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Abstract

Cardiac rehabilitation is a crucial multidisciplinary approach to improve patient
outcomes. There is a growing body of evidence that suggests that these programs
contribute towards reducing cardiovascular mortality and recurrence. Despite
this, cardiac rehabilitation is underutilized and adherence to these programs has
been a demonstrated barrier in achieving these outcomes. As a result, there is a
growing focus on innovating these programs, especially from the standpoint of
digital health and personalized medicine. This editorial discusses the possible
roles of large language models, such as their role in ChatGPT, in further person-
alizing cardiac rehabilitation programs through simplifying medical jargon and
employing motivational interviewing techniques, thus boosting patient enga-
gement and adherence. However, these possibilities must be further investigated
in the clinical literature. Likewise, the integration of large language models in
cardiac rehabilitation will be challenging in its nascent stages to ensure accurate
and ethical information delivery.

Key Words: Cardiac rehabilitation; Large language models; Patient education;
Motivational interviewing; Artificial intelligence

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Large language models may help innovate cardiac rehabilitation programs on a
larger scale, but there is a large paucity in evidence to support its utility and evaluating
the validity of these innovative proposals. Likewise, this new innovation may be able to
assist in developing more personalized medicine for patients and clinical research.
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INTRODUCTION

Cardiac rehabilitation is a multidisciplinary approach aimed to improve cardiovascular outcomes via emphasizing a
patient’s functional capacity and quality of life. Major components of cardiac rehabilitation include prescriptive exercise-
based therapy, behavioral modifications, psychosocial counseling, and medical risk factor stratification[1-3]. While
pharmacologic therapy is the initial choice of treatment for current cardiovascular morbidities, cardiac rehabilitation is
somewhat of an underutilized tool that can serve as an adjunct to enhance patient outcomes, with current literature
showing participation in exercise-based cardiac rehabilitation reducing cardiovascular mortality, recurrent cardiac events,
and improving overall quality of life[4]. As cardiac rehabilitation is a rapidly growing field of interest that has shown
evidence-based benefits, the current literature has been expanding on the potential implications given that only about
25% of individuals with eligible cardiovascular events will participate in cardiac rehabilitation[2,5] with some literature
showing attendance rates at less than 20% over the past two decades[6,7]. Although cardiac rehabilitation can be
valuable, adherence can be difficult for even the most motivated patients due to extraneous factors like health literacy,
socioeconomic status, and personal obligations. This editorial aims to expand upon a recent publication by Kourek et al
[6], which describes the latest updates on cardiac rehabilitation, including its indications, program structure, clinical
outcomes, and potential limitations, while initiating a discussion regarding the likely innovations in the field of cardiac
rehabilitation with patient adherence at its forefront. In particular, this editorial aims to build upon advancing cardiac
rehabilitation by highlighting the possible incorporation of a large language model (LLM) as an educational tool to
personalize further a patient’s experience undergoing cardiac rehabilitation[6,7].

LLMS

LLMs are an expanding area of research interest as they have the capability to leverage deep learning to train and learn
responses. These models are employed via chatbots (i.e., ChatGPT). From a health literacy standpoint, LLMs may have the
technological capabilities to directly impact health literacy by improving the readability of standard patient education
methods, including pamphlets, action plans, and after-visit summaries[8,9]. However, there is currently a paucity of
literature to support this claim. Let alone, studies have shown the potential benefits of artificial intelligence (AI)
implementation on patient adherence with direct conversational influence on behavioral modification, particularly in
vaccination adherence and weight-management in the overweight and obese patient population[10-13]. Although these
findings are not directly in the field of cardiac rehabilitation, similar techniques can be offered to this patient population.
For example, LLMs could be employed to learn and implement motivational interviewing concepts to initiate and
maintain patient adherence to cardiac rehabilitation. An additional hypothetical situation where LLMs could aid the
patients in cardiac rehabilitation could be in the ability to generate a personalized summary of the cardiac rehabilitation
program for a patient. This personalized summary could adapt to the healthy literacy level for each patient, generating
text at a grade reading level that provides the highest degree of comprehension for the patient. However, there is still a
growing development of literature that demonstrates this specific situation in the field of rehabilitation[14]. Another role
for LLMs could be in translating cardiac rehabilitation instructions to patients into their language of choice[15]. This can
help facilitate the delivery of more equitable healthcare among those faced with language barriers.

While conversational methods in Al have been shown to improve patient adherence in preventative care in terms of
improving health literacy, another potential avenue to explore is the impact of medical jargon on patient commitment to
therapy. To expand, patients can find it difficult to follow medical jargon, which affects their awareness of their medical
condition, its temporality, and treatment plans, creating a communication barrier between the patient and physician. A
systematic review by Nickel et al[16] found that medical jargon resulted in an increased perception of disease severity,
patient anxiety, and a desire for invasive management for their condition, highlighting that increased complexity of
medical terms can influence the pattern of patient adherence. LLMs are a potential route that can assist how a physician
communicates with a patient to advance health literacy by helping to translate medical jargon into a level that patients
can understand. However, it is imperative for physicians and cardiac rehabilitation specialists to maintain a high degree

of oversight with using these tools as minimizing medical jargon may blur the true meaning or severity of a condition[17,
18].

CONCLUSION

While this editorial described the possible utility of LLMs in assisting in motivational conversation techniques and simpli-
fication of terminology for patients, there remain major limitations to this technology. From an evidence standpoint, the
possible utilities of LLMs must continue to be investigated at a larger scale. The current direction of literature has largely
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utilized few LLMs, including ChatGPT, Copilot, and Gemini[19,20]. There may be an avenue for the development of
LLMs which primarily learn from neural networks dedicated to using peer-reviewed, evidence-based resources, which
may perform differently from these current models[21]. Secondly, there must be an ever-present need to develop further
ethical and regulatory infrastructure on the use of LLMs in medicine overall. Currently, there remains a need for
profound oversight by physicians and researchers to develop these models in order to effectively reduce and remove
“hallucination” or the generation of inaccuracy and fabricated responses by LLMs based on the training of the model[22-
24]. Additionally, it must be communicated to patients that LLMs are not medical sources of knowledge or healthcare
providers but rather a communication tool to help deliver more equitable healthcare to individuals. This delivery can be
in the form of personalizing the grade-reading level of the cardiac rehabilitation materials provided to patients or
possibly transplanting these tools into different languages. Overall, these promising models will continue to develop
given the great degree of resource allocation on advancing these promising tools[25].
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Abstract

Immunoglobulin (Ig) A nephropathy is the most common type of primary
glomerulonephritis globally. It typically manifests with microscopic hematuria
and a spectrum of proteinuria, although rapidly progressive glomerulonephritis
may occur in rare instances. Deposition of IgA in the mesangium seems to be the
underlying disease mechanism. Despite current treatment, IgA nephropathy may
progress into end-stage renal disease, indicating the necessity for the development
of new therapeutic agents. Lifestyle modifications and anti-proteinuric treatment
are recommended, and steroids have shown to be beneficial to high risk groups.
Nevertheless, other conventional immunosuppressive agents, such as cyclophos-
phamide and mycophenolate mofetil, may be considered, despite the lack of
sufficient evidence to support their efficacy. A considerable proportion of cases
remain unresponsive to these treatments, underscoring the need for novel
therapeutic approaches. There are several promising immunosuppressive drugs,
such as B-cell lineage depleting agents or complement system inhibitors, that are
currently undergoing clinical trials. These therapies may be considered for use in
selected cases.
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Core Tip: Immunoglobulin A nephropathy represents the most prevalent form of primary glomerulonephritis, with the
potential for progression to end-stage renal disease. Lifestyle modifications, dietary alterations and anti-proteinuric pharma-
cological agents have been demonstrated to induce clinical remission in most cases. However, some cases do not respond to
supportive therapy. Short term use of corticosteroids should be considered in unresponsive cases. However, novel
therapeutic strategies are required for patients with steroid-refractory disease. B-cell lineage depletion therapies and
complement system inhibitors represent promising avenues for future research and may be considered in cases of persistent
disease despite guideline-directed medical treatment.
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INTRODUCTION

The clinical presentation of immunoglobulin (Ig) A nephropathy was initially delineated by Berger and Hinglais[1] in
1968 in a patient exhibiting inter-capillary IgA deposition. It is regarded as the most common type of primary glomer-
ulonephritis worldwide. Although it is usually considered a benign disease, a significant proportion of cases may
progress to end-stage kidney disease[2]. Here, we provide a brief summary of the clinical presentation and patho-
physiology followed by a literature review focusing on novel treatment approaches.

CLINICAL PRESENTATION AND PROGNOSIS

The clinical presentation may vary considerably, from incidental microscopic hematuria to nephrotic syndrome or rapidly
progressive glomerulonephritis. However, in almost all cases, there is a history of a triggering infection, the majority of
which are upper respiratory tract infections. The highest incidence of IgA nephropathy (IgAN) is observed in the Asia-
Pacific region, while the lowest prevalence is seen in Africa and India[2]. The clinical presentation and prognosis of IgAN
significantly varies across age groups and ethnicities. It is predominantly diagnosed between the second and fourth
decades of life. In younger patients, the predominant findings are gross hematuria accompanied by urine sediment
abnormalities. In contrast, elderly cases commonly present with acute kidney injury, reduced glomerular filtration,
hypertension, and prominent proteinuria[3,4].

Previously, IgAN was regarded as a relatively benign disease. However, longitudinal studies have demonstrated that
25%-50% of patients ultimately progress to end-stage renal disease (ESRD) over time. Additionally, IgAN has been linked
to an elevated mortality risk and a reduced life expectancy of approximately six years[5,6]. A number of defined
predictors of worse outcomes in IgAN have been identified, including: (1) Heavy proteinuria; (2) Male gender; (3) Lower
serum albumin level; (4) Diastolic hypertension; (5) Age below 30 years; and (6) Presence of renal dysfunction at the time
of diagnosis and active urinary sediment[7]. Therefore, IgAN should not be considered as a benign course, and
preventive measures should be implemented as early as possible to avoid disease progression.

PATHOPHYSIOLOGY

The deposition of immune complexes in the mesangium represents the primary mechanism underlying IgAN. It is well
established that the level of galactose-deficient IgA1 (Gd-IgA1) is increased in patients with IgAN. Furthermore, Gd-IgAl
is proposed as a marker for diagnosis and assessment of the treatment response. IgG autoantibodies recognize gd-IgAl
antibodies and form circulating immune complexes that subsequently deposit in the mesangium. The deposition of
immune complexes in the mesangium induces mesangial cell proliferation and extracellular matrix protein production,
which is mediated by increased levels of cytokines and growth factors. This in turn results in impaired podocyte and
filtration barrier functions, leading to proteinuria and hematuria[8]. Gut dysbiosis is also shown to contribute to the
pathogenesis of IgAN by stimulating the production of Gd-IGA1[9].

TREATMENT

The management of IgAN should be determined based on the clinical presentation, the presence of renal dysfunction and
the amount of proteinuria. The treatment of [gAN comprises lifestyle modifications, anti-proteinuric therapy and
immunosuppressive treatment. Novel agents targeting B-cell lineage and the complement system have yielded promising
results in early phase trials[3,10]. However, there is a paucity of consensus regarding the efficacy of tonsillectomy, with
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current evidence suggesting its potential benefit in the Japanese population. The treatment approach for IgAN, including
novel therapies, is illustrated in Figure 1.

Lifestyle modifications

It is recommended that the general recommendations for reducing cardiovascular risk be applied to patients with IgAN.
The following measures are advised: (1) Smoking cessation; (2) Regular exercise; and (3) Maintaining weight within
normal ranges. In addition, sodium intake should be restricted to below 2 g per day, as this is the only dietary recom-
mendation that has been associated with outcomes[10,11]. Furthermore, blood pressure should be controlled, with the
target systolic blood pressure set at below 120 mmHg. While some studies have indicated beneficial effects, there is
nevertheless a paucity of consensus regarding the use of fish 0il[10,11].

Anti-proteinuric treatment

Anti-proteinuric treatment comprises three main categories of pharmacological agents: (1) Renin-angiotensin-aldosterone
system (RAAS) inhibitors; (2) Sodium-glucose cotransporter-2 (SGLT2) inhibitors; and (3) Endothelin receptor antagonists
(ERAs). The RAAS inhibitors comprise angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor
blockers (ARB). RAAS inhibitors should be administered and the dose should be uptitrated to the maximally tolerated
dose, particularly in patients with more than 500 mg/d proteinuria[11]. RAAS inhibitors are the only treatment that has
demonstrated a clinical benefit among non-immunosuppressive therapies[12]. Combination of ACE inhibitors and ARBs
results in a greater reduction in proteinuria levels. However, it is not recommended due to increased risk of adverse
events including acute kidney injury and hyperkalemia[13].

SGLT2 inhibitors were initially developed as antidiabetic agents, and it was subsequently demonstrated that they exert
beneficial effects on the treatment of heart failure and chronic kidney disease (CKD), irrespective of their anti-diabetic
properties. “Dapagliflozin in patients with CKD” (DAPA-CKD) and “empagliflozin in patients with CKD” trials
provided evidence that the addition of dapagliflozin or empagliflozin to standard care slowed CKD progression and
resulted in a reduction in cardiovascular mortality in patients with or without diabetes[14,15]. A post-hoc subgroup
analysis of IgAN patients enrolled in the DAPA-CKD trial revealed a significant benefit in this population[16]. Therefore,
SGLT2 inhibitors should be considered in patients with persistent proteinuria despite maximally tolerated RAAS
inhibition or as an adjunctive therapy on top of RAAS inhibition to improve outcomes. However, it should be noted that
concomitant use of steroids and SGLT2 inhibitors might increase the risk of urinary tract infections[11].

Endothelin-1 plays a significant role in the pathophysiology of IgAN by inducing inflammation, vasoconstriction,
podocyte injury and cell proliferation. The PROTECT study revealed a 41% greater reduction in proteinuria with
sparsentan [a dual endothelin receptor A (ETA) and angiotensin receptor blocker] compared to irbesartan[17]. There are
some concerns about ETAs in relation to salt and water intake, but there is growing evidence that the combined use of
SGLT2 inhibitors and ETAs is an effective and safe treatment option[18]. Combined use of RAAS inhibitors, SGLT2
inhibitors and ERAs is proposed to be a standard supportive treatment of IgAN as similar to 4-pillar treatment of heart
failure[19].

Conventional inmunosuppressive therapy

Conventional immunosuppressive therapy comprises corticosteroids, cyclophosphamide, mycophenolate mofetil and
azathioprine. The use of corticosteroids has been demonstrated to reduce proteinuria levels in patients with persistent
proteinuria despite long-term anti-proteinuric therapy, as evidenced by the findings of the "supportive vs immunosup-
pressive therapy for the treatment of progressive IgAN" trial[20]. The “therapeutic effects of steroids in IgAN global”
trial, in which 75% of participants are Chinese patients, also exhibited a notable reduction in proteinuria levels following
corticosteroid treatment. However, the trial was terminated prematurely due to concerns regarding the potential for
increased adverse effects associated with corticosteroid therapy[21]. The current guidelines recommend a short course of
corticosteroid treatment (6 mo) for patients with persistent proteinuria despite maximal supportive care[10].

Although a small study demonstrated a beneficial impact of cyclophosphamide and azathioprine treatment on
outcomes, subsequent studies failed to confirm those beneficial effects[11]. The impact of mycophenolate mofetil on IgAN
also remains a topic of debate. Studies conducted in Chinese people suggest beneficial effects of mycophenolate mofetil,
while studies reported from North America and European countries did not demonstrate such clear benefits[22-24].
Patients with persisting proteinuria (> 1 g/d) despite at least two rounds of steroids or conventional immunosuppressive
therapy are defined as treatment refractory cases, and the novel therapeutic agents discussed below should be considered
in those patients[25].

Targeting B—cell lineage

B lymphocytes and plasmocytes are responsible for the overproduction of Gd-IgA1l. Thus, targeting B cells appears to be
a reasonable approach for treating IgAN. The maturation of B cells is regulated by several factors, including B-cell-
activating factor (BAFF) and a proliferation-induced ligand (APRIL), which are produced by macrophages and dendritic
cells located in the lamina propria[26]. A variety of agents are used to deplete B cells, including anti-CD20 antibodies
(such as Rituximab), anti-APRIL antibodies (such as Sibeprenlimab) and combined BAFF/APRIL inhibitors (such as
Telitacicept and Atacicept). Rituximab proved ineffective in treating IgAN. However, sibeprenlimab and telitacicept
demonstrated favorable outcomes in reducing proteinuria and inducing clinical remission in phase 2 trials. The results of
the ongoing phase 3 trials, which include sibeprenlimab and telitacicept, are anticipated to yield promising results[3].
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Figure 1 Treatment options in immunoglobulin A nephropathy. ACE: Angiotensin converting enzyme; ARB: Angiotensin receptor blockers; APRIL: A
proliferation-induced ligand; BAFF: B-cell-activating factor; SGLT2: Sodium-glucose cotransporter-2. "Treatment options with proven certain clinical benefits by clinical
trials.

Complement inhibition
The complement system plays a significant role in the pathogenesis of IgAN. Despite the deposition of IgG and IgM, the
alternate pathway is activated instead of the classic pathway. There are several agents targeting numerous components of

the complement pathway, and clinical trials are ongoing. The results of these trials will inform the role of complement
inhibitors in IgANI[3].

Tonsillectomy

The benefits of tonsillectomy were only demonstrated in Japanese individuals. Tonsillectomy resulted in improved
kidney survival and increased remission rates in Japanese patients. However, these findings have not been confirmed in
other populations. Therefore, tonsillectomy is not routinely recommended in non-Japanese people[10].

CONCLUSION

IgAN is the most common primary glomerulonephritis worldwide, and in the absence of efficacious treatment, it
progresses to ESRD. The fundamental aspect of the treatment plan is supportive care, which encompasses a combination
of lifestyle modifications and anti-proteinuric therapy. While RAAS blockers were previously the sole available option,
SGLT?2 inhibitors and ERAs have recently been identified as efficacious alternative anti-proteinuric regimens. While
clinical remission is achieved in most cases with supportive treatment, a considerable proportion of patients require
additional intervention to control the disease. Given that the principal mechanism underlying the disease appears to be
increased production of Gd-IgA1l by B cells, immunosuppressive treatment is employed in high-risk patients. The clinical
benefit was only established with corticosteroids by clinical trials and with mycophenolate mofetil in Chinese patients. B-
cell lineage depletion therapies (Telitacicept, efc) and complement system inhibiting agents are promising novel therapies,
and their role in the treatment is likely to become more important depending on the results of ongoing trials. It should be
noted that pathological findings regarding the severity of inflammation and fibrosis may guide the treatment approach.
The impact of novel therapies should be evaluated in diverse ethnicities, as genetic background plays a pivotal role in
IgAN.
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Abstract

In this editorial, we comment on the article by Nagamine et al, published in the
World Journal of Clinical Cases. The authors suggest that virtual reality technology
has potential in alleviating pain by enhancing brain network functionality.
Alongside virtual reality, various treatment methods are used to effectively man-
age musculoskeletal pain. One such method is the use of orthoses, which are
applied in clinical settings. We emphasize the need for collaboration between pain
physicians and orthotists when applying orthoses for pain management. The
efficacy of orthoses is maximized when customized to the physical characteristics
of each patient, type of disease, and location of pain. Orthoses are designed to
restore anatomical alignment and biomechanical function; however, their success
depends on the expertise of trained orthotists, who should effectively communi-
cate with physicians and understand the mechanical principles of musculoskeletal
alignment. The professional knowledge of orthotists is critical in ensuring that
orthoses are appropriately designed and applied to achieve therapeutic efficacy.
Since no single treatment modality typically offers sufficient relief for musculo-
skeletal pain, effective collaboration between pain physicians and orthotists is
crucial to optimize the use of orthoses in the management of pain.
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Core Tip: Effective management of musculoskeletal pain often requires a multidisciplinary approach, combining treatments,
such as drug therapy, physiotherapy, and orthotic devices. Orthoses are usefully being applied in controlling pain by
restoring anatomical alignment and preventing further injury. To maximize their efficacy, orthoses must be customized to the
physical characteristics of each patient, type of disease, and location of pain. Collaboration between pain physicians and
trained orthotists is essential for ensuring appropriate design and application of orthoses. It leads to improved patient
outcomes in the management of pain.
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INTRODUCTION

When treating musculoskeletal pain, various therapeutic modalities, including drug therapy, physiotherapy, injections,
and psychotherapy, are necessary to improve treatment outcomes[1,2]. Orthoses can also effectively control musculo-
skeletal pain[3,4]. They prevent musculoskeletal tissue injury and facilitate the recovery of injured tissues by preventing
excessive joint motion or inappropriate posture and movement[5]. The efficacy of an orthosis in treating pain is
maximized when it is customized based on the physical characteristics, type of disease, and location of pain of each
patient, requiring collaboration between pain physicians and orthotists.

ROLE OF ORTHOSES IN MUSCULOSKELETAL PAIN MANAGEMENT

Orthoses are exoskeleton-like devices designed to control mechanical aspects of the musculoskeletal system, assisting in
the restoration of anatomical alignment and related biomechanical functions. Considering these characteristics, orthoses
must be fabricated by trained orthotists with a sound understanding of musculoskeletal alignment and its mechanical
relationships, the ability to effectively communicate with physicians regarding prescriptions, and the ability to apply
appropriate technologies in the fabrication process.

EXAMPLES OF THE APPLICATION OF ORTHOSES IN SPECIFIC CONDITIONS

Applying an appropriate orthosis to patients with carpal tunnel syndrome requires the orthosis to immobilize the wrist
while stably maintaining a neutral position when worn and be fitted well for comfort[3]. Additionally, the orthosis
should not cause unnecessary tension in the surrounding tissues.

In patients with tenosynovitis or osteoarthritis, an orthosis can prevent excessive use of the musculoskeletal
components associated with the pain and assist in stabilizing tendons and joints to prevent inflammation and injury[4].
For an orthosis to be correctly applied, it must be fabricated based on the physical characteristics and structures of each
patient, requiring a sufficient understanding of the mechanics of the forces exerted between the orthosis and the patient.

An insole device, a type of orthosis, is often essential for treating foot pain[6]. Foot pain is often caused by malalign-
ment of the foot, such as pes cavus or pes planus, or by excessive pressure applied to a particular part of the foot. An
insole device can correct malalignment of the foot, while materials, such as Poron or Plastazote applied to the part of the
foot under excessive pressure can assist in reducing pain. Custom-made insoles should be fabricated considering
biomechanical aspects, including alignment of the leg and shifts in the center of gravity due to weight-bearing and
changes in posture. To correct misalignment, the insole must fit the shape of the foot, reflect biomechanical changes due
to weight bearing, and control the biomechanical conditions. Additionally, the possibility of foot pain worsening due to
an altered mechanical pattern after applying the insole should be considered, and if the pain worsens, the insole should
be modified for comfort.

CONCLUSION

The professional knowledge and skills of orthotists are crucial for correctly applying orthoses to patients with musculo-
skeletal conditions. A single treatment modality often does not offer sufficient therapeutic efficacy for musculoskeletal
pain. An orthosis is an effective pain treatment tool that, when applied correctly, can significantly enhance therapeutic
outcomes. Therefore, collaboration between pain physicians and orthotists is essential to maximize the therapeutic
efficacy of orthoses for the treatment of musculoskeletal pain.
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Abstract

BACKGROUND

Although inflammatory diseases commonly affect the pleura and pleural space,
their mechanisms of action remain unclear. The presence of several mediators
emphasizes the concept of pleural inflammation. Adenosine deaminase (ADA) is
an inflammatory mediator detected at increased levels in the pleural fluid.

AIM
To determine the role of total pleural ADA (P-ADA) levels in the diagnosis of
pleural inflammatory diseases.

METHODS

157 patients with inflammatory pleural effusion (exudates, n = 124, 79%) and non-
inflammatory pleural effusion (transudates, n = 33, 21%) were included in this
observational retrospective cohort study. The P-ADA assay was tested using a
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kinetic technique. The performance of the model was evaluated using the area under the receiver operating charac-
teristic (ROC) curve (AUC). The ideal cutoff value for P-ADA in pleural inflammation was determined using the
Youden index in the ROC curve.

RESULTS

The transudates included congestive heart failure (n = 26), cirrhosis of the liver with ascites (n = 3), chronic renal
failure (n = 3), and low total protein levels (n = 1). The exudate cases included tuberculosis (n = 44), adenocar-
cinoma (n = 37), simple parapneumonic effusions (n = 15), complicated parapneumonic effusions/empyema (n =
8), lymphoma (n = 7), and other diseases (n = 13). The optimal cutoff value of P-ADA was = 9.00 U/L. The
diagnostic parameters as sensitivity, specificity, positive and negative predictive values, positive and negative
likelihood values, odds ratio, and accuracy were 77.69 (95%CI: 69.22-84.75); 68.75 (95%ClI: 49.99-83.88); 90.38 and
44.90 (95%CI: 83.03-95.29; 30.67-59.77); 2.48 and 0.32 (95%CI: 2.21-11.2; 0.27-0.51); 7.65 (95%ClI: 0.78-18.34), and 75.82
(95%Cl: 68.24-82.37), respectively (y2 = 29.51, P = 0.00001). An AUC value of 0.8107 (95%CI: 0.7174-0.8754; P =
0.0000) was clinically useful. The Hosmer-Lemeshow test showed excellent discrimination.

CONCLUSION
P-ADA biomarker has high diagnostic performance for pleural inflammatory exudates.

Key Words: Pleural effusion; Biomarker; Adenosine deaminase; Inflammation; transudate; Exudate

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Non-specialists find it difficult to diagnose pleural effusions. Although diagnosing the syndrome through imaging
is simple, determining the cause is more difficult. To treat pleural disease as soon as possible, it is crucial to determine
whether it is inflammatory. To our knowledge, this study is the first in Brazil and the world to establish a reference value
with strict statistical criteria to classify inflammatory pleural effusion syndrome.

Citation: Maranhdo BHF, Junior CTDS, Barillo JL, Souza JBS, Silva PS, Stirbulov R. Total adenosine deaminase cases as an inflam-
matory biomarker of pleural effusion syndrome. World J Clin Cases 2025; 13(19): 101850
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INTRODUCTION

Pleural effusion syndrome (PES) is an excess of pleural fluid (PF) between the layers of the pleura[1]. Patients with active
pleural inflammation or pleurisy complain of acute pain, localized, increasing, or decreasing in intensity, with breathing
or coughing. Pleuritic pain tends to subside when an effusion develops. However, the most important clinical effect of
pleural effusion is shortness of breath, which can significantly reduce quality of life[1].

Identifying whether a PES is an exudate with inflammatory diseases or a transudate with noninflammatory diseases is
the first step in determining its cause. This classification system has important diagnostic implications[1]. Transudative
pleural effusion usually represents an outward sign of disease in another organ. Therefore, its main causes are renal,
hepatic, and cardiac disorders[1]. Transudate occurs because of hydrostatic or oncotic pressure imbalance. Inflammation
was not observed. Therefore, transudates have low cell counts and protein content. Usually, a surgical procedure for PF
or tissue extraction is not necessary for causal diagnosis[1]. Exudates occur secondary to diseases that cause inflammation
or infection in the pleural space and tissue with increased pleural vascular permeability. Vascular changes allow
leukocyte diapedesis and transport of large molecules[2]. Usually, surgical procedures for the withdrawal of PF and/or
tissue are necessary for diagnosis and treatment[1]. Inflammatory PF can lead to severe surgical complications, such as
empyema and pleural thickening][1].

An inflammation arises from the interaction between immune cells and many mediators that protect an organism from
damaging stimuli. Adenosine is an endogenous purine nucleoside that modulates several physiological processes. It is
considered a key mediator of the immune response. Under physiological conditions, the extracellular concentrations of
adenosine are maintained at low levels as a result of rapid metabolism. However, the highest levels were observed under
conditions of increased metabolic demand, such as hypoxia, tissue injury, and inflammation. Under resting conditions,
some adenosine triphosphate (ATP) is dephosphorylated to adenosine; however, dangerous stimuli can increase the
intracellular conversion of ATP to adenosine. Once released into the extracellular space, adenosine can be deaminated to
inosine by adenosine deaminase enzyme (ADA) or taken up directly by cells by specific nucleoside transporters and re-
phosphorylated to ATP[3-5].

ADA is an important biomarker in organic fluids of cellular and humoral immune responses and translates to
monocyte and macrophage activation. It is also essential for the proliferation and differentiation of lymphoid cells,
especially T cells, in inflammatory diseases[6]. ADA induces the production of inflammatory cytokines such as tumor

WJCC | https://www.wjgnet.com 2 July 6,2025 | Volume13 | Issuel9 |

Jaishideng®


https://www.wjgnet.com/2307-8960/full/v13/i19/101850.htm
https://dx.doi.org/10.12998/wjcc.v13.i19.101850

Maranhdo BHF et al. ADA as an inflammatory biomarker

necrosis factor alpha, transforming growth factor beta, and interferon gamma. In humans, total ADA has two isoforms:
ADA1 and ADA2. ADAL1 is found in all human tissues. It is highly expressed by T and B cells and accounts for approx-
imately 90% of total ADA activity. The primary role of ADAL is to regulate the intracellular adenosine levels. ADA2
exhibits autocrine activity. It is involved in the maturation of monocytes in anti-inflammatory macrophages (M2),
dendritic cells, B cells, neutrophils, and CD26-Tregs. There is indirect evidence of the possible role of ADA2 as an
endothelial growth factor[5].

ATP, adenosine, and ADA modulate purinergic responses during inflammation. ADA levels increased in response to
higher adenosine levels. As a result, the inflammatory response is amplified[7,8]. Specific studies have demonstrated a
relationship between pleural ADA (P-ADA) levels and pleural inflammatory disease. Thus, P-ADA could be relevant in
the management of PES. It can indicate the inflammatory nature of pleural effusions. Different studies in several countries
conclude that higher levels of P-ADA indicate a greater likelihood of pleural tuberculosis[9,10]. However, elevated P-
ADA levels are not exclusive to pleural tuberculosis. Very high levels (> 150 U/L) of P-ADA are unusual in pleural tuber-
culosis. Alternative diagnoses are bacterial empyema, lymphoma, leukemia, and multiple myeloma[10,11].

Although inflammatory and infectious diseases frequently involve the pleural space and pleura, the immunological
and molecular mechanisms underlying pleural involvement remain unknown[7]. Some diseases are associated with the
infiltration of different types of immune cells, such as neutrophils, eosinophils, and lymphocytes. In addition to infilt-
rating cells, mesothelial cells actively participate in pleural inflammation by releasing various mediators and proteins.
Increased levels of several inflammatory mediators have been detected in PF, including lipid, cytokines, and proteins. The
presence of these mediators emphasizes the concept of pleural inflammation. Moreover, certain inflammatory mediators
appear to characterize a specific cause of PES[12]. This study aimed to determine the role of total pleural adenosine
deaminase (P-ADA, U/L; adenosine amino hydrolase; enzyme code 3.5.4.4) level as a biomarker for the diagnosis of
pleural inflammatory diseases.

MATERIALS AND METHODS

The STARD and STROBE recommendations were followed in the study design, findings, and reporting[13,14]. Our
investigation was a traditional observational retrospective cohort analysis or chart review of a type series of cases
performed at two hospitals in Rio de Janeiro, Brazil, between March 2015 and December 2019.

Inclusion and exclusion criteria

Clinical and imaging evaluations were performed to confirm the causative diagnosis of PES[1]. An initial thoracentesis
procedure was performed, followed by video-assisted thoracoscopic surgery (VATS) and histopathological analysis if
necessary|[1]. The diagnosis of pleural transudate was confirmed using the Maranhéo and Silva Junior criterion[15]. This
was validated according to Light's criterion, but with dosages of total protein and total lactate dehydrogenase (LDH) only
in the PF[16]. The exclusion criteria were absolute contraindications or refusal to undergo thoracentesis or VATS,
hemolysis in PF, chronic renal failure, jaundice, PES of unknown cause, and use of immunosuppressive medications. This
is because ADA levels may be modulated by antiretroviral therapy in HIV subjects[6].

ADA assay

Adequate collection, storage, and processing of PF were observed for accurate diagnosis. The PF used for the P-ADA test
was non-hemolyzed[17]. The PF preserved at —20 °C were thawed, and several biomarkers in the samples were
measured. The ADA was performed using a commercial kit with a kinetic approach. Briefly, the P-ADA assay is based on
the enzymatic deamination of adenosine to inosine, which is then converted to hypoxanthine by purine nucleoside
phosphorylase. Hypoxanthine is transformed to uric acid and hydrogen peroxide by xanthine oxidase. Hydrogen
peroxide reacts with N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3-methylaniline and 4-aminoantipyrine in the presence of
peroxidase to generate a quinone dye, which was measured in a kinetic manner. One unit of P-ADA was defined as the
amount of ADA that generates one pmol of inosine from adenosine per minute at 37 °C. The assay was linear from 0-200
U/L (r>> 0.99). Ultracentrifugation did not affect the results. ADA was stable for one week at 4 °C. The reagents were
stable for one year if stored at 2-8 °C in amber flasks. ADA activity in the serum of healthy humans has a reference value
range of 0-15 U/L[18]. This ADA assay with automated kinetic methods was also validated for various organic fluids,
and there were no differences in the diagnostic accuracy for pleural tuberculosis between the classic manual method of
Giusti and this Diazyme ADA assay method[19,20].

Statistical approach

Descriptive and inferential statistics, with receiver operating characteristic (ROC) curve analysis, were analyzed using a
combination of the statistical software including NCSS version 2022, GraphPad version 5.0, and MedCalc version 20.11.
The Grubbs double-sided method, which examines the most extreme values on both sides of the data, was used to detect
the outliers. The normality and variance homogeneity of the data were evaluated using the Shapiro-Wilk test (W). An
unpaired t-test with standard deviation was used to compare the means of the two groups with a Gaussian distribution.
The median and interquartile range were used to express non-normal distributions (IQR). When the sample was not
normally distributed, the Wilcoxon-Mann-Whitney U test was used to compare data. The non-parametric Kruskal-Wallis
(K-W) test (H-test) was used to check the hypothesis that several unpaired samples originated from the same population.
A post-hoc test, according to Dunn’s test, was performed when the K-W test had a P value less than the selected
significance level. The y* test was used to compare groups and proportions. The P-value for both sides was 0.05.
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Sample size and sampling technique

The sample size calculation was based on the expected area under the ROC curve (AUC > 0.50), null value of the AUC
(AUC = 0.50), and ratio of sample sizes between positive and negative cases (n = 2) according to the MedCalc software
[21]. For an a-level of 0.05 and a B-level of 0.20 (statistical power = 80%), a sample of 19 cases was required in the positive
group (exudates) and 38 in the negative group (transudates), giving a total of 57 cases. The sample size in this study
consisted of 157 PF samples from 157 patients with proven transudative or non-inflammatory diseases used as controls (n
= 33) and exudative pleural effusions with inflammatory diseases of several causes (n = 124). Bias was avoided because
the data was recorded in a series of patients only with PES (cases and controls) with the purpose of management after a
standard diagnostic protocol. In case series, information bias can occur but may be reduced by selecting an appropriate
control group[14].

Optimal P-ADA threshold

The nonparametric technique of DeLong et al[22] was used to obtain the ROC curve to study the diagnostic parameters of
P-ADA as an inflammatory biomarker. Youden index was used to determine the optimal P-ADA threshold (J). The J
value is the highest sum of sensitivity and specificity[22,23].

Model performance, discrimination, and potential clinical usefulness

Model performance refers to how well a statistical model fits the data used to build it. It was evaluated using metrics such
as AUC-ROC and diagnostic parameters with 95%CI[13,14]. Discrimination refers to the ability of a biomarker to
distinguish between individuals with and without a disease or condition. Discrimination was classically evaluated using
AUC-ROC (C-statistic) with 95%CI[24,25]. Hosmer and Lemeshow proposed the following classifications as general rules
for the discrimination accuracy of a logistic regression model based on the AUC space[24]: Excellent discrimination (0.90-
1.0), very good discrimination (0.80-0.90), good discrimination (0.70-0.80), sufficient discrimination (0.60-0.70), poor
discrimination (0.50-0.60), and biomarker not useful (0.00-0.50). Clinical usefulness refers to whether a biomarker has
practical utility in a clinical setting, such as in helping to diagnose a disease, predicting disease progression, or guiding
treatment decisions. The potential clinical usefulness of P-ADA was evaluated using the AUC for diagnostic biomarkers
in general, an AUC > 0.75 is clinically useful[26].

RESULTS

The 157 cases and causes of pleural exudates and transudates are represented with demographic information in Table 1.
Exudates were more common than transudates [124 (79%) vs 33 (21%) patients, respectively]. Regarding the male sex,
there was no significant difference in the proportion, as calculated by the ¥* test, between exudates and transudates (P =
0.9415). The same was observed for the female sex in both groups (P = 0.9416). In the ¥* test, only adenocarcinoma and
lymphomas were significant (P = 0.0021 and P = 0.0003, respectively) for male sex.

Many quantitative studies on clinical biomarkers have demonstrated age-related changes in reference values. Early life,
adolescence, old age, and after the menopause are important periods of life[27]. Regarding age, there was a significant
difference in the medians (U = 895, P < 0.0001) between exudates (58.0; IQR: 41.5-73.5) and transudates (76.0; IQR:
63.0-86.25). However, it was not an objective of this study to evaluate a cutoff for P-ADA in relation to the range of ages
for inflammatory diseases in PES.

The pattern of missing data was MAR or missing randomly. Only 3% of exudates (cases) and 6% of transudates
(controls) had missing P-ADA values. For inflammatory diseases (exudates) in a patient with lymphoma, the Grubbs test
yielded an outside value of 1121.1 U/L of P-ADA. There were no digitation errors, and this value was consistent with
causal diagnosis. However, a median of 18.4 U/L was used (Table 2).

Table 3 shows that the median values of P-ADA were significantly different (U = 679.5; P < 0.0001) between inflam-
matory (18.4 U/L, IQR: 9.85-41.4) and non-inflammatory diseases (6.85 U/L, IQR: 2.67-11.26). The values of total protein
and total LDH in the PF were in agreement with the Light and Maranhao and Silva Junior criteria[15,16].

Figure 1 shows the ROC curve obtained using the method described by DeLong et al[22]. For diagnostic purposes with
inflammatory pleural effusions, according to the Youden index, the optimal cutoff value was > 9.00 U/L of P-ADA. For
discrimination of the model, there was an AUC of 0.8107, a 95%CI of 0.7174-0.8754. The standard error of the mean (SE)
was 0.039. The Z-value to test was 7.837, with a two-sided P-value of 0.0000. The diagnostic parameters for P-ADA, with
the best cutoff point selected for pleural inflammatory diseases, are listed in Table 4.

DISCUSSION

Retrospective studies sometimes reflect routine clinical practice better than prospective studies, although they may fail to
identify all eligible patients and often result in lower quality data with more missing data. In this study, the author took
care of the inclusion and exclusion criteria and the statistical treatment of missing data[13].

ADA modulates the immune system and plays an important role in several diseases, including rheumatoid arthritis
with ADA modulating metabolic remodeling and joint destruction; chronic pulmonary diseases with ADA participating
in modulating purinergic responses; inflammatory bowel diseases with ADA involved in modulating purinergic
responses; sepsis with ADA playing a key role in modulating purinergic responses; and pleural tuberculosis with ADA
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Table 1 Demographic characteristics and causes of inflammatory and noninflammatory diseases in 157 patients with pleural effusion

syndrome in the State of Rio de Janeiro, Brazil, from March 2015 to December 2019, n (%)/median (25%-75" percentiles)

Cause Patient (n) Prevalence (%) Age Female Male
Non-inflammatory' 33 21.0 76.0 (63.0-86.25) 17.0 (52.0) 16.0 (48.0)
Inflammatory 124 79.0 58.0 (41.5-73.5) 66.0 (53.0) 58.0 (47.0)
Tuberculosis 44 28.0 39.0 (29.7-58.2) 22,0 (50.0) 22,0 (50.0)
Adenoc. 37 24.0 61.0 (45.0-77.0) 25 (68.0) 12 (32.0)
Simple PPE 15 10.0 67.0 (56.0-85.0) 6 (40.0) 9 (60.0)
CPPE/Empiema 8 5.0 52.5 (33.5-78.75) 2 (25.0) 6 (75.0)
Lymphoma 7 4.0 53.0 (47.0-63.0) 0(0.0) 7 (100.0).
Squamous cell 7 4.0 66.0 (55.0-66.0) 4 (57.0) 3 (43.0)
Other” 6 40 73.0 (53.0-79.0) 4 (67.0) 2 (33.0)
Total 157 100.0 58.0 (41.75-73.25) 80 (51.0) 77 (49.0)

MTransudates: Congestive heart failure (11 = 26), chronic renal failure (1 = 3), cirrhosis of liver with ascites (1 = 3), and serum low total protein levels (1 = 1).
%Other exudates: Pseudo-Meigs syndrome (1 = 1), Dressler's syndrome (1 = 3), chylothorax (1 = 1), leukemia (1 = 1).
CPPE: Complicated parapneumonic effusions.

Table 2 Levels of pleural adenosine deaminase evaluated in 157 cases of pleural effusion syndrome confirmed with reference standard

diagnostic tests'

Cause Pleural fluids—sample size (n) P-ADA (medians) (U/L) 25M-75t percentile
Non-Inflammatory disease (control)

Transudate 33 6.85 2.67-11.26
Inflammatory disease (case) 124 18.4 9.25-41.4
Tuberculosis 44 42.0 32.9-61.9
Adenocarcinoma 37 9.75 6.7-14.9
Simple parapneumonic effusion 15 9.38 5.68-9.97
CPPE and empyema 8 32.9 16.0-61.7
Lymphoma 7 401.2 11.2-990.5
Squamous cell carcinoma 7 13.11 11.0-28.2
Other 6 152 7.4-49.0

1Shapiro-Wilk test for pleural adenosine deaminase (W = 0.347, P < 0.0001). K-W test for pleural adenosine deaminase (H = 81.34, P < 0.0001) and Dunn’s
test with P < 0.05: Tuberculosis vs transudates, vs simple PPE, and vs adenocarcinoma, and P > 0.05: CPPE and empyemas, lymphomas, squamous cell
carcinoma, and other exudates.

CPPE: Complicated parapneumonic effusions; P-ADA: Pleural adenosine deaminase.

deeply inducing the production of inflammatory cytokines in PF[4].

The pleura and the pleural space have fascinating pathophysiologies. Many pleural diseases are associated with local
and systemic inflammations[7]. However, the underlying inflammatory mechanisms have not yet been elucidated. This
study described the causes of various pleural inflammatory diseases. The role of adenosine deaminase as a diagnostic
biomarker was evaluated using rigorous statistical methods.

As shown in Table 1, the sex proportion and median age were comparable to those reported in earlier studies[9-11].
The prevalence of tuberculosis and malignancy was similar to those reported in other studies[9-11]. Other authors have
studied P-ADA in pleural inflammatory diseases from medical thoracoscopy, but tuberculosis was not in the group
analyzed[28].

The P-ADA level was statistically significant in separating pleural transudates and inflammatory diseases, mainly
tuberculosis, as shown in Table 2. In Brazil and other countries with an elevated incidence and prevalence of tuberculosis
and other inflammatory diseases, P-ADA activity is also an accurate biomarker for tuberculous pleural effusion with
false-positive results for complicated parapneumonic effusions, empyema, and lymphoma[10,29-31]. As shown in
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Table 3 Laboratory analysis of adenosine deaminase, proteins, and lactate dehydrogenase in 157 cases of pleural fluids from

inflammatory and non-inflammatory pleural effusion syndrome, median (25"-75" percentiles)/ mean * SD'

Non-inflammatory pleural effusion (control) Result

Total pleural ADA" 6.85 (2.67-11.26)
Total pleural protein” 2.64+1.52

Total pleural LDH, median® 190.5 (100.5-278.8)

Inflammatory pleural effusion (case)

Total pleural ADA" 18.4 (9.25-41.4)
Total pleural protein” 5.05 (4.47-5.60)
Total pleural LDH® 568.5 (400.3-822.5)

The Shapiro-Wilk test (W) rejected the normal data from pleural total adenosine deaminase, and pleural total LDH in exudate cases (P < 0.05), but not
pleural total protein in controls (P = 0.0881).

P < 0.0001.

bp < 0.0001, after logarithmic transformation of data.

P < 0.0001.

ADA: Adenosine deaminase; LDH: Lactate dehydrogenase; IQR: Interquartile range.

Table 4 Measures of diagnostic parameters of adenosine deaminase following selection of the best cutoff point for pleural

inflammatory diseases according to the Youden index in the receiver operating characteristic curve

Diagnostic parameter Result (%)’ 95%Cl
Best cutoff (U/L) >9.00 =
Sensitivity 77.69 69.22-84.75
Specificity 68.75 49.99-83.88
Positive predictive value or precision 90.38 83.03-95.29
Negative predictive value 4490 30.67-59.77
Positive likelihood ratio’ 248 221-112
Negative likelihood ratio’ 0.32 0.27-0.51
Diagnostic odds radio 7.65 0.78-18.34
Diagnostic or predictive accuracy’ 75.82 68.24-82.37
Disease prevalence' 50.48 44.78-56.17

These values are dependent on disease prevalence.
%y2 = 29,5138 (2-Sided P-value= 0.00001). Statnote: The Youden index at the receiver operating characteristic curve is the optimal cutoff value that provides

the best tradeoff between sensitivity and specificity.

Table 2, the Kolmogorov-Smirnov test was significant for the P-ADA classification of inflammatory and non-inflam-
matory diseases (H = 81.34, P < 0.0001). Dunn’s test was significant (P < 0.05) for pleural tuberculosis vs transudates,
simple PPE, and adenocarcinoma. However, the difference was not significant (P > 0.05) for pleural tuberculosis vs.
CPPE, empyemas, lymphomas, squamous cell carcinoma, and other exudates.

In adenocarcinoma, tumor cells induce immune suppression through the accumulation of regulatory T cells (Tregs)
and many other mechanisms[32]. The increase in total P-ADA levels in pleural tuberculosis is largely caused by the ADA-
2 isoenzyme present in monocytes and macrophages in response to pleural infection or inflammation caused by Mycobac-
terium tuberculosis[29]. Inflammatory processes in pneumonia occur in the peripheral alveolar spaces. Increased vascular
permeability of local capillaries may lead to increased fluid accumulation in the lungs and pleural cavities. In addition,
locally released inflammatory mediators may diffuse into the subpleural or pleural tissue, resulting in the local activation
of constitutive cells such as mesothelial cells. Moreover, circulating inflammatory cells migrate into the pleural cavity.
The predominance of an inflammatory white cell count within PF is of limited diagnostic value[1,30]. However, immuno-
cytochemical analysis should be used to differentiate malignant cell types[1].

ADA-1 Levels play an important role in the differentiation of lymphoid cells, and ADA-2 in the maturation of
monocytes into macrophages[4,29]. P-ADA activity in T-cell lymphomas is similar to that in B-cell lymphoma[31]. The
median P-ADA level for the lymphoma patients was 401.2 U/L (Table 2). When total P-ADA levels are greater than 150
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Figure 1 Nonparametric receiver operating characteristic curve of pleural adenosine deaminase for pleural inflammatory diseases. The
selection criterion was the Youden index [J = 0.4644; distance to the receiver operating characteristic (ROC) curve corner = 0.3840]. The optimal cutoff value for ROC
curve concavity was = 9.00 U/L of pleural adenosine deaminase. Evaluation metric for checking the model’s performance: Area under the curve (AUC), 0.8107;
95%Cl: 0.7174-0.8754; SE: 0.039; Z-value to test (AUC # 0.5), 7.837; 2-Sided P-value, 0.0000.

U/L, the differential diagnosis is CPPE, empyema, and lymphoid malignancies instead of tuberculous pleural effusion
[31]. Therefore, in patients with cancer risk, high P-ADA levels should be interpreted with caution[33].

The median P-ADA levels were significantly lower in non-inflammatory diseases or transudates (6.85 U/L) than in
inflammatory diseases or exudates (18.4 U/L) as shown in Table 3. The explanation for these findings is that a transudate,
as opposed to an exudate, indicates that the pleural mesothelium is affected by systemic and/or pulmonary pressures.
The barrier permeability characteristics were maintained. ADA has a low molecular radius of 29.10 angstroms and weight
of 42 kDa. Therefore, transpleural transport from sera occurs via diffusion[2].

Depending on the objectives of biomarker dosage, several methods for selecting an optimal cutoff value have been
proposed by expert authors[23,34]. The repercussions of receiving a false-positive diagnostic test result are serious.
Therefore, it was crucial to choose an optimal cutoff value of P-ADA greater than or equal to 9.00 U/L for inflammatory
diseases with high precision (90%) using the Youden index (Table 4). It is important to explain that there is no
disagreement between the cutoff value greater than or equal to 9.0 U/L of P-ADA calculated by the ROC curve using the
Youden criterion for pleural inflammatory diseases and the cut-off value found in the literature greater than or equal to
30.0 U/L. This last cutoff value of P-ADA was calculated using several criteria for the diagnosis of pleural tuberculosis
[10]. Huan et al[35] established a P-ADA cutoff value of 29.6 U/L for tuberculosis pleural effusion (TPE). The authors
concluded that optimizing the utility of P-ADA helps clinicians diagnose TPE when other initial laboratory workups are
inconclusive. Masood et al[36] found a cutoff level for P-ADA of 30 U/L for tuberculosis PF with high sensitivity (71%)
and specificity (82%).

The AUC indicates the potential of a biomarker. For clinical and practical purposes, we need to dichotomize the test
results to classify the subjects as diseased or nondiseased. Therefore, the choice of an ‘optimal” cutoff point for
dichotomizing a continuous biomarker cannot be arbitrary. Youden's index is a better criterion because it selects
biomarkers with larger values of both sensitivity and specificity[37]. The discrimination with an AUC of 0.8107 was very
good according to the Hosmer-Lemeshow scale[24]. An AUC greater than 0.75 was clinically useful[26]. Another metric
for evaluating the clinical usefulness of a biomarker is the clinical utility index, established by Asberg et al[38]. There is
some overlap between the evaluations of different aspects of the biomarker performance. Therefore, it is important to
evaluate biomarkers using multiple metrics and consider the context in which they will be used[13,14]. In addition to the
AUC, other values derived from the ROC curve are useful to define diagnostic characteristics of a biomarker. In contrast
to diagnostic accuracy, predictive values provide more specific information of a biomarker. A high positive predictive
value (PPV 2 80%) would be adequate to perform a diagnostic and initiate a treatment[39,40]. The PPV value found in
this work for inflammatory PF was > 90%, as shown in Table 4. Yavuz et al[41] found a high sensitivity (91%) with a
cutoff level de P-ADA greater or equal to 20.0 U/L for TPE. However, they observed a PPV of 67% and a specificity of
75%.

Despite its observational methodology, this study had limitations. Before adopting accurate models in clinical practice,
additional studies using data from many hospitals are required for external validation[13,14]. Thus, a multicenter,
worldwide study with accurately diagnosed cases with the highest number of subjects is necessary.

The future perspectives are positive. First, our diagnostic model is crucial in clinical practice and can be used to
identify inflammatory pleural effusions with acceptable discrimination and predictive power. In addition, P-ADA levels
also had high diagnostic performance for pleural tuberculosis worldwide (VPP > 80%) and rendered closed-needle
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pleural biopsy unnecessary[9,10,20,33,35,42]. Second, purinergic signaling plays an important role in lung inflammation.
The expression of adenosine receptors is altered in patients with airway inflammation. Adenosine receptor antagonists
such as theophylline have therapeutic benefits in several inflammatory pulmonary diseases. Adenosine signaling has also
been implicated in regulating the function of inflammatory cells such as macrophages and neutrophils[43]. Third,
physiologically and acutely increased adenosine levels are associated with beneficial effects such as vasodilatation and a
decrease in inflammation. In contrast, chronic overproduction of adenosine occurs under pathological conditions and is
responsible for the adverse effects of adenosine associated with chronic lung and pleural inflammation, fibrosis, and
tissue injury[44].

CONCLUSION

This study concluded that the P-ADA biomarker with the cutoff selected (= 9.0 U/L) using ROC curve analysis with the
Youden index criterion had a high diagnostic performance for pleural inflammatory exudates.
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Abstract

BACKGROUND

The surgical management of corneal lesions resulting from eyelid pathologies
requires a comprehensive approach to ensure optimal patient outcomes. Eyelid
lesions, ranging from benign to malignant, can lead to corneal damage through
mechanisms such as mechanical abrasion, secondary infection, or inflammatory
responses.

AIM

To assess the surgical methodologies utilized in the treatment of corneal lesions
resulting from eyelid disorders and evaluate their effects on patient outcomes,
recurrence rates, and postoperative complications. The incorporation of advanced
imaging techniques, including optical coherence tomography and ultrasound
biomicroscopy, in conjunction with histopathological analysis, is addressed to
improve surgical accuracy and patient outcomes.
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METHODS

The authors searched online databases (PubMed and Cochrane) for publications on the surgical management of lid
lesions. Records received from the two databases were checked for duplicates and relevance. Only records with full
texts and in English language were included.

RESULTS

A total of 28 records were obtained following the screening for relevancy and duplication. The review underscores
essential surgical approaches employed in the treatment of corneal lesions resulting from common eyelid diseases,
focusing on operative efficacy, complication rates, and long-term results.

CONCLUSION

This systematic review emphasizes the significance of choosing suitable surgical techniques tailored to individual
patient characteristics and stresses the need for interdisciplinary collaboration in ophthalmic care. The results
indicate that sophisticated imaging techniques and careful preoperative preparation markedly improve surgical
accuracy and long-term results.

Key Words: Lid diseases; Trichiasis; Distichiasis; Epiblepharon, Lagophthalmos; Corneal laceration; Ectropion

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Eyelid disorders can lead to significant corneal damage, necessitating precise surgical intervention. This systematic
review evaluates surgical approaches for correcting entropion, ectropion, and other conditions affecting the ocular surface.
The findings highlight the critical role of interdisciplinary collaboration, advanced preoperative imaging, and individualized
surgical strategies in optimizing outcomes and minimizing recurrence.
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INTRODUCTION

Corneal injuries are a prevalent reason for emergency room visits, constituting roughly 3 out of 100 cases, with corneal
abrasions and foreign bodies as the most common manifestations. These injuries, varying in severity from minor to
vision-threatening, can be classified as traumatic or exposure-related. Corneal abnormalities, including abrasion,
laceration, or perforation, can occur through multiple processes. Mechanical damage, including contact lens edges,
scratches from fingernails, or foreign objects in the eyelid or fornices, or in diseases such as distichiasis or trichiasis, are
prevalent causes. Factors connected to exposure also play a part, mainly in neurotrophic disorders that hinder complete
eyelid closure, such as seventh cranial nerve palsy or Bell's palsy. Additional factors encompass restricted eyelid disor-
ders, proptosis or exophthalmos, diminished consciousness resulting from substance abuse or comatose states, and
surgical interventions like unsuccessful blepharoplasty that can give lagophthalmos or exposure cornea during extended
surgical interventions. Moreover, low tear production due to medications, ultraviolet burns, vitamin A deficiency,
Sjogren’s syndrome, deficiency of limbal stem cells, local topical anesthetic misuse, neurotrophic keratopathy resulting
from infections or trigeminal nerve damage, and bacterial or microbial infiltration through the epithelium are all
substantial factors leading to epithelial damage or ulceration.

Individuals with corneal injuries frequently have sensations of foreign bodies and agony, which may manifest several
hours after the injury occurs. In instances of chemical burns, symptoms such as pain, tearing, and sight impairment
manifest immediately. Identifying the source of the trauma is crucial, particularly when high-velocity instruments or
caustic agents are implicated, to inform diagnostic and therapeutic approaches. The physical examination, enhanced by
magnification and fluorescein staining, facilitates the visualization of corneal abnormalities and foreign substances.
Perforating injuries present with altered iris morphology, a positive Seidel’s test, and reduced anterior chambers that
could be indicative of aqueous leaking[1].

This study seeks to thoroughly analyze the surgical procedures utilized in the management of corneal ulcers caused by
eyelid traumatic and functional diseases (trichiasis, lagophthalmos, distichias, epiblepharon, entropion, lagophthamos
and ectropion). Through the examination of published literature, we aim to assess procedure effectiveness, indications,
complications, and long-term results, eventually offering a thorough resource for doctors managing these disorders.
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MATERIALS AND METHODS

Using the PubMed database (https://pubmed.ncbinlm.nih.gov) and Cochrane databases (https://www.cochranelibra-
ry.com), the authors created search strings with the keywords; eyelid disorder, corneal abrasion, corneal laceration,
entropion, ectropion, epiblepharon, trichiasis, distichiasis, and lagophthalmos; returning 1635 records. Records older than
2008 were excluded from this review. Searches utilized a combination of terms such as 'eyelid problem,' 'corneal
abrasion,' 'corneal laceration,' 'entropion,' 'ectropion,' 'epiblepharon,' 'trichiasis,' 'distichiasis,' and 'lagophthalmos' with
appropriate Boolean operators (AND/OR) in order to enhance the outcomes, guaranteeing thorough inclusion of
pertinent investigations. The search strategy is shown in the PRISMA diagram indicated in Figure 1 below.

In accordance with the methodology outlined by Tham et al[2], we performed a systematic review utilizing the
PubMed and Cochrane databases. Search phrases were amalgamated using Boolean operators, and results were
evaluated according to inclusion and exclusion criteria. Two separate evaluators (Quaglia D and Miotti G) appraised the
relevance of the work, and any disagreements were reconciled by a third evaluator (De Marco L). Four hundred and
eighty-five papers were discarded for not directly addressing the surgical therapy of corneal lesions resulting from eyelid
diseases. These encompassed general ophthalmic evaluations, case reports, and studies devoid of surgical outcome data.
Articles were eliminated by a systematic screening procedure involving title, abstract, and full-text assessment.

RESULTS

A total of 28 studies were incorporated into this evaluation following the application of eligibility criteria (Table 1). These
studies assessed surgical procedures for corneal lesions associated with the eyelids, emphasizing operative effectiveness,
complication rates, and long-term results. Research demonstrates that surgical methods using horizontal lid tightness
have reduced recurrence rates. Preoperative imaging, including optical coherence tomography (OCT), has become an
essential instrument in enhancing surgical planning. Moreover, interdisciplinary teamwork has demonstrated an
improvement in overall patient outcomes. The review emphasizes the necessity of personalized surgical strategies
adapted to the severity and cause of eyelid disorders. The research are categorized into three types: (1) Comparative
assessments of surgical procedures; (2) Clinical outcomes and complication rates; and (3) Supplementary measures for
enhanced prognosis.

The initial category encompasses research that evaluates the effectiveness of several surgical techniques, including
lateral tarsal strip surgery, Quickert-Rathbun sutures, and full-thickness wedge resection, in treating entropion and
ectropion. Research indicates that whereas all techniques enhance eyelid alignment, strategies that include horizontal lid
tightness have reduced recurrence rates. The second category includes clinical trials that evaluate post-surgical success
rates, complication profiles, and patient-reported outcomes after various procedures. Interventions using preoperative
imaging, such as OCT, have demonstrated enhanced precision in surgical planning, hence decreasing postoperative
problems. Finally, research in the third category underscores the significance of histological analysis and multidiscip-
linary cooperation in enhancing patient outcomes. These studies demonstrate that the integration of surgical procedures
with conservative treatments, like lubricating eye drops and botulinum toxin injections, can improve both functional and
cosmetic outcomes. These studies collectively offer a thorough overview of the changing landscape of surgical procedures
for corneal diseases, emphasizing the necessity for customized methods based on unique patient presentations.

DISCUSSION

In this section we summarize evidence collected concerning the common conditions associated with corneal damage
requiring surgical approach (trichiasis, lagophthalmos, distichias, epiblepharon, entropion, lagophthamos, ectropion).
From a diagnostic and an outcome measurement perspective, advanced imaging modalities, including OCT and
Ultrasound Biomicroscopy, have been beneficial in evaluating the anterior segment of the eye assessing corneal lesions
resulting from eyelid diseases: OCT enables high-resolution cross-sectional imaging, allowing for precise preoperative
evaluation of corneal integrity and stromal involvement. Ultrasound Biomicroscopy provides deeper tissue penetration,
assisting in the assessment of posterior segment involvement and structural changes. These techniques assist in
identifying surgical strategies and post-operative surveillance, enhancing patient outcomes.

Collaboration among ophthalmologists, plastic surgeons, and dermatologists is crucial for enhancing the surgical
treatment of corneal lesions resulting from eyelid disorders. Ophthalmologists provide specialized knowledge in corneal
health and the care of ocular surface diseases, whilst plastic surgeons provide sophisticated reconstructive methods to
enhance eyelid functionality. Finally, dermatologists are essential in diagnosing systemic disorders that lead to cicatricial
alterations potentially affecting the cornea. A multidisciplinary approach guarantees thorough care, minimizing complic-
ations, recurrence risk and improving patient safety.

Entropion

Entropion, characterized by the inward rotation of the eyelid, may impact both or one eye, with a greater prevalence in
the lower lid. It is categorized in 4 primary types: Cicatricial, acute spastic, congenital, and age-related (involutional). The
symptoms of this disorder include ocular redness and soreness, photophobia, sensitivity to wind, periorbital skin laxity,
excessive lacrimation, and diminished vision, particularly in cases of corneal injury[3-6]. A retrospective investigation of
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Table 1 Research publications regarding surgical management of patients with corneal lesions due to lid pathologies

Ref. Year Type of study Results Conclusions
Guetal[3] 2009 Prospective cohort study Acellular dermis was effective in reducing Acellular dermis grafting with insertion of therapeutic
with 14 patients the palpebral aperture (P = 0.002), contact lenses is an effective and simple measure for
lagophthalmos (P = 0.016), and lengthening  rectifying severe cicatricial entropion both structurally
the upper eyelid height by reducing the and functionally

upper margin-reflex distance (P = 0.008).
There were 2 cases of recurrence because of
the shrinkage of graft (70%) and 3 cases of
conjunctival granulomas postoperatively

Swamy et 2008 Prospective with 147 eyelid ~Ninety-four per cent of patients noted Cicatricial Entropion with hard palate mucous

al[4] operations symptomatic improvement. The membrane grafting for both upper and lower eyelid
postoperative complications included excess  surgery offers high symptomatic and anatomical cure
keratin (29%), recurrence of cicatricial rates

entropion (4.1%), punctuate epithelial
erosion (2.7%), graft shrinkage (0.7 %) and
donor site bleeding (2.0%)

Hintschich 2008 Review

[]
Marcetet 2015 Review Understanding the demographics and factors linked to
al[6] involutional entropion allows clinicians to better identify
the condition and those most at risk. However, there is
insufficient evidence to conclude that a short axial length
is an independent risk factor for entropion. Recent
advances in surgical techniques have fueled interest in
minimally invasive procedures. It is crucial to address
each patient’s unique anatomical abnormalities with
Pprecision
Han et al 2019 Retrospective interven- During the mean follow-up period of 22.1 Mini-incisional entropion repair based on reinforcement
[11] tional case series of 46 months (range, 12-34 months), 43 of the of the lower eyelid retractors using transconjunctival
eyelids in 31 patients with  eyelids (93.5%) were successfully corrected.  buried sutures is quick, simple, and predictive for
involutional entropionand ~ Two patients (3 eyelids) experienced involutional entropion repair, and has a high success
significant ocular irritation  recurrence: 1 had involutional entropion rate
combined with a cicatricial component, and
the other had blepharospasm and apraxia of
eyelid opening related to Parkinsonism. No
postoperative complications such as overcor-
rection, suture-knot exposure, or ocular
irritation were observed
Qurban 2022 Quasi-experiment study Recurrence of the condition was observed in  The modified surgical technique for entropion repair
and Kamil recruiting 50 patients with  eight (32%) out of twenty-five patients in using an external tamponade has a favorable outcome
[12] twenty-five patients in each group A, who underwent the standard Weis with minimal recurrence and symptomatic relief

group surgical procedure, whereas only one (4%)
out of the twenty- five patients of group B
who underwent the modified surgical
technique with external tamponade
experienced recurrence

Cheunget 2018 Retrospective review of 52 A total of 52 eyelids of 46 patients received =~ Combined pentagonal resection + inferior retractor

al[14] eyelids of 46 patients who  pentagonal resection + inferior retractor plication is an effective surgical procedure for primary
underwent pentagonal plication. None had recurrence of entropion, involutional entropion with low recurrence rate; the
resection + inferior 1 (2.1%) had residual entropion, 2 eyelids authors report eye-lid notching as a complication
retractor plication for (4.4%) had lower eyelid notching, 1 eyelid
treatment of involutional (2.2%) had infection and 1 eyelid (2.2%) had
entropion overcorrection. The overall success rate was

90.4%

Koreenet 2009 Retrospective interven- The success rate of primary repair was 77%  Anterior lamellar recession with buccal mucous

al[17] tional case series (35 (27 of 35 eyelids) with a mean follow-up membrane grafting is an effective surgical approach for
eyelids, 26 patients) time of 2.5 +/- 1.9 years. Four eyelids (11%)  the treatment of moderate to severe cicatricial entropion

underwent repeat grafting for recurrent
entropion secondary to graft shrinkage (3
eyelids) and graft dislocation (1 eyelid) for a
cumulative success rate of 89%. The
remaining 4 eyelids (11%) had recurrent
entropion that was managed surgically with
a technique other than repeat grafting

Malhotra 2012 Retrospective, 5-year, The study included 21 eyelids from 19 Lower eyelid gray-line split, inferior retractor recession,

et al[18] single-center, consecutive  patients (mean age 577 years) with cicatricial lateral-horn lysis, and anterior lamella repositioning is of
case series of patients with  entropion: 38% of eyelids required a second  value as a lash-preserving procedure in moderate-to-
lower eyelid cicatricial procedure within a year, with 10% and 5% severe cicatricial lower eyelid entropion, particularly
margin entropion (21 needing a third and fourth within three where tarsoconjuctival contraction or eyelid margin
eyelids, 19 patients) years. Common revisions were anterior distortion exists

lamellar repositioning, mucous membrane
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Kadyan et
al[19]

Wu et al
[20]

Chi et al
[22]

Singh et al
[29]

Takahashi
et al[26]

2010

2010

2016

2021

2014

Huang et al 2023

[27]

Khuu et al
[28]

2023

Prospective interventional
case series; 7 patients, 9
procedures

Retrospective consecutive
case series of 26 eyelids
with severe, recurrent, or
segmental cicatricial
entropion

Consecutive series of 27
eyelids (15 upper and 12
lower eyelids) of 18
patients (9 men and 9
women)

Case series (Six eyelids of
five patients)

Retrospective case series (3
patients with congenital
entropion); authors also
measured the diameters of
the pre tarsal Orbicularis
Oculi Muscle fibers in these
patients and compared
them with those measured
in the previously reported
67 eyelids of 41 Japanese
patients with congenital
epiblepharon

Comparison prospective
study; ninety-six
participants (180 eyes) with
congenital lower eyelid
entropion diagnosed
between January 2019 and
April 2021 were included in
this study. The patients
were divided into Group A
(cutaneous orbicularis oculi
excision treatment) and
Group B (inferior eyelid
margin fixation treatment)

Retrospective chart review.
Twelve patients (19
eyelids). The mean patient
age was 7.1 £ 6.1 years
(range, 0.2-22 years)

grafts, and everting sutures. Three patients
had significant inferior fornix loss, and 90%
of eyelids showed improvement after
repeated surgeries, with mucosal grafts used
in some cases. Lower eyelid elevation was 1
mm in 32% of patients, and lateral retraction
improved in 47%

Residual lashes were noted in three patients.
In two cases, the lashes were isolated and
managed successfully by a single electrolysis
treatment. One patient needed further
anterior lamellar excision for residual
remnant of trichiatic cilia at the lateral edge
of the lid. All patients were satisfied with
their post-operative appearance. None of the
patients showed exacerbation of disease or
needed additional immunosuppression as a
consequence of the lid surgery

The functional success rate was 90.5%, and
the cosmetic success rate was 100%

The success rate was 81.8% (22 of 27 eyelids).
Complications included eyelid margin
notching (1 = 1) and blepharoptosis
secondary to avascular necrosis of the distal
marginal fragment (n= 1), both were
corrected by minor surgical intervention

Entropion resolved in all patients with
restoration of eyelid margin and reduction in
ocular discomfort. Trichiasis was present in
all six eyelids (100%) preoperatively and
resolved completely in all but one case (83%
success rate) with three residual focal
trichiatic lashes in the temporal area, which
was successfully managed with radiofre-
quency ablation. There were no recurrences
of trichiatic or distichiatic lashes at a median
follow-up duration of 16 months (range, 12-
18 months)

Successful correction was achieved in all
three patients without recurrence during 12-
months of follow-up. No patient exhibited
lower eyelid ectropion or lower eyelid
retraction. The mean diameter of the
pretarsal Orbicularis Oculi Muscle fibers was
21.9 pm (range, 20.5-23.7 pm), which was not
significantly different from that of the
congenital epiblepharon (25.3 pm; range,
18.1-34.7 pm; P = 0.272, Mann-Whitney U
test)

No significant difference in age, sex, and
eyes distribution in both groups. And higher
efficiency rate was found in Group B (P <
0.05). And Group A had a higher recurrence
rate in the follow-up after surgical treatment
(P <0.05)

The described entropion repair technique
was successful and without recurrence in 17
eyelids (89%). There were no cases of
ectropion, lid retraction, or other complic-
ations. There were two eyelids (11%) that
had entropion recurrence after first
procedure. Repeated repair resulted in
success with no recurrence at last follow-up
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Anterior lamellar excision with spontaneous granulation
is a straightforward and effective method for managing
aberrant eyelashes. This technique minimized the risk of
disease exacerbation, particularly in cases of ocular
cicatricial pemphigoid, by limiting conjunctival manipu-
lation. Additionally, it reduced post-operative lash-globe
contact, enhancing patient outcomes

The eyelash resection procedure is a safe, effective, and
cosmetically acceptable procedure for treatment of
severe, recurrent, or segmental cicatricial entropion

Modified tarsotomy is effective for the correction of
severe cicatricial entropion

Labial mucosa can be effectively used to resolve
recurrent cicatricial entropion by spacing the anterior
lamella and reconstructing the lid margin and posterior
lamella, leading to a low recurrence rate

Posterior layer advancement of the lower eyelid retractor
is a useful surgical option for treatment of congenital
entropion. No histological evidence of pretarsal
Orbicularis Oculi Muscle hypertrophy was shown in
congenital entropion, which demonstrated that
debulking of the pretarsal Orbicularis Oculi Muscle may
not be significant for correction of this entity

The authors modified inferior eyelid margin fixation of
the orbicularis eyelid muscle treatment is an ideal
procedure with a high degree of efficacy and low
recurrence rate in patients with congenital lower eyelid
entropion

Subciliary rotating sutures combined with a modified
Hotz procedure effectively correct congenital lower
eyelid entropion. Since this technique avoids manipu-
lating the posterior layer of the lower eyelid retractors, it
is beneficial when retractor reinsertion provides
insufficient improvement. It also helps minimize the risk
of eyelid retraction and overcorrection in specific cases
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Burton etal 2015
[29]

Singh[30] 2022

Woo and 2016
Kim[31]

Ma et al 2020
[33]

Sungand 2019
Lew[34]

Yan et al 2016
[35]

Lailaksiri 2024
et al[38]

Chungetal 2020
[39]

Medinaet 2022
al[40]

Ghafouriet 2014
al[43]

Review

Review

Review

Comparative study

Retrospective was series
study including 72 eyelids
of 36 children with
epiblepharon and
epicanthal folds

Retrospective case control
(67 patients-mean age, 5.7 +
2.6 years- and 178 controls.
All patients presented with
epicanthus

Retrospective cohort study;
30 patients (76% females;
average age 608 + 12 years)
with facial palsy who
underwent implantation of
either the traditional
pretarsal gold weight or a
new supratarsal model

Case report

Case report

Retrospective review of
case series (forty-one lower
eyelids of 31 patients with
involutional ectropion

In the surgical and nonsurgical groups, the
baseline astigmatism magnitude was similar
(222+1.39and 2.26 +1.46 D, P = 0.87).
Complete resolution of keratopathy at 6
months was 71.4% and 11.5%. The
astigmatism magnitude in the surgical group
differed among baseline and 3 months (2.25
+1.23 D) and 6 months postoperatively (1.97

+1.28 D) (P = 0.001)

Eyelid contour was normalized and the cilia
touch was resolved after the epicanthal

tension-releasing procedure

All patients showed successful surgical
outcomes according to improvement of
symptoms and lack of cilia-cornea contact.
There were no cases of recurrence or other

complications

The new model group had significantly
better eyelid contour, less weight
prominence, less weight migration and less
eyelid ptosis than the traditional model
group. Improvement of lagophthalmos was
not statistically significant between the two
groups. The 24-month reoperative rate was
53.3% in the standard group vs 13.3% in the

new model group

Surgical success with anatomical correction

of involutional ectropion was achieved in 39
of 41 eyelids (95.1%). There were no periop-
erative or postoperative complications. Two
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No trials specifically evaluated whether interventions for
trichiasis prevent blindness, but some showed modest
vision improvement. Full-thickness incision of the tarsal
plate with lash-bearing lid margin rotation was the most
effective technique, preferably performed in the
community. Both ophthalmologists and trained
ophthalmic assistants can perform the surgery, and
results were comparable using silk or absorbable
sutures. Post-operative azithromycin improved
outcomes, with low recurrence rates overall

Treatment options for congenital and acquired
distichiasis are similar, with no specific algorithms
available. Managing acquired distichiasis in cicatrizing
ocular surface diseases is challenging, with current
treatments yielding success rates of 50%-60%.
Procedures like electroepilation or direct cryotherapy are
less effective compared to surgical excision of distichiatic
lashes, which involves splitting the anterior and
posterior lamella under direct visualization. Marginal
tarsectomy, with or without a free tarsoconjunctival
graft, has shown favorable results in both congenital and
acquired cases. However, the exact differences in normal
vs distichiatic lashes, including depth and growth
patterns, remain unclear. Research into the depth of
distichiatic eyelashes could improve the outcomes of
procedures like cryotherapy or radiofrequency-assisted
epilation, which are currently done without precise
visualization

While epiblepharon may improve as the face grows,
surgical correction is necessary when significant corneal
damage occurs due to lash contact. Surgical treatment
should prioritize techniques that are both effective and
low-risk, while avoiding the formation of a lower eyelid
crease

The surgical group exhibited greater improvement in
keratopathy compared to the nonsurgical group, despite
having more severe baseline pathology. A reduction in
with-the-rule astigmatism was observed six months
postoperatively, particularly in patients with higher
initial astigmatism. However, the extent of this change
was minimal, and the overall outcomes did not
significantly differ from those of nonsurgical treatment

The epicanthal tension-releasing procedure combined
with orbicularis oculi ring myotomy resulted in positive
surgical outcomes. Clinical findings aligned with
pathology and the success of the procedure suggest that
medial epicanthal fibrosis is the primary cause of
epiblepharon and epicanthal folds

Obesity can exacerbate lower eyelid epiblepharon, which
can be effectively treated using the rotating suture
procedure and the L-plasty procedure. The L-plasty
procedure is particularly recommended for patients who
also have significant epicanthus

The author’s newly designed supratarsal gold weight
showed superior postoperative outcomes than the
standard traditional model

Severe lagophthalmos successfully released with
pentagonal wedge resection, fat redistribution, and full-
thickness skin graft

Multiple contributing factors for severe ectropion of left
lower eyelid treated with lateral tarsal strip procedure
and full-thickness skin graft

The combination of a lateral tarsal strip and internal
retractor reattachment using full-thickness eyelid sutures
effectively resolves horizontal eyelid laxity and tarsal
instability, making it a successful technique for
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underwent surgical repair)

of 41 (4.9%) eyelids had recurrence of
ectropion 7 and 18 months after the
procedure
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correcting involutional ectropion of the lower eyelid

Vahdaniet 2021 Retrospective case-note Comparing the outcomes of modified Bick’s ~ Anterior lamellar deficit ectropion arises without visible
al[44] review; twenty-four eyelids procedure + full-thickness skin grafting vs scarring. It is essential to thoroughly address both the
of 21 treated patients (17 modified Bick’s procedure + monopedicle horizontal laxity and the anterior lamellar deficit linked
males; 81%) with lower myocutaneous flap there was no statically to this condition to reduce the chances of early failure
eyelid cicatricial ectropion  significant difference in terms of anatomical ~ and recurrence. The combination of medialized buccal
(P = 0.48) and functional (P = 1.0) success pad (modified Bick’s procedure) with full-thickness skin
rates. No cases of failure or recurrence were  graft or myocutaneous flap is a safe and effective
noted during the follow-up period treatment for this type of "cicatricial ectropion" and
demonstrates a low rate of early recurrence
Korteweg 2014 Cross-sectional outcome (30 Lateral periosteal flap canthoplasty assessed ~ The periosteal flap canthoplasty is an effective technique
et al[45] cases of paralytic ectropion) through Ectropion Severity Score proved to  that provides lasting results for patients with paralytic
be reliable and sensitive to the presence of ectropion. This same periosteal flap can also be utilized
ectropion. Significant improvement of the in revision procedures
ectropion sequelae was measured after a
mean follow-up period of 2 years. In 3 cases
(13%), a revision procedure was necessary
because of relapse of lower eyelid sagging
after a mean time of 1.9 years
[ Identification of studies via databases and registers ]
.§ ReDcaigisalsczntmed from: Records removed before screening:
S Records older than 2008 excluded (7 = 40)
£ PubMed (7 = 1578) Duplicate records removed (7 = 57)
t Cochrane (7 = 57) up -
g
Records screened (7 = 1538) Records excluded (77 = 0)

Reports sought for retrieval

.Es (7 = 1538) Reports not retrieved (7 = 0)
c
:
(7]
Reports assessed for eligibility Reports excluded:
(n = 1538) Erratum (7 = 7)
Language (7 = 19)
Out of scope (7 = 1485)
Studies included in review
§ (n=27)
3 Reports of included studies
E from citations (7 = 1)

Total records used (7 = 28)

Figure 1 Search strategy with PRISMA.

the Australian population revealed that, involutional entropion exhibits modest corneal abnormalities, with 95.1% of
cases showing either normal corneal epithelium or superficial punctate keratopathy. Vision loss is an uncommon
consequence, occurring in 1% of participants in this study, all of whom had previous corneal disease[7].

Various surgical techniques have been delineated for the treatment of entropion[3-6]. The selected treatment must be
suitable for the type of entropion being treated. The following are the most prevalent procedures employed in
management[6].

Spastic entropion

Spastic eyelid closure enables the orbicularis oculi muscle to dominate the opposing function of the lower eyelid
retractors, causing the lid margin to invert and exacerbating ocular surface irritation due to the mispositioned eyelashes.
Spasm of the muscle of Riolan, resulting from irritation, and insufficient support of the eyelid by the globe are the
primary pathophysiological changes. The treatment strategy initially necessitates the elimination of the source of
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discomfort. Minimal botulinum toxin treatments (about 5 U of BOTOX®) are highly successful to treat spastic entropion
by attenuating the oculi muscles (mainly the pretarsal orbicularis).

Quickert-Rathbun sutures can be considered for numerous instances of spastic entropion and certain occurrences of
involutional entropion when the patient declines or is medically unfit for more decisive interventions. Full-thickness lid
sutures, typically composed of gut, are employed anteriorly from the inferior fornix towards the lashes in order to rotate
the eyelid edge away from the globe. The tissue response to the intestinal suture facilitates the formation of a scar in the
eyelid that preserves the eyelid in an everted posture. Skin and muscle excision procedures, along with Wheeler’s
operation, are alternative options when initial treatments fail to induce disease regression; Wheeler orbicularis trans-
plantation involves horizontal shortening of the orbicularis muscle and skin, and for the placement of orbicularis straps
that can be used to prevent displacement within tarsal structures[6].

Involutional or senile entropion

Anatomical causes responsible for entropion due to aging encompass laxity of the lids horizontally, overriding of the
oculi muscle (mainly orbicularis) and wrong insertion of the lower eyelid retractors. The alterations, mainly induced by
aging, lead to the inward rotation of eyelid margins, causing the eyelashes to contact the external eyeball including the
cornea. This continual irritation results in harm to the ocular surface structures. Orbicularis oculi muscles, tarsus, lower
lid retractors, and canthal tendons ensure the horizontal stability of the lower lid. Any deterioration or flexibility in these
components may result in the inward turning of the lid. The lower eyelid retractors similarly confer stability vertically, in
which laxity may lead to rotation inwardly. The pinch test is commonly employed to evaluate the horizontal laxity
severity. Diverse non-surgical and surgical interventions have been utilized to address senile entropion, contingent upon
anatomical deficiencies, and to alleviate irritation resulting from misaligned eyelashes induced by the inward-turned
eyelid. Conservative methods encompass the administration of lubricating eye drops, the application of contact lenses,
and the injection of Botulinum toxin. Nevertheless, conclusive treatment generally necessitates surgical intervention.

Patients typically exhibit gyration of the posterior eyelid retractors, resulting in eyelid inversion akin to spastic
entropion. The involution of the orbital soft tissues, especially the orbital fat, may result in involutional enophthalmos,
subsequently causing an abberant eyelid posture with entropion.

Various surgical techniques are utilized to rectify involutional entropion. One of the most straightforward and
accessible methods entails the application of full-thickness lid-everting sutures, referred to as Quickert sutures. This
approach produces anterior rotational torque, modifying the orientation of eyelashes and inhibiting the preseptal
orbicularis oculi muscle from dominating. The principal disadvantage is its elevated recurrence rate. A commonly
employed technique is the transconjunctival or transcutaneous reinsertion of the lower eyelid retractors, referred to as
Jones retractor plication. The method entails the reattachment of the separated lower eyelid retractors to the tarsal plate
anterior margin. Although it has the advantage of direct visibility of the afflicted structures and facilitates the excision of
the surplus skin and of the pretarsal orbicularis muscle, it is frequently criticized for its intricacy, time demands, and risk
in causing eyelid retraction or secondary ectropion.

Surgical alternatives vary from transient, office-based interventions, such as the Quickert suture technique, to more
enduring remedies, including the Weis operation, lateral canthal tendon tightening, and lateral tarsal strip method. The
latter encompasses all 3 senile entropion etiological elements. These include lower eyelid retractor disinsertion, horizontal
eyelid laxity, and overriding orbicularis oculi muscles[6,7].

Early attempts by Bick resulted in development the term "orbital tarsal disparity," associating eyelid flexibility and age-
related orbital volume reduction with ectropion and entropion. He demonstrated that lower eyelid entropion may be
temporarily rectified by injecting saline into the muscle cone; nonetheless, lid shortening has been considered as a better
and more effective treatment. The surgery entails a complete tissue triangular excision at the lateral canthus, followed by
the reattachment of the tarsal plate to the lateral canthal tendon, contingent upon eyelid flexibility[8]. In 1977, Tenzel et al
[9] introduced a lateral canthal tendon sling for the treatment of involutional ectropion, which was subsequently refined
by Anderson into the "tarsal strip" method. Both the tarsal strip and the Bick's treatments laterally shorten the eyelid;
however, Bick's technique circumvents the lateral canthal tendon and does not conceal the tarsal plate[10].

Han et al[11], reported a non-incisional blepharoptosis correction method utilizing buried transconjunctival sutures
(which plicate the Miiller and superior levator palpebral muscles and may be used in advancing the levator aponeurosis
to ameliorate blepharoptosis), posited that, given the anatomical similarity between the upper and lower eyelids —where
the Miiller and levator palpebral muscles in the upper lid correspond to the lower eyelid retractor in the lower eyelid —a
non-incisional correction technique for upper lid blepharoptosis can be adapted to address lower eyelid involutional
entropion by reinforcing the attenuated or dehisced lower eyelid retractor. The author employed a buried-suture method
on the lower lid to fortify the weakened or disinserted lower eyelid retractors, utilizing three knots for precise defect
correction. To avert overriding of the preseptal orbicularis oculi muscle, the technique involved excising an orbicularis
oculi muscle strip through a minimal subciliary incision thereby integrating the underlying orbicularis oculi muscle into
the sutures for optimal closure of the skin.

Qurban et al[12] conducted a quasi-experimental study proposing a modified surgical approach for entropion repair
with an external tamponade, resulting in good outcomes, little recurrence, and symptomatic alleviation.

The management of senile entropion may necessitate the correction of horizontal laxity through medial and/or lateral
canthal tightening, plication of lower eyelid retractors (according to Jones), transmarginal rotation (according to Weis that
involves a full-thickness horizontal eyelid incision), and tucking of palpebral ligaments; a minor resection of the pretarsal
orbicularis oculi may be performed simultaneously to avert further tarsal overriding.

The Weis method integrates a transverse full-thickness blepharotomy with everted sutures. Everything sutures the
appropriate vertical eyelid laxity by traversing the retractor layer and constricting the lower eyelid retractors.
Blepharotomy forms a scar that links the conjunctiva, skin, and the pretarsal and preseptal orbicularis oculi muscles.
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Collectively, these approaches inhibit the preseptal orbicularis from dominating the pretarsal segment. The Weis method
fails to treat horizontal lid laxity, which arises from the looseness of the canthal tendons and tarsal plate. Horizontal laxity
may be rectified with eyelid-shortening techniques, including full-thickness wedge resection or lateral tarsal strip
techniques. It is generally acknowledged that rates of recurrence tend to increase when horizontal laxity is unaddressed.
In cases devoid of horizontal laxity, a straightforward reattachment of the retracted lower lid retractors may be adequate.
Addressing horizontal laxity is essential to reduce the likelihood of recurrence, especially when the snapback test yields a
positive result. A comprehensive preoperative assessment is crucial to exclude horizontal laxity and guarantee excellent
results from the Weis operation, hence minimizing the likelihood of early recurrence[13].

Cheung et al[14] advanced procedure according to Hill-a technique that entails a shortening of the lateral lower lid
through full-thickness excision, then fixation of an orbicular muscle strip to the lower tarsal plate border, and curettage of
the anterior tarsal plate to avert orbicularis muscle overriding — by integrating pentagonal resection (PR) and inferior
retractor plication (IRP) for the primary treatment of lower eyelid laxity with involutional entropion in a Chinese cohort.
The combination of PR and IRP constitutes an effective surgical technique for addressing primary involutional entropion,
with a minimal risk of recurrence. However, there exists a potential danger of eyelid notching following the procedure.

Cicatricial entropion

Cicatricial entropion can be defined as tarsoconjunctival scarring resulting from conditions that include ocular cicatricial
pemphigoid, chronic blepharitis, trachoma, Stevens-Johnson syndrome, prolonged use of topical glaucoma medications,
and prior surgical interventions. Additional indicators comprise trichiasis, forniceal shortening, and the development of
symblepharon[15].

Cicatricial entropion presents a challenging treatment dilemma, as various surgical methodologies exhibit varying
degrees of efficacy. It is essential that the inflammation process is not in an acute phase in individuals with Ocular
Ciucatricila pemphigoid-a persistent autoimmune condition marked by advancing conjunctival fibrosis, resulting in
cicatricial entropion and symblepharon development- prior to any conjunctival surgery. Manipulating the conjunctiva in
these patients may provoke a return of inflammation, potentially resulting in the failure of the surgery. The choice of
surgical technique is contingent upon parameters like the extent and degree of eyelid retraction, entropion, fornix and
tarsus involvement, keratinization, distortion of the eyelid edge, and the advancement of the underlying pathology.
Surgical techniques can be categorized into four types: (1) Posterior lamella lengthening; (2) Grayline splitting of the
posterior and anterior lamellae; (3) Lid margin eversion or rotation; and (4) A combination of the 3 methods. Grayline
splitting of the posterior and anterior lamellae encompasses lamellar splitting with anterior lamella excision or recession,
advancement of the posterior lamella, and recession of the anterior lamella accompanied by advancement of posterior
lamella; however, in the presence of metaplastic lashes in the posterior lamella, the latter technique is inapplicable.
Lengthening of the posterior lamella requires the application of middle and posterior lamella grafts to achieve a flat
surface for proper eye contact, hence extending the duration of the surgical procedure[16-21].

Kersten et al[15] characterized transverse tarsotomy and lid margin rotation as straightforward and dependable
interventions for mild to moderate cicatricial entropion, achieving a success rate of 94%, but the success rate diminishes
for severe cicatricial entropion.

Chi et al[22] refined the transverse tarsotomy technique for severe cicatricial entropion by incorporating a straight-
forward modification that entails 'two back cuts' at each end of the transverse tarsotomy. These back cuts facilitate greater
mobility of the distal tarsal fragment, potentially enhancing the success rate in patients with severe cicatricial entropion.
Kadyan et al[19] stated that spontaneous granulation with anterior lamellar excision in seven patients with ocular
cicatricial pemphigoid was a straightforward and successful surgery; nonetheless, three individuals had residual lashes.

Wu et al[20] found that the functional success rate of the lamellar splitting with eyelash removal method exceeded 90%
for severe, recurring, segmental cicatricial entropion. The limitation of this approach is its inapplicability in cases of
metaplastic eyelashes within the posterior lamella.

Studies by Goldberg et al[23] reported an 80% success rate for a shared mucosal graft in their case series including
severe cicatricial entropion, based on posterior lamellar lengthening. In the case series by Gu et al[3], posterior lamellar lid
reconstruction and terminal tarsal rotation utilizing dermis allograft (acellular) for patients with severe cicatricial
entropion was effective in 14 of 16 cases. Seiff et al[24] documented a functional success rate of 100% for the rotation of the
upper eyelid tarsal margin and the extensive advancement of the posterior lamellae, integrating eyelid margin rotation
with the lamellar division of the anterior and posterior lamellae.

Employing labial mucosa to separate the anterior lamella and repair both the posterior lamella and the eyelid border is
an efficacious method for addressing recurrent cicatricial entropion with a minimal recurrence rate[25].

Congenital entropion

Congenital entropion is an uncommon disorder that predominantly impacts the lower eyelid. It is linked to multiple
developmental defects, including hypertrophy of the pretarsal orbicularis oculi muscle, deficits in the tarsal plate, facial
nerve paralysis, and dysgenesis of the lower eyelid retractors. It may also manifest concurrently with microphthalmos. In
contrast to infantile entropion, which results from fat accumulation in well-nourished children and typically resolves
spontaneously, congenital entropion necessitates meticulous distinction owing to its unique underlying causes[4-6].

The advancement of the posterior layer located in the lower lid retractors is an effective surgical method in addressing
congenital entropion. Takahashi et al[26] showed in their case series that histological investigation revealed no signs of
pretarsal orbicularis oculi muscle hypertrophy in cases with congenital entropion, indicating that diminishing this muscle
mass may not be necessary to rectify the problem.
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A revised surgical technique involving fixation of the orbicularis oculi muscle at the inferior eyelid edge was assessed
for the treatment of congenital entropion of the lower lid. A study including 180 eyes of 96 patients categorized
participants in 2 groups: The first group had excision of the cutaneous orbicularis oculi, while the second group
underwent the modified surgical method. The second group exhibited a better success rate and a diminished rate of
recurrence compared to the first group (P < 0.05). The results indicate that this improved technique can be an efficacious
and dependable method for addressing congenital lower eyelid entropion with reduced recurrence rates[27].

The application of subciliary rotating sutures alongside a modified Hotz procedure constitutes an efficient method for
rectifying congenital lower eyelid entropion. This procedure is advantageous in situations where retractor reinsertion
does not yield adequate enhancement, as it circumvents manipulation of the lower lid retractor posterior layer. Fur-
thermore, it may reduce the likelihood of overcorrection and lid retraction in specific circumstances[28].

Trichiasis, deformity and epiphora

Trachomatous trichiasis — the main cause of trichiasis —represents a critical ophthalmic public health issue, particularly in
sub-Saharan Africa. Trichiasis is characterized by abnormally positioned lashes, which grow back toward the ocular
surface, touching the conjunctiva or cornea.

Surgical intervention remains the mainstay of treatment, with several techniques described in the literature[29]. One of
the more effective procedures involves bilamellar rotation of the tarsal that incises the tarsal plate full thickness and
rotates the lash-bearing tarsus to evert the eyelid margin. Another option consists of posterior lamellar tarsal rotation
(Trabut procedure), where sutures are placed above the lashes. The literature found no definitive advantage of one
method over the other.

While both posterior lamellar and bilamellar tarsal rotation procedures are widely used in regions endemic of
trachoma, there is no supporting evidence to suggest the superiority of one technique. Though bilamellar surgery can
result in a higher rate of eyelid exposure and overcorrection, these risks remain insignificant. The procedures are both
considered to be safe, in which post-operative trichiasis tends to be the most common complication reported in studies.

Non-surgical interventions, such as cryotherapy and electrolysis, used to treat minor trichiasis by targeting lash
destruction, have shown lower success rates in preventing recurrence compared to bilamellar tarsal rotation surgery.
Given these techniques' high costs and maintenance difficulties, they are not recommended for routine use.

While various surgical methods for trichiasis due to trachomatous exist, posterior lamellar and bilamellar tarsal
rotations are commonly employed, with no definitive evidence favoring one over the other. Both are effective and safe,
but post-operative trichiasis remains challenging, and non-surgical approaches offer limited efficacy[29].

Distichiasis is an eyelash abnormality in which lashes originate from meibomian gland orifices, differing from normal
eyelashes that arise from the skin. It is distinct from trichiasis and other disorders like tetrastichiasis and tris trichiasis.
Distichiatic lashes may cause signs and symptoms due to contact to the ocular surface and may vary in appearance. There
are two types: Congenital and acquired.

Surgical management of distichiatic eyelashes involves various techniques to address the aberrant cilia. These include
excision, cryotherapy, and electrocautery, often performed under high magnification to ensure precision. Historical
approaches date back to 1880, where posterior and anterior lamellas were split, and the tarsoconjunctival ciliary-bearing
strip was removed, giving rise to a bare eyelid margine. Later modifications included grafting of the mucous membrane,
proposed in 1913 by Begle, to reduce complications such as ectropion and entropion. Subsequent methods proposed in
1960s, like Fox’s technique of conjunctival flap removal and anterior lamella reattachment, showed positive outcomes but
lacked data on long-term outcomes.

The transconjunctival trapdoor method was proposed to circumvent marginal complications and entropion. It allows
the direct cilia root removal without the need for tarsal excision or grafting. However, its effectiveness remains
undetermined due to incomplete recurrence data. In elderly patients with dermatochalasis, redundant skin excision offers
an additional aesthetic benefit.

Eyelash trephination, using a Sisler ophthalmic micro trephine, is another method. It has shown a 38% rate of
recurrence in patients with acquired distichiasis and trichiasis, likely due to the uncertain depth of abnormal lash roots.
Direct excision along the lash's vertical axis has been successful in congenital distichiasis, achieving an 80% success rate,
but it is time-consuming, requiring up to 1.5 hours per eyelid.

For acquired distichiasis with cicatricial entropion, anterior lamellar recession combined with mucosal grafting is used
to reconstruct the excised area. Recurrences, trichiasis, and eyelid malposition, such as entropion, remain common
complications. The unknown depth of distichiatic eyelashes poses a significant challenge, particularly in acquired cases.
Advances in imaging technology, like high-frequency ultrasound, can enhance the precision of treatment options by
enabling the complete removal of the cilia including the roots[30].

Epiblepharon —in—rolling of lashes and the lid margin over the superior tarsal edge—is commonly observed in East-
Asian children, and as the population grows, so does the demand for surgical intervention. In managing this condition,
surgeons must understand the aesthetic preferences and specific needs of Asian patients[31]. Recent findings indicate a
high prevalence of astigmatism in these patients, which can lead to amblyopia; thus, early surgery and visual rehabil-
itation are crucial[32]. The pathophysiology of epiblepharon involves various etiological factors, and while Western
surgical methods are commonly aimed at creating a lower lid crease, this can be undesirable in Asian patients. Careful
selection of surgical techniques is essential to minimize muscle and skin resection, reducing the risk of eyelid retraction
and ectropion. Although epiblepharon may resolve naturally over time, surgical treatment correction is necessary in
patients with severe damage to the cornea due to eyelash contact. Efficient surgical techniques should prioritize reduced
rates of complications and limit the formation of new lid creases[31].
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According to a comparative study by Ma et al[33] the improvement in keratopathy observed in the surgical cohort
surpassed that of the nonsurgical group, despite the greater baseline severity in the former. A reduction in with-the-rule
astigmatism was noted at six months postoperatively, particularly in patients with higher baseline astigmatism.
However, the magnitude of this change remained minimal, and the overall outcomes did not differ significantly from
those achieved with nonsurgical management. Consequently, surgical intervention should primarily be indicated based
on the severity of symptoms and the extent of keratopathy.

Among different techniques methods, Sung et al[34] reported successful surgical outcomes with orbicularis oculi ring
myotomy and epicanthal tension-releasing procedures. The clinical correlations with altered findings and satisfactory
outcomes of the method suggested that fibrosis of the medial epicanthal is the main clinical factor that causes epicanthal
folds and epiblepharon. Obesity may exacerbate lower lid epiblepharon that may be effectively addressed with the L-
plasty procedure and the rotating suture method. The L-plasty procedure tends to be used in cases that also show
significant epicanthus[35].

Management of ptosis in patients with eyelid disorders

Lagophthalmos refers to the incomplete or impaired closure of the eyelids, a condition that disrupts normal eyelid
function. Complete eyelid closure, along with an intact blink reflex, is critical for maintaining a stable tear film and
preserving ocular surface health. Patients with an inability to blink effectively or fully close their eyelids are predisposed
to tear film evaporation, corneal exposure, and the subsequent development of keratopathy due to exposure. If left
untreated, this may progress to ulceration of the cornea and, ultimate perforation in severe cases. Early recognition of the
clinical symptoms and signs of lagophthalmos, followed by early diagnosis of the underlying causes, is essential to
initiate appropriate treatment and management.

Diagnosing lagophthalmos requires assessing clinical history for surgeries, trauma, infections, or systemic conditions,
with sudden facial motor loss often indicating nerve paralysis. Evaluation includes examining cranial nerve function,
incomplete blinking, exophthalmos and lid malposition. Slit lamp evolution of the tear film stability and of the corneal
surface using tear breakup time assessment and fluorescein staining are fundamental.

The primary etiology of lagophthalmos tend to be facial nerve paralysis, resulting in paralytic lagophthalmos; facial
nerve paralysis could be caused by many underlying etiologies: Infection, trauma, tumor, metabolic disorder, toxic
agents, iatrogenic (for example as a consequence of eyelid surgery), neurological, congenital, idiopathic, cicatricial,
nocturnal[36].

Eyelid retraction is frequently associated with thyroid eye disease, in which the Miiller muscles are stimulated by
hyperthyroidism, leading to a typical bilateral asymmetric stare. The infiltration of mast cells and lymphocytes, followed
by fibroblastic proliferation in the levator and Miiller muscles, give rise to superior temporal lid retraction, often with
lateral flaring[37]. In contrast, facial nerve (seventh cranial nerve) paralysis leads to lagophthalmos, typically without
eyelid retraction. This paralysis, seen in conditions such as Bell’s palsy, sarcoidosis, ischemic events, or post-surgical
outcomes, causes orbicularis oculi dysfunction, resulting in unopposed levator muscle action, lower lid ectropion, and
epiphora due to increased reflex tear secretion and deficient lacrimal pump function from ocular surface exposure.

The surgical treatment of lagophthalmos is based on the severity and duration of the condition. In cases of corneal
exposure with anticipated recovery within weeks, a temporary tarsorrhaphy may be an effective choice. In most
instances, the cornea can be sufficiently safeguarded by closing the lateral one-third of the eyelids. A minimal aperture
should be maintained to facilitate ongoing evaluation of the cornea and the administration of necessary topical medicines.

In instances of paralytic lagophthalmos where full eyelid closure is impaired, the insertion of a gold or platinum
weight into the upper eyelid may be warranted. This method utilizes gravity to improve eyelid closure. The ideal implant
weight must enable complete eyelid closure and opening, without causing ptosis in the primary gaze. Traditionally, gold
weights are placed anterior to the tarsus (pretarsal area), specifically tailored for the trapezoidal tarsal shape observed in
Caucasian eyes. However, in patients with a sickle-shaped tarsus, such as those of Asian descent, visible implant edges
often result in suboptimal cosmetic outcomes and higher incidences of implant exposure, infection, and the need for
reoperation. Recent advancements favor supratarsal placement, as this approach has demonstrated reduced visibility,
lower exposure risk, and improved postoperative outcomes compared to the conventional technique[38].

In lagophthalmos resulting from upper eyelid retraction, as seen in thyroid eye illness, recession of the levator
palpebrae superioris and Miiller's muscles constitutes an effective surgical intervention. Options for postsurgical eyelid
shortening comprise full-thickness skin grafts or advancement flaps. Moreover, scar band release and tarsal-sharing
techniques are suitable for the management of cicatricial lagophthalmos. Laxity of the lower eyelid is noted in disorders
such as facial nerve paralysis and floppy eyelid syndrome. Surgical therapies, including lateral tarsal strip procedures,
improve the alignment of the lower eyelid with the globe, thereby decreasing scleral exposure and alleviating symptoms
of epiphora[39,40].

When secondary to facial nerve paralysis lagophthalmos may require midface elevation or other facial reanimation
procedures[41].

Ectropion
Ectropion denotes the outward turning of the lid margin, leading to inadequate lubrication and ocular exposure and.
Patients can have signs and symptoms due to corneal dryness and inflammation. Although ultimate therapy is surgical,
medicinal management offers temporary alleviation and symptomatic enhancement during the interval before surgery.
Involutional or age-related ectropion, the predominant variant, is linked to tarsoligamentous sling laxity, widespread
elastin depletion, and orbicular atrophy. Surgery encompass blepharotomy with canthopexy, rotational sutures, lateral
tarsal strip, and horizontal lid shortening or tightening, either medially, laterally, or both. A comprehensive under-
standing of the underlying factors and surgical techniques is crucial for formulating effective therapeutic approaches in
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the treatment of involutional lower lid ectropion. Customizing surgical procedures to the specific etiological factors
revealed during preoperative evaluation, while focusing on the primary ectropion location, markedly improves the
probability of favorable results[42]. Ghafouri et al[43] assert that the amalgamation of a lateral tarsal strip and internal
retractor reattachment utilizing full-thickness eyelid sutures proficiently addresses horizontal eyelid laxity and tarsal
instability, rendering it an effective method for rectifying involutional ectropion of the lower eyelid.

Cicatricial ectropion occurs when anterior lamellar shortening from scar tissue induces traction, elongating the lid
border and retracting it from the globe, akin to mechanical ectropion. Contributing variables encompass mechanical,
thermal, and chemical injuries, dermatological conditions, eyelid surgery, or cosmetic interventions, frequently
aggravated by actinic damage or mid-face decline resulting from habitual eye rubbing or aging.

The surgical management of cicatricial ectropion involves three essential steps: Relieving the radial strain of the lid
margin, reducing the elongated lid margin to restore its appropriate alignment with the globe, and correcting the anterior
lamellar insufficiency. Various eyelid shortening methods, such as pentagon excision, lateral tarsal strip, and lateral
canthopexy, have been proposed to address horizontal eyelid laxity. However, recurrence or chronic ectropion rates may
reach 43%, potentially due to insufficient repair of the anterior lamellar insufficiency or the choice of lid margin
tightening techniques. Some surgical procedures produce more lasting results than others; nonetheless, accurate
diagnosis and correction of both the lamellar deficit and the lid margin are crucial for durable success. The anterior
lamellar restoration procedure seems to have a negligible impact on overall outcomes; nevertheless, studies demonstrate
a significantly lower recurrence rate of ectropion in eyelids that underwent concurrent horizontal tightening and skin
grafting. The Modified Bick’s Procedure has proven to be safe and effective in correcting horizontal eyelid laxity, partic-
ularly when augmented with a full-thickness skin graft or a mucous membrane conjunctival flap for the anterior lamella
[44].

Congenital ectropion is an exceedingly rare condition sometimes linked with other defects, such as euryblepharon and
blepharophimosis, characterized by inadequate anterior lamella, diminished tarsal rigidity, and suboptimal development
of canthal tendons. The repair involves methods previously mentioned for other forms of ectropion, such as horizontal lid
tightening/shortening and anterior lamella grafting[42].

The lower lid positionis determined by the interaction of the bony orbit and the globe e, gravitational forces, tissue
elasticity, the lateral and medial canthal ligaments, in addition to the active activity of the orbicularis oculi muscle, with
the deep lateral canthal tendon being essential. As tissue elasticity declines with age, the orbicularis oculi muscle
increasingly assumes responsibility for sustaining lower eyelid stability. The abrupt loss of innervation, as shown in facial
palsy, leads to paralytic ectropion, which is marked by lagophthalmos, and an elevated risk of exposure keratitis. Over
time, paralysis may result in anterior lamella retraction, hence worsening the disease.

Reconstructive surgery for paralytic ectropion is used to realign the lower lid to enhance closure, enhance tear
drainage, maintain ocular surface lubrication, diminish vertical aperture, while also improving aesthetic results. Due to
the usual tissue laxity and elongation of lateral support systems, canthoplasty with horizontal eyelid shortening is
frequently advised. The lateral tarsal strip method and its modifications are frequently employed. Nevertheless, conven-
tional methods, such as suturing to the periosteum or perforating the orbital wall, have hazards including suboptimal
outcomes or injury to the globe.

Employing a periosteal flap as a substitute for the deep lateral canthal ligament presents a more secure option. It offers
robust, self-sustaining support without requiring suturing or drilling within the orbit, facilitating anatomical adjustment
of the lid while reducing problems. This technique can be readily integrated with other treatments and is executable
under local anesthesia[45].

CONCLUSION

The main aspect emerging from this brief review of related literature is the importance of addressing the innermost
pathophysiological alteration proper of that specific corneal damaging eye-lid pathology: The peculiar anatomical
structure concerned by the disorder has to be identified and any surgical procedure has to be tailored upon that.
Furthermore, due to the complexity of illness presentation, multidisciplinary work between ophthalmologists and plastic
surgeons is crucial to achieve stable long-term results. A comparative analysis of various surgical interventions for
corneal lesions secondary to eyelid pathologies reveals substantial differences in efficacy, complication rates, and long-
term outcomes. Techniques such as lateral tarsal strip surgery, Quickert-Rathbun sutures, and full-thickness wedge
resection exhibit variable success depending on the underlying pathology. Lateral tarsal strip surgery demonstrates
exceptional efficacy in correcting horizontal eyelid laxity, boasting high success rates and low recurrence; however,
potential complications include overcorrection and lid malposition. Quickert-Rathbun sutures, commonly employed for
spastic and involutional entropion, provide a minimally invasive approach with rapid symptomatic relief but are
associated with a higher recurrence rate compared to more definitive surgical techniques. Full-thickness wedge resection,
frequently indicated for severe eyelid malposition, offers durable correction but carries risks of scarring and post-
operative eyelid retraction. Additionally, posterior lamellar lengthening with mucosal grafting has shown promise in the
management of cicatricial entropion, though its complexity necessitates specialized surgical expertise. Reported success
rates for these procedures range from 80% to 95%, with surgical failures often attributed to inadequate preoperative
assessment of horizontal and vertical eyelid laxity. The integration of advanced preoperative imaging modalities, such as
OCT and high-frequency ultrasound is widely recognized as a critical tool for optimizing surgical planning and reducing
postoperative complications. While textual descriptions provide valuable insights into these procedures, the
incorporation of visual aids depicting anatomical changes and surgical modifications would significantly enhance
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comprehension for both clinicians and trainees. A structured visual representation of these techniques, highlighting key
procedural steps and anatomical considerations, may facilitate a deeper understanding of the complexities inherent in
surgical decision-making for ocular reconstructive procedures.
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