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Abstract

Obstructive sleep apnea (OSA) is often a lifestyle disease associated with obesity,
which is rapidly evolving as a major health concern with diverse multisystemic
implications. To prevent and mitigate its adverse effects and reduce its burden on
society, its aetiopathogeneses must be precisely understood. Numerous studies
focusing on the range of diverse anatomic, functional, and lifestyle factors have
already been carried out to determine the possible contributory roles of these
factors in OSA. Recently, evidence to validate the role of inflammatory pathways
and immune mechanisms in the aetiopathogeneses of OSA is being developed.
This allows for further research and translation of such knowledge for targeted
therapeutic and preventive interventions in patients with or who are at risk of
developing OSA.

Key Words: Sleep apnea; Obstructive; Polysomnography; Mendelian randomization
analysis; Cytokines; C-reactive protein

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Although sleep-disordered breathing is any abnormal respiration that occurs
during sleep, obstructive sleep apnea (OSA) is the most common sleep-related breathing
disorder. Its pathogenesis involves a complex interplay of anatomical and functional
factors, along with immune cell dysfunction owing to chronic intermittent hypoxia-
induced oxidative stress. Thus, to develop specific therapeutic modalities and enhance
clinical outcomes in patients with or who are at risk of OSA, these mechanisms must be
understood.
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INTRODUCTION

Sleep-disordered breathing is any abnormal respiration taking place during sleep. Obstructive sleep apnea (OSA), the
most common sleep-related breathing disorder, is characterized by recurrent partial or complete obstruction of the upper
airway, which results in hypopnea and apnea. This causes sleep fragmentation, intermittent hypoxia, and hypercapnia,
which leads to increased sympathetic nervous system activity[1]. Excessive daytime sleepiness in conjunction with OSA is
termed OSA syndrome (OSAS)[2].

Comprehensive in-laboratory polysomnography is the gold standard method employed to diagnose sleep-disordered
breathing. The apnea-hypopnea index (AHI) is the main outcome utilized to define OSA severity. An airflow reduction
of 90% or more for at least 10 s is termed apnea, and the recommended definition of hypopnea is at least 30% airflow
reduction for > 10 s with a > 3% decrease in oxygen saturation or arousal. OSA severity based on AHI scores is defined as
follows: No OSAS if AHI < 5, mild OSAS if AHI 5-15, moderate OSAS if AHI 15-30, and severe OSAS if AHI > 30[3].

The prevalence of OSA has increased (in developed countries —males 15%, females 5%), and associated morbidity and
mortality in adults have been increasing[4,5]. OSA has significant implications for cardiovascular health, neurocognitive
function, mental illness, quality of life, and driving safety[6]. OSA is an independent risk factor for hypertension,
coronary artery disease, and stroke[7-9]. Moreover, OSA is associated with metabolic syndrome (insulin resistance and
type 2 diabetes mellitus), in which adipokines and oxidative stress have been implicated[10,11]. Recent studies revealed
that OSA is associated with immune cell dysfunction[12,13]. Furthermore, OSAS has shown an association with
cardiovascular disease and cancer[13-15]. Research on how the complicated interaction between inflammatory mediators
and immune cells impact the development and severity of OSA is also evolving[13]. Additional genomic association
studies in large cohorts can offer additional insights into the role of signal variants in certain specific genes, which may
predict their role in affected families[13]. Mendelian randomization has employed epidemiological causality to define the
specific impact of the characteristics of the immune cells and their role in OSA[13].

This article aims to elaborate on the aetiopathogenic mechanisms of OSA, especially emphasizing the role of inflam-
matory and immune-mediated mechanisms.

AETIOPATHOGENESIS

Current evidence
The available evidence reveals that OSA is a multifactorial disease[16]. This current evidence is summarized in Table 1
(Multifactorial causes of OSA).

These factors can be broadly categorized as anatomical and functional factors. The main known cause of OSA is the
impaired anatomy of the upper airway. Anatomical causes such as a narrow pharyngeal airway, a longer airway, and
certain pharyngeal lumen shapes are all associated with the propensity for pharyngeal collapse during sleep[17].

The functional factors comprise impaired pharyngeal dilator muscle function, premature awakening to mild airway
narrowing (low respiratory arousal threshold), and unstable control of breathing[2,15].

On falling asleep, the central respiratory drive and pharyngeal dilator muscle activity in OSA patients is decreased.
This along with some degree of upper airway narrowing increases their upper airway resistance. Currently, the balance
between the airway forces that tend to close or open the airway tilts unfavorably against the forces that attempt to keep
the airway open. This eventually results in partial or complete airway collapse, which leads to hypopnea or total apnea.
Based on this, two authors independently searched PubMed databases from inception to January 14, 2024. Furthermore,
this review considers the study by Zhao et al[13].

EVOLVING EVIDENCE

Role of inflammatory and immune-mediated mechanisms
Activation of inflammatory pathway and systemic inflammatory response: The core of OSA pathogenesis is the regular
intermittent hypoxia-induced oxidative stress and formation of superoxide ions. This establishes a chronic proinflam-
matory state with activation of inflammatory pathways and subsequent endothelial and immune cell dysfunction[18].
The proinflammatory transcription factor, nuclear kappa factor B, and an elevated level of proinflammatory cytokines,
including tumour necrosis factor alpha, interleukins 6 (IL-6), and 1 beta (IL-1B), serve as key mediators of inflammation,
which, when activated, orchestrate a cascade of the immune response[19,20].
Studies revealed that IL-6 and IL-8 are higher in patients with OSA and correlate with AHI[21,22]. A metanalytic
investigation into causal analysis between altered levels of ILs and OSA demonstrated that although most ILs (IL-1f, IL-2,
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Table 1 Multifactorial causes of obstructive sleep apnea

Anatomic factors Nonanatomic factors Functional factors Miscellaneous
Micrognathia, retrognathia; facial elongation; Central fat distribution; obesity, BMI >  Impaired pharyngeal dilator muscle Alcohol use; smoking;
mandibular hypoplasia; adenoid and 30 kg/m?; advanced age; male gender;  function; low respiratory arousal sedatives and hypnotics
tonsillar hypertrophy; inferior displacement  supine sleeping position; pregnancy threshold; unstable control of use; hereditary

of the hyoid breathing

BMI: Body mass index.

IL-4, IL-6, IL-8, IL-12, IL-17, IL-18, and IL-23) increased and IL-10 Levels decreased in OSA, a significant causal

relationship could not be found. Interestingly, the same study reported that treatment of OSA lowers IL-1p, IL-6, and IL-8
[23].

Biomarkers of inflammation and OSA: Recent research has shown that OSA is associated with biomarkers of inflam-
mation. The inflammatory biomarkers of interest include C-reactive protein (CRP), fibrinogen, and erythrocyte sedi-
mentation rate (ESR)[24-26]. Combination of these biomarkers has also been studied, which potentially helps to screen
and monitor patients with OSA[27]. A study by Elfeky et al[27] found that along with comorbidities, ESR, CRP, and
systemic inflammatory markers such as SIRI (systemic inflammatory response index) correlate with OSA severity. The
positive correlation of SIRI with OSA severity is in agreement with another recent study by Diaz-Garcia et al[28], which
postulated that activation of inflammasomes is critical in OSA pathophysiology.

Neutrophil lymphocyte ratio and OSA: A meta-analysis that investigated the association of neutrophil lymphocyte ratio
(NLR) with OSA revealed that the NLR of patients with OSA is higher than that of controls. The findings of the meta-
analysis suggest that NLR is a reliable marker that can be utilized to predict disease progression and detect systemic
inflammation in patients with OSA[29]. As both neutrophils and lymphocytes play vital roles in the release of inflam-
matory mediators, their ratios or absolute counts can indicate the inflammatory status[30]. Moreover, the reduction in the
inflammatory markers with continuous-positive airway pressure therapy validates its role in OSA[30].

Immune cell infiltration in OSA: The entry of neutrophils and macrophages into the mucous membrane of the upper
airway causes persistent inflammation tissue inflammation, which leads to changes in airway structure. This contributed
to the worsening of OSA severity. Recurrent upper respiratory tract infection due to deranged respiratory immunity
further exacerbates the upper airway obstruction[31]. Animal studies have shown that intermittent hypoxia increases

oxidative stress and decreases antioxidant activity[30]. Nonetheless, to establish causality, further studies are required
[30].

Endothelial dysfunction in OSA: Oxidative shear stress to the vascular endothelium results in endothelial dysfunction
and vascular remodeling, which contributes to systemic vascular complications and atherosclerosis. These complications,
along with the neurohormonal alterations induced by hypoxia-mediated sympathetic overactivity and multiple arousals,
cause blood pressure surges resulting in hypertension[32,33]. Cyclical hypoxia in OSA can provoke oxidative stress and
adversely impact vascular endothelial function[32].

Adipokine dysregulation in OSA: Adipose tissue serves as a reservoir of immune-modulating adipokines. Dysregu-
lation of adipokines in OSA contributes to systemic inflammation, insulin resistance, and dyslipidemia. Leptin,

adiponectin, and other adipokines are involved in immune dysregulation and pathogenesis of OSA-related complications
[34].

Circadian rhythm disruption in OSA: Circadian rhythms are 24-h biological clocks that regulate a myriad of phy-
siological processes, such as the sleep-wake cycle, hormone secretion, and metabolism, and modulate the immune
response[35-37]. Research is now being directed to analyze differential genes and associated pathways in patients with
OSA as well as its effects on immune cell infiltration. The idea is to examine whether regulation of genes related to
circadian rhythm could impact disease progression in OSA[38].

Table 2 (Immune cell and obstructive sleep apnea) summarizes the impact of immune cells on OSA, and Table 3
(Inflammatory mediators and obstructive sleep apnea) summarizes the impact of inflammatory mediators.

CONCLUSION

OSA pathogenesis involves a complex interplay of anatomical and functional factors along with immune cell dysfunction
caused by chronic intermittent hypoxia-induced oxidative stress. This dysregulation contributes to systemic inflam-
mation, endothelial dysfunction, and metabolic disturbances, exacerbating OSA severity and associated comorbidities.
Therefore, these mechanisms must be understood to develop targeted therapies and improve clinical outcomes in OSA
patients. To establish the specific role of each inflammatory pathway and immune modulator, further large multicentric
trials are needed, to develop specific therapeutic interventions necessary to provide clinically relevant benefits.
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Table 2 Immune cell and obstructive sleep apnea

Immune cells Effect

Monocyte There were significant alterations in the distribution of monocyte subsets in response to OSAS, characterized by an increase in
intermediate and non-classical monocytes and a decrease in classical monocytes[12]

Neutrophils OSA is independently associated with increased neutrophil counts and inflammation[38]

B-lymphocytes When B cells are depleted or dysregulated, it can lead to an imbalance in the immune system, potentially resulting in increased
inflammation as seen in OSA[38]

T-lymphocytes There is an imbalance of CD4+ and CD8+ cells in individuals with OSAS, with a high proportion of CD8+ cells and a low
proportion of CD4+ cells. These changes are dependent on the AHI[38]

Neutrophil NLR increases and is directly correlates with AHI[28]

lymphocyte ratio

AHI: Apnea-hypopnea index; OSA: Obstructive sleep apnea; NLR: Neutrophil lymphocyte ratio.

Table 3 Inflammatory mediators and obstructive sleep apnea

Inflammatory Mediators Effect

TNF-a Elevated levels of inflammatory

IL-6, IL-8, CRP, ESR Markers correlate with severity of OSA[22,25,38]

Adipokines

Key adipokines studied include: Leptin, OSA is associated with elevated levels of leptin, chemerin, and resistin, and decreased levels of

Chemerin, Resistin, Adiponectin, Omentin-1  adiponectin and omentin-1. These changes may contribute to metabolic dysfunction, inflammation, and
cardiovascular risks[38]

TNF-o: Tumour necrosis factor alpha; IL: Interleukin; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; OSA: Obstructive sleep apnea.
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Abstract

This editorial discusses an article recently published in the World Journal of Clinical
Cases, focusing on risk factors associated with intensive care unit-acquired weak-
ness (ICU-AW). ICU-AW is a serious neuromuscular complication seen in criti-
cally ill patients, characterized by muscle dysfunction, weakness, and sensory
impairments. Post-discharge, patients may encounter various obstacles impacting
their quality of life. The pathogenesis involves intricate changes in muscle and
nerve function, potentially leading to significant disabilities. Given its global
significance, ICU-AW has become a key research area. The study identified critical
risk factors using a multilayer perceptron neural network model, highlighting the
impact of intensive care unit stay duration and mechanical ventilation duration on
ICU-AW. Recommendations were provided for preventing ICU-AW, empha-
sizing comprehensive interventions and risk factor mitigation. This editorial
stresses the importance of external validation, cross-validation, and model tran-
sparency to enhance model reliability. Moreover, the application of machine
learning in clinical medicine has demonstrated clear benefits in improving disease
understanding and treatment decisions. While machine learning presents oppor-
tunities, challenges such as model reliability and data management necessitate
thorough validation and ethical considerations. In conclusion, integrating ma-
chine learning into healthcare offers significant potential and challenges. Enhan-
cing data management, validating models, and upholding ethical standards are
crucial for maximizing the benefits of machine learning in clinical practice.

Key Words: Intensive care unit-acquired weakness; Risk factors; Machine learning;
Clinical medicine; Treatment decision
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INTRODUCTION

Intensive care unit-acquired weakness (ICU-AW) is a debilitating neuromuscular complication that occurs in patients
undergoing intensive care treatment in the intensive care unit (ICU)[1]. It is characterized by skeletal muscle dysfunction,
leading to various clinical manifestations such as limb muscle weakness, atrophy, diminished deep tendon reflexes, and
sensory impairments[2]. Importantly, patients with ICU-AW may also experience a range of challenges after being
discharged from the hospital, including physical dysfunction, cognitive impairment, depression, and anxiety disorders
[3]. The pathogenesis of ICU-AW is complex and involves intricate functional and structural changes in both muscles and
nerves. This condition not only has the potential to result in severe outcomes like tetraplegia or paraplegia but can also
lead to long-term disability, significantly impacting the quality of life for patients post-discharge. Given its profound
impact on ICU patients, ICU-AW has become a prominent research topic of great interest to scholars worldwide,
attracting extensive attention both domestically and internationally[4].

DISCUSSION

An article published by Wang and Long][5] offers a comprehensive exploration of the risk factors associated with ICU-
AW. Through the use of a multilayer perceptron neural network model, the study successfully identified critical risk
factors for ICU-AW, emphasizing the substantial impact of ICU stay duration and mechanical ventilation duration on its
development. These findings provide actionable recommendations for managing these factors to mitigate the risk of ICU-
AW within clinical settings. However, it is essential to recognize that the occurrence of ICU-AW is influenced by various
other factors, necessitating comprehensive interventions to reduce its incidence. The study's insights serve as valuable
reference information for clinicians, aiding in informed decision-making for the prevention and treatment of ICU-AW. It
is recommended to further explain the differences between these risk factors identified by machine learning and actual
medical practices and to process the data through an iteratively updated machine-learning approach.

While the article demonstrates significant progress in researching ICU-AW risk factors, there are opportunities for
improvement in model construction and validation. To enhance the model's robustness, future studies should incorporate
external validation[6] to ensure generalizability and employ cross-validation techniques to improve stability and
reliability. To avoid the bias that older data may have on machine learning models, it is recommended to group the data
by year or time period. This helps to identify the impact of data over different time periods on the model results and to
assess the possibility of time bias. Additionally, comparing the multilayer perceptron neural network approach with
other common machine learning algorithms would offer valuable insights into its advantages. It is also recommended
that researchers share optimal model parameters, make data and model code publicly available, and encourage reprodu-
cibility of the study's results.

We propose the following specific recommendations for preventive strategies and interventions regarding ICU-AW.
First, the article suggests that reducing the length of ICU stay and duration of mechanical ventilation on ICU-AW
effectively lowers the probability of ICU-AW. This finding highlights the significance of early rehabilitation and ven-
tilator withdrawal, offering a new perspective for clinical practice. Second, nutritional interventions and exercise
interventions emerge as key strategies for preventing ICU-AW/[7]. Nutritional support helps maintain muscle tissue
metabolic balance and reduce muscle breakdown, while exercise interventions preserve muscle mass and function
through muscle contraction and strength training. The simultaneous implementation of both approaches is expected to
yield superior preventive outcomes. Lastly, the application of an early multidisciplinary collaboration in critically ill
patient rehabilitation has demonstrated significant achievements. This early multidisciplinary collaboration facilitates
close interdisciplinary and cross-disciplinary cooperation, delivering comprehensive and systematic rehabilitation
services. Not only does this approach effectively prevent complications like ICU-AW, but it also substantially shortens
patients' rehabilitation duration and enhances their daily functioning, muscle strength, and overall, quality of life[8]. This
successful practice offers a novel and effective intervention strategy for rehabilitating critically ill patients. Future
research is required to determine the extent to which efforts to prevent muscle weakness in the ICU are effective in terms
of actual patient prognosis and activities of daily living. The effect of specific strategies such as shortening the duration of
mechanical ventilation, early rehabilitation and intervention during deventilation, active nutrition intervention, and even
exercise intervention during mechanical ventilation on the prevention of muscle decline in the model should be estimated
by machine learning,.
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All in all, while the article provides valuable insights, it is crucial to enhance the model's stability and reliability th-
rough improvements in out-of-sample validation, cross-validation, algorithm comparison, and ensuring transparency in
data and code. Moving forward, concrete preventive strategies and interventions for ICU-AW, including reducing ICU
stay and mechanical ventilation duration, implementing nutritional and exercise interventions, and promoting early
multidisciplinary collaboration in critically ill patient rehabilitation, are recommended. These suggestions provide
essential guidance for future clinical practice and research, with the aim of effectively preventing ICU-AW, improving
patient recovery outcomes, and enhancing overall quality of life.

CLINICAL APPLICATIONS AND CHALLENGES OF MACHINE LEARNING

In recent years, the utilization of machine learning in clinical medicine has expanded, showcasing its unique advantages.
Machine learning provides healthcare professionals with a deeper understanding of disease causation and influencing
factors, offering a scientific basis and decision support for clinical treatment. For instance, in colorectal cancer diagnosis,
traditional methods face limitations that can be overcome by integrating machine learning with medical imaging, which
enables more effective early screening[9]. Machine learning also aids in monitoring aggressive lymphomas and provides
critical evidence for cases requiring early intervention[10]. Furthermore, in predicting macrosomia during pregnancy,
machine learning empowers healthcare professionals to make more precise risk assessments, facilitating timely inter-
ventions for the well-being of both mothers and children[11].

In the realm of clinical pharmacy, machine learning demonstrates significant potential across drug development and
clinical implementation. By leveraging drug-target knowledge to train predictive models capable of assessing interactions
between new drugs and targets, machine learning offers valuable insights for drug development[12]. Moreover, when
constructing predictive models for adverse drug reactions, integrating data from various sources helps reduce the risks
associated with such reactions for patients and the healthcare system[13]. Additionally, machine learning-based Clinical
Decision Support Systems (CDSSs) play a pivotal role in enhancing patient safety by providing clinicians with clinically
valid alerts, improving decision-making processes, and minimizing medication errors[14]. The implementation of CDSS
not only ensures patient safety but also enhances the efficiency and reliability of clinical decision-making within heal-
theare systems.

Despite the widespread application of machine learning, we must address potential challenges. Ensuring the reliability
and stability of constructed and validated machine learning models is crucial. Rigorous data set divisions, cross-valida-
tion techniques, and other tools are essential to thoroughly evaluate model performance[15]. Efficient collection, proce-
ssing, and utilization of the increasing volume of clinical data pose another challenge, necessitating the development of
robust data processing methods, enhanced data quality management, and reinforced data security measures. Further-
more, legal and ethical issues in the clinical application of machine learning should be addressed through regulatory
frameworks, legislative measures, and strengthening the ethical review process[16].

CONCLUSION

In conclusion, while machine learning offers immense potential in clinical medicine and pharmacy, addressing associated
challenges is paramount. Through continuous technological advancements, improved data management practices, and
ethical reviews, machine learning is poised to play an increasingly vital role in the pharmaceutical sector, contributing
significantly to human health. Anticipating further progress in machine learning applications across diverse fields, we
look forward to the continued evolution and impact of this technology.
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Abstract

This editorial highlights the study which investigated the potential of traditional
Chinese medicine (TCM) as an adjunctive therapy in oral cancer management.
The study included 80 patients with oral cancer to evaluate the effects of the
Tongluo Jiedu prescription on inflammatory stress markers, peripheral blood T-
cell subsets, and overall immune function. The results indicated that Tongluo
Jiedu substantially enhances immune function and reduces oxidative stress,
thereby aiding in patient recovery and potentially minimizing treatment-related
complications. This editorial discusses the broader implications of these findings
for oral cancer care and emphasizes the importance of integrating TCM principles
into modern oncology practices.

Key Words: Tongluo Jiedu prescription; Oral cancer patients; Immune function; Oxidative
stress; Traditional Chinese medicine; Adjunctive therapy
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Core Tip: The study provides valuable insights into the effectiveness of the Tongluo Jiedu prescription as an adjunctive
therapy in oral cancer management. By prospectively evaluating immune function and oxidative stress levels in patients with
oral cancer receiving Tongluo Jiedu prescription alongside conventional chemotherapy, the study highlighted the potential of
traditional Chinese medicine in enhancing patient outcomes. The findings suggest that the Tongluo Jiedu prescription could
be a valuable complementary approach to reduce treatment-related complications and accelerate recovery in oral cancer care.
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INTRODUCTION

Oral cancer is a major challenge in oncology, adversely affecting patients” health and quality of life. Although advances in
conventional therapies such as surgery, chemotherapy, and radiation therapy have been made, managing oral cancer
remains challenging owing to high recurrence rates, adverse effects, and treatment-related complications. These cha-
llenges highlight the need for complementary therapeutic approaches to enhance outcomes and reduce the treatment
burden on patients. Traditional Chinese medicine (TCM) represents one such approach; it offers a holistic treatment
philosophy based on centuries-old practices. TCM has gained increasing attention in oncology because of its potential to
support conventional cancer therapies by mitigating side effects, enhancing immune function, and reducing oxidative
stress, all of which are crucial for improving clinical outcomes. Among the various TCM formulations, the Tongluo Jiedu
prescription has demonstrated considerable promise in cancer treatment. Recent studies have reported the diverse
benefits of Tongluo Jiedu in cancer care. For example, Hui et al[1] demonstrated that Tongluo Jiedu can reduce myocar-
dial fibrosis, a common complication in patients with cancer, by inhibiting the transforming growth factor-p1 (TGF-B1)/
Smad?2/3 signaling pathway. This finding suggests that Tongluo Jiedu may not only aid in cancer treatment but also
protect against cardiovascular complications, thereby enhancing overall patient outcomes. In addition, studies have
investigated the effects of Tongluo Jiedu on immune function and oxidative stress in patients with oral cancer and
observed substantial improvements. For example, Yin et al[2] reported that Tongluo Jiedu modulates immune responses
and reduces oxidative stress markers, which are crucial for managing the inflammatory environment associated with
cancer. This immunomodulatory effect is particularly vital in oral cancer, where the tumor microenvironment consid-
erably affects disease progression and treatment response. In addition to exploring its direct effects on oral cancer, other
studies have examined the broader implications of Tongluo Jiedu in oncology. Zhang et al[3] investigated the Jiedu
Tongluo Tiaogan Formula, a variant of the Tongluo Jiedu prescription, and determined that it protects pancreatic B cells
by inhibiting endoplasmic reticulum stress and excessive autophagy through the calcium/calmodulin-dependent protein
kinase kinase beta (CaMKKp)/ adenosine monophosphate activated protein kinase (AMPK) pathway. Although this
study focused on a different cancer type, it highlights the potential systemic benefits of Tongluo Jiedu and its derivatives
in managing cancer-related complications. Incorporating Tongluo Jiedu into oral cancer therapy offers a promising
approach to enhance patient outcomes. By addressing both the direct effects of cancer and the complications and side
effects of conventional treatments, Tongluo Jiedu supports the growing focus on patient-centered care in oncology. This
strategy enhances not only treatment effectiveness but also patients” overall quality of life. Although oral cancer poses
substantial challenges, incorporating TCM, particularly the Tongluo Jiedu prescription, into treatment regimens can serve
as a complementary strategy to enhance therapeutic efficacy and reduce treatment-related burdens. Ongoing research
into the mechanisms and benefits of Tongluo Jiedu has indicated its potential as a valuable addition to the multidiscip-
linary management of oral cancer.

KEY FINDINGS

Yin et al[2] conducted a prospective study involving 80 patients with oral cancer to evaluate the effectiveness of the
Tongluo Jiedu prescription as an adjunct to conventional chemotherapy. They examined inflammatory stress markers,
peripheral blood T-cell subsets, and overall immune function. Their results revealed that patients treated with Tongluo
Jiedu exhibited substantial improvements in immune function and a reduction in oxidative stress compared with
controls. These findings suggest that Tongluo Jiedu plays a crucial role in counteracting chemotherapy-induced immuno-
suppression and oxidative stress, which are critical challenges in cancer treatment. The immunomodulatory effects
observed in this study are consistent with those noted in other studies on Tongluo Jiedu therapies. For example, Huotan
Jiedu Tongluo Decoction, another formulation within this category, has been reported to effectively alleviate myocardial
fibrosis, reduce inflammation, and prevent tissue fibrosis[4]. Furthermore, the Jiedu Tongluo Baoshen formula, which can
inhibit the phosphoinositide 3-kinase (PI3K)/ protein kinase B (AKT)/mammalian target of rapamycin (mTOR) signaling
pathway in diabetic kidney disease, can protect against cellular stress and damage, indicating the antioxidant property of
Tongluo Jiedu[5]. In addition, Zhang et al[3] reported that Tongluo Jiedu formulas can protect pancreatic p cells by
modulating the CaMKKp/AMPK pathway, a key player in managing metabolic stress. Although these findings have
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been obtained from studies on different health conditions, they collectively demonstrate the broad therapeutic potential
of the Tongluo Jiedu prescription in managing oxidative stress and immune dysfunction in various diseases, including
cancer. Specifically, the improvements in immune function and the reduction in oxidative stress observed in the study by
Yin et al[2] add to the growing body of evidence supporting Tongluo Jiedu as a valuable adjunctive therapy in oncology.
By enhancing immune response and mitigating oxidative stress, Tongluo Jiedu can substantially improve cancer trea-
tment outcomes and reduce the risk of complications associated with conventional therapies. These findings are
consistent with those of other studies that have confirmed the efficacy of Tongluo Jiedu-based therapies in modulating
immune function and managing oxidative stress and inflammation in various clinical settings.

ASSESSING LIMITATIONS AND FUTURE DIRECTIONS FOR ENHANCING EFFICACY AND SAFETY OF
TONGLUO JIEDU IN CANCER TREATMENT

Although findings related to the Tongluo Jiedu prescription are promising, several critical limitations and future dire-
ctions must be addressed. These TCM formulations have demonstrated potential in various therapeutic areas, such as
inhibiting myocardial fibrosis and enhancing immune function. However, the precise mechanisms through which Tong-
luo Jiedu exerts its effects, particularly in cancer, remain unclear. A major limitation is the lack of comprehensive
mechanistic studies. Although Tongluo Jiedu has been reported to affect TGF-B1/Smad2/3 and CaMKKB/AMPK path-
ways, which are relevant in conditions such as myocardial fibrosis and pancreatic p-cell protection, these pathways have
not been thoroughly examined in the context of cancer[1,3]. For example, the potential role of Tongluo Jiedu in modu-
lating cancer-related pathways, such as the Aktl-related C-X-C motif chemokine ligand 12/C-X-C chemokine receptor
type 4 axis and the sirtuin 1/liver kinase p1/AMPK pathways, requires further exploration[6,7]. These pathways are
crucial in regulating cancer cell proliferation, migration, and survival. Understanding how Tongluo Jiedu interacts with
these pathways could provide valuable insights into its anticancer potential. Another critical area for further research is
the variability in the efficacy of Tongluo Jiedu across different cancer types and stages. Current studies have mainly
focused on specific cancers, such as oral and pancreatic cancers, limiting the generalizability of their findings. For
instance, although studies have indicated that Tongluo Jiedu can affect immune function and oxidative stress in oral
cancer, similar investigations are lacking for other cancer types[2]. This highlights the need for broader clinical trials to
evaluate the effectiveness of Tongluo Jiedu across various cancer types. In addition, no study has examined the stage-
specific efficacy of Tongluo Jiedu, which is essential for understanding its potential role in early vs advanced stages of
cancer. Moreover, safety concerns present a substantial challenge. Although preclinical studies have reported that
Tongluo Jiedu is generally safe, clinical data on its long-term safety profile, particularly concerning renal and cardiac
health, are limited. The potential for adverse interactions with conventional cancer therapies is another area of concern.
For example, although Tongluo Jiedu can modulate pathways involved in myocardial fibrosis and pancreatic p-cell
protection, these same pathways could interact with cancer therapies in unpredictable ways, leading to therapeutic con-
flicts[1,3]. Furthermore, the effect of Tongluo Jiedu on the protein kinase RNA-like endoplasmic reticulum kinase-
eukaryotic initiation factor 2a-activating transcription factor 4 and autophagy pathways, which are implicated in carotid
artery intimal hyperplasia, requires careful monitoring in patients with cancer to prevent unintended complications[8].
To address these limitations, future studies should focus on several key areas. First, in-depth mechanistic studies are
necessary to clarify how Tongluo Jiedu interacts with both the known molecular pathways related to cancer and other
pathways that may contribute to cancer progression and treatment resistance. Understanding these interactions is crucial
for optimizing the integration of Tongluo Jiedu with conventional cancer therapies, potentially enhancing therapeutic
outcomes while reducing risks. Second, large-scale, multicenter clinical trials should be conducted to determine the
efficacy and safety of Tongluo Jiedu in various types and stages of cancer. These trials should include diverse populations
to address variability in treatment responses, which is essential for the broader application of Tongluo Jiedu in cancer
care. Additionally, long-term safety monitoring is necessary to track potential adverse effects, particularly in patients
with preexisting conditions, such as renal or cardiac diseases. This monitoring can provide valuable insights into any
contraindications or necessary adjustments to the formula. Finally, additional studies on the pharmacokinetics and
pharmacodynamics of Tongluo Jiedu are essential to determine optimal dosing regimens and minimize adverse effects.
These studies can help refine the use of Tongluo Jiedu in clinical settings, ensuring its safe and effective integration into
cancer treatment protocols. In summary, although the Tongluo Jiedu prescription is promising as a complementary
approach in cancer treatment, substantial challenges remain. Addressing these limitations through rigorous research is
crucial to enhance the efficacy and safety of Tongluo Jiedu, ultimately improving outcomes for patients with cancer.

INTEGRATING SUPPORTIVE THERAPIES AND PSYCHOTHERAPY: IMPROVING QUALITY OF LIFE IN
CANCER CARE

Patients with cancer experience considerable physical, emotional, and psychological challenges that adversely affect their
quality of life. To address these complex challenges, integrating supportive therapies with psychotherapy has become
increasingly vital in cancer care. This holistic approach not only targets the physical symptoms of cancer but also
addresses the emotional and psychological well-being of patients. Among supportive therapies, TCM formulations such
as Tongluo Jiedu have gained prominence for their role in managing cancer-related symptoms and improving patient
outcomes. TCM formulations exert anti-inflammatory and immunomodulatory effects, which are particularly beneficial

Buissidenge WICC | https:/ /www.wjgnet.com 6766 December 16,2024 | Volume12 | Issue35 |



Cheng CY et al. Improving oral cancer treatment with Tongluo

in mitigating the adverse effects of cancer treatments. For example, Jiedu Tongluo Decoction can ameliorate myocardial
fibrosis by inhibiting the TGF-f1/Smad2/3 pathway, rendering it an essential tool in managing cardiac complications
associated with cancer therapies[1]. Moreover, these formulations have demonstrated efficacy in modulating immune
function and reducing oxidative stress, as evidenced by their use in patients with oral cancer to enhance overall resilience
during treatment[2]. For instance, the Tiaogan Formula protects pancreatic p cells by inhibiting endoplasmic reticulum
stress and excessive autophagy through the CaMKKp/AMPK pathway, which could be particularly beneficial for pati-
ents with both cancer and diabetes[3]. These findings indicate the potential of TCM not only in managing the primary
symptoms of cancer but also in addressing secondary complications that may result from its treatment.

Integrating psychotherapy, particularly cognitive behavioral therapy (CBT), with supportive therapies is a compre-
hensive approach to cancer care. CBT can effectively alleviate depression and anxiety, which are commonly experienced
by patients with cancer and can severely affect their quality of life. For instance, in patients with locoregional advanced
nasopharyngeal carcinoma, CBT was reported to considerably improve psychological well-being and reduce adverse
emotional reactions to the disease[9]. This finding demonstrates the importance of addressing mental health as a key
component of holistic cancer care. Moreover, psychotherapeutic interventions extend beyond traditional talk therapy.
Creative modalities, such as art therapy, can reduce fatigue and enhance the quality of life in patients with breast cancer,
highlighting the value of integrating diverse therapeutic approaches[10]. This multifaceted strategy not only alleviates
physical symptoms but also fosters emotional resilience and a sense of empowerment, which are crucial for the overall
well-being of patients with cancer. Integrating supportive therapies, such as Tongluo Jiedu, with psychotherapeutic
interventions represents a substantial shift toward a more holistic approach to cancer care. This strategy not only targets
the physical aspects of cancer but also addresses the emotional and psychological challenges that are often associated
with the disease. By enhancing overall quality of life, this combined approach ensures that cancer care is more patient-
centered and comprehensive. As cancer treatment becomes increasingly complex, with more patients living longer, the
emphasis on quality of life has become crucial. The integration of supportive therapies and psychotherapy is thus
essential to achieving this goal, ensuring that cancer care transcends mere survival to help patients live well despite the
disease. Incorporating these therapies into cancer treatment provides a more holistic approach that substantially
improves patient outcomes by addressing both the physical and psychological aspects of cancer. As ongoing research
continues to validate the effectiveness of these therapies, their role in cancer care is likely to grow, offering hope and a
better quality of life to those facing this challenging illness.

DISCUSSION

The integration of TCM principles into modern cancer care represents an evolving approach that complements conven-
tional oncology with holistic strategies. A key example is the Tongluo Jiedu prescription, a traditional remedy designed to
target the underlying mechanisms of oral cancer. This prescription aims to enhance the collateral circulation, promote
detoxification, and modulate immune function, thus addressing immune suppression and oxidative stress that are often
exacerbated by conventional treatments such as chemotherapy and radiation therapy. Yin et al[2] provided evidence that
incorporating the Tongluo Jiedu prescription into standard chemotherapy regimens considerably enhances immune
function and reduces oxidative stress in patients with oral cancer. This enhancement in immune function is particularly
crucial because it helps counteract the immunosuppressive effects of both cancer and its treatments. Key components of
the prescription, such as Scutellaria baicalensis and Panax ginseng, increase the activity of natural killer cells, T cells, and
macrophages, thereby improving the body’s ability to identify and destroy cancer cells. Moreover, the prescription’s
effectiveness in reducing oxidative stress, a major factor in cancer progression, indicates its therapeutic potential.
Oxidative stress results from an imbalance between free radicals and antioxidants, leading to cellular damage. Herbs such
as Astragalus membranaceus and Ligusticum chuanxiong, which are rich in antioxidants, scavenge free radicals, thereby
protecting cells from oxidative damage and helping to stabilize the patient’s condition by maintaining cellular integrity
[2]. These findings are particularly relevant given the challenges posed by chemotherapy-induced immunosuppression
and oxidative stress, both of which adversely affect patient outcomes. The ability of Tongluo Jiedu to enhance immune
resilience and mitigate oxidative damage suggests its potential as an adjunctive therapy, which can alleviate some of the
adverse effects associated with conventional cancer treatments[1]. Additional insights into the prescription’s mechanisms
reveal its ability to modulate key signaling pathways involved in cancer progression. For example, certain components of
Tongluo Jiedu inhibit the PI3K/Akt/mTOR pathway, which drives tumor growth and metastasis. This pathway is com-
monly upregulated in various cancers, including oral cancer, leading to increased cell proliferation and survival[5]. By
targeting the PI3K/Akt/mTOR pathway, Tongluo Jiedu not only impedes tumor growth but also enhances the effect-
iveness of other therapeutic interventions. In addition, studies on related TCM formulations, such as the Jiedu Tongluo
Tiaogan formula, have demonstrated that it protects cells from damage by inhibiting endoplasmic reticulum stress and
excessive autophagy through the CaMKKB/AMPK pathway[3]. These findings suggest the involvement of similar
mechanisms in oral cancer, where oxidative stress and inflammation are critical factors in disease progression and
treatment resistance. The increasing incidence of chemotherapy-related complications highlights the urgent need for
effective therapies with fewer risks. The Tongluo Jiedu prescription offers a promising solution by enhancing immune
function and reducing oxidative stress without introducing substantial toxicity. This approach aligns with the evolving
focus in oncology on patient-centered care and holistic treatment strategies[8]. From a formulary perspective, the Tongluo
Jiedu prescription is carefully developed by combining herbs based on a comprehensive understanding of their
individual and synergistic effects. This balanced formulation addresses multiple aspects of cancer pathology, adhering to
the TCM principle of restoring bodily balance instead of merely targeting the disease or its symptoms[11]. Overall, the

gﬁ;@ WJCC | https://www.wjgnet.com 6767 December 16,2024 | Volume12 | Issue35 |



Cheng CY et al. Improving oral cancer treatment with Tongluo

Tongluo Jiedu prescription represents a comprehensive approach to managing oral cancer; it has the capacity to modulate
immune responses, reduce oxidative stress, and affect key signaling pathways. Its integration into modern cancer care not
only supports the shift toward more holistic treatment approaches but also holds considerable potential to improve
patient outcomes and quality of life. Future research should focus on further elucidating the molecular mechanisms
underlying the therapeutic effects of Tongluo Jiedu and exploring its role as a complementary therapy in oral cancer
management[2].

CONCLUSION

The study by Yin et al[2] represents a pivotal advancement in the exploration of adjuvant therapies for oral cancer, partic-
ularly through the use of the Tongluo Jiedu prescription. This study contributes to the growing body of evidence
suggesting that Tongluo Jiedu could substantially enhance treatment efficacy for patients with oral cancer. Recent studies,
including that by Yin et al[2], have highlighted the benefits of Tongluo Jiedu in various medical contexts, further
supporting its potential in integrative oncology. Yin et al[2] demonstrated that Tongluo Jiedu improves immune function
and reduces oxidative stress in patients with oral cancer, addressing immune suppression and oxidative damage that are
commonly associated with cancer treatments. These improvements in immune response and oxidative stress are vital for
improving overall treatment outcomes and patients” quality of life. In addition, Hui et al[1] reported that Tongluo Jiedu
can attenuate myocardial fibrosis through the TGF-p1/Smad2/3 pathway, indicating it ability to mitigate fibrotic
complications often linked to cancer therapies. Such findings highlight the broader therapeutic potential of Tongluo Jiedu
beyond oncology; this thus indicates its ability to manage treatment-related side effects and improve patient resilience.
Furthermore, Zhang et al[3] elucidated that Tongluo Jiedu can protect cells by inhibiting endoplasmic reticulum stress
and excessive autophagy, which are often triggered by aggressive cancer treatments. By modulating key molecular
pathways, such as the CaMKKB/AMPK pathway, Tongluo Jiedu can help reduce the toxicity of conventional cancer
therapies, thereby preserving healthy tissues and improving patient outcomes. In conclusion, integrating Tongluo Jiedu
with conventional cancer treatments presents a promising approach to enhance therapeutic efficacy while minimizing
adverse effects. The ability of Tongluo Jiedu to modulate critical biological pathways, such as the PI3K/Akt/mTOR
signaling pathway, as demonstrated by Jin et al[5], supports its potential in cancer management by promoting autophagy
and reducing tumor growth. This integrative approaches an innovative therapeutic strategy that can improve patient
outcomes. However, as with any integrative therapy, closely monitoring patients for potential side effects, such as
gastrointestinal discomfort or allergic reactions, is crucial. The safety profile of Tongluo Jiedu must be thoroughly
evaluated for different cancer types and stages, and its interactions with other treatments should be carefully considered
in clinical practice. Ongoing research and clinical trials are essential to fully realize the benefits of Tongluo Jiedu in
oncology, ensuring its safe and effective integration into standard cancer care practices globally.
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Abstract

The case report presented in this edition by Mu et al. The report presents a case of
atrial septal defect (ASD) associated with electrocardiographic changes, noting
that the crochetage sign resolved after Selective His Bundle Pacing (S-HBP)
without requiring surgical closure. The mechanisms behind the appearance and
resolution of the crochetage sign remain unclear. The authors observed the dis-
appearance of the crochetage sign post-S-HBP, suggesting a possible correlation
between these specific R waves and the cardiac conduction system. This editorial
aims to explore various types of ASD and their relationship with the cardiac con-

duction system, highlighting the diagnostic significance of the crochetage sign in
ASD.

Key Words: Atrial septal defects; Cardiac conduction system; Crochetage sign; Elec-
trocardiogram; Selective His bundle pacing
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Core Tip: Atrial septal defect (ASD) is characterized by its slow clinical progression,
often remaining asymptomatic in children and young adults until diagnosed later in life.
Early screening and timely treatment for ASDs are essential. The heightened sensitivity
of the crochetage sign in ASDs emphasizes the need for cost-effective, rapid, and non-
invasive body surface electrocardiography for early screening, particularly in under-
served areas. This editorial seeks to illustrate the impact of ASD on the cardiac con-
duction system, specifically focusing on the crochetage sign, through a discussion of the
recently published case report.
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INTRODUCTION

The case report presented in this edition by Mu et al[1], highlights the presence of a crochetage sign in atrial septal defect
(ASD) potentially associated with the His-Purkinje system within the cardiac conduction system. This editorial reviews
the different types of ASDs, their electrocardiographic features, and their relationship to the cardiac conduction system.

ASD is characterized by an underdeveloped or abnormal secondary or primary septum in the atrial septum, creating
an abnormal passageway between the left and right atria. This results in atrial-to-horizontal shunts of varying severity
and direction. ASD is primarily congenital and represents a common adult congenital heart disease, accounting for
approximately 10% of congenital heart diseases and 30% to 40% of adult congenital heart diseases. The occurrence of ASD
is more prevalent in females than in males, and there is a noted familial tendency, as first-degree relatives have a rela-
tively high risk ranging from 2% to 6%[2-4]. Although most ASDs are sporadic, genetic syndromes such as Holt-Oram
and Ellis van Creveld have shown a genetic association with these atrial defects. Mutations in the NKX2-5 gene, located
on the cardiac homologous chromosome and essential for normal cardiac development, have been linked to autosomal
dominant familial ASD and atrioventricular conduction block[5,6].

DIAGNOSIS AND CLASSIFICATION OF ASD

ASD is characterized by slow clinical progression and often remains asymptomatic in children and young adults. Electro-
cardiograms, cardiac ultrasound, and right heart catheterization are primary methods for diagnosing ASD. As indivi-
duals age, symptoms such as exercise intolerance, arrhythmias, right ventricular dysfunction, and pulmonary hyper-
tension become more prevalent. Symptoms like fatigue, shortness of breath, palpitations, and chest tightness may occur,
along with manifestations of heart failure, which can lead to a reduced survival rate. The severity of ASD is determined
by hemodynamic alterations associated with the size of the defect, left and right ventricular compliance, as well as the
resistance within the systemic and pulmonary circulatory systems[7,8]. In instances of considerable left-to-right shunting,
an increase in pulmonary blood flow may result in pulmonary congestion along with enlargement of the right atrium and
ventricle, attributed to the heightened volume load on the right side of the heart. Sustained high blood flow within the
pulmonary circulation can elevate pulmonary artery pressure and lower pulmonary vascular compliance, ultimately
leading to persistent pulmonary hypertension. Should the pressure within the right atrium or ventricle surpass that of the
left side, the left-to-right shunt may reverse to a right-to-left shunt, leading to symptoms such as cyanosis[7,9,10].

ASD can be classified into four main types: Ostium secundum, ostium primum, sinus venosus, and coronary sinus. The
type that occurs most frequently is ostium secundum ASD, comprising 75%-80% of cases, followed by ostium primum
ASD (15%-20%), sinus venosus ASD (5%-10%), and the less common coronary sinus defect ASD (< 1%). Primum, sinus
venosus, and coronary sinus ASDs often result in significant hemodynamic shunts and may require surgical closure at an
early age[11]. ASDs of the ostium secundum type are situated in the atrial septum's central fossa ovalis and can be further
classified into central, inferior, superior, and mixed defects. These defects may vary in size and shunt volume over time.
The size of the defect, along with the diastolic filling properties or compliance of both the left and right ventricles, in-
fluences the direction and volume of blood flow across the ASD[7].

ASD AND CARDIAC CONDUCTION SYSTEM ABNORMALITIES

ASD is a congenital heart condition characterized by structural abnormalities in the heart chambers that disrupt the
normal positioning of the heart's electrical conduction system. Typically, the right ventricle and right bundle branch are
affected, leading to abnormal electrocardiograms, such as conduction blocks. Secundum ASDs, usually located higher in
the heart, primarily impact the interjunctional bundles. Over time, these changes can also affect the His-Purkinje system,
resulting in right axis deviation and incomplete right bundle branch block[12]. In contrast, ostium primum ASDs are
located in the lower section of the atrial septum and can exhibit a left axis deviation. They can cause delays in signal
transmission to the atrioventricular (AV) node due to involvement of the anterior mitral leaflet cleft or tricuspid septal
cleft[13]. Sinus venosus ASDs may exhibit atrial ectopic pacing and P-wave inversion in leads II, III, and aVF, suggesting
sinus node abnormalities[14,15]. If ASDs involving the coronary sinus extend to the opening area of the coronary sinus,
the position of the AV node may shift posteriorly, potentially leading to conduction disturbances[16]. These pathological
changes may result from developmental disorders and structural abnormalities in the conduction system caused by
ASDs, as well as hemodynamic abnormalities in the septum and central fibrous body[17].

Due to the mild early symptoms and subtle signs of the disease, many patients may not recognize the need for timely
treatment. Early diagnosis and prompt atrial septal repair are crucial for improving patient outcomes. Thus, there is a
critical need for early screening and diagnostic markers for atrial septal defects. Cardiac ultrasound is essential for
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diagnosing ASD as it offers vital details regarding the size and location of the defect, the direction of shunting, and
dilation of the right heart, as well as diastolic septal inversion indicating hemodynamic significance. Additionally, cost-
effective and accessible body surface electrocardiography plays a vital role in early screening.

ASD AND CROCHETAGE SIGN

Electrocardiograms of patients with ASDs often display various abnormalities, including incomplete or complete right
bundle branch block, prolonged PR interval, atrioventricular block, atrial arrhythmia, right atrial and right ventricular
hypertrophy, and right deviation of the frontal electrical axis. However, electrocardiography alone is not sufficiently
sensitive or specific for diagnosing ASDs. In 1959, Rodriguez-Alvarez et al[18] observed tangential tracings on the apical
part of the QRS wave cluster in 11 patients with ASDs, introducing the concept of the Crochetage R wave, though it
initially received little attention. Since Heller’s description of the Crochetage R wave as a distinctive electrocardiography
(ECG) diagnostic marker for ASD, this feature has gained recognition among clinicians. The Crochetage R wave is charac-
terized by a notch in the ascending branch or apex of the R wave in the inferior wall leads, typically appearing within 80
ms following the initiation of the QRS complex and creating a distinctive M-shaped pattern in the ascending branch or
apex of the R wave[19]. The Crochetage sign in leads II, III, and aVF has a sensitivity of 57% and a specificity of 92% for
diagnosing ASD[12]. These Crochetage R waves can manifest in a single inferior wall lead or in 2-3 inferior wall leads
simultaneously. Sensitivity and specificity are particularly high when Crochetage R waves are present in all three inferior
wall leads or in conjunction with incomplete right bundle branch block. After the surgical repair of ASDs, R-wave
patterns frequently occur before the pattern of incomplete right bundle branch block fades in 35% of individuals[19,20].
Furthermore, the presence of the Crochetage sign is significantly correlated with ASD diameter and defect area, with
patients exhibiting these waves often having larger defect areas compared to those without[12,21].

S-HBP AND THE DISAPPEARANCE OF CROCHETAGE SIGN

Due to the patient's ASD, who developed heart failure and exhibited atrial fibrillation witha risk of prolonged R-R
interval, second-degree atrioventricular block, and incomplete right bundle branch block, selective His bundle pacing (S-
HBP) was performed as a preliminary intervention. Currently, His bundle pacing (HBP) is considered the most physio-
logical method for pacing, since it achieves synchronization of ventricular excitation by directly stimulating the His
bundle. This stimulation ensures that the heart's electrical activity is predominantly conducted through the His-Purkinje
fiber system, facilitating synchronized biventricular contractions. In certain patients with conduction abnormalities, HBP
can correct established conduction issues[22,23]. There are two types of HBP: S-HBP and non-selective His bundle pacing
(NS-HBP). S-HBP differs from NS-HBP in that while NS-HBP captures both the right and left portions of the His bundle
and the membranous septal ventricular muscle simultaneously through high-output pacing, S-HBP operates at a lower
threshold than that of the peripheral ventricular myocardium. By using low-output pacing, S-HBP eliminates the invol-
vement of the membranous septal ventricular muscle, correcting the block solely by stimulating either the right or left
aspect of the His bundle[23].

Considering the potential risks associated with implanting an atrial septal occluder device, which could further impact
the cardiac conduction system, the attending physician opted for S-HBP as the initial treatment approach. Following this
procedure, the postoperative surface electrocardiogram showed the disappearance of the crochetage sign. The mechanism
underlying the crochetage sign in ASDs remains unclear. However, most scholars suggest it may be related to excessive
cardiac pressure and volume load, as well as the anatomical changes observed in individuals diagnosed with ASD. The
resolution of the crochetage sign indicates improved patient prognosis and a reduction in symptoms. S-HBP has the
potential to enhance synchronized ventricular contraction, correct hemodynamics, alleviate cardiac pressure and volume
load, and restore the functionality of the cardiac conduction system in ASD patients. Thus, the implementation of S-HBP
may lead to the resolution of the crochetage sign, accompanied by a reduction in patient symptoms and an improvement
in long-term prognosis. The late follow-up of the disappearance of the crochetage sign after S-HBP, as reported by Mu et
al[1], supports this hypothesis. Nevertheless, additional studies on the effects of SSHBP on ASD are still needed.

CONCLUSION

Early screening for ASDs is crucial, along with subsequent treatment. The high sensitivity of the crochetage sign in ASDs
highlights the importance of using cost-effective, rapid, and non-invasive body surface ECG for early screening, partic-
ularly in disadvantaged areas. However, it is important to note that the crochetage sign may yield false positives and has
limitations in assessing the specific type of defect in patients with ASD. Therefore, a definitive diagnosis and accurate
classification of ASD require further clarification through additional modalities, such as echocardiography. Moreover, the
application of S-HBP in ASD patients who have experienced cardiac conduction blockages and congestive heart failure
has the potential to significantly benefit many individuals with ASDs, improving their quality of life, functional status,
and overall survival. Further research is warranted to explore the direct relationship between the presence and resolution
of the crochetage sign in ASDs and cardiac conduction disorders.
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Abstract

Chronic kidney disease (CKD) and chronic periodontitis (CP) are prevalent
conditions which significantly impact public health worldwide. Both diseases
share inflammatory and oxidative stress mechanisms, an indication of a likely
bidirectional relationship. This editorial explored the association between CKD
and CP by highlighting common inflammatory mechanisms and recent research
findings that address this interrelationship. Through reviews of recent studies, we
discussed how periodontal bacteria may activate systemic immune responses that
affect both periodontal and renal tissues. Additionally, meta-analysis data
indicated an increased risk of CKD development in patients with CP, and vice
versa. The results suggest the need for more rigorous research in the future in
order to address the confounding factors and evaluate specific periodontal health
interventions and their direct effects on kidney function. We emphasized the
importance of comprehensive and multidisciplinary care for the improvement of
the overall health of patients affected by CP and CKD.

Key Words: Periodontitis; Chronic kidney disease; Periodontal disease; Oxidative stress;
Inflammation

6775 December 16,2024 | Volume12 | Issue35 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v12.i35.6775
mailto:sarah.lomeli@academicos.udg.mx

Martinez Nieto M et al. Periodontitis and chronic kidney disease: A bidirectional relationship

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this editorial, we reviewed the recent meta-analysis by Yang et al, which investigated the association between
chronic periodontitis (CP) and chronic kidney disease (CKD). The analysis showed that CP patients have increased risk of
CKD, and vice versa. This review also incorporated findings from other significant studies that support this link. We
highlighted the need for more consistent definitions, rigorous adjustment for confounding factors, and well-designed
prospective studies to ascertain the causal relationship between CP and CKD. This ongoing investigation is crucial for
enhancing the management of periodontal health of CKD patients and for improving overall patient outcomes.
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INTRODUCTION

Chronic kidney disease (CKD) presents a global public health problem. The Clinical Practice Guideline for the evaluation
and management of chronic kidney disease (KDIGO) has estimated that currently, approximately 9.1% of the global
population has this condition in one clinical stage or the other[1,2]. The World Health Organization (WHO) has stated
that CKD is the fourteenth leading cause of death worldwide[3,4]. Moreover, WHO has projected that CKD may become
the fifth leading cause of death by 2040[3,5]. This is due to the high morbidity and mortality associated with cardio-
vascular diseases, severe infections, diabetes mellitus, among others, which generate high treatment costs[4,6,7]. In the
United States, it has been estimated that approximately 64 million dollars are spent each year as treatment costs.
However, not much is known on he related expenditure costs in Latin American countries[2,7]. Therefore, the identi-
fication of patients at high risk of developing CKD, as well as implementation of timely diagnosis and treatment, are of
high health priority[1,8]. CKD is defined as kidney function failure or structural failure for a minimum of 3 months, with
health implications accompanied by a decrease in the glomerular filtration rate (GFR) below 90 mL/min/L/1.73 m?. It is
classified into 5 stages based on GFR and albuminuria category of the KDIGO 2024[7]. There are multiple causes of CKD.
These causes are diabetes mellitus, obesity, dyslipidemia, hypertension, chronic inflammatory states, autoimmune
diseases, and smoking, in addition to other factors[3,5,8,9]. However, regardless of the cause, CKD affects multiple
processes which under normal conditions, maintain systemic homeostasis. As the GFR decreases, there are more
imbalances in other organs and systems[3]. Most of the imbalances involve elevation of nitrogenous wastes, hemato-
logical and immunological disorders; changes in acid-base balance and body water distribution; electrolyte disorders
affecting potassium, calcium and magnesium, and failure of the renin-angiotensin-aldosterone system[10]. Moreover, the
elevation of inflammatory markers such as IL1 and C-reactive protein in CKD patients are potent predictors of
development of atherosclerotic vascular disease and infectious processes, which significantly increase mortality in these
patients[3].

Periodontitis is a highly prevalent disease which affects approximately 50% of the general population[1,9], and it is the
sixth most prevalent dental disease worldwide[5,11,12]. A previous estimate indicated that at least 743 million people
worldwide were affected by periodontitis. However, over the last 30 years, up to 99% increase in prevalence of period-
ontitis has been observed, especially in developing countries[1]. This makes it an epidemiologically relevant condition
[13]. Chronic periodontitis (CP) is an inflammatory infection that affects the supporting tissues of the teeth, i.e., the gums,
cementum, alveolar bone, and periodontal ligament. The development and maturation of dental biofilm consisting of
bacterial colonies on the teeth, is the primary etiological factor that contributes to the pathogenesis of periodontal disease
[1,14]. Some biomarkers associated with the inflammatory processes observed in CP are C-reactive protein, tumor
necrosis factor-alpha, interleukin-6, and interleukin-1 beta[3,15].

Multiple studies have demonstrated the relationship amongst periodontitis, various systemic conditions such as
diabetes mellitus, pregnancy and CKD[7]. In all cases, it was determined that the association is governed by systemic
immunoinflammatory reactions in patients with periodontitis[3,11,14], especially in those with severe stages of the
disease. This suggests a direct relationship between the severity of CP and the progression of CKD, with the worsening of
one disease potentially exacerbating the other[7,10,16].

The objective of this editorial was to study the association between CP and CKD, thereby highlighting common inflam-
matory mechanisms and recent research findings that address this interrelationship. In doing so, we hoped to emphasize
the importance of comprehensive and multidisciplinary care in improving the overall health of patients affected by the
two diseases.
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ASSOCIATION BETWEEN CHRONIC KIDNEY DISEASE AND PERIODONTAL DISEASE

Although CP and CKD have various causes, recent studies have demonstrated a bidirectional association between the
two conditions[2,5,11,17]. Clinical trials suggest higher incidence and severity of periodontal problems in CKD patients,
with figures ranging from 75% to 90% in different studies[3]. Cross-sectional studies have shown that advanced CP
increases the risk of CKD in stages 4 and 5 up to 3.9 folds[7,9]. A cohort study on a large number of CKD patients demon-
strated that the risk of mortality was increased by 32%-41% when the patients also had periodontitis[10,18]. In a meta-
analysis on 17 studies, a relationship between CKD and periodontitis was observed with an odds ratio (OR) of 1.49 to
2.39, which tended to increase in cases of severe periodontitis[5,8].

In another comparative study on 66 periodontal disease patients, 33 of whom had pre-dialysis CKD, while 33 had no
renal disease, all subjects received non-surgical periodontal treatment. Serum inflammatory markers were measured
before and after periodontal treatment. It was found that patients with periodontitis and CKD had significantly higher
levels of these parameters than patients without CKD before receiving non-surgical treatment (P < 0.05). However, six
weeks after non-surgical management, there were significant reductions in levels of inflammatory markers (P < 0.05),
thereby demonstrating the importance of maintaining adequate periodontal health in these patients[3,19].

Various mechanisms have been described in the association of these conditions. These mechanisms include the
migration of bacteria from periodontal pockets along with cytokines and pro-inflammatory factors and lipopolysac-
charides that cause endothelial damage, resulting in a persistent systemic inflammatory state. This favors the
development of hypertension and cardiovascular diseases which are significant risk factors for CKD and renal endothelial
damage[5,20]. Additionally, the systemic inflammatory state promotes insulin resistance which leads to the onset or
worsening of diabetes mellitus[9,21], another disease that may cause CKD. Changes in CKD, such as increased serum
urea and changes in salivary pH, modify the oral microbiota and increase the risk of pathogenic bacterial colonization([5,
10,17].

The exacerbated inflammatory state caused by both diseases leads to a significant imbalance in oxidative stress
response at the systemic level, with increased generation of reactive oxygen species (ROS)[15,21], and a decrease in
glutathione peroxidase, a key antioxidant and a potent enzyme involved in regulating oxidative stress. This enzyme is
produced mainly in the kidney, but it is also found in other structures, including periodontal tissues. A comparative
study amongst four groups (healthy, periodontitis, CKD without periodontitis, and CKD with periodontitis) measured
serum glutathione peroxidase levels, and it was observed that patients with CP had the highest levels of this enzyme,
while those with CKD and CP had reduced levels, which may be associated with multiple causes[22] (Figure 1).
However, the study is inconclusive.

Several studies on the connection between PD and CKD have been carried out by focusing on inflammation and
oxidative stress as key mechanisms. These connections are particularly relevant in patients with underlying conditions
like diabetes and hypertension.

Shinjo et al[23] reported that hyperglycemia, hyperlipidemia, chronic inflammation, and impaired insulin function are
crucial factors in the progression of periodontitis in individuals with diabetes. The relationship between hyperglycemia
and oxidative stress is particularly significant, as elevated glucose levels in people with diabetes may damage pancreatic
B-cells, leading to insulin deficiency and chronic hyperglycemia, which in turn, trigger oxidative stress through inflam-
mation, leading to diabetes-related complications. Additionally, hyperglycemia-related oxidative stress may cause
macrophages to adopt an M1 polarization, leading to excessive production of inflammatory cytokines. Furthermore,
hyperlipidemia, often linked to obesity-induced insulin resistance, contributes to chronic inflammation which further
exacerbates periodontitis in diabetic patients[23].

The link between periodontitis and hypertension is driven mainly by systemic inflammation and immune system
activation. The inflammation leads to endothelial dysfunction, a critical factor in the etiology of hypertension. Immune
cells such as T cells, and cytokines, e.g., interferon-gamma, which are involved in periodontitis and hypertension, damage
blood vessels and increase sodium retention in the kidneys, thereby raising blood pressure. Additionally, chronic oral
bacterial infections, particularly infections with Porphyromonas gingivalis which often occur in periodontitis, intensify
systemic inflammation, thereby further contributing to hypertension and increasing the cardiovascular burden[24]

Figure 2).

( \é}ang e)t al[25] published an intriguing paper, which was focused on the correlation between CP and CKD. Data from 22
studies on the clinical attachment level (CAL) and pocket probing depth (PPD) of CKD and non-CKD individuals were
integrated. The results demonstrated that patients with CP were 1.54 times more likely to develop CKD than non-CP
subjects (relative risk, RR: 1.54, 95%CI: 1.40-1.70). The incidence of CP in CKD patients was 1.98 times higher than that in
healthy individuals (OR: 1.98, 95%ClI: 1.53-2.57). Patients with CKD presented higher levels of CAL [standardized mean
difference (SMD): 0.65, 95%CI: 0.29-1.01] and PPD (SMD: 0.33, 95%CI: 0.02-0.63), when compared to healthy controls. The
study established a bidirectional association between CP and CKD through a meta-analysis of observational studies.
Additionally, the risk of CKD was higher in patients with CP[25]. These findings are similar to those reported by
Deschamps-Lenhardt ef al[5]. In the latter study, a total of 37 articles from observational investigations were subjected to
systematic review, out of which only 17 were used for the meta-analysis. The primary objective was to investigate the
association between CP and CKD through analyses of related studies and studies on the effect of CP on renal health. The
meta-analysis showed a positive association between CKD and PD, and the strength of the association increased when
severe PD was considered [OR = 2.39 (1.70-3.36)]. This association was identified even after adjusting for major CKD risk
factors or after using precise diagnostic criteria [OR = 2.26 for severe PD (1.69-3.01)][5]. In each of these studies[5,25], it
was concluded that there was a strong correlation between CP and CKD. However, Yang et al[25] provided a more
detailed analysis of how specific clinical parameters, e.g., CAL and PPD are affected in patients with CKD, thereby
highlighting the importance of oral health in managing systemic diseases. However, in contrast, Nanayakkara et al[26]
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Figure 1 Image showing the main pathophysiological alterations in chronic kidney disease and periodontitis. The green arrows illustrate the
alterations in periodontal disease and how the association of both conditions predisposes the patient to a persistent inflammatory state and multi-organ damage
(Created with BioRender.com). IL1: Interleukin-1; IL6: Interleukin-6; LPS: lipopolysaccharide; ROS: Reactive oxygen species.

analyzed the possible association between CP and CKD through a systematic review and meta-analysis of observational
studies reported in 47 articles. They concluded that participants with CP were 3.54 times more likely to have CKD than
subjects without periodontitis, although significant heterogeneity was observed amongst the studies (I> = 88.3%, P <
0.001). However, the findings were inconclusive on directional association: The random effects model showed an
incidence rate ratio (IRR) of 2.10, while the fixed effects model resulted in an IRR of 1.76, with significant heterogeneity (I
=78.3%, P =0.031)[26]. Therefore, the results indicated that there was a non-directional association between CP and CKD,
although evidence for a causal association was limited. Thus, there is need for adequately designed prospective studies
and longer follow-up periods in order to establish the causal relationship more clearly.

Although comparative studies provide valuable insights into the association between CP and CKD, it is essential to
consider methodological limitations and potential biases in order to accurately interpret the results. The heterogeneities in
the measurement methods, definitions and diagnostic criteria for CKD and CP, as well as the variabilities in the study
populations presented in the study by Yang et al[25], may affect the validity of the findings. The research by Deschamps-
Lenhardt et al[5] highlighted variabilities in the inclusion and exclusion criteria used in the integrated studies, which may
compromise the representativeness of the results. Additionally, the absence of uniform adjustments for critical risk factors
such as diabetes, smoking, and hypertension, may have introduced bias in the results, since these factors are associated
with both CP and CKD. Furthermore, Nanayakkara et al[26] reported high heterogeneity (I> = 88.3%) amongst the
integrated studies, indicating significant variabilities in study design, population, and outcome measures. These variab-
ilities made it difficult for the researchers to conclusively establish the association between CP and CKD. Future studies
should consider standardizing methods and definitions, rigorous adjustments for confounding factors, and employment
of more robust designs, so as to enhance the quality and reliability of the findings.

CLINICAL IMPLICATIONS

Given the bidirectional relationship between CP and CKD, it is crucial for periodontists and nephrologists to collaborate
closely in developing and implementing treatment strategies aimed at improving the management and outcomes of
patients affected by the two concurrent diseases. Systemic inflammation and oxidative stress are underlying mechanisms
that link both diseases. Thus, it is very likely that comprehensive management will significantly benefit patients’ overall
health.
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Figure 2 Bacteria from the "red complex" of periodontal disease, such as Porphyromonas gingivalis, activate toll-like receptors-2 and
toll-like receptors-4 on immune cells via lipopolysaccharide. This activation triggers an inflammatory cascade mediated by MyD88 and nuclear
transcription factor-kappa B (NF-kB), leading to the production of cytokines [interleukin (IL)-1, IL-6 and tumour necrosis factor alpha (TNF-a)] and adhesion molecules
(VCAM1 and E-selectins). Intracellular pathways such as PI3K and cAMP induced by complement factor C5 suppress macrophage immune responses, thereby
allowing pathogen survival and causing persistent inflammation. Oxidative stress driven by the presence of lipopolysaccharide from P. gingivalis and the production of
reactive oxygen species leads to inflammation, polymorphonuclear adhesion and cellular apoptosis induced by NF-kB, which directly target bacterial DNA. This cycle
of inflammation and oxidative stress exacerbates periodontal disease and chronic kidney disease, thereby negatively impacting renal and periodontal health (Created
with BioRender.com). LPS: Lipopolysaccharide; TLR2: Toll-like receptors-2; TLR4: Toll-like receptors-4; MyD88: Myeloid differentiation primary response 88; NF-kB:
Nuclear transcription factor-kappa B; TNF-a: Tumor necrosis factor alpha; IL1: Interleukin-1; IL6: Interleukin-6; IkB: Inhibitory protein; VCAM1: Vascular cell adhesion
molecule 1; C5: Complement component 5; PI3K: Phosphoinositide 3-kinase; cAMP: Cyclic adenosine monophosphate; ROS: Reactive oxygen species.

It is essential for periodontists and nephrologists to work together to design, develop, and implement comprehensive
treatment plans that address both periodontal and renal health. Effective communication and teamwork between these
professionals are vital for early detection and timely intervention. In dental and nephrology clinics, it would be highly
beneficial to design early detection programs for identifying patients at risk of developing CP and CKD. Early detection
allows for preventive interventions that may slow down the progression of these conditions, while periodic evaluations
of periodontal and renal health enable the early identification of changes and relevant treatment adjustments.

Specific periodontal therapeutic interventions and systemic inflammation control should be successfully implemented.
Non-surgical and surgical periodontal therapies should be tailored in order to control the inflammatory process and
reduce the bacterial load in CKD patients. Treatments should be personalized to meet each patient’s specific needs.
Regarding systemic inflammation control, interventions aimed at managing inflammation and oxidative stress such as
the use of anti-inflammatory and antioxidant drugs, should be considered in order to improve both periodontal and renal
health. It is crucial for healthcare professionals to be trained to recognize the signs and symptoms of CP and CKD, and it
is vital to understand the importance of simultaneous management for the two conditions. Continuing education may
enhance knowledge and cooperation among specialists.

In clinical practice, integrating these recommendations will significantly improve the management of patients with CP
and CKD, thereby enhancing their quality of life and reducing the progression of the conditions. A multidisciplinary and
comprehensive approach is essential for effectively addressing this bidirectional relationship and its implications for
overall health.

FUTURE PERSPECTIVES

The findings presented in the meta-analysis by Yang et al[25] on the association between CP and CKD open several
important directions for future research for enhancement of the understanding of this relationship.

Although the current study has established an association between CP and CKD, future research must ensure
uniformity in the definition and classification of CP in order to guarantee more accurate comparisons and dose-response
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analyses. It would be valuable to conduct randomized controlled trials to assess whether immune suppression induced
by CKD increases susceptibility to CP. Additionally, it would be beneficial to investigate whether the systemic inflam-
matory response caused by CP leads to chronic pathological changes in renal function. Furthermore, more rigorous and
consistent adjustment for confounding factors is required to reduce bias and obtain more reliable results. Research on the
bidirectional relationship between CP and CKD would provide insights into how each condition may influence the other,
and help develop comprehensive, multidisciplinary treatment strategies.

There is need for studies on the efficacy of specific periodontal health intervention such as non-surgical periodontal
therapy, in improving renal outcomes. Randomized clinical trials aimed at investigating how periodontal treatment may
influence CKD progression would be particularly valuable. Additionally, well-designed longitudinal cohort studies
would be beneficial in assessing the long-term impact of periodontal interventions on renal health.

In summary, prioritizing these future research directions will not only deepen the understanding of the association
between CP and CKD but also unravel the underlying mechanisms and yield more robust and precise conclusions on
their relationship.

CONCLUSION

Although several studies have established an association between CP and CKD, the causal relationship between these
two conditions remains uncertain due to the presence of multiple uncontrolled confounding factors in the analyzed
studies. Additionally, the significant heterogeneity amongst studies suggests that the evidence is not yet conclusive
enough to allow for proposal of a definitive association. Therefore, prospective research with adequate control and design
are needed for the identification of the specific impact of CP on the progression of CKD, as well as studies on the specific
interventions in periodontal health, in order to determine their direct effect on renal function. Until then, managing
periodontal health in patients with CKD should be considered a general preventive measure without attributing a
decisive influence on the progression of chronic kidney disease. Fostering interdisciplinary collaboration between period-
ontists and nephrologists is essential for the design, development, and implementation of treatment plans that address
both periodontal and renal health. Public health policies should also prioritize the early detection and preventive
management of CP and CKD by developing comprehensive health programs that integrate oral and renal care. These
programs should ensure that all patients have access to quality care and promote preventive interventions to reduce the
progression of both conditions. Additionally, awareness campaigns should be designed to educate the public on the
importance of maintaining good oral health to prevent renal complications.
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Abstract

In recent years, cancer immunotherapy has introduced novel treatments, such as
monoclonal antibodies, which have facilitated targeted therapies against tumor
cells. Programmed death-1 (PD-1) is an immune checkpoint expressed in T cells
that regulates the immune system’s activity to prevent over-activation and tissue
damage caused by inflammation. However, PD-1 is also expressed in tumor cells
and functions as an immune evasion mechanism, making it a therapeutic target to
enhance the immune response and eliminate tumor cells. Consequently, immune
checkpoint inhibitors (ICIs) have emerged as an option for certain tumor types.
Nevertheless, blocking immune checkpoints can lead to immune-related adverse
events (irAEs), such as psoriasis and cytokine release syndrome (CRS), as exemp-
lified in the clinical case presented by Zhou ef al involving a patient with adva-
nced gastric cancer who received sintilimab, a monoclonal antibody targeting PD-
1. Subsequently, the patient experienced exacerbation of psoriasis and CRS. The
objective of this editorial article is to elucidate potential immunologic mechanisms
that may contribute to the development of CRS and psoriasis in patients receiving
IClIs. It is crucial to acknowledge that while ICIs offer superior safety and efficacy
compared to conventional therapies, they can also manifest irAEs affecting the
skin, gastrointestinal tract, or respiratory system. In severe cases, these irAEs can
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lead to life-threatening complications such as circulatory shock or multiorgan failure. Consequently, it is
recommended that patients receiving ICIs undergo regular monitoring to identify and manage these adverse
events effectively.

Key Words: Immune checkpoints inhibitors; Programmed death-1; Cancer immunotherapy; Psoriasis; Cytokine release
syndrome; Immune-related adverse events
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Core Tip: The introduction of cancer immunotherapies, particularly the utilization of monoclonal antibodies that inhibit
immune checkpoints, has yielded significant benefits, including enhanced survival rates and a diminished likelihood of
adverse effects. However, immune-related adverse events can manifest in certain patients, presenting mild symptoms such as
fever, fatigue, headache, rash, arthralgia, and myalgia. In more severe cases, circulatory shock or multiorgan failure can
occur, which can be mortal. This editorial examines the possible immunologic mechanisms underlying cytokine release
syndrome and the exacerbation of psoriasis in patients receiving anti-programmed death-1 monoclonal antibodies.
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INTRODUCTION

Currently, there is revolutionary progress in cancer therapies, introducing new treatments to eliminate tumor cells, as the
"magic bullets" proposed by Paul Ehrlich in the 20" century[1,2]. These treatments are based on biotechnological
advances that made it possible to generate immunotherapies using highly-specific monoclonal antibodies or adoptive cell
therapy treatments to prolong survival and significantly improving the quality of life of patients[3,4].

Cancer immunotherapy has many advantages such as greater precision and efficacy in eliminating tumor cells,
restoration of immune system that contributes to tumor cells killing, and a higher long-term survival rate and lower
incidence of adverse effects than conventional treatments[5]. Despite the potential of cancer immunotherapy, we must
consider important aspects. Not all patients are suitable candidates for these treatments, and the high costs involved are a
significant concern. Furthermore, immunotherapy may lead to immune-mediated complications and unspecific responses
and even trigger autoimmune diseases or systemic inflammation, potentially resulting in patient fatalities[5,6].

The case reported by Zhou et al[7] about a patient with advanced gastric cancer who received sintilimab, a monoclonal
antibody against programmed death 1 (PD-1), a membrane protein expressed on T lymphocytes, is an example of an
immune-mediated complication is t. The patient developed severe rashes accompanied by cytokine release syndrome
(CRS). In addition, the patient had a medical history of infantile paralysis, hypertension, diabetes mellitus, and plaque
psoriasis. As antitumor therapy, the patient received a regimen of oxaliplatin, capecitabine, and sintilimab. Despite this,
the patient developed an exacerbated low-grade skin rash accompanied by fever, with a body temperature of 38 °C.
Finally, CRS and psoriasis were diagnosed. This editorial article discusses the immunological mechanisms behind the
exacerbation of psoriasis secondary to administration of immune checkpoint inhibitors (ICIs) such as sintilimab.
Although immune-mediated side effects to the use of ICI are rare, first-contact physicians and non-oncology specialists
who provide clinical follow-up to patients must consider them to provide early interventions upon suspicion of these
complications.

IMMUNE CHECKPOINT INHIBITORS AND CYTOKINE RELEASE SYNDROME

The substantial advances in cancer therapies have prolonged patients” survival and significantly improved their life
quality. Novel cancer immunotherapies include adoptive cell therapy (ACT) and ICI[3,4]. ACT involves the transfer of
modified or unmodified T cells to eradicate cancer cells. T cell modification is initially performed by extracting T cells
from the patient, followed by genetic modification to express specific receptors on their surface[3]. Receptors that can be
modified include chimeric antigen receptors (CAR), designed to recognize and bind to specific proteins on the surface of
cancer cells. CAR-T receptors contain an antigen recognition domain and an intracellular signaling domain able to
activate efficiently and co-stimulate lymphocytes and T cell receptors to recognize specific antigens presented by cancer
cells via major histocompatibility complex (MHC)[9]. Meanwhile, ACT without receptor modification consists only of
extracting T cells, performing an ex-vivo expansion, and finally infusing the expanded T cells back into the patient to
eliminate cancer cells[10].
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The mechanism of action of ICIs is based on stimulating the T-cell-mediated response to destroy tumor cells. These
treatments stimulate immune responses to cancer cells by blocking immune checkpoints[8]. Immune checkpoints function
as an on/ off switch of the immune system and maintain the homeostatic balance between suppression and activation to
prevent an overactivation of the immune system[11]. As examples of immune checkpoints, we could mention PD-1,
programmed death-ligand 1 (PD-L1), cytotoxic T lymphocyte-associated protein 4 (CTLA-4), B7 homolog 3 protein, B7
homolog 4 protein, leukocyte immunoglobulin-like receptor B1, leukocyte immunoglobulin-like receptor B2, lymphocyte
activation gene 3, T-cell immunoglobulin and mucin containing protein-3, CD47, CD137, and CD70[11,12]. Immune
checkpoint markers are highly expressed in cancer cells and are critical in tumor cells” immune evasion mechanisms.
Furthermore, immune checkpoints favor the maintenance of tumor cell malignancy, promoting self-renewal, epithelial-
mesenchymal transition, metastasis, drug resistance, anti-apoptosis, angiogenesis, or improvement of energy metabolism
[12,13]. Currently, available ICIs are monoclonal antibodies directed against CTLA-4, PD-1, or PD-L1. CTLA-4 acts as an
initial brake on T-cell activation, while PD-1 and PD-L1 prevent excessive T-cell activation and chronic inflammation. ICIs

favor increased T-cell activation after blocking PD-1 or CTLA-4 pathways, causing a more effective antitumor response
[14-16].

CYTOKINE RELEASE SYNDROME AS A COMPLICATION ARISING FROM THE USE OF IMMUNE
CHECKPOINT INHIBITORS

Overactivation of T cells by ICIs can trigger a series of toxic effects known as immune-related adverse events (irAEs)[17].
This can occur in any organ, although they commonly affect barrier organs (i.e., the skin, gastrointestinal tract, lungs, and
the liver) due to their direct exposure, and role in metabolism and elimination, as well as the inherent sensitivity to the
harmful effects of treatments[17-19]. In this way, patients with autoimmune diseases, such as rheumatoid arthritis or
Crohn’s disease, have a higher risk of developing some irAEs secondary to the use of ICI due to the inflammatory envi-
ronment that favors the appearance of adverse events[20,21]. Patients with psoriasis also exhibit an increased risk of
developing irAE when undergoing ICI treatments[22]. Another immune-related adverse effect due to ICI use is CRS,
although only a few cases have been reported[6,23,24].

The incidence of IrAEs in patients receiving ICls varies depending on the treatment regimen[25]. For instance, adminis-
tering anti-CTLA-4 antibodies (ipilimumab) is linked to a 60% risk of developing IrAEs of any severity, with only 10%-
30% of cases resulting in severe manifestations[26]. Notably, the occurrence and severity of immune-mediated adverse
effects secondary to using anti-CTLA-4 antibodies show a dose-dependent pattern[26,27]. In contrast, the use of anti-PD-1
antibodies is associated with a lower risk of developing IrAEs, with an estimated incidence of approximately 10% among
patients. Of these, 5%-20% may experience severe IrAEs[25,28]. The combination of immune checkpoint inhibitors, such
as the combination of an anti-CTLA-4 antibody with an anti-PD-1 antibody, increases the severity and incidence of IrAEs
by approximately 30%. Moreover, these adverse effects appear at earlier stages of combined treatment compared to
monotherapy[25,29].

Cytokine release syndrome (CRS), defined as a systemic inflammatory response due to the release of inflammatory
mediators such as cytokines, chemokines, oxygen radicals, complement factors, and coagulation[30,31], was described in
the early 1990s when the murine monoclonal antibody directed against the human T-cell receptor CD3 complex, also
called Muromonab-CD3 or OKT3, was introduced as an immunosuppressive treatment during solid organ trans-
plantation. Initially, the term “cytokine release syndrome” was used in the context of cancer immunotherapy now[32].
CRS is described in other clinical settings such as viral infections caused by influenza or SARS-CoV-2[33,34]; in
hematopoietic cell transplantation and graft-versus-host disease[35,36]; and as previously mentioned, in cancer immuno-
therapies such as ICI[24,37], bispecific T cell engagers (BiTes)[31,38] and CAR-T cells[31,39].

Although the pathophysiology of CRS is not fully understood, the activation of several cell populations, including
activated myeloid cells like monocytes/macrophages, dendritic cells, and/or activated lymphocytes such as natural killer
cells, T cells, and B cells; and/or non-immune cells, i.e., endothelial cells has been suggested as the main proposal.
Moreover, there is a characteristic increase in serum tumor necrosis factor alpha (TNF-a) and interferon-y during the first
1-2 hours, followed by increases in circulating interleukin (IL)-6 and IL-10, and in some cases, IL-2 and IL-8[30,32,40]. CRS
has a broad spectrum of symptoms, varying from mild symptoms, including fever, fatigue, headache, rash, arthralgia,
and myalgia[41,42]. Severe CRS cases are characterized by hypotension and high fever. They may progress to a systemic
inflammatory response complicated by circulatory shock, vascular leakage, disseminated intravascular coagulation, and
multiorgan failure[30].

PSORIASIS INDUCED BY ANTI-PD-1 THERAPY

Psoriasis is a chronic inflammatory disease primarily affecting the skin and joints, characterized by erythema, thickening,
and skin scaling[43]. Psoriasis is caused by a complex interplay between genetic factors, external and internal triggers,
and immunological factors[44]. The genetic factors of psoriasis involve nine genomic regions (PSORS 1-9) where HLA-
Cx06: 02 (PSORS 1) is the allele most closely related to disease susceptibility and severity[45]. Immunologically, psoriasis
pathophysiology involves a complex interplay between innate and adaptive immune response mechanisms. It has been
proposed that psoriasis has a mixed pattern of autoimmune and autoinflammatory disease[46,47], both of which will be
discussed below.
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External or internal factors can trigger psoriasis. External factors include infections by bacteria such as Staphylococcus
aureus and Streptococcus pyogenes, viruses including human papillomavirus or retroviruses, fungi like Malassezia and
Candida albicans[48]; skin injuries (cuts and burns)[49]; obesity, smoking or excessive alcohol consumption[50,51]. On the
other hand, internal factors include dysbiosis in the skin and gut microbiome[48,52], stress[51], dyslipidemia[53] and, in
women, a dysregulation of progesterone and estrogen can exacerbate symptoms[54-56].

External triggers such as skin trauma, dysbiosis, or smoking cause keratinocytes to release antimicrobial peptides such
as cathelicidin (LL37)[57], S100 family proteins like S100A7 (psoriacin), SI00A8 (calgranulin A), and S100A9 (Calgranulin
B)[58] and B-defensins[59]. These antimicrobial peptides bind to the DNA or RNA of damaged cells[60], forming
complexes, such as the DNA-LL37, which activates plasmacytoid dendritic cells (pDC) through toll-like receptors (TLR) 7,
which triggers the production of type I interferons (IFN), like IFN-a and - complex[61]. In addition, the RNA-LL37
complex activates myeloid dendritic cells through TLRS8, promoting the release of TNF-o, IL-23, and IL-12[60,62]. After
recognizing the DNA-LL-37 complex, mature DCs upregulate CCR7 expression and migrate to draining lymph nodes
through a process finely regulated by chemokines and their receptors. In lymph nodes, DCs present antigens to naive T
cells through the MHC, providing co-stimulatory signals and activating T cell proliferation and differentiation. Simultan-
eously, IL-23 secreted by activated DCs favors the differentiation of T helper 17 (Th17) cells, known to produce IL-17A/F,
IL-22, and TNF-o. Furthermore, IL-12 secreted by DCs induces the differentiation of T helper 1 (Th1) cells, which produce
IFN-y, IL-2, and TNF-a[63-65]. The autoreactive T cells migrate to the epidermis, where they will continue to produce Th1l
and Th17 cytokines, which cause the proliferation and activation of keratinocytes, forming the characteristic thickening of
the epidermis and the appearance of psoriatic plaques[66].

As previously mentioned, psoriasis includes features of an autoimmune disease, such as antigen presentation via MHC
and activation of Th1 and Th17 lymphocytes that favor the activation of phagocytes, such as macrophages or neutrophils.
Likewise, psoriasis has features of autoinflammatory disease, such as persistent activation of alarmins and damage
signals that activate TLRs, chemotaxis, and activation of monocytes. It is important to emphasize that the activity of Thl
and Th17 lymphocytes feedback to the function of innate cells such as macrophages and neutrophils and vice versa[46,47,
67].

In addition to the etiopathogenic mechanisms previously described for psoriasis, other factors that might contribute to
the development of the disease include the use of certain drugs such as beta-blockers, angiotensin-converting enzyme
inhibitors, angiotensin II receptor blockers, lithium, anti-malaria drugs, interferons, terbinafine, bupropion, immunosup-
pressants, and antineoplastics such as nivolumab (monoclonal antibody anti-PD-1) and imatinib[68,69].

Some patients with anti-TNF-a therapy (infliximab, etanercept, adalimumab, and certolizumab) displayed a subtype of
psoriasis named paradoxical psoriasis[70,71]. However, the pathophysiology of drug-induced psoriasis remains unclear.
Nonetheless, the disease has clinical differences depending on the drug that triggers it. For instance, an increase of IFN-a
and pDC in lesions has been observed in paradoxical psoriasis caused by anti-TNF-a therapies; other findings include
eczematiform spongiotic pattern, psoriasis-like dermatitis (with infiltration of intraepidermal or subcorneal neutrophils);
and lichenoid reaction with focal interface dermatitis[70,71]. In contrast, anti-PD-1-induced psoriasis has histopatho-
logical features that are similar to chronic psoriasis, in which a predominance of adaptive immunity is observed, with
abundant CD3+, CD8+ T cells and CD11c+ dendritic cells infiltrating the skin lesions, as well as an increase in IL-23, IL-6,
TNEF-a, IFN-y, and IL-17[72].

Inhibition of the PD-1 immunomodulatory pathway can result in hyperactivation of Th1 and Th17 lymphocytes[73]. In
physiological situations, PD-1 activation inhibits T and B cell signaling pathways, reducing cytokine production and cell
proliferation and promoting apoptosis. This mechanism contributes to regulating the immune response, preventing
overactivation of the immune system[74]. A remarkable example of this effect is the case presented by Zhou et al[7], in
which a patient with advanced gastric cancer and chronic plaque psoriasis developed a severe CRS after treatment with
sintilimab, a PD-1 inhibitor.

PD-1-inhibitor-induced psoriasis is presumably caused by the activation of various cell populations such as
neutrophils, dendritic cells, Th1l and Th7 cells, and Treg cells[75]. In addition, dendritic cells release cytokines such as
IFN-y, IL-1, IL-17, and IL-22, which are associated with the development of de novo psoriasis or exacerbation of psoriasis
[61,64,65]. The use of anti-PD-1 monoclonal antibodies can increase the half-life of neutrophils, as well as the increase of
Th1 and Th17 cells, leading to a rise in the production of proinflammatory cytokines such as IL-2, IL-6, IL-12, IL-17, IL-22,
IFN-y, among others[75]. Also, over-activation of effector T cells can trigger CRS due to increased IFN-y, TNF-a, and IL-6
[30,76]. The evidence suggests that CRS and Th1/Th17 cell overactivation and IL-6 release are responsible for developing
anti-PD-1 induced psoriasis (Figure 1)[75,77,78]. Data obtained from animal models of anti-PD-1-induced psoriasis
indicate that IL-6 elevation in plasma plays a crucial role in developing skin lesions and promotes CD8 T-cell infiltration
into the epidermis[77]. Furthermore, CD8+ T cells were observed to enhance IFN-y production resulting in keratinocyte
activation[77]. Macrophages also participate in the activation and proliferation of keratinocytes through the release of
TNF-a, macrophage migration inhibitory factor, and IL-20, and facilitate the angiogenesis observed in psoriasis by
releasing vascular endothelial growth factor, transforming growth factor-B, platelet-derived growth factor, and TNF-a[22,
75].

Several studies have evaluated the baseline levels and changes in cytokines in patients with different types of cancer
treated with ICI. In patients treated with anti-PD1, no significant differences were observed in TNF-a levels before and
after treatment; on the contrary, elevated IL-6 Levels are associated with worse outcomes in terms of treatment response
and an increased risk of irAE. However, an increase in IL-1p levels when using an anti-PD1 has been related to a better
response, as has IFN-y[79]. These studies suggest that increased levels of several cytokines, such as IL-1f, IL-6, IFN-y, and
TNF-a after ICI treatment are associated with an increased response rate or an increased predisposition to irAE, which
would lead to discontinuation or suppression of Anti-PD1 treatment[79,80]. These results emphasize the importance of
monitoring the levels of these cytokines during treatment to identify patients who might benefit from closer follow-up
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1) blockade enhances T cell activation, which results in two main events. A: Increased T helper 1/T helper 17 cell differentiation, which may induce autoimmunity; B:
Blocking PD-1 increases CD8+ T cell activity and increased antitumor activity, which may trigger cytokine release syndrome, which increases the risk of developing
autoimmunity; C: Blocking PD-1 increases CD8+ T cell activity and increased antitumor activity, which may trigger cytokine release syndrome, which increases the
risk of developing autoimmunity. Finally, both pathways may induce a skin inflammatory response which promotes psoriatic skin lesions, possibly due to activation of
keratinocytes by inflammatory mediators such as interleukin-6, interferon-y and tumor necrosis factor-o.. PDL-1: Programmed cell death ligand; PD-1: Programmed
death-1; Th1: T helper 1; IL-6: interleukin-6; TNF-a: Tumor necrosis factor a; IFN-y: Interferon-y.

and make a timely therapeutic adjustment. In addition, these findings may help develop more effective strategies to
prevent and treat adverse effects in the future.

According to previous reports, most cases of psoriasis induced by anti-PD-1 therapies present as exacerbations of
psoriasis, and in some cases, de novo psoriasis lesions appear. The average time of symptom onset has been reported to
be 10 weeks. In addition, no correlation has been reported between the severity of the antitumor response and psoriasis
symptoms|72,73,75,81].

Anti-PD-1-induced psoriasis is classified into Grade I, Grade II, and Grade III according to the Common Criteria for
Adverse Event Evaluation (CTCAE v5.0) classification, which considers the following parameters: Psoriasis area and
severity index; body surface area; and investigator's global assessment[82]. Most of these patients develop grades I or II,
with only a few reaching grade III. An algorithm has been proposed for the management of these patients. Initially, it is
recommended to perform a directed interrogation for a history of psoriasis. If the patient has a history of psoriasis, it is
recommended to monitor closely for irAE[73,82,83]. For the treatment of psoriasis, it is recommended that patients with
grade 1 receive topical treatment, such as corticosteroids and vitamin D analogs, maintaining their current dose of ICL;
patients with grade II should be treated with systemic therapies, such as phototherapy and retinoids, in addition to the
measures of grade I treatment, with continuation or adjustment of the dose of ICI. Subsequently, the evolution should be
evaluated two weeks later. Patients with Grade III psoriasis should be treated with higher doses of traditional systemic
therapy based on grade Il management. If treatment fails or the patient shows deterioration, the use of biological drugs
such as TNF-a antagonists or IL-17A /IL-23 antagonists (Guselkumab or Secukinumab), can be considered, in addition to
which the ICI regimen should be adjusted[83,84].

Although the incidence of anti-PD-1 induced psoriasis is relatively low, it is essential to consider that the use of ICI is
not exempt from developing adverse events, in addition to the fact that the clinical follow-up given to these patients

should be multidisciplinary to carry out effective interventions and minimize the damage caused by irAE in patients[22,
73,81]
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CONCLUSION

Cancer immunotherapy has made significant progress, and novel treatments have emerged to bolster the immune
system’s ability to eliminate tumor cells. Immune checkpoints, such as PD-1 or CTLA-4, are crucial in reducing the risk of
excessive inflammation. Still, they are also expressed by tumor cells and facilitate evasion of the immune system.
Consequently, they have been identified as therapeutic targets for cancer treatment. However, blocking immune
checkpoints can lead to irAEs secondary to exacerbated inflammation, which may manifest as skin symptoms like
psoriasis. The potential mechanisms underlying anti-PD-1-induced psoriasis, as described by Zhou et al[7] clinical case,
involve an immune imbalance resulting from enhanced CD4+ and CD8+ T cell function due to PD-1 blockade. Increased
CD4+ T cell activity promotes differentiation of Th1/Th17 cells, while improved CD8+ T cell activity favors antitumor
activity that may trigger cytokine release syndrome. Both events contribute to keratinocyte activation through IL-6 and
TNF-0, leading to the development of psoriasis lesions. Although these adverse events occur in a minority of patients,
they serve as a clear reminder of the imperative for caution and meticulous attention to detail in the clinical evaluation of
patients before the administration of immunotherapy with ICIs.
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Abstract

Large-scale defects of body in the reconstructive surgical practice, and the help-
lessness of their repair with autologous tissues, have been an important factor in
the development of artificial biological products for the temporary, definitive, or
staged repair of these defects. A major advance in the field of plastic and other
reconstructive surgery in this regard has been the introduction and successful use
of acellular dermal matrices (ADMs). In recent years, not only the type of tissue
from which ADMs are produced, product range, diversity and areas of use have
increased, but their use in reconstructive fields, especially in post oncologic breast
surgery, has become highly regarded and this has favored ADMs to be a potential
cornerstone in specific and well-defined surgical fields in future. It is essential that
reconstructive surgeons become familiar with some of the ADM'’s as well as the
advantages and limitations to their use. This review not only provides basic
science and clinical evidence of the current use of ADMs in wide range of surgical
fields but also targets to keep them as an important backdrop in the arma-
mentarium of reconstructive surgeons. Brief considerations of possible future
directions for ADMs are also conducted in the end.

Key Words: Acellular dermal matrices; Breast; Decellularization; Reconstruction; Surgery;
Tissue defect
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Core Tip: The use of acellular dermal matrix in parotid tumor surgery can reduce the incidence of Frey syndrome, especially
when the diameter of the surgically removed parotid tissue is greater than 4 cm. This review not only provides basic science
and clinical evidence of the current use of acellular dermal matrices in wide range of surgical fields but also targets to keep
them as an important backdrop in the armamentarium of reconstructive surgeons.
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INTRODUCTION

Normal wound healing is a dynamic process that involves the restoration of the skin's barrier function and mechanical
and functional integrity. This process involves interactions of the cells with their non-cellular microenvironment called
extracellular matrix (ECM) via complex protein-mediated signaling pathways. ECM interactions of the cellular fraction of
the wound bed direct them to differentiate or dedifferentiate, proliferate, or remain quiescent, and assume the ar-
chitecture and function of the skin or other organ tissues[1]. Although, fundamentally, the ECM is composed of water,
proteins, proteoglycans, hyaluronic acid, collagen, and elastin, each tissue has an ECM with a unique composition and
topology that is generated during tissue regeneration through a dynamic and reciprocal dialogue with the cellular
fractions. Through these topologies and unique characteristics, the ECM generates the biochemical and mechanical
properties of each organ, such as its tensile and compressive strength and elasticity, and also mediates protection by a
buffering action that maintains extracellular homeostasis and water retention[1].

In chronic wounds, the ECM is often damaged or depleted to the extent that it can no longer adequately support
healing through cellular interactions[2]. This usually results from inflammatory and proteolytic environment of chronic
wounds. A high ratio of protease-to-protease inhibitors indeed, has been a well-shown mechanism for degradation of
ECM, growth factors and growth factor receptors in chronic wounds|[2].

Large-scale traumatic wounds of the body on the other hand, despite the numerous improvements of the flap number
and choices, still remain as a major challenge for the reconstructive surgeons. Additionally, each of these reconstructive
options has disadvantages such as donor site morbidity, risk of flap/graft complications or even failure. In some cases,
such as excessive wound depth or specialized function of tissue needing repair, patient and/or wound characteristics
may preclude the use of traditional techniques for soft-tissue coverage as well[3].

The inability of the repair of various wounds with autologous tissues, have been an important factor in the deve-
lopment of artificial biomaterials for the temporary, definitive, or staged repair of the large defects and the defects that
lack appropriate well-vascularized soft tissue elements for grafting, such as wounds with exposed bone, cartilage, and
tendon. The terms biomaterials, biologic scaffolds, bioprosthetic, and biologic matrices are used interchangeably and
represent a diverse continuum of engineered products that serve as scaffolds which interact with native tissue, promoting
vascular and cytologic ingrowth[4,5], cell propagation, migration, and differentiation[6]. A major advance in the field of
plastic and other reconstructive surgery in this regard has been the introduction and successful use of acellular dermal
matrices (ADMs).

MECHANISM OF ADM

In simple terms, ADMs are biological membranes that are free of cellular components and other antigenic structures,
where immunogenicity is no longer an issue. When ADMs are placed in the wound, host cells are incorporated into the
matrix and directed by preserved growth factors and mechanical signals in the matrix structure[6,7]. A variety of host
cells invade the ADM[4,5], including fibroblasts, myofibroblasts, lymphocytes, macrophages, granulocytes, mast cells and
others[7]. After inflammatory cell infiltration, the matrix undergoes remodeling[7], collagen and elastin levels increase,
and revascularization is initiated[4,5-8]. Essentially, the ADM acts as a scaffold to promote host tissue growth[3]. These
processes not only make ADM a well vascularized graft bed, but also render a durable, relatively thicker barrier, paving
the way for its use where anatomical layers need to be kept apart, or soft tissues need to be reinforced.

ADMs can be derived either from donated skin and other organs (allograft or from animals such as swine or cattle
xenograft). The process of removing cells from tissues and organs is known as decellularization that has been described
extensively in the literature[9,10]. More briefly, decellularization has been performed through chemical, physical,
enzymatic, or combinative methods. As the most important step, it strictly aims minimal disruption of the 3-D structure
of the ECM of tissues so that the method must be individualized for each tissue characteristics[11]. However, complete
removal of all cell remnants may not always be completely possible, and decellularization processes inevitably and
invariably cause some degree of disruption of matrix architecture which leads the seek for more perfection of these steps
by the researchers and industry[10]. Next steps include decontamination of the chemicals, optional cross-linking, quality
analysis of the remaining ECM scaffold, sterilization, packaging, and preservation for marketing[12,13] (Figure 1).
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Figure 1 The flowchart summarizes the techniques commonly used in the process of obtaining acellular dermal matrix from a variety of
tissues. ECM: Extracellular matrix.

Tissue from which the antigenic content has been removed has now become a cell-free scaffold containing ECM
elements[4,5] such as collagen, fibronectin, elastin, laminin, glycosaminoglycans and hyaluronic acid as well as some
growth factors. This 3-D acellular collagenous mesh scaffold without immunogenicity can be now gradually de novo
revitalized by autologous cells after implantation. Indeed, many studies have shown that cell-free ECM scaffolds are
capable of promoting proliferation[6,7], growth[6], and differentiation[6,7] of many kinds of cell populations in vitro[4,5,
7,8, as well as inducing structural tissue remodeling processes after transplantation in humans[6,14-17]. Therefore, the
use of 3-D ADM meshes derived from tissues is an increasingly used method in reconstructive surgery, regenerative
medicine, and bioengineering.

It is not always possible for surgeons to accurately estimate the amount of tissue to be mobilized or to accurately
predict the laxity, vascularity, access limits or arc of rotation of these tissues before surgery. In addition, sometimes the
size of the defect may be larger, or the tension of the repaired anatomical layers may be higher than predicted.
Undoubtedly, every surgeon will appreciate the availability of ADMs as reliable members of the bench, which always
have the potential to offer a quick, staged, temporary or permanent solution alternatives to such, unexpected problems.
Furthermore, although such the advantages of ADMs for each clinical area of use may vary, it is clear that another great
advantage is the elimination of donor site morbidity and related operative efforts, such as pursuit for neighboring soft
tissue, which should be loose, well vascularized, and abundant or preparation for another operative field for graft
harvest.

CHALLENGES AND LIMITATIONS

ADM'’s are still foreign and possess the risk of rejection[13,17] and disease transmission[13,14]. Furthermore, the classic
risks of complications associated with autologous reconstructions, such as infection, necrosis, seroma, and failed
engraftment still apply to ADMs. Moreover, patients belonging to certain ethnic and/or religious groups may hold beliefs
that preclude the use of products with certain tissue origins. For example, although there are views that the use of pig-
derived biologics is permitted in Islam[18], Christianity[19] and Judaism[20] under certain conditions, these have not
become consensuses that are readily accepted by all sub-fractions. Also, the vegan perspective[21] strongly opposes the
use of animals as organ donors and emphasizes the need to develop animal-free alternatives. On the other hand, the
perception that ADM is expensive is often ingrained in surgeons and indeed, ADM can be a reasonable choice for only
some patients among various healthcare systems when it comes to the standard product costs ranging from several
hundred to thousands of dollars. Nevertheless, given the overall clinical context, risks, complications and outcomes
compared to alternative conventional treatments, some authors have advocated[22-25] evidence of cost-effectiveness,
while other studies have found ADMs not to be cost-effective[26-28]. Some authors also probed the associations between
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ADM-related publication, industry funding, funding disclosure, and public interest and criticized the objectivity of the
reports in regard with the strong correlation between them[29].

Table 1 provides some examples of ADMs on the market. However, the options are more numerous, and their
advantages or differences are often subtle. Things to consider when making a choice include the source, cross-linking,
how it is stored, whether it requires a rehydration period before implantation, the method of sterilization, how it can be
stretched in vitro and so on. The following sections provide examples of the wide range of uses of ADMs in plastic and
reconstructive surgery, from head to toe, from visible to visceral, and list the main exemplary articles for each region.
Indications and techniques are not absolute and are intended to give the surgeon discretion from a broader perspective.

CLINICAL APPLICATIONS

Burns

Reconstruction of skin continuity after a severe burn is crucial for healing. Reconstruction after a severe burn injury also
involves healing of the skin’s natural elasticity, texture, and contour. Complete destruction of the skin requires the use of
a skin substitute. The method of choice is a graft consisting of the epidermis and a super thin layer of dermis. It is im-
portant to rebuild and replace this tissue to achieve good epithelial coverage. The optimal method of treating extensive
full-thickness or deep dermal skin burns is split-thickness skin grafts. However, in extensive burn conditions autologous
donor skin sources are often scarce and skin grafts can fall short in providing stable coverage to restore the structure and
function of skin. Moreover, the debrided defective area may not yet be ready to form a good bed for grafting and grafts
taken limited harvest sites may not contain sufficient dermal thickness. In the face of these difficulties in burn conditions,
ADMs were initially used successfully in combination with a thin partial thickness skin graft to cover full thickness burn
defects[30], and then expanded their use as a useful adjunct to promote secondary healing or provide temporary wound
coverage in deep dermal burns[31-35]. Later, the already widespread use of ADMs and the accumulating clinical
evidence in the field of burns (Table 2) make them an important tool not only for extensive burns where surgeons are
helpless, but also in situations where it is desirable to reduce or prevent contracture, scarring and poor wound healing[36-
40]. Until recently, a few long-term high-quality studies evaluated the use of ADMs in burns and supported the positive
results obtained up to that time, showing that the use of ADMs improves scar quality[41-43] and that their use around the
joint[44] may be advantageous. Randomized controlled trials also advocated that ADM used in acute extensive burns are
associated with rapid healing[45,47], better function[45,46] and higher quality of life[46,47]. However, more recently, a
growing number of randomized controlled trials have revealed some conflicting data with these frequently reported
positive results. Almeida et al[48] reported no significant difference in scar quality, clinical and biomechanical character-
istics between 3 different ADM products and split thickness skin grafts at the end of 1 year. Another similar structured
study[49] reported that burn contractures reconstructed using ADM had a significantly higher rate of recurrence at 12
months. In both two studies, however, the sample groups consisted of contracture patients rather than acute burn
patients. Gardien et al[50] also reported no significant difference in scar quality between the ADM and non-ADM groups
at 6 years in a population of 24 patients. As more well-planned and larger sample randomized controlled trials are
conducted, we will be able to better understand the limitations and benefits of ADMs in burns. However, the data on the
safety of ADMs in burns is uncontroversial and their role in reducing the need for donor sites, especially in extensive
burns, will probably ensure that they will remain irreplaceable for longer periods.

Chronic wounds

Wounds that are difficult to heal, contain exposed bone, tendons or are infected are frequently encountered by plastic
surgeons and other related sub-disciplines. Replacing the defective dermis using ADMs instead of performing
reconstructions with long operative time, several steps, long hospitalization or large donor site morbidities has made
ADMs, which have proven their efficacy in burns, an important backup tool for surgeons, especially in the elderly and
comorbid population or patients undergone repeated failed reconstructive attempts. Despite the paucity of high-quality
data, the overwhelming body of literature, consisting of numerous case reports or case series, should be kept in mind by
reconstructive surgeons and ADMs should be considered as an option as a lifeboat in well-considered, well-planned and
well-selected cases. Table 3 provides examples of the use of ADMs in the management of a wide range of difficult
wounds.

Besides good quality clinical evidence indicating the efficacy[52,53] of ADM in diabetic foot ulcer (DFU), it bears
highest number of randomized controlled trials among chronic wounds[54-56]. Hu et al[54] found 46.2%, 69.2%, and
88.5% rates of complete wound closure in the ADM + skin grafting group at 2, 4- and 8-weeks post-grafting, respectively.
These were not significantly different from those of the control (only skin grafting) group (61.5%, 76.9%, and 84.6%) at
each timepoint. However, the recurrence rate during the follow-up period (12 months) was significantly lower in the
experimental group compared with the control group. Authors concluded that combining skin graft on top of an ADM is
a safe, effective and favorable option for treating DFUs and it may improve the quality of life of patients with DFUs by
reducing the risk of amputation and recurrence. Zelen et al[55] in their prospective, randomized, controlled, multicenter
follow-up trial, found significantly higher healing ratio in ADM + standard of care (SOC) group compared to SOC alone
group at 12 weeks. They also associated rapid healing time with low costs when compared to other treatment modalities.
Current data revealed that compared with SOC, acellular dermal matrix may accelerate the healing velocity of uninfected,
non-ischemic, full-thickness DFU[57]. It also seems to have superiority in generating no more complications, such as
recurrence[57]. ADMs represent a promising option for managing DFUs, offering several benefits that can enhance
healing and improve patient outcomes. However, careful consideration of the patient's specific circumstances and
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Table 1 Some of the commonly available acellular dermal matrices

ADM Source Processor

Alloderm® Human LifeCell Corp., Bridgewater, NJ, United States
Allomax® Human CR Bard/Davol Inc., Cranston, RI, United States
DermACELL® Human LifeNet Health Inc., Virginia Beach, VA, United States
NeoForm® Human Mentor, United States

Ethicon® Human Ethicon Inc., Somerville, NJ, United States
MatriDerm® Bovine Dr Suwelack AG, Billerbeck, Germany
Integra™ Bovine Life Sciences, Princeton, NJ, United States
Renoskin® Bovine Perouse Plastie, France

Permacol™ Porcine Medtronic, Minneapolis, MN, United States
Strattice® Porcine Allergan, Madison, NJ, United States
CollaMend™ Porcine CR Bard/Davol Inc., Cranston, RI, United States

Table 2 Clinical evidence examples of the utilization of acellular dermal matrix in burn

Ref. Year Title Note
Lietal[45] 2015 Human acellular dermal matrix allograft: A This randomized controlled clinical trial of human acellular dermal matrix
randomized, controlled human trial for the long- ~ (ADM) showed that the composite graft of human ADM with thinner split-
term evaluation of patients with extensive burns  thickness skin graft could provide acceptable esthetic outcomes, good functional
recovery, and less scar formation at the donor site
Heimbach 2003 Multicenter postapproval clinical trial of Integra Integra® has been found useful in postburn reconstructive procedures both for
et al[33] dermal regeneration template for burn treatment  pediatric and adult patients, affording improved cosmetic results. It clearly
provides a valuable, effective and safe clinical treatment modality for dealing
with the difficult clinical management challenge posed by the extensively
burned patient
Nguyenet 2010 An objective long-term evaluation of Integra (a Authors conclude that when objectively measured ADM treated sites correlate
al[32] dermal skin substitute) and split thickness skin well with subject’s normal skin elasticity whilst no correlation was seen with the
grafts, in acute burns and reconstructive surgery  subject’s skin grafted sites
Guo et al 2016 Use of porcine acellular dermal matrix following  In this retrospective study authors conclude that early dermabrasion combined
[35] early dermabrasion reduces length of stay in with porcine ADM coverage facilitates wound healing, decreases the length of
extensive deep dermal burns hospital stay, and improves esthetic and functional results in extensive deep
dermal burns of adult patients
Wangetal 2020 Clinical Applications of Allograft Skin in Burn This compact review summarizes the current use of ADMs and skin allografts in
[51] Care burns in the light of clear evidence
Chenetal 2024 Multicenter effect analysis of one-step acellular In this open, randomized, controlled, multicenter study, the authors suggest that
[47] dermis combined with autologous ultra-thin split ~ ADMs can be successfully combined with partial-thickness skin grafts in many

thickness skin composite transplantation in
treating burn and traumatic wounds

other acute traumatic and chronic non-burn wounds

potential challenges is essential for optimal use.

ADMs have also shown efficacy as an adjunct in lower limb venous ulcers treatment. In one of the randomized
controlled trial[58], ADM resulted in greater reduction in wound size at 24 weeks (59.6% ADM vs 8.1% control).
Additionally, all of the ADM-treated wounds remained healed at four weeks postoperatively and 75% remained healed at
12 weeks compared to 66.7% at four weeks and 33.3% at 12 weeks in the control group.

Although their lower quality, there are some studies[59-61] indicating that the ADM can be particularly useful when
treating exposed tendons and bones that may be unsuitable for skin graft coverage. Despite their low quality, there are
some studies[59-61] showing that ADM may be particularly useful in the treatment of exposed tendons and bones that
may not be suitable for skin grafting. According to these studies, ADMs applied after appropriate debridement of
exposed bone and tendon segments accelerate granulation in these areas and make the wound bed favorable for grafting.

ADMs have also been associated with complications in chronic wound management, such as hypopigmentation;
failure of vascularization, absence of hair follicles, sweat and sebaceous glands; and incomplete innervation[62].

Breast

To date, the increasing rates of breast reconstruction with the effort to achieve the best aesthetic result in less step with
minimal complications have made breast surgery the most studied and clinically evidenced area for ADMs. The first
ADM-related report in breast surgery was reported by Duncan[63] in 2001 in aesthetic implant surgery. This series, which
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Table 3 Clinical evidence examples of the utilization of acellular dermal matrix in various chronic wounds

Ref. Year Title Note
Luthringer et 2020 Human-derived Acellular Dermal Matrix Grafts for Authors conclude that Human-derived acellular dermal matrices (ADMs)
al[56] Treatment of Diabetic Foot Ulcers: A Systematic are associated with a higher likelihood of complete healing and fewer

Gormley etal 2024

[52]

Climov et al 2016

[53]

Review and Meta-analysis

The use of fetal bovine acellular dermal matrix in
severe diabetic foot ulceration and threatened limbs
with tissue loss the use of FBADM as an adjunct for
complex wounds

The Role of Dermal Matrices in Treating Inflammatory
and Diabetic Wounds

days to complete healing within a 12-week and 16-week periods when
compared with standard of care

Authors conclude that ADM may be a useful adjunct in the acute setting
of complex diabetic foot disease and critical limb-threating ischemia
ulceration to assist with wound healing

Authors review wide range of inflammatory wounds such as pyoderma
gangrenosum, sickle cell ulcer, sarcoid ulcer as well as diabetic foot ulcer
where ADMs may enhance the regenerative potential

Zelen et al[55] 2018 An aseptically processed, acellular, reticular, allogenic ~ This randomized controlled trial demonstrates the effectiveness of the
human dermis improves healing in diabetic foot ulcers: human derived ADM in facilitating the closure of nonhealing diabetic
A prospective, randomised, controlled, multicentre foot ulcers refractory to standard of care
follow-up trial

Cazzell[58] 2019 A Randomized Controlled Trial Comparing a Human  According to this multicenter, randomized, controlled, open-label trial,

Strauss and 2012

Brietstein[59]

Acellular Dermal Matrix Versus Conventional Care for
the Treatment of Venous Leg Ulcers

Fetal Bovine Dermal Repair Scaffold Used for the
Treatment of Difficult-to- Heal Complex Wounds

authors conclude that successful increase in healing rates and rate of
percent wound closure in ADM application as compared with conven-
tional care options

Authors conclude that ADMs can be used as part of an effective
treatment regimen to heal complex wounds with exposed tendon/bone

caused by varying etiologies

reported the prevention of implant rippling by thickening the tissue envelope, was followed by the successful use of
ADMs in aesthetic revisional implant surgeries[64]. Not surprisingly, the use of ADMs then expanded to reconstructive
breast surgery[65] and the development of technical properties of ADMs and their clinical utility has accelerated.
Presently, ADMs are used routinely in many centers in both primary and revisional alloplastic breast reconstructive and
aesthetic surgery. ADMs are generally preferred in one-stage, direct-to-implant surgeries to strengthen the soft tissue
envelope in the inferior and lateral breast pole by being sutured between the lower edge of the pectoral muscle and the
inframammary fold to reinforce the implant pocket as a sling (Figure 2), while in two-stage breast reconstructions, they
are used to strengthen the soft tissue envelope in the inferior and lateral pole of the breast to be expanded and projected.
Thus, the surgeon can have greater control and handling over breast projection, lower pole fullness and inframammary
fold position. A systematic review of 1039 one-stage immediate breast reconstructions with either ADM showed low
overall rates of skin and nipple necrosis (11% and 5%, respectively), infection (12%), hematoma (1%) and seroma (5%),
with only 9% of patients requiring reoperation[66]. Also, Nahabedian and Jacobson[67] reported low infection and
seroma rates in their multiple series with two-stage reconstruction combined with ADM. In these patients, while the
range of surgical site infection was 2.4%-8.1% in prepectoral and 4.8%-11.5% in partial subpectoral reconstructions,
seroma was seen in a range of 3.6%-15% in prepectoral and 2.4%-6.5% in partial subpectoral reconstructions. The
reconstructive failure rates were also favorable in these patients (subpectoral range 4.3%-15.4%, prepectoral range 1.2%-
8.5%). The benefits of ADM in reducing capsular contracture with implants placed in the subpectoral position have been
also well documented[68]. Indeed, studies of prepectoral placement of devices without ADM have demonstrated higher
rates of capsular contracture[69] compared to when ADM is used. Besides reconstructive era, by inserting ADM prophy-
lactically in primary breast augmentation patients, Hester et al[70] reported zero capsular contracture in 49 women.

Placement of implants in the prepectoral plane by wrapping partially or completely with ADM sheets is also a
promising and more popular option, and this technique promises greater patient comfort along with better aesthetic
results, while reducing pectoral muscle-related morbidities, such as pain, animation deformity and displacement[71-73].
However, although early reports showed that this plane was associated with more complications, more recent reports[74,
75] and a meta-analysis[76] indicate similar complication rates when compared to subpectoral plane.

In revision cosmetic surgery, ADMs are used to provide soft tissue reinforcement that is often lacking in augmentation
patients, to reinforce breast pockets to correct implant malposition, and to reinforce thinned soft tissue to correct rippling.
Furthermore, matrices have also been used in primary mastopexy or reduction mastopexy to provide dermal support to
improve breast shape and projection and to prevent "bottoming out"[63,64,70,78]. In addition, ADMs are increasingly
securing their position as an important backup player in surgeon’s armamentarium in the correction of complications and
deformities such as symmastia, capsular contracture and rippling, that may develop after both aesthetic and
reconstructive surgeries[78,79]. Table 4 provides examples of current clinical evidence for the use of ADMs in breast
surgery.

Despite promising reports, ADM is not without its drawbacks in the breast. Many reports have also shown ADM to
result in significantly increased risk of certain complications[80-82] such as seroma, infection, skin necrosis and
reconstructive failure. Much of the expertise along with the promising results are usually derived from case series of
certain number of surgeons who steadily use ADM. While many results are promising, as in other application fields, the
absence or paucity of high-quality, randomized controlled data in regard to ADM use in breast-related surgeries prevents
clearly define indications as well as creating algorithms and limits[83] their generalizability and reproducibility.
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Table 4 Clinical evidence examples of the utilization of acellular dermal matrix in breast surgery

Ref. Year

Title

Note

Sigalove et al 2017

Prepectoral implant-based breast

In this report, the authors discuss the rationale for prepectoral implant

[71] reconstruction: Rationale, indications, and reconstruction, its indications/contraindications, and preliminary results from over
preliminary results 350 reconstructions
Chopra et al 2021 The Journey of Prepectoral Breast Authors review the breast reconstruction history and favor prepectoral implant
[72] Reconstruction through Time placement. They also encourage the use of acellular dermal matrix (ADM)/Synthetic
Mesh with prepectoral breast reconstruction as they are an efficient and effective
mode of breast reconstruction, causing minimal morbidity whilst providing good
cosmesis
Haddocketal 2021 Prepectoral versus Subpectoral Tissue When compared two groups, authors found similar rates of overall perioperative
[73] Expander Breast Reconstruction: A Histor- complications. However, prepectoral placement might reduce unnecessary clinic
ically Controlled, Propensity Score- visits; shorten the delay before adjuvant therapy, and minimize patient
Matched Comparison of Perioperative apprehension, pain, and discomfort related to clinic-based expansion
Outcomes
Nahabedian 2019 Two-stage prepectoral breast Authors suggest that the prepectoral two-stage approach is indicated in the majority
and Jacobson reconstruction of patients and can be performed with fewer complications using ADM, especially in
[67] patients who will receive radiotherapy
Asaad et al[74] 2023 Surgical and Patient-Reported Outcomes A large population reconstructed with ADM. Analysis demonstrated overall similar
of 694 Two-Stage Prepectoral versus complication rates between the two-implant plane
Subpectoral Breast Reconstructions
Sbitany et al 2017 A Safe Alternative to Submuscular After two-staged implant reconstructions with ADM, analysis revealed no difference
[75] Prosthetic Reconstruction following in total complication rate between the two groups and no differences in any of the
Nipple-Sparing Mastectomy individual complications measured that included infection, seroma and explantation
Nahabedian 2011 Acellular dermal matrix for secondary Authors defines novel ADM involving techniques for correcting deformities and
and Spear[79] procedures following prosthetic breast complications, such as rippling, displacement, capsular contracture etc.
reconstruction
Kaufman[78] 2012 Pocket reinforcement using acellular Author describes techniques for correcting deformities with ADM after primary

dermal matrices in revisionary breast
augmentation

breast augmentation

Figure 2 Two case examples for acellular dermal matrix-assisted breast surgery. Left represents breast one stage reconstruction after nipple sparing
mastectomy. Right is for a revisional implant exchange and mastopexy. Fenestrated acellular dermal matrix is preferred for both cases.

Although the one of the most studied in the body fields, ADM costs are still another issue of concern in breast. Despite

the baseline cost increases some authors found this cost-effective technology in single[24] and two-stage reconstructions
[23,24]. In the contrary, in their retrospective comparative study, Viezel-Mathieu et al[28] reported 25% less costs in one-
stage ADM-sparing technique compared to their traditional two-stage technique using ADM. A randomized controlled
trial[26] also showed, despite the similar health status at the end, one-stage reconstruction using ADM is associated with
higher costs compared with the traditional two-stage reconstruction. As can be appreciated, the literature does not seem
to have reached a consensus on costs. To determine the impact and effectivity of ADMs on the costs of aesthetic breast
surgery, large prospective observational studies with more standardized techniques are needed to evaluate outcomes in
the long term.

Many questions are yet to be answered regarding ADM in breast surgery, and hopefully the design of high-quality
studies will begin to define a clearer data about their use. In this way, the contribution, or advantages of ADMs over
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conventional methods can be offered as a more predictable option and the economic cost of the procedure can be
undertaken with less risk.

Chest

Most chest wall defects result from oncologic resections and require meticulous reconstructive planning depending on
the size and/or location of the defect, the patient's comorbidities and the condition of local tissues. It is also necessary to
create a tissue composition that will protect the internal organs and support the upper extremities whilst not complicating
the ventilation. Furthermore, a The use of ADMs for chest wall reconstruction was first reported by Cothren et al[84] in
2004 and since then, the defined utilities of the ADMs for chest wall reconstruction can be summarized as follows: To
support local soft tissue coverage for small thoracic defects, to stabilize the chest wall in large musculoskeletal defects, to
correct congenital and acquired contour deformities, and to support the barrier function of autologous flaps in covering
the thoracic cavity. In addition, another reason to prefer ADMs for chest wall reconstruction over synthetic materials is
that there is a large body of basic science evidence showing that ADMs have increased resistance to infection, and, even
in case of infection, treatment can be performed without removal of the material[85]. Although there are no evidence-
based guidelines or standardized approaches in terms of the need for ADM use and surgical technique, the literature
provides examples of highly successful reconstructions[84-88] (Table 5).

Abdominal wall

Abdominal wall reconstruction remains a complex problem for both plastic and general surgeons. The use of traditional
synthetic materials such as polypropylene, polyethylene terephthalate and polytetrafluoroethylene has lost favor to
mildly absorbable or partially absorbable materials such as polyglactin or poliglecaprone[89,90]. However, the indications
for use or preference for any of these materials are not clear, and none of them is an appropriate choice, especially in
contaminated areas. In such defects, where complications such as visceral adhesion, fistula formation, infection, seroma
and wound dehiscence are also on the rise, the rate of removal of the meshes can reach 50%-90%[91]. With synthetic
meshes failing to meet the needs of the patient in certain circumstances, ADM has become an important consideration in
abdominal wall reconstruction of the selected cases. Perhaps the most significant advantage is the opportunity for use in
contaminated fields where synthetic meshes are contraindicated (typically, these are Ventral Hernia Working Group class
3 and 4 hernias). Baumann and Butler[89] advocated the first report including such scenarios (grossly contaminated
fields, patients have high risk factors for wound healing complications, where increased resistance to infection is desired,
direct coverage of viscera and predicted reoperation because of the use of synthetic mesh) which all have been further
investigated[92-95] and commonly adopted[96,97] later on. However, well-known risk factors of abdominal wall surgery
such as obesity, recurrent hernias, concomitant digestive surgery, smoking and ongoing infection are associated with
increased hernia recurrence, and this rate may still remain high in the use of ADM][98,99]. Among complications,
reconstructive failure leading recurrence is the most interested and ranges from 6% to as high as 100%[100,101]. The wide
range of complications reported in this way has intensified the investigation of the types of ADMs used. Among the
ADMs of human, bovine and porcine origin, all of which bear different nuances of use, the high recurrence rates reported
in human-derived ADMs[96,97,100,102-105] have greatly increased the interest in animal-derived ADMs. More recently,
Lightfoot et al[106] performed a well-designed retrospective cohort study comparing 40 consecutive patients who
underwent open component separation with porcine ADM reinforcement to 39 consecutive patients who underwent
open component separation with bovine ADM. They reported that bovine ADM was statistically significantly superior in
terms of wound complications, while recurrence and reasons requiring reoperation were less common but not statistically
significant. This indicates that even with the diverse array of xenogeneic meshes on the market, the ideal mesh is yet to be
identified. While the chosen ADM product certainly contributes to the failure, there is ample data to suggest that this
extremely wide failure range is not solely due to the chosen product. For example, Garvey et al[104] in their high-volume
single center study not only reported remarkable recurrence rates of 11.5% and 14.6% detected by CT at 3 and 5 years,
respectively, but also demonstrated that bridged repair technique was highly unsuccessful in preventing recurrence
compared to primary fascial repair technique and reinforcement with ADM. Indeed, in addition to superiority of
xenogeneic ADM, there are two more points that literature agrees upon. First, primary fascial repair with the use of ADM
as reinforcement has repeatedly been shown to be superior to bridged repair technique in preventing recurrence[101-105]
and second, component separation technique facilitates fascial closure and reduces overall complications when used in
conjunction with ADM[105-108]. Even though there are descriptions for different surgical variables commonly used, such
as suture choice, fascial overlap amount and suture technique for ADM, lack of standardization in these data warrants
further studies. As with other ADM applications, paucity of randomized controlled studies with long-term outcomes
limits the opportunity to draw more specific therapeutic conclusions about ADM in abdominal wall repair. Table 6
summarizes the some of the clinical evidence for ADM use in abdominal wall repair.

Head and neck

Besides the oral-maxillofacial, head and neck and craniofacial reconstructive procedures, there is an increasing number of
evidence that ADMs can be used for aesthetic purposes. In 2012, Shridharani and Tufaro[109] compiled a systematic
review of nearly 3 dozen studies with objective and measurable results, including surgeries such as nasal soft tissue and
skeletal repair[110,111], tympanoplasty[112], parotidectomy sequelae[113,114], oral-mucosal[115], palatal[116] and
pharyngeal defects[117] and fistulas as well as periorbital soft tissue[118] and dura mater[119] reconstructions. Today,
however this number has probably reached several hundred, making the head and neck as a whole the most compre-
hensive area for the use of ADM. There was an inspiring earlier report of Clark et al[120], which consisted of 7 consecutive
patients with clefts of the hard and soft palate wider than 15 mm. Palates were repaired in the standard 2-flap approach
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Table 5 Clinical evidence examples of the utilization of acellular dermal matrix in chest wall reconstruction

Ref. Year Title Note
Sodhaetal 2012 The use of acellular dermal matrices in chest wall First review of acellular dermal matrix (ADM) utilization in chest wall
[85] reconstruction defects. Authors share their experiences and conclude that they favor
acellular dermal matrices when there is concern for possible field contam-
ination, active infection, or concern over wound healing
Cothrenetal 2004 Chest wall reconstruction with acellular dermal matrix First case report utilizing ADM in a chest wall defect
[84] (AlloDerm) and a latissimus muscle flap
Khaliletal ~ 2018 Chest Wall Reconstruction with Porcine Acellular Reconstruction 7 sarcoma and 1 breast cancer resection involving chest
[86] Dermal Matrix (Strattice) and Autologous Tissue wall. Authors encourage ADM use in chest wall reconstruction to resist
Transfer for High Risk Patients with Chest Wall infection in high-risk patients with extensive defects
Tumors
Alshehri[87] 2023 Chest wall osteochondroma resection with biologic Resection and ADM involving reconstruction of a 5-year-old
acellular bovine dermal mesh reconstruction in
pediatric hereditary multiple exostoses: A case report
and review of literature
Delgado- 2022 The Use of Acellular Dermal Matrix (Integra Single Four cases of congenital chest malformation
Miguel et al Layer) for the Correction of Malformative Chest Wall
[88] Deformities: First Case Series Reported

Table 6 Clinical evidence examples of the utilization of acellular dermal matrix in abdominal wall reconstruction

Ref. Year Title Note
Zhongetal 2011 Outcomes after abdominal wall Authors conclude the need for high-level evidence when comparing acellular dermal
[96] reconstruction using acellular dermal matrix (ADM) use with other methods to make data-driven recommendations on clinical
matrix: a systematic review indications, surgical techniques and outcomes following ADM-assisted abdominal wall
reconstruction
Sbitany et 2015 Outcomes Analysis of Biologic Mesh Authors conclude that single-stage repair of grade 3 hernias performed with component
al[98] Use for Abdominal Wall Reconstruction separation and biologic mesh reinforcement is effective and offers a low recurrence rate.
in Clean-Contaminated and Contam- The use of biologic mesh allows for avoidance of mesh explantation in instances of wound
inated Ventral Hernia Repair breakdown or infection. Bridging repairs are associated with a high recurrence rate, as is
single-stage repair of grade 4 hernias
Atemaetal 2017 Major Complex Abdominal Wall Repair Author proposes that the repair of the most challenging abdominal wall defect can be done
[99] in Contaminated Fields with Use of a effectively with combination of a non-cross-linked biologic mesh and component separation
Non-cross-linked Biologic Mesh: A technique without the need for mesh removal despite wound infections
Dual-Institutional Experience
Hassanet 2023 Outcomes of Complex Abdominal Wall ~ Authors conclude that ADM-assisted abdominal wall repair after extirpative wall resections
al[107] Reconstruction After Oncologic demonstrated comparable outcomes with primary herniorrhaphy
Resection: 14-Year Experience at an
NCI-Designated Cancer Center
Giordano 2024 Component Separation Decreases Authors concluded that the component separation technique combined with ADM was
et al[108] Hernia Recurrence Rates in Abdominal  associated with fewer hernia recurrences, while surgical site occurrence was similar in long-

Wall Reconstruction with Biologic Mesh

term follow-up despite additional surgery

with intravelar veloplasty and placement of ADM immediately deep to the oral mucosal closure. There were no fistulas
even though the wound dehiscence and ADM exposure occurred in two patients in early period. Since then, a growing
body of evidence suggests that ADM is an effective adjunct in the repair of cleft[121,122]. More recently, some authors,
based on their prospective studies, also recommend the routine use of ADM in primary palate repair due to reduced
fistula rates[116]. Some meta-analyses advocate the routine use of ADM after parotidectomy[114], citing the lower
incidence of Frey syndrome since its constitution as an extra durable anatomic layer between remaining parotid and
dermis. One meta-analysis also validate that ADM might be an effective alternative to autologous grafts for tympano-
plasty[112]. ADMs can be used internally to repair nasal septal perforations by placing as a graft between muco-
perichondrial flaps and therefore it can increase the durability of the repair where watertight closure is essential[123,124].
ADMs are also still a particularly valuable tool in the treatment for patients with mucosal defects of the oral cavity
(tongue, floor of mouth, palate, lip, and tonsil) following resection of primary intraoral tumors and they can provide an
alternative to split-thickness skin grafting for mucosal resurfacing[115]. In addition to reconstructive procedures, it
worths to mention that the use of ADMs in aesthetic-related procedures has become more widespread. ADM, for
instance, has established itself as an important tool in blepharoplasty-related procedures such as correction of lower
eyelid retraction[125,126] and restoring orbital septal tone[118]. In primary and revisional secondary rhinoplasty
surgeries, ADM can be useful when correcting dorsal nasal irregularities[110,111] and osseocartilaginous frame[127] by
on lay grafting ADM at the expense of prolonged edema. These examples may be interpreted as the utility of ADM in the
head and neck region have started to consolidate with higher quality clinical evidence although more high-quality studies
in all examples are still warranted to make evidence-based recommendations. Table 7 lists some of the important clinical
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Table 7 Clinical evidence examples of the utilization of acellular dermal matrix in head and neck

Ref. Year Title Note
Shridharani 2012 A systematic review of acelluar dermal First systematic review for the head and neck region
and Tufaro matrices in head and neck reconstruction
[109]
Gilardino etal 2018 A Prospective Study Investigating Fistula This prospective study proposes the routine use of ADM in Veau II-IV clefts since it
[116] Rate Following Primary Palatoplasty Using  significantly reduce the fistula rate when compared their retrospective cohort
Acellular Dermal Matrix
Linnetal[114] 2022 Comparison of the use of allogenic acellular ~ Authors conclude that the use of ADM was associated with lower Frey syndrome
dermal matrix on rates of Frey syndrome rates compared to no ADM and should be considered in routine use to prevent this
post parotidectomy: A systematic review condition
and meta-analysis
Xu et al[112] 2021 Human-derived acellular dermal matrix Authors conclude that human-derived ADM might be an effective alternative to
may be an alternative to autologous grafts  autologous grafts for tympanoplasty
in tympanic membrane reconstruction:
systematic review and meta-analysis
Girod et al 2009  Acellular dermis compared to skin grafts in  Authors conclude that acellular dermis grafting for reconstruction of the oral cavity
[115] oral cavity reconstruction offers several advantages over split-thickness skin graft, including the lack of donor
site morbidity, lower cost, a natural appearing mucosal surface, and comparable if
not superior functional status
Warren et al 2000 Dural repair using acellular human dermis: ~ Authors conclude that acellular human dermis is a reasonable alternative to the
[119] experience with 200 cases: technique available dural graft materials. Its handling characteristics are similar to those of
assessment dura, it is biologically inert, and it does not produce adhesion formation
Zangetal[117] 2020 Comparison of xenogeneic acellular dermal  Authors conclude that both ADM and abdominal skin grafts demonstrated good
matrix and skin grafts in reconstruction of  effects in the reconstruction of hypopharynx, but the recovery time of eating
postoperative defects of hypopharyngeal function in patients with ADM was faster, which may be due to rapid epithelial-
cancer: A retrospective cohort study ization
Conrad et al 2018  Acellular Human Dermal Allograft as a Authors conclude that as the first study to use objective and subjective
[124] Graft for Nasal Septal Perforation measurements to confirm success with acellular dermis allograft as an adjunct for
Reconstruction septal perforation repair it demonstrated a statistically significant reduction in
patient nasal symptoms following repair
Grumbine etal 2019 Correction of Lower Eyelid Retraction with ~ Authors describe the technique for mild to moderate retractions. The operative time
[126] En Glove Placement of Porcine Dermal is brief (< 30 minutes), with limited dissection and resultant minimal to no clinically
Collagen Matrix Implant significant ocular surface inflammation postoperatively
Kook et al[110] 2023  Prevention and Resolution of Silicone Authors conclude that dorsal augmentation using the cross-linked human ADM
Implant-Related Problems in Secondary along with various nasal tip work using autogenous cartilage. Surgical outcome
Rhinoplasty Using a Cross-Linked Human  showed favorable resolution of contracture deformities, a low infection rate, firm
Acellular Dermal Matrix fixation of the implant, good skin texture/thickness of the skin/soft tissue envelope
and gain of desired height and dorsal line
Fisher et al 2023 Current Practices in Dorsal Augmentation  Authors describe acellular dermal matrices are alternatives to autologous graft with
[111] Rhinoplasty many similar advantages and no need for an additional surgical site

evidence examples of ADM utility in head and neck region.

Extremity

The use of ADMs in the extremities is widespread and varied, with burns, contractures and scars constituting the
majority. The frequency of injuries, especially in the distal upper extremity, the scarcity of local soft tissues and the
abundance of superficial nerves and vessels make this region the center of many up-to-date applications. However, the
majority of the clinical evidence in this region are mostly either limited studies or small case series. However, some of the
important, noteworthy uses in some fields are also listed in Table 8.

In both primary and revision rotator cuff repairs, some studies reported incorporation of ADMs has led to
improvements in pain, ROM and muscle strength in long-term follow-ups[128,129]. Furthermore, in irreparable rotator
cuff tears, ADMs have been used to cover the exposed bone, leading to decreased pain and better functional scores[130].
Efforts to reinforce or augment the deficient long tendon repairs have led combining them with ADMs. Cole et al[131]
successfully repaired 9 Achilles tendon with ADM augmentation without any complications requiring re-operation.
Postoperative flexor tendon adhesion in hand is annoying and it can contribute to functional disability and reconstructive
failure. In their prospective study Shim et al[132] found improved ROM and function in ADM-treated group at six
months. Arthritic hands have also long been difficult cases. Reconstruction of ligaments or resurfacing damaged joints
usually requires donor tendon, but this might often associate with scarring, chronic pain, tendonitis, and rupture. Using
ADM rather own tissue may significantly reduce the donor site related morbidity[133,134]. While there are some studies
investigating and showing benefit of the use of ADM for other upper extremity applications, such as Dupuytren disease
[135], congenital malformations, and traumatic reconstructions[37] these are limited studies or small case series. As in the
other uses in extremities further investigation into these proposed uses is also warranted.
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Table 8 Clinical evidence examples of the utilization of acellular dermal matrix in extremity

Ref. Year Title Note

Acevedoetal 2015 Orthopedic applications of acellular ~ Authors review a wide variety of orthopedical applications of acellular dermal matrices

[128] human dermal allograft for shoulder ~ (ADMs) such as, rotator cuff tears, latissimus dorsi transfers, pectoralis major and biceps
and elbow surgery tendon repairs, glenoid resurfacing and acromioclavicular reconstruction

Coleetal[131] 2018 Achilles Tendon Augmented Repair ~ Authors report no cases of rerupture or complications that require additional treatment
Using Human Acellular Dermal over average of 14.4 months of nine patient
Matrix: A Case Series

Rabinovich 2018 Proximal Row Carpectomy Using Authors describe their ADM-assisted resurfacing technique with illustration and figures

and Lee[134] Decellularized Dermal Allograft

Hoang et al 2019 Use of Acellular Dermal Matrix Authors conclude that the adjunct placement of acellular dermal matrix into the wound

[135] Following Fasciectomy for the bed following fasciectomy may be an important surgical strategy to reduce recurrence
Treatment of Dupuytren's Disease rates as well as augment coverage of exposed vital structures in cases of severe flexion

contracture
Ellis and 2012  Acellular dermal matrices in hand A comprehensive review for ADM-assisted reconstruction of difficult skin and soft tissue
Kulber[37] reconstruction defects resulted from various etiologies such as, ischemia, infection, advanced Dupuytren

disease and burn contractures

Shim et al[132] 2021 Preventing postoperative adhesions  Authors conclude that he use of ADM after tendon repair has the potential to significantly
after hand tendon repair using improve the outcome of tendon surgery in terms of range of motion
acellular dermal matrix

CONCLUSION

After the processing journey of ADMs, which starts as allo- or xeno-product, the market generously offers them to us in a
package like synthetic merchandise, and after the appropriate implantation technique, they adapt the body as if they
were already part of it, without any alienation. This review demonstrated that as manufacturing technology improved
and their popularity grew, ADMs found their way into the surgeon's armamentarium for a wide range of conditions. The
compelling clinical examples showcased in this study affirm that the applications of human ADM extend significantly
beyond its initial use for skin defect treatments. Although the literature is encouraging in almost all areas, more rigorous
and higher-quality prospective studies are needed for more widespread use. It is clear that these products, which tissue
engineering and bioengineering have already made practical and widely available, will be further developed in the
future.

Experimental studies are ongoing with the aim of evolving ADM-based scaffolds into the desired 3D shape[136],
combining them with stem cells[137] and growth factors[138]. Although many of these ideas are still in the proof-of-
concept phase, there are also exciting clinical applications with some early promising results in patient trials[53,139-140].

Another development that has become very important in the recent past is synthetic substitutes or templates. Known
as, biodegradable temporizing matrix (BTM), this completely synthetic bilayer skin substitute is made of a biodegradable
polyurethane matrix foam covered with a nonbiodegradable polyurethane sealing membrane to mimic the dermis and
epidermis, respectively[141]. When placed over a wound, it promotes vascularization and dermal regeneration[142].
Polyurethane was selected for its low manufacturing cost and ability to withstand infection, combating two important
limitations of biological dermal scaffolds[143]. Although BTM has shown promising results as a lower-cost skin substitute
in preliminary reports, it is also carrying out very exciting and successful missions in the use of skin as a highly
vascularized bed for transplantation of islet cells[144] or as a scaffold for adrenal organoid formation in adrenocortical
cell transplantations[145]. Indeed, it would not be surprising to see an increase in successful cell transplantations using
BTM in the next decade. Until all the rapidly developing processes of whole organ decellularization and recellularization
have been perfected, ADM and BTM will likely maintain their potential as a reliable scaffold for many cells to adapt and
proliferate.
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Abstract

BACKGROUND

The continuous development of social and economic progress and ongoing
enhancement of infrastructure construction has led to drastic changes in the
occurrence of trauma.

AIM
To analyze the epidemiological characteristics of trauma in Lanzhou City to
provide theoretical references for improving quality of trauma care.

METHODS

A retrospective analysis of clinical data from 16585 trauma patients treated at the
First Hospital of Lanzhou University Trauma Center from November 1, 2021 to
October 31, 2023 was conducted. Data including age, sex, time of trauma, cause of
trauma, and major injured body parts were statistically analyzed.

6808 December 16,2024 | Volume12 | Issue35 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v12.i35.6808
mailto:doctorliuyt@163.com

Su ZY et al. Comprehensive epidemiological assessment of trauma incidents

RESULTS

A total of 18235 patients were admitted, with complete data for 16585 cases. Of these, 9793 were male and 6792
were female (male-to-female ratio of 1.44:1). The peak times for trauma occurrence were 10 AM-12 PM and 6-10
PM, and the peak months were from May to October. The leading causes of trauma were falls (45.32%), other
trauma (15.88%), road traffic accidents (15.15%), violence (10.82%), cutting/stabbing (9.41%), mechanical injuries
(2.65%), winter sports injuries (0.36%), animal bites (0.22%), burns (0.09%), and electrical injuries (0.02%). The
distribution of majorly injured body parts showed statistical significance, with limbs/skin being the most affected
followed by the head/neck, chest/abdomen, and back.

CONCLUSION
Medical institutions and government agencies can implement preventive measures and policies based on the
characteristics of trauma determined in this study to enhance the quality and level of trauma care.

Key Words: Trauma and injury; Injury; Trauma center; Epidemiology; Disease analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The data analyzed in this study revealed that the incidence of trauma is higher in males than females and that falls
are the primary cause of trauma. The incidence of trauma peaks in the summer and autumn seasons compared to winter and
spring and during periods of increased activity throughout the day. Limb and skin traumas were the most common. These
findings can serve as guidelines for medical institutions and government agencies to improve the quality and standards of
trauma care. Implementation of targeted preventive measures and policies tailored to the characteristics of trauma will be
beneficial.
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INTRODUCTION

As socioeconomic conditions continue to improve and infrastructure development accelerates, there has been a consistent
year-on-year increase in accidental injuries[1]. Trauma is a significant contributor to mortality, accounting for 9% of
global fatalities, and it represents the leading cause of death among younger populations[2]. Survivors often face
extended rehabilitation periods and difficulties returning to their previous lives, which imposes a considerable
socioeconomic burden[3]. Research in traumatic epidemiology is of paramount importance due to the profound impact of
trauma on individuals and society[4,5]. The value of trauma databases in patient management has been well-documented
and has underscored their role in improving care[6,7].

Despite significant advancements in trauma medicine globally, China remains in the early stages of developing
specialized trauma departments. The First Hospital of Lanzhou University, located in northwestern China, serves as a
critical medical center for Lanzhou city and Gansu province. Since June 2021, it has implemented a comprehensive
trauma registration system and maintains a dedicated trauma database. To address the disparity between trauma
medicine development in China and global standards, we conducted a retrospective analysis of trauma cases from our
hospital database. This study aimed to elucidate the epidemiological characteristics of these cases with the goal of
enhancing trauma care quality and reducing mortality and disability rates.

MATERIALS AND METHODS

Data sources

The data utilized in this study were sourced from the trauma database of the First Hospital of Lanzhou University, which
is recognized as a Gansu Provincial Level I Trauma Center. Stringent quality control measures were implemented to
ensure the integrity and precision of the dataset. We analyzed the comprehensive information on all trauma patients
admitted to the hospital from November 1, 2021 to October 31, 2023, which totaled 18235 individuals. The exported
dataset included essential demographic factors such as age, sex, cause of trauma, and major injured body parts. The
dataset underwent careful screening to exclude patients with incomplete data. After completing the data exclusion
process, a total of 16585 patients with complete information were retained for analysis. This study received an ethical
exemption from the Ethics Committee of the First Hospital of Lanzhou University because of its retrospective design,
which did not disclose any patient information.
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Study methods

The identification of trauma causes adhered to the classification method prescribed by the Medical Priority Dispatch
System. Concurrently, the allocation of trauma sites followed the methodology delineated in the Trauma Index[8]. A
categorization strategy was employed, wherein the aggregate occurrences of trauma with unspecified causes or sites were
collectively designated as ‘other trauma’. This all-encompassing category included a diverse range of trauma types for
which specific details about either the cause or the site were indeterminable.

Statistical analysis

Descriptive statistical analysis was conducted using Microsoft Excel 16.0 and SPSS 27.0 software (IBM Corp., Armonk,
NY, United States). Various parameters, including the month of trauma occurrence, temporal distribution, composition of
trauma causes, distribution of major injured body parts, and patient age, were systematically documented. Intergroup
comparisons were performed using y? analysis, with statistical significance set at P < 0.05. When conducting multiple
comparisons Bonferroni correction was employed to address the potential of increasing the probability of type I errors
(false positives).

RESULTS

Basic information

Between November 1, 2021 and October 31, 2023, a total of 16585 trauma patients with complete data were admitted to
our trauma center. Among them, 9793 were male and 6792 were female, resulting in a male-to-female ratio of 1.44:1. The
age of the patients ranged from 1-month-old to 97-years-old, with a mean age of 34.17 + 20.90 years. The age range for
males was 1-year-old to 95-years-old, with a mean age of 31.91 + 19.78 years, while the age range of females was 1-month-
old to 97-years-old, with a mean age of 37.43 + 22.01 years.

Temporal distribution

The distribution of trauma incidents demonstrated a diurnal pattern, with the lowest incidence recorded in the early
morning hours. A notable increase in trauma cases was observed during two distinct periods: Between 10 AM and 12 PM;
and later, between 6 PM and 10 PM. There was a significant increase in trauma cases from May to October, with the peak
in August and September. Conversely, the winter months from November to February exhibited a marked decrease in the
number of trauma cases, as detailed in Table 1.

Distribution of causes of trauma

Falls were the cause of most of the trauma cases followed by other trauma, road traffic accidents, violence, cutting/
stabbing, mechanical injuries, winter sports injuries, animal bites, burns, and electrical injuries. There were 3399 cases in
the 14 years and below age group, 4346 cases in the 15-30 years age group, 3792 cases in the 31-44 years age group, 3055
cases in the 45-59 years age group, and 1993 cases in the 60 years and above age group. For all causes of injury, the
number of male patients was higher than female, except in cases of animal bites. Additionally, the male-to-female ratio of
trauma cases was 1.28:1, which was the only cause of trauma that was lower than the overall ratio of 1.44:1 in all patients.
This indicates that there are sex differences in the distribution of trauma causes, with most causes more prevalent in
males. More details can be found in Table 2.

Distribution of major injured body parts
The data indicated that injuries to the limbs and skin were the most common, followed by those to the head and neck.
Trauma to the chest and abdomen occurred less frequently than head and neck injuries, and back traumas were the
rarest. This pattern of injury incidence was statistically significant (P < 0.001), highlighting considerable differences in
both the prevalence and types of injuries related to different causes. Detailed information on the incidence of each majorly
injured body part is provided in Table 3.

DISCUSSION

Characteristics of trauma cases

From November 1, 2021 to October 31, 2023, a cohort of 16585 trauma patients was analyzed, with a predominant repres-
entation of young and middle-aged adults, which aligns with several global research findings[3,9-14]. The incidence of
trauma in the 15-59 years age group accounted for 69.84% of all cases. Our group surpassed the incidence for this
population (63.35%) in another study[15]. In contrast, children aged 0-14 years, who make up 17.95% of the population in
China[15], represented 20.49% of the trauma cases in our institution. The elderly population, aged = 60 years, constituted
18.70% of the population in China but accounted for only 12.02% of the trauma cases observed[15].

These data suggest a higher incidence of trauma among the younger population compared to the elderly population,
potentially correlating with their occupational engagement and frequent participation in social activities. The 15-30 years
age group is arguably the most active group and unsurprisingly constituted the largest percentage of trauma cases.
Individuals in this age bracket are often the only children in their family due to the historical one-child policy. This results

WJCC | https://www.wjgnet.com 6810 December 16,2024 | Volume12 | Issue35 |

Jaishideng®



Su ZY et al. Comprehensive epidemiological assessment of trauma incidents

Table 1 Time distribution of trauma

Months/hours 02 24 46 68 810 1012 1214 1416 1618  18-20  20-22 2224  Total
Jan 66 27 23 10 62 88 66 78 104 107 128 90 811
Feb 70 29 15 15 9 102 93 97 88 128 135 86 956
Mar 65 43 2 17 128 146 128 140 135 192 204 111 1331
Apr 79 51 15 25 128 193 132 140 145 189 198 121 1416
May 122 57 20 34 150 203 167 177 189 280 229 155 1783
Jun 118 57 37 27 155 221 189 165 190 273 230 173 1835
Jul 111 66 43 35 160 211 180 178 197 224 272 150 1827
Aug 129 55 41 25 223 267 198 197 195 226 296 193 2045
Sep 92 52 3 38 242 261 201 249 234 302 277 185 2169
Oct 110 45 24 27 157 259 218 204 216 270 236 131 1897
Nov 1 6 3 2 17 43 42 27 42 36 24 11 264
Dec 7 8 4 2 28 85 26 63 35 26 20 17 251
Total 989 496 283 257 1549 2029 1640 1685 1770 2253 2211 1423 16585

Table 2 Distribution of causes of trauma

<14 (age) 15-30 (age)  31-44 (age)  45-59 (age) =60 (age) Total Component ratio
Cause of trauma 0 Rank
Male Female Male Female Male Female Male Female Male Female Male Female (%)
Falls 1236 665 973 693 857 606 704 602 455 726 4225 3292 45.32 1
Other trauma 387 200 436 281 289 192 253 222 134 139 1599 1034 15.88 2
Road Traffic 199 96 361 269 356 279 316 308 170 159 1402 1111 15.15 3
Accidents
Violence 210 80 388 194 283 199 162 108 48 23 1191 604 10.82 4
Cutting/stabbing 155 58 381 199 259 138 176 98 52 45 1023 538 9.41 5
Mechanical injuries 54 39 65 55 70 32 64 26 19 15 272 167 2.65 6
Winter sports 5] 2 21 9 14 2 1 3 2 0 43 16 0.36 7
injuries
Animal bite 6 5 5 11 3 4 3 1 0 2 17 20 0.22 8
Burns 3 0 2 0 4 0 2 1 1 2 12 3 0.09 9
Electrical injuries 1 0 0 0 2 0 1 0 0 0 4 0 0.02 10
Total 2257 1142 2634 1712 2337 1455 1683 1372 882 1111 9793 6792 100

in particularly detrimental outcomes to both their families and society.

Males were more susceptible to trauma than females. Similar research findings have also been reported in multiple
countries including the United Kingdom, Germany, and Japan[13,16,17]. This disparity may be attributed to greater
involvement in physically demanding and injury-prone sectors such as construction and transportation by males[18].

Temporal analysis revealed that the least number of trauma cases occurred in the early morning hours. The peak times
for trauma were observed between 10 AM to 12 PM and 6 PM to 10 PM. The morning peak correlates with high pro-
duction and traffic activities, increasing the likelihood of trauma incidents. The evening period covers the post-work rush
hour and nighttime activities. This increases the chance of traffic accidents and various mishaps, which may significantly
escalate trauma occurrences[19,20]. Seasonally, trauma incidents peaked during the summer and autumn months (June to
October), with a notable decline in the winter months (November to February). In Lanzhou, the warmer climate and
heightened social activities during June to October contribute to a higher rate of trauma incidents.

Falls were the predominant cause of trauma. This is likely a consequence of the varied topography and elevation of
Lanzhou coupled with an increase in infrastructure development projects in recent years. Another study from Germany
reported that the primary cause of trauma was impact followed by falls, sports injuries, and traffic accidents[17]. Causes
of trauma are likely to vary between geographic and cultural regions. Trauma resulting from road traffic is one of the
major causes of trauma. Due to the expansion of private vehicle ownership and sustained economic development, road

3%’@) WICC | https://www.wjgnet.com 6811 December 16,2024 | Volume12 | Issue35 |



Su ZY et al. Comprehensive epidemiological assessment of trauma incidents

Table 3 Distribution of trauma sites in patients with different causes of trauma, n (%)

Cause of injury Limbs/skin Head/neck Chest/abdomen Back Total

Falls 4758 (63.30) 2012 (26.77) 641 (8.53) 286 (3.80) 7517 (100.00)
Other trauma 1576 (59.86) 542 (20.85) 255 (9.68) 92 (3.49) 2633 (100.00)
Road traffic accidents 1399 (55.67) 666 (26.50) 342 (13.61) 106 (4.22) 2513 (100.00)
Violence 581 (32.37) 956 (53.26) 235 (13.09) 23 (1.28) 1795 (100.00)
Cutting/stabbing 1359 (89.37) 142 (9.10) 52 (3.33) 8 (0.51) 1561 (100.00)
Mechanical injuries 293 (66.74) 91 (20.73) 43 (9.79) 12 (2.73) 439 (100.00)
Winter sports injury 43 (72.88) 6 (10.17) 4(6.78) 6 (10.17) 59 (100.00)
Animal bite 30 (81.08) 4 (10.81) 1 (2.70) 2 (5.88) 37 (100.00)
Burns 9 (60.00) 5 (33.33) 1 (6.66) 0 (0.00) 15 (100.00)
Electrical injuries 4 (100.00) 0 (0.00) 0 (0.00) 0 (0.00) 4 (100.00)
Total 10052 (60.61) 4424 (26.67) 1574 (9.49) 535 (3.23) 16585 (100.00)

traffic in the region is becoming increasingly complex, leading to a significant rise in road traffic accidents.
Our study also highlighted significant variations in the body part injured by trauma. These data reveal areas in which
trauma centers and hospitals can prepare to effectively treat trauma cases.

Prevention and treatment of trauma

Comprehensive preventive measures are imperative to decrease the incidence of trauma. There is a crucial need to
intensify educational efforts and provide adequate safety equipment to increase occupational safety. Moreover, it is
essential to bolster the widespread dissemination of information about occupational safety. Equally important is the
reinforcement of traffic regulations and the promotion of traffic safety awareness to reduce the incidence of road
accidents. The enhancement of civic education would foster a stronger understanding of the legal system among citizens,
thereby increasing legal awareness and self-protection measures to diminish the occurrence of adverse events. Caution is
advised to prevent injuries from animal bites, including specifically from pets. Pet owners should be reminded that
immediate medical attention is necessary in the event of such incidents.

There is an urgent need to improve the trauma registry system and establish a comprehensive trauma database[6,7,20-
22]. This involves conducting thorough epidemiological analyses of trauma, thereby facilitating targeted and effective
treatment strategies based on the identified patterns and characteristics of trauma incidents[7]. The result of these efforts
would enhance the quality of trauma care and minimize the adverse impacts of trauma. This multidimensional approach
necessitates collaboration among national entities, society, healthcare institutions, and individuals. The insights gained
from epidemiological studies of trauma inform the development of relevant legal frameworks as well as serve as a crucial
reference for healthcare facilities to enhance the quality of trauma care.

Prevention and treatment of trauma contributes to alleviating familial and societal pressures. However, it simultan-
eously requires collective efforts at the national, societal, hospital, and individual levels. Trauma epidemiological analyses
summarize the patterns of occurrence and development of trauma, which provides a basis for the formulation of relevant
trauma laws and regulations. They also serve as a reference for improving the quality of trauma care in hospitals.

Limitations

This study reported the epidemiological characteristics of a large cohort of patients who experienced trauma. However, it
is difficult to conduct large-scale follow-up on these patients due to the mild injuries, short hospital stays, and large
number of patients. Therefore, there is still a lack of long-term prognosis and quality of life assessment for trauma
patients. Long-term studies of treated patients who experienced trauma should include assessments of quality of life,
functional recovery, and mental health. These types of studies will lead to a better understanding of treatment effect-
iveness and can provide comprehensive rehabilitation support for patients.

CONCLUSION

Trauma predominantly affects young and middle-aged individuals, with a higher incidence observed in males compared
to females. Among the various mechanisms of trauma, falls were identified as the leading cause of trauma. Seasonal
variations in trauma incidence revealed that injuries are more prevalent during the summer and autumn months, and the
frequency of trauma cases peaked during periods of increased human activity throughout the day. Limb/skin trauma
were the most common locations of trauma injuries. To address these patterns, medical institutions and government
agencies should implement targeted preventive measures and policies tailored to the specific characteristics of trauma.
These strategies could significantly improve the quality and effectiveness of trauma care, ultimately enhancing patient
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outcomes.
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Abstract

BACKGROUND

Frailty is a complex aging-related syndrome characterized by a cumulative loss of
physiological reserve and increased vulnerability to adverse clinical outcomes,
including falls, disability, incapacity and death. While an increasing number of
studies suggest that the gut microbiota may play a key role in the pathophy-
siology of frailty, direct evaluation of the association between gut microbiome
alterations and frailty in older adults remains limited.

AIM
To gain insight into gut dysbiosis in frail older adults.

METHODS

Seven electronic databases (China National Knowledge Infrastructure, VIP,
SinoMed, Wanfang, PubMed, Web of Science and EMBASE) were searched for
articles published before October 31, 2023 to identify observational studies that
compared the microbiomes of older adults with and without frailty. The diversity
and composition of the gut microbiota were the main outcomes used to analyze
the associations of changes in the gut microbiota with frailty in older adults. The
quality of the included studies was assessed via the Newcastle-Ottawa Scale and
the Agency for Healthcare Research and Quality.

RESULTS

Eleven observational studies with 912 older adults were included in this review.
Consistent results revealed a significant difference in the gut microbiota com-
position between frail and non-frail older adults, with a significant decrease in o
diversity and a significant increase in B diversity in frail older adults. The pooled
results revealed that at the phylum level, four microbiota (Actinobacteria, Proteo-
bacteria, Verrucomicrobia and Synergistetes) were significantly enriched, and two
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microbiota (Firmicutes and Fusobacteria) were significantly depleted in frail older adults. At the family level, the
results consistently revealed that the abundances of 6 families, most of which belong to the Actinobacteria or Proteo-
bacteria phylum, were greater in frail than in non-frail older adults. At the genus or species level, consistent results
from more than two studies revealed that the abundances of the genera Prevotella, Faecalibacterium, and Roseburia
were significantly lower in frail older adults; individual studies revealed that the abundances of some genera or
species (e.g., Megamonas, Blautia, and Megasphaera) were significantly lower, whereas those of other genera or
species (e.g., Bifidobacterium, Oscillospira, Ruminococcus and Pyramidobacter) were significantly greater in frail older
adults.

CONCLUSION

This systematic review suggests that changes in the gut microbiota are associated with frailty in older adults, which
is commonly reflected by a reduction in beneficial species and an increase in pathogenic species. However, further
studies are needed to confirm these findings.

Key Words: Frailty; Gut microbiota; Observational study; Older adults; Systematic review

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A growing number of studies have reported changes in the composition and diversity of the gut microbiota between
frail and healthy older adults, suggesting that alterations in the gut microbiota may play a key role in the pathophysiology of
frailty; however, direct assessment of the associations between changes in the gut microbiome and frailty in older adults
remains limited. This review revealed a significant decrease in a diversity and a significant increase in B diversity in frail
older adults compared with non-frail older adults, which was commonly reflected by a reduction in beneficial species and an
increase in pathogenic species. This study provides a comprehensive overview of the relationship between changes in the gut
microbiota and frailty in older adults and suggests a possible role for the gut microbiota in the pathogenesis of frailty.
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INTRODUCTION

Frailty is a complex age-related geriatric syndrome characterized by decreased physiological reserves in the body with
decreased anti-stress ability and vulnerability in the face of external stimuli, leading to increased risks of multiple adverse
health outcomes, including falls, hospitalization, and even mortality[1,2]. Frailty is common among community-dwelling
older adults, with a prevalence ranging from 4% to 59% among those aged 65 years and older and 25% among older
adults over 85 years[3]. Current studies have shown that the risk factors associated with frailty in older adults are mainly
related to increasing age, lower weight, female sex, living alone, low levels of physical activity, polypharmacy, unhealthy
lifestyle, smoking, alcohol consumption, and poor diet. These factors interact and form a cycle to cause chronic mal-
nutrition, inflammation, and disruption of hormone regulation[4-7]. Recently, intestinal dysbacteriosis has been newly
identified as a risk factor for frailty in older adults[6,8]. For example, a study of 728 female twins revealed a negative
association between gut microbiota o diversity and frailty, with increases in Eubacterium dolichum and Eggerthella lenta in
the frail group[9].

The gut microbiota is a relatively stable community consisting of a large number of bacteria, fungi, and viruses that
colonize the human gut. Gut dysbiosis has been shown to contribute to human diseases, including metabolic diseases,
neurodegenerative disorders, and chronic inflammatory diseases[10-11]. The pathogenesis of frailty syndrome may in-
volve chronic inflammation, immune activation, and the musculoskeletal system[12]. Many studies have shown that the
diversity and composition of the gut microbiota are significantly altered in community-dwelling older adults with frailty,
which in turn may play an important role in the development of frailty in community-dwelling older adults. For example,
one study suggested that an imbalance in the gut microbiota triggers an inflammatory response, leading to an increase in
intestinal permeability and the entry of pathogen-associated antibodies into the circulation[6,13]. However, most of the
previous studies on frailty and the gut microbiota have only examined changes in the composition of bacterial species,
but the characteristics of the gut microbiota of frail older people are still unclear, although interest in this topic is
increasing. Therefore, there is a lack of adequate evidence on changes in the gut microbiota and frailty in older adults.
This systematic literature review mainly summarizes the associations between changes in the gut microbiota and frailty
in people over 60 years of age.
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MATERIALS AND METHODS

Search strategy

Seven databases (PubMed, EMBASE, Web of Science, SinoMed, China National Knowledge Infrastructure, VIP, and
Wanfang) were used to search for Chinese and English articles, respectively, using Medical Subject Headings terms or
free words (e.g., “gastrointestinal microbiome” or “gut microbiota” or “intestinal microbiomes” or “gastric microbiome”
or “enteric bacteria” or “gut microbiome”) and (“frailty” or “frailty syndrome” or “frailties” or “frail elder”). The final
search began in October 2023, with no publication date restrictions. A summary of the search strategy for the different
databases is described in Supplementary Table 1.

Inclusion criteria

Eligible studies were identified according to the following inclusion criteria: (1) Participants were adults over 60 years of
age; (2) The profile of the gut microbiota was compared between frail and non-frail older adults; and (3) The primary
outcome was the abundance of bacterial phyla, families, genera and species of the human gut microbiota. Studies for
which the required data could not be retrieved were excluded.

Study screening, data extraction, and assessment of risk bias

The retrieved records were imported into reference management software (Note Express 3.1) for repeated screening. Two
reviewers independently identified the eligibility of the retrieved articles according to the inclusion criteria after the
duplicate records were removed. Disagreements were discussed and resolved in consultation with a third reviewer. Data
from the eligible studies were extracted by one reviewer via prepared data extraction tables and checked by another
reviewer. The information extracted included study design, participants, methodological characteristics, sample size,
outcomes, and measurement methods. The risk of bias for the eligible studies was assessed via the Newcastle-Ottawa
Scale (NOS)[14] and the Agency for Healthcare Research and Quality (AHRQ)[15]. Disagreements were resolved by
discussion with a third reviewer.

RESULTS

Literature search

A total of 1126 records were found by searching seven electronic databases, and 520 records were deleted because of
duplication. A total of 583 studies were excluded based on the title and abstract. The remaining 23 studies were further
assessed by reading the full texts. As a result, 12 studies were excluded for various reasons (10 did not match the
inclusion criteria, and 2 did not have the full text available). Eleven studies were ultimately included in this review. A
detailed flow chart of the literature screening process is shown in Figure 1.

Characteristics of the included studies

Table 1T summarizes the characteristics of the 11 studies included in the systematic review[16-26]. All included studies
consisted of 7 cross-sectional studies[16-22], 3 cohort studies[23-25], and 1 case-control study[26], including 912 older
adults ranging in age from 65 years to 100 years. Seven studies analyzed the o diversity of the gut microbiota[17-20,22-23,
26], whereas seven studies analyzed the B diversity of the gut microbiota[17,19,21-24,26]. For the outcome measures, two
studies reported changes in the gut microbiota at the phylum level[17,22], two at the family level[19,22], eight at the
genus level[16-22,25], and five at the species level[16,20,23-25]. Among these included studies, seven studies performed
genetic analysis of the gut microbiota via the 16S rRNA method[17-22,26], three studies used the metagenomic sequencing
method[23-25], and one study used the fluorescence in situ hybridization method[16]. The frailty measures used in the
included studies varied widely, with the rockwood frailty index[22,25,26], FI[18], Clinical Frailty Scale[23,24], short phy-
sical performance battery[19], Groningen Frailty Indicator[16], Fried's definition[17], Fried’s Frailty Phenotype[20] and
Frailty Phenotype[21] being used. The non-frail controls were mainly healthy older adults.

Quality assessment

Table 2, 3 and 4 summarizes the study quality of the included studies, as assessed by the AHRQ for 7 cross-sectional
studies and by the NOS tool for 3 cohort studies and one case-control study[16-21,23-25]. Of the seven cross-sectional
studies, six were of moderate quality[16-21], and one was of high quality[22]. All three cohort studies were of moderate
quality[23-25], and one case-control study was of high quality [26].

Outcome assessment

Changes in the diversity of the gut microbiota: A total of seven studies analyzed the difference in a diversity of the gut
microbiota measured by the Chao index, Simpson index, and Shannon index between frail older adults and non-frail
controls[17-20,22,23,26], and two studies reported a significant decrease in frail older adults[18,23]. Seven studies[17,19,
21,23,24,26,27] compared the B diversity measured by principal coordinate analysis in frail older adults with that in con-
trols, and two studies reported significantly greater B diversity in frail than non-frail older adults[21,22].

Changes in the gut microbiota composition: Figure 2 summarizes the changes in the gut microbiota composition at each
level in frail older adults compared with non-frail older adults. Two studies reported results at the phylum level[17,22],
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Table 1 Main characteristics of the included studies in this review

Ref Picca et al[19], Van Tongeren Xu et al[17], Lim et al[18], Zhang et al[22], Margiotta et al Ticinesiet Haran et al Haran et al[23], Larsonetal Zhang etal
' 2020 etall16], 2005 2021 2021 2020 [20], 2020 al[26], 2017 [24],2018 2021 [25],2020  [21], 2022

Study design ~ CSS Css Css css css Css Ccs CHS CHS CHS Css
Participants Samples 35 23 94 176 27 64 76 23 166 47 181

Age (years) >70 70-100 80.7 £ 74.7 81.63 +7.90 265 83.3+75 265 86.2+9.1 > 65 265

5.7

Male/female 20/15 4/19 44/50 54/122  17/10 43/21 39/37 23 30/136 47 72/109
Genetic 16S rRNA V3-V4 Fluorescence in ~ 16sRNA V3-V4 16S rRNA 16S rRNA 16sRNA V3-V4 165 rRNA metagenomic metagenomic metagenomic 16sRNA V3-V4
analysis situ hybri sequencing sequencing sequencing

dization

Frailty Short physical Groningen Fried's definition ~ Frailty index Rockwood Frailty Fried’s Frailty Rockwood CFS CFs Rockwood Frailty
diagnosis performance battery  Frailty Indicator Index Phenotype Index Index Phenotype
Outcome a-diversity, - Genus level, a-diversity, - a-diversity, genus  o-diversity, p- a-diversity, a-diversity, B- B-diversity, a-diversity, - Genus level, B-diversity,
measurement  diversity, family species level diversity, phylum level, dpecies level  diversity, phylum phylum level, diversity species level diversity, species  species level phylum level,

level, genus level

level, genus level

level, family level,
genus level

genus level

level

genus level

CSS: Cross-sectional study: CCS: Case-control study; CHS: Cohort study; CFS: Clinical Frailty Scale.

Table 2 The Agency for Healthcare Research and Quality assessment for the cross-sectional study

Ref. Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 ltem 7 Item 8 Item 9 Item 10 Item 11 Scores

Picca et al[19], 2020 Yes Yes Yes Yes Yes Yes 6

Van Tongeren et al Yes Yes Yes Yes Yes Yes 6

[16], 2005

Xu et al[17], 2021 Yes Yes Yes Yes Yes Yes 6

Lim et al[18], 2021 Yes Yes Yes Yes Yes Yes 6

Zhang et al[22], 2020 Yes Yes Yes Yes Yes Yes Yes Yes 8

Margiotta et al[20], Yes Yes Yes Yes Yes Yes Yes 7

2020

Zhang et al[21],2022  Yes Yes Yes Yes Yes Yes Yes 7
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Yes is one point, the total number of stars represents a number of points. Item 1: Define the source of information (survey, record review)? Item 2: Inclusion and exclusion criteria for exposed and unexposed subjects (cases and controls)
or refer to previous publications? Item 3: Indicate time period used for identifying patients? Item 4: Indicate whether or not subjects were consecutive if not population-based? Item 5: Indicate if evaluators of subjective components of
study were masked to other aspects of the status of the participant? Item 6: Describe any assessments undertaken for quality assurance purposes (e.g., testretest of primary out come measuroments)? Item 7: Explain any patient
exclusions from analysis? Item 8: Describe how confounding was assessed and/or controlled? Item 9: If applicable, explain how missing data were handled in the analysis? Item 10: Summarize patient response rates and completeness of

data collection? Item 11: Clarify what follow-up, if any, was expected and the percentage of patients for which incomplete data or follow-up was obtained?

Table 3 The Newcastle-Ottawa Scale assessment for the cohort studies

Selection Comparability Exposure
Representativeness of Selection of Demonstration that Comparability of Was follow-up Adequacy of
Ref. i . the non- Ascertainment  outcome of interest was : v . Ascertainment  Ascertainment  long enough for quacy Scores
selection of the non- cohort on the basis of follow-up of
exposed of exposure not present at start of . . of outcome of outcome outcomes to
exposed cohort the design or analysis cohorts
cohort study occur
Haranet Yes Yes Yes Yes, Yes 5
al[24],
2018
Haranet Yes Yes Yes, Yes Yes Yes 6
al[23],
2021
Larsonet Yes Yes Yes Yes, Yes 5
al[25],
2020
Yes is one point, the total number of stars represents a number of points.
and all of them reported that frail older adults had a significantly greater relative abundance of the Actinobacteria phylum
[17,22]. An individual study reported that frail older adults had significantly greater relative abundances of the Proteo-
bacteria, Verrucomicrobia and Synergistetes phyla[17] and significantly lower abundances of the Firmicutes[17] and
Fusobacteria phyla[22].
Two studies reported differences in the gut microbial composition at the family level between frail and non-frail older
adults[19,22], with significantly greater abundances of the Peptostreptococcaceae[19], Mogibacteriaceae, Bifidobacteriaceae[19],
Coriobacteriaceae, Enterobacteriaceae, and Moraxellaceae families[22] in frail older adults.
Eight studies reported changes in gut microbiota composition at the genus level. Three studies reported a significantly
lower abundance of the genus Prevotella in frail older adults[16-18]; two studies reported that frail older adults presented
significantly lower relative abundances of the genera Faecalibacterium and Roseburia[17,21]. Several individual studies
reported that the relative abundances of Megamonas, Blautia, Megasphaera, Haemophilus[17], Adlercreutzia, Clostridium,
Coprococcus, Phascolarctobacterium, Turicibacter[21], Eubacterium([19], Gemella, Lachnoanaerobaculum, [Eubacteri-
um]_ruminantium_group, Tyzzerella, Azospira, Cloacibacterium and EU455341_g[2?] genera, most of which belong to the
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Table 4 The Newcastle-Ottawa Scale assessment for the case-control study

Selection Comparability Exposure
Same
. _— method of
Ref Adequate . Selection Definition Control . . Non- S
er. . Representativeness . Ascertainment  ascertain cores
definition of of for important responsese
of the case of exposure for cases
of case controls  controls  factor and rate
controls
Ticinesi  Yes Yes Yes Yes Yes Yes, Yes Yes 7
et al
[26],
2017

Yes is one point, the total number of stars represents a number of points.

Records identified through database search (7 = 1126)
PubMed (7 = 168)
EMBASE (7 = 137)
Web of Science (7 = 242)
Sinomed (7 = 91)
China National Knowledge Infrastructure (7 = 84)
VIP (n = 120)
Wanfang (7 = 284)

c
o
.E
E
-l
c
[T}
©
-

Y

Duplicate records were removed (7 = 520)

Records after duplicates removed (7 = 606)

Records were excluded with reasons (7 = 583):
161 were review papers
187 did not study frailty
13 did not study gut microbiota
109 did not study frailty and gut microbiota
71 were animal studies
29 were intervention studies
4 were comments
5 were conference records
4 were guidelines

Full-text articles assessed for eligibility (7 = 23)

2
3
£y
&

Full-text articles were excluded with reason (7 = 12)
2 did not get full text
10 did not match the inclusion criteria

Total studies included in review (7 = 11):
1 was case control study
3 were cohort studies
7 were cross-sectional studies

Figure 1 Preferred ltems for Systematic Reviews and Meta-Analysis flow diagram of literature search.

Firmicutes phylum, were significantly lower in frail older adults. Moreover, individual studies reported that frail older
adults presented increased relative abundances of Bifidobacterium[17], Eggerthella, Olsenella[16], Atopobium[22], Parabac-
teroides[17], Alistipes[17], Bacteroides[18], Oscillospira, Ruminococcus, Pyramidobacter and Dialister[19], Akkermansia and
Klebsiella[17], KF843164_g, Pseudoxanthomonas, EF434341_g and Prevotella_9[22], and Oscillospira and Coprobacillus[20]. In
addition, the genera of Lactobacillus in the included studies were heterogeneous, and three studies[17,20-21] reported a
significantly higher relative abundance, but one study[16] reported a significantly lower relative abundance in frail older
adults.

At the species level, two studies[16,23] reported that the relative abundance of Faecalibacterium prausnitzii was
significantly lower in frail than in non-frail older adults. Furthermore, individual studies reported that the abundances of
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Phylum Increase Decrease  Genus

A ctinobacteria ‘ ' P 8 § Prevotella
Proteobacteria ' B $ Fuaecdlibacterium
Venucomicrobia ' ‘ Roseburia
Synergistetes ' Megamonas
Phylum Decrease Blautia
Firmicutes ‘ Megasphaera
Fusobacteria ‘ Haemophilus
Family Increase Adlercreutzia

Peptostreptococcaceae
Bifidobacteriaceae
Mogibacteriacee

Coriobacteriacee

Clostridium
Coprococcus
Phascolarctobacterium

Turicibacter

Enterobacteriaceae Eubacterium

Moraxellaceae Gemella

Genus Increase Decrease Lachnoanaerobaculum
lactobacillus ' ' ‘ [Eubacterium] ruminantium_group
Bifidobacterium " Tyzzerella

Eggerthella Azospira

Olsenella Cloacibacterium

Atopobium EU455341_g

Parabacteroides Species

Alistipes Bacteroides fragilis
Bacteroides Clostridium hathewayi
Oscillospira ' Eggerthella lenta
Ruminococcus ' Flavonifractor plautii
Pyramidobacter x Ruminococcus gnavus
Diadlister Species

Akkermansia Faecalibacterium prausnitzii
Klebsiella Prevotella copri
KF843164_g Coprococcus eutactus

Pseudoxanthomonas

Bacteroides vulgatus

CEEEE RN RN aaaaaaaEaaaaaaaaasn

EF434341 g
Prevotella_9
Coprobacillus

Anaerostipes hadrus

PRI RN RN D BB

Figure 2 Changes in the gut microbiota composition in older adults with frailty compared to the controls. Red arrows indicate increasing
relative abundance; blue arrows indicate decreasing relative abundance in older adults with frailty compared to the controls; One arrow represents one analyzed
study.

the Prevotella copri[18], Coprococcus eutactus[18], Bacteroides vulgatus[23] and Anaerostipes hadrus species[23] were signi-
ficantly lower in frail older adults. However, the abundances of Bacteroides fragilis[18], Clostridium hathewayi[18], Egger-
thella lenta[20], Flavonifractor plautii[23] and Ruminococcus gnavus[24] were significantly increased in frail older adults.

DISCUSSION

This qualitative systematic review, which included 11 eligible studies with 912 older adults over 65 years of age, invest-
igated the relationships between changes in gut microbiota diversity and composition and frailty in older adults. For gut
microbiota diversity, the results, which are based on consistent findings reported by more than two eligible studies,
revealed a significant decrease in a diversity and a significant increase in p diversity in frail older adults. In terms of the
gut microbiota composition, although there was wide variation in the gut microbiota composition reported in the
included studies, the consistent results revealed significant differences in the relative abundance of some gut microbiota
compositions at different levels, including phylum, family, genus and species, between frail and non-frail older adults.
These findings suggest that changes in the gut microbiota may be associated with frailty in older adults.

An increasing number of studies have reported that altered gut microbiota play an important role as a risk factor in the
development of many chronic diseases[28-30]. The gut microbiota in healthy individuals maintains a symbiotic re-
lationship with the host but also triggers some pathological processes and causes the evolution of some diseases if
potentially pathogenic bacteria overgrow and alter the diversity and abundance of the gut microbiota[31]. The mecha-
nism is related to a deficiency or excess of metabolites resulting from an imbalance in the gut microbiota, which
fundamentally affects the physiological status of the host cells and has direct or indirect toxic effects on hormones and the
host organism[32]. The gut microbiota is a highly complex and diverse ecosystem of microorganisms living in the
digestive tract, and the balance of beneficial and pathogenic bacteria in the gut microbiome is helpful for maintaining host
health and homeostasis[33]. However, both environmental factors and host genetics can affect the homeostatic balance of
the gut microbiota and lead to a dysbiotic microbiome configuration by altering the diversity and richness of the gut
microbiota[34]. Seven studies included in this review compared the differences in gut microbiota diversity between frail
and non-frail older adults. Two of the seven studies reported significantly greater p diversity and significantly lower a
diversity in frail than non-frail older adults. These findings suggest a possible separation in gut microbiota diversity in
older adults with frailty.
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The composition of the gut microbiota in older adults can be altered by the constant influence of external environ-
mental factors, such as diet, medication, physical activity, and social environment. Altered gut microbiota composition
has also been shown to play an important role in the development of age-related chronic diseases[35]. The gut micro-
biome can influence host physical function by regulating nutrient absorption, inflammation, oxidative stress, immune
function, and anabolic balance and is associated with the progression of aged-physical frailty[35,36]. Among the relative
abundances at the phylum level between frail and non-frail older adults, the current review revealed a significant
increase in the Actinobacteria, Proteobacteria, Verrucomicrobia and Synergistetes phyla and a significant decrease in the
Firmicutes and Fusobacteria phyla in frail older adults. These phyla are dominant in healthy humans and are pivotal in the
maintenance of gut homeostasis[37,38]. There is evidence of positive associations between increased Actinobacteria, Proteo-
bacteria, Verrucomicrobia, and Synergistetes phyla and inflammation-related diseases[39,40]. Conversely, the abundance of
the Firmicutes phylum was negatively associated with inflammatory responses[41].

With respect to the relative abundance of families between frail and non-frail older adults, the current review revealed
that the abundances of Peptostreptococcaceae, Bifidobacteriaceae, Mogibacteriaceae, and Coriobacteriaceae as well as Enterobac-
teriaceae and Moraxellaceae families were greater in frail than in non-frail older adults. Most of them (Bifidobacteriaceae,
Mogibacteriaceae, Coriobacteriaceae, Enterobacteriaceae X and Moraxellaceae) belong to the Actinobacteria or Proteobacteria
phylum and have previously been implicated in accelerating the aging process through telomere attrition, cellular
senescence, inflammasome activation and impaired mitochondrial function, which have been described as correlates of
biological aging or are abundant in elderly individuals[42,43]; furthermore, some of them also seem to be positively
correlated with various nutritional and physical features[44,45].

With respect to the genera and species levels, more than one study in the current review reported that the abundances
of genera (Roseburia, Faecalibacterium, and Prevotella) and species (Faecalibacterium prausnitzii and Prevotella copri) were
significantly lower in frail older adults. The Roseburia and Faecalibacterium genera have anti-inflammatory properties,
which are likely mediated by the short-chain fatty acid butyrate[46,47]. Roseburia is a anaerobic bacteria that produces
butyrate that metabolizes indigestible carbohydrates to produce short-chain fatty acids (particularly high levels of butyric
acid), which maintain intestinal function, immune function, and anti-inflammatory properties[47,48]. Furthermore, a
lower Roseburia level was also found to be associated with inflammation-related diseases such as diabetes, obesity, athero-
sclerosis, and nonalcoholic liver steatohepatitis[47]. Faecalibacterium prausnitzii, which is the only species of the Faecalibac-
terium genus, is a genus of bacteria that produces butyrate and has anti-inflammatory effects[46]. Moreover, the abun-
dance of Faecalibacterium prausnitzii is obviously lower in patients with gastrointestinal inflammation and ulcerative colitis
(UQ)[49]. Hedin et al[50] also reported that the abundances of Faecalibacterium prausnitzii and Roseburia are decreased in
patients with the inflammatory Crohn's disease. Prevotella and Prevotella copri, which belong to the Prevotellaceae in this
review, were reported to be decreased in frail older adults. Prevotella species significantly colonize the human intestine,
especially Prevotella copri, which is prevalent in populations fed high-fiber diets and is associated with beneficial out-
comes, including reduced visceral fat and improved glucose tolerance[51,52]. Studies have shown that Prevotella copri
transplantation may attenuate oxidative stress and blood-brain barrier damage and alleviate motor and cognitive deficits
[53]. In addition, some single studies included in this review reported that the abundances of some genera or species,
such as Eubacterium, Gemella, Lachnoanaerobaculum, Bacteroides vulgatus, Megasphaera, Haemophilus, Adlercreutzia, Clostri-
dium, Coprococcus, and Blautia, were significantly lower in frail than in non-frail older adults. Most of these microbiomes
have been found to be beneficial. For example, several members of the genus Eubacterium can produce butyrate, which
plays important roles in the immunomodulation and inhibition of inflammation in the gut microbiome[54]. Eubacterium,
Gemella, Lachnoanaerobaculum and Tyzzerella belong to Firmicutes, and an increase in Firmicutes is associated with a reduc-
tion in inflammatory responses[41]. Moreover, the current review revealed that some genera or species, including
Oscillospira, Ruminococcus, Alistipes, Bacteroides, Bacteroides fragilis, Pyramidobacter, Eggerthella, Olsenella, Atopobium, Parabac-
teroides, etc., were more enriched in the frail than the non-frail older adults in the individual included studies; some of
these genera or species may be related to the pathological mechanisms of frailty. It has been reported that Oscillospira
abundance is positively correlated with inflammation in type II diabetes mellitus patients[55] and is associated with a
lower body mass index[56]. Ruminococcus gnavus, which is a type of Ruminococcus, is enriched in inflammatory diseases,
such as inflammatory bowel disease[57]. Treatment of UC patients with fecal microbiome transplants revealed that
disease progression was more likely to recrudesce in those who received high concentrations of Ruminococcus donors[58].
Ruminococcus also aggravated amyotrophic lateral sclerosis in mice, leading to further frailty[59]. Alistipes, Bacteroides and
Bacteroides vulgatus are commonly associated with chronic intestinal inflammation[41,60]. In this review, the results of
Lactobacillus in the included studies were not consistent, and its relative abundance was greater in the frail older adults in
three studies but was lower in the frail older adults in one study. The reason may be related to the different diets of the
participants in those studies.

This systematic review provides a comprehensive summary and overview of the current research on the gut mi-
crobiota and frailty in adults over 60 years of age. By focusing on older adults over 60 years of age, the frailty states
assessed by comprehensive tools, and the non-frail control group consisting mainly of community-dwelling healthy older
adults or those with comorbidities, the findings of this review may therefore provide informative guidance for the
prevention or rehabilitation of frailty in community-dwelling older adults. However, the following limitations should be
acknowledged, as they may affect the interpretation of these findings. First, most of the included studies were cross-
sectional in design, which limits the interpretation of the results regarding causality between changes in the gut mi-
crobiota and frailty in older adults. Second, the small sample size and insufficient number of studies may hinder the
generalization of the findings of this review. The human gut microbiota is complex and may be influenced by internal
and external factors. The small number of included studies may limit the ability to observe the influence of confounding
factors such as diet, physical activity, comorbid conditions, and medications. In addition, the variation in the mea-
surement of frailty and the gut microbiota across the included studies also makes accurate assessment or analysis of the
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associations between the gut microbiota outcomes and frailty difficult.

CONCLUSION

The current review revealed significant changes in the a-diversity and p-diversity and composition of the gut microbiota
at the phylum, family, genus, or species level in frail and non-frail older adults aged over 60 years. These changes are
commonly reflected by a decrease in the beneficial microbiota (e.g., Faecalibacterium prausnitzii at the species level;
Roseburia, Eubacterium, and Faecalibacterium at the genus level) and an increase in the pathogenic microbiota (e.g.,
Oscillospira, Ruminococcus, Alistipes, Eggerthella, and Bacteroides at the genus level). Future research with large samples and
a prospective design is needed to further investigate the impact of specific gut microbiota on frailty in adults over 60
years of age.
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Abstract

BACKGROUND

Tuberculosis is a chronic infectious disease and an important public health pro-
blem. Despite progress in controlling tuberculosis, the incidence of tuberculosis in
China is still very high, with 895000 new cases annually. This case report des-
cribes the investigation of a case of severe disseminated tuberculosis in a young
adult with normal immune function, conducted to ascertain why a Mycobacterium
tuberculosis (M. tuberculosis) strain caused such severe disease.

CASE SUMMARY
A previously healthy 28-year-old woman presented to our hospital with a 1-mo-
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nth history of fever and fatigue. She was diagnosed with severe disseminated pulmonary tuberculosis, spinal
tuberculosis with paravertebral abscesses, and tuberculous meningitis. M. tuberculosis was isolated from bronchoal-
veolar lavage fluid. She was treated with standard antituberculous therapy and underwent debridement, bone
graft, and internal fixation surgery for spinal tuberculosis. She responded to therapy and regained her ability to
walk following the surgery. We analysed the whole-genome sequence of the strain and designated it BLM-A21.
Additional M. tuberculosis genomes were selected from the Virulence Factor Database (http://www.mgc.ac.cn/cgi-
bin/VFs/genus.cgi?Genus=Mycobacterium) for comparison. An evolutionary tree of the BLM-A21 strain was built
using PhyML maximum likelihood software. Further gene analysis revealed that, except for the pks1 gene, BLM-
A21 had similar virulence genes to the CDC 1551 and H37Rv strains, which have lower dissemination.

CONCLUSION
We speculate that the pks1 virulence gene in BLM-A21 may be the key virulence gene responsible for the wide-
spread dissemination of M. tuberculosis infection in this previously healthy adult with normal immune function.

Key Words: Mycobacterium tuberculosis; Disseminated tuberculosis; Spinal tuberculosis; Tuberculous meningitis; Virulence
gene; Whole-genome sequencing; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Tuberculosis is an important public health problem that threatens human health that primarily infects the lungs. We
report a case of invasive pulmonary tuberculosis in a young woman with normal immune function. Comparison of the
genetic characteristics of the patient’s strain with those of other disease-causing strains suggests that its virulence and wide
dissemination was attributable to the presence of the pks/ gene, a genotype that can cause meningitis.

Citation: Wu F, Yang B, Xiao Y, Ren LL, Chen HY, Hu XL, Pan YY, Chen YS, Li HR. psk! virulence gene-induced pulmonary and
systemic tuberculosis in a young woman with normal immune function: A case report. World J Clin Cases 2024; 12(35): 6826-6833
URL: https://www.wjgnet.com/2307-8960/full/v12/i35/6826.htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.i35.6826

INTRODUCTION

Tuberculosis is a chronic infectious disease caused by Mycobacterium tuberculosis (M. tuberculosis) and is an important
public health problem. In 1979, China carried out the first national tuberculosis epidemiological survey, which showed
that the prevalence of active tuberculosis was 717/100000[1]. Under the modern tuberculosis control and tuberculosis
containment strategy implemented by China in 1992, the prevalence was reduced to 59/100000 by 2020[2]. This was
mainly due to active prevention, including vaccination with the bacillus Calmette-Guérin (BCG) vaccine. Despite these
achievements, China still has one of the highest burdens of tuberculosis worldwide, with 895000 new cases annually[2].
We report a rare case of disseminated pulmonary tuberculosis with secondary systemic hematogenous dissemination
in a young woman with normal immune function and no underlying diseases and discuss the possible underlying causes.

CASE PRESENTATION

Chief complaints
A 28-year-old woman presented with a 1-month history of recurrent fever and lower back pain and a 1-week history of
dyspnoea.

History of present illness
The patient had been healthy until the onset of the illness 1 month previously. She was admitted to Fujian Provincial
Hospital in August 2021.

History of past illness

None.

Personal and family history
She had no known underlying diseases or family history of hereditary diseases. Her parents and sister did not have
similar symptoms. She had not been vaccinated with BCG, although her younger sister had received a BCG vaccination.
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Physical examination

On admission her vital signs were as follows: Body temperature, 38.8 °C; pulse rate, 117 beats/ minute; respiratory rate, 40
breaths/minute; blood pressure, 127 /64 mmHg; and peripheral oxygen saturation, 80% with an inhaled oxygen concen-
tration of 29%. She had shallow, rapid breathing. Chest auscultation revealed bilateral diffuse moist rales. A lump
measuring approximately 3.5 cm x 5.0 cm was present in her lumbosacral region, with slight tenderness, poor mobility,
and no redness, swelling, or ulceration of the overlying skin.

Laboratory examinations

Her arterial blood gas results with 29% oxygen supplementation were as follows: PH, 7.483; PCO,, 34.6 mmHg; PO,, 44.2
mmHg; and the oxygenation index was 152 mmHg. Haematology revealed a white blood cell count of 5100 cells/puL, with
63.6% segmented neutrophils; a haemoglobin level of 131 g/L; and a platelet count of 273000/ pL. Blood biochemistry and
immunology revealed the following: Serum albumin, 38 g/L; aspartate aminotransferase, 42 U/L; alkaline phosphatase,
110.6 U/L; lactate dehydrogenase, 548 U/L; procalcitonin, 2.4 ng/mL; C-reactive protein, 67.1 mg/L; and erythrocyte
sedimentation rate, 13 mm/h. Immune function tests revealed the following: CD3 cell count, 106 cells/pL; CD4 cell count,
58 cells/pL; CD8 cell count, 43 cells/pL; NK cell count, 35 cells/pL; CD19 cell count, 86 cells/pL; CD45 cell count, 227
cells/pL; serum immunoglobulin G, 9.91 g/L; immunoglobulin A, 2.02 g/L; immunoglobulin M, 0.48 g/L; immuno-
globulin E, 165 g/L; complement C3, 0.997 g/L; and complement C4, 0.125 g/L. The antinuclear antibody profile (full set
of autoimmunity), antineutrophil cytoplasmic antibody, rheumatoid factor, and anticyclic citrulline polypeptide antibody
tests were negative. Hepatitis B antibody, human immunodeficiency virus antibody, and syphilis-specific antibody tests
were also negative. Sputum bacterial and fungal cultures were negative.

Imaging examinations

Chest computed tomography showed diffuse lesions in both lungs, bone destruction from the eighth thoracic vertebra to
the first lumbar vertebra, and a paravertebral soft tissue mass (Figure 1A and B). Enhanced magnetic resonance imaging
(MRI) of the thoracolumbar spine showed abnormal signal shadows from the ninth thoracic vertebral body to the 1*
lumbar vertebral body and the surrounding soft tissue (Figure 1C-E). Brain enhanced MRI showed abnormal signals in
the right parietal lobe (Figure 1F).

MULTIDISCIPLINARY EXPERT CONSULTATION

Further diagnostic workup

The patient underwent immediate endotracheal intubation and bronchoscopy. A bronchoalveolar lavage fluid (BALF)
smear was positive for acid-fast bacilli, and a Gene X-pert MTB/RIF assay was positive for M. tuberculosis DNA. Next-
generation sequencing of blood and BALF, and BALF culture confirmed M. tuberculosis infection.

To ascertain why this M. tuberculosis strain had caused such a severe infection in a young adult with normal immune
function, we analysed the strain using whole-genome sequencing. We designated the strain, which had a total of 4155
genes, BLM-A21. We selected other M. tuberculosis genomes from the virulence factor database (VFDB) (http://www.
mgc.ac.cn/cgi-bin/VFs/genus.cgi?Genus=Mycobacterium) [3], developed by the bioinformatics research team of the
institute of Pathogenic Biology, Chinese Academy of Medical Science. We then performed phylogenetic analysis using
PhyML maximum likelihood software[4] to build an evolutionary tree (Figure 2). We found that BLM-A21 had a close
evolutionary relationship to CCDC5079, CCDC5180, and Beijing NTR203. Therefore, we analysed the whole genomes of
several strains, including CCDC5079, CCDC5180, Beijing NTR203, CDC1551, and classic H37Rv and H37Ra, for
subsequent genome comparison, as these strains have previously shown strong dissemination ability[5,6]. We used the
BLASTP performance comparison algorithm[7] and the virulence factor protein reference sequence of the VFDB to an-
notate genes of these species (covering reference genes > 85%, similarity > 80%), and mapped the virulence gene classi-
fication and genome position information using CGView[8] (Figure 3). We identified high-virulence genes in BLM-A21
which we displayed in a heat map (Figure 4). Compared with the high-dissemination strains HN878 and W4 of the W/
Beijing strain series, CDC 1551 has lower dissemination ability owing to the absence of the genes pks1-15. In our study,
we found that BLM-A21 had similar virulence genes to CDC 1551 and H37Rv, except for the pksl gene, and thus
hypothesized that pks1 was the key virulence gene responsible for the widespread dissemination of the BLM-A21 strain of
M. tuberculosis in this patient.

FINAL DIAGNOSIS

The patient was diagnosed with severe pulmonary tuberculosis and secondary systemic disseminated tuberculosis,
including spinal tuberculosis with a paravertebral abscess, and tuberculous meningitis.

TREATMENT

After receiving isoniazid, rifampicin, ethambutol, and pyrazinamide, the patient’s temperature dropped; her cough and
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Figure 1 Chest computed tomography and enhanced magnetic resonance imaging of the thoracolumbar spine and brain. A-l and B-I: Chest
computed tomography scans showing diffuse lesions in both lungs on admission; C-I, D-I, and E-I: Enhanced magnetic resonance imaging (MRI) of the
thoracolumbar spine performed on day 13, showing abnormal signal shadows from the ninth thoracic vertebral body to the first lumbar vertebral body and the
surrounding soft tissues; F-I: Enhanced MRI of the brain performed on day 12, showing an abnormal right parietal lobe signal. A-Il and B-II: The chest computed
tomography scan performed 6 %2 months after admission, showing an improvement in the diffuse lesions in both lungs. C-Il, D-II, and E-II: Enhanced MRI of the
thoracic spine performed 6 2 months after admission, showing improved signal shadows from the ninth thoracic vertebral body to the first lumbar vertebral body and
the surrounding soft tissues; F-II: Enhanced MRI of the brain performed 6 2 months after admission, showing similar signal intensities in the right parietal lobe and
the frontal lobe.
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Figure 2 Whole-genome evolutionary tree of Mycobacterium tuberculosis. Additional Mycobacterium tuberculosis genomes were selected from the
Virulence Factor Database (VFDB) (http://www.mgc.ac.cn/cgi-bin/VFs/genus.cgi?Genus=Mycobacterium), developed by the bioinformatics research team of the
Institute of Pathogenic Biology, Chinese Academy of Medical Science, and a phylogenetic tree was built using the PhyML (maximum likelihood) software. The whole
genomes of several strains, including CCDC5079, CCDC5180, Beijing NTR203, CDC1551, and classic H37Rv and H37Ra, were analysed for subsequent genome
comparison, as these strains have previously shown strong dissemination ability. The patient’s strain (BLM-A21) was closer to CCDC5079, CCDC5180, and Beijing
NTR203 as shown on the evolutionary tree.
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Figure 3 Chromosome genome circle map and virulence factor annotation of Mycobacterium tuberculosis strain BLM-A21. The BLASTP
performance comparison algorithm and the virulence factor protein reference sequence of the Virulence Factor Database was used to annotate genes of these
species, and the virulence gene classification and genome position information was mapped using CGView.

shortness of breath improved, and the tracheal intubation was removed. Imaging of the patient's brain, chest, and
vertebral body performed 6 months after starting treatment showed that her condition had greatly improved (Figure 1A-
F). Eight months after starting antituberculous treatment, the patient underwent debridement, bone graft, and internal
fixation surgery for spinal tuberculosis, and left psoas abscess debridement.

OUTCOME AND FOLLOW-UP

After the surgery the patient has recovered the ability to walk unaided. Pain was evaluated using a visual analogue scale
(VAS), with pain intensity graded on a scale of 0 (no pain) to 10 (most severe pain). The Oswestry Disability Index (ODI),
which consists of 10 questions with a total score of 100 points, was used to evaluate the degree of lumbar functional
impairment. A higher score indicates more severe the functional impairment. Both the VAS and ODI improved markedly
after treatment. The VAS and ODI results before, and 6 Y2 months after, treatment are shown in Table 1.
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Figure 4 Virulence genes of Mycobacterium tuberculosis strains and their related genomes. The red color indicates that the presence of the virulence gene, whereas the pink color indicates the absence of the virulence gene in the
genome. As the figure shows, CDC1551 Lacks genes pks1-15. BLM-A21 carries the pks? gene but lacks pks15; nevertheless, the number of other virulence genes is essentially consistent with that of CDC1551 and H37Rv.

DISCUSSION

BCG is an attenuated form of Mycobacterium bovis that provides immune protection and has been the only vaccine
available against tuberculosis in China since the 1930s. In 2000, the BCG vaccination coverage in newborns reached 90%,
effectively preventing miliary tuberculosis and tuberculous meningitis in children, and reducing the risk of M. tuberculosis
infection in adults[9]. The patient, who had not received BCG vaccination suffered from severe M. tuberculosis infection,
whereas her sister, who had received BCG vaccination, did not become ill.

Previous studies have shown that most children with hematogenous disseminated pulmonary tuberculosis had not
received BCG vaccination[10], suggesting that the risk of severe tuberculosis is higher in individuals without BCG
vaccination.

Severe pulmonary tuberculosis is very rare, accounting for approximately 3%-7% of cases[11]. Most patients with
severe tuberculosis have had previous contact with an individual with tuberculosis, have weakened cellular immune
function, or have other conditions such as anaemia, malnutrition, and a delay in seeking medical treatment[12-15].
However, this patient had none of these predisposing factors. Therefore, we hypothesised that the pks1 virulence gene of
BLM-A21 may have been the reason for the severity of the patient’s disease.

A previous study showed that, compared with strains with a high risk of dissemination, strains that lack pks1-15, a
phenol glycolipid (PGL)-related synthesis gene, have weak ability to disseminate to the central nervous system[16]. We
found that BLM-A21 carried the pks1 gene, but lacked the pks15 gene, whereas the number of other virulence genes was
consistent with that of other low-dissemination strains such as CDC 1551 and H37Rv. Based on an in vitro live bacterial
transcriptome experiment, pks1 has been reported to have a greater effect than pks15 on regulating fadD22, Rv2949c, IppX,
fadD29, and other genes, thus promoting PGL synthesis. PGL is related to several cell functions, particularly the imper-
meability of the cell wall, phagocytosis, the defence mechanism against nitroso compounds, oxidative stress, and the
ability of mycobacteria to form biofilms, allowing strains to grow rapidly and invade the host[17].

CONCLUSION

We hypothesize that the pks1 virulence gene of the BLM-A21 M. tuberculosis strain, induced severe pulmonary
tuberculosis and secondary systemic disseminated tuberculosis in this unvaccinated patient with normal immune
function. The mechanism whereby the pks1 gene causes highly invasive tuberculosis needs further study.
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Table 1 The visual analogue scale and Oswestry Disability Index results before, and 6 2 months after, treatment

Before treatment 6 "2 months after treatment
VAS score 6 1
ODI score 44 12

VAS: Visual analogue scale; ODI: Oswestry Disability Index.
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Abstract

BACKGROUND

Gastrointestinal lymphoma typically arises in the stomach, small bowel, or
colorectum and is usually a B-cell lymphoma. However, primary T-cell lymp-
homas originating in the stomach are particularly rare. Gastric peripheral T-cell
lymphoma-not otherwise specified (PTCL-NOS) is an extremely rare subtype.

CASE SUMMARY

We report a 63-year-old male presenting with epigastric pain. Esophagogastro-
duodenoscopy revealed a large ulcerative lesion in the gastric cardia. Biopsy and
immunohistochemical profiling confirmed PTCL-NOS. Imaging indicated stage II
disease involving the stomach and intra-abdominal lymph nodes. The patient is
planned to undergo cyclophosphamide, doxorubicin, vincristine, and prednisone
or cyclophosphamide, doxorubicin, vincristine, prednisone, and etoposide chemo-
therapy.

CONCLUSION

This case highlights the necessity of considering PTCL-NOS in differential diag-
noses of gastric lesions. Comprehensive histopathological and immunohistoche-
mical analysis is crucial for accurate diagnosis and guiding treatment.

Key Words: Gastrointestinal lymphoma; Stomach; Peripheral T-cell lymphoma-not
otherwise specified; Extranodal lymphoma; Case report
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Core Tip: Gastrointestinal lymphoma is an extranodal malignancy primarily arising in the stomach, small intestine, or
colorectum, most commonly presenting as B-cell lymphoma. In contrast, primary T-cell lymphomas of the stomach are
exceedingly rare, particularly within the spectrum of T-cell lymphoma subtypes. Among these, gastric peripheral T-cell
lymphoma-not otherwise specified (PTCL-NOS) is extremely rare. In this report, we present a rare case of a 63-year-old
male diagnosed with gastric PTCL-NOS, along with a detailed examination of the clinicopathological features.
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INTRODUCTION

Gastrointestinal (GI) lymphoma is the most common extranodular lymphoma, accounting for 30%-40% of all extran-
odular lymphoma, and has distinct clinical and pathological characteristics[1,2]. More than 80% of the GI lymphomas are
B-cell lymphomas. The stomach is the most commonly affected site for GI lymphoma, followed by the small bowel,
colorectum, and esophagus[3,4]. The majority of primary gastric lymphoma cases are B-cell lymphomas, while T-cell
lymphomas are known to be rare. The incidence of primary gastric T-cell lymphoma (PG-TCL) is estimated to be excep-
tionally low, making it challenging to determine, and it is reported through documented cases[3]. Consequently, only a
few cases have been reported. The T-cell lymphoma of the stomach is mainly categorized into anaplastic large cell lym-
phoma (ALCL), natural killer (NK)/T-cell lymphoma, or enteropathy-associated T-cell lymphoma (EATL)[5,6]. Peripheral
T-cell lymphoma-not otherwise specified (PTCL-NOS) includes all T-cell lymphomas that don’t meet the diagnostic
criteria of any category.

To the best of our knowledge, primary gastric PTCL-NOS have been rarely reported. Therefore, we present a gastric
PTCL-NOS case and describe its clinic-pathological and endoscopic features.

CASE PRESENTATION

Chief complaints
A 63-year-old male was admitted to Kangwon National University Hospital with a 3-week history of epigastric pain.

History of present illness
The patient denied weight loss and febrile sense. Physical examination revealed that his abdomen was soft without
tenderness or rebound tenderness.

History of past illness

The patient denied any significant past medical history.

Personal and family history
The patient's personal and family history had no notable findings.

Physical examination
The physical examination revealed that the patient’s abdomen was soft. It was not tender. Rebound tenderness was not
observed.

Laboratory examinations
Blood test results revealed that white blood cell count, hemoglobin, and platelet count were within normal ranges.
However, lactate dehydrogenase level was slightly elevated at 244 U/L (reference range: 119-229 U/L).

In hematoxylin and eosin staining of the stomach tissue, majority of malignant cells were intermediate to large-sized
abnormal lymphoid cells. Characteristics commonly found in gastric carcinomas, such as intestinal dysplasia, cylindrical
epithelial cells, and prominent intracytoplasmic mucin vacuoles, were not detected in this case. A pan-cytokeratin
immunohistochemistry (IHC) test yielded a negative result, ruling out gastric carcinoma. Tests for CD20, PAX5, CD10,
and Bcl-6 also returned negative results, excluding the possibility of B-cell lineage lymphoma. CD3, CD5, CD7, and CD4
were expressed positively (Figure 1). These cells also exhibited a relatively elevated Ki-67 proliferation index (30%). The
T-cell receptor gamma gene rearrangement test demonstrated a positive result. Pathological findings were indicative of
high-grade T-cell lymphoma. Further IHC tests were conducted to differentiate between various subtypes of T-cell
lymphoma, including NK/T-cell lymphoma, EATL, monomorphic epitheliotropic intestinal T-cell lymphoma, angioim-
munoblastic T-cell lymphoma, ALCL, and PTCL-NOS. However, CD30, ALK (D5F3), CD56, granzyme B, and Epstein-
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Figure 1 Histopathological findings. A: Hematoxylin and eosin staining of stomach of magnification of 400 x; B-D: Results of immunohistochemistry revealing
the tumor was CD3 positive, Ki-67 positive, and PAX positive (magnification 100 x).

Figure 2 Endoscopic finding. A huge irregular ulcerative lesion in the gastric cardia.

Barr virus all showed negative results.

Imaging examinations

To investigate the cause of the patient's primary symptom, an esophagogastroduodenoscopy was first performed, re-
vealing a large irregular ulcerative lesion in the gastric cardia (Figure 2). This endoscopic finding was clinically suspected
as advanced gastric cancer. Thus, a biopsy was performed.

After confirmation of the biopsy result, to determine the stage of the lymphoma, the patient underwent imaging tests,
including abdominal and pelvic computed tomography (CT) scans and 18F-fluorodeoxyglucose-positron emission
tomography/CT scans (Figure 3). These imaging studies showed the involvement of stomach and intra-abdominal lymph
nodes.
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Figure 3 Underwent imaging. A and B: Positron emission tomography showed hypermetabolic mass located in the lower body; C: Computed tomography
showed diffuse wall thickening of the posterior lesser curvature of the gastric body with metastatic nodes.

FINAL DIAGNOSIS

Based on these findings, the patient received a diagnosis of PTCL-NOS, meeting the diagnostic criteria for intestinal T-cell
lymphoma, not otherwise specified based on the revised World Health Organization 2018 classification.

TREATMENT

The patient underwent a bone marrow examination, which confirmed that there was no lymphoma involvement in the
bone marrow. The final staging was determined to be stage II. The patient received a total of six cycles of chemotherapy
with cyclophosphamide, doxorubicin, vincristine, prednisone, and etoposide.

OUTCOME AND FOLLOW-UP

The patient did not experience any significant complications or treatment-related adverse events throughout the chemo-
therapy. Complete remission was confirmed after six cycles of chemotherapy.

DISCUSSION

Primary gastric PTCL-NOS is a rare subtype of lymphoma. As a result, report about its prevalence is limited. Among
several subtypes of T-cell lymphoma, EATL appears to be the most common subtype of gastric T-cell lymphoma
according to several studies. It has been reported that EATL accounts for 12%-40% of all gastric T-cell lymphomas[6,7].

In a study on primary GI lymphoma conducted in China, 415 patients with primary GI lymphoma were identified
between 1998 and 2013. Among these cases, T-cell lymphoma was reported in approximately 60 cases. Specifically, PG-
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Table 1 Treatment approaches and outcomes for primary gastric T-cell lymphoma: Summary of literatures

Patients with
Stud astric peripheral .
q y Sample g s Patient
Ref.  period Study type ) T-cell lymphoma- . Treatment Outcomes
size . demographics
(year) not otherwise
specified
Park et  1990- Primary gastric 17 7 (41.1) Median age 49 CHOP, cyclophosphamide, Median
al[9] 2004 lymphoma of T-cell years, male (14:3)  doxorubicin, vincristine, progression-free
origin prednisone, and etoposide, survival 10 months,
Vanderbilt regimen, surgical median OS 12
resection months
Kimet 1995- Endoscopic and 36 5(13.9) Median age 50 Of the 36 patients, primary Median OS 7.8
al[8] 2008 clinical analysis of years, male to surgical resection with months, 3-year
primary T-cell female ratio 2.6:1 chemotherapy (55%), primary survival rate 19.4%
lymphoma of the GI chemotherapy without surgery
tract (45%)
Kohri  2007- Peripheral T-cell 11 2(24) Median age 75 CHOP OS 7 months and
et al 2018 lymphoma with GI years, 10 males and 83 months (2
[10] involvement 1 female patients)
Zhang  1975- Gastric T-cell 164 104 (63.4) Median age 65 Chemotherapy, surgery, Median OS 8
etal[5] 2016 lymphoma in the years, mostly White radiotherapy months, 5-year OS
SEER program and male 23.5%

CHOP: Cyclophosphamide, doxorubicin, vincristine, and prednisone; GI: Gastrointestinal; OS: overall survival.

TCL was reported in about 7 cases[6]. The study from China provided limited information regarding specific subtypes of
T-cell lymphoma. According to SEER data analysis, from 1965 to 2016, a total of 164 patients with PG-TCL were analyzed.
The age-adjusted occurrence rate of PG-TCL stood at 0.0091 per 100000 person-years and demonstrated an increase in
frequency as age advanced. This incidence rate is about 1/20000 of the incidence rate of B-cell lymphoma. The present
report also showed that its occurrence varied depending on ethnicity and geographic location. Patients with primary
gastric PTCL-NOS showed distinctive clinical characteristics such as younger age at disease onset, higher incidence
among males, less prevalence among white race, advanced disease stage, and frequent presence of symptom B. Fur-
thermore, overall survival and cancer-specific survival rates of primary gastric PTCL-NOS patients were significantly
lower than those of patients with other subtypes of gastric lymphoma[5]. Nevertheless, these two studies demonstrate
that primary gastric PTCL-NOS is an exceedingly rare disease. It is important to note that endoscopic findings of primary
gastric lymphoma can be nonspecific. They can resemble those of other gastric diseases such as gastric adenocarcinoma
and peptic ulcer disease[8]. Therefore, histopathologic examination is required for a definitive diagnosis.

The optimal management for primary gastric PTCL-NOS has not been established yet. Although there was no specific
research exclusively focusing on PTCL-NOS, retrospective studies related to the treatment of T-cell lineage gastric ly-
mphoma indicated that the majority of patients received a combination therapy of cyclophosphamide, doxorubicin,
vincristine, and prednisone[9,10]. Table 1 summarizes the studies that have investigated the treatment strategies and
outcomes for patients with primary gastric PTCL-NOS. Treatment outcomes were evaluated based on disease status, with
results ranging from death due to the disease to survival durations lasting from 7 months to over 83 months[5,8-10].

Primary gastric PTCL-NOS is rare, as it is typically found in other organs such as the small bowel rather than the
stomach. B-cell lymphomas are more commonly associated with gastric involvement. However, in cases where gastric
lymphoma is suspected, despite its low incidence, it is crucial to conduct appropriate testing for the diagnosis of T-cell
lymphoma, known to have a poor prognosis. This approach can provide valuable insights and guide appropriate treat-
ment decisions.

CONCLUSION

We present a case of gastric PTCL-NOS, a condition that is seldom discussed in relation to it endoscopic findings and the
process of pathological differential diagnosis. This case is notable due to the rarity of gastric PTCL-NOS.
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Abstract

BACKGROUND

Cat scratch disease (CSD) is the most common human infection caused by Barto-
nella henselae (B. henselae). The main manifestation is self-limited lymphaden-
opathy that primarily affects adolescents, and typically resolves without treat-
ment within 2-4 months. However, individuals with compromised immune
systems or immunodeficiency require specific antibacterial therapy following
diagnosis. Due to its low incidence, nonspecific clinical manifestations, and
diagnostic limitations, this condition often poses challenges for clinicians in terms
of missed diagnoses and misdiagnoses.

CASE SUMMARY

The child was ultimately diagnosed with CSD. The primary manifestations
included nocturnal fever, enlargement of lymph nodes in the neck, axilla and
groin, and suspected brucellosis; however, both brucellosis tests conducted
during the course of the illness yielded negative results. Bone marrow cytology
indicated stimulated proliferation. Lymph node biopsy indicated hyperplasia of
lymphoid tissue in the cervical lymph nodes (right), with combined immunohisto-
chemical findings indicating reactive hyperplasia. Imnmunohistochemical analysis
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revealed CD20 B (+), CD3 T (+), BCL-6 (+), and BCL-2 (-). CD21 FDC networks were present and Ki67 expression in
the germinal center was ~80%. Blood next-generation sequencing indicated B. henselae sequence number was 3.
Serological test results demonstrated positive antibody response to B. henselae 1gG (+), B. henselae IgM (+), Bartonella
quintana (B. quintana) 1gG (-) and B. quintana IgM (-), and the final diagnosis was CSD.

CONCLUSION
In patients presenting with fever at night and swollen lymph nodes of unknown origin, CSD should be considered.

Key Words: Bartonella henselae; Cat scratch disease; Nocturnal fever; Children; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We report a case of cat scratch disease (CSD) characterized by nocturnal fever as the primary manifestation,
accompanied by cervical and inguinal lymphadenopathy. In patients presenting with fever of unknown origin as the
predominant symptom, a comprehensive physical examination and thorough medical history are essential to minimize the
risk of missed or incorrect diagnosis. CSD is typically self-limiting and often does not require treatment, and symptomatic
management and regular follow-up suffice for patients with milder symptoms. However, special attention should be given to
immunodeficient and immunocompromised individuals who may require timely antimicrobial therapy.

Citation: Yin QL, Liu YQ, Zhang HM, Zhang YL, Qi SM, Wen JQ, Zhang WH. Cat scratch disease in children with nocturnal fever:
A case report. World J Clin Cases 2024; 12(35): 6840-6847
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INTRODUCTION

Cat scratch disease (CSD) is a zoonotic infectious disease. The main host is mammals, and it is transmitted by hemato-
phagous insects such as phlebotomine sandflies, human body lice and cat fleas, or introduced into humans through biting
and clawing by cats[1,2]. Most typical CSD is characterized by self-limited regional lymph node enlargement or lymphad-
enitis, usually associated with systemic symptoms, and 10% of patients show involvement of other organs, indicating
atypical CSD[3,4]. We here report a child diagnosed with CSD whose main presentation was nocturnal fever, and discuss
its clinical significance.

CASE PRESENTATION

Chief complaints

A 4-year-old girl of Han nationality was admitted to the Pediatric Respiratory Department of Xianyang Rainbow
Hospital, China on December 30, 2023. The girl had intermittent fever for 14 d, cough for 6 d, with the neck, axillary and
inguinal lymph node enlargement.

History of present illness

Her fever occurred 14 days ago without an apparent cause, reaching a peak temperature of 40.0 °C. The parents admi-
nistered oral medication for 2 days, but there was no improvement. Subsequently, she was treated with azithromycin and
cefuroxime at a local clinic for 8 days; however, the therapeutic effect was unsatisfactory. During the course of treatment,
coughing persisted and necessitated comprehensive care at a local hospital for 5 days. Upon review, it was observed that
the relevant inflammation index continued to rise and she still experienced recurrent fever with a peak temperature of
40.0 °C.

History of past illness

There was no history of past illness.

Personal and family history
There was no personal and family history.

Physical examination
Temperature: 36.8 °C, pulse: 94 beats/minute, respiratory rate: 24 breaths/minute, blood pressure: 92/54 mmHg, body
weight 17 kg. Alertness and cooperation were good. No rash or bleeding spots were observed throughout the body.
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Soybean-sized enlarged lymph nodes were palpable in the neck, axilla and groin, which were soft, nontender and had
good mobility. The remaining superficial lymph nodes were not palpable. The conjunctivas were not hyperemic. The lips
were not cyanotic, bayberry tongue was positive, the oral mucosa was smooth, pharyngeal hyperemia was obvious, the
tonsils were enlarged II°, and no purulent secretions were observed. The neck was soft and without resistance. On
auscultation, heart and lung sounds were normal, abdominal examination was normal and nervous system examination
was normal.

Laboratory examinations

Initial blood tests showed the following (December 29, 2023): Hemoglobin 114 g/L; white blood cell (WBC) count: 10.19 x
10°/L; platelet count: 213 x 10°/L; serum amyloid A (SAA): 156.3 mg/L; C-reactive protein (CRP) 156.3 mg/L; erythrocyte
sedimentation rate (ESR): 40 mm/hour; interleukin (IL)-6: 24.05 pg/mL; Mycobacterium tuberculosis antibody (-); ferritin:
92.19 ng/mL; Epstein-Barr virus (EBV)-IgG (-) and EBV-IgM (-); brucellosis agglutination test: < 1: 25 (-).

Imaging examinations
Chest computed tomography (CT) revealed bronchiolitis in both lungs and small nodular lesions in the upper lobe of the
left lung.

FINAL DIAGNOSIS
The patient was finally diagnosed with CSD.

TREATMENT

On days 1 and 2, the patient was given symptomatic and supportive treatment. Blood tests showed: Hemoglobin: 99 g/L;
WBC count: 4.50 x 10°/L; platelet count: 274 x 10°/L; ESR: 52 mm/hour; high-sensitivity (hs)-CRP: 56.70 mg/L; CRP:
50.90 mg/L; and SAA: 251.6 mg/L. Subsets of lymphocytes, thyroid function, immunoglobulin, IL-6, antistreptolysin,
rheumatoid factor, electrolytes, procalcitonin, myocardial enzymes, tumor markers, tuberculous IgG antibody and
epidemic hemorrhagic fever virus antibody were all negative. Ultrasound showed bilaterally enlarged cervical lymph
nodes, splenomegaly, right renal cyst, but no obvious heart and coronary artery anomalies.

On days 3 and 4, she continued to experience recurrent fever, reaching a peak temperature of 39.4 °C, accompanied by
paroxysmal coughing. Nucleic acid detection for six respiratory viruses showed parainfluenza I RNA (+). IL-6 10.72 level
was pg/mL and IFN-y 96.02 pg/mL. Mycoplasma pneumoniae DNA, EBV DNA, Bordetella pertussis DNA, enterovirus,
Chlamydia pneumoniae antibody, and novel coronavirus nucleic acid were all negative. CT revealed no discernible abnor-
malities in the brain, paranasal sinus or abdomen.

On days 5 and 7, she still had fever, and the highest temperature was 39.8 °C. The fever was reduced to normal levels
through administration of oral antipyretics and alleviation of paroxysmal coughing. Blood next-generation sequencing
(NGS) revealed that sequence number of Bartonella henselae (B. henselae) was 3. Autoantibody, anti-neutrophil cytoplasmic
antibody, T-Spot and sputum culture were negative. Further enquiry about the patient's medical history revealed that she
kept dogs and cats at home. Her mother complained that the patient was scratched by a cat 3-4 months ago. CSD was
suspected and trimethoprim/sulfamethoxazole (TMP/SMX) was administered.

On days 8 and 9, she presented with nocturnal fever, while remaining afebrile during the day. Furthermore, the
duration between fever episodes increased compared to previous occurrences.

On days 10 to 12, she still had nocturnal fever. Blood cell morphology smear showed that red blood cells were a
consistent size, with a pale area of light staining. WBCs were predominantly granulocytes, with some toxic granules.
Platelets were scattered in the visible. In order to exclude hematological disorders and necrotizing lymphadenitis, with
the consent of the families, bone marrow puncture and biopsy analysis were performed.

On days 13 to 16 the nocturnal fever persisted, with B. henselae IgG (+) and IgM (+). Reports of bone marrow cytology
and lymph node biopsy pathology are presented in the next section. She was diagnosed with CSD, and the treatment
regimen was adjusted from TMP/SMZ to doxycycline.

On days 17 to 20, her temperature remained within the normal range, and the specific serological test for Brucella was
negative. Subsequent re-examination of blood, CRP, hs-CRP, ESR and SAA was normal. Therefore, she was discharged
and doxycycline was maintained for 1 wk. Her temperature records are shown in Figure 1.

OUTCOME AND FOLLOW-UP

Bone marrow cytology showed proliferation (Figure 2). Lymph node biopsy showed hyperplasia of lymphoid tissue in
the cervical lymph nodes (right; Figure 3). Lymph node biopsy immunohistochemical analysis showed CD20 B (+), CD3 T
(+), BCL-6 (+) and BCL-2 (-). CD21 FDC networks were present (+) and Ki67 expression in the germinal center was
approximately 80%. All the findings indicated reactive hyperplasia (Figure 4).
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Figure 2 Bone marrow cytology. A: Bone marrow cytology; B: Bone marrow cytology.
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After doxycycline treatment, the body temperature returned to normal and all clinical symptoms resolved. She was
discharged on day 20. Follow-up examination of routine blood tests, CRP, ESR, and hepatic and renal function revealed
no significant abnormalities 1 and 2 months later. Her temperature returned to the normal range.

DISCUSSION

Fever of unknown origin (FUO) refers to a body temperature of > 38.3 °C on at least two occasions, persisting for a
duration of > 3 three weeks, or having multiple febrile episodes over this time period. There must be no obvious
diagnosis despite comprehensive medical history collection and examination, as well as appropriate tests including
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Figure 4 Lymph node biopsy immunohistochemical analysis. A: CD20 B (+); B: CD3 T (+); C: BCL-6 (+); D: BCL-2 (-); E: CD21 FDC (+); F: Ki67 (+).

routine blood tests, inflammatory markers, autoimmune screening, cultures, chest radiography and abdominal imaging
[5]. There are > 200 potential causes of FUO which can be broadly categorized into infectious diseases, neoplastic
diseases, noninfectious inflammatory diseases, and other conditions. The patient presented with FUO lasting for 28 d
prior to establishment of a definitive diagnosis[6].

The primary manifestation of this case was nocturnal fever, accompanied by enlargement of cervical, axillary and
inguinal lymph nodes. The fever type did not meet the characteristics of continuous, remittent, intermittent, recurrent or
undulant fever commonly observed in brucellosis[7]. Brucellosis typically presents with symptoms such as fever, fatigue,
night sweats and joint pain. The characteristic pattern is nocturnal fever and sweating that subsides in the morning.
Clinical symptoms and physical examination are usually nonspecific; however, lymphadenopathy along with hepato-
megaly or splenomegaly may be present. Brucellosis is a zoonotic disease caused by Gram-negative bacteria from the
genus Brucella. It is mainly transmitted through consumption of raw milk and milk products or contact with infected
animals or their feces. Its clinical symptoms often overlap with other febrile diseases[8]. Our patient was admitted to the
hospital with FUO as the chief complaint, accompanied by neck, axillary and inguinal lymph node enlargement. The
possibility of brucellosis was considered high because of the history of cats and dogs at home, the course of the disease
with persistent fever for several weeks, sweating, enlarged lymph nodes, and fever characterized by nocturnal fever.
Abdominal ultrasound revealed splenomegaly which suggested brucellosis; however, the agglutination tests for
brucellosis were negative twice, and therefore were not considered for the time being. After further history taking it was
discovered that a cat had scratched the patient 3-4 months ago. Combined with the child's clinical symptoms, CSD was
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considered, so relevant serological tests and metagenomic NGS (mNGS) were done. Blood NGS revealed that sequence
number of B. henselae was 3, and positive IgM/IgG for B. henselae, which led to the final diagnosis of CSD[9-11].

CSD is a self-limiting disease caused by B. henselae. It is the most common cause of regional lymphadenitis in children
and adolescents during late summer and autumn. The pathogenesis of CSD is still unclear. Some researchers believe that
Bartonella induces a proinflammatory response by upregulating expression of cell adhesion molecules on endothelial cells,
leading to local infection[12]. In the United States, the incidence of CSD is highest in children aged 5-9 years, with 12500
patients diagnosed with CSD each year; 500 of whom require hospitalization[13]. The clinical spectrum of CSD ranges
from asymptomatic infection to multiorgan involvement. Approximately 90% of patients present with typical CSD,
characterized by self-limiting regional lymphadenopathy or lymphadenitis. Around 30% of patients experience systemic
symptoms, including fever, chills, night sweats, headache and abdominal pain. Atypical CSD occurs in approximately
10% of cases and is associated with tissue and organ involvement beyond the lymph nodes such as the eyes, nervous
system, heart, liver, spleen, skin or musculoskeletal system (e.g., erythema nodosum and neuroretinitis). These manifest-
ations are more commonly observed in immunocompromised individuals who have a higher risk for complications[14].

The diagnostic criteria for CSD include the following: (1) Exposure to cats or fleas, with or without scratches or local
inoculation lesions (such as skin papules, eye granulomas, and mucous membranes); (2) Laboratory/radiology findings:
negative purified protein derivative or serology for other infectious causes of adenopathy; sterile pus aspirated from
lymph nodes, polymerase chain reaction assay positive; B. henselae, B. quintana or Afipia felis: Highest sensitivity. CT scan:
liver/spleen abscesses; (3) Positive ELISA or indirect fluorescent antibody test and serological titer > 1:64 for B. henselae
are indicative. A fourfold increase in titer between acute and convalescent samples is also suggestive; and (4) Biopsy of
lymph nodes, skin, liver, bone, or eye granuloma showing granulomatous inflammation compatible with CSD; positive
Warthin-Starry silver stain. If three of the four criteria are met, a diagnosis of CSD can be made. In atypical cases, four
criteria must be met[15]. CSD should be considered when a patient presents with persistent or chronic lymph node
enlargement (= 10 mm) for > 3 weeks. However, due to the prolonged incubation period of CSD, patients often fail to
provide an epidemiological history during their doctor visits. There is no gold-standard method for the diagnosis of CSD
and the commonly used rates of misdiagnosis and underdiagnosis are usually high. Current examination techniques for
diagnosis of CSD include serological testing, PCR, and tissue biopsy. Of these, serological tests are the most commonly
used, such as immunofluorescent antibody test and enzyme immunoassay, which are considered highly suggestive of a
recent infection when the IgG value is > 1:256; the production of IgM is usually transient. Bartonella culture yields rare
positive results and requires stringent conditions, while antigen and antibody detection are not routinely performed in
most hospitals. However, serological sensitivity is also limited and there is significant cross reactivity with other microor-
ganisms. PCR is a specific method for detecting Bartonella infections, and although PCR detection at the lesion site is both
specific and sensitive, it necessitates invasive collection of tissue or pus samples from the affected area, which may lead to
infection spread and low patient acceptance, and its diagnostic value is limited in patients with low levels of bacteremia.
Tissue biopsy is an invasive examination and not the first choice for doctors, and cytology and pathology findings do not
have specificity in diagnosing CSD. Although mNGS offers higher sensitivity compared to traditional culture methods
and enables rapid identification of pathogens, its analysis and interpretation can be complicated by sample contam-
ination, reagent processing issues, or microbial contaminants present within the laboratory environment. mNGS is
expensive and not typically chosen as a first-line option by clinicians for CSD diagnosis. Therefore, laboratory diagnosis
of CSD remains challenging[16-20]. For the early identification and diagnosis of CSD, clinicians must, firstly, ask patients
in detail whether they have a history of cat exposure; secondly, choose the appropriate investigations in combination with
the patient's medical history and clinical symptoms; and lastly, regardless of the time of year, CSD needs to be taken into
account in the case of lymph node enlargement with unexplained fever.

The need for antimicrobial treatment of CSD depends on the clinical manifestations and immune function of the
patient. For patients with normal immune function or mild disease, antibiotic treatment is generally not necessary and
self-healing occurs within 2-4 months. Timely and standardized antimicrobial therapy should be used for patients with
low immunity, immunodeficiency or severe illness[21]. B. henselae is a small, curved, aerobic Gram-negative bacillus that
stains with silver. In bacillary angiomatosis, lobular proliferation of small blood vessels occurs with the presence of bacilli
in adjacent connective tissue and blood vessels. New combinations of antibiotics with bactericidal effects and enhanced
cellular lipid barrier penetration should be considered for the treatment of bartonellosis. Macrolides and tetracyclines are
recommended as first-line therapy due to their superior intracellular activity. The results of an in vitro susceptibility study
in 2006 demonstrated that Bartonella is susceptible to many antibiotics. However, considering Bartonella's characteristics as
an intracellular bacterium, it is advisable to utilize intracellular bactericides such as macrolides, tetracyclines and
rifampicin for anti-infective treatment[15,22]. The Infectious Diseases Society of America[23] recommends azithromycin
for CSD treatment. When azithromycin cannot be used, TMP/SMZ serves as a reasonable alternative. Doxycycline has
shown efficacy in severe neuroretinitis, endocarditis or chronic bacteremia caused by Bartonella[24]. In the management of
patients with CSD, we need timely and regular follow-up visits to closely observe the changes in the patient's condition,
especially for patients with immunodeficiency.

CONCLUSION

Our patient presented with nocturnal fever and lymphadenopathy as the primary clinical manifestations. The adminis-
tration of azithromycin and TMP/SMZ were not effective and the patient recovered after receiving oral doxycycline. This
highlights the importance for clinicians to remain vigilant for CSD when encountering patients with nocturnal fever.
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Abstract

Recently, in the World Journal of Clinical Cases, studied the different non-steroidal
anti-inflammatory drugs (meloxicam, celecoxib, naproxen, and rofecoxib) for
juvenile idiopathic arthritis with network meta-analysis (NMA). This manuscript
aims to introduce to clinicians what NMA is. NMA represents a fundamental te-
chnique for simultaneously comparing three or more interventions within a single
analysis, harnessing both direct and indirect evidence derived from a network of
studies. It surpasses pair-wise meta-analysis which are confined to direct com-
parison of two items in clinical trials. This approach can estimate the relative
effects between any pair of interventions within the network, often yielding more
precise estimations than those generated from single direct or indirect analyses.
NMA necessitates steps akin to those of conventional meta-analysis, involving a
thorough literature search, assessment of potential trial biases, statistical analysis
of reported pairwise comparisons for all relevant outcomes, and evaluation of
overall certainty of evidence on an outcome-specific basis. However, NMA
demands substantial resources, given its propensity to address broader inquiries,
typically involving a larger number of studies at each phase of the systematic
review, from screening to analysis, compared to traditional meta-analyses.

Key Words: Meta-analysis; Systematic review; Methodology; Research; Journal; Academic

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Network meta-analysis stands as a potent instrument for comparative research
of three or more. It surpasses pair-wise meta-analysis in complexity. Additionally,
supplementary analyses, such as network meta-regression further elevate the intricacy of
the analysis.
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TO THE EDITOR

Meta-analysis is a statistical tool for pooling data and results across different studies hoping to arrive on a more precise
conclusions to a clinical question. However, traditional meta-analyses are notably confined to direct comparison of two
items (either intervention or treatment) in clinical trials. In reality, numerous trials contain more than one single active
therapeutic arm comparing against placebos, usual practice, or the current standard of care as primary outcomes;
whereas the comparison of results across different interventions may be the secondary outcomes. In response to these
limitations, network meta-analysis (NMA) has emerged, enabling the computation of comparative effects among more
than two interventions, even when lacking direct comparison within clinical trials.

NMA represents a fundamental technique for simultaneously comparing three or more interventions within a single
analysis, harnessing both direct and indirect evidence derived from a network of studies. Zeng et al[1] studied the
different non-steroidal anti-inflammatory drugs (meloxicam, celecoxib, naproxen, and rofecoxib) for juvenile idiopathic
arthritis with NMA. This approach can estimate the relative effects between any pair of interventions within the network,
often yielding more precise estimations than those generated from single direct or indirect analyses. Moreover, it
facilitates the estimation of rankings and hierarchies of interventions[2].

HOW DOES NMA BEGIN

NMA necessitates steps akin to those of conventional meta-analysis, involving a thorough literature search, assessment of
potential trial biases, statistical analysis of reported pairwise comparisons for all relevant outcomes, and evaluation of
overall certainty of evidence on an outcome-specific basis. Zeng et al[1] thoroughly searched over different databases, and
yielded 755 results. They also listed out the bias assessment of each study. NMA then identifies interventions linked by a
common comparator. For instance, distinct active treatments may have been compared against placebos in separate trials.
NMA enables the creation of a hypothetical trial comparing these active treatments based on their effects against a shared
placebo, generating "indirect" evidence. These indirect comparisons serve to bridge knowledge gaps within existing
evidence, yielding a more comprehensive understanding of treatment alternatives for clinicians. Once all treatments
within a network have been compared, various methods exist for ranking treatments, conveying their relative net effect-
iveness[3].

The validity of NMA lies on the assumption that studies included in the analysis are similar in all major factors that
would not induce a significant relative effect across studies. However, incoherence, also known as inconsistency, emerges
when different input studies” results were contradicting to each other’s. Grading confidence of evidence derived from a
NMA commences with a meticulous evaluation of confidence in each direct comparison[4]. Domain-specific assessments
were subsequently combined to evaluate the overall confidence in the evidence, encapsulating the multifaceted nature of
this analytical approach while underscoring its potential impact on clinical decision-making and policy formation.

The utilization of a NMA encompasses the advantages of all accessible direct and indirect evidence. Research studies
have indicated that this approach yields estimations of intervention effects with greater precision compared to individual
direct or indirect estimates[5]. Moreover, it offers the capacity to furnish comparative data for interventions that have not
been individually assessed within randomized trials[6]. This concurrent comparison of all pertinent interventions within
a single analysis facilitates the estimation of their relative ranking concerning a specified outcome.

CONCLUSIONS

NMA stands as a potent instrument for comparative research of three or more. It surpasses pair-wise meta-analysis in
complexity. Additionally, supplementary analyses, such as network meta-regression further elevate the intricacy of the
analysis[7]. Notably, NMA demands substantial resources, given its propensity to address broader inquiries, typically
involving a larger number of studies at each phase of the systematic review, from screening to analysis, compared to
traditional meta-analyses.

FOOTNOTES

Author contributions: Au SCL designed the research, acquired the data, performed the analysis and interpretation of data, and drafted
and revised the article; the author read and approved the final version of the manuscript to be published.

Conflict-of-interest statement: The author declares no conflict of interest in publishing the manuscript.

gﬁ;@ WJCC | https://www.wjgnet.com 6849 December 16,2024 | Volume12 | Issue35 |


https://www.wjgnet.com/2307-8960/full/v12/i35/6848.htm
https://dx.doi.org/10.12998/wjcc.v12.i35.6848

Au SCL. Network meta-analysis

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country of origin: China
ORCID number: Sunny Chi Lik Au 0000-0002-5849-3317.

S-Editor: Luo ML
L-Editor: A
P-Editor: Zhang XD

REFERENCES

1 Zeng T, Ye JZ, Qin H, Xu QQ. Systematic review and network meta-analysis of different non-steroidal anti-inflammatory drugs for juvenile
idiopathic arthritis. World J Clin Cases 2024; 12: 2056-2064 [PMID: 38680254 DOI: 10.12998/wjcc.v12.112.2056]

2 Rouse B, Chaimani A, Li T. Network meta-analysis: an introduction for clinicians. Intern Emerg Med 2017; 12: 103-111 [PMID: 27913917
DOLI: 10.1007/s11739-016-1583-7]

3 Phillips MR, Steel DH, Wykoff CC, Busse JW, Bannuru RR, Thabane L, Bhandari M, Chaudhary V; Retina Evidence Trials InterNational
Alliance (R. E.T.I.N.A.) Study Group. A clinician's guide to network meta-analysis. Eye (Lond) 2022; 36: 1523-1526 [PMID: 35145277 DOI:
10.1038/s41433-022-01943-5]

4 Dias S, Caldwell DM. Network meta-analysis explained. Arch Dis Child Fetal Neonatal Ed 2019; 104: F§8-F12 [PMID: 30425115 DOI:

10.1136/archdischild-2018-315224]

Cooper NJ, Peters J, Lai MC, Juni P, Wandel S, Palmer S, Paulden M, Conti S, Welton NJ, Abrams KR, Bujkiewicz S, Spiegelhalter D, Sutton

AJ. How valuable are multiple treatment comparison methods in evidence-based health-care evaluation? Value Health 2011; 14: 371-380

[PMID: 21296599 DOI: 10.1016/j.jval.2010.09.001]

6 Caldwell DM, Dias S, Welton NJ. Extending Treatment Networks in Health Technology Assessment: How Far Should We Go? Value Health
2015; 18: 673-681 [PMID: 26297096 DOI: 10.1016/j.jval.2015.03.1792]

7 Puerto Nino AK, Brignardello-Petersen R. How To Read a Network Meta-analysis. Eur Urol Focus 2023;9: 701-704 [PMID: 37925328 DOI:
10.1016/j.euf.2023.10.018]

W

Buissidenge WICC | https:/ /www.wjgnet.com 6850 December 16,2024 | Volume12 | Issue35 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-5849-3317
http://orcid.org/0000-0002-5849-3317
http://www.ncbi.nlm.nih.gov/pubmed/38680254
https://dx.doi.org/10.12998/wjcc.v12.i12.2056
http://www.ncbi.nlm.nih.gov/pubmed/27913917
https://dx.doi.org/10.1007/s11739-016-1583-7
http://www.ncbi.nlm.nih.gov/pubmed/35145277
https://dx.doi.org/10.1038/s41433-022-01943-5
http://www.ncbi.nlm.nih.gov/pubmed/30425115
https://dx.doi.org/10.1136/archdischild-2018-315224
http://www.ncbi.nlm.nih.gov/pubmed/21296599
https://dx.doi.org/10.1016/j.jval.2010.09.001
http://www.ncbi.nlm.nih.gov/pubmed/26297096
https://dx.doi.org/10.1016/j.jval.2015.03.1792
http://www.ncbi.nlm.nih.gov/pubmed/37925328
https://dx.doi.org/10.1016/j.euf.2023.10.018

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v12.i35.6851

World Journal of
Clinical Cases

World | Clin Cases 2024 December 16; 12(35): 6851-6854

ISSN 2307-8960 (online)

LETTER TO THE EDITOR,

Effects of foot reflexology on disease

Ming-Ying He, M Jalal Ud Din, Hai-Feng Xu, Shang-Yu Wang, Guo-Huan Ying, Hao Qian, Bing Wu, Hong-Dan

Qi, Xin Wang, Gang Zhang

Specialty type: Medicine, research

and experimental

Provenance and peer review:
Invited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade B
Novelty: Grade A

Creativity or Innovation: Grade A
Scientific Significance: Grade B

P-Reviewer: Alsuliman RM

Received: March 18, 2024
Revised: September 19, 2024
Accepted: October 9, 2024
Published online: December 16,
2024

Processing time: 220 Days and 4.5
Hours

Bisnideng>  VVJCC | https://www.wijgnet.com

Ming-Ying He, Hai-Feng Xu, Shang-Yu Wang, Guo-Huan Ying, Hao Qian, Bing Wu, Hong-Dan Qi,
Xin Wang, Gang Zhang, Department of Neurology, Children’s Hospital of Nanjing Medical
University, Nanjing 210008, Jiangsu Province, China

M Jalal Ud Din, Department of Neurology, Nanjing Medical University, Nanjing 210000,
Jiangsu Province, China

Corresponding author: Gang Zhang, Doctor, PhD, Associate Professor, Chief Doctor, Postdoc,
Department of Neurology, Children’s Hospital of Nanjing Medical University, No. 72
Guangzhou Road, Nanjing 210008, Jiangsu Province, China. zhanggangnjmu(@126.com

Abstract

In this article, we review a recently published article to explore the significance of
foot reflexology in modern medical practice. With the advancement of modern
medicine, we are increasingly committed to finding the specific physiological
mechanisms of foot reflexes to treat diseases, thereby better proving the therapy’s
effectiveness. It has been reported that foot reflexes can activate the cerebral cor-
tex and organs corresponding to the feet, stimulating blood flow, nutrition and
nerves through neural and endocrine regulation to achieve the purpose of treating
and preventing diseases and promoting health. The therapy shows unique po-
tential and value, and provides a new perspective on integrating traditional me-
dicine and modern medicine.

Key Words: Foot; Reflexology; Sense-hearing loss; Alternative medicine; Massage therapy

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Most of the previous studies on foot reflexology have been systematic reviews,
with mixed results. There has been one case report that foot reflexology can treat
sensory-hearing loss, which provides objective imaging evidence to increase its
credibility. However, the number of included studies is too small, and a large sample
randomized controlled trial is needed to further study the mechanism of foot reflexology
to prove its effectiveness.
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TO THE EDITOR

Foot reflexology, also known as zone therapy or reflexology massage, is based on the principle that specific areas on the
soles of the feet correspond to other parts of the body and organs. By applying appropriate pressure and stimulation to
these areas, it is believed that these reflex zones can be activated, promoting therapeutic effects by stimulating blood flow,
nutrients, nerves, etc. According to research, foot reflexology can help alleviate pain, exhaustion, cancer symptomes, sleep
disturbances, and other health problems[1]. This low-cost, side-effects-free, simple and non-invasive complementary
therapy is becoming popular in the general population.

DISCUSSION

A review of clinical randomized controlled trials (RCTs) on foot reflexology therapy for various conditions concluded
that foot reflexology therapy is effective in treating premenstrual syndrome[2]. A systematic review and meta-analysis of
44 relevant studies on the effects of foot reflexology on fatigue, sleep, and pain was conducted in 2011. Of these, 15
studies investigated fatigue, 18 sleep, and 11 pain. The study concluded that while foot reflexology can help with fatigue
and sleep promotion, it is less successful with pain[3]. Foot reflexology was shown to be effective in treating fecal
incontinence and chronic constipation in 50 children aged 3 to 14 years who participated in an observational study. The
majority of the children improved without experiencing any side effects, and 72% of the parents expressed high
satisfaction with the children's treatment[4]. In 2010, a study found that foot massage effectively reduced postoperative
pain intensity in Turkish pregnant women, in contrast to a control observation group, indicating its potential in pain
management[5]. In a clinical study comparing the effects of foot and palm reflexology on respiratory distress in infants
with noninvasive ventilation, statistically significant differences in mean oxygen saturation percentage, respiratory rate
and respiratory distress score were found between the two intervention and control groups (P < 0.05). Both types of
reflexology effectively alleviated respiratory distress in preterm infants receiving noninvasive ventilation[6]. In a sys-
tematic review of the impact of foot reflexology on patients with multiple sclerosis (MS), which included nine studies
with a total of 545 patients, it was found that foot reflexology can help reduce physical symptoms such as fatigue, pain,
muscle spasms and stiffness, as well as alleviate psychological symptoms and improve quality of life in patients with MS.
However, larger, high-quality studies are needed to further validate the efficacy of this therapy[7]. In 2009, a systematic
review was conducted on reflexology for a variety of conditions including anovulation, asthma, back pain, dementia,
diabetes, gestational foot edema, irritable bowel syndrome, and MS. Although reflexology was found to have positive
therapeutic benefits, most RCTs were of poor quality, did not adequately control for non-specific effects, and most had
small sample sizes. Two large RCTs (1 = 130 and 243) yielded negative results, with most having one RCT and lacking
independent replication, indicating insufficient evidence on the effectiveness of reflexology in treating diseases[8]. Does
foot reflexology have any therapeutic effects? We found that previous studies were mainly clinical case reports and
systematic reviews, which lacked relevant mechanistic studies and other objective evidence to support the effectiveness of
this treatment. This makes it difficult to convince people of the benefits of foot reflexology. Encouragingly, recent
literature conclusively shows that foot reflexology stimulation activates somatosensory responses to the stimulated
reflexology area. Three reflexology areas in the left foot associated with the eye, shoulder, and small intestine were
identified. Reflexology stimulation of these areas not only activates the somatosensory region corresponding to the foot,
but also the somatosensory region corresponding to neighboring body parts. This process was verified using functional
magnetic resonance imaging (fMRI), which captures signals from active brain areas due to increased neuronal activity
and blood flow, allowing a better understanding of surrounding tissues[9]. The report supports the Chinese conjecture
that specific areas of the soles of the feet correspond to other parts and organs of the body. Foot massage therapy also
accelerates the maturation of electroencephalography activity and visual function (including vision) in human infants and
rat pups, mediated by upregulation of insulin-like growth factor-1-positive neurons. This study confirmed the efficacy of
foot reflexology in treating diseases, thereby enhancing our confidence in this therapy[10]. Foot reflexology can improve
vagus nerve function, reduce sympathetic nerve regulation, lower blood pressure, decrease depression and stress re-
sponses, and enhance the immune system in middle-aged women[11]. A recent case report, “Effect of foot reflexology on
an infant with sensorineural hearing loss: A case report”, which found that foot reflexology can treat sensorineural
deafness, which is caused by damage or dysfunction of the cochlear or auditory nerves. This type of hearing loss usually
cannot be restored with medical or surgical treatment, but hearing can be improved with assistive devices such as hearing
aids or cochlear implants. We recorded the changes of functional connectivity in the brain of children with sensorineural
hearing loss after receiving foot reflexology massage. The regional synchronicity of the upper frontal lobe, the lower
frontal lobe and the right middle temporal lobe of the treated children increased. These brain regions are mainly involved
in language processing and speech perception, which indicates that foot reflexology can promote the improvement of
these functions, thus improving hearing and language development in children. The objective physiological basis of fMRI
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is supported in this paper, and the language level of children at the later stage of follow-up was comparable to that of
normal children of the same age. The scientific basis for the clinical application of foot reflexology in treating senso-
rineural deafness has been demonstrated[12]. The successful treatment of sensorineural hearing loss in infants with foot
reflexology is promising, but the small sample size in the study is insufficient to prove its universal applicability. A larger
sample size is needed to verify the reliability of the treatment results. Combining fMRI with other imaging techniques
such as diffuse tensor imaging and positron emission tomography can provide a better understanding of changes in brain
functional connectivity and structure. Studies should consider individual differences, age groups, and disease severity
which could provide better results. Foot reflexology can improve prognosis, reduce the costs associated with hearing
aids, and enhance patient welfare.

Foot massage can be traced back to the ancient Egyptian civilization. In traditional Chinese culture, foot massage is
often closely linked with health and health care. In Southeast Asian countries, foot reflexology and the application of local
herbs has become a characteristic cultural practice. In Europe and the United States is also favored by many people
treated by professional reflexology therapists. Across different social cultures, foot reflexology is widespread and
accepted by the public worldwide. To further enhance the scientific credibility and efficacy of foot reflexology, future
research should focus on the following aspects: (1) Conduct large sample randomized controlled experiments to ensure
the stability and repeatability of the results; (2) Examine the mechanism of action of foot reflexology therapy, including,
but not limited to, nerve conduction, blood circulation improvement, endocrine regulation, immune response, efc., and
observe the physiological changes during treatment with modern biological techniques and imaging methods to provide
objective evidence on the therapeutic effect; Conduct basic experimental studies such as animal models to further validate
and clarify the biological basis; (3) Conduct research on patients from different populations, different disease types and
disease courses to determine the potential of foot reflexology in the treatment and prevention of diseases; (4) Long-term
follow-up of patients treated with foot reflexology therapy should be performed to observe the continuity and stability of
its efficacy; (5) Strengthen multidisciplinary cooperation and exchanges in medicine, biology, psychology, sociology, efc.,
and jointly promote the in-depth development of foot reflexology research; and (6) Develop standardized procedures and
efficacy evaluation criteria for foot reflexology therapy to ensure comparability between studies.

CONCLUSION

Foot reflexology is a potentially effective healthcare intervention therapy. Foot massage can promote blood circulation
throughout the body, relieve stress and anxiety, relieve chronic pain, regulate the endocrine system, etc. It shows great
potential as a safe, effective and side-effect-free healthcare complementary therapy to promote overall health. However,
current research on the effectiveness of foot reflexology has some limitations, including primarily focusing on systematic
reviews and Meta-analyses with limited sample sizes, a lack of mechanistic studies, and insufficient supporting evidence.
Further in-depth research is needed to uncover the scientific principles behind foot reflexology, to clarify its efficacy and
credibility. As foot reflexology finds its unique place in modern healthcare practice as part of alternative medicine, it may
hold promise for patients seeking low-cost, non-invasive treatment options. How much can foot reflexology contribute to
chronic pain management, stress relief, and overall health? We encourage readers to explore these issues in depth.
Perhaps it is through our efforts to determine the effects of foot reflexology that it may become an integral part of modern
healthcare in the future.

ACKNOWLEDGEMENTS

Thanks to the relevant authors of the main study, who focused on foot reflexology to treat the disease, and gave me the
opportunity to comment on this issue.

FOOTNOTES

Author contributions: He MY, Xu HF, Wang SY, Ying GH, Qian H, co-authored the analysis and wrote the article; Ud Din MJ, Wu B, Qi
HD and Wang H made language changes. All authors approved the final manuscript for submission.

Conflict-of-interest statement: All the authors have no financial relationship with any commercial entity with a potential interest in the

subject of this manuscript.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country of origin: China
ORCID number: M Jalal Ud Din 0009-0004-9715-7940; Hai-Feng Xu 0009-0008-2053-0400; Shang-Yu Wang 0009-0004-9789-0325; Guo-Huan

Ying 0009-0004-5914-1542; Hao Qian 0009-0006-1055-4527; Bing Wu 0009-0006-2065-3553; Hong-Dan Qi 0009-0001-7306-7818; Xin Wang

gﬁ;@ WJCC | https://www.wjgnet.com 6853 December 16,2024 | Volume12 | Issue35 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0004-9715-7940
http://orcid.org/0009-0004-9715-7940
http://orcid.org/0009-0008-2053-0400
http://orcid.org/0009-0008-2053-0400
http://orcid.org/0009-0004-9789-0325
http://orcid.org/0009-0004-9789-0325
http://orcid.org/0009-0004-5914-1542
http://orcid.org/0009-0004-5914-1542
http://orcid.org/0009-0006-1055-4527
http://orcid.org/0009-0006-1055-4527
http://orcid.org/0009-0006-2065-3553
http://orcid.org/0009-0006-2065-3553
http://orcid.org/0009-0001-7306-7818
http://orcid.org/0009-0001-7306-7818

He MY et al. Effects of foot reflexology

0009-0008-7343-1158; Gang Zhang 0000-0001-5729-7667.

S-Editor: Qu XL
L-Editor: A
P-Editor: Zhao YQ

REFERENCES

1

6

Wang MY, Tsai PS, Lee PH, Chang WY, Yang CM. The efficacy of reflexology: systematic review. J Adv Nurs 2008; 62: 512-520 [PMID:
18489444 DOLI: 10.1111/5.1365-2648.2008.04606.x]

Oleson T, Flocco W. Randomized controlled study of premenstrual symptoms treated with ear, hand, and foot reflexology. Obstet Gynecol
1993; 82: 906-911 [PMID: 8233263]

Lee J, Han M, Chung Y, Kim J, Choi J. Effects of foot reflexology on fatigue, sleep and pain: a systematic review and meta-analysis. J Korean
Acad Nurs 2011; 41: 821-833 [PMID: 22310867 DOI: 10.4040/jkan.2011.41.6.821]

Bishop E, McKinnon E, Weir E, Brown DW. Reflexology in the management of encopresis and chronic constipation. Paediatr Nurs 2003; 15:
20-21 [PMID: 12715585 DOI: 10.7748/paed2003.04.15.3.20.c843]

Miralizadeh A, Peyman A, Jamali Soltani N, Ashktorab T. Comparison of the Effect of Foot and Palm Reflexology Massage on Respiratory
Distress Syndrome in Premature Infants under Noninvasive Ventilation. Complement Med Res 2022; 29: 100-108 [PMID: 34818220 DOI:
10.1159/000517982]

Deenadayalan B, Venugopal V, Poornima R, Kannan VM, Akila A, Yogapriya C, Maheshkumar K. Effect of Foot Reflexology on Patients
With Multiple Sclerosis: A Systematic Review of Current Evidence. Int J MS Care 2024; 26: 43-48 [PMID: 38482512 DOI:
10.7224/1537-2073.2022-093]

Degirmen N, Ozerdogan N, Sayiner D, Kosgeroglu N, Ayranci U. Effectiveness of foot and hand massage in postcesarean pain control in a
group of Turkish pregnant women. App! Nurs Res 2010; 23: 153-158 [PMID: 20643325 DOI: 10.1016/j.apnr.2008.08.001]

Ernst E. Is reflexology an effective intervention? A systematic review of randomised controlled trials. Med J Aust 2009; 191: 263-266 [PMID:
19740047 DOLI: 10.5694/j.1326-5377.2009.tb02780.x]

Miura N, Akitsuki Y, Sekiguchi A, Kawashima R. Activity in the primary somatosensory cortex induced by reflexological stimulation is
unaffected by pseudo-information: a functional magnetic resonance imaging study. BMC Complement Altern Med 2013; 13: 114 [PMID:
23711332 DOI: 10.1186/1472-6882-13-114]

Guzzetta A, Baldini S, Bancale A, Baroncelli L, Ciucci F, Ghirri P, Putignano E, Sale A, Viegi A, Berardi N, Boldrini A, Cioni G, Maffei L.
Massage accelerates brain development and the maturation of visual function. J Neurosci 2009; 29: 6042-6051 [PMID: 19420271 DOI:
10.1523/JINEUROSCI.5548-08.2009]

Lu WA, Chen GY, Kuo CD. Foot reflexology can increase vagal modulation, decrease sympathetic modulation, and lower blood pressure in
healthy subjects and patients with coronary artery disease. Altern Ther Health Med 2011; 17: 8-14 [PMID: 22314629]

Lee YJ, Chen MQ, Dong J. Effect of foot reflexology on an infant with sensorineural hearing loss: A case report. World J Clin Cases 2024; 12:
1437-1441 [PMID: 38576800 DOI: 10.12998/wjcc.v12.i8.1437]

3%9@) WJCC | https://www.wjgnet.com 6854 December 16,2024 | Volume12 | Issue35 |


http://orcid.org/0009-0008-7343-1158
http://orcid.org/0009-0008-7343-1158
http://orcid.org/0000-0001-5729-7667
http://orcid.org/0000-0001-5729-7667
http://www.ncbi.nlm.nih.gov/pubmed/18489444
https://dx.doi.org/10.1111/j.1365-2648.2008.04606.x
http://www.ncbi.nlm.nih.gov/pubmed/8233263
http://www.ncbi.nlm.nih.gov/pubmed/22310867
https://dx.doi.org/10.4040/jkan.2011.41.6.821
http://www.ncbi.nlm.nih.gov/pubmed/12715585
https://dx.doi.org/10.7748/paed2003.04.15.3.20.c843
http://www.ncbi.nlm.nih.gov/pubmed/34818220
https://dx.doi.org/10.1159/000517982
http://www.ncbi.nlm.nih.gov/pubmed/38482512
https://dx.doi.org/10.7224/1537-2073.2022-093
http://www.ncbi.nlm.nih.gov/pubmed/20643325
https://dx.doi.org/10.1016/j.apnr.2008.08.001
http://www.ncbi.nlm.nih.gov/pubmed/19740047
https://dx.doi.org/10.5694/j.1326-5377.2009.tb02780.x
http://www.ncbi.nlm.nih.gov/pubmed/23711332
https://dx.doi.org/10.1186/1472-6882-13-114
http://www.ncbi.nlm.nih.gov/pubmed/19420271
https://dx.doi.org/10.1523/JNEUROSCI.5548-08.2009
http://www.ncbi.nlm.nih.gov/pubmed/22314629
http://www.ncbi.nlm.nih.gov/pubmed/38576800
https://dx.doi.org/10.12998/wjcc.v12.i8.1437

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v12.i35.6855

World Journal of
Clinical Cases

World | Clin Cases 2024 December 16; 12(35): 6855-6858

ISSN 2307-8960 (online)

LETTER TO THE EDITOR,

Clinical landscape and treatment of acute non-variceal upper
gastrointestinal bleeding: Insights from a high-volume center in

Shaanxi, China

Luca Improta

Specialty type: Medicine, research
and experimental

Provenance and peer review:
Invited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade A
Novelty: Grade B

Creativity or Innovation: Grade B
Scientific Significance: Grade A

P-Reviewer: Pisarev VM

Received: March 19, 2024

Revised: September 8, 2024
Accepted: October 10, 2024
Published online: December 16,
2024

Processing time: 218 Days and 19.5
Hours

Jaishideng®

WJCC | https://www.wjgnet.com

Luca Improta, Department of General Surgery, Fondazione Policlinico Universitario Campus
Bio-Medico, Rome 00128, Italy

Corresponding author: Luca Improta, MD, Chief Doctor, Department of General Surgery,
Fondazione Policlinico Universitario Campus Bio-Medico, via Alvaro del Portillo 200, Rome
00128, Italy. luca.dr.improta@gmail.com

Abstract

In this editorial we comment on the article by Wang et al, recently published on
World Journal of Clinical Cases. Acute non-variceal upper gastrointestinal bleeding
(ANVUGIB) represents a common and potentially serious gastroenterological
emergency. Wang et al conducted a detailed study on the management of AN-
VUGIB in a high-volume center in the Shaanxi region, China. Analyzing data
from over 530 patients provided a comprehensive overview of clinical, epidemio-
logical, and treatment characteristics. Results highlighted a younger patient
population compared to European studies, with a higher prevalence of gastric and
duodenal ulcers as the leading cause of bleeding. Endoscopic treatment is cur-
rently the preferred therapeutic option, offering a variety of effective techniques.
This study emphasizes the importance of implementing current guidelines in
ANVUGIB management and highlights the crucial role of endoscopy in its mana-
gement.

Key Words: Upper gastrointestinal bleeding; Gastroenterological emergencies; Endoscopic
treatment; Epidemiological characteristics; Clinical characteristics

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Wang et al investigated acute non-variceal upper gastrointestinal bleeding
management in a high-volume center in Shaanxi, China, revealing a younger patient
demographic and a higher prevalence of gastric and duodenal ulcers as leading causes of
bleeding compared to European studies. Endoscopic interventions emerged as the
preferred therapeutic approach, emphasizing the importance of adhering to current
guidelines and highlighting the pivotal role of endoscopy in treatment strategies.
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TO THE EDITOR

Acute non-variceal upper gastrointestinal bleeding (ANVUGIB) certainly represents the gastroenterological emergency
most frequently encountered by physicians in the emergency department. Despite the enormous progress made in the
prevention and treatment of this condition over the last 50 years, and despite a gradual reduction in its incidence,
ANVUGIB remains a challenging condition, still related to a non-negligible mortality rate. The most common cause of
ANVUGIB is bleeding from gastric mucosal lesion, gastric and duodenal ulcers, while malignant disease is more frequent
in the elderly[1,2].

The approach to ANVUGIB is described in detail by various validated international guidelines. An accurate strati-
fication of patients upon presentation is crucial. Hemodynamic stabilization of patients in shock or pre-shock state is
paramount, as is red blood cell transfusion in severely anemic patients. Subsequently, endoscopy should be performed
within 24 hours of onset to promptly address all active sources of bleeding and high-risk lesions. There are multiple
options for endoscopic treatment, with a success rate exceeding 90%. Currently, the most studied and practiced
treatments are mechanical (application of endoscopic clips at the bleeding site) and thermal (diathermy coagulation,
contact coagulation, or argon plasma coagulation), while more costly but promising are local treatments with the
application of hemostatic materials. In case of recurrent bleeding, endoscopy remains the most effective therapeutic
option, while in cases of endoscopic hemostasis failure and inability to achieve effective hemostasis, embolization or
surgery remain valid alternatives[3-7].

The treatment of ANVUGIB in elderly patients with comorbidities is particularly complex and burdened by worse
outcomes. These patients often present frailty due to pre-existing cardiovascular or pulmonary condition, and bleeding is
frequently induced by chronic anticoagulant, antiplatelet, or anti-inflammatory therapies, or sometimes by unrecognized
oncological pathology, or a combination of these factors. In these patients, even promptly treated ANVUGIB can be a
disruptive first event in an already precarious balance[8-10].

In this scenario, it is crucial for the physician to be aware of both the epidemiological landscape of the area and the
therapeutic options available to address this challenging condition.

In this issue of the Journal, Wang ef al[11] describe and critically analyze the experience gained between 2021 and 2023
in ANVUGIB treatment at a high-volume center in the Shaanxi region of central China[11]. The authors meticulously
delve into the clinical, epidemiological, and treatment characteristics of over 530 patients presenting with a final diagnosis
of ANVUGIB, providing a significant snapshot of the clinical landscape in which they operate.

From the reading of Wang et al[11] work, several interesting considerations emerge. Firstly, it is interesting to note that,
compared to European and North American statistics, the average age of patients diagnosed with ANVUGIB is lower in
Wang et al[11] study. In the main studies published since the 1990s in Europe, the average age of patients at presentation
is typically between 65 and 70 years, compared to the 53 years reported in the aforementioned study[12-14]. Moreover,
when comparing recent studies with older historical series, a progressive and steady increase in the average age of
patients can be observed[15,16]. This observation can partly be explained by several factors: The increasing average age of
the population, the introduction of drugs effectively preventing gastric and duodenal ulcers-such as H2 receptor agonists
in 1982 and proton pump inhibitors in 1990 the implementation of screening and treatment protocols for Helicobacter
pylori infections, and the higher prevalence of chronic treatments with anticoagulants and aspirin in the elderly
population.

While these factors have certainly had a global impact, it is important to consider that significant geographical
differences persist. In Europe, for example, the average age of the population is itself significantly higher than in China,
with a secondary direct impact on the total number of patients receiving anticoagulant and antiplatelet treatments.
However, this single observation is not sufficient to justify the significant geographical difference found. Various studies
explored genetic polymorphisms related to an increased risk of ANVUGIB, identifying several mutations affecting key
molecular pathways governing platelet aggregation, inflammation, and angiogenesis[17]. It cannot be ruled out that such
mutations may cluster in specific geographic regions, driving distinct epidemiological differences. It would be interesting
to further explore with additional studies what population differences are involved and whether genetic polymorphism,
lifestyle habits, dietary factors, or different healthcare policies are implicated.

Regarding etiology, it is known that historically the most common cause of ANVUGIB has been gastric and duodenal
ulcers, which accounted for more than 40% of bleedings until the 1970s[15,18]. The temporal trend, also influenced by the
introduction of effective medical treatments, has led to a progressive reduction in the incidence of this pathology, which
is currently diagnosed in 20%-30% of patients[14]. Increasingly, the causes of ANVUGIB appear to be gastric and
duodenal erosions, hemorrhagic gastritis, and other stress-related mucosal abnormalities, grouped under the definition of
"mucosal abnormalities"[19]. Wang et al[11] describe the different causes of upper GI bleeding and find a prevalent
incidence of gastric, duodenal, or complex ulcers except in elderly patients, where oncological pathology is the most
frequent diagnosis. Interestingly, a new cause of ANVUGIB appeared in the literature since the implementation of ESD/
EMR techniques as a complication of these procedures, although its systematic description and incidence is unclear, and
we eagerly await further studies[20]. However, technological progress has laid the foundation for the current affirmation
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of endoscopy as the treatment of choice in all cases of ANVUGIB.

Since the early experiences of hemostasis using high-frequency coagulation described by Hiratsuka in the early 1970s,
endoscopic treatment has shown the potential to become the treatment of choice for ANVUGIB. In the following years,
new treatments such as laser coagulation or heating probes and clips mechanical hemostasis have been described and
widely adopted worldwide[21-23]. These treatments have immediately demonstrated efficacy rates exceeding 90%, with
the added benefit of ensuring faster recovery and significantly lower complication rates compared to surgery[24].
Currently, several endoscopic treatments have been validated and, supported by robust scientific evidence, have been
incorporated into all current international guidelines, constituting the present cornerstone of treatment[3-7]. Literature
data confirm efficacy in controlling bleeding approaching 90%, regardless of the chosen method, and we can hope that
the possibilities of endoscopic treatment will continue to grow with technological progress and the validation of new
tools. Recently, over-the-scope clips, initially designed for endoscopic treatment of fistulas and perforations, have proven
effective in controlling recurrent bleeding in large ulcers, while promising results are emerging from the study of new
topical hemostatic agents[25,26].

Although the need for surgical intervention has decreased from 30% in the 1970s to 4% in more recent studies, there
remains a proportion of ANVUGIB cases that cannot be treated endoscopically and are associated with a poorer
prognosis[27]. Early identification of these patients and prompt referral for embolization or surgery can make a
difference.

As highlighted in the work of Wang et al[11], despite potential geographical differences in clinical and epidemiological
aspects, the implementation of current management protocols for ANVUGIB in accordance with the latest guidelines and
scientific evidence ensures excellent chances of success. In this context, with the development of new tools and techno-
logies, endoscopy will play an increasingly central role in the management of patients with ANVUGIB.
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Abstract

Helicobacter pylori (H. pylori) infections may cause chronic gastritis, peptic ulcer
disease, gastric cancers, and other conditions outside of the gastrointestinal tract.
Hence, it is important to diagnose and treat it early. H. pylori is resistant to certain
drugs in traditional eradication therapy, so alternative therapy protocols are
needed, such as high-dose amoxicillin dual therapy (HDADT). This article aims to
comment on a recent paper by Costigan et al in the World Journal of Clinical Cases.
In this study, the authors recruited 139 patients diagnosed with H. pylori, all
treated with HDADT. Of these, 93 were treatment-naive and 46 had received at
least one alternative treatment in the past. Four weeks after the end of the
treatment, the urea breath test was administered to estimate the eradication rate.
The total eradication rate was 56% (78/139), 62% for the treatment-naive arm and
43% for the previous treatment arm, thus indicating a lower success rate for the
arm that had previously received a different treatment regimen. In conclusion, a
therapeutic approach with first-line HDADT may potentially be a better treat-
ment, but the results are not sufficient to recommend the use of this regimen in a
country with high levels of dual resistance.

Key Words: Helicobacter pylori; Helicobacter pylori eradication; High dose amoxicillin;
High dose amoxicillin dual therapy; Triple therapy
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Core Tip: Costigan et al conducted a prospective study to test high-dose amoxicillin dual therapy (HDADT) for Helicobacter
pylori infections in an Irish cohort. Ireland is a high dual-resistance country for clarithromycin and metronidazole, so the
traditional treatment does not work well. In addition, bismuth is not available in Ireland; therefore, the only recommended
treatment is HDADT. The study considered in this editorial is the first to be conducted in Ireland, and it shows that HDADT
does not always guarantee bacterial eradication.

Citation: Palmirotta R, Cafiero C, Colella M. Role of high-dose amoxicillin dual therapy for Helicobacter pylori eradication in an Irish
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TO THE EDITOR

Helicobacter pylori (H. pylori) is currently recognized as the pathogenic agent of chronic gastritis, gastric and duodenal
ulcers, gastric adenocarcinoma, and other types of cancers located in the gastrointestinal tract, i.e. mucosal associated
lymphoid tissue lymphomal[1]. Actually, it is one of the most widespread bacterial infections worldwide[2,3].

In 1994, the World Health Organization recognized H. pylori as a class 1 carcinogen[4] and later in 2015, the Kyoto
Consensus defined gastritis as an infectious disease, recommending early diagnosis followed by eradication therapy|[5].
Over the years some guidelines for this kind of infection were generated. First in 1997, European guidelines suggested
triple therapy, which consists of a combination of amoxicillin, proton pump inhibitors (PPIs), and either clarithromycin or
metronidazole. However, the use of these antibiotics has allowed the pathogen to develop resistance; indeed, there are
some areas considered “high resistance countries”, where particularly resistant bacterial strains are present. Therefore, it
is necessary to evaluate the right treatment before starting therapy to avoid the risk of failure.

In 2021, the European H. pylori Study Group and Consensus Panel released the Maastricht VI/Florence consensus
report for the treatment of H. pylori. It recommends quadruple therapy (with bismuth or levofloxacin) in high-resistance
countries, including Ireland, which has a dual resistance rate of over 15% for both clarithromycin and metronidazole.

In Ireland, bismuth is not available and combination tablets are not an option. In addition, fluoroquinolones are not
used because of related adverse reactions[6]. Therefore, it is clear that Ireland requires an efficacious alternative the-
rapeutic approach; for example, a possible second-line or rescue treatment is high-dose amoxicillin dual therapy
(HDADT) or rifabutin triple therapy[7]. However, HDADT in naive patients would be more favorable because it re-
presents a simpler regimen therapy than triple or quadruple therapy. In a recent study, Costigan et al[8] sought to
determine the effectiveness of HDADT in H. pylori infections in an Irish cohort. This editorial aims to comment on their
findings.

USE OF HDADT

The study by Costigan et al[8] was prospective, open label, and carried out in Ireland in tertiary referral centers. The
inclusion criteria were as follows: Patients aged 18 years or older, positive urea breath test (UBT), or positive endoscopy.
The exclusion criteria included patients with allergies to penicillin, even if suspected, as well as those who refused to
consent or to follow up after eradication.

A total of 187 patients were recruited for the study, of whom 139 were included in the analysis as they met all the
inclusion criteria. Out of them, 76 were female (55%) and the mean age was 44.6 years (with a range of 19-83 years).

The 139 patients were divided into two groups: 93 (67%) received HDADT as their first-line therapy, while the other 46
(33%) received an alternative therapy before HDADT. The latter group comprised three subgroups: 32 patients received
triple clarithromycin therapy before HDADT, 10 received two prior therapies and four had previously received three or
more therapies.

The HDADT treatment is a 14-day course of amoxicillin (1 g three times a day) and esomeprazole (40 mg two times a
day). After treatment, the researchers spoke to patients by phone to assess any side effects and to check how well they
were complying with the treatment. Four weeks after therapy, the patients had another UBT test to check whether the
H. pylori had been eradicated. They had to avoid taking PPIs for seven days, antibiotics for 28 days, and food for six hours
before the test. The study results show that 78 patients (56%) had complete eradication based on negative post-treatment
UBTs. In particular, in the group of patients with prior treatment, 20 out of 46 patients (43%) succeeded in eradicating the
pathogen, compared to the first group where 58 patients out of 96 (62%) eradicated it.

Only 10 patients reported side effects, including nausea (10/10), and diarrhea (3/10), and the self-reported compliance
was approximately 97%.

The results of the study suggest that first-line treatment seems to have a higher eradication success rate, although it is
still below 90%. HDADT also seems to have some advantages in terms of cost and compliance, but its efficacy is too low
to be considered first-line therapy. HDADT also appears to have some advantages in terms of cost and compliance, but its
efficacy is still too low to be considered first-line therapy.
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Unfortunately, this study has some limitations, such as the low number of participants; it is an open-label trial, but it
can be considered a pilot study, which is useful for future research. For example, PCR and Epsilometer test (E-test) could
be useful to define the pathogen and its resistance to the most used antibiotics, respectively.

Indeed, the management of H. pylori infection has undergone significant developments in line with the assessment of
antibiotic resistance. This is commonly evaluated through the E-test, a culture-based method that is useful for deter-
mining the minimum inhibitory concentration (MIC) of antibiotics. Additionally, molecular techniques such as PCR have
been employed to enhance diagnostic accuracy and treatment efficacy[9]. Both methods offer distinctive advantages in
identifying infections and antibiotic resistance, which are pivotal for effective management.

A recent retrospective study of 1050 dyspeptic patients diagnosed with H. pylori infection showed that antimicrobial
susceptibility testing (AST) using the E-test and subsequent tailored antibiotic therapy before first or second treatment
had higher eradication rates (83.9% vs 73.8%, P = 0.01) and (77.3% vs 65.6%, P = 0.27), respectively, than those without
AST[10].

Furthermore, the study demonstrates that the E-test is particularly advantageous in regions characterized by high
resistance rates. This enables the implementation of prompt modifications to treatment regimens by susceptibility
profiles. Additionally, it facilitates the management of H. pylori infection by enabling clinicians to prescribe antibiotic
therapy with greater precision, particularly in cases of treatment failure[10].

However, although the E-test is a valuable tool in the management of H. pylori, it is essential to remain cautious about
its limitations, particularly with regard to metronidazole resistance, for which further confirmation may be required[11].

Molecular methods such as PCR are highly sensitive for detecting H. pylori in different types of samples such as gastric
juice, gastric biopsies, feces, and saliva. Antibiotic resistance can also be determined by amplification of resistance-
associated genes using real-time PCR or by using nucleic acid sequencing methods[12].

In a retrospective study on 192 patients, PCR was correlated to improved eradication rates, with a notable increase in
success from 62.2% to 73% after implementing new treatment. The cost-effectiveness of PCR alone was superior
compared to culture methods, making it a preferred diagnostic strategy. The study therefore highlighted the cost-effective
role of PCR in detecting H. pylori and monitoring antibiotic resistance, improving eradication success compared to using
the E-test method alone[13].

In a recent study to evaluate the efficacy of real-time PCR assays in identifying H. pylori infection and antibiotic
resistance in stool samples from 115 patients, the authors demonstrated 99.1% sensitivity and 100% specificity of the
method and the ability to effectively assess clarithromycin/Levofloxacin resistance, enhancing tailored eradication
treatments without endoscopy and indicating its potential in managing H. pylori[14].

Thus, it is evident that PCR and E-testing markedly enhance H. pylori management, as evidenced by a study
comprising 288 patients with H. pylori infection. This study assessed the MIC of six antibiotic classes (metronidazole,
clarithromycin, amoxicillin, tetracycline, levofloxacin, and rifampicin) using E-testing. Additionally, the resistance
mutations in the rdxA, frxA, 235 rRNA, and gyrA genes of H. pylori were evaluated through PCR and targeted gene
sequencing. The results therefore indicated that the combined use of these diagnostic methods makes it possible to
optimize the selection of first-line and second-line treatment regimens by both preventing the development of resistance
and reducing secondary resistance due to treatment failure[15].

On the other hand, the recently published Maastricht VI Consensus recommends routine susceptibility testing
(molecular and culture) before prescribing first-line antibiotic treatment[16].

As personalized medicine approaches continue to develop, the pharmacokinetic and pharmacodynamic mechanisms
will be better understood. We hope that genotypic analysis will be more accessible so that every patient will be able to
take the right and effective dose of the drug, which surely will cause a positive effect[17].

CONCLUSION

Unfortunately, the results of the Costigan et al[8] study show that HDADT has limited efficacy as a first-line treatment in
an area of high dual resistance. The results are not sufficient to recommend the use of the HDADT regimen in a country
with high levels of dual resistance.

Over the last few years, the use of HDADT has increased, particularly in some Middle Eastern countries, to evaluate
the efficacy in specific patient groups (i.e. children, elderly, etc.). This therapeutic choice is for health economic reasons
and for the progressive emergence of antibiotic resistance towards the drugs used in triple and quadruple (BCQT)
therapy protocols, in particular clarithromycin and metronidazole. On the other hand, these studies allow us to consider
HDADT as a first-line treatment in specific populations or in the case of limited economic resources, reserving BCQT as a
second-line treatment[18,19].

In 2020, Oztiirk et al[18] conducted a study on 150 Turkish patients with H. pylori infection to test the effectiveness of
high-dose dual therapy as a first-line treatment for infection. All patients received a 14-day, high-dose dual therapy
comprising rabeprazole (20 mg three times a day) and amoxicillin (1 g three times a day) for H. pylori eradication.
H. pylori stool antigen tests were administered to all participants at least 4 weeks after the completion of the treatment to
assess eradication. The high-dose dual therapy demonstrated a 91.3% eradication rate of H. pylori infection. Per-protocol
success was 94.4% among female patients (n = 51) and 89.6% among male patients (n = 86); in terms of sex, the differences
were not significant (P = 0.310). Thus, the authors conclude that high-dose dual therapy with rabeprazole and amoxicillin
is highly effective and well tolerated as first-line therapy for H. pylori eradication[18].

Similarly, in a more recent randomized controlled trial conducted by Yang et al[19] in 2023 on 150 Chinese patients, the
authors concluded that 14 days of high-dose dual therapy (pantoprazole 40 mg 3 times daily and amoxicillin 1000 mg 3

Buissidenge WICC | https:/ /www.wjgnet.com 6861 December 16,2024 | Volume12 | Issue35 |



Palmirotta R et al. HDADT and H. pylori

times daily for 14 days) had a similar eradication rate as BQT but with fewer side effects, which may be better for elderly
patients.

Although HDADT seems to be somewhat effective in these studies, almost all of the studies are inconclusive because
the population is very small, and, as mentioned above, no cultural or molecular assessments of antibiotic resistance are
included in the protocols. Nevertheless, these studies represent an important basis for future analysis and clinical trials.
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