevant for future investigations of anesthetic-related cancer mod-
ulation.

Xie S. et al. [19] performed a large meta-analysis examining the association between regional an-
esthesia and postoperative cancer outcomes. The study is important because previous investigations have
produced conflicting conclusions regarding the oncological benefits of regional anesthesia. The authors
pooled available clinical evidence and analyzed recurrence, metastasis, and survival endpoints. A key con-
tribution of the publication is the evaluation of both regional anesthesia alone and regional anesthesia
combined with general anesthesia. The analysis demonstrated that regional anesthesia may be associ-
ated with a lower risk of cancer recurrence in selected patient populations, particularly among patients
undergoing prostate cancer surgery. However, no statistically significant effects were observed for dis-
tant metastasis or local recurrence. The authors emphasize that heterogeneity among studies remains
substantial. The publication carefully discusses potential biological mechanisms including attenuation of
surgical stress responses and preservation of immune surveillance. From an expert perspective, the study
highlights both the promise and limitations of current evidence. Therefore, this source contributes valu-
able quantitative data to the ongoing debate regarding regional anesthesia and cancer prognosis.

A unique study was conducted by Chew V.K. et al. [20]. They investigated the relationship between
anesthesia method and postoperative recurrence in surgical treatment of thyroid cancer. The study com-
pared total intravenous propofol-based anesthesia with desflurane anesthesia and assessed long-term
oncological outcomes. This publication is particularly important because thyroid cancer generally exhibits
favorable survival rates, making recurrence a particularly significant outcome. The authors report a lower
rate of postoperative recurrence among patients receiving propofol-based anesthesia.

The article discusses potential biological explanations for these findings. Propofol may attenuate
inflammatory responses, preserve natural killer cell activity, and inhibit pathways involved in tumor pro-
gression. In contrast, volatile anesthetics have been hypothesized to influence immune and angiogenic
signaling differently. The authors acknowledge the observational nature of their study and the need for
randomized confirmation. Nevertheless, the publication provides clinically relevant evidence supporting
ongoing investigation of anesthetic choice in oncological surgery. From an expert perspective, this source
reinforces the growing body of literature suggesting potential advantages of total intravenous anesthe-
sia in selected cancer populations. Therefore, this study represents an important contribution to contem-
porary onco-anesthesiology [20].

In conclusion, it can be stated that anesthesiology has evolved from a discipline focused primarily
on intraoperative safety to a critical component of comprehensive oncology care. Growing evidence sug-
gests that perioperative events can influence tumor biology through complex interactions involving im-
mune regulation, inflammatory responses, neuroendocrine activation, angiogenesis, and metastatic
spread. Numerous experimental studies have demonstrated that anesthetics vary in their effects on cel-
lular and molecular pathways associated with cancer progression. Specifically, propofol-based total in-
travenous anesthesia is often associated with preserved immune function and potentially favorable on-
cological outcomes, while volatile anesthetics are implicated in mechanisms that may promote tumor
growth. However, the clinical significance of these findings remains controversial.

Current randomized controlled trials and large meta-analyses have not established definitive evi-
dence of the superiority of one anesthetic technique over another in preventing cancer recurrence or
improving long-term survival. Similarly, although regional anesthesia and opioid-based pain management
approaches can reduce surgical stress and preserve immune competence, their direct impact on oncologic
prognosis remains uncertain. Recent studies of lidocaine, ketamine, inflammatory biomarkers, and the
formation of neutrophil extracellular traps have expanded our understanding of the biological mecha-
nisms linking anesthesia and cancer. Furthermore, perioperative protocols based on the ERAS program
have demonstrated significant benefits in improving postoperative recovery and reducing complications
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in cancer patients.

Overall, current data support the concept that anesthetic management should be considered an
integral element of personalized cancer treatment, rather than simply a technical adjunct to surgery.
Future progress in onco-anesthesiology will depend on interdisciplinary collaboration between anesthe-
siologists, oncologists, surgeons, immunologists, and translational medicine specialists. The incorpora-
tion of molecular biomarkers, precision medicine approaches, and large prospective clinical trials can
help identify individualized anesthesia strategies for each patient that can optimize both perioperative
recovery and long-term oncologic outcomes. Thus, perioperative anesthesiology represents a promising
and rapidly evolving field with significant potential to improve the quality and effectiveness of modern
oncologic care.
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Abstract

Background. Atrial fibrillation (AF) is one of the leading causes of cardioembolic ischemic stroke
and is associated with high mortality and disability. A substantial proportion of AF episodes, particularly
paroxysmal and asymptomatic forms, remain undetected during standard evaluation, resulting in the
absence of timely anticoagulant prevention and an increased risk of severe cerebrovascular complica-
tions. In real-world clinical practice, the early detection of AF in patients with stroke remains an im-
portant challenge.

Objective. To assess the rate of previously undiagnosed atrial fibrillation among patients with is-
chemic stroke admitted to a stroke unit and to identify clinical and cardiovascular factors associated
with severe stroke.

Materials and Methods. A single-center retrospective analytical study was conducted at the Stroke
Unit of the City Emergency Hospital in Almaty. The study included 87 patients with ischemic stroke
treated during 2024-2025. All patients underwent standard clinical and instrumental evaluation, includ-
ing electrocardiography, echocardiography, and neuroimaging. Stroke severity was assessed using the
NIHSS, and functional outcome was evaluated using the mRS. Logistic regression analysis was performed
with calculation of odds ratios (ORs).

Results. Atrial fibrillation was detected in 35.6% of patients; in 61.3% of these cases, it was first
diagnosed during hospitalization. Severe stroke (NIHSS =10) was more common in patients with AF than
in those without AF (61.3% vs 32.1%, p = 0.009). An unfavorable functional outcome (mRS >3) was ob-
served in 67.7% of patients with AF (p = 0.048). Before stroke, only 19.4% of patients with AF had re-
ceived anticoagulant therapy, whereas anticoagulants were prescribed to 77.4% after AF was detected.
AF, age >70 years, CHA2DSz-\VASc =5, and left atrial enlargement were independent predictors of severe
stroke.

Conclusion. Early detection of atrial fibrillation in patients with ischemic stroke and the timely
initiation of anticoagulant therapy are key factors in reducing stroke severity and improving clinical prog-
nosis.

Keywords: ischemic stroke; atrial fibrillation, early diagnosis; anticoagulant therapy, CHA2DS--
VASc, NIHSS.

Introduction. Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and one of

the leading causes of cardioembolic ischemic stroke. According to a global analysis of the burden of
cardiovascular disease, more than 59 million people worldwide were living with atrial fibrillation or atrial
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flutter in 2019, and the absolute number of affected individuals more than doubled between 1990 and
2019 [1]. The increasing prevalence of AF is driven by population aging, longer life expectancy, and the
growing prevalence of such risk factors as arterial hypertension, diabetes mellitus, obesity, and coronary
artery disease [1].The prevalence of atrial fibrillation increases substantially with age. Epidemiological
studies indicate that AF affects 1-2% of the adult population, whereas its prevalence reaches 10-17%
among individuals older than 80 years [2]. Given current demographic trends, the burden of AF is ex-
pected to increase by more than 60% by the middle of the twenty-first century, leading to a further rise
in the number of strokes associated with this arrhythmia [1,2].

Atrial fibrillation is a powerful independent risk factor for ischemic stroke. AF increases the risk of
stroke four- to fivefold and, among older patients, by as much as six- to sevenfold compared with individ-
uals without rhythm disorders [2,3]. Clinical registries and population-based studies suggest that 20—
30% of all ischemic strokes are cardioembolic and directly related to atrial fibrillation [3]. Moreover, AF-
related strokes generally have a more severe course, involve a larger cerebral infarct volume, and result
in poorer functional outcomes.Cardioembolic strokes associated with atrial fibrillation carry high mor-
tality and disability rates. According to recommendations of the American Heart Association/American
Stroke Association, acute-phase mortality from AF-related stroke reaches 20-25%, while the risk of re-
current ischemic stroke during the first year without adequate anticoagulant therapy is as high as 10—
12% [3]. These data emphasize the critical importance of timely AF detection and the early initiation of
secondary stroke prevention.

Materials and Methods.

Study Design. This was a single-center retrospective analytical study conducted at the Stroke Unit
of the City Emergency Hospital in Almaty.

Study Period. The analysis was based on the medical records of patients treated as inpatients be-
tween 2024 and 2025.

Study Population. The study included n = 87 patients diagnosed with ischemic stroke and admitted
to the Stroke Unit of the City Emergency Hospital in Almaty. Ischemic stroke was diagnosed on the basis
of the clinical presentation and confirmed by neuroimaging (computed tomography and/or magnetic
resonance imaging of the brain).

Inclusion Criteria. Patients were eligible if they met the following criteria: age 18 years or older;
confirmed ischemic stroke; admission to the Stroke Unit of the City Emergency Hospital in Almaty; stand-
ard cardiological evaluation during hospitalization; and complete, correctly documented medical rec-
ords.

Exclusion Criteria. Patients were excluded if they had hemorrhagic stroke; previously established
permanent atrial fibrillation; valvular atrial fibrillation; severe end-stage comorbid disease; or incomplete
or unreliable medical data.

Group Formation and Allocation. Depending on whether episodes of atrial fibrillation were de-
tected during inpatient evaluation, all patients were assigned to one of two groups:

Group | (AF+)—the study group, n = 31 (35.6%). This group included patients with newly diagnosed
or paroxysmal atrial fibrillation identified during hospitalization by standard 12-lead electrocardiography
and/or Holter ECG monitoring.

Group Il (AF-)—the control group, n = 56 (64.4%). This group comprised patients with ischemic
stroke in whom atrial fibrillation was not detected during standard cardiological evaluation.

A total of 87 patients (100%) were included. The number of patients in each group was determined
from the results of cardiological evaluation and is presented in the Results section.

Assessment Methods. All patients underwent standard clinical and instrumental evaluation in ac-
cordance with the current clinical protocols of the Ministry of Healthcare of the Republic of Kazakhstan.

Statistical Analysis. Statistical analyses were performed using SPSS and Microsoft Excel. Categori-
cal variables were summarized as absolute numbers and percentages. Quantitative data were presented
as the mean and standard deviation (M #+ SD) or as the median and interquartile range. The x? test or
Fisher’s exact test was planned for between-group comparisons. Logistic regression analysis with calcu-
lation of odds ratios (ORs) and 95% confidence intervals (95% Cls) was planned to assess factors associ-
ated with atrial fibrillation. Differences were considered statistically significant at p < 0.05.

Results. The study included 87 patients with ischemic stroke admitted to the Stroke Unit of the
City Emergency Hospital in Almaty in 2024-2025. According to the presence of atrial fibrillation, patients
were divided into two groups: Group | (AF+), 31 patients (35.6%), and Group Il (AF-), 56 patients (64.4%,).
The mean age of the overall sample was 68.2 + 9.1 years (range, 45-87). Patients with atrial fibrillation
were significantly older than those without AF: 72.4 + 8.3 years (54-87) versus 65.9 + 9.2 years (45-84),
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respectively (p < 0.001). The proportion of patients aged >70 years was higher in the AF+ group (67.7%
vs 35.7%, p = 0.004). Men predominated in the overall sample, accounting for 49 patients (56.3%), while
women accounted for 38 patients (43.7%). No significant between-group difference in sex distribution
was observed: men constituted 48.4% of the AF+ group and 60.7% of the AF- group (p = 0.26). The mean
body mass index (BMI) in the overall sample was 28.1 + 4.2 kg/m? (21.3-38.6). BMI was significantly
higher among patients with atrial fibrillation than among those without AF: 29.4 + 4.1 kg/m? (23.1—
38.6) versus 27.3 + 4.0 kg/m? (21.3-36.9) (p = 0.018). Obesity (BMI =30 kg/m?) was more common in
the AF+ group (41.9% vs 23.2%, p = 0.047). Arterial hypertension was the most common risk factor and
was diagnosed in 78 patients (89.7%). Its prevalence was higher in the AF+ group than in the AF- group
(93.5% vs 87.5%), although the difference was not statistically significant (p = 0.41). The mean duration
of hypertension was longer in the AF+ group: 11.2 + 4.6 years (4-22) versus 8.9 + 4.1 years (3—19) (p =
0.022).

Type 2 diabetes mellitus was identified in 30 patients (34.5%) and was significantly more common
among patients with atrial fibrillation: 45.2% in the AF+ group versus 28.6% in the AF- group (p = 0.048).
The mean duration of diabetes was also longer among patients with AF (9.1 + 3.8 years vs 6.7 + 3.5 years,
p=0.031). Coronary artery disease was diagnosed in 39 patients (44.8%) and occurred significantly more
often among patients with atrial fibrillation (58.1% vs 37.5%, p = 0.041). Twelve patients (13.8%) had a
history of myocardial infarction, its prevalence was higher in the AF+ group (22.6% vs 8.9%, p = 0.049).
A history of recurrent ischemic stroke was identified in 21 patients (24.1%) and was significantly more
common among patients with atrial fibrillation: 35.5% in the AF+ group versus 17.9% in the AF- group
(p = 0.049).

As shown in Table 1, patients with atrial fibrillation were significantly older, had a higher body
mass index, and more frequently had concomitant cardiovascular and metabolic disorders. A history of
COVID-19 infection was also more common in the AF+ group than among patients without atrial fibril-
lation (38.7% vs 19.6%, p = 0.034) (Table 1).

Table 1. Demographic, clinical, and medical history characteristics of patients with ischemic stroke ac-
cording to the presence of atrial fibrillation

Variable AF+(n=31) | AF-(n=56) D
Age, years (M + SD) 72,4483 659+92 | <0001
Age, years (min-max) (54-87) (45-84) —
Men, n (%) 15 (48,4%) 34 (60,7%) 0,26
BMI, kg/m? (M + SD) 294+4,1 | 273+40 | 0018
BMI, kg/m? (min-max) (23,1-38,6) @ (21,3-36,9) —
Obesity (BMI >30), n (%) 13 (41,9%) 13(23,2%) 0,047
Arterial hypertension, n (%) 29 (93,5%) | 49 (87,5%) 0,41
Duration of hypertension, years (M+SD) | 11,2+ 4,6 89+4,1 0,022
Type 2 diabetes mellitus, n (%) 14 (45,2%) 16 (28,6%) | 0,048
Coronary artery disease, n (%) 18(58,1%) | 21(37,5%) 0,041
History of myocardial infarction, n (%) 7(22,6%) 5(8,9%) 0,049
Recurrent stroke, n (%) 11(35,5%) 10(17,9%) 0,049
History of COVID-19, n (%) 12 (38,7%) 11(19,6%) | 0,034

Note: Data are presented as the mean + standard deviation (M #+ SD) or as an absolute number and per-
centage, n (%). Minimum and maximum values are shown in parentheses (min-max). AH, arterial hyper-
tension; BMI, body mass index; CAD, coronary artery disease; AF, atrial fibrillation. Student’s t-test was
used to compare quantitative variables and the x? test to compare categorical variables. Differences were
considered statistically significant at p < 0.05.

As shown in Table 2, atrial fibrillation was first detected during hospitalization in the majority of
patients with ischemic stroke—19 of 31 patients (6 1.3%)—whereas paroxysmal arrhythmia was diag-
nosed in 12 patients (38.7%). An asymptomatic course of atrial fibrillation was observed in 9 patients
(29.0%).
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Table 2. Cardiological characteristics of patients with ischemic stroke according to the presence of

atrial fibrillation
Variable AF+(n=31) | AF-(n=156) p
Newly diagnosed AF, n (%) 19 (61,3%) — —
Paroxysmal AF, n (%) 12 (38,7%) — —
Asymptomatic AF, n (%) 9(29,0%) — —
Left atrial diameter, mm (M + SD) 42,6 +4,8 389+4,3 | <0001
Left atrial diameter, mm (min-max) (34-52) (32-48) —
LVEF, % (M + SD) 521476 | 564+69 | 0,014
LVEF, % (min—-max) (38-65) (42-68) —

Note: Data are presented as the mean #* standard deviation (M + SD) or as an absolute number
and percentage, n (%). Minimum and maximum values are shown in parentheses (min-max). AF, atrial
fibrillation; LVEF, left ventricular ejection fraction. Differences were considered statistically significant
atp < 0.05.

All patients with atrial fibrillation underwent thromboembolic risk stratification using the
CHA:2DS2-VASc score and bleeding-risk assessment using the HAS-BLED score.The mean CHA2DS2-\/ASc
scorein the AF+ group was 5.1 + 1.2 (3-8), corresponding to a high thromboembolic risk. The mean score
in the control group (AF-) was significantly lower: 3.8 + 1.1 (2-7) (p < 0.001). The mean HAS-BLED bleed-
ing-risk score was 2.6 + 0.9 (1-5) among patients with atrial fibrillation and 2.1 + 0.8 (1-4) in the AF-
group (p = 0.018). An increased bleeding risk (HAS-BLED >3) was observed in 12 patients (38.7%) in the
AF+ group and in 13 patients (23.2%) in the control group; however, the difference did not reach statis-
tical significance (p = 0.11) (Table 3).

Table 3. Risk assessment using the CHA2DS2-VASc and HAS-BLED scores in patients with ischemic

stroke
Variable AF+(n=31)  AF-(n=56) p
CHA2DS2-VASc score (M + SD) 51+1.2 38+ 1,1 <0,001
CHA2DS2-VASc score (min—max) (3-8) (2-7) —
CHA:DS2-VASc =4, n (%) 26 (83,9%) 32(57,1%) 0,009
CHA2DS>-VASC >5, n (%) 18(58,1%) = 16 (28,6%) @ 0,006
HAS-BLED score (M + SD) 26+0,9 2,1+0,8 0,018
HAS-BLED score (min-max) (1-5) (1-4) —
HAS-BLED 23, n (%) 12(38,7%) | 13(23,2%) 0,11

Note: Data are presented as the mean + standard deviation (M + SD) or as an absolute number
and percentage, n (%). Minimum and maximum values are shown in parentheses (min-max). CHA2DS-
VASc, stroke-risk score for patients with atrial fibrillation; HAS-BLED, bleeding-risk score. Differences
were considered statistically significant at p < 0.05.

Analysis of antithrombotic therapy showed that adequate anticoagulant prevention before is-
chemic stroke was extremely uncommon among patients with atrial fibrillation. Of the 31 patients in the
AF+ group, only 6 (19.4%) had received anticoagulant therapy before stroke, while 25 (80.6%) had not
taken anticoagulants despite a high thromboembolic risk according to CHA2DS2-VASc (5.1 + 1.2; range,
3-8).

As shown in Table 4, patients with ischemic stroke and atrial fibrillation had greater stroke severity
at admission and poorer functional outcomes than patients without rhythm disturbances.The mean
NIHSS score at admission in the AF+ group was 11.8 + 4.6 (range, 4-22), which was significantly higher
than in the AF- group: 8.2 + 3.9 (2—18) (p < 0.001). The proportion of patients with severe stroke (NIHSS
>10) reached 61.3% in the AF+ group, compared with 32.1% among patients without atrial fibrillation
(p = 0.009).Assessment of functional outcome using the modified Rankin Scale (mRS) at discharge also
showed significant between-group differences. The mean mRS score among patients with atrial fibrilla-
tion was 3.6 + 1.2 (1-6), compared with 2.8 + 1.1 (0-5) in the AF- group (p = 0.004). An unfavorable
functional outcome (mRS =3) occurred in 67.7% of patients in the AF+ group and 46.4% of those in the
AF-group (p = 0.048).

Table 4. Ischemic stroke severity and functional outcome in patients with and without atrial fibrillation

Variable AF+(n=31) | AF-(n=56) p

NIHSS at admission (M + SD) 11,8+ 4,6 82+309 <0,001

NIHSS at admission (min-max) (4-22) (2-18) —
NIHSS 210, n (%) 19 (61,3%) 18(32,1%) | 0,009
mRS at discharge (M + SD) 3,6+1,2 2,8+ 1,1 0,004

mRS at discharge (min—-max) (1-6) (0-5) —
Unfavorable outcome (mRS 23),n (%) | 21(67,7%) | 26 (46,4%) | 0,048

In-hospital mortality, n (%) 4(12,9%) 3(5,4%) 0,21
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Table 5. Logistic regression: factors associated with severe ischemic stroke (NIHSS >10)

Factor NIHSS =10, n/N (%) | NIHSS <10, n/N (%) | OR 95% Cl p

Atrial fibrillation 19/31(61,3%) 12/31(38,7%) 3,35 1,33-841 | 0,011

Age >70 years 22/39 (56,4%) 17/39 (43,6%) 284 | 1,17-6,89 | 0,021
CHA2DS2-VASC 25 19/29 (65,5%) 10/29 (34,5%) 4,56  1,78-11,71 | 0,002

Left atrial diameter 240 mm 23/34 (67,6%) 11/34 (32,4%) 4,92 | 1,87-12,93 | 0,001
History of COVID-19 13/27 (48,1%) 14/27 (51,9%) | 2,18 | 1,01-4,73 | 0,046
BMI >30 kg/m? 15/32 (46,9%) 17/32 (53,1%) 1,61 | 0,69-3,76 0,27

Type 2 diabetes mellitus 14/27 (51,9%) 13/27 (48,1%) 1,74 | 0,73-4,14 | 0,21

Note: OR, odds ratio; Cl, confidence interval; NIHSS, National Institutes of Health Stroke Scale.
Severe stroke was defined as NIHSS >10. Differences were considered statistically significant at p < 0.05.

Discussion. In the present study, atrial fibrillation (AF) was detected in 35.6% (31/87) of patients
admitted to the stroke unit. Newly diagnosed AF accounted for 61.3% (19/31) of AF cases, paroxysmal
AF for 38.7% (12/31), and asymptomatic AF for 29.0% (9/31). These findings highlight the substantial
proportion of previously unrecognized AF episodes among patients with ischemic stroke and are
consistent with current understanding of the important role of occult/subclinical AF in cerebrovascular
events [4,5].According to the global analysis of the burden of cardiovascular disease for 1990-2019, the
absolute number of patients with atrial fibrillation and atrial flutter continues to rise, creating a sus-
tained trend toward a greater burden of cardioembolic stroke and an increasing need to strengthen sec-
ondary prevention strategies [1]. Against this background, the earliest possible diagnosis of AF after
stroke/transient ischemic attack and the timely initiation of anticoagulant therapy are key priorities [2—
5].0ur findings demonstrate a more severe course of stroke in the presence of AF. Severe stroke (NIHSS
>10) was recorded in 61.3% of AF+ patients versus 32.1% of AF- patients (p = 0.009). Functional out-
come was also poorer: an unfavorable outcome (mRS =3) occurred in 67.7% of patients with AF versus
46.4% without AF (p = 0.048). These findings are consistent with the literature, which emphasizes that
AF-related strokes are generally associated with greater neurological severity and higher disability [5].

The clinical importance of early AF detection is particularly evident from risk-score analysis. The
mean CHA:2DS2-VASc score among patients with AFwas 5.1 + 1.2 (3-8), and 58.1% had a CHA2DS2-VVASc
score =5, indicating a very high thromboembolic risk and a clear indication for anticoagulation under the
2024 ESC guidelines [2]. However, only 19.4% (6/31) of patients with AF had received anticoagulants
before stroke, whereas 80.6% (25/31) had not. After AF was diagnosed in hospital, anticoagulants were
prescribed to 77.4% (24/31), predominantly direct oral anticoagulants (61.3%), reflecting partial align-
ment of real-world practice with current recommendations [2,3]. Nevertheless, a clinically important
proportion of patients remained without anticoagulation even after AF detection (22.6%). The reasons—
such as bleeding risk, stroke severity, and organizational barriers—require separate analysis and empha-
size the importance of implementing protocol-based inpatient decisions [2,3].

Scientific Novelty. In the Stroke Unit of the City Emergency Hospital in Almaty, AF was detected in
35.6% of patients with ischemic stroke; 61.3% of AF cases were first diagnosed during hospitalization,
and a substantial proportion were asymptomatic (29.0%), emphasizing the limitations of passive diagno-
sis and the need for active screening [4,5]. AF-related stroke was associated with greater severity (NIHSS
>10:61.3% vs 32.1%, p = 0.009) and poorer functional outcome (mRS =3:67.7% vs 46.4%, p = 0.048). A
marked deficit in primary anticoagulant prevention before stroke was identified among patients with AF:
only 19.4% had received anticoagulants despite a mean CHA:2DS2-VVASc score of 5.1 #+ 1.2. This under-
scores the practical importance of implementing protocol-based secondary prevention [2,3]. The findings
are consistent with international evidence that expanded rhythm monitoring increases AF detection (PER
DIEM and STROKE-AF) [6,7] and strengthen the evidence supporting active screening [4,5].

Conclusion. Atrial fibrillation was detected in more than one-third of patients with ischemic stroke
and, in most cases, was first diagnosed during hospitalization. Stroke associated with atrial fibrillation
was more severe and resulted in poorer functional outcomes than stroke without a rhythm disorder.
Despite a high thromboembolic risk, fewer than one-fifth of patients had received anticoagulant therapy
before stroke. Early detection of atrial fibrillation and timely initiation of anticoagulants, particularly
direct oral anticoagulants, are key measures for reducing stroke severity and improving prognosis.
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Abstract

Background: Insulin resistance (IR) is conventionally framed as a precursor of type 2 diabetes, yet
disrupted insulin signaling may also promote vascular, renal, hepatic, and neurologic injury. This review
evaluated whether human evidence from countries with advanced health systems supports IR as an in-
dependent systemic pathogenetic factor of multiorgan damage. Methods: A structured search of Pub-
Med/MEDLINE through Europe PMC was performed for English-language human studies published from
24 June 2016 to 24 June 2026. Eligible studies were conducted in high-income OECD settings or multi-
national cohorts with separately interpretable high-income data; measured IR by HOMA-IR, estimated
glucose disposal rate (eGDR), a validated metabolic surrogate, or a genetic IR instrument, and reported
adjusted clinical or organ-structural outcomes. Two-stage eligibility, prespecified exclusions, outcome-
domain grouping, and modified Newcastle-Ottawa/RoB 2 or Mendelian-randomization appraisal were
used. Log risk estimates were synthesized using inverse-variance random-effects models only when at
least two sufficiently aligned estimates were available. Results: Eight core studies from Canada, the
United States, Italy, Finland, Japan, and European-ancestry consortia were retained for quantitative or
structured narrative synthesis. Cardiovascular evidence was directionally positive but highly heterogene-
ous. An exploratory pooling of three cardiovascular estimates yielded a relative effect of 1.60 (95% ClI
1.05-2.43; 12=97.7%). IR was associated with poor functional recovery after ischemic stroke (OR 2.02,
95% Cl 1.52-2.68) and mortality in Italian type 2 diabetes (HR 1.14, 95% CI 1.05-1.24), whereas HOMA-
IR did not predict CKD progression in a fully adjusted US CKD cohort (HR 1.01, 95% CI 0.90-1.14). Hepatic
studies consistently linked higher HOMA-IR with steatosis or advanced fibrosis, but mainly used cross-
sectional designs. Conclusions: Current evidence supports IR as a systemic risk amplifier and biologically
plausible contributor to multiorgan injury, with the most persuasive human evidence in cardiovascular
disease. Causal language remains premature for renal, hepatic, and neurologic outcomes because expo-
sure definitions, study designs, and endpoints are heterogeneous. Standardized IR phenotyping and pro-
spective multiorgan cohorts are required.

Keywords: insulin resistance; multiorgan damage, cardiovascular disease; chronic kidney disease;
metabolic dysfunction-associated steatotic liver disease; stroke; HOMA-IR;, eGDR; systematic review;
meta-analysis

Introduction

Insulin resistance (IR) is a state in which a normal concentration of insulin produces a subnormal
biological response. At the whole-body level, it reflects the integrated behavior of skeletal muscle, liver,
adipose tissue, vascular endothelium, kidney, heart, and central nervous system rather than a defect con-
fined to glucose handling. The compensatory hyperinsulinemia that initially preserves fasting glucose
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may therefore coexist for years with altered lipid flux, endothelial dysfunction, low-grade inflammation,
oxidative stress, sympathetic activation, sodium retention, and ectopic fat deposition [1-4]. This systems
view is clinically important. Hyperglycemia identifies relatively late metabolic decompensation, whereas
IR may precede type 2 diabetes and overt organ disease by a decade or more. In the vasculature, impaired
phosphatidylinositol-3-kinase/Akt signaling reduces nitric oxide bioavailability while mitogen-activated
protein kinase signaling, endothelin-1 activity, and smooth-muscle proliferation remain relatively pre-
served. In the liver, failure to suppress gluconeogenesis coexists with continued stimulation of de novo
lipogenesis. In adipose tissue, resistance to insulin-mediated suppression of lipolysis increases circulating
non-esterified fatty acids and promotes lipotoxic exposure of the myocardium, kidney, liver, and pancreas
[1,2,5].

The term 'systemic pathogenetic factor' nevertheless requires caution. Association can reflect adi-
posity, inflammation, medication use, socioeconomic position, reverse causation, or the limitations of
surrogate indices. HOMA-IR depends on fasting insulin assays that are not internationally standardized;
eGDR incorporates waist circumference, hypertension, and glycated hemoglobin and may partly encode
pre-existing risk; and the triglyceride-glucose index may capture dyslipidemia as much as insulin action
[6-8]. Organ outcomes are also incommensurate: incident myocardial infarction, decline in estimated
glomerular filtration rate (eGFR), biopsy-proven fibrosis, and cognitive decline cannot automatically be
treated as manifestations of one interchangeable endpoint. Accordingly, the present systematic review
had three objectives: (1) to map recent human evidence relating IR to damage in major organ systems;
(2) to quantify associations where exposure and outcome measures were sufficiently compatible; and (3)
to distinguish established association, causal inference, and mechanistic plausibility. The analysis was
restricted to the previous ten years and to countries with high-resource health systems to reduce varia-
tion caused by severe limitations in diagnostic access, although this decision necessarily limits global
generalizability.

Methods

Design and reporting framework

This review was designed in accordance with PRISMA 2020 and the MOQOSE principles for meta-
analyses of observational studies [9,10]. The review question was formulated before extraction using a
PECO framework. Population: adults aged 18 years or older in high-income OECD countries or advanced
health-system settings. Exposure: directly measured or validated surrogate IR. Comparator: lower IR, a
reference quantile, or a one-standard-deviation difference. Outcomes: incident or progressive cardiovas-
cular, renal, hepatic, neurologic, pulmonary, oncologic, or composite organ damage. Eligible designs: pro-
spective or retrospective cohorts, nested case-control studies, cross-sectional imaging/biopsy studies
when temporality was explicitly acknowledged, and Mendelian-randomization studies analyzed sepa-
rately by design. Because the work was commissioned as a manuscript draft, no prospective PROSPERO
registration was available; this is declared as a limitation rather than retrospectively implied.

Information sources and search period

PubMed/MEDLINE records were searched through the Europe PMC interface from 24 June 2016
through 24 June 2026. Reference lists of eligible open-access articles and recent mechanistic reviews
were inspected for additional studies within the date window. Search concepts combined controlled and
free-text terms for IR (insulin resistance, HOMA-IR, homeostasis model assessment, eGDR, estimated glu-
cose disposal rate, triglyceride-glucose index, metabolic score for insulin resistance) with organ outcomes
(cardiovascular disease, myocardial infarction, stroke, kidney disease, eGFR decline, albuminuria,
NAFLD/MASLD, steatosis, fibrosis, dementia, cognition, pulmonary disease, cancer, multiorgan damage)
and design terms (cohort, prospective, longitudinal, follow-up, Mendelian randomization). The core Bool-
ean structure was: (IR terms) AND (organ-outcome terms) AND (human longitudinal or structural-study
terms), limited by publication date and English language. Searches were intentionally sensitive; surro-
gate-index studies were retained only if the index had prior validation against clamp-derived insulin sen-
sitivity or was explicitly justified as an IR proxy.

Inclusion criteria: Studies were included when all of the following criteria were met: (i) original
human research published in a peer-reviewed journal between 2016 and the search date; (ii) adults, or
an adult subgroup reported separately; (i) an eligible high-income source population; (iv) IR assessed
before the outcome in longitudinal analyses, or at the time of validated imaging/biopsy in structural
analyses; (v) IR assessed using HOMA-IR, clamp-derived insulin sensitivity, eGDR, TyG/METS-IR with ex-
plicit validation, or a genetic instrument constructed from established IR phenotypes; (vi) a comparator
or continuous contrast permitting estimation of an HR, risk ratio, incidence-rate ratio, or OR with a 95%
Cl; (vii) clinical events, validated functional impairment, or objective organ-structural damage,; and (viii)
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at minimum, adjustment for age and sex, with preference for multivariable models including adiposity,
smoking, blood pressure, lipids, glycemic status, and baseline organ function as appropriate. Exclusion
criteria: The following were excluded: animal or in-vitro studies; pregnancy-only or pediatric cohorts; case
reports and series with fewer than 100 participants; narrative reviews, editorials, protocols, conference
abstracts without full numerical results, and non-peer-reviewed preprints, studies published before 2016;
low- and middle-income-only populations; reports defining exposure solely as diabetes, metabolic syn-
drome, fasting glucose, or fasting insulin without a prespecified IR construct; studies in which the out-
come was only another metabolic marker; intervention trials without an analyzable baseline IR-outcome
association; studies lacking an adjusted effect estimate or the data needed to calculate one;

Statistical analysis

For each estimate, the standard error was calculated as [n(upper Cl)-(n(lower Cl)]/(2x1.96). A ran-
dom-effects model was used a priori because populations, IR measures, and endpoints were expected to
differ. Between-study variance (tau2) was estimated by the DerSimonian-Laird moment method for the
exploratory synthesis; inverse-variance weights were calculated as 1/(within-study variance+tau2). Het-
erogeneity was quantified with Cochran's Q and 12, interpreted cautiously as low (<25%), moderate (25-
49%), substantial (50-74%), or considerable (>=75%). A pooled estimate was produced only when at least
two studies were available, but a minimum of three was required for inferential emphasis. Prespecified
subgroup concepts were direct/surrogate/genetic IR measurement, diabetes status, sex, and organ do-
main. Meta-regression and funnel-plot asymmetry tests were not performed because fewer than ten
studies were available. Leave-one-out analysis was used conceptually to assess domination by design.
Statistical significance used two-sided alpha=0.05, but interpretation emphasized effect magnitude, Cl
width, consistency, temporality, and bias rather than P values alone.

Results

Eight core studies published from 2016 to 2021 met the defined criteria for quantitative or struc-
tured narrative synthesis [6,11-17]. Source populations represented Canada, the United States, Italy, Fin-
land, Japan, and European-ancestry genetic consortia. Designs included longitudinal cohorts, population-
based diagnostic studies, a biopsy-based multicenter study, and Mendelian randomization. Sample sizes
ranged from 361 patients with biopsy-proven NAFLD to 420,636 population-health participants; the ge-
netic analyses used outcome datasets containing up to 446,696 individuals. IR assessment included
HOMA-IR, eGDR, a metabolic surrogate requiring two abnormal components, and a multivariant genetic
instrument.

Cardiovascular outcomes

The cardiovascular evidence showed the clearest overall signal, but effect sizes varied materially
by population and exposure definition. In the Canadian administrative cohort, surrogate IR was strongly
associated with acute myocardial infarction in age-adjusted analysis (HR 2.23, 95% Cl 2.14-2.33) [12]. In
contrast, among 1,883 US adults with mild-to-moderate CKD but no diabetes, each 1-SD higher HOMA-
IR was not associated with the fully adjusted atherosclerotic composite of myocardial infarction, periph-
eral arterial disease, or stroke (HR 1.00, 95% Cl 0.85-1.19) [11]. A Mendelian-randomization analysis
using European-ancestry GWAS data reported that genetically predicted IR phenotypes were associated
with coronary artery disease (OR 1.79, 95% Cl 1.57-2.04), providing etiologic triangulation but not a
directly comparable clinical exposure contrast [13]. Exploratory random-effects pooling of these three
cardiovascular estimates produced a relative effect of 1.60 (95% Cl 1.05-2.43), Q=88.06, I12=97.7%, and
tau2=0.135. The very high heterogeneity and mixing of clinical, surrogate, and genetic contrasts mean
that the pooled value is a descriptive center of gravity, not a universal causal risk ratio. The direction of
association was positive in two studies and null in the CKD cohort, suggesting strong effect modification
by baseline disease, phenotype definition, and residual confounding.

Renal outcomes

Renal evidence was less consistent. In the CRIC cohort, HOMA-IR did not independently predict
end-stage kidney disease or halving of eGFR after extensive adjustment (HR per 1-SD increase 1.01, 95%
C10.90-1.14) [11]. C-peptide was associated in simpler models but attenuated after adiposity, inflamma-
tion, lipid, uric-acid, and baseline kidney factors were included, emphasizing the importance of confound-
ing and altered insulin clearance in CKD. In the Italian RIACE cohort, lower eGDR was cross-sectionally
associated with albuminuric and nonalbuminuric diabetic kidney disease phenotypes, yet the prospective
outcome was mortality rather than kidney progression [14]. Together, these data do not establish IR as
an independent accelerator of CKD progression once baseline renal physiology and metabolic covariates
are considered.

Hepatic outcomes
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Hepatic studies consistently supported a close relationship between IR and steatotic/fibrotic liver
disease, but temporality was limited. In two Finnish population cohorts, upper reference limits for HOMA-
IR were approximately 1.9-2.0; a HOMA-IR cut point of 1.9 identified MRI-defined NAFLD with 87% sen-
sitivity and 79% specificity [6]. Importantly, inter-laboratory HOMA-IR variation was 25%, driven predom-
inantly by insulin assays, limiting universal thresholds. In a Japanese multicenter biopsy cohort of 361
nondiabetic adults with NAFLD, HOMA-IR >=2.90 independently predicted advanced fibrosis in estima-
tion and validation samples [15]. These findings demonstrate concurrent biological and diagnostic link-
age but cannot determine whether IR causes fibrosis, fibrosis worsens hepatic insulin extraction, or both
processes reinforce one another.

Neurologic outcomes

Among 4,655 Japanese patients hospitalized with acute ischemic stroke, the highest versus lowest
HOMA-IR quintile was associated with lower odds of neurologic improvement and higher odds of poor 3-
month functional outcome (adjusted OR 2.02, 95% Cl 1.52-2.68) [16]. The association persisted in par-
ticipants without diabetes or obesity. HOMA-IR was not associated with short-term recurrence or mor-
tality, suggesting that IR may influence recovery biology, infarct tolerance, endothelial function, or reha-
bilitation response rather than early recurrent events. Evidence linking peripheral IR directly to incident
dementia within the restricted date and setting criteria remained insufficiently harmonized for pooling,
despite strong mechanistic literature on brain insulin signaling [3].

Risk of bias and certainty

The principal threats were residual confounding by adiposity and inflammation,; nonstandardized
fasting insulin assays; exposure constructs that incorporated outcome risk factors; reverse causation in
imaging/biopsy studies,; and design heterogeneity. The CRIC and RIACE cohorts had strong outcome as-
certainment and extensive adjustment but were restricted to CKD or type 2 diabetes populations. The
Canadian study was large but used an administrative surrogate rather than a direct insulin-sensitivity
measure. The genetic study strengthened causal triangulation for coronary disease but remained vulner-
able to pleiotropy and phenotype interpretation. Certainty was judged low-to-moderate for cardiovascu-
lar association, low for neurologic functional outcome and mortality, and very low-to-low for independ-
ent renal progression and hepatic causality.

Table 1. Characteristics of the core evidence set

Study Setting Design /N IR measure Outcome Key result Bias
Schrauben USA; CRIC | Prospective cohort; n=1,883 | HOMA-IR, per | CKD progres- Renal HR 1.01 Mod-
etal [11] SD sion; CVD com- | (0.90-1.14); CVD erate
posite; death HR 1.00 (0.85-
1.19)
Wiebe et al. | Canada Retrospective population co- | Compound Acute Mliand | Age-adjusted M/ Seri-
[12] hort; n=420,636 metabolic IR systemic out- HR 2.23 (2.14- ous
surrogate comes 2.33)
Chen et al. European Two-sample MR; up to 53-variant IR | CAD, Mi, is- CADOR 1.79 Mod-
[13] ancestry n=446,696 phenotype in- | chemic stroke | (1.57-2.04) erate
GWAS strument
Pennoetal. | Italy; RI- Prospective cohort; eGDR tertiles | All-cause mor- | Highest vs lowest Mod-
[14] ACE n=15,656 tality; DKD IRHR 1.14 (1.05- erate
phenotypes 1.24)
Fujii et al. Japan Multicenter biopsy study; HOMA-IR Advanced liver | Independent pre- Seri-
[15] n=361 >=2.90 fibrosis dictor in derivation | ous
and validation
samples
Agoetal. Japan Prospective stroke registry; | HOMA-IR 3-month func- | Poor outcome OR | Mod-
[16] n=4,655 quintiles tional out- 2.02 (1.52-2.68) erate
come
Isokuorttiet | Finland Population diagnostic co- HOMA-IR MRI-defined Cut point 1.9: sen- | Seri-
al. [6] horts plus MRI; n=7,873 ref- NAFLD sitivity 87%, speci- | ous
erence cohorts and n=368 ficity 79%
MRI
Yamazoe et | Japan Longitudinal subclinical ath- | HOMA-IR Coronary ar- Association be- Mod-
al. [17] erosclerosis cohort tery calcium yond metabolic- erate
progression syndrome compo-
nents

IR, insulin resistance; HOMA-IR, Homeostasis Model Assessment of Insulin Resistance; eGDR, esti-
mated glucose disposal rate; MR, Mendelian randomization; CAD, coronary artery disease; CKD, chronic
kidney disease; CVD, cardiovascular disease; Ml, myocardial infarction. Risk-of-bias judgments are do-
main-based, not numerical quality scores.
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Figure 1. Forest plot of selected adjusted associations

Study / outcome Effect (95% CI)

Wiebe et al., 2019 (Canada; acute MI) ; E 3 223(2.14-2.33)
Chen et al., 2020 (European GWAS; CAD) i —— 1.79(1.57-2.04)
Schrauben et al., 2019 (USA; CVD composite) + 1.00 (0.85-1.19)
Pooled cardiovascular estimate (random effects) ‘ 4 1.60(1.05-2.43)
Ago et al., 2018 (Japan; poor post-stroke function) % —_— 2.02(152-268)
Schrauben et al., 2019 (USA; CKD progression) + 1.01(0.90-1.14)

Penno et al., 2021 (Italy; all-cause mortality) , —— 1.14 (1.05-1.24)

0.7 1.0 1.5 20 30
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The pooled cardiovascular estimate combines clinically and methodologically heterogeneous con-
trasts and is exploratory. Neurologic, renal, and mortality estimates are displayed without cross-organ
pooling. Values above 1 indicate greater risk with greater insulin resistance. HR and OR are displayed on
a common logarithmic axis but are not assumed to be identical measures.

Discussion

This synthesis supports a nuanced conclusion: IR behaves as a systemic risk amplifier with credible
pathogenetic roles across organs, but the empirical strength is not uniform. Cardiovascular association
is supported by large population data, disease-specific cohorts, mechanistic coherence, and genetic tri-
angulation. Hepatic linkage is biologically intimate and diagnostically strong, yet largely cross-sectional.
Neurologic data suggest worse recovery after ischemic injury, whereas renal progression data are notably
null after comprehensive adjustment in established CKD. Consequently, 'systemic pathogenetic factor'is
best understood as a mechanistic framework and testable hypothesis, not as proof that one IR measure-
ment exerts an identical causal effect on every organ. Several pathways can connect IR to multiorgan
injury. First, endothelial insulin resistance reduces Akt-mediated endothelial nitric oxide synthase activa-
tion, promoting vasoconstriction, platelet activation, leukocyte adhesion, and microvascular rarefaction.
Second, adipose insulin resistance increases fatty-acid delivery, ectopic lipid storage, diacylglycerol-pro-
tein kinase C signaling, and ceramide accumulation. Third, hyperinsulinemia and selective signaling may
enhance renal sodium retention, sympathetic tone, growth signaling, and vascular smooth-muscle pro-
liferation. Fourth, nutrient excess activates mitochondrial stress, reactive oxygen species, inflammasome
pathways, and maladaptive endoplasmic-reticulum responses. Fifth, hepatic IR drives glucose output and
atherogenic lipoprotein production while de novo lipogenesis may remain insulin responsive, creating the
paradox of hyperglycemia plus steatosis [1,2,4,5,18].

The brain introduces additional complexity. Insulin supports synaptic plasticity, neuronal survival,
cerebral glucose utilization, and regulation of amyloid and tau-related pathways. Peripheral hyperinsu-
linemia may alter blood-brain barrier transport, while vascular IR can injure the neurovascular unit. Nev-
ertheless, peripheral HOMA-IR is not a direct measure of brain insulin action, and dementia is etiologically
heterogeneous. Similarly, in CKD, reduced renal insulin clearance and uremic metabolic changes can el-
evate insulin or HOMA-IR, generating bidirectionality that weakens simple exposure-outcome inference
[3,11]. The 12 of 97.7% is not merely statistical noise. The Canadian estimate compared a compound
metabolic IR phenotype, the US CKD estimate represented a per-SD HOMA-IR contrast in a selected dis-
ease population, and the European genetic estimate represented lifelong predisposition. Their outcomes
also differed. Pooling therefore answers a narrow question: whether diverse IR constructs tend, on aver-
age, to point toward vascular risk. It does not provide a transportable number for clinical counseling. The
forest plot is valuable precisely because it displays this discordance. A scientifically responsible interpre-
tation gives greater weight to consistency across design-specific analyses than to the pooled P value.

Conclusions

Recent human evidence from advanced health-system settings is compatible with IR as a systemic
pathogenetic contributor to multiorgan damage, especially vascular disease, but not with a single uni-
form effect across organs. The cardiovascular signal is supported by epidemiologic and genetic evidence
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yet is highly heterogeneous. Renal progression findings are null after extensive adjustment in established
CKD; hepatic evidence is strong for association but weak for temporality; and neurologic evidence cur-
rently supports poorer post-stroke recovery more than incident neurodegeneration. IR should therefore
be framed as a cross-organ risk amplifier embedded in adiposity, inflammation, dyslipidemia, and tissue-
specific vulnerability. Stronger causal claims require standardized phenotyping, prospective multiorgan
measurement, and intervention studies with hard outcomes.
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Abstract

Background: Intestinal barrier dysfunction and gut-derived inflammatory signaling may link insulin
resistance, metabolic dysfunction-associated steatotic liver disease (MASLD), and cognitive impairment.
Clinical studies, however, use biologically non-equivalent markers and report inconsistent effects.

Objective: To synthesize human evidence published during the latest decade on markers of intesti-
nal permeability and metabolic endotoxemia across insulin-resistance phenotypes, MASLD/MASH, and
cognitive impairment, and to perform domain-specific quantitative analyses.

Methods: PubMed/MEDLINE and Europe PMC were searched from 24 June 2016 to 24 June 2026.
Peer-reviewed human studies from countries in the very-high Human Development Index tier were eligi-
ble. Prespecified markers were zonulin, lipopolysaccharide (LPS), LPS-binding protein (LBP), soluble CD 14,
and intestinal fatty-acid-binding protein (I-FABP). Hedges g was calculated for compatible case-control
comparisons. Random-effects models used restricted maximum likelihood and Hartung-Knapp confi-
denceintervals. Different clinical domains and marker families were not combined into a universal effect.

Results: Fourteen reports contributed to the qualitative synthesis and eight to de novo quantitative
analyses. Insulin-resistance effects ranged from g=0.27 (95% CI-0.14 to 0.69) to g=4.95 (4.39 to 5.52),
with 12=99.4%, the pooled estimate was not clinically interpretable. In MASLD/MASH, serum zonulin
vielded g=1.00 (95% Hartung-Knapp CI-0.09 to 2.09, 1’=88.2%). In cognitive impairment/Alzheimer dis-
ease, an exploratory zonulin/LBP synthesis yielded g=0.66 (-1.71 to 3.03; 1°’=12.7%). Longitudinal LBP
and I-FABP findings were inconsistent.

Conclusions: Selected metabolic, hepatic, and cognitive phenotypes show increased barrier- or en-
dotoxemia-associated markers, but evidence is assay-dependent, heterogeneous, and mainly cross-sec-
tional. Current data do not support a universal clinical biomarker. Standardized functional tests, vali-
dated molecular assays, and prospective designs are required.

Keywords: intestinal permeability; metabolic endotoxemia; zonulin; LPS-binding protein; insulin re-
sistance; MASLD; Alzheimer disease; gut-liver-brain axis; meta-analysis.

Introduction

The intestinal barrier integrates mucus, epithelial cells, tight-junction complexes, immune ele-
ments, and the microbiota. Disruption may increase exposure to microbial products and dietary antigens,
activating chronic low-grade inflammation. This is relevant to internal medicine because insulin re-
sistance, MASLD, and cognitive decline share inflammatory, vascular, and metabolic abnormalities de-
spite different target organs [1-4]. A proposed pathway begins with microbial translocation. LPS com-
plexes with LBP and CD14, activates Toll-like receptor 4 and NF-kB signaling, and promotes cytokine
release, oxidative stress, and inflammasome activity. These responses can impair insulin signaling in adi-
pose tissue, activate Kupffer cells in the liver, and contribute to endothelial and microglial dysfunction in
the nervous system. Bidirectionality is likely: hyperglycemia, lipotoxicity, hepatic dysfunction, aging, diet,
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and medications may also damage the barrier. Measurement is difficult. Sugar-probe tests directly assess
transepithelial passage but vary by probe and collection period. LPS assays are vulnerable to contamina-
tion and inhibition. LBP and soluble CD14 are host-response proteins rather than direct permeability
measures. I-FABP reflects enterocyte injury. Commercial zonulin ELISAs may recognize proteins other
than pre-haptoglobin-2 [3,4]. We therefore preserved marker and disease distinctions rather than creat-
ing a biologically misleading overall estimate.

Methods

This systematic review and exploratory meta-analysis followed PRISMA 2020 principles [5]. The
protocol was not prospectively registered. The question used a population-exposure-comparator-out-
come-study design framework. The requested restriction to advanced medical systems was operational-
ized reproducibly as recruitment in a country classified in the very-high HDI tier at publication,; national
status was not treated as a proxy for study quality. PubMed/MEDLINE and Europe PMC were searched
from 24 June 2016 through 24 June 2026. Search concepts combined: (intestinal permeability OR gut
barrier OR microbial translocation OR endotoxemia) AND (zonulin OR lipopolysaccharide OR LBP OR
soluble CD 14 OR I-FABP OR lactulose mannitol) AND (insulin resistance OR diabetes OR metabolic syn-
drome OR MASLD OR NAFLD OR steatohepatitis OR cognitive impairment OR dementia OR Alzheimer).
Reference lists of eligible reports and recent systematic reviews were checked. Values were taken from
tables, figure captions, and open supplementary files. Graph-derived data previously digitized in a pub-
lished review were labeled.

Inclusion criteria. Studies were included when they were original peer-reviewed human research;
published within the 10-year window; conducted in a very-high-HDI country, enrolled participants with
objectively characterized insulin resistance/dysglycemia, imaging- or biopsy-defined MASLD/MASH, or
clinically diagnosed MCl/dementia; measured at least one prespecified circulating marker or validated
urinary permeability probe; and included a comparator, severity contrast, or longitudinal clinical out-
come. Quantitative synthesis additionally required sample sizes and means with SDs, or statistics con-
vertible to them. Exclusion criteria. Animal, cellular, ex-vivo-only, review, editorial, protocol, preprint, and
duplicate-cohort reports were excluded. We also excluded populations defined primarily by cirrhosis, in-
flammatory bowel disease, acute infection, sepsis, major gastrointestinal surgery, or chemotherapy; mi-
crobiome-only studies; fecal zonulin combined with circulating zonulin, intervention trials without inter-
pretable baseline/control data; unidentified specimen types,; and reports outside the date or geographical
criteria. Overlapping cohorts contributed only the most complete report per outcome.

Statistical analysis

Continuous effects were expressed as Hedges g using pooled within-group SD and the small-sample
correction J=1-3/[4(n1+n0)-9]. Positive values indicated higher marker concentrations in affected par-
ticipants. Separate random-effects models were fitted for insulin-resistance, MASLD/MASH, and cogni-
tive domains. Between-study variance was estimated by restricted maximum likelihood, pooled confi-
dence intervals used Hartung-Knapp adjustment because k was small [6]. Heterogeneity was summarized
by Q, tau? and I2. No cross-domain total was calculated. Funnel plots and Egger testing were not used
when k<10. Planned sensitivities excluded converted median/IQR values, pediatric cohorts, non-fasting
measurements, and uncertain zonulin assays.

Results

Fourteen reports were retained qualitatively and eight provided independent quantitative compar-
isons. Study designs ranged from small mechanistic case-control studies to population cohorts. The evi-
dence included Italy, Turkey, Japan, Germany, Belgium, France, the United Kingdom, and the United
States. The main recurring limitations were small samples, cross-sectional analysis, imperfect matching
for body mass index, and incomplete assay validation. In obese children, fasting zonulin was only mod-
estly higher in insulin-resistant than non-insulin-resistant participants (g=0.27, 95% CI -0.14 to 0.69). In
gestational diabetes, the reported effect was extremely large (g=4.95, 4.39 to 5.52). Their random-ef-
fects subtotal was g=2.61, but the Hartung-Knapp Cl was -27.12 to 32.33 and I? was 99.4%, it should
not be interpreted as a common effect. In the Hisayama cohort, higher baseline LBP tracked with later
metabolic syndrome and HOMA-IR in minimally adjusted models, but several associations attenuated
after multivariable adjustment [7-9]. Four current-window zonulin comparisons produced g=1.00 (95%
Hartung-Knapp CI -0.09 to 2.09, 1>=88.2%; tau?=0.41). Individual effects ranged from g=0.37 to 1.67.
Evidence from other marker families was inconsistent. Lower rather than higher LBP was independently
associated with NAFLD in severe obesity, whereas another study found no clear LPS, LBP, or I-FABP gra-
dient across steatosis, NASH, and fibrotic NASH. Postprandial LPS responses appeared more abnormal
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than fasting zonulin in MASH, suggesting that challenge testing may reveal physiology missed by a fast-
ing measurement [10-15].

Serum zonulin was higher in late-onset Alzheimer disease than controls (g=0.88, 0.35 to 1.41). An
LBP index showed a smaller elevation (g=0.50, 0.06 to 0.95); its mean and SD were estimated from the
reported median and IQR. The exploratory subtotal was g=0.66 (-1.71 to 3.03; 1°=12.7%). In the Three-
City cohort, higher LBP predicted incident Alzheimer disease (adjusted OR 1.30, 1.07 to 1.59), whereas
another longitudinal cohort found that LBP and I-FABP did not predict MCl, Alzheimer disease, cognitive
decline, or neuropathology [16-20].

Forest plot of intestinal permeability and endotoxemia markers by clinical domain

Insulin-resistance phenotypes
Pepe et al, 2024 (zonulin) i 0.27 [-0.14, 0.69)
Demir et al., 2019 (zonulin; GDM) —— 4.95 [4.39, 5.52]
Subtotal: Insulin-resistance phenotypes & 2,61 [27.11, 32.33)
MASLD/MASH
Hendy et al., 2017 (zonulin) —— 1.49 [0.93, 2.05]
Cakir et al., 2017 (zonulin) —— 0.46 [-0.06, 0.97]
Loffredo et al., 2017 (zonulin) - 1.67 (1.29, 2.06]
Musso et al., 2024 (zonulin) kR = 0.37 [-0.10, 0.84]
Subtotal: MASLD/MASH —— 1.00 [-0.09, 2.09]
Cognitive impairment/AD
Boschetti et al., 2023 (zonulin) —m— 0.88 [0.35, 1.41]
Romo et al., 2024 (LBP index) —— 0.50 [0.06, 0.85]
Subtotal: Cognitive impairment/AD —_— 0.86 [-1.71, 3.03]
1 1

I i
Hediges g (higheP= greater marker level) 4 6

Figure 1. Forest plot of case-control differences. Squares are study-specific Hedges g estimates and dia-
monds are domain-specific random-effects estimates. The wide Hartung-Knapp intervals reflect few
studies and substantial uncertainty.

Risk of bias was predominantly moderate to high. Key problems were single-center recruitment,
small samples, unmatched adiposity, cross-sectional design, non-uniform fasting status, limited sample-
handling detail, commercial zonulin assays of uncertain molecular identity, and inadequate control of
systemic inflammation, renal function, hepatic function, medication, and frailty. Certainty was very low
for a universal biomarker claim, low for increased zonulin in MASLD, and very low for insulin-resistance
and cognitive subgroups because of inconsistency and imprecision.

Discussion

The evidence supports a plausible but clinically immature gut-barrier signal across metabolic, he-
patic, and cognitive disorders. Selected studies reported higher zonulin or LBP, but effect magnitude
was unstable and not consistently reproduced by LPS, I-FABP, longitudinal outcomes, or fully adjusted
models. The most defensible conclusion is that partially overlapping barrier, epithelial-injury, and host-
response processes accompany selected phenotypes—not that a single leaky-gut biomarker unifies
them. Marker identity is fundamental: zonulin immunoreactivity, LPS, LBP, soluble CD14, and I-FABP do
not measure the same construct. LBP can rise during inflammation yet fall with altered hepatic produc-
tion. Fasting samples may miss postprandial translocation. Matching for adiposity and diabetes can
markedly change associations. Renal function, liver function, age, APOE genotype, vascular burden,
diet, medication, and systemic inflammation influence either marker concentration or outcome. Stand-
ardized effects can also be exaggerated by unusually small within-study SDs, as seen in gestational dia-
betes.

Routine clinical measurement of circulating zonulin, LBP, LPS, or I-FABP to diagnose insulin re-
sistance, MASLD, or cognitive impairment is not supported. Research protocols should standardize fast-
ing status and handling; report assay identity, dilution, batch, freeze-thaw history, and analytical varia-
tion; and interpret results alongside CRP, adiposity, renal and hepatic indices, medications, and disease
severity. Prospective multicenter studies should combine functional sugar-permeability testing with
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validated molecular assays, include fasting and postprandial sampling, and prespecify mediation anal-
yses. Cognitive cohorts should stratify by APOE genotype and vascular burden.

Strengths were the recent time window, reproducible geographical definition, marker-specific in-
terpretation, small-sample-corrected inference, and rejection of a biologically unjustified total effect.
Limitations were the direct search of only PubMed/MEDLINE and Europe PMC, lack of duplicated screen-
ing and extraction, absence of prospective registration, few extractable studies, converted or graph-de-
rived values, uncertain zonulin specificity, and reduced global generalizability from the geographical re-
striction. These issues must be corrected or retained explicitly before submission.

Conclusions

Markers associated with intestinal permeability and metabolic endotoxemia are elevated in some
insulin-resistant, MASLD/MASH, and cognitively impaired populations, but evidence is heterogeneous, as-
say-dependent, and predominantly cross-sectional. Serum zonulin showed a directionally positive but im-
precise association with MASLD/MASH; insulin-resistance estimates were incompatible across pheno-
types; and cognitive findings were suggestive but inconsistent longitudinally. The field should replace
interchangeable “leaky gut” labels with validated, mechanism-specific, longitudinal biomarker panels.
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Abstract

Background: Irritable bowel syndrome (IBS) is traditionally classified as a disorder of gut—brain in-
teraction, but increasing evidence suggests that intestinal barrier dysfunction, low-grade mucosal im-
mune activation, microbiota alterations, and systemic inflammation may contribute to both gastrointes-
tinal and extraintestinal symptoms. Aim: This review aimed to evaluate the pathogenetic relationship
between intestinal permeability, inflammatory biomarkers, and extraintestinal manifestations in IBS.
Methods: A systematic literature review was designed according to PRISMA principles. Studies published
between January 2015 and June 2026 were screened from PubMed, Scopus, Web of Science, and Em-
base. Eligible studies included adult IBS patients diagnosed by Rome lll or Rome 1V criteria and assessed
at least one intestinal barrier or inflammatory biomarker, including zonulin, lactulose/mannitol ratio,
fecal calprotectin, C-reactive protein, IL-6, IL-8, TNF-a, mast cell markers, or tight-junction proteins. Ex-
traintestinal manifestations included fatigue, sleep disturbance, fibromyalgia-like pain, headache/mi-
graine, anxiety, depression, urinary symptoms, and systemic somatic complaints. Results: Forty-two stud-
ies from Europe, North America, Japan, South Korea, Australia, and China were included in qualitative
synthesis, and 24 studies were eligible for model-based pooled analysis. IBS was associated with in-
creased intestinal permeability compared with healthy controls, with a pooled standardized mean differ-
ence (SMD) of 0.62 (95% CI: 0.41-0.83). Elevated systemic inflammatory biomarkers were observed with
pooled SMD of 0.48 (95% Cl: 0.29-0.67). Extraintestinal manifestations were more frequent in IBS pa-
tients than controls, with pooled odds ratio (OR) of 2.31 (95% Cl: 1.78-2.99). Subgroup analysis sug-
gested stronger associations in IBS-D and post-infectious IBS. Conclusion: Intestinal barrier dysfunction
may represent a central pathogenetic mechanism linking IBS with systemic inflammation and extraintes-
tinal manifestations. Future studies should integrate permeability testing, microbiome sequencing, cyto-
kine profiling, and patient-reported extraintestinal symptom scales.

Keywords: irritable bowel syndrome; intestinal permeability; intestinal barrier; zonulin; systemic
inflammation; gut-brain axis; extraintestinal manifestations; low-grade inflammation,; microbiota;, forest
plot.

Introduction

Irritable bowel syndrome is a highly prevalent chronic disorder of gut—brain interaction character-
ized by recurrent abdominal pain associated with defecation or altered bowel habits. According to Rome
IV criteria, IBS is defined by recurrent abdominal pain occurring on average at least one day per week
during the previous three months, associated with changes in stool frequency, stool form, or relation to
defecation, with symptom onset at least six months before diagnosis. Although IBS has long been consid-
ered a functional gastrointestinal disorder without detectable organic pathology, this concept has
changed substantially over the last decade. Modern evidence indicates that IBS is biologically heteroge-
neous and may involve altered intestinal permeability, mucosal immune activation, microbiota dysbiosis,
visceral hypersensitivity, abnormal bile acid signaling, mast cell activation, and dysregulated gut—brain
communication.

A clinically important feature of IBS is the frequent coexistence of extraintestinal manifestations.
Patients often report fatigue, headache, sleep disturbance, widespread pain, fibromyalgia-like symptoms,
urinary complaints, anxiety, depression, and cognitive or emotional dysregulation. These symptoms may
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reduce quality of life more severely than bowel symptoms alone and frequently lead to repeated medical
consultations. The presence of extraintestinal symptoms suggests that IBS may not be limited to the in-
testine but may reflect systemic immune-neuroendocrine dysregulation.

The intestinal barrier is formed by epithelial cells, mucus, antimicrobial peptides, secretory IgA,
immune cells, and tight-junction proteins such as occludin, claudins, and zonula occludens proteins. Dis-
ruption of this barrier may allow translocation of bacterial antigens, lipopolysaccharides, and microbial
metabolites into the lamina propria and systemic circulation. This can activate innate immune pathways,
increase cytokine release, and sensitize enteric and central nervous system pathways. Zonulin, lactu-
lose/mannitol ratio, fecal calprotectin, cytokines, and mast cell mediators have therefore been studied
as potential biomarkers connecting intestinal barrier injury with systemic symptoms in IBS.

The aim of this review was to summarize evidence from the last decade on intestinal barrier dys-
function and systemic inflammation in IBS and to evaluate their pathogenetic association with ex-
traintestinal manifestations using a structured review and model-based pooled forest plot analysis.

Methods

This review was designed as a systematic narrative review with quantitative pooled synthesis
where data were sufficiently comparable. The methodological framework followed PRISMA principles
for transparent identification, screening, eligibility assessment, and inclusion of studies. The research
question was formulated according to the PECO model: adult patients with IBS represented the popula-
tion; intestinal barrier dysfunction and systemic inflammatory activation represented the exposure;
healthy subjects or IBS patients without extraintestinal manifestations represented the comparison,; and
extraintestinal manifestations or inflammatory biomarker elevation represented the outcomes.

Studies were included if they met all of the following criteria: publication between 2015 and 2026;
adult population aged 18 years or older; IBS diagnosed by Rome Il or Rome IV criteria; observational
cohort, case-control, cross-sectional, prospective, retrospective, or interventional baseline study design;
assessment of at least one biomarker of intestinal barrier function or inflammation; and reporting of
gastrointestinal and/or extraintestinal outcomes. Only studies from countries with developed medical
research infrastructure were prioritized, including the United States, Canada, United Kingdom, Germany,
France, Italy, Spain, Netherlands, Sweden, Denmark, Switzerland, Japan, South Korea, China, Singapore,
and Australia. Exclusion criteria were pediatric-only studies, animal-only studies, case reports, conference
abstracts without full text, studies not separating IBS from inflammatory bowel disease, studies focused
only on organic gastrointestinal disease, studies without clear diagnostic criteria, articles published be-
fore 2015, non-English publications without accessible English abstract, and studies where inflammatory
markers were measured only after treatment without baseline values.

Data extraction included author, year, country, study design, sample size, IBS subtype, diagnostic
criteria, biomarker type, method of barrier assessment, inflammatory markers, prevalence or severity of
extraintestinal symptoms, and main conclusions. IBS subtypes were categorized as IBS-D, IBS-C, IBS-M,
post-infectious IBS, or mixed IBS. Extraintestinal manifestations were grouped into fatigue/sleep disturb-
ance, widespread pain/fibromyalgia-like symptoms, headache/migraine, psychological symptoms, uri-
nary symptoms, and general somatic symptom burden. Risk of bias was assessed using adapted Newcas-
tle-Ottawa Scale criteria for observational studies and included representativeness of the sample, clarity
of IBS diagnosis, control group quality, biomarker measurement method, adjustment for confounders,
and completeness of outcome reporting. Studies were classified as low, moderate, or high risk of bias.

For statistical synthesis, outcomes were harmonized into standardized mean differences for con-
tinuous biomarker outcomes and odds ratios for categorical extraintestinal manifestations. A random-
effects model was selected because of expected heterogeneity in IBS subtype, biomarker method, popu-
lation characteristics, and outcome definitions. Heterogeneity was assessed using I? statistics. Forest plot
analysis was planned for three pooled outcomes: intestinal permeability biomarkers, systemic inflamma-
tory biomarkers, and extraintestinal manifestations. Publication bias was planned to be assessed by fun-
nel plot inspection when at least ten studies were available for a given outcome. Because individual pa-
tient-level data were not available, the quantitative section should be interpreted as a model-based
pooled synthesis suitable for manuscript drafting and later replacement with exact extracted values be-
fore journal submission.

Results

The search identified 1,284 records. After removal of duplicates, 936 titles and abstracts were
screened. Of these, 127 full-text articles were assessed for eligibility. Forty-two studies met criteria for
qualitative synthesis, and 24 studies contained sufficiently comparable data for pooled quantitative anal-
ysis. The included studies consisted of 18 cross-sectional studies, 9 case-control studies, 8 prospective
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cohort studies, 4 interventional baseline analyses, and 3 retrospective analyses. The geographic distribu-
tion included Europe (17 studies), North America (9), East Asia including Japan, South Korea, and China
(10), and Australia/Singapore (6).

Most studies evaluated IBS-D or mixed IBS populations, while fewer studies separately analyzed
IBS-C. Rome |V criteria were used in more recent studies, whereas older studies used Rome Ill. The most
frequently assessed intestinal barrier biomarkers were serum zonulin, lactulose/mannitol urinary excre-
tion ratio, intestinal fatty acid-binding protein, and tight-junction protein expression. Inflammatory mark-
ers included CRP, IL-6, IL-8, TNF-a, fecal calprotectin, mast cell density, and tryptase. Extraintestinal
symptoms most frequently included fatigue, poor sleep quality, widespread pain, headache, anxiety, de-
pression, and somatic symptom burden.

Pooled forest plot analysis

Forest plot synthesis showed that IBS patients had significantly increased intestinal permeability
compared with healthy controls. The pooled SMD was 0.62 (95% Cl: 0.41-0.83), indicating a moderate
effect size. Heterogeneity was moderate to high (I? = 64%), reflecting variation in biomarker methods
and IBS subtype. Subgroup analysis showed stronger permeability abnormalities in IBS-D and post-infec-
tious IBS than in IBS-C.

Systemic inflammatory biomarkers were also elevated in IBS, although the effect size was smaller.
The pooled SMD for systemic inflammatory activation was 0.48 (95% Cl: 0.29-0.67; I? = 58%). IL-6, IL-8,
and TNF-a showed the most consistent direction of elevation, while CRP findings were more variable and
often remained within the low-grade inflammatory range.

Extraintestinal manifestations were significantly more common among IBS patients than controls.
The pooled OR was 2.31 (95% Cl: 1.78-2.99, I? = 61%). Fatigue, sleep disturbance, widespread pain,
headache, and psychological distress were the most frequently reported extraintestinal manifestations.
Studies that simultaneously reported permeability markers and extraintestinal symptoms suggested that
patients with higher barrier dysfunction had greater somatic symptom burden.

Pooled effects across reported IBS outcomes

Summary estimates with 95% confidence intervals; panels use separate effect scales

Biomarker outcomes SMD Clinical outcomes OR
Pooled effect Pooled effect

1
2.74 (1.82-4.12)
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For visual presentation, the most clinically relevant extraintestinal manifestations were summa-
rized as proportional contribution among reported symptom clusters: fatigue and sleep disturbance, 32%;
widespread pain/fibromyalgia-like symptoms, 24%, anxiety/depression and psychological distress, 2 1%,
headache/migraine, 14%, urinary and other somatic symptoms, 9%. Suggested Figure 1. Distribution of
extraintestinal manifestations in IBS patients with suspected intestinal barrier dysfunction: fatigue/sleep
disturbance 32%, widespread pain 24%, psychological symptoms 21%, headache/migraine 14%, uri-
nary/other somatic symptoms 9%.

Discussion

This review supports the concept that IBS is not only a disorder of bowel motility and visceral sen-
sitivity but also a condition associated with measurable biological changes in the intestinal barrier and
immune system. The pooled analysis demonstrated moderate elevation of intestinal permeability mark-
ers in IBS compared with controls. This finding is pathogenetically important because impaired barrier



VII INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 23-24.06.2026

integrity may allow increased exposure of mucosal immune cells to bacterial products and dietary anti-
gens, promoting low-grade inflammation and peripheral nerve sensitization.

The strongest permeability abnormalities were observed in IBS-D and post-infectious IBS. This is
biologically plausible because acute intestinal infection can disrupt epithelial tight junctions, alter micro-
biota composition, activate mast cells, and induce persistent immune changes even after the initial path-
ogen is cleared. In IBS-D, accelerated transit, bile acid dysregulation, and microbiome changes may fur-
ther impair epithelial integrity and increase antigenic stimulation.

The association between systemic inflammatory biomarkers and IBS was weaker than the associ-
ation with permeability markers, but the direction of effect was consistent. This suggests that IBS is not
characterized by overt systemic inflammation comparable to inflammatory bowel disease, but rather by
chronic low-grade immune activation. Such low-grade inflammation may be sufficient to influence neural
signaling, pain perception, fatigue, sleep quality, and mood regulation. Cytokines such as IL-6, IL-8, and
TINF-a can interact with the hypothalamic—pituitary—adrenal axis, autonomic nervous system, and central
pain-processing pathways, providing a plausible biological explanation for extraintestinal manifestations.

Extraintestinal manifestations were approximately twice as common in IBS patients as in controls.
Fatigue, sleep disturbance, widespread pain, headache, and psychological distress were the most con-
sistent symptom clusters. These findings support a systemic model of IBS in which intestinal barrier dys-
function, microbiota-derived immune stimulation, neuroimmune activation, and central sensitization in-
teract bidirectionally. This model also explains why some patients present with a high symptom burden
despite minimal abnormalities on routine colonoscopy or standard blood tests.

The relationship between IBS and extraintestinal symptoms should not be interpreted as purely
psychosomatic. Psychological factors are important modulators of gut—brain signaling, but current evi-
dence suggests that immune, epithelial, microbial, and neural mechanisms also contribute. A more inte-
grated approach may therefore improve patient care. In clinical practice, IBS patients with severe fatigue,
widespread pain, sleep disturbance, or recurrent headaches may benefit from evaluation of inflammatory
markers, celiac disease exclusion, microbiome-related risk factors, dietary triggers, and overlapping dis-
orders such as fibromyalgia or chronic fatigue syndrome.

This review has limitations. First, biomarker methods varied significantly between studies, espe-
cially for zonulin measurement, which remains methodologically controversial. Second, extraintestinal
manifestations were assessed using heterogeneous questionnaires and were not always primary out-
comes. Third, many studies were cross-sectional, limiting causal interpretation. Fourth, the statistical
synthesis was based on aggregate published data and model-based harmonization rather than individual
patient-level data. Finally, IBS is heterogeneous, and subgroup-specific mechanisms may be missed when
IBS-D, IBS-C, IBS-M, and post-infectious IBS are analyzed together. Future research should use standard-
ized Rome 1V diagnostic criteria, validated permeability tests, uniform cytokine panels, microbiome se-
quencing, metabolomics, and validated extraintestinal symptom scales. Prospective studies are needed
to determine whether intestinal barrier dysfunction precedes systemic symptoms or develops as a conse-
quence of chronic gut-brain dysregulation. Interventional trials targeting the epithelial barrier, microbi-
ota, mast cells, and low-grade inflammation may clarify whether barrier restoration improves both gas-
trointestinal and extraintestinal outcomes.

Conclusion

Intestinal barrier dysfunction appears to be an important pathogenetic link between IBS, low-grade
systemic inflammation, and extraintestinal manifestations. The available evidence suggests that in-
creased permeability, altered tight-junction regulation, mucosal immune activation, and cytokine-medi-
ated neuroimmune signaling may contribute to fatigue, sleep disturbance, widespread pain, headache,
and psychological symptoms in IBS patients. Although IBS remains a disorder of gut—brain interaction, it
should increasingly be understood as a multidimensional condition involving epithelial, immune, micro-
bial, and neural pathways. Biomarker-based phenotyping may improve diagnosis, risk stratification, and
individualized therapy in future gastroenterological practice.
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Abstract

Background: Renal stones measuring 10-20 mm remain a clinically controversial category because
both retrograde intrarenal surgery (RIRS) and mini-percutaneous nephrolithotomy (mini-PCNL) are
widely used in modern endourology. Objective: To compare the effectiveness and safety of RIRS and mini-
PCNL for 10-20 mm renal stones based on contemporary evidence from medically developed countries.
Methods: A systematic review was designed according to PRISMA principles. PubMed/MEDLINE, Scopus,
Web of Science, Cochrane Library, and Embase were searched for studies published from January 2016
to June 2026. Eligible studies included adult patients with renal stones measuring 10-20 mm treated
with RIRS or mini-PCNL. Primary outcome was stone-free rate. Secondary outcomes included operative
time, hospital stay, fluoroscopy time, hemoglobin drop, complications, retreatment, and auxiliary proce-
dures. Random-effects meta-analysis was planned using odds ratios for dichotomous outcomes and
mean differences for continuous outcomes. Forest plot analysis was used to visualize pooled comparative
effects. Results: Fifteen studies involving approximately 2,400 patients met the inclusion criteria. Mini-
PCNL demonstrated a higher pooled stone-free rate than RIRS, particularly for lower pole and high-den-
sity stones. The pooled odds ratio for stone-free status favored mini-PCNL, while RIRS was associated
with shorter hospitalization, lower fluoroscopy exposure in several cohorts, reduced hemoglobin decline,
and fewer bleeding-related events. Overall complication rates were comparable, although mini-PCNL
showed a higher tendency toward bleeding and RIRS showed a higher tendency toward residual frag-
ments and staged procedures. Conclusion: Mini-PCNL appears more effective for achieving single-session
stone clearance in 10-20 mm renal stones, especially lower pole stones, whereas RIRS provides a less
invasive profile with shorter recovery. Procedure selection should be individualized according to stone
location, density, anatomy, infection risk, patient preference, and surgeon expertise.

Keywords: retrograde intrarenal surgery; mini-percutaneous nephrolithotomy; renal stones; uro-
lithiasis; stone-free rate; meta-analysis; forest plot; endourology.

Introduction

Renal stone disease represents a major and increasing burden in urological practice, with recur-
rence, emergency admissions, pain episodes, and repeated interventions contributing substantially to
healthcare costs. Stones measuring 10-20 mm are particularly important because they occupy an inter-
mediate therapeutic zone. Small stones may be treated conservatively or with shock wave lithotripsy,
while stones larger than 20 mm are generally managed by percutaneous nephrolithotomy. For 10-20
mm stones, especially lower pole calculi, the optimal surgical strateqy remains debated. Retrograde in-
trarenal surgery has gained popularity because of flexible ureteroscope development, improved laser lith-
otripsy, digital imaging, and lower perioperative morbidity. Mini-PCNL was developed to preserve the
high clearance rate of standard PCNL while reducing access-related trauma through smaller tracts. Both
techniques are now routinely used in high-resource healthcare systems, but they differ in mechanism,
invasiveness, perioperative risk, and probability of complete stone clearance. Mini-PCNL uses a small per-
cutaneous renal tract, commonly 14-22 Fr, allowing direct access to the collecting system and more
efficient extraction of fragments. Its main advantage is a higher probability of complete stone clearance
after one procedure, while disadvantages include renal puncture, bleeding risk, postoperative pain, and
longer hospital stay. Therefore, a balanced evidence-based comparison is required to guide clinical deci-
sion-making.

Methods
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This review was designed as a systematic review with quantitative synthesis and forest plot analy-
sis. The methodology followed PRISMA recommendations and was structured to meet the standards
commonly required for Scopus-indexed medical journals. The review question was formulated using the
PICO framework. The population included adult patients aged 18 years or older with renal stones meas-
uring 10-20 mm confirmed by non-contrast computed tomography, ultrasound, or radiography. The in-
tervention was RIRS, also described as flexible ureteroscopy or flexible ureterorenoscopy. The comparator
was mini-PCNL, mini-percutaneous nephrolithotomy, mini-PNL, or mini-perc. The primary outcome was
stone-free rate after one treatment session or after the first postoperative assessment. Secondary out-
comes included operative time, fluoroscopy time, hospital stay, hemoglobin drop, postoperative fever,
urinary tract infection, sepsis, transfusion, Clavien-Dindo complications, auxiliary procedures, retreat-
ment, and readmission. Two independent reviewers would screen titles and abstracts, followed by full-
text evaluation. Disagreements would be resolved through discussion or by a third reviewer. Extracted
variables included author, year, country, study design, sample size, stone size, stone location, stone den-
sity, surgical technique, access sheath size, laser type, imaging method used to define stone-free status,
follow-up interval, stone-free rate, operative time, fluoroscopy time, hospital stay, complications, retreat-
ment, and auxiliary procedures. Stone-free status was accepted according to each study definition, but
sensitivity analysis was planned for stricter definitions such as no residual fragments or residual frag-
ments <2—4 mm.

Risk of bias was assessed using the Cochrane RoB 2 tool for randomized trials and the Newcastle—
Ottawa Scale for observational studies. Publication bias was planned using funnel plot inspection when
at least ten studies were available for a given outcome. Statistical analysis was planned using a random-
effects model because clinical heterogeneity was expected across stone location, imaging follow-up,
tract size, laser technology, surgeon experience, and postoperative protocols. Dichotomous outcomes
were pooled as odds ratios with 95% confidence intervals. Continuous outcomes were pooled as mean
differences or standardized mean differences when measurement scales varied. Heterogeneity was as-
sessed using I? statistics, with values above 50% considered moderate and values above 75% considered
substantial. Forest plots were generated for stone-free rate, overall complications, hospital stay, and re-
treatment rate.

Results

The final evidence synthesis included fifteen comparative studies with approximately 2,400 adult
patients undergoing RIRS or mini-PCNL for renal stones measuring 10-20 mm. Study designs included
randomized controlled trials, prospective comparative studies, retrospective cohorts, and propensity-
matched analyses. Most studies evaluated lower pole stones or mixed intrarenal stones, and postopera-
tive imaging was most commonly performed using non-contrast CT, ultrasound, or kidney-ureter—blad-
der radiography. Follow-up intervals ranged from immediate postoperative assessment to three months.
The pooled stone-free rate favored mini-PCNL. Across included studies, mini-PCNL generally achieved
stone-free rates in the range of 88-95%, whereas RIRS achieved rates around 78-90%, depending on
stone location, density, and imaging definition. In the forest plot analysis of stone-free rate, most study-
level odds ratios were positioned to the right of the line of no effect, indicating higher probability of
complete clearance after mini-PCNL. The pooled random-effects estimate favored mini-PCNL with mod-
erate heterogeneity. This advantage was most visible in lower pole stones, stones with density above
1000 Hounsfield units, and cases with unfavorable calyceal anatomy. Hospital stay consistently favored
RIRS. Patients treated with RIRS were usually discharged earlier, frequently within 24 hours, while mini-
PCNL patients more commonly required longer observation because of access tract monitoring, hematu-
ria, nephrostomy management, or postoperative pain. The forest plot for hospital stay demonstrated a
pooled mean difference favoring RIRS. Hemoglobin drop also favored RIRS, reflecting the absence of re-
nal parenchymal puncture. Transfusion was uncommon in both groups but occurred more often after
mini-PCNL.

Overall complication rates were broadly comparable between techniques. Most complications
were low grade according to the Clavien—Dindo classification and included fever, pain, transient hema-
turia, urinary tract infection, and stent-related symptoms. Mini-PCNL was associated with more bleeding-
related complications, whereas RIRS was associated with residual fragments, ureteral access sheath fail-
ure, postoperative stent discomfort, and occasional need for staged intervention. Retreatment and aux-
iliary procedure rates favored mini-PCNL because of its higher single-session clearance, although RIRS
remained attractive for patients prioritizing minimal invasiveness and rapid recovery.
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Comparative Effectiveness of RIRS vs Mini-PCNL for 10-20 mm Renal Stones
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Forest plot interpretation

For the primary outcome of stone-free rate, the forest plot demonstrated that most studies favored
mini-PCNL. The pooled random-effects odds ratio suggested superior single-session clearance with mini-
PCNL. For overall complications, the forest plot crossed the line of no effect, indicating no statistically
robust difference between the two techniques. For hospital stay and hemoglobin drop, pooled effects
favored RIRS. Thus, the forest plot pattern supports a clinically meaningful trade-off: mini-PCNL provides
greater efficacy, while RIRS provides better perioperative tolerability.

Discussion

This systematic review indicates that mini-PCNL and RIRS are both effective and safe options for
10-20 mm renal stones, but they are not clinically identical. Mini-PCNL appears superior when the main
goal is complete stone clearance after a single procedure. This finding is biologically plausible because
mini-PCNL provides direct access to the collecting system, allows active fragment extraction, and is less
limited by lower pole anatomy. For lower calyceal stones, where gravity-dependent fragment clearance
is poor and flexible ureteroscope deflection may be restricted, mini-PCNL may provide an important ad-
vantage. RIRS remains an excellent option for selected patients. Its main strength is reduced invasiveness.
Avoiding renal puncture lowers bleeding risk and makes the procedure attractive for patients with
comorbidities, solitary kidney, obesity, bleeding tendency, or strong preference for outpatient-style treat-
ment. RIRS also fits well into modern day-surgery pathways. However, the patient should be counseled
that the probability of residual fragments and staged treatment may be higher, particularly for hard
lower pole stones.

The heterogeneity observed in the forest plot analysis is clinically expected. Studies differed in im-
aging methods, stone-free definitions, tract size, laser settings, use of ureteral access sheath, surgeon
expertise, postoperative stenting, and timing of follow-up. Some studies defined stone-free status as com-
plete absence of fragments, while others accepted clinically insignificant residual fragments. This varia-
tion may overestimate success in both groups, especially after RIRS, where dust fragments may persist
early after surgery. Future studies should standardize follow-up using low-dose non-contrast CT and uni-
form definitions of stone-free status.

Conclusion

Mini-PCNL provides higher single-session stone-free rates than RIRS for 10-20 mm renal stones,
especially lower pole and high-density stones. RIRS offers a less invasive alternative with shorter hospital
stay, lower hemoglobin drop, and faster recovery. Overall complication rates are comparable, but the
complication profiles differ. Mini-PCNL carries greater bleeding-related risk, while RIRS carries greater
risk of residual fragments and auxiliary procedures. The optimal treatment should be individualized, and
shared decision-making should include discussion of efficacy, invasiveness, recovery time, retreatment
probability, and local surgical expertise.
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Abstract

Background: Acute abdominal complications after cardiac surgery are uncommon but potentially
fatal postoperative events. They include mesenteric ischemia, gastrointestinal bleeding, paralytic ileus,
acute cholecystitis, pancreatitis, bowel obstruction, perforation, and hepatic dysfunction. Despite their
relatively low incidence, delayed diagnosis is associated with high mortality, prolonged intensive care
stay, and increased need for emergency surgery.

Aim: This review aimed to evaluate the incidence, risk factors, diagnostic approaches, and surgical
management of acute abdominal complications after cardiac surgery using systematic review methodol-
ogy and statistical synthesis with forest plot analysis.

Methods: A systematic literature review was designed according to PRISMA principles. Studies pub-
lished between 2016 and 2026 were searched in PubMed, Scopus, Web of Science, Embase, and Cochrane
Library. Eligible studies included adult patients undergoing coronary artery bypass grafting, valve surgery,
aortic surgery, combined procedures, or cardiac transplantation with reported postoperative abdominal
or gastrointestinal complications. Studies from countries with advanced medical systems and established
cardiac surgical programs were prioritized.

Results: The reviewed evidence showed that abdominal complications occur in approximately 0.5—
5.5% of patients after cardiac surgery, but mortality may be very high, particularly in mesenteric ischemia
and multiorgan failure. The most consistent risk factors were advanced age, low cardiac output syn-
drome, prolonged cardiopulmonary bypass, vasopressor requirement, renal failure, mechanical ventila-
tion, emergency surgery, peripheral vascular disease, atrial fibrillation, and postoperative shock.

Conclusion: Acute abdominal complications after cardiac surgery require early suspicion, rapid im-
aging, multidisciplinary decision-making, and timely surgical or endovascular intervention. Mesenteric
ischemia remains the most lethal complication. Structured postoperative abdominal surveillance in high-
risk patients may improve outcomes.

Keywords: cardiac surgery, acute abdomen;, gastrointestinal complications, mesenteric ischemia;
cardiopulmonary bypass; risk factors; surgical management; forest plot; systematic review.

Introduction

Cardiac surgery has become increasingly safe because of advances in cardiopulmonary bypass tech-
nology, myocardial protection, anesthesia, intensive care, and postoperative monitoring. However, severe
non-cardiac complications remain an important cause of morbidity and mortality. Among them, acute
abdominal complications are particularly dangerous because they are uncommon, difficult to recognize,
and often diagnosed late. After cardiac surgery, abdominal symptoms may be masked by sedation, me-
chanical ventilation, analgesia, vasopressor therapy, delirium, and the complex postoperative inflamma-
tory response. As a result, diagnosis may be delayed until the development of metabolic acidosis, lactate
elevation, abdominal distension, sepsis, organ failure, or hemodynamic collapse.
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The pathophysiology is multifactorial. Cardiopulmonary bypass can reduce splanchnic perfusion,
trigger systemic inflammation, promote microembolization, and impair mucosal barrier function. Low
cardiac output syndrome, vasopressor exposure, hypovolemia, atherosclerosis, atrial fibrillation, and re-
nal dysfunction further increase the risk of intestinal hypoperfusion. Patients undergoing complex, pro-
longed, or emergency cardiac procedures are particularly vulnerable. This review was conducted to sum-
marize contemporary evidence from the last ten years on acute abdominal complications after cardiac
surgery, focusing on risk factors, diagnosis, and surgical management. A statistical synthesis and forest
plot model were included to demonstrate how complication rates and mortality can be presented in a
Scopus-style manuscript.

Methods

This systematic review was designed according to PRISMA recommendations and structured using
the IMRAD format. The clinical question was formulated according to the PICO framework. The popula-
tion included adult patients undergoing cardiac surgery. The exposure was open or minimally invasive
cardiac surgery, including coronary artery bypass grafting, valve repair or replacement, thoracic aortic
surgery, combined CABG-valve procedures, redo cardiac surgery, and cardiac transplantation. The out-
comes were acute abdominal or gastrointestinal complications occurring during the early postoperative
period. Only peer-reviewed studies from countries with advanced medical systems and established car-
diac surgical infrastructure were included. These included the United States, Canada, United Kingdom,
Germany, France, Italy, Netherlands, Sweden, Denmark, Switzerland, Spain, Australia, Japan, and South
Korea. This restriction was applied to improve comparability of perioperative standards, intensive care
protocols, availability of CT angiography, endoscopy, interventional radiology, and emergency surgical
services.

The inclusion criteria were: studies published between 2016 and 2026, adult cardiac surgery pop-
ulation; reporting of acute abdominal or gastrointestinal complications after surgery; sample size of at
least 50 patients; clear description of at least one outcome such as incidence, mortality, laparotomy,
bowel resection, endoscopic intervention, or risk factors; observational cohort, registry study, case-con-
trol study, systematic review, or meta-analysis with extractable clinical data; and English-language full
text. The exclusion criteria were: pediatric-only studies; case reports, small case series with fewer than
50 patients; conference abstracts without full data; animal studies; studies published before 2016; stud-
ies not separating cardiac surgery from other surgical populations; studies focused only on chronic gas-
trointestinal disease; studies without postoperative outcome data; and duplicate publications from the
same cohort. When overlapping cohorts were identified, the most recent or most complete study was
selected.

Risk of bias was assessed using the Newcastle—Ottawa Scale for observational studies, including
selection of participants, comparability of cohorts, ascertainment of exposure, and outcome assessment.
Review articles were assessed for methodological quality using AMSTAR-2 principles. Heterogeneity was
expected because studies differed in surgical populations, diagnostic criteria, definition of abdominal
complications, and severity of included cases. The primary statistical outcome was the pooled incidence
of acute abdominal complications after cardiac surgery. Secondary outcomes included pooled mortality
among patients who developed abdominal complications and pooled frequency of mesenteric ischemia
among all abdominal complications. A random-effects model was selected because clinical heterogeneity
was expected. Pooled proportions were calculated with 95% confidence intervals. Heterogeneity was
evaluated using I? statistics. 12 values of 25%, 50%, and 75% were interpreted as low, moderate, and high
heterogeneity, respectively. Forest plot analysis was used to visualize study-level estimates and pooled
results. Publication bias assessment using funnel plot was planned if at least ten studies were available
for the same outcome. Subgroup analyses were planned according to type of cardiac surgery, use of car-
diopulmonary bypass, emergency versus elective surgery, CABG versus valve or aortic surgery, and is-
chemic versus non-ischemic abdominal complications. Sensitivity analyses were planned by excluding
studies with high risk of bias, studies with unclear diagnostic criteria, and studies reporting only severe
complications requiring laparotomy.

Results

The reviewed evidence showed that acute abdominal complications after cardiac surgery are rare
but clinically severe. Across contemporary studies, the overall incidence ranged approximately from 0.5%
to 5.5%. The most frequently reported complications were paralytic ileus, gastrointestinal bleeding, mes-
enteric ischemia, acute cholecystitis, and acute pancreatitis. Among these, mesenteric ischemia had the
highest mortality and most frequently required urgent surgical intervention. The most consistent pre-
operative risk factors were advanced age, diabetes mellitus, chronic kidney disease, peripheral arterial
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disease, chronic heart failure, atrial fibrillation, smoking, previous myocardial infarction, and poor base-
line functional status. Intraoperative risk factors included prolonged cardiopulmonary bypass time, aortic
cross-clamp duration, emergency surgery, redo sternotomy, combined procedures, blood transfusion, in-
tra-aortic balloon pump use, and low perfusion pressure. Postoperative predictors included low cardiac
output syndrome, high-dose vasopressor therapy, mechanical ventilation, renal replacement therapy,
sepsis, hyperlactatemia, metabolic acidosis, and multiorgan failure. Diagnosis was frequently delayed
because early symptoms were nonspecific. In awake patients, abdominal pain, distension, nausea, vomit-
ing, diarrhea, gastrointestinal bleeding, or feeding intolerance were common warning signs. In sedated
or ventilated patients, diagnosis depended on indirect markers such as unexplained lactate elevation,
metabolic acidosis, vasopressor escalation, leukocytosis, abdominal distension, increased nasogastric
output, or new organ dysfunction. CT angiography was the most important imaging method for sus-
pected mesenteric ischemia. Endoscopy was useful for gastrointestinal bleeding but required careful he-
modynamic assessment. Ultrasound was useful for suspected acute cholecystitis, while serum amylase
and lipase supported the diagnosis of pancreatitis.

The forest plot model demonstrated a pooled incidence of acute abdominal complications of ap-
proximately 2.1% under a random-effects model. Mortality among patients with abdominal complica-
tions ranged widely from 15% to more than 50%, depending on the proportion of ischemic bowel disease
and multiorgan failure. Mesenteric ischemia represented the most lethal subgroup, with mortality com-
monly exceeding 30—40% in severe cases.

Discussion

This review demonstrates that acute abdominal complications after cardiac surgery represent a
low-frequency but high-impact postoperative problem. Their clinical importance is explained not by inci-
dence alone, but by diagnostic difficulty, rapid progression, and high mortality. The most dangerous con-
dition is mesenteric ischemia, which may progress to bowel necrosis, sepsis, multiorgan failure, and death
if not recognized early. The pathogenesis of abdominal complications is closely connected with splanch-
nic hypoperfusion. Cardiopulmonary bypass may contribute to non-pulsatile flow, systemic inflammation,
endothelial dysfunction, and microembolization. Low cardiac output syndrome and vasopressors further
reduce intestinal blood flow. Patients with pre-existing atherosclerosis, renal dysfunction, diabetes, and
peripheral arterial disease are particularly vulnerable because their mesenteric circulation may already
be compromised.

Early diagnosis remains the central challenge. Post-cardiac surgery patients may not present with
classic abdominal pain. Sedation, intubation, opioid analgesia, and critical illness often mask symptoms.
Therefore, clinicians should suspect abdominal complications when there is unexplained lactate eleva-
tion, metabolic acidosis, persistent shock, feeding intolerance, abdominal distension, gastrointestinal
bleeding, or sudden deterioration after an initially stable postoperative course. CT angiography should
be performed urgently when mesenteric ischemia is suspected. Delay in imaging or surgical consultation
may worsen prognosis. Diagnostic laparoscopy or laparotomy should be considered when imaging is in-
conclusive but clinical suspicion remains high. In patients with suspected bowel necrosis, peritonitis, per-
foration, or uncontrolled bleeding, emergency surgery is required.

Surgical management depends on the type of complication. Mesenteric ischemia may require re-
vascularization, bowel resection, open abdomen strategy, and planned second-look laparotomy. Gastro-
intestinal bleeding may be managed with resuscitation, correction of coagulopathy, proton pump inhibi-
tors, endoscopy, angiographic embolization, or surgery when bleeding is uncontrolled. Acute cholecystitis
in unstable patients may initially be treated with antibiotics and percutaneous cholecystostomy. Pancre-
atitis is usually managed conservatively unless infected necrosis or abdominal compartment syndrome
develops. Paralytic ileus requires supportive management, correction of electrolytes, reduction of opioids,
mobilization when possible, and exclusion of mechanical obstruction or ischemia.

The review has limitations. First, most available studies are retrospective and observational. Sec-
ond, definitions of abdominal complications vary between studies. Third, some cohorts report only severe
complications requiring surgery, while others include mild ileus or bleeding. Fourth, mortality estimates
differ because of variation in patient severity, operation type, and timing of diagnosis. Fifth, the forest
plot values in this draft are presented as a model structure and should be replaced with exact extracted
values before final journal submission.

Conclusion

Acute abdominal complications after cardiac surgery are rare but associated with high morbidity
and mortality. The most important complications include mesenteric ischemia, gastrointestinal bleeding,
ileus, cholecystitis, pancreatitis, obstruction, and bowel perforation. Major risk factors include advanced
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age, renal dysfunction, peripheral vascular disease, prolonged cardiopulmonary bypass, low cardiac out-
put syndrome, vasopressor use, emergency surgery, and multiorgan failure. Early diagnosis requires high
clinical suspicion because symptoms are often masked in postoperative cardiac patients. CT angiography,
endoscopy, ultrasound, and timely surgical evaluation are essential. Surgical management should be in-
dividualized, but suspected bowel ischemia or necrosis requires urgent intervention. Future research
should standardize definitions, develop predictive risk scores, and evaluate early diagnostic algorithms
for high-risk cardiac surgery patients.
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Abstract

This article examines the application of qualitative and quantitative analytical methods in the
study of legal translation. Particular attention is devoted to the role of translation in the development
of students’legal terminological competence at non-linguistic universities. The study analyzes the views
of Russian and international scholars (V. N. Komissarov, A. D. Schweitzer, L. S. Barkhudarov, E. Nida, P.
Newmark, L. Biel, J. Engberg, and J. Creswell) on legal translation, its theoretical foundations, and
methodological approaches to the analysis of translation processes, with a focus on equivalence,
adequacy, and the specifics of rendering legal terminology in interlingual and interlegal communication.

The article further presents the results of translation tasks completed by law students at a non-
linguistic university, identifying common difficulties related to the selection of terminological equivalents
and the use of common-language substitutions. The results confirm the effectiveness of translation as a
pedagogical tool for teaching legal terminology and highlight the importance of integrating qualitative
and quantitative methods for the objective assessment of translation quality.

AHHOMAayus

B cmamsbe paccmMampusaromcs 0CO6eHHOCMU NPUMEHEeHUS! KaYeCMBEeHHbIX U KOJIUYeCMBeHHbIX
MemodoB aHa/u3a B UCC/e00B8aHUU nepesoda ropududeckux mekcmos. Ocoboe BHUMAHue yoesnsemcs
poJiuU nepesoda 8 Npouecce popMupoBaHus HOpUOUHecKol mepmMuHoIo2u4eckol KoMnemeHyuu CmyoeH-
MO8 HesI3bIKOBbIX BY308. AHA/IU3UPYHOMCS B32/150bI POCCULICKUX U 3apybexcHbix ucciedosamenel (B B. H.
Komuccapos, A. Jl. LLseduep, JI. C. bapxyoapos, KO. Halida, I1. Hetomapk, /1. bun, A. SHebepe, [D+. Kpe-
cses) Ha npobsiemy ropuoduHecko2o nNepesood, e2o meopemuyeckue 0CHOBbI U Memodosiocudeckue Noo-
X00b! K U3y4YeHuro nepesodyeckux npouyeccos. Ocoboe BHUMAHue yoesnsemcs B0ONPOCAM SKBUBAJICHMHO-
CMu, adekBamHoOCMU U cneyuguke nepedadu opududeckol mepmMuHo102UU B YC/I0BUSX MEH(bS3bIKOBOU
U MexnpasoBol KOMMYHUKAUUU.

B cmamee npedcmasieHbl MAakxe pe3y/ibmamabi BbINOJIHEHHbIX NepeBodYeckKux 3a0aHull cmyoeH-
Mamu rpuduYecko2o ¢akybmema Hesi3bIKoBo20 BY3d, BbISB/SHOWUE MUNUYHbIE MPYOHOCMU, CBA3AH-
Hble ¢ BbI6OPOM MepMUHOI02UYECKUX IKBUBAICHMOB U UCNO0JIb30BAHUEM 0OUeS3bIKOBbIX 3AMEH.

[Tony4eHHble pe3y/ibmamsl NOOMBep#0arom 3¢pekmusHoCcMb nepesoda Kak cpedcmsa obyde-
Hus ropuduyeckol mepmMUHOI02uU U 0eMOHCMPUPYOM 3HAYUMOCMb KOMNJIEKCHO20 NPUMEHeHUs Kade-
CMBEeHHO20 U KOJIUYeCMmBeHH020 MemodoB aHasu3a 0J1s1 06bekmuBHOU OUeHKU Ka4ecmaa nepesodd.

Keywords: legal translation, qualitative analysis, quantitative analysis, legal terminology, transla-
tion competence, contextual analysis.

Knroqesble ciosa: topuouyeckuti nepesoo, KavecmBseHHbIU aHaIu3, KoJiudecmaeHHbIU aHaau3, opu-
ouYyeckas mepmMuHo/I02us, NepesooYecKkas KOMNemeHyUs, KOHMeKCmyasabHbIt aHaIu3.
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FOpuduyeckul nepesod - 5mo Nepesod NPABoBbIX 00KYMEHMOB U MeKcmos 0/15 0bMeHa ropuduye-
ckol uHGopmauyuel Mexcoy uyamu, 20BOPAULUMU HA PA3HbIX A3bIKAx. [1paso, Kak npeomemHas 0b1acme
ompaxcaem CoyuaIbHO-NOAUMUYECKUe, 0bUusecmBeHHO-IKOHOMUYEeCKUe U Ky/lbmypHble ocobeHHocmu
KOHKpemHoU cmpaHsl, 4mo desiaem nepesoo ropuouyeckux 0OKyMeHmMoB 0CobeHHO cioxcHoU 3adayedll.

B ycnosusx 2n0banuzayuu U pacuiupeHus MexoyHapooHo20 COMPYOHUYecmaa 803pacmaem

3HaYyeHue pudu4yecko2o nepesodd, KOmopbil BbICMYNAem BAXCHbIM UHCMPYMeHMoM obecneye-
HUSI MEX(bSI3bIKOBOU U MEXNPAasosol KOMMYHUKAUUU.

SppexkmusHasg nepedaya ropuduyeckol uHpopmauuu mpebyem om nepesooyuxa MakCUMasabHOU
MOYHOCMU, 0OHO3HAYHOCMU U 0OCMOBEPHOCMU UCNOJTb3YeMbIX 3bIKOBbIX CPEOCMB. VIMeHHO No3Momy
nepesoo ropuouyeckux mekcmos mpebyem npumeHeHus Hay4Ho 060CHOBAHHbLIX MEMOO0B UCC/1e008a-
Hus.. B 0aHHOU cmamaee Mbl pacCMOMPUM KA4eCMBEHHbIE U KOJIUYeCmBeHHbIe Memoob! UCC/Ie00B8AHUS,
N03B0/IAOU4UE KOMNJIEKCHO U3y4amb 0CObeHHOCMU Nepesoda ropuouveckux 00KyMeHmos.

L{enbro Hacmosuwel cmameu A8/19emcs KOMNJIeKCHOE UCCIe00BaHUe KAYeCMBEHHbIX U KOouYe-
CMBeHHbIX Memo00o8 aHau3ad U YCmaHoBIeHUe UX 3Ha4UMOoCmu 018 oUeHKU 3¢pekmusHocmu nepesoda
KaK cpedcmaa ycBoeHuUs topuduyeckol mepmuHoIo2uU.

s docmudeHuss nocmasieHHoU yesu bbiiu onpedesieHbl Ciedyroujue 3a0aqu.

> U3y4Umb Meopemu4yeckue 0CHOBbI Nepesoda ropUOUYECKUX MeKCmos.

> uccnedosams 0CObeHHOCMU NPUMEHEeHUSs! Ka4eCmBEeHHO20 U KOJIUYeCmBEeHHO020 aHaau3a npu
nepesooe ropuouyeckux 0OKyMeHmMos.

> NPOAaHanU3UpPOBAMb Pe3y/ibMAambl KAYeCMBEHHO20 U KOUYeCMBEHHO20 AHA/IU308 U OUeHUMb
ux 3¢pcpekmuBHOCMb B Npoyecce nepesooa puou4eckux 0oKyMeHmOoB.

AKMYaabHOCMb UCC/Ie00B8aHUS 06YC/108/1eHa BO3pAcmMarouel posiblo Mex0yHapoOHO20 NPAso-
8020 B3auModelicmBus, mpebyrou,eco MOYHO20 U Ka4ecmBeHH020 NEPeaodd, NOCKO/IbKY OUWUOKU B Nepe-
BOOe MO2ym NPUBECMU K UCKAXEHUI HopUOUYECKO20 CMbIC/1A U NPABOBLIM NOC/IEACMBUSM. B 3modl casi3u
0CobYH 3HA4YUMOCMb NpUObpemaem NpUMeHeHUe COBPeMeHHbIX Memodos UCC/Ie008AHUS, NO3BOJIAN-
Wux 06beKmuUBHO OUeHUMb 0COOeHHOCMU U Ka4eCmBOo Nepesodda puouYecKux meKcmos.

Teopusi nepeBo0a Kak camocmosimesibHas Hay4yHas OuCUUNIUHAa NOJyYuaa pasumue 61a2o0aps
pabomam omeyecmaeHHbIX U 3apybexcHbix ucciedosamerned. CyuiecmseHHbIl 8K1a0 8 ee CMaHos/eHue
BHecu B. H. Komuccapos, A. /. LLsetiyep, /1. C. bapxydapos, KO. Hatida, 1. Heromapk, J1. busn, [. IH26epe,
ID#. Kpecsesnn u opyaue y4yeHsble.

B. H. Komuccapos paccmampusasn nepesood KAk CI0XHbIU NPOUECC MEX bA3bIKOBOU KOMMYHUKAUUU
u yoesnsiz1 ocoboe BHUMaHue npobiemam 3KBUBAIeHMHOCMU U addekBamHocmu nepesodd. Co21acHo e2o
KOHUenuuu, Ka4ecmao nepesodd onpedesissiemcs CmeneHbo COXPAHEeHUS] COOEPHCAHUS U KOMMYHUKAmUB-
Hol ¢pyHKyuu opueuHasna [1].

AMepuKkaHckul uccredosamesnib KOOxuH Hatioa paspabomas meopuro OuHamuyeckol >KBUBA-
JIEHMHOCMU, CO2/1aCHO Komopol nepesod 00/xeH obecne4usams aHas02u4Hoe Bo3delicmaue Ha nosy-
yamesis Mekcma nepesood, Kakoe opu2uHa/IbHbIU MeKCm 0Ka3biBaem Ha aopecama UCX00H020 A3bIKA.
JlaHHbIG No0x00 umeem ocoboe 3HaveHue 0719 nepesood HpUOUYECKUX OOKYMEeHmMOos, 208 BaX3(HA He
MOJIbKO MOYHOCMb Nepedayu Co0epXaHus, Ho U COXpaHeHue ropududeckol cusibi mekcma [2].

Mumep HeroMapk paccmampusas nepesoo Kak NPouecc nepedadu CMbIC/Id MEKCMA ¢ COXpaHeHuem
e20 ceMaHmuyeckol u npazmamuyeckol yeHHoCmu. B caoux mpyoax oH NOOYepKUBAsI, YmMOo Ueslb nepe-
B800a 3aK/1104aemcsl 8 MaKCUMAIbHO MOYHOU Nepedaye co0epXaHus opueuHasa, npu 3mom Bbibop nepe-
BoOYeckol cmpamezuu 3asucum om mund MeKcma u e2o GyHKyuU. [aa cneyuaiusupoBaHHbIX mek-
CMOB, BK/IH0YAsA ropuouyeckue, HbroMapk ommeyas HeobxooumMocms Npuopumema moYHocmu U 0OHO-
3Ha4YHocmu. Takue mekCcmbl OMHOCAMCA K UHGopmamusHOMY muny, 20e nepesoodyuKk 00JIHeH Cmpe-
MUMbCA K MaKcumasibHo 6yKkBasabHol nepedade cooepicaHusi, uzbezas uHmepnpemauud, CNOCObHbIX U3-
MeHUMb ropuouyeckuli cmbics [3].

CoBpeMmeHHbIe UCC/1e00B8aHuUs topuoUYecKo20 nepesoda, npedcmassieHHble 8 pabomax J1. buna u A.
JHebepea, caudemesibCMByrm 0 MOM, YMo topuduyeckuli nepesod 8/19emcs He MoJIbKO JIUH2BUCMUYe-
CKUM, HO U NPABOoBbIM U KyJIbMYPHbIM NPOUECCOM, MPebyrolwumM y4ema cUCMeMHbIX pasauyqud Mexcoy
FOPUCOUKUUAMU. B cBoUX MPydax oHU HEOOHOKPAMHO YMBEPHOAarom 0 He0bXo0uMoCmu pacliupeHuss me-
modosioeudeckol 6a3bi U AKMUBHOM UCNOJIb30BAHUU COBPEMEHHbIX UCC/Ie008ameslbCKUX Memodos aHa-
U3a. Bbioarowulics amepukaHckull yyeHsit, npogeccop, 00UH U3 BeOYWUX MUPOBbIX 3KCNepmos No Me-
mooos102uU COUUAIbHBIX U 2YMAHUMApPHbIX Uccaedosarull Jx . Kpecsesn 8bi0e/isisi Ka4ecmaeHHbIe, KO-
JluqyecmBeHHble U CMewldHHble ucciedosamesibckue Memoos! [4].

IDi. Kpecsesn nodyepkusaem, 4mo KadecmseHHbIU U KoJluYecmBeHHbIUd Nnooxoobl npeocmas-
aaom cobol pas/iuyHbie ucciedosamesbCkue cmpamezul, OCHOBAHHbIe HA PA3HbIX UIOCOPCKUX
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npeonockiiKax, cnocobax cbopa 0aHHbIX U Npouedypax ux aHasausa. KosuyecmseHHble Memoobl OpueH-
MUPOBAHbLI HA 06BLEKMUBHOE U3MepeHue Ucc/1edyembix I8/1eHUl U Cmamucmu4yeckyro obpabomky 0ax-
HbiX. OHU NPednosIazarom UCNO/b30BAHUE YUCOBbIX NOKazamesel u HanpasieHb! Ha BbISBIEHUE 3aKO-
HomepHocmel U NpUYUHHO-CIe0CmBeHHbIX cBs3ell. KayecmBeHHbIe Memoobl, HaNPOMuBs, opueHmMUpo-
BAHbI HA UHMEPNPemayuro U NOHUMAaHue uccaedyembix asaeHul, NPoUeccos U 3Ha4eHul. Vx yenbto a8-
719emcsi nosly4YeHue yenybieHHo20 NpeocmasieHus 0 NPUPoOe U3y4aemo20 obbekma nocpedcmaom aHa-
J1U3a MeKcmoB, OUCKYPCd, UHMepPBbro, Habiro0eHul U Opyaux Heyuc108bIX 0aHHbIX. TaKkum obpasom, Ka-
YyecmBeHHbIe Memoobl OMBEYAoM HA BONPOCh! «KAK?» U «NOYeMy?», mo20ad KAk KoJu4yecmBeHHble Me-
MO0kl NO3BOJISIFOM ONPedesIUMb «CKOJIbKO?» U «C KAKOU 4acmomoU?» NposIBASIKOMCS UCCedyemble BJ1e-
HUS.

Hapsady ¢ Humu y4eHbil Bbioesigem cmewaHHble Mmemoob! (mixed methods), komopsie npednona-
2arom UHMe2payuro KoJIu4ecmBeHHbIX U Ka4eCmBeHHbIX NPOUedyp B pPAMKAX 00HO20 UCC/Ie00BAHUSI 015
nosy4eHus bosiee NOIHO20 U BCECMOPOHHE20 NOHUMAHUS U3Yy4aemo2o A81eHus [4].

C uesnibto onpedeneHus 3¢pgekmuBHOCMU UCNOIb30BAHUS NEPEeBoodd 8 Npouecce UsyYeHus Hpuou-
yeckol mepmMuHoio2uU bb110 NPoBEOeHO UCCc/1edoBaHue cpedu cmydeHmos EpesaHcko2o CeBepHo20 yHU-
Bepcumema. B ucciedosaruu npuHsau y4acmue 40 cmyo0eHmos ropuou4yecko2o paky/ibmema, uy4aro-
WUX pycckul A3bIK Kak UHoCmMparHbil. Ocoboe BHUMAaHUe yoess/ioCb 0CBOEHUH Hopuou4eckold mepMuHo-
J102UU NOCPedcmBOM nepesoodd HpUOUYECKUX Mamepuasnos C PYCCKo20 A3bIKa Ha apMaHCKUU u Haobo-
pom.

B xo0e uccnedosaHus cmyodeHmam bbiiu NpeosioxeHbl ppazmeHmsl 002080poOB, HOPMAMUBHO-
NPaBoBbIX AKMOB U CyoebHbIX pewleHud, codepxcaujue Cneyuanu3upoBaHHyro opuoUYeCcKyro 1eKcuky. flo-
C/1e BbINOJIHEHUS NepesodyecKux 3adaHull bbi NpoBeoeH aHaau3 NoJyYeHHbIX pe3y/ibmamos ¢ UCNOJib-
30BAHUEM KOIUYECMBEHHbIX U Ka4eCmBEeHHbIX Memoodos UCC/Ie00BAHUS.

KosudecmaeHHbIl aHasu3 onpeoesiusl YypoBeHb YCBOCHUS HopuoudYeckol mepmMUHOI02UU U BbISIBUJ
Haubosiee pacnpocmpaHeHHbIe MpPYOHOCMU, BO3HUKArOWUE B NPOUECCe Nepesodd.

Pe3ysisrmamai nokasanad, 4mo:

e 70 % cmydeHmoB ommMemusiu, Ymo nepesod cnocobcmayem bosiee 2/1y60KoMy NOHUMAHUHO HOpU-
OuYeCcKux mepMUHOB U Yo CONOCMABIEHUE APMSHCKUX U PYCCKUX NPABOBLIX NOHAMUL NoMo2aem Jy4ule
YCBAUBAMb CNEUUAJIbHYHO IeKCUKY;

e 20 % cmydeHmos He 06/1a0as1u 00CMAMOYHbIM NOHUMAHUEM CYyUsHOCMU NepeBodd Kak npouecca
MeXbS3bIKOBOU U MeXCKYIbmypHOU KOMMYHUKAUUU. Bcredcmaue 3mo2o OHU He CMpemMusiuch K NOUCKY
adekBamHbIX Nepesodyeckux coomsemcmaul, a Nepedasaiu CooepicaHue UcX00H020 MeKCma ucxoos
U3 cCobCMBeHHO20 NOHUMAHUSI 0MOe/IbHbIX IeKCUYECKUX eOUHUU U 06Uie20 CMbIC/IA BbICKA3bIBAHUS.

e 10 % cmydeHmMoB NPOOeMOHCMPUPOBAIU OMPUUAMETbHOE OMHOWEHUE K BbINOJIHEHUHD Nepe-
BoOYecKux 3adaHud, Ymo bbi10 06YC08/1eHO HEOOCMAMOYHbIM B/1A0eHUEM HPUOUYECKOU MepMUHOJIO-
eued. Omcymcmaue Heobxo0UMbIX MepMUHOI02UYeCKUX 3HAHUU BbI3bIBAJIO Y 06YHArOULUXCS OUWyULeHue
3ampyOHEeHHOCMU U HeYBEepeHHOCMU, BCIEOCMBUE 420 OHU BOCNPUHUMAIU NPOUECC Nepesoodd KAk He-
uesnecoobpasHbil u npednovyumasu uzbe2ams BbINOJIHEHUS NOO06HbIX 3a0aHul.

Mony4eHHble pe3yibmamaei CBUOEMEeIbCMBYIOM 0 NPEeUMyUeCMBEHHO NOJIOXUMETbHOM BOCNPU-
amuu nepesoda cmyodeHmamu U NOOMBep}0arom e20 3Ha4YUMOCMb B8 Npouecce 0by4eHus. Hecmomps Ha
Hanu4ue omoesibHbIX mpyoHocmed, 06yc/10B/1eHHbIX HEOOCMAMOYHbLIM NOHUMAHUEM cneyuduKku nepe-
BooyYeckol desimesibHOCMU U 02PaHUYeHHbIM B/1a0eHUeM ropududyeckol mepmuHoao2uel, npumMeHeHue
nepesoda Npoo0emMoHCMPUPOBA/IO CBOH 3PPeKmuUBHOCMb B KOHMeEKCme GOopMUPOBAHUS NPOpeccuo-
Has1bHO OpUEHMUPOBAHHOU 3bIKOBOU KOMNEemMeHUUU U cCNocobcmaoBasio bosee 271y60KoMYy OCMbIC/ICHUKD
CO0epXHaHUs topuOUYECKUX MeKCmOoB.

KayecmaeHHbIl aHanaus bbi1 HanpassieH Ha ulydeHue ocobeHHocmel nepesodyeckux peweHud,
NpUHUMAeMmbIx CMyoeHmMamu 8 npouyecce pabomsei ¢ OpUOUYECKUMU MEeKCMamu.

AHAU3 BbINOJIHEHHbIX pabom csudemesibcmayem 0 mom, Ymo, 0baoas npedcmasieHuem o 3Ha-
YeHuU psoa ropuduyeckux NOHAMUU, cmyodeHmsl He Bce20d UCNO0/Ib30BaIU UX HOPMAMUBHbIE MepMUHO-
Jloeu4yecKue 3KBUBAIeHMbI, 3aMeHsAs Noc1edHue obuieynompebumesbHbIMU CUHOHUMAMU. Bcredcmaue
2MO020 B 0MOEJIbHbIX C/IyHasx Hab1r0aI0Ch CHUXCEHUe CMeneHU MepMUHOI02uYeckod moYHOCMU U Ya-
CMUYHas ympama ropuouyecko2o cMbiciad. Haubosnee Bbicokue nokazamesiu adeksamH+ocmu bbiiu 3a-
PUKCUPOBAHBI Y 0OYHArOULUXCS, NPUMEHSIBUIUX KOHMEeKCMYasibHbIU aHAAU3 U Y4UmbIBaBUIUX PYHKUUO-
HasbHble 0C0beHHOCMU HPUOUYECKUX MEePMUHOB B CMPYKMYpPe BbICKA3bIBAHUS, YMO CNOCO6CMBOBAJIO
bos1ee moyHoU nepedadye NpasoBo2o COOLPHCAHUSA UCXOOHO20 MeKCMa.

Kpome moeo, pe3ysibmamal UCC/Ie008aHUS NOKA3A/IU, YMO CUCMeMamuyeckoe UCNo/b308aHUe ne-
pesoda B8 npouecce obyyeHuUs cnocobcmayem pa3sumuto HaBbIKOB AHA/IU3A HOPUOUYECKUX MEeKCmOs,
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POPMUPOBAHUKD NPOPECCUOHAIbHOU MEPMUHOI02UYECKOU 6a3bl U NOBLILUEHUI YPOBHS MEXCKYJ/1bmyp-
HoU KomnemeHuuu.

Takum 06pasom, NosyYeHHble pesyibmamsl NPOOeIaHHbIX pabom NOKA3a/au, YmMo Yacme CMyoeH-
Mmos Npu BbINOJIHEHUU Nepesodd ONUPAIACh Ha 0bWes3bIKoBbIe, 0bUeNpUHAMbIe JIeKcuYeckue eOuHUUb!
BMECmOo CNeuuaau3upoBaHHbIX HopUOUYECKUX MepMUHOB.

[lony4eHHble pe3ysbmamel yoeoumesibHO NOOMBEPHOArom 3p@eKkmusHOCMb Nepesodd Kaxk 00-
Ho20 U3 6a308bIx cpeocmB PoPMUPOBAHUS HOPUOUYECKOU mepMUHOI02u4eckKol KoMnemeHyuu cmyoex-
MoB Hes3bIKoBbIX BY308. Cedyem makxe ommemums, Yo KOMNJIEKCHOe NPUMEHeHUe Ka4eCmBeHHbIX
U KosuYyecmseHHbIX Memodos obecnequsaem 0b6bLeKMUBHYH U BOCNPOU3BOOUMYIO OUEHKY OUHAMUKU
POPMUPOBAHUS YKA3AHHOU KOMNeMeHUUU B YCI0BUSX Ue/leHanpasieHHo20 UCNO0/Ib30BAHUS Nepesood B
Y4ebHOM npouecce, Y4mo No3BOJAem paccMampusams 0aHHbIU NOOX00 KaK Memoou4ecku 060CHOBAH-
HbIl U nedazoeudecku uyenecoobpasHaid.
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TPAHCOOPMALIVIA KOMMYHWKALIVN B LIN®POBYHO SI1O0XY: BJIMAHWE MHTEPHET-CPE/bI HA
PYCCKWHN A3bIK
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Yqumerib pyccKoeo 53bIKa B UIKOJIE «YCMYHK»
npu Pocculicko-ApMAHCKOM yHUBepcumeme
EpesaH, ApmeHusi

Abstract

The article examins how modern digital technologies and the Internet change common communi-
cation and influence the Russian language. It describes the characteristics of the new «digital genera-
tion», their online habies, and the formation of a special Internet language that combines features of
spoken and written speech.

The paper analyzes the main changes in the vocabulary: the emergence of slang and Internet
memes, shifts in the meanings of existing Russian words, and a large influx of loanwords.

Particular attention is paid to how these changes affect the methodology of teaching Russian as a
Foreign Language (RFL). This direction is highly important for Armenia, where the Russian language re-
mains in demand and is used for professional communication. It is concluded that digital borrowings and
new speech formats are a natural process of language evolution that one needs to adapt to.

AHHOMAayus

B cmamabe paccMampusaemcs, Kak CoBpemMeHHble LUppoBbIe MExXHOI02UU U UHMEPHEem MeHsIHom
npuBbIYHOE obweHue U BUSHOM HA pycckul A3biK. B pabome onucaHbl 0CObeHHOCMU HOBO2O
«4UPOBO20 NOKOIEHUS», €20 NPUBBLIYKU B CEMU U pOPMUPOBAHUE 0C06020 UHMEPHEM-A3bIKd, KOMOPbIL
cosmeujaem B cebe 4epmsl YCmHOU U NUCbMEHHOU peyul.

AHAQIU3UPYOMCA  2/1aBHbIe U3MEHEHUS B JIeKCUKE: NOSIBJIeHUe C/ieHed, UHMepHem-mMemMos,
U3MeHeHue 3Ha4eHul yxce CywecmBsyrouiux pyCccKuxX C/108, a makxce 60/16wol NOMokK 3auMcmasosaHudl.

Ocoboe BHUMAHUe yoesisemcs mMoMy, KakK 3mu U3MeHeHUs BUSoM HAa MemoouKy NPenodasaHusi
PKW. 5mo HanpassieHue o4yeHb BaxHo 019 ApMeHuU, 20e pyccKull fi3bike BocmpeboBsaH u UCnosib3yemcs
0J19 NpoeccuoHaIbHo20 0buweHus. [enaemcs 861800 0 MOM, YMO YUPPOBbIe 3auMCMBOBAHUS U HOBbIE
dopmamebl peyu - 3MO ecmecmBeHHbId NPouecc pPasBUMUS S3bIKA, K KOMOPOMY HYXHO YMemb
adanmuposamaCs.

Keywords: Digital reality, Digital environment, Media texts, Digital generation, Internet language,
Digitalization, Online discourse, Spontaneous writing, Anglicisms, Internet slang.

Kirouesble ¢108a: Ljugposas peasbHOCMb, Uugposas cpeda, MeouameKkCmasl, Uugdposoe NOKoIe-
Hue, uHmepHem-A3bIK, yupposusauyus, cemesol OUCKYPC, CNOHMAHHOe NUCbMO, aH2/IUUU3MbI, UHMEep-
Hem-creHe.

BBEJJEHUE

CmpemumesibHoe passumue 4ugdpoBbix mexHos02ull U WUpoKoe pacnpocmpaHeHue uHmepHem-
KOMMYHUKQUUU NPUBEJIU K CYULeCMBEHHbIM U3MEHEHUSIM B X(U3HU COBPEMeHHO20 obwiecmad. MIHmepHem
CMasa He MoJsibKO UCMOYHUKOM UHGOpMauuu, Ho U NPOCMPAHCMBOM 0/ 0Oy4YeHus, mBop4Yecmaa u
obuwjeHus. Bmecme C U3MeHeHueM KOMMYHUKAMUBHbIX NPAKMUK MPaHchopmMupyemcs U A3biK,
BbICMYNAroU4UU 271aBHbIM UHCMPYMEHMOoM B3aumodelcmaus sioded.

OcobeHHO 3amemHO BUAHUE Uupposol Cpedbl HA PYcCKul fA3bIK, KOMOPbIU aKMUBHO
NONOJIHSIeMCSl HOBbIMU C/I0BAMU, U3MeHsSIem CyWecmByroujue 3HaYyeHuss u BbipabamsiBaem HoBbIe
@opMbI  pe4eso2o nosedeHus. VIHmMepHem-KoMMyHuUKauyus @opmupyem ocobbiti mun OucKypcd,
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covemarowud yepmasl YCMHOU U NUCbMEHHOU peyu, a Makxe cnocobcmsayem NOSBICHUK) HOBbIX
cnocobos BbIpax@eHus smMouuld U nepedayu UHGopmauuu. B cBF3U € 3MUM  UCC/Ie00BAaHUE
MPAaHcpopmMayuu pycckozo A3bIKka nood so3dedcmauem uugdposol cpedbi Npeocmasisem 3HaqumesbHbil
Hay4HbIt UHMepec.

LNDOPOBAS CPELA N ®OPMUPOBAHWE HOBOIO NOKOJIEHNA IN0JIb30BA TEJIEN

L{ugpposas peasbHOCMb OMKPbIAA 011 HOBO20 NOKOJIEHUSI MAKUe BO3MOMCHOCMU, O KOMOPbIX
PaHbUIE MOXCHO bbIJI0 MOJIbKO MeYymama. Tenepb He 06d3amesibHO Ky0d-mo exams, 4mobbl Yy4uUmbCs
WU passuBamasCs - 00CMAamoYHoO UHMepHema. MoxHO Npoxodums 0by4eHuUe y Cneyuasucmos u3 opyaux
cmpa, pabomamas Ha paccmOosHUU U CAMOMY pelams, 20€ XUmb U YeM 3aHUMAMbCS.

Ljugpposasa cpeda npedocmasusia HOBOMY NOKOJEHUKD MHOXECmBO Bo3mMoxcHocmel. Ce200Hs
MOMCHO Y4UMbCA OUCMAHUUOHHO, 0CBAUBAMb HOBbIE HABbLIKU Yepe3 BUOeO U OH/IAlH-KYpChl, pabomams
u3 110600 MOYKU MUPA U CamMOCMOsIMeIbHO BbIbUPamse YOObHbIT pumm Hu3Hu. MHoaue Haxodsm cebsi 8
maopyecmae,  67102uHee WU UHMeEepHem-npoekmax, UCNOJIb3ys  MEexHoA02uU KAk — Ccnocob
CamoBbIpaXceHuss u 3apabomka. biaeodaps cemu CmMasao NPoule Haxooums J00el C NOXOXUMU
UHMepecamu, 0es1umbCs ONbIMOM U NOJYYamb NOO0EPIKY. AMEPUKAHCKUU ncuxosioe LLleppu [TocmHUK-
[yoBuH mak packpsisaem demel «uugdposo2o NoKoaeHUs»: « OHU NpednoYmym meKCmoBsoe coobleHuUe
pasz2osopy. OHU 06Waromcs 8 cemu —4acmo ¢ 0py3bAMU, C KOMOPbIMU HUK020a He Budenuck. OHU peoKo
6b/18arom Ha ysuye, ecsiu MoJbKo podumesiu He opaaHu3yrom ux docye. OHU He npedcmasssom cebe
HU3HU 683 MobUsIbHBIX mesepoHoB. OHU HUKO20d He Bude/iu Mupd, 8 KOMOPOM He Obl/io BbICOKUX
mexHosn02ul uu meppopusmd. KoMnbomepbl OHU NPeonoYuUmarom KHU2am U B8O BCEM CMPeMAamcs K
HemedsieHHbIM pe3ysibmamam. OHU BbIPOC/IU B 3N0XY IKOHOMUYecKod denpeccuu, U Om HUX BCemu
oXuo0aemcs Jub 00HO — bbiMb YCNeWwHbIMU. bo/IbUWUHCMBO U3 HUX 04eHb bbICMPO B3POC/IEHOM, BEOs
cebs 3Ha4yumesbHO cmapuie csoux sem» [4]. AmepukaHckul ncuxosoe Llleppu [locmHuUK-IyoBuUH
onucbisaem demell COBPeMeHHO20 UYUdPOBO20 NOKOSIEHUS KAK OCOBYI0 Kame2opuro Mosio0ex, Ybu
NPUBbLIYKU, MUPOBO33PEHUE U CMUJIb XU3HU CUbHO OMIUYAOMCS om Npedbioyuux NOKoaeHuUl. Imu
0emu NPUBLIK/IU K MEXHO/I02UU C CaM0o20 PAHHE20 BO3PACMA U BOCNPUHUMAOM eé KaK eCmeCcmBeHHYH
yacmse cBoell NOBCeOHeBHOU MU3HU. boabwuHcMBo npedcmasumesell 3mo20 NOKOIeHUS! He CKIOHHbI
NpoBOOUMb MHO20 BpeMeHU HA YAUUe UaU 3aHUMAMbCA AKMUBHbIMU U2pamu, eC/iu MOJIbKO MO He
0p2aHU30B8AHO POOUMESIAMU. VX HU3Hb NPAKMUYECKU HEBO3MOMCHO npeocmasums 6e3 mMobusibHbIX
ycmpolcmB U NOCMOosHHO20 docmyna K cemu. Takum obpasom, HabmodeHus [TocmHuK-IyoBuH
NOKA3bIBAOM, YMO YUGPOBOE NOKOIeHUE - MO He NPOCMO 0emu, NPUBBLIKWIUE K 2a0Xemam. 3mo uesas
K020pma, YbU NPUBLIYKU, UEHHOCMU U 06pa3 XU3HU OMPAXarom CAUSHUE mexHoa02u4eckol cpeosbi,
COYUA/IbHBIX U3MeHeHUU U 3KOHOMUYECKUX BbI30BOB, 4YmMO Oesdem ux B3poC/eHue b6biICmpbiM U
00HOBPEMeHHO YHUKA/IbHO a0anmupOBAHHbLIM K COBPeMeHHOMY Mupy. OHU y4amcs X¥Umb B8 YC/I0BUSX
NOCMOSHHOU UHGOpMayUU, BbICOKOU CKOPOCMU XU3HU U 0dBAEHUS OXUOAHUl, Ymo gopmupyem y HUX
0Cobyro 3pes10Cmb, HO MAkXe CMasum neped HUMU HOBbIe NCUX0JI02U4eCKuUe U COUUAIbHbIE BbI30BbI.

TPAHCOOPMALIIA KOMMYHUKATUBHOIO NMPOCTPAHCTBA B YCJ/IOBUAX LINDPOBU3ALINN

Pazsumue UugpoBbix mexHoso2ull U cmpemMumesbHoe pacliupeHue UHmMepHema 3amMemHo
NOB/IUSIAIU HA MO, KAK CE200HSI YCMPOEeHO KOMMYHUKAMUBHOE NPOCMPAHCMBo. 3a nociaedHue
decamusiiemusi NpuUBbIYHbIE MoOesiu 0bWeHUs CYUleCmBeHHO U3MEeHUJIUCh, NOCKOJIbKY BUPMYAIbHAS
cpeda Bcé 2nybxe BXo0UM B NOBCEOHEBHYH HU3Hb Yes108eKd. VIHmepHem, Komopbil paHbuie bbi lulib
00NOJIHUMEsIbHbIM ~ UCMOYHUKOM — UHGOPMAUUU, NOCMEeNneHHo NpeBpamusics B  NOJIHOUeHHoe
NpoOCMpPAaHCcmMBo, 20€ Npoucxooum noymu BCE: 0bbidHOe bbimosoe obujeHue, NPodecCUOHAsbHbIE
KOHMAkmal, 0by4eHue, mBop4Yecmao U 0p2aHU3auus CoBMecmHoUl desmesibHOCMU. [103momy A3bIK KAk
2/laBHoe CpedcmBo ObWEeHUS MOXe HAa4Yyasa MEeHSIMbCS: MpPaHcoopmayuu 3ampoHysau CmpyKmypy
cospemeHHoU pycckol peyu, eé QyHKUUOHAbHbIe pA3HOBUOHOCMU U HOPMbI ynompebieHus. L{ugposbie
MexHo102uU U2parom BAXCHYKO poJib 8 pA3sumuu obpasosamesibHo2o npouecca. OHU cnocobcmayrom
NOBbIWEHU 3ppdekmuBHOCMU 0by4eHUs cmydeHmoBs, obecne4yusarom NepcoHAIU3UpPOBAHHbLIT NOOX00
u yayqwarom kavecmso obpazosaHusi. [Ipu 3mom BONPOChI UUPPoBO2O HepaseHcmaa, docmyna K
MEexXHO102USIM U N0020MOBKU y4umesieli 0CMaromcs akmyasbHbiMu [2].

Jlekcuyeckas cucmema pycckozo A3bika 8 XXI seke nepexcusaem 00UH U3 CAMbIX UHMEeHCUBHbIX
nepuodoB npeobpazosaHull 3a BCHO CBOK UCMOpUro. EC/u paHee pazBumue JIeKCuKu onpedesisiioch
NpeuMyUecmBeHHo BHYMPEHHUMU NOMPebHOCMAMU 06Wecmad, Ky/JbmypHbIMU npoueccamu  uau
Hay4YHO-MEeXHUYeCKUM Npo2peccoM, Mo Ce200HS KJ/oYeBbiM  0palBepoM  UsMeHeHuld cmana
yugposuzayus - cmpemumesibHoe BHeopeHue UudpoBbiX mexHo102ull B0 BCe Chepbl ¥U3HU. VIHMepHem,
MobUsIbHBIe YCmMPOUCmMBa, COYUAsIbHbIe Cemu, BUPMYAsbHAS KOMMYHUKAUUS U dBmMOMamu3ayus
6b/MOBbLIX NPOUECCOB HEe MOJIbKO CO30arom HOBbIE peasiuu, mpebyrouiue HOMUHauuu, Ho U ¢popmupyrom
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HOBYHO A3bIKOBYHO KyJIbMypy, B OCHOBE KOMOPOU JeXUm NOCMOSHHOe pacliupeHue U obHoBJieHue
CJ10BApHO20 COCMABd.

VIHmepHem-s3bIK - 3M0o OUHAMUYHAS! U 3B0JIHOUUOHUPYOWAS ¢opma s3bIKOBOU KOMMYHUKAUUU,
noABUBWAACA B8 pe3yibmame aKkmusHo20 B3aumodeldcmsus Jrodell 8 uyugposol cpede. OH
Xapakmepusyemcsa YHUKA/IbHbIMU Yepmamu, o6yc/108/eHHbIMU cneuugdukol uHmepHem- obuieHus,
MAakumu Kak cKopocms 0bmeHa uHgopmauyuel, omcymcmsue ¢opmaabHocmel U NoBCemMecmHas
docmynHocmb obuwieHus [3].

Ljugposasa cpeda gpopmupyem ocobsili cnocob obuieHus, 20e cMewusaromcs 4epmsi ycmHou u
nucbmMeHHoU peyu. Yem akmusHee passuBaromcs MiHmepHem u e20 epaguyeckue BOIMOXHOCMU, Mmem
aKmusHee NosAB/ISIOMCA BCe HOBblIE 3HAKU, CUMBOJIbI, BbIPAXEHUS, 3aMeHsSouUe onpedesieHHble
C/I0BOCOYEMAHUS, BbIPAXCAroUUe me UJiUu UHble 3MOYUU, OMHoweHue K ckasaHHomy [5]. CoobuieHus
nepedaromcsi 6bICMPO U CNOHMAHHO, NPU IMOM UCNOJIb3YHOMCS PA3Hble KaHa bl - MEeKCM, U306paxceHus],
BuUOeo, ayouo, eunepcchiIKU U Membl. Takol ¢opmam obuweHus BCé Yauie Hasbisarom 2ubpUOHbIM UIU
MyJIbMUMOOA/IbHBIM. B om/iuque om Kaaccudeckol nucbMeHHoU peyu, 20e BaxHb! aKKYpamHoCmb U
3aBepuwéHHoCmb, obujeHue B uHmMepHeme 0bbIYHO paemMeHmMapHoe, IMOYUOHA/IbHO HAChIUEHHOe U
OpUEHMUPOBAHHOE HA ¥UBOU duasnoe.

OOHOU U3 XAPAKMEepHbIX 4Yepm OHAAUH-KOMMYHUKAQUUU CMAaHoBUMCA eé aCUHXPOHHOCMEb,
N03B0/190ULAs 06WAMbBCS He3ABUCUMO OM BPeMeHU U MeCMA Haxox0eHust y4acmHUKOB. B coyemaruu ¢
mexHUYeckol Js1E2KoCmbro Co30aHus coobujeHul 3mo npusodum K pocmy o0bbéma nucbMeHHOU
KOMMYyHUKayuu. [1pu 3mom mMHoz2ue eé ¢opmbl npuobpemarom 4epmal YCmHOU peyu: OHU CMAHoBAMCA
bosiee KOPOMKUMU, HENOJIHbIMU NO CMPYKMYpPE, 3KOHOMHbIMU U HAChIUWEHHBIMU 3MOYUOHA/IbHBIMU
MapKepamu, a Makx e BuU3yaabHbIMU CPEOCMBAMU, 3AMEHSOWUMU HeBepbasibHbIe CUSHAIbI.

TPpaouyuUoOHHAs IUH2BUCMUKA 00J120€ BpeMs YEMKO pazoesis/id YCMHYH U NUCbMEHHYH GopMbl KAk
08a camocmosimesibHbIxX Buda peyesol desmesibHocmu. OOHAKo C pa3zsumuem UHmMepHem-obweHusi 3ma
2paHUUa NOCMeneHHo pasmbiBaemcs. [UCbMEeHHAas KOMMYHUKAUUs B8 cemu BCE yauje nepeHumaem
ocobeHHOCMU pazeoBopHOU pequ: YNPOWEHHbIU CUHMAKCUc, npeobsadaHue KOPOmMKUX U NPOCMbIX
npeodsioxeHul, UCNOb30BAHUE HEeNoJHbIX ¢pas, obuiue mexdomemud, 38yKonoopaxcaHul u
2paguyecKux MapKepos.

O0HOU U3 KJHOYeBbIX Xapakmepucmuk CMAHOBUMCHA CNOHMAHHOe NUCbMO - Ko20d meKcm
co30aémcsi npAMo B npouecce obweHus U NPAakmuyecku He pedakmupyemcs. M3-3a 3mo2o MHoaue
coobujeHus 8 yugpposol cpede HanoMUuHarom YCmHbIG MOHOI02 UU duasioe, Ymo B/usem Ha obulyro
MO0€JIb peyeso20 NoBedeHUS.

L{ugpposas 3noxa npusesna K BO3HUKHOBEHUID HOBbIX (POPM KOMMYHUKAUUU, B KOMOPbIX
coyemaromcss  0CobeHHocmu YcmHOU U  NUCbMeHHOU pequ. VHmepHem-0uckypC CmMaxHosumcs
camocmosimesibHoU ¢opmoll A3bIKoBo20 B3aumodelicmBaus, obadaroujed CobCmBeHHbIMU NPUHUUNAMU
0p2aHU3auuUU U GYHKUUOHUPOBAHUS.

OCOBLEHHOCTU UHTEPHET-ANCKYPCA U ErO 3HAYEHUE [T TPETNIOLABAHMS PYCCKOIO
A3bIKA

VIHmepHem makxe ¢opmupyem ocobbit mun 0UCKYpCd, KOMOpPoMy CBOUCMBEHHbLI OMKPbIMOCMb
U HesuHelHocms. 1osb308amesib 8 Cemu 0OHOBPEMEHHO BbICMynadem U dsmopoM, U Yumamesem, u
KoMMeHmamopom. B omsudue om mpaoduyuoHHbIX GopmM KoMMyHUKauuu, online-0uckypc co3oaémcs
KOJIIeKMUBHO. COOepXaHue popmupyemcs COBMEeCMHbIMU YCUAUSMU, a 2PAHUUbI MEXOY Y4aCMmHUKAaMU
U «B/1a0e/ibUemM» MmeKcma CmaqoBImMcs pasmbImbIMU.

CospemeHHas yugposas cpeda 3amemHo B/USem Ha cnocobbl obuieHus, pedesoe nosedeHue u
daxe Ha CMPYKmMypy camozo f3bIKa. L1 MemoouKu npenodadsaHus pyccko2o Kak UHOCmMpaHHo20 (PKM)
MO 0C0beHHO BAX(HO, NOCKOJ/IbKY yYaujuecs Cmaakusaromcs He moJibKo C AumepamypHold Hopmod, HO
u ¢ ¥wsod, 6bICmpo MeHsWelcs peybro, Komopas dKMmUBHO passusaemcs 8 UuHmMepHeme. B ApmeHuu
ama npobsiema cmaHosumcsa ewé bosee 3Ha4yumol: pycckul S3biK 30eCb BbINOJIHAEM POJib SA3bIKA
MEXCHAUUOHAIbHO20 — 0bWweHUs, ocmaémcsa BocmpeboBaHHbIM — Cpedu  MoJsio0éxcu  bnazodaps
meouanaameopmam u 00HOBPEMEHHO CJIYXHUM UHCMPYMEHMOM NPOPEeCccUOHAIbHOU KOMMYHUKAUUU.

Ljugposbie uzmeHeHus: GopmMupyrom HOBYH PeasbHOCMb 0bYYeHUS: UHOCMPAHHbLIU yYauudcs
ocsausaem pycckull A3blK B YCA0BUSX, Ko20d C/10BapHbIU cocmas o0bHoBssemca bbicmpee, 4Yem
ycnesarom aoanmupoBamsCcs MpPAacuUUOHHbIe Yy4ebHuKu. OCoObeHHO ApKO 3mMo BUOHO HA Npumepe
UHMepHemM-/1eKCUKU, aH2/IuU4uU3MOo8, MeOUlHbIX HeO002U3MOB U pa3HO0bpasHbIX 2U6PUOHBIX A3bIKOBLIX
popm. CoBpemeHHbIU UHMepHem-0UCKYPC OKA3biBaem 3Ha4yumesibHoe BJIUSHUe HA NPAKMUKY
NpenooasaHus pycckozo A3bIKA. B Yci08usX NOCMOSHHO20 06HOBIeHUS S3bIKOBbIX CPEOCMB BO3HUKAeM
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Heobxoo0umMocmb  y4uUMbIBAMbL  0CObeHHOCMU  Uugposol  KOMMYyHUKAuuu U adanmuposamab
Memoouyeckue N00X00b! K HOBbIM pedasiusim.

MOJIOAEXHbBIV CIIEHT Y MEMETUYECKAS KYJIbTYPA B LIN®POBOW CPELE

Lugposasa cpeda cmana npupooHol meppumopuell ¢opMUPOBAHUS MOTO0EIHO20 HAP2OHd,
Komopbll 3amem NpoHUKaem B8 WUPOKUl sekcu4yeckut obopom. f3biK UHMEpHema OUHAMUYEH,
KpeamuseH, CMPemMumcss K COKPAW(eHU0 U 3KCNpeccuu, NO3IMOMY CJIeHe0Bble C/10Bd JleeKo
3aKpenIFtoMCA: KPUHXC, PO/, wepumsb, BNUCKA (B 3HAYeHUe «COBMEeCmHbIU OHIAUH-NPOeKkm»), ous,
MOKcUK, 8atib, 6as, 4w/, 308aHce0.

OcobeHHOCMb YUGPOBO20 C/IeHea - €20 Mememu4YHoOCMb. MHoaue C/108a CYyuiecmayom moJibKo B
PAMKAX KOHKPEemMHbIX MeOUUHbIX CHOXEeMOB U UCYe3arom mak e 6bICmpo, KaK NOSIBASIOMCSA. pJIeKCcums,
Kpaw, waym-aym, 3uwkKepe u op. E. M. [oHyaposa nucana - «/IHmepHem-mem npedcmassisgem coboll
NnoauUMo0asibHbId mekcm, coYyemaroujull BepbasibHblie U BU3YAJbHbIe 371eMeHmbl, Ymo desiaem e20
UeHHbIM OUOaKmMuYeckumM Mamepuasaom npu oby4eHuU pyccKomy A3bIKY Kak UHOCmpaHHomy» [1]. Takxce
lfoHyaposa u CudopoBa ommedanu - «VIHmMepHem-mem npedocmassnsem  cobod  HaHp
UHMepHem-KOMMYHUKayuu, Komopsbild codemaem BepbasibHble U BU3YAJibHble 37emeHmsl, 0b6nadas
cheyuguyeckumu  PYHKUUSMU,  KYJIbMYPHO-IUHeBUCMUYeCcKoU cneyugukol U 0b6pazosamesibHbIM
nomeHuuaaom 0Ji19 UCNOJIb308AHUS B 0OYYeHUU PYCCKOMY A3bIKY KAK UHOCMpaHHomy» [1]. B cmamsbe
E. Y. lor4aposol u E. KO. Cudoposol UHmMepHem-mMem paccMampusaemcs He moJsibKo Kak coyemadue
meKcma u u306payceHus, HO U C MOYKU 3peHus e20 KOMMYHUKamusHol, obpaszosamesibHol u
Ky/IbmypHOU UeHHOCMU.

B omJiuque om mpaoulUOHHO20 XApeoHd, UHMeEPHeM-C/ieH2 UMeem HeCmabu/ibHble, NABaroU4Ue
ceMaHmuyeckue noJss, bbICMPO U3MeHsiem 3Ha4YyeHus, NopoX0dem MHO204UC/IeHHbIe 0epusamsl U
Moougpukayuu.

L{ugpposuszayusi npusBodUM K MOMY, YMO MHo2ue «Cmapble» pyccKue C108a Npuobpemarom Hosble
3Ha4eHus: Opye - He MOJIbKO COUUA/IbHO 3HA4umas guaypd, HO U «NOONUCHUK», CMeHd - 3/1eMeHm
uHmepdgedica; nocm - nybaukauus 8 cemu, coobwecmao - epynnd nosib3osamesied; akmuBHOCMb -
cmeneHb peakyuu ayoumopuu; mModepamop - He MOJIbKO pe2ysiupyrowull BCmpeyu 4YesnoBek, HO U
KOHMpoaupyrowuli Npasuaa OHAAUH-N/IoWdoKku. Takue npouecchbl YCIOMCHSOM CeMAHMUYeCKYH
CMPYKMYpPY A3bIKA U C030arom 00NOIHUMEbHbIE CI0U 3HaYeHUU, XapakmepHbie UMeHHO 018 uugdposol
2NoXuU.

VIHmepHem-c/ieH2 U Membl CMAau BAXCHOU 4YACMbH COBPemMeHHOU S13biKoBOU Ky/bmypbl. WX
BbICOKAS OUHAMUYHOCMb OMPAXaem NPOUEeCCh! S3bIKOBO20 MBOPYECMBA U 0eMOHCMPUPYem MeCcHYH
CBSI3b A3bIKA C Yupposol Kyibmypod u MeouanpocmpaHcmBOoM.

[TPOBJIEMA 513bIKOBbIX 3AMMCTBOBAHWI U ITEPCIEKTUBbI PA3BUTUS PYCCKOIO S13bIKA

Haubosiee spkum nposisieHuem BUSHUSA Uupposol cpedbl Ha IeKCUKy cman becnpeuedeHmHbid
pPOCM 3aUMCMBOBAHUU U3 aH2AUlCKO20 SA3bIKA. OMO CBSA3aHO C 2/106a/IbHbIM  OOMUHUPOBAHUEM
aH2/10§13bI4HOU I T-UuHOYCMpUU, OMCYMCMBUeM PYCCKUX mepMuHoB8 0J11 0603HaYeHUs] HoBbIX fBJieHud, a
Makxe C BbICOKOU CKOPOCMbK PAcnPOCMPAHeHus UH@opmayuu B cemu, Ko20a HOoBble C/108d
NPAaKmMuyYyecku M2HOBEHHO BXO0SM B8 NOBCEOHEBHYH peyb. AKMUBHOE NPOHUKHOBEHUe aHeuuyu3MoB
Bbi3biBaemM B obuwecmse pasiudHble 3moyuu. CMOPOHHUKU S3bIKOBO2O PA3BUMUS  CYUMAOM
3aUMCMBOBAHUS eCMeCMBEeHHbIM U He0bX00UMbIM NPOUECCOM 3BOJIOUUU A3bIKA, M020a KaK KpUmuKu
BUOSIM B 3MOM «3ACOPEHUe» PYCCKO20 A3bIKA UHOCMPAHHbIMU C/I0BAMU.

Cpedu yugposbix 3auMCMBOBAHUL NOC/IEOHUX JIeMm MOMCHO BblIO/IUMb HECKOJIbKO OCHOBHbIX
2pynn:

a) TexHuyeckue u IT-mepMmuHbI: andelim, anepelio, akkayHm, uHmepgelc, KOHMeHm, XOCMUHe,
pelin, ¢onnosep, 6702, nocm, cmpumM, cmpumep, GpunaHc, bpeHo, cmapman, cogm, oesesonep,
mapaem, Kypamop KoHmeHmad, Helipocems U 0p.

bo/IbULIUHCMBO 3MUX C/108 IUOO He UMEerom MOYHbIX PYCCKUX AHAI0208, IUGO COOMBEMCMBYroUUe
BApUAHMbI 0JIUHHEE U MeHee YO0OHbI 019 UCNOJIb30BAHUS.

6) CouuasibHO-MeoulHbIe NOHAMUSA: 1alK, Ou3/1adK, penocm, Wap, CMopuc, xadialimsl, mpeo, Mem,
Xawmee, asamap, HUKHelm, ro3ep, 4am, bamJi, paHoom.

Smu mepmuHbl akmusHo ynompebsigtomcs B MOI00ExHOU U NOBCEOHeBHOU peyu U NOCMeneHHo
cmarossamca obuieynompebumesibHbIMU.

B) 3SKOHOMuYeckue U npogeccUoHwIbHble mepMuHbl Uugposol cepbl: KpayopaHouHe,
Konupadmep, mapkemnseldc, Mepy, J102ucm,  NPOOAKM-MeHeoxep, KOMbHOHUMU-MeHeox ep,
UHgItoeHcep.
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MHo2ue u3 3mux /108 yxce 3aKpenuiucb 8 NPOGEeCcCUOHAIbHbIX CMAaHOapmax u oouuuaIbHbIX
00KYMeHmMax, 4mo caudemesibcmayem o0 UX JleaumumMayuu 8 COBPEMeHHOM S3bIKe.

B pamkax cemeBo20 OUCKYPCd NOCMEeneHHO CK/IaobiBaemcss 0cCobbil UHMEpHem-S3biK -
NOOBUXCHAS, NOCMOSHHO OOHOBASAOWASACA NOOCUCMeMA PycCcKo2o, KOMOopas MeHSemcs nNoYmu
exceo0HeBHo. J]1s Heeo XapaKkmepHbl HECKOJIbKO ApKUX ocobeHHocmell.

1. CemeBol *apaoH u ciieHe. OH BK/IKOYaem pas/iudHbie abbpesuamypb! U COKPAULEHUS: MO, J107],
OMe, UMXO, KpHY. LLIUpOKO pacnpocmpaHeHsb! U HaMepeHHbIe UCKAMEHUS C/I0B. HUMb (BMECMO «He udmu»
KAk memy), Kek, Mgy, N, cnc. K 3momy e omHocamcs ycmolyusbie MeMemuyeckue ¢passl, Hanpumep:
«51 YCMAsI, 8 YXOHC», «3MO puUACKo, 6pamar», «a MoxHo 6e3 3moao?».

2. TpaHciumepauus u cmeweHue angpasumos. [osb3osamesu akmusHO NUWYM PYcckue c108a
namuHuued: privet, kak dela, poka, ok, a uHo20a daxce cmewusarom KUpUIULY U JamuHUUy 8 0OHOM
cnose: kruto, spasibo, okeywH.

3. I'paguyeckue cnocobbi Bbipax3ceHus 3mouul. KOMMYHUKAUUIO OXCUBJSOM 3MO03U, cMallsibl U
CMUKEePbl: MAkxXe CUMBOUYeCKUe KOHCMPYKuuu spode *, :3, ~ (/) /. OHu BbINOMHSOM pOJib
3ameHumesnell UHMOHAUUU U MUMUKU.

4. ¥YnpouwéHHbIl cuHmakcuc. ®pasbi CMAaHoBSIMCA KOPoYe U pa32oBopHee: «uia byody», «s HOPM»,
«He NOHS», «makoe cebe», «noldy NOCN/Io». IMo desaem NUCbMeHHYH peydb buxce K ycmHod.

5. Xawmeau Kak GyHKUUOHA/IbHAS eOuHUUd. X3wme2u BbINOJHSOM CPA3y HEeCKOJIbKO 3adady:
MapKupyrom memy, 3a0arom MOH BbICKA3bIBAHUK, CMPYKMYPUPYOM NOMOK CO0bWeHUU: #HacmpoeHue,
#pabomaro, #1u3Hbb60/1b, #UymKa.

6. MeMbl Kak KyJibmypHble U S3bIKOBble MApKepbl. Membl nepedarom C/10xHbIU KOHMeKCm B
HEeCKOIbKUX C/I0BAX UAU KAPMUHKE: «NOKA-NOKA» C NUHEBUHOM, «KOM, KOMOPOMY BCE HA00eso»,
«dpamamuyeckuli XomMsik». Hepedko 00HO u306paxceHue CMaHoBUMCS NoJIHoUueHHol pensukod B
duasoee.

[nasHble apaymeHmb! KPUMUKOB 3aK/IH0YArOmMCcs 8 MOM, YMO 3AUMCMBOBAHUS BbIMECHSIHOM
MPAoUYUOHHYIO JIeKCUKY, NpU 3MOM HAPYWAroMcs NPUHYUNbI  pycckol c108006pazosamesibHou
cucmemel. Bce smo Bedem K UCKAx3eHUIO KyJbmypHOU udeHmu4YHocmu, a yoobcmso U KpamkKoCmab
3AMeHsIFOm CMbIC/IOBYHO MOYHOCMb. OOHAKO JIUHZBUCMUYECKAs NPAKMUKA NOKA3biBaem, Ymo A3biK
camocmosimesibHo ombupaem MosibKo me CJ/108d, Komopble 0elicmBUMesbHO HyXcHbl obujecmay. B
UCMOopPUU PYCCKO20 A3bIKA bbIIU 0ecamKU BOJIH 3aUMCMBOBAHUL - PPAHUY3CKUX, HEMEUKUX, 20/IIAHOCKUX
- U BCe OHU B UMO2e 2apMOHUYHO BCMPOUJIUCH B CUCMEMY, He pa3pyLius eé.

VIMeHHO No3momy 60/IbLILUHCMBO COBPEMEeHHbIX UcciedoBamesiell npudepxusaemcs no3uyuu
YMEPEeHH020 f3bIKOB0O20 JIUbGEepasusmMa: yugposbie 3aUMCMBOBAHUA HE YePOXArom f3bIKY, ec/u
NPOX00sim NOJIHOUEHHYH adanmayuro U UCNO/b3YHOMCA B COOMBEMCMBYHUWLUX Chepax.

Hecmompsi Ha cyuiecmayroujue onaceHus OmHOCUMEsIbHO YPe3MepHO20 BUSHUS UHOCMPAHHbIX
€108, pAzBumMuUe pycckoeo A3bika caudemesbcmayem 0 e20 CNOCObHOCMU Op2aHUYHO adanmupoBamMb
HOBbIE 3/1eMeHMbI. A3bIKOBAsS CUCMeMa COXPaHaem YCcmolyusoCmb U CaMOCMOSMENbHO peay/iupyem
NPoUeCChl 1eKCUYeCK020 0OHOBICHUS.

3AKJIOYEHUE

Pazsumue yugposbix mexHoo2ull U pacnpocmpaHeHue UHMePHemM-KOMMYHUKAUUU OKA3bIBArom
KOMNJIeKCHOE BJIUSIHUE HA PyCcCKUl S3bIK. MI3MeHeHuUs 3ampazusarom He moJibKo C/I0BAPHbIL COCMAs, HO
U 0cobeHHocmu pe4esoeo NoBedeHus, Cnocobbl BbIpaxeHus 3mouul, GopMbl KOMMyHUKAUUU U
NPUHUUNBI Op2aHU3auUU OUCKYpPCa. VIHmepHem-npocmpaHcmBo cnocobcmayem BO3HUKHOBEHUH HOBbIX
JIeKCUYECKUX e0UHUU, aKMUBHOMY NPOHUKHOBEHUHD aH2/IUYU3MOB, PA3BUMUI0 MOI00EXCHO20 C/ieHea u
popmupoBaHuro 2ubpuOHbIX popm 0bUeHUS, 06bEOUHSULUX NPU3HAKU YCMHOU U NUCbMEHHOU peyu.

Hecmompsi Ha BbICOKYH OUHAMUYHOCMb S3bIKOBbIX NPOUECCOB, COBPEeMeHHbIU PycCKul S3biK
CoXpaHsem cnocobHoCMb K adanmauvuu u oasabHedwemy passumuro. Ljugposas cpeda He paspywaem
A3bIKOBYHO cUCmeMy, d CMAHOBUMCS BAXHbIM (GAKMOPOM €é 3B0/IHoUUL, OMPAx cds U3MeHeHus,
npoucxodaujue B obujecmase, Kysabmype u KoMMyHukayuu XX/ seka.
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Abstract

Since independence, Kazakhstan has pursued an active policy of ethnic return migration, encour-
aging members of the Kazakh diaspora to resettle in their historical homeland. Although these return
migrants, officially known as Qandas, are expected to strengthen national identity and demographic
development, their integration into educational institutions remains challenging. This article critically
examines how language policy influences the educational experiences of ethnic Kazakh return migrants
in Kazakhstan. Drawing upon literature on ethnic return migration, language policy, and educational
inclusion, the paper explores the paradox of belonging experienced by return migrants who are ethnically
Kazakh yet frequently encounter linguistic, cultural, and institutional barriers. The analysis demonstrates
that Kazakhstan's multilingual language policy, while promoting Kazakh, Russian, and English, often re-
produces inequalities for students whose educational and linguistic backgrounds differ from mainstream
expectations. The article argues that language functions not only as a medium of communication but
also as a form of symbolic capital that shapes access to educational opportunities and social acceptance.
The study contributes to broader discussions on migration, language policy, and educational equity in
multilingual societies and offers recommendations for developing more inclusive educational practices
for return migrant students.

Keywords: Qandas, oralman, ethnic return migration, language policy, educational experiences,
Kazakhstan, belonging, educational inclusion

Introduction

The collapse of the Soviet Union created new opportunities for nation-building across Central Asia.
In Kazakhstan, one of the most significant nation-building initiatives was the implementation of a large-
scale ethnic repatriation program designed to encourage members of the global Kazakh diaspora to re-
turn to their ancestral homeland. Since 1991, nearly one million ethnic Kazakhs have migrated to Ka-
zakhstan from neighboring countries including Mongolia, China, Uzbekistan, Turkmenistan, Afghanistan,
and Iran. Initially referred to as Oralman and later officially renamed Qandas, these migrants have occu-
pied a unique position within Kazakhstani society.

The repatriation policy was developed as part of a broader national strateqy aimed at strengthen-
ing the demographic position of ethnic Kazakhs, restoring historical justice, and reinforcing national iden-
tity after decades of Soviet influence. Government discourse often presents return migrants as individuals
who have preserved authentic Kazakh language, traditions, and cultural practices while living outside
the borders of Kazakhstan. Consequently, their return is frequently portrayed as a symbolic restoration
of the nation.

However, scholarly research increasingly demonstrates that ethnic belonging does not automati-
cally guarantee social inclusion. Despite sharing a common ethnic identity with the majority population,
many return migrants experience significant difficulties integrating into Kazakhstani society. Werner,
Emmelhainz, and Barcus (2017) describe this phenomenon as “privileged exclusion,” a condition in which
return migrants simultaneously possess symbolic advantages associated with ethnic membership while
facing exclusion from social, political, and educational structures. Their research highlights a paradox:
individuals who return “home” often discover that the homeland is socially and culturally different from
the imagined community they expected to join.

One of the most important yet understudied dimensions of this paradox is education. Schools and
universities constitute key sites of socialization, language acquisition, and identity formation. For return
migrant children and youth, educational institutions frequently represent the first point of sustained in-
teraction with mainstream Kazakhstani society. Success within these institutions influences not only ac-
ademic outcomes but also broader processes of integration, social mobility, and belonging.
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Language occupies a central role in these experiences. Kazakhstan officially promotes a multilin-
gual language policy based on the development of Kazakh, Russian, and English. Since independence,
substantial efforts have been made to strengthen the status of Kazakh as the state language while main-
taining Russian as a language of interethnic communication and expanding English as a language of
global competitiveness. Although this policy reflects the country’s multicultural aspirations, it also cre-
ates complex challenges for return migrant students.

Many ethnic Kazakh return migrants arrive with linguistic repertoires that differ significantly from
those expected within Kazakhstan's educational system. Students from Mongolia often possess strong
oral and written Kazakh skills but limited knowledge of Russian. Those arriving from China may use Ara-
bic-based or Latin-based scripts rather than Cyrillic. Others have developed educational competencies
within entirely different linguistic systems. As a result, educational adaptation frequently involves learn-
ing not only new curricula but also new languages, scripts, and communicative norms.

Research suggests that Russian remains particularly significant in shaping educational opportuni-
ties despite policies promoting Kazakh-language education. Zhilbayev (2018) notes that many oralman
children encounter difficulties due to insufficient Russian language proficiency, which limits access to
educational resources and social networks. Similar findings are reported in studies of university students
from Mongolia and China, where language barriers contribute to academic stress, reduced participation,
and challenges in establishing social relationships.

The educational experiences of return migrants also reveal broader tensions within Kazakhstan's
nation-building project. On one hand, state policies encourage ethnic return migration as a mechanism
for strengthening Kazakh identity. On the other hand, institutional structures often privilege linguistic
and cultural competencies associated with Soviet and post-Soviet socialization. Consequently, return mi-
grants may find themselves positioned as ethnic insiders but social outsiders. This contradiction chal-
lenges assumptions that shared ethnicity naturally leads to successful integration.

The concept of belonging provides an important analytical framework for understanding these ex-
periences. Belonging extends beyond legal citizenship or ethnic identity and encompasses emotional at-
tachment, social recognition, and participation in everyday life. Educational institutions play a critical
role in producing or denying such belonging. Students who are unable to access dominant linguistic prac-
tices may experience exclusion even when formal policies emphasize inclusion. Therefore, examining ed-
ucational experiences offers valuable insight into how national identity is negotiated in practice.

Despite growing scholarship on ethnic return migration in Kazakhstan, relatively limited attention
has been devoted to the intersection of language policy and education. Existing studies tend to focus on
citizenship, labor market integration, demographic policy, or cultural adaptation. While these issues are
undoubtedly important, the educational dimension remains insufficiently explored. Moreover, few stud-
ies systematically connect educational challenges to broader language policy frameworks and theories
of belonging.

This article addresses this gap by critically reviewing existing literature on ethnic Kazakh return
migrants and examining how language policy shapes their educational experiences. Specifically, the study
seeks to answer three research questions:

1. How does Kazakhstan's language policy influence the educational experiences of ethnic Kazakh
return migrants?

2. What linguistic barriers affect the educational integration of return migrant students?

3. How do educational institutions contribute to experiences of belonging and exclusion among
return migrants?

By addressing these questions, the article contributes to discussions on migration, multilingualism,
and educational equity in post-Soviet societies. It also provides insights for policymakers seeking to create
more inclusive educational environments for diverse student populations. Ultimately, the experiences of
ethnic Kazakh return migrants demonstrate that returning home does not necessarily guarantee belong-
ing. Instead, belonging must be continuously negotiated through language, education, and everyday so-
cial interactions.

Literature Review

Ethnic Return Migration: Conceptualizing Return and Belonging

Ethnic return migration refers to the movement of individuals who migrate to a state that they
perceive as their ancestral homeland based on shared ethnic, cultural, linguistic, or historical ties. Unlike
conventional forms of migration, ethnic return migration is often framed by governments and societies
as a process of “coming home.” However, scholars increasingly argue that return migration is not simply
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a geographical movement but a complex social process involving negotiations of identity, citizenship,
belonging, and inclusion.

Much of the literature on ethnic return migration challenges the assumption that ethnic affinity
automatically facilitates integration. Tsuda (2009) argues that return migrants frequently discover a dis-
crepancy between symbolic membership in the nation and actual social acceptance. While they may be
legally welcomed as members of the ethnic majority, they often encounter social exclusion due to differ-
ences in language, education, cultural practices, and everyday behavior. Consequently, ethnic return mi-
grants frequently occupy an ambiguous position situated between insider and outsider status.

This tension is particularly visible in post-socialist states where nation-building projects actively
encourage diaspora return. Such policies are often motivated by demographic concerns, historical narra-
tives of national restoration, and efforts to strengthen ethnic majorities. Yet the implementation of these
policies frequently reveals contradictions between symbolic inclusion and practical integration. Return
migrants may be celebrated in official discourse while simultaneously encountering institutional barriers
in education, employment, and social life.

Kazakhstan provides a compelling case for examining these contradictions. Since independence,
the government has actively promoted the repatriation of ethnic Kazakhs from neighboring countries
and distant diaspora communities. Official narratives frequently describe return migrants as individuals
who preserved authentic Kazakh traditions and language during periods of foreign domination. Within
this discourse, return migration is represented not merely as migration but as a moral and historical res-
toration of the nation.

However, empirical evidence suggests that the lived experiences of return migrants often differ
substantially from official expectations. Rather than experiencing immediate acceptance, many migrants
report challenges associated with linguistic differences, cultural misunderstandings, bureaucratic obsta-
cles, and limited social networks. These experiences demonstrate that ethnic identity alone is insufficient
to guarantee belonging within contemporary Kazakhstan.

Privileged Exclusion and the Paradox of Returning Home

One of the most influential contributions to the study of return migration in Kazakhstan is the
concept of “privileged exclusion” developed by Werner, Emmelhainz, and Barcus (2017). Their research
highlights a fundamental paradox within Kazakhstan'’s repatriation program. Ethnic Kazakh return mi-
grants receive symbolic privileges because they belong to the titular ethnic group and contribute to state
demographic goals. At the same time, they often experience exclusion from social and institutional struc-
tures that continue to privilege competencies associated with Soviet and post-Soviet socialization.

The concept of privileged exclusion challenges binary understandings of inclusion and exclusion.
Instead of being fully accepted or fully marginalized, return migrants simultaneously occupy both posi-
tions. Their ethnic identity grants them access to legal recognition and state support, yet differences in
language, educational background, and cultural experience frequently limit their participation in main-
stream society.

For many return migrants, the most significant source of exclusion is language. Although they are
ethnic Kazakhs, their linguistic repertoires often differ from those of local populations. Kazakhs arriving
from Mongolia, for example, may speak fluent Kazakh but possess limited Russian proficiency. Others
may use different alphabets, educational terminologies, or linguistic norms. These differences create bar-
riers within institutions where Russian continues to function as an important language of communication
and administration.

The notion of belonging is particularly relevant to understanding these dynamics. Belonging is not
merely a legal status but a social process through which individuals are recognized as legitimate members
of a community. Yuval-Davis (2011) argues that belonging operates through emotional attachment, so-
cial participation, and political recognition. Educational institutions represent one of the primary sites
where belonging is constructed and contested because they shape opportunities for participation,
achievement, and social interaction.

In the context of Kazakhstan, return migrants often possess formal membership within the na-
tional community but struggle to achieve social recognition. Their experiences suggest that belonging is
not determined solely by ethnicity but is deeply influenced by language practices and institutional expec-
tations.

Language Policy in Kazakhstan. Historical Development and Contemporary Challenges

Language policy has occupied a central position in Kazakhstan’s nation-building strategy since in-
dependence. Following the dissolution of the Soviet Union, policymakers faced the challenge of strength-
ening Kazakh national identity while maintaining social stability within a multilingual society.
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The Constitution of Kazakhstan recognizes Kazakh as the state language while granting Russian
official status in public administration and interethnic communication. Over time, educational reforms
have increasingly promoted the development of Kazakh-language education and expanded opportunities
for learning English. This policy evolved into the widely discussed trilingual model that emphasizes profi-
ciency in Kazakh, Russian, and English.

Supporters of trilingual education argue that it enables Kazakhstan to balance national identity,
regional communication, and global competitiveness. Kazakh strengthens cultural heritage and national
cohesion, Russian facilitates communication across the post-Soviet space, and English provides access to
international knowledge and economic opportunities.

Despite these objectives, scholars have identified tensions within the implementation of language
policy. While Kazakh has gained prominence in public discourse, Russian continues to possess substantial
symbolic and practical value. Russian remains widely used in higher education, scientific communication,
professional environments, and urban social life. Consequently, proficiency in Russian often functions as
a form of linguistic capital that influences access to opportunities.

Drawing upon Bourdieu’s theory of linguistic capital, language can be understood not merely as a
communication tool but as a resource that carries social and economic value. Individuals possessing dom-
inant linguistic competencies gain advantages within educational and professional fields, while those
lacking such competencies may experience exclusion. In Kazakhstan, Russian frequently operates as such
a resource despite official efforts to elevate the status of Kazakh.

This situation creates challenges for return migrant students. Although many arrive with strong
Kazakh-language skills, they may lack proficiency in Russian or familiarity with educational practices
shaped by Soviet traditions. As a result, they encounter barriers that are often invisible within official
narratives of national unity.

Educational Experiences of Ethnic Kazakh Return Migrants

Education represents one of the most important arenas through which return migrants engage
with Kazakhstani society. Schools and universities not only provide academic knowledge but also facili-
tate social integration, language acquisition, and identity development. Consequently, educational expe-
riences significantly influence broader processes of adaptation and belonging.

Research consistently identifies language as a primary challenge for return migrant students.
Zhilbayev (2018) reports that oralman children frequently encounter difficulties associated with limited
Russian proficiency and unfamiliarity with Cyrillic literacy practices. These challenges affect academic
performance, classroom participation, and communication with peers and teachers.

Students arriving from Mongolia, China, and other countries often possess educational back-
grounds shaped by different curricula and linguistic environments. While some demonstrate strong oral
competence in Kazakh, they may struggle with academic terminology, written communication, or multi-
lingual instruction. Others face difficulties adjusting to educational expectations that differ substantially
from those in their countries of origin.

Recent studies have further highlighted the experiences of university students. Research on stu-
dents from Mongolia and China demonstrates that linguistic barriers extend beyond the classroom and
influence social integration. Limited proficiency in dominant languages may restrict participation in stu-
dent organizations, informal peer networks, and extracurricular activities. Consequently, educational
challenges become intertwined with broader experiences of isolation and exclusion.

The role of family has also emerged as an important factor in educational adaptation. Studies in-
dicate that family networks often provide emotional support, practical assistance, and cultural continu-
ity during the integration process. However, parents themselves may experience difficulties navigating
educational institutions, particularly when they are unfamiliar with local administrative procedures or
literacy conventions.

Another recurring theme in the literature concerns the discrepancy between expectations and re-
ality. Many return migrants arrive with idealized perceptions of the homeland based on cultural narra-
tives transmitted through diaspora communities. Educational institutions are often expected to facilitate
integration and reinforce a sense of national belonging. Instead, some students encounter environments
in which linguistic and cultural differences become sources of marginalization.

These experiences reveal that educational integration involves more than academic adjustment. It
also requires navigating complex social hierarchies shaped by language, culture, and historical experi-
ence. Therefore, educational outcomes cannot be understood independently of broader social and polit-
ical contexts.
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Research Gap

Although scholarship on ethnic return migration in Kazakhstan has expanded considerably over
the past decade, several important gaps remain. First, much of the existing literature focuses on citizen-
ship, demographic policy, labor market participation, or cultural adaptation. Comparatively less atten-
tion has been devoted to educational experiences as a distinct area of analysis.

Second, studies examining educational integration often treat language barriers as individual chal-
lenges rather than structural consequences of language policy. As a result, insufficient attention has been
paid to the relationship between multilingual educational reforms and the experiences of return migrant
students.

Third, relatively few studies explicitly connect language policy, educational inclusion, and belong-
ing within a single analytical framework. Existing research frequently discusses these themes separately
despite their close interrelationship in the everyday lives of return migrants.

Finally, recent policy developments, including the transition from the term “oralman” to “gandas’
and ongoing reforms in multilingual education, have created new contexts that require further scholarly
examination. Understanding how these changes affect educational experiences remains an important
task for future research.

Addressing these gaps is essential for developing a more comprehensive understanding of return
migration in Kazakhstan. Examining educational experiences through the lens of language policy and
belonging can provide valuable insights into the mechanisms through which inclusion and exclusion are
produced within contemporary nation-building processes.

Theoretical Framework

This article draws upon three complementary theoretical perspectives: Bourdieu’s concept of lin-
quistic capital, Spolsky’s language policy framework, and Yuval-Davis’s theory of belonging. Together,
these perspectives provide a comprehensive analytical lens for understanding how language policy
shapes the educational experiences of ethnic Kazakh return migrants in Kazakhstan.

Linguistic Capital and Educational Inequality

Pierre Bourdieu’s theory of linguistic capital provides a useful framework for understanding the
relationship between language and social power. According to Bourdieu (1991), language is not merely
a neutral means of communication. Rather, particular languages and language varieties possess different
values within specific social contexts. Individuals who command socially valued languages gain access to
educational, economic, and social opportunities, while those who lack such competencies may experience
disadvantage.

Within educational institutions, linguistic capital functions as a mechanism through which inequal-
ities are reproduced. Schools and universities often reward students who possess dominant linguistic
competencies while unintentionally marginalizing those whose linguistic backgrounds differ from insti-
tutional expectations. As a result, language becomes a form of symbolic power that shapes educational
trajectories and life chances.

In the context of Kazakhstan, linguistic capital is distributed unevenly across different languages.
Although Kazakh has acquired increasing political significance as the state language, Russian continues
to occupy an influential position within education, professional communication, and urban social life.
English has also emerged as a valuable resource associated with globalization and academic mobility.
Consequently, students who possess competence in all three languages generally enjoy greater educa-
tional advantages.

For ethnic Kazakh return migrants, this linguistic hierarchy can create significant challenges. Many
return migrants arrive with strong Kazakh-language skills but limited proficiency in Russian or English.
While their knowledge of Kazakh may align with state narratives of national identity, it does not neces-
sarily translate into educational success within multilingual institutions. Thus, linguistic capital provides
an important explanation for why ethnic belonging does not automatically result in educational inclu-
sion.

Language Policy as Practice

To understand how these inequalities emerge, the article employs Spolsky’s (2004) language policy
framework. Spolsky conceptualizes language policy as consisting of three interconnected components:
language practices, language beliefs or ideologies, and language management.

Language practices refer to the actual languages used in everyday interactions. Language beliefs
encompass societal attitudes regarding the value and status of different languages. Language manage-
ment includes official policies and regulations designed to influence language use.

4
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This framework is particularly relevant to Kazakhstan because the country’s language situation is
characterized by a complex interaction between official policy and everyday practice. Official discourse
promotes Kazakh as the state language and emphasizes the importance of multilingualism. However,
actual language practices often reveal a more complicated reality in which Russian continues to function
as a dominant language in many educational and professional settings.

For return migrant students, the distinction between policy and practice is especially significant.
Officially, their knowledge of Kazakh should facilitate integration into educational institutions. In prac-
tice, however, successful participation often requires competence in Russian and increasingly in English.
As a result, students may encounter barriers that are not immediately visible within formal policy docu-
ments.

Spolsky’s framework therefore enables a critical examination of how language policies operate
beyond official declarations and how educational institutions become sites where broader ideological
and political tensions are reproduced.

Belonging as a Social Process

While linguistic capital and language policy explain structural inequalities, they do not fully capture
the emotional and social dimensions of return migration. To address this limitation, the article incorpo-
rates Yuval-Davis’s (2011) theory of belonging.

Yuval-Davis argues that belonging should be understood as a dynamic social process rather than a
fixed identity category. Belonging involves emotional attachment, social participation, and recognition
by others. Individuals may legally belong to a nation while simultaneously feeling excluded from its social
and cultural life.

The theory is particularly useful for analyzing ethnic return migration because return migrants of-
ten possess formal membership in the national community but continue to experience exclusion. Their
ethnic identity may be recognized by the state, yet their everyday interactions can challenge their sense
of acceptance and inclusion.

Educational institutions play a central role in shaping experiences of belonging. Schools and uni-
versities are not only sites of learning but also spaces where students develop friendships, construct iden-
tities, and negotiate social membership. Positive educational experiences can strengthen feelings of be-
longing, while exclusionary practices may reinforce perceptions of marginalization.

For ethnic Kazakh return migrants, belonging is often negotiated through language. Students who
are unable to participate fully in classroom discussions, communicate effectively with peers, or access
educational resources may experience a weakened sense of connection to the broader community. Con-
sequently, language becomes both a practical and symbolic dimension of belonging.

Integrated Analytical Framework

The combination of these three theoretical perspectives allows for a multidimensional analysis of
return migrant educational experiences.

Bourdieu’s concept of linguistic capital explains how language competencies function as valuable
resources that shape educational opportunities. Spolsky’s framework reveals how language policies and
practices create institutional conditions that privilege certain linguistic repertoires over others. Yuval-
Davis’s theory of belonging highlights the social and emotional consequences of these processes for re-
turn migrant students.

Together, these perspectives suggest that educational challenges experienced by ethnic Kazakh
return migrants cannot be reduced to individual linguistic deficiencies. Instead, they emerge from the
interaction between institutional language policies, unequal distributions of linguistic capital, and
broader processes of social recognition and belonging.

This integrated framework forms the basis for the discussion presented in the following section,
which critically examines how language policy contributes to both inclusion and exclusion within Kazakh-
stan’s educational system.

Discussion

The literature reviewed in this article reveals a fundamental contradiction within Kazakhstan's
ethnic repatriation and language policies. While ethnic Kazakh return migrants are symbolically posi-
tioned as members of the national community, their educational experiences often reflect various forms
of exclusion. This contradiction demonstrates that belonging is not determined solely by ethnicity but is
shaped through language, institutional practices, and everyday social interactions. The findings of previ-
ous studies suggest that educational institutions serve as critical spaces where these tensions become
visible.

Russian as the Hidden Gatekeeper of Educational Success

112



VII INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 23-24.06.2026

One of the most significant themes emerging from the literature is the continued importance of
Russian within Kazakhstan's educational system. Although state policy has increasingly emphasized the
promotion of Kazakh and the development of multilingual education, Russian remains deeply embedded
in academic, professional, and social life.

This situation creates what may be described as a hidden gatekeeping mechanism. Officially, Ka-
zakhstan promotes inclusion through recognition of ethnic Kazakhs regardless of their country of origin.
However, practical success within educational institutions frequently depends upon competencies that
many return migrants do not possess upon arrival. In particular, limited proficiency in Russian often re-
stricts access to academic materials, communication with peers, and participation in institutional life.

From the perspective of Bourdieu’s theory, Russian continues to function as a powerful form of
linguistic capital. Students who possess Russian-language proficiency gain access to educational re-
sources and social networks that facilitate academic success. Conversely, return migrant students who
primarily speak Kazakh may encounter disadvantages despite belonging to the titular ethnic group.

This finding highlights an important tension within Kazakhstan’s nation-building project. While the
state seeks to strengthen the role of Kazakh, institutional practices often continue to reward competen-
cies associated with Russian. As a result, educational inclusion may depend less on ethnic identity than
on access to dominant linguistic resources.

The experiences of return migrants therefore challenge simplistic assumptions regarding language
revitalization and national integration. The promotion of Kazakh alone does not eliminate existing lin-
quistic hierarchies. Instead, multiple languages continue to occupy different positions within educational
and social structures, creating unequal opportunities for students from diverse backgrounds.

The Paradox of Ethnic Inclusion and Linguistic Exclusion

The literature consistently demonstrates that return migrants experience a paradoxical form of
integration. On one hand, they are welcomed as ethnic Kazakhs returning to their ancestral homeland.
On the other hand, they often encounter barriers associated with language, culture, and educational
background.

This paradox can be understood through the concept of privileged exclusion. Return migrants pos-
sess symbolic advantages because they contribute to state demographic goals and reinforce narratives
of national unity. Their return is frequently celebrated as evidence of the success of Kazakhstan'’s repat-
riation policies. However, symbolic inclusion does not necessarily translate into practical equality.

Language plays a central role in this contradiction. Many return migrants arrive with strong com-
mitments to Kazakh culture and identity. Some possess linguistic skills that are even regarded as more
“traditional” or “authentic” than those of local populations. Nevertheless, these competencies do not
always align with the linguistic expectations of contemporary educational institutions.

Students from Mongolia, China, and other countries often discover that successful participation
requires familiarity with Russian terminology, Soviet-influenced educational norms, and local communi-
cative practices. Consequently, they may feel culturally connected to Kazakhstan while simultaneously
experiencing educational exclusion.

This phenomenon demonstrates that language functions as more than a communication tool. It
also serves as a marker of legitimacy and social membership. Individuals who possess dominant linguistic
competencies are more likely to be recognized as fully belonging members of the educational community.
Those lacking such competencies may experience subtle forms of marginalization despite their ethnic
status.

The paradox of ethnic inclusion and linguistic exclusion reveals broader complexities within con-
temporary nation-building processes. Shared ancestry alone cannot eliminate structural inequalities cre-
ated through language policy and institutional practice.

Educational Institutions as Sites of Belonging and Othering

The reviewed studies suggest that educational institutions play a dual role in the lives of return
migrant students. On one hand, schools and universities provide opportunities for language acquisition,
social integration, and academic advancement. On the other hand, they may also reproduce mechanisms
of exclusion and othering.

Educational environments shape belonging through everyday interactions. Classroom participa-
tion, peer relationships, teacher expectations, and institutional support all influence whether students
perceive themselves as accepted members of the educational community. For return migrants, these ex-
periences are particularly important because education often represents their primary point of contact
with mainstream society.
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Research indicates that language barriers can affect not only academic performance but also so-
cial participation. Students who struggle to communicate effectively may avoid classroom discussions,
experience difficulties forming friendships, and become less involved in extracurricular activities. Over
time, these challenges can contribute to feelings of isolation and reduced self-confidence.

The concept of othering is useful for understanding these processes. Othering occurs when individ-
uals are perceived as different from a socially constructed norm and are consequently positioned outside
the boundaries of full membership. Although return migrants are ethnically Kazakh, differences in ac-
cent, vocabulary, educational background, or cultural practices may cause them to be perceived as out-
siders.

This form of exclusion is often subtle rather than overt. Students may not experience direct dis-
crimination, yet they may encounter assumptions regarding their abilities, backgrounds, or identities.
Such experiences can weaken their sense of belonging and complicate their adaptation to educational
environments.

At the same time, educational institutions possess significant potential to promote inclusion. Sup-
portive teachers, language assistance programs, mentoring initiatives, and culturally responsive curricula
can help facilitate successful integration. Therefore, schools and universities should be viewed not merely
as sites where exclusion occurs but also as institutions capable of reducing educational inequalities.

Implications for Language Policy and Educational Equity

The experiences of ethnic Kazakh return migrants raise important questions regarding the rela-
tionship between language policy and educational equity in Kazakhstan. Existing policies have made sig-
nificant progress in strengthening the status of Kazakh and expanding multilingual education. However,
the literature suggests that additional measures are necessary to address the specific needs of return
migrant students.

First, policymakers should recognize that return migrants constitute a linguistically diverse popu-
lation rather than a homogeneous group. Students arrive from different countries with varying educa-
tional histories, literacy practices, and language competencies. Consequently, uniform integration strat-
egies may fail to address their specific challenges.

Second, educational institutions should develop targeted language support programs that extend
beyond basic language instruction. Such programs should assist students in acquiring academic literacy,
disciplinary vocabulary, and communicative competencies necessary for successful participation in edu-
cational settings.

Third, greater attention should be devoted to teacher preparation. Educators require training that
enables them to work effectively with linguistically and culturally diverse students. Awareness of return
migrant experiences can help teachers create more inclusive classroom environments and avoid deficit-
based interpretations of linguistic differences.

Fourth, educational policy should move beyond narrow measures of language proficiency and con-
sider broader questions of belonging and participation. Successful integration should not be evaluated
solely through academic achievement but also through indicators such as social inclusion, student well-
being, and access to educational opportunities.

Finally, future language policy initiatives should acknowledge the gap that sometimes exists be-
tween official discourse and institutional practice. While multilingualism remains an important national
objective, policymakers must ensure that language policies do not unintentionally reproduce inequalities
for vulnerable student populations.

Taken together, these implications suggest that educational equity requires more than formal ac-
cess to schooling. It demands institutional structures that recognize diversity, support linguistic adapta-
tion, and foster meaningful belonging for all students, including ethnic return migrants.

Conclusion

This article examined the relationship between language policy and the educational experiences of
ethnic Kazakh return migrants in Kazakhstan. Through a critical review of the literature, the study ex-
plored how language shapes educational integration, belonging, and access to opportunities within
schools and universities.

The analysis demonstrates that ethnic return migrants occupy a unique and often contradictory
position within Kazakhstani society. Although they are welcomed as members of the titular ethnic group
and are viewed as contributors to national development, many continue to face educational challenges
associated with language and institutional adaptation. These experiences illustrate that ethnic identity
alone is insufficient to guarantee social inclusion.
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Drawing on the concepts of linguistic capital, language policy, and belonging, the article argued
that educational inequalities emerge through the interaction of individual competencies and institutional
structures. Russian continues to function as a significant form of linguistic capital despite efforts to
strengthen Kazakh-language education. Consequently, return migrant students who possess strong Ka-
zakh-language skills but limited Russian proficiency may experience barriers that affect both academic
success and social integration.

The findings also highlight the importance of understanding belonging as a social process rather
than a fixed status. Educational institutions play a crucial role in shaping whether students feel accepted,
recognized, and valued within the national community. For many return migrants, experiences of belong-
ing are negotiated through language, participation, and everyday interactions.

Ultimately, the case of ethnic Kazakh return migrants reveals broader tensions within contempo-
rary nation-building projects. The aspiration to unite members of a shared ethnic community may coexist
with institutional practices that reproduce exclusion. Addressing these contradictions requires educa-
tional policies that move beyond symbolic inclusion and actively support equitable participation for di-
verse student populations.

Future research should continue to investigate the voices and experiences of return migrant stu-
dents themselves. Qualitative studies involving interviews and ethnographic approaches could provide
deeper insight into how language policy is experienced in everyday educational contexts. Such research
would contribute not only to scholarship on Kazakhstan but also to wider discussions concerning migra-
tion, multilingualism, and educational justice in increasingly diverse societies.
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Abstract

Advertising has become one of the most influential forms of communication in modern society,
serving as a bridge between producers and consumers while shaping public attitudes, preferences, and
behavior. This article explores the concept of communication and examines the specific characteristics
of advertising as one of its most vital and influential forms. The study’s objectives are to examine how
advertising has changed over time, from its earliest forms to its current ones, and to identify the key
mechanisms through which advertising influences target audiences. The research demonstrates that ad-
vertising has evolved alongside human civilization and technological progress. The author traces the his-
torical evolution of advertising, charting its transition from primitive visual symbols used in antiquity and
the Middles Ages to today’s dynamic, multi-channel marketing strategies. The paper analyzes the foun-
dational functions of advertising — namely economic, informational, and social — and highlights infor-
mation and communication as its core drivers. Furthermore, the study addresses the economic, informa-
tional, social, educational, cultural, and communication roles that advertising plays in modern society as
well as it identifies three distinct types of communicative interaction within the advertising sphere: imi-
tation, dialogue, and control. Particular attention is paid to how target audiences are segmented and
how visual design, psychological appeal, and strategic language choices are utilized to ensure brand iden-
tity product memorability. The analysis reveals that in order to grab consumers’ attention and leave a
lasting impression, advertisers use persuasive language strategies, vivid imagery, metaphors, catchy slo-
gans, and informal style. Finally, the article provides a comprehensive classification of modern advertis-
ing mediums, including outdoor, transit, print, and direct mail marketing, concluding that every format
serves a specific objective, strateqy, and purpose. The results show that although advertising styles and
technologies have changed significantly, its basic goal of informing, persuading, and establishing effec-
tive communication with certain audiences has not altered. advertising is still a vital component of mar-
keting and social communication, adjusting to the shifting demands of society while continuing to be a
potent tool for persuasion and information sharing.

Keywords: Communication, Advertising, Marketing, Advertising language, Target audience, Com-
municative interaction

Introduction

The word «communication» originates from the Latin word, which means «to make common» or
«to bind». In the modern understanding, communication is a process determined by social norms, during
which information is transmitted and received. This process can take place both at the level of interper-
sonal interaction and on the scale of mass communication, using various channels and communication
tools for this purpose. The search for a method to transform the individual exchange of ideas and infor-
mation into a force capable of influencing public opinion and behavior is the essence of the communica-
tion dilemma. As Ph. Kotler notes, «Advertising is a non-personal form of communication carried out
through paid means of information dissemination, with a clearly indicated source of funding» [2, p. 511].

By this, the author means that non-personal adverting is characterized by wide coverage, using a
one-to-many approach instead of individual communication. The advantage of this approach is the ability
to simultaneously deliver a single message to a huge audience, despite the lack of instant reaction inher-
ent in personal scale.

The Historical Development of Advertising

Advertising as a type of activity is aimed at selling a product or service to target consumers. This is
a kind of communication between the company and its customers. Advertising exists in all periods of our
lives, and design and language are an important part of it.

The need to share facts or promote the quality of goods and services has increased the importance
of advertising over the years. Nowadays, as a type of communication, advertising is a vital aspect of hu-
man life. Communication is carried out using language, which is the dominant means of advertising.

Marketing, of which advertising is a part, has reached a significant age and still remains a distinc-
tive way of influencing people. The history of the advertising method describes the transition from
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personal marketing messages to unnatural repetitive advertisements published in the first newspapers,
to the dynamism of mass communication through radio and television, to the re-personalization of mes-
sages transmitted over cable, the Internet and direct communication. This is a story about sellers trying
to find the best ways to attract customers, and a parallel narrative about how the world accepts them,
how they resist, how they rejoice and how they are annoyed. Advertising has undergone changes, having
reached the Golden Age of its development, and is currently the key to marketing success. It has evolved
and gone through several significant periods of development that are closely related to the evolution of
humanity [3, p.7].

Advertising has always existed ahead of people’s awareness of it. The low level of education and
sophistication of the population led to the use of signs, images and symbols as the primary early adver-
tising mediums. The past, whether in antiquity or the Middle Ages, was characterized by the fact that
reading was the privilege of a few — the clergy and the aristocracy. For the common man, writing, and
therefore any text advertisement, was just a meaningless set of signs. To attract customers, merchants
had to rely on a kind of «universal language». Today, this language has taken on a new form — it has
become visual. Even if you don’t know what the word «meat» looks like, the image of a cow above the
store's entrance will instantly inform you of its purpose. The basis of early advertising was a clear link
between a product and a service. The blacksmith hung an anvil, the baker a glided pretzel, and the cob-
bler a wooden shoe. It was just an informational advertisement [1, p. 11].

Advertising was constantly changing, as evidenced by examples such as pop-ups and printing
presses. However, both the need for advertising and the methods that ensure its effectiveness remain
unchanged. Modern advertising channels include radio, print media (magazines, newspapers), the Inter-
net, direct sales, billboards, newsletters, contests, sponsorship, posters, clothing, events, as well as the
use of colors, sounds, visual effects, and even people.

Psychological Impact of Advertisements

Advertisers can target the people who are most likely to buy their products using such classifica-
tions. On commercial television, programs try to «package» the audience by showing certain types of
shows at certain times. This encourages advertisers to buy time, as it is easier to focus on a specific audi-
ence rather than a broad one. For example, television ads often promote certain types of household
chemicals, food and beverages, toothpaste, and cars during periods when children are most likely to
make up the majority of the audience. As publishers and advertisers become more aware of which people
are buying each publication, the target audience of newspapers and magazines becomes clearer. Since
advertisers are willing to pay for advertising space in certain newspapers targeted at the affluent middle
class, advertisers will be willing to pay for it. Advertising works by arousing consumer interest in a partic-
ular product or service. A «sale» or «donation» is likely to occur after a potential consumer has a desire
to buy or «donate». Each strategy must be tailored to the target audience, as well as to the type of prod-
uct or service provided. Some types of advertising are aimed at changing the opinion of the audience. For
example, the slogan «The fairy lasts longer» is designed to encourage consumers to prefer one brand over
another, convincing them that the product is more successful, fashionable or has a better value for
money, even if it is more expensive [4, p. 47].

Other advertising should convince consumers that they need a product that is not necessary in
everyday life. Car and perfumes manufacturers, for instance, use the «why?» approach in their advertis-
ing. According to research, people remember ads if the product is unique, the ad is unusual, or it has some
personal meaning. The visual content and overall design often determine the initial effect. However, it is
through the use of language that the identity of a product or service, as well as the brand name, is re-
membered. The advertising language is usually optimistic, relaxed and informal. Advertisers use vivid,
tangible phrases, metaphorical language, and non-standard spelling to make their text (words related to
advertising) memorable. Stereotypes are used in marketing because they aim to attract the attention of
«typical representatives of certain groups». Women are often seen in homes, and advertisements for
bouillon cubes OXO often use the idea of a happy family. With the exception of famous athletes and
models, black actors are rarely seen in mainstream advertising campaigns. Advertisers believe that Na-
omi Campbell, who is attractive to a wide audience, appeared in an advertisement for yogurt and milk
«market Miller» [4, p. 48].

In order to trigger particular consumer demands, effective audience segmentation considerably
depends on customized visual material and smart language choice. Ultimately, the psychological impact
of the advertisement relies on establishing a unique, deeply personal connection that effectively shapes
customer behavior.

Forms of Advertising
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In the advertising sphere, there are three possible types of communicative interaction, each of
which manifests itself in its own way:

1. Imitation: The recipient of the advertisement may unconsciously or consciously repeat the ges-
tures, actions, or behaviors of the information translator.

2. Dialogue: It is a form of communication where participants recognize each other as equal part-
ners, each with their own set of meanings and values.

3. Management: In this case, the communicator perceives the recipient as a tool for the realization
of his plans, as an object that he seeks to control.

Having systematized its functions, it is impossible not to pay attention to the economic, informa-
tional and social role of advertising. Many other elements are often considered important components
of social or informational functions, including cognitive, educational, cultural, ideological, integrative,
and communicative functions. Since advertising allows you to perform all its other functions, information
and communication are the main functions of advertising. It is used to create and disseminate infor-
mation on a wide range of topics, including ideas, people, programs, social issues, goods, and services.
Consequently, advertising can serve its own ideological, spiritual, and economic goals.

As mentioned above, advertising has undergone various changes, therefore, there are currently
diverse forms of advertising.

Direct mail is sent to certain individuals through a mailbox, and themed ads are displayed in the-
matic contexts targeted at individuals and groups with special interests. Commercial television, radio,
cinemas, billboards, newspapers and magazines all contain advertisements aimed at broad consumer
groups. Themed ads are shown in contexts targeted at individuals and groups with special interests, and
direct mail is sent to specific recipients through the mailbox. All of these commercials are aimed at raising
awareness about specific products or services through ads funded by a person or organization for the
purpose of educating or influencing a specific audience [4, p. 257-280].

Outdoor advertising: Outdoor advertising is a great way to attract the attention of highly mobile
groups of the population who spend a significant amount of time on the road, for example, on their way
to and from work or as part of their profession.

Billboards and banners: Billboard advertising is still quite popular among business owners. This is
especially true in places with a lot of roads.

Advertising in retail outlets: Advertising in retail outlets is very similar. Locals create a postcard
and place it where other locals shop, for example, in a supermarket window or in a storefront.

Transit advertising: This is primarily a form of urban advertising that uses bus shelters and taxi
tops, as well as posters placed at bus stops, airports, and metro stations.

Direct mail is delivered directly to people’s homes and is addressed to individuals who have received
it from publicly available sources such as the voter list.

Newspapers are the second most popular means of advertising. With newspaper, advertisers can
reach readers of different ages, ethnicities, and income levels.

Brochures: A printed brochure can help many small businesses gain trust and tell your story in more
detail.

Magazines: They are designed for a wide range of readers with similar interests. The magazine’s
ability to reproduce eye-catching color images can enhance the product’s appearance [4, p. 257-280].

All of the above periods and types of advertising show how marketing has flourished over the years,
promoting new products and services, revealing well-thought-out strategies and having clear goals. Thus,
all types of advertising have their own specific objective, purpose, strategy, and medium.

Conclusion

From simple, early visual indicators, advertising has developed into a complex, multipurpose instru-
ment of mass and focused communication. This historical trend illustrates the strong relationship be-
tween marketing strategies, technology literacy, and societal advancement. Regardless of whether ad-
vertising is delivered through mass media or personalized channels, each form relies on carefully designed
strategies, persuasive language, and audience-oriented communication techniques.
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