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Nothing can stop the man with the right mental attitude from achieving his goal; 

nothing on earth can help the man with the wrong mental attitude 

Thomas Jefferson 





Dear Colleagues 

The monograph periodical “Challenges of the Current Medicine - 12 Edition” is 

a collection of works written by authors from many different medical centers. 

 The fourth report of the National Health Test of Poles from 2023 clearly showed that 

health prevention should be constantly reminded because good habits are formed over the 

years. 

 The National Health Test of Poles is the largest health study on the Polish Internet 

(according to available data). In 2023, almost 208,000 people took part in it, and over 

a million surveys have been completed since the beginning of the study. 

Before the pandemic, the group of healthier people dominated, and now, more than 

half of Poles have long-term health problems or chronic diseases (lasting six months or more). 

As much as 52%. Poles have long-term health problems. Not only the oldest are affected 

because in the group of the youngest adults (18-24 years old), 36% of people have long-term 

health problems, and this percentage is significantly increasing in older age groups. 

Almost every third Pole declared that he had been diagnosed with arterial 

hypertension, every eighth with heart disease, every eleventh with diabetes, every twentieth 

with cancer, and every thirty-third with chronic obstructive pulmonary disease. The 

proportion of people with chronic non-communicable diseases increases rapidly with age. 

It turned out that 9% of Poles sleep less than six. Most people (21%) who do not get 

enough sleep (less than six hours) are among the 45-64-year-olds. As many as 74% of Poles 

sleep six to eight hours daily. 7% sleep more than nine hours a night. subjects. 

Most often, Poles choose meat meals (24%) and meals balanced in accordance with 

the recommendations of dieticians (21%). Vegetarian or vegan meals are most often chosen 

by 4% of Poles. Every fifth Pole (19%) eats fast food several times a month, and 3% even 

several times a week - in this group, the most significant percentage are people aged 18-24. 

Only 31% of Poles eat vegetables every day, and 35% of Poles eat fruit. 

Total abstinence was declared by 20% of Poles. 9% of adult Poles drink alcohol at 

least once a day. 14% of men drink alcohol at least once a day, and 5% of women drink 

alcohol every day. 

The percentage of active smokers of all tobacco products is, on average, 28%, and 

21% of Poles are heavy smokers, and 8% use tobacco products occasionally. Thus, year on 

year, there is a slight decrease in interest in tobacco products. 

Compared to previous years, changes in diet, physical activity,  or avoidance of 

stimulants, i.e., lifestyle in general, are not large, although in general, a slight improvement 

can be seen in this area. However, compared to previous years, Poles have finally started to 

get tested, and year to year, there are substantial increases in almost all essential and screening 

incidences. 

Prof. Elżbieta Krajewska-Kułak 

Dr hab. Jolanta Lewko  

Prof. Wojciech Kułak  

Prof. Mateusz Cybulski  
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OCULAR COMPLICATIONS OF SARS-COV-2 

 

Kaja Sladkowska, Andrzej Dłubak, Julia Honisz, Filip Kruczek, Maciej Dyda  

 

Wrocław Medical University 

 

ABBREVIATION LIST 

• COVID-19- coronavirus disease 

• SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 

• L-DOPA- levodopa 

• BADI- Bilateral acute depigmentation of the iris 

• BES- Burning eye syndrome 

• CRAO- Central retinal artery occlusion 

• CRVO- central retinal vein occlusion 

• OCT- optical coherence tomography 

• FA- Fluorescein angiography 

• AMN- Acute macular neuropathy 

• SD-OCT-  Spectral-domain optical coherence tomography 

 

On May 5th, 2023 The WHO Director-General, Dr Tedros Adhanom Ghebreyesus 

determined that COVID-19 is now an established and ongoing health issue that no longer 

constitutes a public health emergency of international concern and on May 11th The US COVID-

19 national emergency and public health emergency ended [1].  

Those events give an opportunity for summary and conclusions. In this study, we focused 

on ophthalmic complications in COVID-19 patients. 

 

BACKGROUND 

 

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the SARS-CoV-

2 virus [2]. The virus mainly attacks the respiratory system nevertheless since the 2020 pandemic 
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outbreak more and more studies reveal the virus’s impact on other organs. The pathophysiological 

base of complications associated with COVID-19 infection might be diverse; studies name 

hypercoagulability, dysregulated immune response, and endothelial cell damage leading to 

thrombosis, including arterial and venous thrombotic systemic events [3, 4]. The question of 

whether thrombosis is specific to SARS-CoV-2 or is a pathway of the thromboinflammatory 

response to viral infection remains uncertain [5].  

 

OPHTHALMOLOGICAL COMPLICATIONS OF COVID-19 INFECTION 

 

In this study in favor of improving the outlook on the following problem, the authors 

decided to divide the ophthalmologic complications post-COVID-19 infection according to the 

region of the sight organ they occur in. 

Focusing on the anatomy of the sight organ the ophthalmologic complications can be 

attached to the anterior section which consists of eyelids, conjunctiva, cornea, iris, sclera, and lens, 

and to the posterior section containing vitreous, retina, and uvea. Issues linked with an optic nerve 

are treated as part of the sight organ and will be considered neuro-ophthalmic manifestations. 

 

ANTERIOR SECTION  

 

Blepharospasm  

There is scarce information regarding blepharospasm incidence in COVID-19 patients. 

Farci et al. described two women aged 43 and 63 and one man aged 54 who developed this 

complication 2 weeks, 3 weeks, and 4 months after COVID-19 infection respectively [6].  

Blepharospasm is a dystonia characterized by abnormal contraction of the eyelid muscles. 

Symptoms start with mild and infrequent spasms that progress over time to forceful and frequent 

contractures of the eyelids, in advanced cases causing functional blindness from an inability to 

temporarily open the eyes [7].  

This dystonia may be attributable to basal ganglia and diencephalic dysfunction as a result 

of transneuronal penetration of COVID-19 even in the absence of olfactory and gustative 

symptoms. The authors hypothesized that the binding of SARS-CoV-2 to basal ganglia ACE 

receptors alters the degradation of L-DOPA to dopamine and causes blepharospasm [6].  
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Myokymia 

Eyelid myokymia, characterized by episodic or persistent fine, spontaneous undulating 

contractions of the upper or lower lids, has been observed in 15 patients during or immediately 

after the recovery of systemic disease. Most patients (except for 2) experienced complete resolution 

of lid myokymia within 3 months of onset [8].  

The exact causes of this condition are not well understood, but it is often associated with 

factors such as stress, fatigue, and caffeine intake [9]. 

Interestingly, the recovery time of myokymia was not influenced by the severity of the 

systemic illness but was found to be significantly delayed in older patients and those with 

prolonged hospitalization [8]. 

 

Conjunctivitis 

Conjunctivitis has been thought to be among the most common ocular complications of 

COVID-19 not only in adults but also in children [10–18].  

It is manifested by conjunctival hyperemia, chemosis, foreign body sensation, and epiphora 

[10, 13, 19]. In several cases it has been recorded as one of the first manifestations of infection as 

shown by Colavita et al. or Cheema et al. who reported keratoconjunctivitis as the initial medical 

presentation of COVID-19 [16, 20].   

Conjunctivitis is frequently observed as the predominant ophthalmic manifestation in 

children and can manifest at any stage of the disease. Moreover, ophthalmic symptoms may serve 

as the initial and solitary indication of COVID-19 infection [15].  

In Kumar et al. observational study 2742 patients were examined. At admission none had 

ocular symptoms, however on follow-up (every 72 hours or when ocular symptoms occurred)  20 

(0.72%) developed ocular manifestations, of which 19 (95%) had features suggestive of bilateral 

viral conjunctivitis [21].  

It supports conjunctivitis being the most common in terms of ocular manifestations, 

however, it also shows that regarding the rate of incidence of ocular manifestations, the studies are 

incohesive.  Almazroa et al. in their systematic review also found discrepancies about the presence 

of conjunctivitis in COVID-19 patients and suggested the severity of the cases as one of the reasons. 

However, they supported the view of conjunctivitis is the most common ocular presentation in 

COVID-19 patients [22]. 
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Keratitis 

It is a rarely occurring ocular complication. In Wasfy et al. study out of 425 patients 2 

(0.5%) developed keratitis while conjunctivitis developed in 111 (26.1%) patients [13].  

Keratitis in COVID-19 was characterized by pain, photophobia, and tears in the affected 

eye with or without systemic COVID-19 symptoms [13, 23]. 

 In a case study by Cano-Ortiz et al., the first published case of early-onset bilateral 

interstitial keratitis in a COVID-19-positive patient was presented. The treatment involving 

Dexamethasone 1 mg/ml was initiated. Fourteen days after treatment, the right cornea was 

completely transparent, and the left cornea showed remarkable improvement in transparency with 

no other recurrences over a 6-month follow-up [24].  

Zuo et al. described a patient who developed keratitis 3 days before common COVID-19 

symptoms. The authors pointed out the corneal inflammation looked distinct from common 

keratitis (under a slit lamp microscope a shallow white turbid focus with a clear boundary, and                      

a large number of fine particles could be seen). The patient was treated with Ganciclovir eye drops 

[23].  

 

Bilateral acute depigmentation of the iris 

Bilateral acute depigmentation of the iris, also known as BADI, is a rare disease that affects 

mostly young women [25].  

In the clinical course of that disease, we observe progressive symmetrical pigment loss of 

the iris stroma. The prognosis is usually favorable and the pigmentation can recover over the time 

of 3 to 4 years, how, ever several cases show adverse effects of that state, such as the development 

of vision loss and glaucoma [25, 26].  

The etiology of BADI is still not fully known, although experts tend to point to viral 

infections and systemic antibiotic use as possible causes. As the COVID-19 pandemic began, cases 

of BADI with possible coronaviral onset were also described. BADI usually does not develop 

during active COVID-19 inflammation, but rather a couple months after. To the best of our 

knowledge, the relationship between SARS-CoV-2 and BADI is still yet to be explained. One of 

the more extensive studies dedicated to BADI conducted by Turkish experts shows that in only 

38,5% of instances, depigmentation was linked with viral infections [26].  

According to case reports, the development of BADI does not correlate with the severity of  
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the preceding coronaviral infection, as described patients recovered quickly and suffered from mild  

symptoms. Moreover, both patients didn’t have a relevant ophthalmological history before BADI 

[27].   No other symptoms or ophthalmologic pathologies in further examination were found. 

Described patients were treated with topical 0,1% dexamethasone 5 times a day, but no noticeable 

changes were spotted over the time of 1 month. As for now, there is not enough research to 

determine if BADI is directly correlated with SARS-CoV 2 or long COVID syndrome, but this 

infection should be kept in mind as a possible cause.  

 

Episcleritis  

Episcleritis is an acute inflammation of the episclera, the most superficial layer of the sclera. 

This condition occurs both in men and women, with a peak in the fourth decade. The most common 

symptoms appearing during episcleritis are redness of the sclera (caused by congestion of the 

episcleral vascular network), discomfort, foreign-body sensation, and rarely mild pain. According 

to studies conducted on 159 patients, this condition is usually unilateral, although 36,5% of 

examined patients developed bilateral episcleritis [28].  

The etiology of episcleritis is yet to be fully known. Most of the cases are idiopathic, a but 

significant number are linked with autoimmune diseases or various infections, such as Lyme 

disease, syphilis, or cat-scratch disease. SARS-CoV 2 can also be counted as a possible pathogen 

factoring into the development of episcleritis. One of the first published case reports dedicated to 

the possible association between COVID-19 disease and episcleritis, described a patient developing 

episcleritis only 7 days after testing positive for COVID-19. The patient, a 31-years old female had 

no relevant ophthalmologic history, and was only suffering from mild symptoms related to viral 

infection. Treated with fluorometholone and artificial tears, symptoms resolved after 6 days of 

treatment [29].  

Another case report is presenting a similar medical course, only the described patient, a 29-

years old man, developed symptoms of episcleritis 3 days before the first signs of the COVID-19 

infection [30].  

 

Burning eye syndrome 

Burning eye syndrome, also known as BES is included as one of the COVID-19 symptoms  

Not  linked with  the respiratory  tract [31, 32]. As a neuropathic disease, its main manifestation is  
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spontaneous, burning pain combined with a sensation of dryness, allodynia, and hyperalgesia [33].  

The etiology of BES is diverse and includes injuries, allergies, and autoimmune diseases. 

There are also reports suggesting that SARS-CoV-2 is a factor causing the development or 

deterioration of BES symptoms. According to a broad systematic review and meta-analysis, the 

correlation between the severity of COVID-19 and occurring of BES is not evident, age or gender 

also does not seem to have an impact on COVID-19-related BES. First signs of BMS statistically 

occur 1 week after the first COVID-19 symptoms. The correlation between BES and SARS-CoV 

2 is still under-studied, but the possibility that BES could be a part of the so-called long COVID 

syndrome must be remembered [32].  

 

NEURO-OPHTHALMIC SECTION  

 

Coronavirus SARS-CoV 2 mainly affects the respiratory system; however, there are reports 

of neurological manifestations [34]. A wide variety of neuro-ophthalmologic manifestations have 

also been found in association with COVID-19, mostly related to demyelinating disease. While the 

mechanism of these manifestations is unknown, hypotheses include direct neuronal invasion, 

endothelial cell dysfunction leading to ischemia and coagulopathy, or a widespread inflammatory 

"cytokine storm" induced by the virus [35]. 

 

Optic perineuritis 

Optic perineuritis is a rare manifestation of orbital inflammatory disease in which the 

specific target tissue is the optic nerve sheath. The optic nerve sheath becomes inflamed secondary 

to one of a variety of potential etiologies. It is comprised of a spectrum of diseases that can be 

divided into two categories: primary and secondary. Primary is idiopathic in nature and secondary 

is considered to be a part of an identifiable systemic condition [36].  

It typically presents with optic neuropathy; thus, classic demyelinating conditions must be 

ruled out before making a diagnosis [37].  

Typical symptoms involve decreased visual acuity or unilateral vision loss, diplopia, eye 

pain, and color deficits however some cases report other orbital signs, such as ophthalmoplegia and 

proptosis. The diagnosis is made based on clinical examination and radiographic findings [37].  
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Optic neuritis 

Optic neuritis is an inflammatory demyelinating condition of the optic nerve that typically 

presents as subacute, unilateral vision loss or decreased vision, and periorbital worse with eye 

movement. It is commonly known as the first presenting sign of multiple sclerosis, and thus it is 

necessary to initially rule that cause out. However, multiple studies report the possibility of optic 

neuritis occurring as a complication due to a viral infection. Symptoms in cases of optic neuritis 

associated with COVID-19 might range from mild to severe. The most common presenting 

symptoms have included eye pain, decreased visual acuity, and headache. The mild character of 

the neuritis might not impact the patient’s vision and the pain might appear only with eye 

movements [38].  

 

Central retinal artery occlusion 

Central retinal artery occlusion (CRAO) by definition represents end-organ ischemia and is 

analogous to terminal branch occlusion in cerebral stroke. It results in infarction of the retina and 

profound, usually monocular, painless vision loss, and is associated with significant functional 

morbidity. Approximately 15– 30 % of the general population have a cilioretinal artery, which is a 

branch of the short posterior ciliary artery. It supplies a part or the whole of the fovea, and in those 

eyes where there is a CRAO, the cilioretinal artery is spared and the visual acuity may be preserved 

at 20/50 or better, with loss of peripheral vision only [39]. 

 

POSTERIOR SECTION   

 

Retinal Venous Occlusion  

When it comes to venular or arterial occlusions, one of the most often described as central 

retinal vein occlusion (CRVO). In COVID-19 patients suffering from CRVO, the median age is 

36, while non-COVID-19 patients are usually above 60. Moreover, only 36% of the COVID-19 

patients with CRVO have cardiovascular diseases which is considered a risk factor for central 

retinal vein occlusion [40].  

Pathogenesis, as Evidence shows, is linked with inflammatory cytokine storm and viral 

evasion of cellular immune responses which leads to vasoconstriction, ischemia, tissue edema, and 

a procoagulant state [41].  
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Fluorescein angiography (FA) and optical coherence tomography (OCT) demonstrate 

features not different from CRVO from non-COVID-19-related causes [42]. 

 

Acute macular neuropathy  

Acute macular neuropathy (AMN) is a rare condition with unknown etiology but, about 

50% are associated with respiratory or influenza-like illness, and the number of cases increased 

since the COVID-19 outburst and some cases have already been linked with COVID-19 infection 

in young women [42–45]. AMN is a manifestation of retinal microvascular ischemia. It presents 

with central scotoma, photopsia, and mild visual acuity loss [45]. Vision loss may be caused by 

vascular compromise of the deep retinal capillary plexus of the retina [46].  

Fluorescein angiography and OCT angiography can demonstrate ischemia, enlargement of 

the foveal avascular zone, and capillary drop-out areas [45].  

 

Uveitis  

Uveitis is an inflammation of the iris and ciliary body due to a breakdown in the blood-

aqueous barrier. Anterior uveitis accounts for 75 percent of all uveitis cases and can be classified 

as acute, recurrent, or chronic. Etiology can be infectious (f.e. viral) or no-infectious, for example 

autoimmune [47].  

The majority of uveitis or reactivation of uveitis are linked to COVID-19 vaccination,  but 

cases of post-covid anterior uveitis also occurred [48].  

Patients typically show eye symptoms like redness, photophobia, blurred vision, or 

lacrimation, then, after considering symptoms, early use of corticosteroids at a moderate dose for 

a short course may enhance recovery of the COVID-19 patient [49].  

 

Vitritis  

The case of post covid vitritis was also reported. A 57-year-old woman, 12 days after covid 

infection onset experienced bilateral redness in her eyes. SD-OCT showed hyperreflectivity at the 

level of posterior vitreous hyaloid corresponding to the vitritis and fluorescein angiography showed 

corresponding hyperfluorescence. After ruling out other causes, for example, CMV, HSV, 

toxoplasmosis, and borrelia, COVID-19 was presumed the cause of the described changes shown 

in OCT [50]. 
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INTRODUCTION 

 

The intensity of technology development has led to the presence of the most modern 

technological solutions in the global economy. Also in Poland, there are many users of 

innovative solutions, from private life to wide-ranging sectoral activities. 

Polish health care system has been undergoing changes for many years. Some of them 

are strongly identified with the development of modern technology in the world. Even before 

the pandemic, numerous solutions were proposed, the results of which would improve the 

quality of medical services as well as health condition and life of patients. Nevertheless, the 

pandemic had a direct impact on the use of innovative solutions that will remain in health care 

for good. However, this interest is not only the subject of discussion in the field of medicine, 

but also life as the highest value, which significantly changes the position of modern solutions 

and artificial intelligence in the hierarchy of human needs [1]. 

The results of the study conducted before the pandemic pointed to great interest among 

medics in the use of modern technology not only for the direct implementation of medical 

services. The solutions also concerned the priorities of documenting and improving the work 

of medics. The conducted analysis of the introduced innovative solutions also confirms the 

hypotheses assuming the benefits of using the solutions after the end of the pandemic as well. 

The aim of this publication is to attempt to consider the value of factors that threaten, but also 

favor the use of modern technology in health care. The initial analysis reveals that there is  high 

probability that attention will be paid to the emerging threats, but also the benefits of taking 

actions during the pandemic that are beneficial for the future functioning of the health care 

system and the patients themselves. This also includes the use of modern technology by entities  

of medical activity during the pandemic. 
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MODERN TECHNOLOGY IN THE HEALTH CARE SECTOR 

 

Progressive economic growth together with the changing social, cultural and economic 

dimension of humanity has an impact on intensive recognition and reception of new human 

needs. However, health and human life are still perceived as the highest value, which leads to 

applying innovative solutions also in the health care sector. It has become a trend not only in 

Poland, but also in Europe and even worldwide [1]. Innovative solutions are a part of both 

public health and health care, which constitutes its elementary link. As far as the subject of 

public health is concerned, it is worth noticing that it involves general protection, 

comprehensive in human terms, giving health care permission to deal with its organization, 

functioning and financing entities providing direct care in the form of medical services [1]. The 

historical conditions behind the development and application of artificial intelligence have led 

to its very wide use in the world. Ethical and legal considerations always directed the use of 

artificial intelligence towards helping people. In medicine, therefore, prostheses of limbs, 

hearing implants or artificial retina have been designed. This has significantly improved the 

quality of human life, expanded its scope of functioning and allowed to maintain it in the long 

term [2]. 

For many years, Poland has been interested in cooperation in the area of modern 

technology application in medicine. At the beginning, it concerned mainly the area of surgery 

but later also the area of administration. Thanks to the use of modern technology, e-prescription 

systems, electronic sick notes or teleconsultation services have already brought many benefits 

to both staff and patients. It is also a significant step in organizing effective work in health care 

entities. Similarly in the area of diagnostics, where thanks to innovative solutions there has been 

great development in the field of radiology [3]. Unification of standards in the field of IT 

systems, replacement of computer hardware and staff training is another step towards modernity 

[3]. Modern diagnostics in ophthalmology, diabetology and oncology leading to taking new 

paths in treatment is another step in the progress of medicine. The significance of implementing 

solutions based on artificial intelligence is emphasized. Since they constitute considerable 

social and economic challenge, they require special treatment. Here, life is very clearly and 

quickly affected by a tool that affects the quality of human life [3]. Medics in Poland are 

prepared to introduce changes, and the need for additional education enabling them to work in 

the new system is not an obstacle for them. They see great potential in technology, while 

acknowledging that changing the way in which they work or introducing new tools entails the 
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need to be very well prepared. They are interested not only in the use of technology, but also in 

its creation. It is also important to secure the collected data, analyze it and draw conclusions, 

which may have a significant impact on the assessment of patients' health needs and the 

selection of an effective therapeutic process [4]. 

Pandemic has accelerated the process of implementing the changes already prepared. In 

the  pandemic conditions the following were introduced: telemedicine, teleconsultation 

services, telesurgeries or telerehabilitation, monitoring remotely the condition of heath or 

monitoring the application of medicines. Hardware based on AI has also been used in diabetes 

therapy, elderly people caregiving, especially among those under home care, or interfaces for 

voice recognition. Alternatively, there are hospital bedside interfaces for transferring 

information, communication or even entertainment [5]. 

 

OPPORTUNITIES AND THREATS OF THE USE OF ARTIFICIAL INTELLIGENCE 

DURING THE PANDEMIC 

 

         The presented discourse is not aimed at either assessing the introduced systemic 

changes or verifying the undertaken actions. This is only a preliminary attempt to analyze the 

subjective opinions of nurses and midwives gathered at the beginning of the pandemic in March 

2020 on the introduction of technological changes to the healthcare sector. For years, the 

nursing community has initiated a number of meetings and activities for improvement and 

introduction of changes in the healthcare sector. At the same time, it is an expression of concern 

for the role and importance of the undertaken actions that will contribute to the future of the 

health care system, its proper functioning and stabilization in the future. 

              The study, as a result of which the first information on the needs, opportunities and 

threats of the use of modern technology in the health care sector was obtained, was conducted 

at the beginning of the pandemic in Poland (May-June 2020). This is the first part of the study, 

currently being continued, whose purpose was to hear the opinion of healthcare professionals  

on the use of innovative methods and tools during and right after the pandemic in the health 

care sector. Respondents were selected from employees of medical entities. Among the 

respondents were nurses and midwives, including students of master's studies in nursing, all 

professionally active. The respondents were to answer questions of an authorial questionnaire. 

It was assumed that vast majority of respondents use modern technology both in their private 

and professional lives. Moreover, the assumption was that they would see an opportunity to use 
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artificial intelligence in their professional work in the field of health care, yet the existing threats 

and the probability of loss that might result from it are too high and may pose a threat to the 

patients' lives. The research has revealed  that respondents use modern technology more often 

in their private lives than in their professions, at the same time being interested in using modern 

technology at work. However, they can clearly see the threats related to the introduction of 

equipment/applications with the use of artificial intelligence in the health care sector in Poland, 

yet at the same time the number of perceived losses related to the introduction of artificial 

intelligence in the indicated sector increases [6]. New technologies are a very important factor 

in the functioning and future of all mankind. It is worth remembering, however, that a 

significant role in development may entail many significant threats [7]. 

It turns out that the growing interest in technology among members of society regarded 

as individuals means greater involvement of entrepreneurs not only in building a new 

assortment of the company, but also in choosing new marketing paths [8]. One of the most 

important areas protecting humanity from extinction is the protection of public health. 

However, what is typical for all health care systems around the world are limited resources and 

increasing health needs[9]. These needs grew disproportionately to expectations precisely 

during the last pandemic[10]. It turned out that the on-going and planned tasks resulting from 

current social needs were superimposed with new, existing, but not so intensively identified 

health needs, in the physical, social and spiritual spheres. This had a direct impact on the search 

for the best solutions under the pressure to save humanity, not only the health of individuals.  

This time turned out to be difficult for the whole world, yet the funds allocated by individual 

countries for new tasks resulted in saving the lives of individuals. 

In Poland, as well as in other countries, the pandemic was a kind of final exam that the 

system had to pass without any special preparation. This would require rapid changes in terms 

of increasing the availability of services for the population, the introduction of electronic 

solutions in basic health care, e.g. teleconsultations, e-sick leaves, e-referrals, changes in terms 

of perinatal care as well as spiritual support for the patients, especially in the last moments of 

life.  Due to the sudden increase in the demand for basic and specialist services, patients in these 

two areas expected the responses and solutions as fast as possible [11]. The particular changes, 

which were being prepared on an ongoing basis, required many comprehensive actions 

compatible with the new legal regulations, the introduction of innovative technological 

solutions into practice and verification of the operating strategy. However, that was a global 

problem, not only a matter of one specific country. Therefore, many guidelines had to be 
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compatible with international recommendations. This gave a realistic chance for  the dominant 

virus to be dethroned. 

 

THE USE OF ARTIFICIAL INTELLIGENCE AFTER THE PANDEMIC 

 

The development of modern technology, including the use of artificial intelligence, 

despite taking place gradually for many years, has significantly accelerated during the 

pandemic. At that time it turned out that isolation, which was an elementary condition for 

protection against the spread of the virus, required support in communication. The so far applied 

tools turned out to be insufficient on a scale to which people were accustomed. Therefore, it 

was necessary to use innovative methods that, although not used on such a large scale before, 

gave a chance for humanity to survive during the pandemic. In addition, the tools used both in 

social communication and in the administrative system supported people in taking up 

challenges necessary for functioning. They also entered the healthcare sector with ease, yet with 

the need to strengthen the protection of the data obtained. The proposed solutions shortened the 

waiting time for the patient’s appointment, compressed the doctor's contact with the patient, 

allowing for faster decision-making, diagnosis and the suggested treatment, that would in effect  

positively affect the patient's health condition. Taking into regard the proposed and applied 

global recommendations, without these changes, patients' chances of survival could be 

significantly reduced. The solutions constituted a virtually perfect remedy for the strained 

healthcare systems in every country. 

However, contemporary sectoral solutions based on helping people and increasing the 

comfort and quality of life require a very good legal and ethical base. Contemporary medicine 

based on providing widely understood help for people uses all possible resources. The 

development of technology has been helpful in this area for years and has a significant impact 

on the performance of medical procedures. However, this requires personnel with high general 

and specialist qualifications, equipment and financial resources. All these factors together allow 

for  high-quality medical services for people. 

Expectations towards the use of modern technology in medicine, including the use of 

artificial intelligence, are very high. However, the lack of full awareness of its effects and 

effectiveness raise doubts among scientists, especially in the context of human good understood 

in the traditional sense [2]. Only a few years ago, combining the use of robots with traditional 

methods in the therapeutic process was a vision planned for distant future.  Today, they perform 
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some of the tasks of medics, without any organizational conflict. As a driving force, they can 

shorten the waiting time for a visit or surgery, which leads to an improvement in the patient's 

health. It is estimated that works in this field will be intensive in the coming years [3]. The 

research conducted during the pandemic was aimed at, among other things, determining the 

patient's protection status against the threat of the new coronavirus. It has been confirmed that 

since the beginning of the pandemic, the matter of great difficulties and problems in the health 

sector has significantly intensified. At the same time, it is pointed out that this situation, despite 

its tragical dimension is underdetermined in the context of the threat to human life, global 

discourse has begun on the need to introduce changes around the world. Like other countries, 

Poland  recognized health of the population as a priority and a necessary condition and                            

a guarantee of socio-economic stability. In order to achieve it, directions of changes were 

established and systemic proposals were adopted for recommendation. A wide group of experts 

developed solutions both for the protection of individual health and the social functioning of 

groups, institutions and enterprises. This partnership gave a new direction to the planning of 

work and organization of the health care system in the country [12]. 

From the patient’s point of view, the increase in health needs should entail an increase 

in the access to medical services, broader range of health care services, access to modern 

preventive methods and tools, diagnosis and treatment with increased investment in the health 

care system. Threat to human life significantly modifies our perception of the process of 

satisfying health needs. It should be adequate to individual needs, fast and effective. Globally, 

from an organizational point of view, however, the matter was not so clear-cut, if only because 

of the high health risk and limited financial resources of each country. Therefore, the prepared 

action strategies were created for current needs and were to minimize the negative effects as 

much as possible. They assumed the use of all existing resources together with the means and 

resources available in the conditions at that time in particular countries of the world. The evident 

disproportion in the availability of services, the degree of participation in the therapeutic 

process of modern technology or the number of medical personnel quickly affected the degree 

of response to the side effects of the pandemic. At the same time, a very large number of deaths 

among people both under professional care and not aroused a lot of emotions. The analyzes 

carried out during the pandemic were not helpful, as the conclusions forced the population to 

prepare for the worst scenarios including the death of loved ones, prolonged loneliness of 

hospitalized people or passing away alone. Numerous initiatives, including the ones taken                  

by non-governmental organizations, provided significant support to patients and their families  
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during this difficult period. 

The deteriorating health of the population, the change of disease entities constituting the 

largest percentage of the causes of morbidity, or the overall morbidity statistics are clearly 

signalized [13]. The applied technology, used before the pandemic in the therapeutic process, 

has significantly accelerated in its development and use in practice in many medical specialties 

[14]. 

Numerous analyses have stressed the special importance and role of technological 

solutions applied during the pandemic, for which we were already prepared. There were the 

already existing rules of law as well as the administrative and technological infrastructure. 

Although no comprehensive attempts to introduce innovations had been made before, the ones 

implemented so far worked and were often used regionally. They served among others 

collecting information for further work and analyzing the costs of care. The changes made 

during the pandemic with the use of modern technology met with both support and resistance 

to introducing such changes. From the institutional point of view, the process of introducing 

changes has not yet been fully implemented, so it could cause anxiety, especially among 

medical staff. 

 

SUMMARY 

 

Reality has shown that, apart from central assumptions from the supervision and 

organization sector of the polish health care sector, medical entities in cooperation with the 

technological market, aim at obtaining innovative solutions as rapidly as possible. Vast majority 

supports especially these solutions which will result in increasing the quality of medical 

services as well as affect the quality of patient’s life through shortening the process of diagnosis, 

treatment, rehabilitation, better therapeutic effect and risk treatment of the negative health 

effects. Additionally, the devised administrative solutions are to shorten and streamline the 

work time of the personnel, which in effect should result in better comfort of the patient during 

hospitalization.  

The conducted analysis of the subject and the presented research results indicate the real 

possibilities of using modern technology in the practice. However, they are only a prelude to               

a broad topic based also on the existing international and national legal and ethical frameworks. 

These are not only an expression of the global care for the safety of treated people, but also of 

medics directly interested in the provision of services for the patient. 



Artifitial intelligence in health care  

 
 

30 
 

The doubts related to the limited financial resources are a condition to be met after 

conducting many financial analyses. Moreover, a problem of a very delicate ethical nature 

needs to be solved. After the introduction of detailed legal regulations and financial analyses, 

there will be a great need to focus on the preparation of a comprehensive set of ethical 

principles. Although the ethical scope goes beyond legal standards, detailed regulations limiting 

the occurrence of abuses seem to be a guarantee of the security of people nowadays. There is 

no need to negate innovative solutions, since they are a condition for functioning in the future 

also in such a delicate matter as health or disease. The problem, however, goes much broader, 

because it touches existence in the sense of human life. The more effort we make to prepare the 

base for human safety, the more calmly we will be able to take on new innovative challenges. 

Pandemic has not only reveled the shortcomings of the world economy, but also 

deprived humanity of dreams of stability, which people allegedly could have an impact on. Full 

health security cannot be guaranteed.  Therefore, every effort should be made to minimize the 

risks resulting additionally from the applied technology. It is unimaginable to introduce 

solutions that will threaten the health and life of humanity. Identification of threatening factors 

should be constantly analyzed to introduce the safest solutions. The conducted research 

constitutes a small part of the medical potential of professionals, specialists and experts for 

whom human life is the greatest value. However, it is worth hearing their voice, not being 

dependent on ideological and other affiliations, and lean towards saving human life. Because 

this life, often generally understood in literature, is also the life of each of us, the only one we 

have. 
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ABBREVIATION LIST 

• EBV - Epstein-Barr virus 

• SLE - Systemic lupus erythematosus 

• Il-1 - Interleukin 1 

• Il-1β - Interleukin 1β 

• Il-6 - Interleukin 6  

• IL-8 - Interleukin 8 

• IL-17 - Interleukin 17 

• CRP - C-reactive protein 

• TNF-α - tumor necrosis factor alpha 

• CXCL10 - C-X-C motif chemokine ligand 10 

• IFN-γ - interferon gamma 

• TNF-alfa - Tumor necrosis factor alpha 

• FACIT - F  - Functional assessment of chronic illness therapy - fatigue scale  

• EWGSOP2 - European Working Group on Sarcopenia in Older People 2  

• COVID-19 - Coronavirus disease 2019 

• SARS-CoV-2 - Severe acute respiratory syndrome coronavirus 2 

• ACE2 - Angiotensin-converting enzyme 2 

• TMPRSS2 - Transmembrane serine protease 2 

• RNA - Ribonucleic acid 

• BMI - Body Mass Index 

• MRI - Magnetic resonance imagining 
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INTRODUCTION 

 

Long COVID, also referred as “post-acute sequelae of SARS-CoV-2 infection” or 

“post-acute coronavirus disease - COVID - syndrome” (PACS) is what we now call a wide 

range of ongoing health problems that affect people after being infected with SARS-CoV-2. It 

can last weeks, months or even years, causing disabilities and diminishing quality of life.  The 

most common symptoms are fatigue, fever, joint or muscle pain, respiratory and heart 

problems, neurological impairment, diarrhea and stomach pain [1]. As for now Long COVID 

doesn’t have diagnostic biomarkers, moreover universally accepted definition. Cassandra 

Calabrese et al. suggested definition of Long Covid as a heterogenous, multisystem, relapsing 

and remitting illness that can affect patients regardless of severity of their acute SARS-CoV-2 

infection and is unattended by end-organ pathology [2]. Studies show that immune 

dysregulation and immune activation takes a crucial part in pathogenesis of Long COVID [3]. 

Our aim is to disguise the impact of long covid on musculoskeletal system and rheumatological 

complications.  

 

PATHOPHYSIOLOGY 

 

 Long Covid as mentioned earlier can give many symptoms seemingly unrelated to                    

a respiratory infection. This is where the question arises. Why are there actually so many 

symptoms related to bones, muscles and joints? There are several possible explanations for this 

problem. 

 As is well known, the SARS-CoV-2 virus is able to enter cells through angiotensin-

converting enzyme 2 (ACE2) receptors, and the serine protease TMPRSS2 [4]. In the cells, 

translation and replication of viral RNA takes place in the cytoplasm, and it is further released 

into the body [4]. Viral proteins can interact with other proteins present in the human body, 

which can result in impairment of their function [4]. All this can lead to cellular dysfunction 

and result in cell apoptosis, which causes disruption at the tissue level, but also increases local 

inflammation [4]. Nathaniel P. Disser and colleagues showed that human skeletal muscles 

show expression of the previously mentioned TMPRSS2, but only smooth muscle cells and 

pericytes have expression for ACE2 [4]. Expression for both TMPRSS2 and ACE2 was 

possessed by several synovial membrane cells [4]. The opposite of skeletal muscle was the case 

for articular cartilage and meniscus which showed expression of only ACE2 (the exception was 

homeostatic chondrocytes also having expression for TMPRSS2) [4]. In addition, expression 

https://pubmed.ncbi.nlm.nih.gov/?term=Calabrese%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Calabrese%20C%5BAuthor%5D
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for ACE2 was detected in bone, and samples enriched in osteoblasts also showed expression 

for TMPRSS2 [4]. Data for tendons and ligaments were hard to obtain, but rat and mouse 

results were used, which indicated a lack of expression for either molecule [4]. In summary, 

synovial membrane, skeletal muscle, cortical bone and possibly cartilage tissue are possible 

locations for direct infection by the virus. 

 Another important factor in pathophysiology is generalized inflammation. Interleukin 

1 beta (IL-1β), IL-6, IL-8, IL-17, interferon gamma (IFN-γ), C-X-C motif chemokine 10 

(CXCL 10) and tumor necrosis factor alpha (TNF-α) are mainly responsible for this state [4]. 

Molecules such as IL-1β, IL-6, IL-17 and TNF-α, IFN-γ may be involved in the induction of 

muscle fiber proteolysis and decreased protein synthesis [4]. TNF-α and IL-1β, in addition to 

the above action, may block the development of satellite cells responsible for muscle fiber 

development [4]. IL-1β and IL-6 cause an increase in the activity of muscle fibroblasts which 

leads to muscle fibrosis [4]. Inflammation also affects bones and joints [4]. CXCL10, IL-17 

and TNF-α contribute to osteoclastogenesis and a decrease in the number of osteoblasts and 

this results into a decrease in bone mineral density [4]. IL-1β, IL-6 and TNF-α can lead to the 

breakdown of cartilage tissue [4]. As for inducing inflammation in tendons, IL-1β, IL-17 and 

TNF-α perform the main role [4]. These bone changes and the role of cytokines were also 

confirmed in the study of golden Syrian hamsters carried out by Wei Qiao and colleagues [5]. 

  

RISK  FACTORS 

 

 Practically every disease unit will have people who are more or less predisposed to have 

it. Long COVID also has such factors.  

General risk factors for the overall syndrome include elevated levels of D-dimers, 

troponin-1, inflammatory markers, IL-6 and CRP, reduced lymphocyte count (not all studies 

agree on the role of each factor) [6]. Female gender, prior use of antidepressants, depression 

and anxiety identified in the patient's history has a role in development of fatigue in Long Covid  

(some studies have not found a higher frequency of the syndrome in women) [6].  

Another important aspect is the number of symptoms at the onset of COVID-19 

infection as studies indicate that the occurrence of more than 5 symptoms or 10 symptoms 

(depending on the study) may be a significant predictor [6]. Also, it was noted that while the 

long duration of infection itself does not affect the development of Long Covid, the admission 

of patients to the intensive care unit, mechanical ventilation and long hospitalization time 

already does [6]. 
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 There are also risk factors associated with specific musculoskeletal symptoms. The 

development of sarcopenia and joint pain as symptoms of Long Covid may be predisposed by 

long hospital stay, low physical activity and low serum albumin levels [7,8]. Also, age >60 

years, diabetes, obesity are important [8]. As for fibromyalgia, the strongest predisposing 

factors were found to be obesity and male gender [9]. This is interesting because, as previously 

mentioned, female gender is more likely to contribute to the overall development of Long 

Covid [6]. An additional factor is most likely the corticosteroids widely used to treat patients 

infected with COVID-19 to reduce the inflammation going on inside the body. These drugs 

lead to muscle weakness, muscle atrophy [4]. Going further, lowered levels of testosterone, 

progesterone and estrogen, the onset of a cytokine storm in the patient, dexamethasone therapy, 

vitamin D deficiencies and dysbiosis of the intestinal microflora, among others, may be 

responsible for symptoms originating in the bones [10]. One study focused on assessing pain 

in patients with Long Covid depending on the variant of the virus that caused the infection [11]. 

The study found that patients affected by the historical variant, compared to those infected with 

the Alpha and Delta variants, were more likely to report new musculoskeletal pain, but that 

pain was also common in the non-history groups [11]. It can be concluded from this that even 

specific viral variants are predisposing factors for musculoskeletal pain in Long Covid [11].  

Other musculoskeletal risk factors appearing in the studies include high BMI, stay in the 

intensive care unit, malnutrition, prolonged physical inactivity, mechanical ventilation and 

female gender [12,13,14]. 

 

SKELETAL MUSCLES, BONES AND JOINTS – SYMPTOMS 

 

 The multitude of Long Covid symptoms is huge, however, we have focused on those 

originating from the musculoskeletal system.  

 The first common symptoms in the research articles are joint pain, muscle pain and 

fatigue [4,12,14,15,16].  It has been found that these symptoms can appear in up to 2/5 of 

patients [4,15]. In their study, Francesco Ursini and colleagues describe the pain more broadly 

as fibromyalgia occurring in Long Covid [9].  

The pains were mostly widespread, but some patients pointed to the knee joint, foot 

joint, ankle joint and shoulder joint as the most commonly affected [15]. As for muscle pains, 

these typically involved the arm, shoulder girdle and lower leg [15]. These symptoms were also 

associated with a weakening of grip strength by up to a third compared to healthy individuals 

[4,13].  
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 Another symptom to be aware of is sarcopenia. According to the EWGSOP2 definition, 

this is the presence of low muscle mass and low muscle strength (below expected levels for a 

given group of people) [7,8]. Sarcopenia is present in up to one in five people [7]. Additionally, 

it is often correlated with the previously mentioned joint pain and fatigue [7]. It also turned out 

that age had no effect on its incidence which makes it expected in many age groups [7].  

After testing patients with sarcopenia, reduced grip strength, quadriceps strength and a 

significant decrease in physical performance were found, which can easily affect daily life [17]. 

 Another orthopedic problem faced by Long Covid patients are those in the bones. As 

we know, corticosteroids were the mainstay of therapy for COVID-19 infection to reduce the 

inflammation going on in the body [4,10]. The harmful effects of steroids are well known 

worldwide, and avascular necrosis of the femoral head is cited as one of the possible 

complications of their use [10,18]. As a result of the use of these drugs, bone destruction occurs 

through impairment of bone vascularization and architecture, death of osteocytes and fat cells 

[10,18].  

A large role is played by the cumulative dose of steroids given to patients during 

treatment, although as it turns out, it is lower than usually described in the literature in the 

occurrence of this condition [18].  

Thus, it can be concluded that COVID-19 infection further predisposes to avascular 

necrosis of the femoral head. It turns out that the condition affects not only the elderly, but also 

young and active people, which is why early diagnosis and treatment is so important [18]. To 

do this, it is best to use MRI for early detection of the disease even in asymptomatic patients 

from high-risk groups [18].  

After steroid therapy, a decrease in bone mineral density was also observed in patients, 

and other bone necrosis in addition to that seen in the previously described were osteonecrosis 

of the humeral head, ankle bone, heel bone and knee [4,10]. As for osteonecrosis of the knee, 

the situation is similar to that of the femoral head. Early diagnosis is important so that 

bisphosphonate therapy can be applied [19]. The most appropriate form of treatment to prevent 

necrosis is short-term low-dose therapy, and intermittent therapy may also be an alternative. 

The cumulative dose of methylprednisolone should be less than 5g and the duration of therapy 

should not exceed 30 days because then the risk is estimated to be quite low [20]. Bone loss 

(osteoporosis) can also occur independent of dexamethasone therapy, as indicated by studies 

in mice and hamsters [21].  

 The combination of osteoporosis and sarcopenia has been called osteosarcopenia. As it 

turns out, this combination also occurs in patients as a symptom of Long Covid [22]. 
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RHEUMATOLOGICAL COMPLICATION IN LONG COVID  

 

Rheumatological diseases can affect multiple tissues and organs in the human body 

within the musculoskeletal system. Furthermore rheumatological disorders frequently manifest 

by multi organ extra-articular disease. [23] Post-infectious onsets of rheumatological 

complications are reported in many bacterial and viral cases. Well-known phenomenon called 

reactive arthritis, also known as  Reiter’s syndrome, is connected with sexually transmitted 

disease, caused by among others Chlamydia trachomatis. [24] Viral infections and rheumatic 

diseases correlation is still being explored, due to continuous advances in science. [25] Viruses 

can trigger autoimmune response, in predisposed patients, moreover escalate the ongoing 

inflammation causing flares. Thoroughly examined Epstein-Barr virus (EBV) infection was 

found to enhance risk of developing SLE (systemic lupus erythematosus) and multiple 

sclerosis. [24, 26, 27] EBV promotes autoimmunity mostly by cross-reactivity with self-

antigens and by expanding auto-reactive ABCs that continuously stimulate auto-reactive T 

cells and promote chronic inflammation in both secondary lymphoid tissue and target tissue. 

[28] Other viruses also have been connected with several rheumatological diseases such as 

influenza virus, HBV, HCV and HIV [29, 30, 31]. Novel addition to this group is Long COVID, 

a mysterious manifestation  of SARS-CoV2 infection.  

Studies present that the clinical spectrum of autoimmune-related manifestation in 

COVID-19 patients is highly diverse [25].   

Rheumatological presentations include inflammatory arthritis, lupus-like syndrome, 

vasculopathy such as Kawasaki-like disease, chilblain lesion, vasculitis, and chronic fatigue 

spectrum disorder [32]. 

 

SYSTEMIC LUPUS ERYTHEMATOSUS 

 

Systemic lupus erythematosus is a chronic autoimmune disease that can affect every 

organ and tissue [33]. The most common symptoms are fatigue, skin rashes, fevers and pain or 

swelling joints. SLE manifestation varies and can  include cutaneous, musculoskeletal, 

hematological, renal, and neurological systems [34]. Female to-male ratio is 9:1 and it mainly 

affects women in childbearing age [31].  

SLE pathogenesis is complex and not fully understood. Till now we know that many 

factors can affect development and activity of the disease, especially genetic predisposition, 

hormonal milieu and environmental triggers - such as viruses  [35].    
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SARS-CoV2 infection alters the immune system causing specific pattern, which 

include lymphopenia, lymphocyte activation and dysfunction, granulocyte abnormalities, 

cytokine (Il-1, Il-6 and TNF-alpha), monocyte production and increased antibodies.  

Dysregulation of innate immunity, hyperinflammation, immunosuppression, organ damage can 

predispose to new onsets of SLE or lupus like syndrome [25]. Further studies are needed to 

establish if LONG covid can be associated with SLE, so far only a few case reports regarding 

this topic were published [31, 36, 37, 38].  

 

CHRONIC FATIGUE SPECTRUM DISORDER  

 

Fatigue, joint pain, and myalgia were the most frequent rheumatic and musculoskeletal 

symptoms appearing after COVID infection.  3 in 5 patients had at least one symptom [15]. 

Furthermore, female patients were more likely to experience fatigue, myalgia, and joint pain at 

6 months post COVID-19 [15, 39, 40]. Patients with Long COVID report that chronic fatigue 

is the most dominant and bothersome symptom. It is profound, persists even after adequate rest 

and unables  daily activities, causing not only problems for the individual, but also for the 

whole community [2]. Patients point out that long Covid  prevented their return to work and 

also that they were incapable to work. What so ever patients weren’t receiving medical support 

as they needed. Observational study conducted with 213 participants showed that chronic 

fatigue correlated with COVID-19 is clinically relevant and is as severe as fatigue in several 

other clinical conditions, such as cancer. In addition, chronic fatigue in long COVID patinstes 

co-occurs with some features of  postexertional symptom exacerbation [41]. Patients presenting 

these symptoms should be  carefully examined to preclude cardiovascular  and pneumological 

complications overlapping from COVID-19 tissue damage.  

Measurement of fatigue can support diagnostic procedure and follow-up during 

rehabilitation. FACTI-Fatigue scale was already successfully introduced in several populations 

to validated patients with chronic fatigue [42]. It is a 13-item questionnaire created to assess 

reported symptoms [43]. 

 

CONCLUSIONS 

 

Long COVID is causing controversy in both medical and media circles.  Taking into 

consideration all the facts that we gathered, more large-scale cohort studies are needed to 

establish a unified clinical approach in diagnostic and treatment of musculoskeletal and 
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rheumatological complications in Long COVID. Thus we now know that clinicians are facing 

challenging times, trying to find reason and solution to patients suffering.  
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INTRODUCTION 

 

Covid-19, caused by the SARS-CoV-2 virus, has triggered a global pandemic that has 

had a significant impact on various aspects of human health. In addition to the direct respiratory 

symptoms, there is growing evidence of the impact of Covid-19 infection on other systems and 

organs in the body, including the musculoskeletal system [1]. It is anticipated that Covid-19 

may affect skeletal abnormalities in several ways. Firstly, the infection itself can induce 

inflammation in the body, which may lead to changes in bone metabolism and affect bone 

remodeling processes [2,3]. Secondly, frequent hospitalizations and prolonged immobilization 

of Covid-19 patients can result in bone loss and muscle weakness, which in turn may increase 

the risk of skeletal abnormalities [4].Thirdly, some studies suggest that the SARS-CoV-2 virus 

itself may have the ability to directly attack skeletal cells, which can impact their function and 

structural integrity [3]. Furthermore, an important aspect is the lockdown, which directly 

influenced an increased number of skeletal abnormalities in the population due to a greater 

amount of time spent in front of phone screens and immobilization of our lives [5]. 

The aim of this scientific study is to investigate the impact of lockdown measures on 

postural disorders in humans. Based on available sources, we aim to summarize how pandemic-

related restrictions, such as school closures, remote work, and limited outdoor physical activity 

influence body posture and may contribute to the development of postural abnormalities such 

as scoliosis, temporomandibular joint disorders, forward head posture, pathologies of the hand 
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and wrist joint. In our work, we utilized online resources such as the PubMed, Google Scholar 

and NCBI (National Center for Biotechnology Information) platforms, the NLM (National 

Library of Medicine), The Library of Medical  University in Wrocław, and other sources 

mentioned in the literature. 

 

TEMPOROMANDIBULAR JOINT DISORDERS (TMD) 

 

Temporomandibular joint disorders (TMD) encompass a broad and diverse group of 

pathological conditions. They represent the most common cause of non-dental orofacial pain 

[6]. These disorders can have joint-related, muscle-related, as well as psychogenic origins. 

Common symptoms include pain of the masseter and temporal muscles, temporomandibular 

joint pain, clicking and popping in the joint, dislocation, limited mouth opening, and headache 

[7]. In terms of etiology, special attention is given to the association with patients' mental states. 

In a prospective cohort study called OPPERA, a statistically significant association was found 

between the indication of depression, heightened stress and anxiety in the SCL-90-R 

questionnaire, and the aforementioned disorders with 95% confidence interval, as well as 

related behaviors such as bruxism and nail biting [8]. It means that there is a connection 

between TMD and humans’ psyche, while global deterioration of mental health has been 

observed during the COVID-19 pandemic. Several studies and subsequent meta-analyses 

conducted during that time have demonstrated the prevalence of anxiety disorders in surveyed 

groups ranging from 31% to 41%, a 25% increase in their frequency compared to the pre-

pandemic period, the occurrence of depressive disorders among 34% of the participants, and 

sleep disturbances among 33% [9,10,11,12]. This issue also affects college students, leading to 

the assumption that the frequency of psychogenic temporomandibular joint disorders among 

these students may have increased during the pandemic and the resulting lockdown. This 

assumption is supported by research findings. In 2020, a survey was conducted among the 

students of the Medical University of Łódź, which showed that 77.3% of them reported TMD 

symptoms [13]. Similar results were reported by students in Turkey [14]. Among 699 

participants, 11.5% reported severe symptoms, 21.9% reported moderate symptoms, and 

44.1% reported mild symptoms. The same study also examined the occurrence of depression, 

anxiety, and heightened stress. Statistically significant associations were found between the 

presence of TMD and each of these problems, particularly among women. Additionally, among 

students at the University of Campinas in Brazil, a correlation was observed between TMD 

prevalence at a rate of 64.2% and a lower quality of life index [15]. The phenomenon seems to 
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be global, however a more comprehensive analysis of this issue appears necessary, as the 

majority of available data comes from self-reported questionnaires that lack verification by 

medical professionals or actual diagnoses. 

 

CERVICAL SPINE 

 

           In the era of COVID-19, dependence on electronic devices has become a fairly common 

problem. During lockdown and isolation, online platforms and remote learning took the upper 

hand in teaching to meet academic needs [16,17]. In addition, social isolation increased time 

spent using cell phones contributing to the worsening problem of cell phone addiction. Among 

students, a link was noted between increased smartphone or other hand held metal devices 

(HHMD) use and worsened academic performance, stress, sleep disturbances as well as bone 

and muscle pain [16]. 

    When using electronic devices, it is easy to have an abnormal posture, which has been 

described as "text neck syndrome’’ or forward head posture (FHP) [17]. The main factors 

contributing to this phenomenon are excessive neck tilt and lordosis in the lower cervical spine, 

which in turn is balanced by kyphosis in the upper thoracic spine. When using smartphones 

and other devices, we use many parts of the body- through the head, neck and shoulders to the 

wrists, hands and torso [16,18]. In forward head posture, we can distinguish two types:  

1. cervical spine tilt,  

2. the lower cervical spine remaining in contraction while the upper cervical spine is 

stretched to maintain a horizontal gaze [17]. 

    The upper part of cervical spine is responsible for 50% of total neck flexion and 

extensions, as well as 50% of overall cervical rotation. Instability in this region can cause 

biomechanical symptoms such as vertebrobasilar insufficiency, cervical radiculopathy, 

cervicogenic dizziness, head and facial pain and nerve irritation.  In cases of FHP, long lasting 

pull on the nuchal ligament and nuchal muscle can cause tendinitis and bony spur in the nuchal 

ligament [19]. Affected ligaments are: posterior longitudinal ligament, ligamentum flavum, 

supraspinous ligament and interspinous ligament. The alar and transverse ligaments may 

become overstreched as well. When the head and neck are held in a flexed posture for                            

a prolonged period, creep can occur in the posterior ligaments of the spine after as little as 10 

minutes [20]. It has been reported that muscle activity and muscle fatigue of the neck extensors 

are more common as the flexion angle of the neck increases during smartphone use. SCM 

become short, strained and weak [18]. Generally, the muscular imbalances associated with FHP 
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result from the combination of the elongation and weakening of the anterior neck muscles, and 

the contraction and stiffness of the posterior neck muscles [17]. It has been discovered that the 

angle of neck tilt increases more when sitting than when standing. The additional tilt of the 

trunk causes excessive contraction of the back extensor muscles, and the constant load on these 

muscles may increase the risk of neck and back pain [18]. FHP also affects the joints. There 

may be a reduction in the space in the atlanto-occipital and atlantoaxial joints, and as a result 

an increase in compressive forces placed posteriorly. This affects the suboccipital muscles, 

which become shortened. It compresses the facets of joints and even slackens posterior 

ligamentous structures. If instability occurs, the greater occipital nerve, vertebral artery, and 

spinal cord all may be placed at risk [20]. It was also stated that the more severe FHP becomes, 

the bigger impact it will have on the propioception [17]. 

  When the neck is held in a neutral position, the head has been shown to weigh 

approximately 10–12 lbs according to three studies [16,20,21]. The more flexed the neck is, 

the more weight is placed on the cervical vertebrae, intervertebral discs, and facets of joints, 

which can lead to degeneration and herniation. For example, flexion to 15 degrees increases 

the load on the spine to 27 lbs, 40 lbs at 30 degrees, 49 lb at 45 degrees, and finally 60 lbs at 

60 degrees [20,21]. It turns out, that males have been shown to demonstrate dramatically 

greater angles than females in the head and neck flexion angle [20]. It was shown that women 

perceive more overall musculoskeletal pain in the cervical spine and upper extremities than 

men. It is a common knowledge that the text neck syndrome has become a widespread modern-

day epidemic [16,17], affecting people exposed to HHMD use for multiple hours- adults use 

them for 5.1 hours a day. For example, in the United States, university students aged 19–22 

years old reported using a HHMD for over 8.5 hours per day on average [20]. On the other 

hand, a study conducted by Kennet Hansraj from the New York Spine Surgery & Rehabilitation 

Medicine, conducted that nearly all the community (>95%) use smartphone in the performance 

of daily activities. The most common position when using the cellphone among Indian 

adolescents was a supine position for a period of 1–3 h, followed by sitting at a table reported 

by 27.3% for 1–3 h. In Saudi Arabia most of the participants had been smartphone users for a 

minimum of 12 months. They complained about symptoms like pain, numbness, tingling, 

aching, stiffness, and burning in the neck region which they experienced during or after 

smartphone use in the preceding 12 months. Most of them reported using smartphones for 7 

hours daily or more [16].   Text neck syndrome is an increasingly popular phenomenon these 

days and in all likelihood could affect us [17]. Using HHMD for an average of 2 hours a day 

for 10 years increases the risk of developing lordosis in the cervical spine and future neck 
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pathologies. In contrast, a study in India found that neck disorders, especially sternocleido-

mastoid and upper trapezius muscles pain, are more likely to affect people who use 

smartphones for 5 hours a day or more.  One study found that the neck flexion angle tends to 

increase more significantly when using a HHMD in a sitting versus a standing position. While 

seated, the best position for device use is placed on a table and angled upward towards the 

person’s head, or mounted or held just at or below eye level to avoid the need for increased 

upper and lower cervical flexion [20]. Neck symptoms were found to be more prevalent among 

female adolescents and those who used smartphones for a longer duration and less common 

among physically active individuals. Ergonomic experts recommend keeping the smartphone 

at eye level to avoid head flexion, using smartphone holders and periodic neck exercises [16].  

 

PATHOLOGIES OF THE HAND AND WRIST JOINT 

 

Following the declaration of the COVID-19 pandemic by the WHO, the shift to remote 

work in the public sector has potentially contributed to the occurrence of numerous work-

related musculoskeletal disorders. Pain from the musculoskeletal system is most commonly 

associated with back pain, while hand and wrist joint pathologies are often overlooked [22]. 

The environmental change of work from the pandemic reduced work productivity in around 

15% of workers [23]. Moreover, work-related musculoskeletal disorders of the hand and wrist 

joints are the most common cause of employee absenteeism, and also are associated with 

greater loss of productivity at work than pathologies of other anatomical regions. 

Excessive mouse usage, exceeding 20 hours per week, poses a significant risk for carpal 

tunnel syndrome and other work-related musculoskeletal disorders. Similarly, an increased 

likelihood of such disorders can be linked to prolonged remote computer work or taking on                 

a demanding job that involves extensive computer use [24]. 

The COVID-19 pandemic has influenced health, well-being, and contributed to the 

development of smartphone addiction, which, through prolonged usage, can lead to various 

pathologies, including musculoskeletal disorders. The monotonous activities of holding                          

a smartphone in one hand and scrolling with one finger may cause excessive usage of thumb, 

wrist joint, and especially the carpometacarpal joint to excessive wear and tear. These wrist 

and thumb activities very often cause musculoskeletal symptoms. Also, increased pressure in 

the carpal tunnel area, which compress its contents and cause swelling of the median nerve and 

long finger flexor tendon is often found. Moreover, excessive smartphone usage may be 

associated with impaired ability to perform precise thumb movements [25,26]. 
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MUSCULOSKELETAL DISORDERS AND POSTURE DEFECTS 

 

Correct posture influenced by many factors is very important in maintaining the 

efficiency of many organs. When it is disrupted, the functioning of the entire body is affected 

[27.] The key to good posture is the position of the spine. Correct posture should maintain three 

natural curves, but not increase them. Increased curvature of the spine affects many parts of the 

human body through pressure. Therefore, the effects are not only seen in the musculoskeletal 

system, but also affect the functioning of the nervous and cardiovascular systems [28]. 

The COVID pandemic and its associated lockdown has contributed significantly to the 

decline in physical activity among students and school children. People were forced to stay 

indoors, all educational institutions were shut down and they started online education, this led 

to dependency on online classes [30]. This lifestyle has developed an abnormal posture among 

students [29]. They were spending more time on laptops and smartphones both to support their 

academic activities and in their free time [30]. Staying at static position by repeated movements 

such as using a keyboard, clicking on a mouse, usage of the body in inadequate ergonomic 

conditions may lead to musculoskeletal disorders [31]. 

One study conducted in elementary school among children showed changes throughout 

the spine [32]. Before the pandemic, postural disorders were present in 71.11%. More than 

95% of the children had pathological alignment of the shoulders and shoulder blades both 

before the pandemic and after one year of anti-pandemic restrictions. Analysis of body segment 

positions showed that the most affected segment was the lumbar spine, followed by thoracic 

spine deformities [33]. 

Musculoskeletal pain in college students leads to discomfort that can limit students' 

daily leisure time and increases psychological stress [34]. The results of a survey of students 

during the COVID-19 and lockdown pandemic clearly suggest that there is a high prevalence 

of musculoskeletal pain among college students during the pandemic, which increased from 

15.6% to 64.4%. This has been correlated with both decreased physical activity among students 

during this time and increased time spent at mobile devices in a forced posture. This study 

concluded that increased screen-time on electronic devices during COVID-19 led to high 

prevalence of musculoskeletal disorders in students. The highest prevalence was found in lower 

back region [30].  

Some students do not have an ergonomically standard chair at home [35]. Non-

ergonomic position reduced the muscular effort required to maintain a seated position, cause 
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the ligaments and muscles supporting the spine to increase tension which cause upper and lower 

back pain [36]. 

 Prolonged static contraction of the back's skeletal muscles causes impaired blood flow 

to the muscles (ischemia), along with swelling and the accumulation of waste metabolites that 

cause spasm pain [37]. 

 

RESULTS 

 

  This work is a preliminary summary of the effects that Covid-19 has had on society. 

During the lockdown, prolonged periods of reduced physical activity contribute to muscle loss, 

decreased bone density, and an increased risk of fractures. Sedentary behavior and poor 

nutrition further worsen these effects, leading to accelerated progression of skeletal disorders. 

Additionally, extended bed rest associated with COVID-19 hospitalization can result in muscle 

wasting, particularly in older individuals. The lockdown measures implemented during the 

COVID-19 pandemic unintentionally contributed to the deterioration of skeletal health in 

humans manifesting as carpal tunnel syndrome, spinal curvatures, temporomandibular joint 

disorders and postural abnormalities. Recognizing and addressing the negative consequences 

on the skeletal system is crucial for preventing long-term complications and disability. Future 

research should focus on developing effective interventions and public health strategies to 

mitigate the negative impact of lockdowns on skeletal disorders and promote musculoskeletal 

health, especially among vulnerable populations.  
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ABBREVIATION  LIST 

• CVD – cardiovascular disease,

• HF – heart failure

• LPS – Lipopolysaccharide,

• LVEF - left ventricle ejection fraction

• TMAO – Trimethylamine-N-oxide

• TNF-alpha – Tumour Necrosis Factor-alpha

• IL-6 – Interleukin-6

• CRP – C-reactive protein

INTRODUCTION 

The question of the functions performed by the human intestinal microbiota has recently 

been an interesting issue. Thanks to the dynamic development of various diagnostic 

possibilities, we are able to learn more and more precisely the reasons why mother nature has 

equipped us with about 2 kg of bacteria inhabiting our digestive tract. They have been shown 

to be most abundant in the large intestine and belong to four types: Firmicutes, Bacteroidetes, 

Proteobacteria, and Actinobacteria. Most microorganisms exhibit absolutely anaerobic 

metabolism (e.g. Bacteroides, Clostridium, or Fusobacterium), but there are also aerobic and 

relatively anaerobic bacteria (e.g. Enterobacteriaceae, Lactobacillus, Enterococcus or 

Streptococcus). What's more, some viruses or fungi also live in our intestines [1,2,3]. The key 

moment in the acquisition of physiological intestinal microbiota is the passage of the child 

through the mother's birth canal during natural childbirth [4]. Unfortunately, the recent increase 

in caesarean sections may have an adverse effect on the child's health in the future [5,6,7,8]. 
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Microorganisms in our intestines perform many functions - they are responsible for 

proper digestion, absorption, and metabolism [9]. Thanks to the presence of bacteria, it is 

possible to digest resistant starch, mucins, or nitrogen compounds, as well as synthesize 

vitamins from the B-group (including thiamine, pyridoxamine, folic acid, or cobalamin) and 

vitamin K. In addition, microbiota degrades exfoliated epithelial cells, and foreign substances 

contained in food, drugs, or dietary supplements and enables the proper functioning of the 

intestinal barrier, which is an important component of the absorption of microelements (e.g. 

sodium and potassium) [1,10,11,12,13]. Another task performed by the useful microorganisms 

of our intestines is the synthesis of organic acids. Lactic acid effectively maintains the pH at 

the appropriate level, making the environment unfavorable for the invasion of possible 

pathogens [14,15]. In turn, butyric acid - one of the SCFA (short-chain fatty acids) - has a 

nutritional function in relation to colonocytes, anti-inflammatory and also stimulating the 

motility of the digestive tract [10,13,16,17]. Another important role of the microbiota is 

participation in immune reactions due to interactions with GALT (gut-associated lymphoid 

tissue), which positively affects the ratio of Th1 to Th2 lymphocytes [18,19,20]. 

The role of the intestinal microbiota is not limited to local impacts in the place of 

occurrence. Thanks to numerous connections with neurotransmitters, it affects the central 

nervous system. Dysregulation of the gut-brain axis is seen as the cause of many serious 

neurological diseases - including neurodegenerative diseases, depression, or multiple sclerosis 

[21]. 

Recent years have also shown the participation of the intestinal microbiota in the 

regulation of the cardiovascular system. For example, due to the possibility of decomposing 

nutrients such as saccharides or lipids, microorganisms living in our digestive tract may reduce 

the risk of cardiovascular incidents depending on the qualitative composition of the microbiota 

[22, 23]. The influence of the microbiota on the risk of coronary heart disease and heart failure 

will be discussed in detail in the following paragraphs. 

ROLE OF GUT MICROBIOTA IN CARDIOVASCULAR DISEASE 

Atherosclerosis is a chronic inflammatory disease in which there is a build-up of plaques 

inside arteries. Arteries that have become extremely narrow can cause shortness of breath and 

chest pain during physical activity, called angina pectoris [24]. These plaques are causing 

turbulent flow with atherosclerotic cardiovascular disease (ASCVD) as a result [25]. Coronary 

artery disease is one of the most common cardiovascular diseases (CVD). Despite the fact that 
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CVD incidence and mortality rates are constantly declining in many European countries, it still 

remains a major cause of morbidity and mortality [26]. In 2020, ischemic heart disease (IHD) 

mortality rates were 112.37 per 100,000 [27]. Overall CVD is estimated to cost the European 

Union economy 210 euro billion a year [28]. More than 60 million potential years of life are 

lost to CVD in Europe annually [29]. The major modifiable risk factors for CVD are 

hypercholesterolemia, hypertension, cigarette smoking, diabetes mellitus and adiposity [26]. 

Various inflammatory markers have already been associated with CVD, such as tumor necrosis 

factor-alpha (TNF-alfa), interleukin-6 (IL-6), and C-reactive protein (CRP) [30].  

Advances in medical and microbiological knowledge resulted in a novel approach to 

the pathogenesis of CVD. The precise mechanism by which the microbiota contributes to 

atherosclerosis remains unknown. So far dysbiosis is associated with leaky gut, abnormal 

glucose, and lipid metabolism, which are major risk factors for CVD [31]. The gut microbiome 

produces hundreds of different metabolites, which can affect multiple tissues and organs of our 

body and it can be compared to endocrine organs. Butyrate is a product of microbial metabolism 

and simultaneously the main source of energy for colonocytes [32]. It supports anti-

inflammatory effects in the intestinal mucosa by activating regulatory T cells. Decrease in 

butyrate-producing bacteria such as Roseburia intestinalis and Faecalibacterium praus, disrupt 

the mucosal barrier, resulting in leakage of microbial toxins such as lipopolysaccharide (LPS) 

[33,34,35].  LPS is a bacterial surface molecule, produced by most Gram-negative bacteria [36]. 

Studies showed that increased plasma levels of LPS can be connected to insulin resistance, 

glycaemic control, and abdomen obesity, primary drivers for CVD [37,38].  

Trimethylamine-N-oxide (TMAO) is a microbiota-related metabolite and potentially a 

causative agent in atherosclerosis. To begin with, gut microbiota produces trimethylamine from 

nutrients containing L-carnitine or phosphatidylcholine. Next, it is oxidized by hepatic flavin-

containing monooxygenases to TMAO. Choline, phosphatidylcholine, and L-carnitine are 

present in red meat, fish, and eggs. Animal models showed that precursors of TMAO promote 

foam cell formation and atherosclerosis [34]. Also, TMAO interferes with platelet function 

through stimulus-dependent calcium signaling, promoting atherothrombotic events [31]. 

Besides, increased plasma levels of TMAO were associated with an increased risk of major 

adverse cardiovascular events. Moreover, it is independent of traditional risk factors, even in 

low-risk cohorts [38]. 

Growing evidence of a microbial role in the pathogenesis of atherosclerosis evolved in 

attempts to use antimicrobial substances in patients. Oral broad-spectrum antibiotics can 

temporarily suppress the production of TMAO. Unfortunately, the durability of that effect with 
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long-term use is unknown. What is more W.H. Wilson Tang et al. suggests that instead of 

eradicating of intestinal microbes we should focus on reducing the consumption of products 

rich in phosphatidylcholine and choline [39]. Another interesting compound, resveratrol, is a 

polyphenol, originating from fruits, especially grapes. Evidence shows that red wine is high in 

resveratrol and most likely it is responsible for the “French paradox” phenomenon. Further 

studies showed that resveratrol can modulate TMAO synthesis through gut microbiota-related 

dysbiosis [40,41]. Future research is needed to establish the importance of resveratrol 

supplementation in patients with CVD. 

As presented, the role of gut microbiota in the pathogenesis of cardiovascular disease is 

still being explored. Researchers indicate that possibilities in novel treatment or methods of 

prevention of CVD are promising, and should be further studied.  

GUT MICROBIOTA AND HEART FAILURE 

Certain characteristics of gut microbiota composition are observed to be associated with 

an increased risk of heart failure (HF). Bacteria located in the intestines, while digesting, are 

responsible for the production of various metabolites, including lipopolysaccharide, short-chain 

fatty acids, and imidazole propionate [42,43,44]. Elevated serum levels of the third are 

recognized as indicating lower microbial diversity and being linked with reduced left 

ventricular ejection fraction (LVEF) and heart failure independently of traditional risk factors 

for cardiovascular disease. Increased serum concentrations of this compound might be

a valuable predictor of 5-year mortality in patients with heart failure according to a 2023 cohort 

study conducted by Molinaro et al. [45,46]. The microorganisms that are identified as the cause 

of elevated imidazole propionate serum levels include Ruminococcus gnavus, Clostridium 

bolteae, and Clostridium symbiosum, and they are also found in greater abundance in patients 

with type-2 diabetes [47,48]. Studies performed on animal models as well as in vitro analysis 

show that imidazole propionate administration leads to activation of molecular pathways that 

are involved in heart remodeling associated with HF in mice [49]. 

Moreover, the already mentioned trimethylamine-N-oxide might also be taken into 

consideration regarding HF. Besides its involvement in the pathomechanism of atherosclerosis, 

trimethylamine-N-oxide is thought to directly affect the heart itself having an influence on the 

progression of heart failure. Based on murine models, TMAO was observed to induce 

myocardial hypertrophy and fibrosis as well as impair cardiomyocyte contractile function and 

intracellular calcium management in rats, but also to cause pathological left ventricular dilation 
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and reduced LVEF in mice [50,51,52]. More investigation is needed to develop knowledge 

about the gut microbiome's connection to heart failure and its possible application in diagnostic, 

therapeutical, and predictive measures. 

CONCLUSIONS 

While these findings require more study on both animal and human models in order to 

further understanding of the processes in which bacteria located in the human intestine affect 

the heart and its function, it is predicted that in the future they can play a role in shaping the 

procedures applied in diagnosis and treatment of cardiovascular diseases. 
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ABBREVIATION LIST 

• AD- Alzheimer’s disease 

• APP- amyloid precursor protein 

• PSEN1- presenilin 1  

• PSEN2- presenilin 2  

• CT- computed tomography 

• MRI- magnetic resonance imagining 

• PET- positron emission tomography 

• CNS- central nervous system 

• IPL- inner plexiform layer 

• AH- aqueous humour 

• ACh- acetylocholine 

• MCV- maximum velocity of constriction 

• MCA- maximum constriction acceleration 

• NMDAR- N-methyl-D-aspartate receptor 

 

INTRODUCTION  

 

According to Alzheimer’s Disease International every three seconds a person develops 

dementia [1].  

Alzheimer’s Disease (AD) poses difficulties differentiation with other dementias, which 

is why it is so urgent to find biomarkers that allow diagnosis at an early stage [2]. AD is a 

neurodegenerative disorder, which derives primarily from genetic mutations and amyloid 

plaque accumulation. A connection between AD and ophthalmologic symptoms in affected 

patients has been observed and widely investigated. Anatomical changes in the eye can even 

appear before signs of cognitive impairment and memory loss [3]. Some studies even refer to 
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the retina as the window, in which to view the pathogenesis of Alzheimer’s [4]. Not only the 

retina, but other anatomical parts of the eye show morphological changes caused by the 

progression of the disease:  

• vitreous humor,  

• optic nerve,  

• lens,  

• cornea,  

• aqueous humor.  

            However, as AD affects the nervous system, eye symptoms are most often localized in 

the innervated sites - the retina and the cornea.  

 

PATHOGENESIS  

 

There are many hypotheses proposing different pathogenesis of AD. Among the most 

researched potential causes of Alzheimer’s are the extracellular amyloid plaque accumulation, 

intracellular hyper-phosphorylated tau protein accumulation and genetic factors. Rare, familial 

form of AD is caused by mutations in three genes - amyloid precursor protein (APP), presenilin 

1 (PSEN1) and presenilin 2 (PSEN2). However, AD is considered a sporadic disease, which is 

most often observed in patients with apolipoprotein E4, an isoform of a lipid transporting 

protein. 

 

DIAGNOSIS 

 

Alzheimer’s Disease is currently diagnosed by many methods, such as computed 

tomography (CT), magnetic resonance imagining (MRI) or positron emission tomography 

(PET) to rule out the possible causes for the symptoms. The early diagnosis is based on early 

recognition of symptoms and signs, like forgetting recently learned information which is not 

pathognomonic [5]. 

The eye offers a natural window to the brain as retina, which is the only optically 

accessible nervous tissue. Numerous studies have reported the presence of  β-amyloid plaques 

in the patients’ retina and signs of degenerative changes and retinal neuron damage. It opens 

the possibility, for early detection of AD in noninvasive eye scans [6-8].  
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At this moment, there is no perfect tool for AD screening, because there is limited 

number of eligible studies, with broad ranges of sensitivity and specificity. There is need to 

conduct larger studies investigating retinal β-amyloid and it’s early detection and  disease 

prediction sensitivity [6]. 

 

CORNEA 

 

The cornea, in combination with the precorneal tear film, plays an important role in 

providing a proper anterior refractive surface as well as protection of the eye against infection 

and structural damage [9]. In AD changes such as corneal thinning and decreased corneal 

sensitivity are observed. Further studies have shown overall decrease in corneal nerve fiber 

number, density and length, as well as increased density of dendritic cells in AD patients [10]. 

As cholinergic nerve fibers are targeted in AD, the implications include abnormalities 

in tear outflow, such as decreased lacrimation. Blink rates, corneal hypoesthesia and tear 

function tests are helpful in detecting activity or progression of neurodegenerative diseases. 

corneal innervation is very significant in maintaining the corneal epithelium - its reduction may 

lead to clinical implications, such as erosions, that may require ocular surgery [9].  

 

RETINA 

 

Common pathological features have been observed in AD patients' brains and retina. 

The retina shares similarities with the brain tissue and is composed of multiple layers: three 

layers of nerve glial cell bodies and three layers of synapses. Photoreceptors capture and 

transmit information via interneurons to retinal ganglion cells, which make direct synaptic 

connections with the CNS through the optic nerve [11]. 

The proximity of nerves and blood vessels in the retina is called the blood-retina barrier, 

similarly to the brain-blood barrier [4].  

The retinal arterioles and venules have anatomical features and physiological properties 

strongly resembling small cerebral vessels. These analogies enable scientists to refer to the 

retina, as mentioned above, the window of the brain, as pathological changes in the brain are 

often mirrored in the structure of the retina [12].  

Therefore retinal manifestations may prove to be an effective screening, diagnostic and 

monitoring tool.  
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The hallmark biomarkers of AD - amyloid beta plaques and protein tau - have been 

detected in various retinal layers, resulting in neuronal cell death, retinal ganglion pericytes 

apoptosis, synaptic dysfunction an thinning of the retinal nerve layer. In other contradictory 

studies either no or limited evidence of amyloid accumulation has been found [10,11]. 

 

VASCULAR  IMPLICATIONS 

 

In AD patients the parameters of retinal vessels are changed. The diameter of veins, 

arterioles and venules is reduced, they are more tortuous and sparse, all of which results in 

decreased blood flow [10,13].  

The combination of retinal vascular parameters such as blood column diameter, blood 

flow and blood speed can be applied in distinguishing between mild cognitive impairment and 

Alzheimer’s. 

A laser Doppler instrument is found to be useful in showing that blood flow is lower and 

the retinal veins are relatively narrow in AD individuals than in healthy patients [4]. Moreover, 

oxygen saturation in arterioles and venules is often significantly higher. 

 

THICKNESS OF THE RETINA 

 

Histological analysis has confirmed extensive loss of retinal ganglion cell in AD 

patients, resulting in substantial thinning of the retina [10,14]. The loss of retinal nerve fiber 

layer has been observed in various patterns, including sectoral loss in the superior, nasal and 

inferior retina [10,14,15].  Decreation in the volume of the temporal and occipital cerebral 

cortex correlates with thinning of the inner plexiform layer (IPL) [10,15]. It remains under 

question, whether retinal thinning precedes or follows the clinical manifestation of Alzheimer’s 

disease [16]. 

 

AQUEOUS  HUMOUR (AH) 

The accumulation of amyloid β and precursor protein – APP - in the aqueous humour 

seems to have the origin in many sources [10].  

There are studies which describe the transport pathway of amyloid substance produced 

in retina, via the vitrous humour, to the aqueous humour in the anterior chamber [10,17]. 
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As it was mentioned before, describing the blood – retina barrier, some elements of the 

sight organ show similarities with the central nervous system components.  That is because of 

the high-density of contained neurons and glia cells, as well as the analogical connection  with 

the bloodstream [18,19].This assumption is correct for the aqueous humour compared here with 

the cerebrospinal fluid regarding a complex mixture of proteins [19,20]. Following this thesis, 

the barrier between blood and aqueous humour functions analogous to the blood – brain barrier, 

which equals carrying the signs of damage in the AD by both [10,17].  

All of these deliberatings lead to the conclusion that the presence of protein deposits in 

the AH is a reasonable biomarker for the Alzheimer disease [10,18]. 

The correlation between changes in AH and the Alzheimer disease has also been 

demonstrated in the patients with glaucoma and pseudoexfoliation syndrome, suggesting that 

these conditions might be linked with amyloid accumulation [10,21.22]. 

As for primary glaucoma, elevated intraocular pressure is considered to be the most 

frequent and important risk factor. There are cases which mention glaucoma progression among 

patients with AD who develops increased values of that intraocular parameter [23-25]. Owing 

to the patients with normal intraocular pressure who have contracted primary open angle 

glaucoma, the notion that this morbid entity shares some pathogenetic mechanisms with 

neurodegenerative diseases such as AD is still investigated [21,26].  

 

PUPIL 

 

The pupil size is controlled by two antagonistic muscles: the dilator, activated by the 

sympathetic stimuli, and the sphincter, which reacts to activation of the parasympathetic 

nervous system. Significant changes in the function of pupil in patients with AD are caused by 

the pathological degenerative process located in the Edinger–Westphal nucleus, the part of 

oculomotor nerve (CN III) [10]. As a result, the anatomical structures which are innervated by 

the third cranial nerve, such as ciliary body and above - mentioned  sphincter muscle of the 

pupil, cannot act properly. This patomechanism explains the reason of increased pupil diameter 

during cognitive effort [10,23,27].  

The basal nucleus of Meynert is also meaningfully influenced by the changes embraced 

the nervous tissue. That leads to the impairment of the cholinergic system responsible for the 

multiple projection to the brain cortex [10]. Loss of cholinergic neurons, located mainly in the 

medial septum and in the para-hippocampal area, is strongly and directly associated with 

https://www.diki.pl/slownik-angielskiego?q=ciliary+body
https://www.diki.pl/slownik-angielskiego?q=ciliary+body
https://www.diki.pl/slownik-angielskiego?q=sphincter+muscle+of+the+pupil
https://www.diki.pl/slownik-angielskiego?q=sphincter+muscle+of+the+pupil
https://www.diki.pl/slownik-angielskiego?q=meaningfully
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memory impairment28,29. The decreased levels of acetylcholine (ACh) in AD patients result in 

pathologic condition of the pupillary system and altered pupillary eye reflex (PLR) [10,30].  

The value of pupillometry as a potential biomarker in AD seems to be more and more 

appreciated [28]. In patients who develop AD, repetitive stimulation of the pupillary reflex is 

less pronounced [9]. The latency of pupillary constriction to light increases, whereas the 

amplitude is decreased [9,28]. Compared to healthy controls, faster redilation after light offset 

is observed, together with significant changes in different parameters -  decreased maximum 

velocity of constriction (MCV) and maximum constriction acceleration (MCA) [28]. These two 

parameters have been reported as the most accurate to differentiate AD patients from healthy 

controls [28,31-33]. Nevertheless, not every study have succeed to find such differences 

[34,35].  

 

LENS 

 

As the lens and brain share a common embryological origin in germinal ectoderm 

[36,37], progressive changes of AD do not avoid normally transparent crystalline human lens. 

Some specific similarities have been indicated between the neurodegenerative processes in the 

brain and the fundamental mechanism of cataract formation [10,15]. Advanced loss of the lens 

transparency is caused by the cataractous changes of the lens. As in the previous described 

patomechanisms responsible for most of the implications of AD, the process of excessive 

accumulation of abnormal protein plays here significant role [10,30].  

In AD lenses, Aβ peptides aggregate in the cytoplasm of supranuclear lens fiber cells, 

which scatter the visible light. Advanced supranuclear cataracts observed in late stage of AD 

are typically bilaterall and have no one typical phenotypic penetrance [36].  

AD-associated pathological mechanisms are linked with others commonly known 

diseases connected with modifications of the lens structure. For example development of age-

related cataract [10,30]. Down syndrome, a risk factor of developing AD with early – onset, is 

classified to these cases too [36].  Patients with DS in their third decade of life and beyond are 

at higher risk of progression of AD-related neuropathology, neurodegeneration, and cognitive 

decline which may lead to complete  clinical dementia [36]. 

Highly sensitive noninvasive optical techniques,  slit lamp examination and optical 

coherent tomography, can be used to detect and tracked the cataract. This marks the lens out as 

an ideal “window” to monitor the progression of AD as the slightest opacity may act as a sign 

https://www.sciencedirect.com/topics/medicine-and-dentistry/epiblast
https://www.sciencedirect.com/topics/medicine-and-dentistry/penetrance
https://www.sciencedirect.com/topics/medicine-and-dentistry/neurodegeneration
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of systemic disorder38. Furthermore, new technologies allow to confirm the origin of visible 

changes. Special fluorescence drops, unique for the A𝛽 proteins, may be injected into the eye 

and eventually bind into the match elements [38,39]. 

 

OPTIC NERVE 

 

Reports which demonstrates degeneration of the optic nerve related to simultaneous 

damage of retinal cells and visual impairments in AD patients, have enabled further observation 

of significant changes involving the optic disc [2]. This structure modified by the pathological 

process is distinguished by excessive pallor and increased cup – to – disc ratio [10,40-42]. 

Thinning of lamina cribrosa as a consequence of Tau protein deposits in the cerebrospinal fluid 

might be also noticed [23,43]. Contradictory findings suggest that AD does not always affect 

axonal damage within the optic nerve [23,44].  

 

CLINICAL OCULAR MANIFESTATIONS 

 

Eye movements 

One of the most noticeable Alzheimer’s disease-related ocular changes are modified 

elementary eye movements, such as saccades, smooth pursuit and pupillary responses. To leave 

no doubt, the fast, swift motion of the eyes that shifts gaze from one focus to another towards 

the target is called prosaccade, while antisaccade is simply saccade away from the target. 

Smooth pursuit requires sustained following and focusing on moving target objects. Pupillary 

responses answer for variations of the size of the pupils involving the autonomic and the central 

nervous systems. 

Generation of prosaccades demands contribution of multiple areas in the cortex and 

brainstem [45]. As an example regions that are able to trigger saccades: the frontal eye field, 

supplementary eye field and parietal eye field. Also there are cortical areas involved into 

preparing saccades, such as the posterior parietal cortex, posterior hemispheric cortex and 

vestibular cortex [46]. In AD patients increased latency to initiate and decreased velocity of 

prosaccades are observed [47-49]. Their movements’ accuracy often occurs as hypometric, not 

reaching the target [50,52]  but sometimes might be also hypermetric - when they make 

perseverative errors [47]. Moreover, AD patients demonstrate a distinct gap effect - the temporal 

gap between fixation point offset and target onset which typically results in shorter saccadic 
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latencies than if the fixation point remains on [52]. It is also believed that decreased control of 

saccadic movements comes from inhibitory dysfunctioning which is a relatively frequent sign 

of Alzheimer’s disease [53]. However, some research suggests that AD patients may have 

normal prosaccadic functions [54,55]. The intricacy of prosaccadic processes is still waiting to 

be explained.  

The first inhibitory signal responsible for antisaccades starts in the dorsolateral 

prefrontal cortex and it is sent to the superior colliculus to stop reflexive prosaccades [56]. After 

that, the frontal eye field and posterior parietal eye field are involved. Afflicted patients exhibit 

inability to suppress these reflexive responses due to the dorsolateral prefrontal cortex 

degeneration or decay in working memory [47]. This results in incorrect antisaccades, that is to 

say high antisaccade error rate [53,57].   

 During smooth pursuit tests patients have to continuously track and hold their gaze on 

moving target. Correct response is determined as the ability to keep gaze and to reduce the 

number of preceding (in the direction of target) and compensatory “catch up” saccades47. 

Patients with AD show enlarged latency to initiate smooth pursuit as well as decreased velocity 

and gain which is the ratio of eye velocity to target velocity. They often make intrusive 

anticipatory and “catch up” saccades in different numbers and amplitudes [58,59]. AD group of 

individuals exhibits significantly differential values in the smooth pursuit test than healthy 

people. These pursuit errors are connected to diminished metabolism in the right posterior 

middle temporal gyrus - an area that is close to the middle temporal complex which is admitted 

to be involved in transmission of information about moving target to the frontal and 

supplementary eye fields mentioned above [60]. 

Well known pupillary response to light stimulus is reduced in people with AD [61,62]. 

Patients have significantly lowered levels of maximum constriction velocity and acceleration, 

amplitude between baseline pupil diameter and minimal pupil diameter during pupillary light 

response [32]. The reason for such a pupils’ response is cholinergic deficiency in the visual 

system which is substantial for AD. 

  

The quality of vision 

 Anomaly in visual acuity as the ability of the eye to identify small objects in terms of 

established level of luminance and contrast is found under conditions of low luminance when 

decreased visual acuity in AD patients is observed [63]. Moreover, low spatial frequency 
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conditions, that is to say reduced air transparency which results in blurred edges of viewed 

objects (just like on rainy or foggy days) hampers visual acuity [64].  

 Deficits of contrast sensitivity have been described in AD - patients show increased 

Frequency Doubling Technology (FDT-2) exam time, lowered general sensitivity and improper 

variability. It is believed the triggers of these changes are neuropathological or functional 

modifications in the retina or central pathways that take part in visual processing [65].  

Due to significantly reduced contrast sensitivity it is possible to detect it even in early 

stages of the disease [10]. Noteworthy is the fact that abnormalities in contrast sensitivity can 

decline the standard of daily life of afflicted individuals such as increase reading latency [66] 

and cause risk of fractures and falls in AD patients [13].  

 AD patients’ poor color vision performance is partly related to cognitive impairment 

and might be caused by retinal cell damage associated with the P neural pathway [67]. Most of 

the deficiencies relate to the blue-yellow spectrum (the tritan axis) [13].  

 Another visual manifestation in AD is visual field loss. Synaptic dysfunction and 

accumulation of Aβ-plaques [68] lies at the bottom of this impairment. AD patients exhibit 

visual field deficits which can be measured with the Humphrey perimetry. They present an 

asymmetric loss, mostly with the left hemisphere of the brain predominance [69]. An interesting 

fact has been observed - there is a correlation between the degree of advancement in visual field 

loss and the degree of dementia [70].  

 Motion perception as an ability to deduce direction and speed of objects is crucial for 

daily functioning and navigation [13].  AD patients report higher thresholds for motion 

detection than healthy controls. An interconnection between enlarged threshold and the severity 

of dementia is observed [71].  

 

TREATMENT   

 

The most effective current strategies of AD treatment are prevention methods, which 

can significantly slow it’s evolution. However, they are hard to administer, as the first 

neuropathological signs of AD occur 15 to 20 years before the disease begins. Disease-

modifying treatments are not yet available [72].  

Two main approaches have been developed in treating Alzheimer’s Disease [73]. In the 

early, asymptomatic stages these drug therapies may be more beneficial, befor the 

neurodegeneration occurs [72].  During the progression of the disease, due to the destruction of 
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acetylcholine producing cells, cholinergic transmission through the brain is reduced. 

Acetylcholinesterase inhibitors (AChEI) are administered in order to increase ACh levels in the 

synaptic cleft [73]. Three drugs have been currently approved that affect cholinergic 

transmission - donepezil, rivastigmine and galantamine [74]. 

NMDAR antagonist prevents overactivation of NMDAR glutamate receptor, which 

would have led to a rise of Ca2+ levels, promoting cell death and synaptic dysfunction73. An 

NMDA receptor antagonist, Memantine, was approved in 2003 [74]. 

Both of these courses of treatment, despite having a therapeutic effect, present no 

advancement in curing or preventing the disease and can be used only as a way of treating the 

symptoms [73]. They can temporarily stabilize or improve the cognitive functions and control 

disorders of the behavior [72].  

Additionally, progress is being made in the field of gene therapy (in repairing the faulty 

DNA/gene/protein and attacking the disease at the source) and immunotherapy (in developing 

anti-amyloid and anti-tau agents) [74]. Immunotherapies targeting Aβ deposits have been 

studied in rodent models. The response of amyloid burden to therapeutic intervention can be 

monitored due to advances in imaging of retinal Aβ [75]. 

Although they vary in methodology, the animal studies collectively suggest that the 

retina is a tissue that may faithfully mirror pathological changes in the brain. 

As the retina is a site enabling the monitoring of disease progression in response to 

medication, it is probable that future therapeutic intervention may be done through it. By 

exploiting the molecular delivery system through the optic nerve, the retina may be a crucial 

site of drug administration, especially in the absence of effective AD therapy [75]. 

 

ALZHEIMER’S DISEASE IN COMPARISON TO OTHER AGE-RELATED DISEASES 

OF THE EYE 

 

Alzheimer’s Disease is often associated with other degenerative conditions, such as age-

related macular degeneration (AMD) and glaucoma [76]. These conditions share common 

features both in terms of pathophysiological mechanisms and risk factors2, such as smoking, 

hypertension, hypercholesterolemia, atherosclerosis, obesity, unhealthy diet [77]. Upon 

analysis, the pathology of said diseases seems overlapping: the hallmark of AMD is the 

accumulation of Aβ and iron in drusen, while p-tau and Aβ deposits are found in retina ganglion 

cells, the main cell type implicated in glaucoma [76]. 
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Another potential link between the mentioned conditions is the role of inflammation in 

the disease progression. Inflammation is a prominent feature of brain tissue affected by AD. 

Due to incomplete activation of phagocytosed Aβ  pro- and anti-inflammatory cytokines are 

being secreted, causing iron dyshomeostasis which potentially leads to ROS production and 

associated toxicity [76].  Similarly, inflammation as well as oxidative stress, accompany AMD 

and glaucomatous degeneration. 

As much as AD shares many analogies with AMD and glaucoma, a definitive link 

between the diseases has not yet been confirmed. In AD and AMD the extracellular deposits do 

consist of largely similar aggregated proteins, however, the genetic background between the 

two seems to be different [77]. 

Pathogenesis of all three disorders, as well as their connections, remain the subject of 

undergoing studies. 
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ABBREVIATION LIST 

• AMD- age-related macular degeneration 

• RPE- retinal pigment epithelium 

• HAP- hydroxyapatite 

• BrM- Bruch's membrane  

• FA- fluorescence angiography 

• SOCT- spectral optical coherence tomography  

• OCT- optical coherence tomography  

• BLD- basal laminar drusen 

• FAF- fundus autofluorescence 

• SDD- subretinal drusenoid deposit 

• ODD- optic disc drusen  

• AION- anterior ischaemic optic neuropathy 

• DPED- drusenoid pigment epithelial detachment  

• GA- geographic atrophy  

• MNV- macular neovascularization 

• CNV- choroidal neovascularization  

• RD- retinal detachment 

• MGPN- mesangial glomerulonephritis  

• EZ- ellipsoid zone  

• OCTA- optical coherence tomography angiography 

• ICGA- indocyanine green angiography  

• EPA- eicosapentaenoic acid  
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• DHA- docosahexaenoic acid  

• UV- ultraviolet radiation  

• AAO- American Academy of Ophthalmology 

 

INTRODUCTION  

 Drusen are an important topic in the field of ophthalmology. Their role in the creation 

and development of various eye conditions such as age-related macular degeneration (AMD) is 

the subject of intensive scientific research. They are yellow or white accumulations of 

extracellular material that build up between Bruch's membrane and the retinal pigment 

epithelium. Typical location is posterior ocular poles around or within the central fovea under 

the basal lamina of the retinal pigment epithelium (RPE) [1,2,3]. They are associated with 

natural aging but depending on their size, number, location and type they may be related to an 

increased risk of developing specific diseases [4]. The aim of this study is to review information 

on drusen in ophthalmology focusing on the classification, pathogenesis and clinical 

significance. Studying drusen and understanding their impact on the organ of vision is crucial.  

 

DEFINITION AND PATHOGENESIS 

 

 In 1855 Franciscus Donders described the yellow-white lesions as “Colloidkugeln” 

(colloidal ball). Based on their yellow and shiny appearance in ophthalmoscopy a year later 

Heinrich Müller referred to them as “geode”- a rock containing a crystal lined cavity [5, 6, 7].  

 Drusen consist of residual bodies of retinal sensory epithelial cells. These include 

lipofuscin, phagosomes, lipid and phospholipid waste products, accumulating as granules or 

vesicles. Lipids with cholesterol form a central core structure on which hydroxyapatite (HAP) 

spherules precipitate which promote the accumulation of proteins on their surface. There are 

some of the most common proteins involved in this process including complement proteins, 

amyloid-beta, apolipoproteins and vitronectin. Experimental studies indicate that Bruch's 

membrane (BrM) lipoprotein binding may be moderated by the plasma factor CFH H,197 and 

genetics indicate a role for CFH in the pathway of soft drusen biogenesis. Increased levels of 

zinc, an element responsible for normal retinal homeostasis are also detected in the druses. We 

can suspect that zinc is an early and key marker of drusen. Research into the development of               

a sensitive probe for zinc has the potential to understand the pathogenesis of drusen and may 

help in the early diagnosis of AMD. Due to the location of the drusen it is possible that they 
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deprive the RPE and photoreceptor cells of oxygen and nutrients. This leads finally to retinal 

degeneration and atrophy. Their number and size increase with age. They may not cause visual 

impairment but in most cases represent the first phase of non-neovascular AMD. Thick deposits 

can detach the RPE from Bruch's membrane. Druzes tend to attract inflammatory and 

vasoactive factors that can lead to neovascularization and hemorrhage [2, 3, 4, 5, 8, 9].  

Drusen are dynamically fused and spontaneously disappear in a way which suggests 

regulated processes. Between 20% and 34% of drusen disappear spontaneously in about 7 years 

[9].   

Important factors contributing to the formation of drusen:  

• cholesterol-related gene variants such as CETP, ABCA1, ABCG1, LIPC and APOE 

• RPE dysfunction 

• thickening of BrM 

• choroidal capillary atherosclerosis 

• older age  

• female 

• smoking 

• higher body index 

• inflammation 

• impaired cholesterol metabolism 

• family history 

• complement dysregulation 

• cellular debris generated by RPE degeneration  

• increased sunlight exposure during young ages 

• caucasian race 

• cardiovascular diseases [5, 10, 11]. 

Some research suggests that increased physical activity and a mediterranean diet may 

have a protective effect [4]. 

 

CLASSIFICATION 

 

The classification of drusen is based on size, consistency and histological characteristics 

present [4].  

By appearance we can categorize them into:  
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- Hard drusen 

 Sharply demarcated, small, round, yellow foci, discrete lesions less than 

half the diameter of a venous vessel [2, 3, 4]. They are located inside or behind 

the retinal pigment epithelium and also termed “small drusen”. Unfortunately, it 

is still not known whether the small, hard drusen are direct precursors of the soft 

drusen, or whether the soft drusen are developing independently. Risk factors 

include higher age, shorter axial length, hyperopia and female sex. Theoretically, 

stretching Bruch's membrane in myopia can expand the pore size, reduce its 

thickness and promote increased flow through the membrane, thus reducing the 

formation of drusen. The Beaver Dam Eye Study found that a higher incidence 

of early AMD occurs in people with a larger area covered by small, hard drusen. 

They show hyperfluorescence in the form of window defects in the RPE on 

fluorescence angiography (FA) and have the character of small RPE elevations 

on spectral optical coherence tomography (SOCT) [12, 13].  

- Soft drusen 

             Yellowish-white, shapeless and less well confined, biomechanically 

fragile, size is usually greater than the diameter of the venous vessel- ranging 

from 30 μm to over 1000 μm, with mound-like elevations with sloping sides and 

completed with “membranous debris”. They are usually classified in the 

category of large drusen with reflective and homogeneous “ground-glass” 

interiors inside BrM. Soft drusen shows polygonal areas of uniformly electron-

dense material originally called “hard drusen breaking up” [2, 3, 4, 9]. They are 

made up of lipoproteins containing apolipoproteins B and E, which are secreted 

by the RPE in a physiological lipid recycling programme. They are the most 

frequent types of macular drusen and recognised as determining the progression 

of the disease [9].  

- Confluent drusen 

          With a continuous transition between each other. Confluent soft drusen 

leads to druzenoid elevation of the RPE [3, 14].  

Soft and confluent drusen are more likely to develop AMD than hard drusen. 

 By size:  

- Small drusen: <63 μm  

With a low risk of developing AMD 
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- Median drusen:  63- 125 μm 

- Large drusen: >125 μm,  

         With a significant risk of AMD. The size of 125 μm is approximately the 

diameter of a large venous vessel near the optic disc [2, 3, 4, 9, 13, 15]. 

 Others:  

- Cuticular drusen: 30 do 60 μm,  

             Small, yellow, round, dot-like drusen and there are numerous. They are 

subretinal lesions located between the basement membrane of the RPE and the 

cytoplasm of the RPE cells. Their large number gives the appearance of “stars 

in the sky”. In optical coherence tomography (OCT) they have a spheroid or 

triangular shape. Originally called basal laminar drusen (BLD) [2, 3, 4, 9]. They 

are usually characterized by a central hypoautofluorescent lesion with a 

hyperautofluorescent border on the fundus autofluorescence (FAF). They tend 

to coalesce leading to a specific dispersed distribution. The deposits are hardly 

visible on physical examination and are easily visible on the arteriovenous phase 

of fluorescein angiography. Cutaneous drusen on OCT B-scans sometimes show 

triangular raised RPE-BL with the bases resting on Bruch's membrane giving a 

characteristic pattern called “saw teeth” [16]. 

- Calcified drusen  

             Shiny appearance is the result of secondary dystrophic calcification of 

hard or soft drusen. They have punctate reflectivity on OCT.  

- Subretinal drusenoid deposit (SDD)  

             Called also reticular pseudodrusen. Together with soft drusen, they are 

the main risk factors for progression to end-stage atrophy and neovascularization 

which include significant loss of RPE and photoreceptors. Extracellular, space-

filling, distinct from drusen section. In comparison to classical drusen, SDDs are 

located between the RPE and the sensory retina. In looks, they resemble soft 

druses, but never undergo spontaneous regression as can be seen in some cases 

of soft druses. They are usually lighter in color. In SOCT they take the form of 

deposits of granular hyperreflective material situated between the RPE layer and 

the ellipsoidal layer. They were previously called “reticular druses” because of 

the characteristic reticular image in FAF imaging [2, 3, 4, 9, 13, 15]. 

- Optic disc drusen (ODD) 

                   Cell-free, hyaline or colloid, often calcified deposits present in the  
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optic nerve head. Consist of amino acids, nucleic acids and mucopolysa-

ccharides. These are circular, multilayered structures in the size range 5-1000 

µm. They are situated in front of the lamina cribrosa in the optic nerve head and 

may present familial. They are usually bilateral [3, 17, 18]. Optic nerve drusen 

can be mistaken for oedema of the disc and is often a cause of diagnostic 

confusion. They can be seen occasionally and generally do not cause loss of 

visual acuity. More prevalent is visual field loss like enlarged blind spots or 

peripheral stenosis [19]. They can also lead to anterior ischaemic optic 

neuropathy (AION) and result in loss of vision. Currently, there are no therapy 

options to avoid or relieve the loss of vision caused by ODD [17]. On 

ophthalmoscopy, a small disc can be observed, with irregular borders and an 

abnormal vascular hollow [3].  

Hard drusen are common and are the only type of drusen considered to be a normal age-

related phenomenon. An increase of the number of drusen and their size increases the 

probability of progression to AMD. Localization in the macula or central retinal area is of more 

concern than in the peripheral retina. Soft drusen are typically located more in the central retina 

or macula making them more likely to progress to AMD [4]. Hard drusen <63 μm in diameter 

are the most common type and without pigmentary lesions have a 0.4% five-year progression 

rate to advanced AMD [4, 5]. Intermediate drusen present in one eye with no pigmentary lesions 

have a 0.5% five-year progression rate, and in both eyes - 2.1%. Soft and large drusen present 

in one eye without pigmentary lesions have a 3.9% five-year progression rate; in both eyes-

13% [4].   

 

DRUSENOID PIGMENT EPITHELIAL DETACHMENT (DPED) 

 

 DPED is caused by fusion of large areas of soft drusen. It is also a factor in the 

progression of AMD. Eyes with DPED have a high risk of progression to geographic atrophy 

(GA) [2, 15]. It is caused by drusen with >350 μm base diameter. The primary RPE layer 

becomes thickened, hyperreflective lesions appear vertically above in the retina and the RPE-

BL degrades leading to collapse of the deposits with total atrophy of the RPE and outer retina 

[9]. It is characterized by a quite well limited elevation of the RPE. It is defined that if the 

horizontal width of the DPED is wider than 2 disc diameters then progression to geographic 

atrophy (GA) or macular neovascularization (MNV) may develop within 2 years [20].  
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Photograph 1: OCT. DPED in the macular area in a 77-year-old female patient. Right eye. 

Photograph by lek. Dagmara Pawełczyk-Sicińska 

 

 

CLINICAL SIGNIFICANCE 

 

 Drusen bodies are typical symptoms of AMD [4]. In the western world AMD is the most 

prevalent cause of permanent vision loss after the age of 65 [10]. Worldwide is the third most 

common cause of blindness after cataracts and glaucoma [21]. Some studies have indicated that 

AMD is associated with reduced quality of life. The most frequent serious consequence is 

choroidal neovascularization (CNV) in the center of the macula [22]. The predictive value has 

factors such as the type, number and location of the drusen. Other less common hereditary 

diseases should not be forgotten, such as Sorsby's fundus dystrophy, North Carolina macular 

dystrophy, Stargardt's disease and adult vitellio-retinal dystrophy. Drusen have also been 

associated with some systemic diseases such as Alport syndrome and dense deposits disease 

[4]. They may also be related with long-term retinal detachment (RD) and its successful surgery 

allows for their regression [23]. Cuticular drusen are quite often observed in patients with 

mesangial glomerulonephritis type 2 (MGPN type 2) [13].  
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DIAGNOSIS 

 

OCT  - OCT is the gold standard in the diagnosis of drusen. It allows documentation of 

changes in the size of individual drusen, retinal atrophy and, most importantly, detection of 

intraretinal and subretinal fluid. The drusen are observed as elevations of the RPE in the form 

of nodules of different reflectivity located either on or in Bruch's membrane [24, 25, 26]. 

Intermediate reflexivity is exhibited by soft drusen and high reflexivity by hard drusen. The 

first ones additionally show a thickened Bruch's membrane. Some of the OCT changes observed 

may indicate an increased risk of disease progression. These include a large volume of drusen, 

migrating hyperreflective foci and heterogeneity of drusen in terms of reflectivity [24, 25, 27].  

 

Photograph 2: OCT. Large and soft drusen in the macular area in a 78-year-old male patient. 

Right eye. Photograph by lek. Dagmara Pawełczyk-Sicińska 

 

Photograph 3: OCT. Large and soft drusen in the macular area in a 78-year-old male patient. 

Right eye. Photograph by lek. Dagmara Pawełczyk-Sicińska 

 



Drusen in ophthalmology 

88 
 

DPED and CNV are highly visible on OCT [24, 25]. In the case of DPED, elevation of the focal 

damaged RPE with a hyporeflective area above Bruch's membrane is observed [27]. The edges 

of the RPE are collapsed and the RPE in the area is folded [24, 25]. DPED can be seen as a 

vesicle, hemorrhage, RPE disruption and neovascularization. CNV in OCT is diagnosed 

depending on the type by different features. Distinguishing between elevation and disruption of 

the RPE layer with hyperreflective spaces under the retina through the presence of 

hyporeflective space under the neurosensory epithelium to neovascularization from the deep 

retinal capillary plexus. Advanced CNV is characterized by the presence of scarring [28]. 

Hyporeflective lesions corresponding to fluid spaces are also observed [27]. 

 

Photograph 4: OCT. DPED and CNV in the macular area in a 77-year-old female patient. 

Left eye. Photograph by lek. Dagmara Pawełczyk-Sicińska 

 

Observation of small and raised foci located on the RPE indicates SDD. They are 

triangular in shape and penetrate the ellipsoid zone (EZ). It is possible that thinning of the outer 

retinal surface and loss of the EZ in the peak zone of deposition coexist [29]. 

Swept-source technology, thanks to imaging at greater depths, makes it possible to 

diagnose optic disc drusen [30]. 

It should be noted that OCT is the diagnostic standard for evaluating response to 

treatment. 

 

FAF -  This is the next basic examination in the diagnosis of drusen. The image can be 

varied. They are often visualized as a reduced central area of autofluorescence with a ring of 

increased autofluorescence around it.  

A moderate, diffuse increase in FAF sharply bordered by a ring of decreased 

fluorescence is characteristic of DPED [31]. 
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FA - Hard drusen in fluorescein angiography are observed in the early phase as 

hyperfluorescence of the fenestration cavity type with a normal choriocapillaris layer, while in 

the late phase the fluorescence decreases. Soft drusen in the first phase also show the same 

features. Fluorescence blockage is characteristic of large soft drusen. Diffuse drusen are 

described as a “stars in the sky” image. 

CNV is highly visible on fluorescein angiography. The classic form in the early phase 

is a well-demarcated area of hyperfluorescence with distinct coronal borders. In later phases, 

this area becomes enhanced and in the late phase the borders become blurred.  

Observation of a circular or oval area of homogeneous fluorescence clearly demarcated 

suggests DPED. In the late phase, fluorescein stasis is observed in the area of detachment [32]. 

 

Optical coherence tomography angiography (OCTA) - OCTA provides an 

opportunity to evaluate inactive choroidal neovascularization. Attention is also focused on 

shaded areas on en-face images, indicative of nonperfusion zones [24, 25]. 

 In the case of SDD, advanced choroidal nonperfusion zones can be seen, as well as a 

significant reduction in blood flow. So called “ghost vessels” are also described, in areas of 

reduced choriocapillaris density. Areas of early atrophy with co-occurrence of drusen indicate 

early changes on the outer surface of the retina [29]. 

 Dark halo and changes in the deep retinal vessels indicate the presence of CNV. The 

image can take different forms depending on the type of CNV. Distinctions include “jellyfish”, 

“bundle”, “glomerular” or glomerular vascular pattern with adherent telangiectasias [24, 25]. 

 

 

Photograph 5: OCTA. DPED in the macular area in a 77-year-old female patient. Right eye. 

Photograph by lek. Dagmara Pawełczyk-Sicińska 
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Indocyanine angiography - Is an additional examination in the diagnosis of drusen. 

Performed in DPED, in which no neovascular membrane is present. The image of the drusen 

varies depending on its composition. This examination makes it possible to determine the 

boundaries of the neovascular membrane. It shows the vascular network of the classic 

neovascular membrane.  

A hyperfluorescent halo is characteristic of DPED, while in indocyanine green 

angiography (ICGA), hypofluorescence surrounded by a hyperfluorescent halo indicates serous 

detachment of the pigment epithelium [33]. 

 

TREATMENT  

 

 Small drusen do not require treatment but should be observed regularly [34]. There have 

been trials of using laser photocoagulation that achieved regression of the drusen, but the risk 

of vision loss due to CNV or geographic atrophy was similar in the treated and untreated groups. 

It is not yet evident that reducing drusen can result in clinical benefits [23]. Research is 

proceeding on the effectiveness of blue-light filtering devices to avoid excessive oxidative 

stress that leads to the development of drusen. Supplementation with eicosapentaenoic acid 

(EPA) and docosahexaenoic acid (DHA) to compensate for omega 3 and 6 fatty acid 

deficiencies may have a beneficial effect on slowing lesion progression. More research is still 

needed to determine the effectiveness of statins and other lipid-lowering drugs. Quitting 

smoking can also reduce the accumulation of protein aggregates, increase autophagy and the 

antioxidant response. Treating diabetes, hypertension and obesity has positive effects by 

reducing the mechanisms of retinal vascular aging. According to recent evidence, there is                          

a close correlation between the retina and the intestinal microbiota called the "intestinal-retina 

axis." Further research on the intestinal microbiota may contribute to achievements related to 

the treatment of drusen [35]. Definitely, regular eye examinations are necessary for proper 

monitoring of lesions and their treatment. 

 

CONCLUSION 

 

 Unfortunately, we still do not understand the exact mechanisms of drusen formation, 

but it is sure that they are induced by age-related biochemical changes. Studies like Chesapeake 

Bay (USA), Rotterdam (USA), Beaver Dam (USA) and Blue Mountain Eye (Australia) 
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confirmed that the frequency of minimum one drusen in the fundus in older people is around 

96 percent [8]. Therefore, the ability of different specialists to recognise the specific types of 

drusen is significant. Furthermore, it will allow a broader education on modifiable risk factors 

and a quicker response to the implementation of the necessary treatment to delay or avoid the 

onset of the relevant disease conditions associated with the presence of drusen. They should 

promote quitting smoking, eating a healthy diet and using sunglasses to avoid damage to the 

eyes from ultraviolet radiation (UV) [4]. The American Academy of Ophthalmology (AAO) 

suggests that all patients sixty-five years of age and older should have a comprehensive eye 

examination every one to two years, independently of any prior history of eye disease [12]. 

Understanding how deposits are formed can result in new methods of prevention and 

therapeutic treatment [9].  
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ABBREVIATION LIST 

• HSV- Herpes simplex virus 

• DNA- deoxyribonucleic acid  

• PCR- polymerase chain reaction 

• IOP- intraocular pressure 

• ARN- Acute Retinal Necrosis 

• VZV- Varicella-Zoster virus 

• AUS- American Uveitis Society  

• CMV- Cytomegalovirus 

• RRD- rhegmatogenous retinal detachment 

• PORN- progressive outer retinal necrosis 

 

INTRODUCTION 

 

 Herpes simplex virus (HSV) is a common virus and infections caused by it are 

widespread [1, 2]. HSV is a deoxyribonucleic acid (DNA) virus that encodes more than 80 

proteins. The HSV-1 subtype (occasionally HSV-2 as well) is responsible for causing 

inflammation localized on and around the eyeball. In the ocular area, HSV can be transmitted 

in infectious secretions from vesicles located on the hands, by venereal, droplet or during 

delivery [1, 2, 3, 4].  

The site of reactivation of the virus can be in a remote area from the site of the original 

infection. HSV in primary infection localizes in mucosal epithelial cells and causes disease 
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symptoms. Characteristic symptoms of infection include translucent blisters filled with serous 

contents which rupture and turn into scabs within 48 h. In a further stage of infection, the virus 

localizes in the surrounding neurons and is integrated into the host's DNA. As a result of 

external factors such as immunosuppression, fever, stress, ultraviolet radiation, the virus passes 

from the latency phase and causes a secondary infection. There is also the phenomenon of 

subclinical reactivation when HSV is secreted by an infected patient despite the absence of 

clinical symptoms [2, 3]. It is estimated that after one episode, secondary infection will occur 

in 10% of people after 1 year and in 50% after 10 years. Hundreds of reactivations can occur 

over a patient's lifetime. Moreover, it has been proven that a higher risk of recurrence is 

associated with a higher number of previous episodes. Predisposing factors for the severe 

character of the disease with multiple reinfections include immunodeficiency or suppression, 

childhood, atypical eye disease, measles, malaria and malnutrition. On the other hand, 

inappropriate use of steroids can exacerbate the development of geographic ulceration [3]. HSV 

can occupy almost any part of the eyeball and the accessory visual structures. It causes various 

inflammatory conditions that often require medical intervention.  

 

HERPETIC KERATITIS 

 

Most symptomatic HSV infections involve inflammation of the corneal epithelium. The 

inflammation progresses from single punctate lesions to dendritic or geographic ulceration to 

necrotizing inflammation. Patients initially complain of eye pain, redness of the eye, tearing 

and a foreign body sensation. The inflammation causes neuronal death, resulting in reduced 

corneal sensation. This can lead to neurotrophic keratopathy and consequently to permanent 

corneal defects and perforation. Involvement of the corneal parenchyma results in scarring and 

ingrowth of blood vessels. All of the described changes can cause permanent damage to vision. 

Diagnosis of HPV infection should consist of a polymerase chain reaction (PCR) test [1, 3, 5, 

6, 7, 8, 9]. There are several forms of herpetic keratitis:  

 

Epithelial keratitis 

 Results from active viral replication and takes the form of dendritic or geographic 

keratitis. Symptoms are of mild to moderate severity, accompanied by photophobia, tearing, 

redness and corneal congestion. The inflammation begins with blurred vision accompanied by 

epithelial cell edema. There is exfoliation of the superficial layer of cells and the formation of 

a characteristic dendritic ulceration which may fuse together and form a larger geographic 
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ulceration. Corneal lesions stain with fluorescein and rose bengal. Active virus particles are 

present at the edges of the ulceration. This is followed by reduced corneal sensation due to 

neuronal destruction. Typically, there is mild subepithelial haze and increased intraocular 

pressure (IOP) which can persist for up to several weeks after the inflammation stops. 

Sometimes there is scarring which with further recurrences of the infection can cause visual 

impairment or loss of vision. Diagnosis can be made by clinical examination. Keratitis in the 

form of dendritic ulceration is most often able to heal on its own. The standard local treatment 

is to apply ointment with acyclovir 3% or ganciclovir 0.15% five times a day. With the 

treatment used, most ulcers heal within two weeks. Oral antiviral drugs are used in 

immunocompromised patients and those with marked disease on the surface of the eye. The 

treatment used then includes acyclovir 200-400 mg five times a day for 5-10 days.  In severe 

cases, mechanical cleaning of the cornea is used. The epithelium should be removed with a 2 

mm margin of healthy-looking tissue. With mechanical cleansing of the cornea, local antiviral 

treatment should be included. This procedure should not be performed with geographic 

ulceration [1, 3, 6, 7, 8, 9, 10].  

 

Disciform keratitis 

 Disciform keratitis can occur as a result of infection of keratinocytes or corneal 

endothelium or as a result of a hypersensitivity reaction to virus antigens present in the cornea. 

Not all patients develop a dendritic ulceration. The disease is associated with gradually 

progressive blurred vision that may be associated with halo effects around light sources. 

Discomfort and redness of the eyeball are often present but of lower severity than in epithelial 

keratitis. Features of disciform keratitis include edema of the corneal stroma in the central zone 

with frequent edema of the epithelium, sometimes present at the periphery of the cornea. During 

examination corneal deposits located below the edema are observed and in severe cases folds 

of Descemet's membrane can be seen. Disciform keratitis like dendritic keratitis is accompanied 

by impaired corneal sensitivity and may have increased IOP. The accumulating deposits formed 

by complexes of virus antigens and host antibodies form a surrounding immune ring 

(Wessely's) in the stroma. After healing, the lesions often leave behind a fine ring of haze that 

is associated with thinning of the corneal parenchyma. Recurrent lesions can result in 

subepithelial scarring or the corneal stroma and the appearance of superficial and deep 

vascularization. This can lead to impaired visual acuity or loss of vision. Treatment initially 

includes local application of steroid drugs ( like prednisolone 1% or dexamethasone 0.1%) and 
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antivirals, both four times a day. If the patient shows improvement, treatment can be switched 

to twice-daily use. Treatment should not be continued for more than four weeks. During 

therapy, IOP should be monitored. Continuation of treatment consists of administering 0.5% 

prednisolone once a day with a covering local antiviral drug. It is recommended to periodically 

try to quit the medication before the end of treatment [1, 3, 6, 8, 9, 10].  

 

Stromal necrotic keratitis 

 This is a rare condition in which corneal parenchymal necrosis and melting occurs.  This 

is likely to occur as a result of active viral replication or an advanced immune response. 

Commonly, profound interstitial opacification occurs, leading to impaired vision. Corneal 

deposits outside of necrotic foci and anterior uveitis are present. Corneal defects may develop. 

In stromal necrotic keratitis it is common to see scarring, vascularization and lipid deposition. 

Treatment consists of recovering epithelial defects through the use of artificial tear preparations 

without conservatives. Topical treatment is similar to that used in disciform keratitis with 

concomitant oral use of antiviral medications [1, 3, 8, 9]. 

 

Metaherpetic ulceration 

 The factor causing the appearance of metaherpetic ulceration is the abnormal recovery 

of the corneal epithelium. The condition occurs as a result of necrosis of the stroma which is 

caused by the presence of the virus and its toxic effects on the cells. Characteristic features are 

unhealed epithelial defects despite prolonged topical treatment and an opaque gray stroma 

beneath the epithelial defects. Treatment includes low doses of topical steroids and lubricants 

without preservatives [3, 9]. 

 

ACUTE RETINAL NECROSIS (ARN) 

 

 ARN is a relatively rare condition that leaves severe consequences in the form of 

extensive retinal destruction. HSV is responsible for causing ARN in young people and 

Varicella Zoster Virus (VZV) in older people [11].  

The disease affects healthy people of all ages, twice as often as men than women. It has 

been observed that the symptoms of the disease can occur after previous herpes encephalitis, or 

in a few cases together with it and dermatitis herpetiformis. The progression of ARN is usually 

unilateral initially, and there may be changes in the severity of symptoms over time. Periorbital 

pain and occasionally visual field opacities are present. The active phase of the inflammation 
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lasts 4-6 weeks. If treatment is not initiated early enough there is a risk of involvement of the 

second eyeball. Later, there is a decline in visual acuity due to necrotizing retinitis, opacity of 

the vitreous body, sometimes optic neuritis.  

Diagnosis of ARN based on the criteria of The American Uveitis Society (AUS):  

• Visible granulomatous inflammation of the anterior uvea and vitreous body present. 

Scleritis and epitheliitis are also sometimes observed. 

• Presence of peripheral necrosis in the form of one or more foci with deep well-

demarcated white-yellow infiltrates with a tendency to merge. The necrosis involves the 

entire depth of the retina. Hemorrhages may occur on the retina but they are less visible 

than those occurring in cytomegalovirus (CMV)-induced inflammation. Acute lesions 

resolve within 6-12 weeks leaving necrotic lesions on the retina with clearly demarcated 

borders. The main cause of vision loss is a rhegmatogenous retinal detachment (RRD) 

secondary to the lesions present.  

• The inflammation spreads peripherally, finally affecting the posterior pole, so that visual 

acuity remains good for a long time - inadequate for the severity of the disease. 

Sometimes inflammation of the optic nerve can occur. 

• Vasculitis with obliteration is present, including arterioles. Hemorrhages into the 

vitreous body as a result of developing preretinal neovascularization are possible. 

• The disease progresses rapidly if treatment is not included [12]. 

 For diagnosis, a PCR test for HSV DNA is performed from material taken from the 

vitreous body and/or the aqueous humor.  

 Treatment consists of starting intravenous acyclovir as soon as possible at a dose of 10 

mg/kg every 8 h for 10-14 days. This is followed by a switch to oral acyclovir therapy at a dose 

of 800 mg 5 times a day and lasts for 6 to 12 weeks. If the patient develops a recurrence, long-

term treatment should then be initiated. It is possible to administer ganciclovir or foscarnet into 

the vitreous body which can improve the prognosis. When there is optic nerve involvement, it 

is recommended to administer steroids 24 hours after the initiation of antiviral treatment. 

Administration of medications can accelerate the regression of active lesions on the retina and 

reduce the risk of involvement of the other eye. Unfortunately, pharmacological treatment will 

not protect against retinal detachment. Currently, prophylactic laser photocoagulation around 

necrotic lesions is not used, a procedure that does not prevent retinal detachment. On the other 

hand, if RRD occurs, vitrectomy with silicone oil is performed.  

 The prognosis for people with ARN is relatively poor. After surviving, more than half  
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of patients have severely impaired visual acuity <6/60 due to optic nerve and retinal ischemia, 

retinal vasculitis, and as a result of RRD, which occurs in up to 70% of cases if treatment is not 

started within the first 1-2 months of the disease [6, 11, 12, 13, 14, 15].  

 The specific morphological variant of ARN is progressive outer retinal necrosis  

(PORN). It is a disease entity with a poor prognosis observed in patients with severe 

immunodeficiency. It is characterized by rapid involvement of the posterior pole and relatively 

little reaction from the retinal vessels. Treatment uses acyclovir generally and administered by 

intravitreal injection [12, 15, 16].  

 

HERPES SIMPLEX ANTERIOR UVEITIS  

 

 Herpes simplex anterior uveitis most commonly affects patients with a positive history 

of HSV infection. It usually takes the form of combined keratitis and anterior uveitis 

(keratouveitis) or as isolated inflammation. It typically occupies one eye and in many cases 

takes the form of chronic granulomatous inflammation. Characteristically, the cells are equally 

distributed in the anterior chamber (“star-shaped” type) or arranged in an Arlt's triangle (they 

then occupy ⅓ of the lower part of the cornea). During the inflammation, there is an uneven, 

fragmented atrophy of the pigment epithelium of the iris. In the infected eye, there may be pupil 

dilation and an increase in IOP which is caused by associated blepharitis (trabeculitis). If there 

are recurrences of the disease, they affect one and the same eye in most patients. In the course 

of diagnosis, attention should be paid to the possible difficulty of distinguishing between 

inflammation caused by HSV and CMV. Treatment consists of topical steroids (prednisolone 

acetate 1% four times daily) and cycloplegics. In combination with topical treatment, acyclovir 

(400 mg five times daily) or oral famciclovir is used. If there is an elevated IOP these should 

also be treated [1, 6, 12, 17, 18].  

 

HERPES SIMPLEX CONJUNCTIVITIS 

  

 Herpes simplex conjunctivitis is a rare disease and is not epidemic, unlike inflammation 

caused by adenoviruses. It is most often caused by reactivation of HSV-1 in the ganglia near 

the eyeball or by primary infection with HSV-1 as a result of direct contact with an infected 

person. Conjunctivitis is manifested by a foreign body sensation under the eyelid, burning eyes 

and pain. Characteristically, there are numerous vesicles in the initial stage of the disease which 

rupture within 48 h and a scab forms in their place. In addition, it has other typical features of 
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viral conjunctivitis: redness, plentiful serous secretion, a papular reaction on the conjunctiva, 

and possible swelling and photophobia. When herpes simplex conjunctivitis is present, 

treatment should be implemented quickly to prevent the infection from spreading to the cornea 

[1, 6, 19, 20, 21].  

            The standard treatment is eye ointment with 3% acyclovir or ganciclovir in 0.15% eye 

gel [20, 22, 23].  

 HSV-2 causes herpetic conjunctivitis in newborns. Infection is associated with fetal 

passage through the birth canal during delivery, when the mother showed signs of primary 

HSV-2 infection especially in the second and third trimesters of pregnancy, or when there is 

recurrent infection and skin lesions found during delivery. Symptoms usually appear between 

the 5th and 7th day after birth [4].  

Observable symptoms include the presence of a serous secretion, a papillary reaction of 

the conjunctiva and occasionally characteristic vesicles on the eyelids may appear. Infants are 

treated with topical acyclovir or in advanced cases generally. Often with herpetic conjunctivitis 

there is keratitis, oral ulcers and skin lesions. Despite treatment, permanent visual impairment 

often occurs [24]. 

 

HERPES SIMPLEX BLEPHARITIS 

 

Herpetic lesions on the eyelids are relatively rare. The lesions appear as a result of 

primary infection or reactivation of the infection when the latent virus was in the trigeminal 

ganglion. The disease has a unilateral course. At first, patients complain of a sensation of itching 

or tingling of the skin which can last up to 24 hours. Later, transparent vesicles can be seen, 

which are filled with serous fluid. Within 48 hours, the vesicles rupture and transform into 

scabs. The course of the disease is usually mild. If herpetic lesions are observed on the eyelids 

or on the skin around the eye, acyclovir ointment should be applied 5 times a day or acyclovir 

orally. In untreated and uncomplicated patients, eyelid skin herpes passes on its own within                     

a week. Antibiotics are used in patients with secondary bacterial superinfection [6, 25, 26, 27].  

 

HERPES SIMPLEX SCLERITIS 

 

 Herpetic scleritis accounts for less than 10% of all episodes of scleritis. It is an acute, 

monocular inflammation, with pain and redness of the eyeball. It most commonly takes the 

form of diffuse anterior inflammation. It manifests as an inflammatory infiltrate occupying the 
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dermis of the sclera, present as an extensive flat elevation. Scleritis caused by HSV responds 

well to treatment with acyclovir. There have been cases of necrotizing scleritis or forms of 

prolonged inflammation [28, 29, 30]. With herpetic scleritis, vision loss was more frequently 

observed (34.3%) compared to idiopathic scleritis (11.5%) [28]. 

 

 INFLAMMATORY GLAUCOMA 

 

 Secondary open-angle glaucoma occurs as a result of experiencing acute anterior uveitis 

caused by HSV. Acute trabeculitis leads to impaired outflow of aqueous fluid from the anterior 

chamber. This is caused by the edema of the trabecular meshwork and secondary pore 

reduction. As a result of scarring, outflow of the aqueous fluid is impaired, IOP increases and 

finally secondary glaucoma develops [31, 32]. Treatment consists of causal and conservative 

treatment of glaucoma secondary to HSV inflammation [33].  

 

CONCLUSION 

 

 Infections of the eye and accessory visual structures caused by Herpes simplex virus are 

a current phenomenon in medical practice and often require specialized care and treatment. 

Despite the potential spontaneous curability of most of these diseases, antiviral treatment must 

often be implemented to prevent serious complications from spreading inflammation. Scarring, 

vascular ingrowth and accumulation of deposits are just some of the pathological conditions 

caused by HSV infection [3, 7].  

The body's immune response itself also has serious consequences for the patient [3, 9]. 

Infection can be associated with serious complications in the form of impaired visual acuity or 

even complete loss of vision. It is HSV-1 that is considered the main infectious cause of 

blindness in developed countries [1, 3, 6].  

This has consequences including reduced patient independence, social exclusion and 

impaired work functioning. Other complications of HSV infection include secondary infections, 

mainly as a result of bacterial superinfection, secondary glaucoma as a result of elevated IOP 

and steroid use. Corneal thinning can falsify the results of an applanation IOP test, which delays 

the diagnosis of developing intraocular hypertension and glaucoma. Steroid use can also lead 

to a complicated cataract. Another reason for it is ongoing inflammation. Complications also 

include iris atrophy caused by inflammation of the anterior uvea and cornea [3].  
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• Glo1 - glyoxalase 1 

• HbA1c - haemoglobin A1c 

• HIF-1 - hypoxia-induced factor 1 

• HSP - heat shock proteins 

• IRMA - intraretinal microvascular abnormalities 
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• JAK - Janus kinase 

• JNK - c-Jun N-terminal kinases 

• MAPKs - mitogen-activated protein kinases 

• MG - methylglyoxal 

• MOLD - methylglyoxal-lysine dimer 

• nAMD - neovascular age-related macular degeneration 

• NaMESys - nanostructured microemulsions system 

• NPDR - nonproliferative diabetic retinopathy 

• NVD - new vessels on the optic disc 

• NVE - new vessels elsewhere 

• PDR - proliferative diabetic retinopathy 

• PDS - Port Delivery System 

• PGF - placenta growth factor 

• PI3-K - phosphoinositide 3-kinase 

• PKC - protein kinase C 

• PM - pyridoxamine 

• PPV - pars plana vitrectomy 

• PRP - Panretinal photocoagulation involves 

• RPE - Retinal Pigment Epithelium 

• RVO - nanostructured microemulsions system 

• RVO - retinal vein occlusion 

• SMPLT - subthreshold micropulse laser treatment 

• STAT - signal transducer and activator of transcription 

• TRD - tractional retinal detachment 

• VEGF - vascular endothelial growth factor 

• VEGFR - vascular endothelial growth factor receptor 

• VMT - vitreo-macular traction 

• WESDR - Wisconsin Epidemiologic Study of Diabetic Retinopathy   

 

INTRODUCTION 

 

     Diabetic retinopathy is a chronic complication of diabetes mellitus that can lead to 

severe visual impairment and blindness [1]. It is the most common microvascular cause of new 
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cases of total blindness among adults aged 20-74 years [2]. Estimates indicate that about 366 

million people in the world are affected by diabetes mellitus [3]. During the first 10 years of 

diabetes, almost all patients with type 1 diabetes and over 60% of patients with type 2 diabetes 

develop retinopathy. In the Wisconsin Epidemiologic Study of Diabetic Retinopathy, 3.6% of 

patients with diabetes diagnosed at a younger age (type 1 diabetes) and 1.6% of patients with 

diabetes diagnosed at an older age (type 2 diabetes) were classified as blind. In the group of 

patients with type 1 diabetes, diabetic retinopathy was the cause of visual loss in 86% of cases. 

In the group of patients with diabetes that developed at an older age and often presented with 

other eye diseases, diabetic retinopathy was the cause of visual loss in one-third of cases [2]. 

The main risk factor for retinopathy is the duration of the disease [4]. Among 

participants in the WESDR study with diabetes diagnosed at a younger age, the 4-year 

incidence of proliferative retinopathy increased from 0% in the first 5 years to 27.9% after                

13-14 years of diabetes duration. After 15 years of disease duration, the incidence of 

proliferative retinopathy remained stable [1]. The development of diabetic retinopathy also 

strongly correlates with greater hyperglycemia, glycated haemoglobin A1c and hypertension 

[5]. Additionally, body mass index and dyslipidemia are also potential predictors of DR 

development [5]. Since there are no therapies that can fight the onset of diabetic retinopathy, 

patients should be advised to control risk factors through optimal glycemic control and lifestyle 

modification [6]. 

 

CLASSIFICATION OF DIABETIC RETINOPATHY 

 

Since Diabetic retinopathy was recognized as one of the most important complications 

of diabetes, there have been many attempts to classify the severity and stages of the disease [7]. 

The classic symptoms of DR are lipid deposits, micro-aneurysms, flame-shaped haemorrhages, 

cotton wool spots, venous dilation and beading, and intraretinal vascular abnormalities [8]. 

These symptoms are useful in the classification of DR into five stages no apparent DR, mild 

NPDR, moderate NPDR and severe NPDR and PDR. The AAO classification of DR allows for 

predicting the risk of progression and vision loss, as well as it could be a helpful tool for 

ophthalmologists in planning further treatment and predicting the progression of the disease 

[9]. 

Early stages of DR include non-proliferative diabetic retinopathy and pre-proliferative 

diabetic retinopathy. The symptoms of NPDR are any of the following: intraretinal 

haemorrhages (­20 in each quadrant), definite venous beading (in 2 quadrants), and intraretinal 
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microvascular abnormalities (in 1 quadrant). In both cases, changes may be present without 

clinical symptoms and require regular ophthalmic monitoring in patients with diabetes. 

Proliferative diabetic retinopathy is a severe stage of DR. The manifestations of PDR are the 

same as in non-proliferative DR and 1 or more of the following: neovascularization, which can 

be divided into two groups: new vessels on the optic disc and new vessels elsewhere and/or 

vitreous/preretinal haemorrhage [9, 10]. At each of the above stages of diabetic retinopathy, 

diabetic macular edema may develop. This term refers to the presence of vision-threatening 

changes in the macula [11]. In the most advanced stage of diabetic retinopathy, also the 

following can occur pre-retinal and vitreous haemorrhages which are a complication of 

neovascularization, fibrovascular proliferation, tractional retinal detachment and rubeosis iridis 

[12]. 

 

LASER THERAPY IN THE TREATMENT OF DIABETIC RETINOPATHY 

 

The first research that led to the development of lasers dates back to the 19th and 20th 

centuries. Many physicists, including N. Bohr, M.Planck, A. Einstein studied the processes that 

occur in atoms under the influence of electromagnetic radiation. In 1960, Maiman built the first 

working ruby laser [13]. In the following years, new materials were used to create new laser 

designs. Thus, mainly ophthalmologists quickly became interested in using lasers to treat eye 

diseases such as diabetic retinopathy [14]. 

Lasers are divided based on various characteristics. In terms of ophthalmology, the most 

important division is based on the type of active medium used to produce the laser action. They 

are divided into gas, solid-state and semiconductor lasers. Another division of these devices 

also takes into account the mode of operation of the laser, and the wavelength of the 

electromagnetic radiation emitted by the laser. Lasers are categorized as continuous wave or 

pulsed lasers based on their mode of operation. CW lasers generate a constant stream of light, 

while pulsed lasers emit short bursts of laser pulses. Lasers emitting light of different 

wavelengths are used in various ophthalmic procedures. The most commonly used lasers emit 

light in the range of 532 nm (green) and 810 nm (infrared) [15]. 

Laser procedures are a very important part of modern ophthalmology and in many 

clinical situations are the treatment of choice. They can be divided, taking into account the 

place of their execution, into procedures within the protective apparatus of the eye, the anterior 

segment of the eye, and the posterior segment of the eye. Laser methods related to the treatment 

of diabetic retinopathy mainly concern the retina of the eye [16]. 
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The most important lasers used in ophthalmology are argon lasers. They are useful in 

the treatment of retinal vascular disorders such as diabetic retinopathy and retinal vein 

occlusion. As well as YAG lasers, used in the treatment of posterior capsule opacification by 

creating holes in the lens capsule and excimer laser used in refractive surgery to correct vision 

problems such as myopia, hyperopia, and astigmatism [17]. 

 

PHOTOCOAGULATION 

 

Photocoagulation is a thermal process in which the energy of light absorbed by pigments 

contained in tissues is converted into heat, causing protein denaturation. Laser 

photocoagulation is the primary method of treating many retinal diseases such as proliferative 

diabetic retinopathy, diabetic macular edema, retinal vein occlusion and retinal detachment 

[18]. The effectiveness of laser photocoagulation has been confirmed in various clinical studies. 

Therefore, this procedure is becoming increasingly used and the process of developing new 

methods is still ongoing. This procedure aims to achieve highly precise thermal effects 

(„burns”) while minimizing damage to surrounding tissues [19]. 

Panretinal photocoagulation involves creating 1000-2000 coagulation spots in the 

peripheral part of the retina. Areas of retinal ischemia are destroyed, and permanent 

chorioretinal scars are formed. The regression of neovascularization resulting from these 

processes reduces the risk of vitreous and tractional retinal detachment, hemorrhages as well as 

the risk of developing diabetic maculopathy. The study Diabetic Retinopathy Study has shown 

that PRP reduces the risk of severe vision loss in patients with PDR or severe non-proliferative 

diabetic retinopathy by at least 50% compared to untreated eyes [20]. 

PDR is characterized by abnormal retinal vessels, often accompanied by leaking 

microaneurysms, hard and soft exudates (”cotton wool spots”), intraretinal and preretinal 

haemorrhages, and extensive areas of retinal ischemia [21]. In such advanced stages of 

retinopathy, combined procedures are most commonly used: intravitreal anti-VEGF drug 

injections (vascular endothelial growth factor inhibitors) with panretinal photocoagulation [22]. 

Diabetic macular edema is mainly caused by leaking microaneurysms or capillaries that 

result in thickening or swelling of the central retina. The aim of focal laser photocoagulation is 

to treat these leaking microaneurysms, while grid laser photocoagulation targets diffuse 

capillary leakage. In the study of Early Treatment Diabetic Retinopathy, the risk of vision loss 

in patients with clinically significant DME was significantly reduced after focal laser 

photocoagulation [23]. 
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In case of retinal tear or detachment, laser coagulation is performed to securely attach 

the retina to the RPE and choroid. In this procedure, laser spots are placed around the area of 

the tear. The most commonly used devices for this purpose are the indirect ophthalmoscope 

laser, endolaser, or transscleral laser [24]. 

 

SUBTHRESHOLD MICROPULSE LASER TREATMENT 

 

Subthreshold micropulse laser treatment is an alternative method to conventional 

continuous-wave laser in the treatment of retinal and macular diseases such as diabetic macular 

edema and central serous chorioretinopathy [25].  

In this method, by using minimal laser radiation intensity necessary to raise the 

temperature within the RPE but without exceeding the threshold beyond which protein 

denaturation occurs, the neurosensory retina can be spared [26].  

This fact is particularly important when treating lesions near the fovea. The mechanism 

of action of SMPLT is to stimulate RPE for the production of HSP, thus immodulate its 

metabolism and improve its function. According to the latest research on mice models, SMPLT 

restores the oxidant/antioxidant balance within the retinal tissue and, this way, modulates 

retinal cell apoptosis, counteracting the programmed cell death [27]. 

The analysis of the treatment of DME using a micropulse laser has shown effectiveness 

in both morphological and functional indicators. Subthreshold micropulse laser can be an 

option for treating patients who do not respond well enough to anti-VEGF therapy or are unable 

to comply with the principles of this treatment method. Much better visual acuity and a similar 

reduction of central retinal thickness are observed after SML compared to conventional lasers 

[28]. 

 

VITRECTOMY 

 

In 1970, Robert Machemer performed the first pars plana vitrectomy on a patient with 

diabetes and non-resolving bleeding into the vitreous body in the course of proliferative diabetic 

retinopathy [29]. This surgical technique has undergone continuous evolution, but the goal of 

the procedure remained the same - removal of the vitreous body to restore the transparency of 

the optical media and release of retinal traction. Pars plana vitrectomy involves making up to 

10,000 cuts per minute, which results in the removal of the vitreous body with minimal traction 

on the retina, reducing the risk of bleeding and iatrogenic holes [30]. 
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Indications for vitrectomy in patients with diabetic retinopathy include vitreous 

haemorrhage, tractional retinal detachment, combined tractional and rhegmatogenous retinal 

detachment, neovascular glaucoma, diabetic macular edema, progressive fibrovascular 

proliferation and tractional macular detachment [31]. 

One of the most common indications for performing PPV is bleeding into the vitreous 

body. The main goal of the surgery is to restore the transparency of the optical media and 

improve visual function, as well as to create conditions for performing panretinal laser 

photocoagulation [32]. This procedure should be performed when the bleeding into the vitreous 

body is intense and prevents examination of the fundus of the eye, and it is associated with 

retinal detachment confirmed by ultrasound. In patients with type 1 diabetes, studies on PPV 

in diabetic retinopathy have shown a beneficial effect of early vitrectomy on the postoperative 

improvement of visual function. This relationship has not been confirmed in patients with type 

2 diabetes [33]. 

Tractional retinal detachment is caused by the contraction of the fibrovascular 

membrane. It is also a common indication for PPV in patients with PDR. TRD involving the 

macula is an indication of early surgical intervention to avoid significant irreversible visual 

loss. Removal of the internal limiting membrane during the operation reduces the risk of 

epiretinal membrane formation [34]. 

In the case of diabetic macular edema, coexisting with vitreo-macular traction or 

epiretinal membrane, anti-VEGF treatment is not very effective. PPV is the preferred treatment. 

This method with the removal of the inner limiting membrane of the retina can improve retinal 

oxygenation and contribute to the reduction of DME [35]. 

Vitrectomy plays a crucial role in the treatment of advanced proliferative diabetic 

retinopathy. The indications for vitrectomy have expanded with the advancement of surgical 

tools and the preoperative use of anti-VEGF agents [36]. However, to achieve therapeutic 

success, a comprehensive patient assessment is important. Proper systemic control is necessary 

before surgical intervention. Preoperative anti-VEGF injections and panretinal 

photocoagulation should be considered to reduce the risk of intraoperative complications. 

 

OTHER THERAPEUTICS 

 

Although diabetic retinopathy is becoming an increasingly common complication of 

diabetes in the working-age population, therapeutic options are still limited and require further 

research [37]. It is crucial to search for novel therapeutic strategies for DR that will not only 
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provide better therapeutic effects but also show less invasiveness than the procedures currently 

used in treatment, e.g. photocoagulation. The latest therapeutic mechanisms such as PKC 

pathway inhibitors, hormone antagonists, VEGF antagonists and AGE pathway inhibitors are 

under exact investigation [38, 39, 40]. The following chapter will present the advances of 

selected VEGF and AGEs related therapies. 

 

ANTI-VEGF BIOLOGICAL TREATMENT 

 

Angiogenesis plays an important role in PDR development. One of the crucial 

molecules of complex pathological angiogenesis pathways is vascular endothelial growth factor 

described in 1983 by Senger [41]. All members of the VEGF family (VEGF - A, B, C, D, E 

and PGF) contain the core cysteine-knot structural domain, which binds with specific tyrosine 

kinase receptors [42]. Currently, the anti-VEGF molecules constitute a vital point in PDR and 

diabetic macular edema treatment [43]. 

Pegaptanib, 28-nucleotide RNA aptamer of 50 kDa RNA pegylated aptamer with high 

affinity to VEGF-A165. The intravitreal injections of pegaptanib were discovered to effectively 

inhibit leukostasis, retinal neovascularization, and cellular hyperfiltration induced by VEGF 

[44]. Pegaptanib has the ability to inhibit pathological neovascularization while not affecting 

physiological revascularization. The recommended intravitreal injection is 0.3 mg once every 

six weeks [45]. 

Bevacizumab, a fully humanized immunoglobulin G1 molecule of 148 kDa binding 

VEGF-A isoforms. Bevacizumab can interact with hypoxia-induced factor 1, which 

consequently hinders its ability to stimulate VEGF production. The use of this drug for retinal 

diseases through intravitreal injection into the eye is still regarded as an ”off-label” treatment 

[46]. 

Ranibizumab, a 48.3 kD monoclonal antibody, with an affinity to all isoforms of 

VEGFA. It can be delivered by a specific system called Ranibizumab Port Delivery System 

surgically implanted through an incision in the sclera and provides continuous release of the 

drug [47]. 

Aflibercept is a recombinant glycoprotein with a molecular weight of 115 kDa. It is 

composed of the Fc portion of human immunoglobulin IgG1, which is fused with the second 

extracellular domain of human VEGFR-1 and the third extracellular domain of human VEGFR-

2. It exhibits affinity to VEGF-A, VEGF-B and PGF. Aflibercept works by blocking the binding 

of VEGF to VEGFR-1 and VEGFR-2 receptors through competitive inhibition. The 
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experimental findings indicate that aflibercept binding affinity to VEGF-A165 is approximately 

100 times stronger than the one of ranibizumab and bevacizumab [48]. 

Conbercept - the complete human DNA sequence of 143 kDa generated by fusing 

extracellular domain 2 of VEGFR-1 with extracellular domains 3 and 4 of VEGFR-2, along 

with the Fc portion of human IgG1. It binds VEGF-A, VEGF-B and PGF having a relative 

affinity for VEGF-C [46]. Conbercept intravitreal injection treatment was found to be more 

effective than laser photocoagulation in improving the best corrected visual acuity of patients 

with diabetic macular edema [49]. 

Abicipar-pegol is categorized as a 34 kDa member of the designed ankyrin repeat 

proteins, which are a type of protein that can imitate antibodies [6]. It binds all VEGFA 

isoforms, but the intraocular half-life of this drug is longer than that of ranibizumab (more than 

13 days compared to 7.2 days), which combined with its high affinity, makes it a potential anti-

VEGF therapy that requires less frequent injections [50]. 

Faricimab also belongs to the DARPins family, the 150 kDa molecule has the ability to 

bind and neutralize both VEGF-A and Angiopoietin-2 independently and at the same time. That 

ability gives it a multitarget profile and presents promising opportunities for the treatment of 

exudative retinal diseases [46]. Faricimab was granted its initial approval in the United States 

in January 2022 for treating patients with neovascular (wet) agerelated macular degeneration 

or diabetic macular edema. Additionally, it has been recently approved in Japan and is presently 

undergoing regulatory assessment in the European Union [51]. 

Sorafenib tosylate is a kinase II inhibitor that inhibits VEGFr. It blocks the 

phosphorylation of VEGFr by creating the non-functional hydrogen bonds in the ATP- binding 

site and changing its conformation [52]. According to current studies, there is a possibility to 

administrate Sorafenib topically at the eye surface using a nanostructured microemulsions 

system. It can avoid complications and side effects of repeating intravitreal injections [53].  

There are two more of the newest anti-VEGF molecules, which are still under 

investigation. KSI-301 is an antibody biopolymer conjugate (consisting of 950 kDa KSI-301 

and 800 kDa phosphorylcholine-based biopolymer), which could potentially resolve common 

problems due to its safety, efficacy, and exceptional biological durability of action. It is 

currently being tested in clinical trials as a potential treatment option for neovascular age-

related macular degeneration, diabetic macular edema, and macular edema caused by retinal 

vein occlusion [46, 54]. OPT-302, which is a VEGF-C/D inhibitor, is currently being studied 

in a Phase 2b clinical trial for the treatment of exudative age-related macular degeneration.                   

A Phase 3 clinical trial is also underway. Based on current results, this molecule has the 
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potential to enhance visual acuity beyond the standard of care and may result in a better quality 

of life and increased independence for patients. It is currently the only molecule in advanced 

stages of development with this potential [46, 55]. 

 

ADVANCED GLYCATION END PRODUCTS 

 

Chronic hyperglycemia promotes the formation of excessive AGEs, molecules formed 

in the Maillard reaction - nonenzymatic interaction between macromolecules (proteins, lipids, 

and nucleic acids) and glucose or other saccharides [56,57].  

The most important and known AGEs are carboxymethyl-lysine, carboxyethyl-lysine, 

pyrraline, pentosidine and methylglyoxal-lysine dimer [58, 59]. 

AGEs bind to their receptors on the cell surface, with RAGE being the most well-known 

among them. Four major AGE-RAGE pathways are identified that promote cellular responses 

involved in pathological processes in DR:  

1) Ras-Rac-Cdc42;  

2) mitogen-activated protein kinases, including p44/43, p38, c-Jun N-terminal kinases;  

3) Janus kinase-signal transducer and activator of transcription;  

4) phosphoinositide 3-kinase-Akt/PKB [56, 60, 61].  

All of the above result in oxidative stress, inflammatory response, and endothelial 

dysfunction [61,62]. Novel therapies affecting AGEs mechanisms can be divided into 4 groups:  

1) inhibitors of AGE formation;  

2) breakers of preformed AGEs;  

3) blockades of AGE–RAGE axis signaling;  

4) inducers of intracellular glyoxalase, ubiquitin–proteasome, and autophagy pathways 

(Figure 1) [40]. 

They may be an attractive target to inhibit the development or progression of DR, which 

is the most common cause of vision loss among work-age patients with DM. 

AGEs synthesis inhibitors are meant to prevent or reduce the formation by interfering 

with several glycation process stages. They may affect the early stages of AGEs synthesis by 

scavenging or trapping reactive sugar and protein intermediates or enter further processes by 

blocking certain enzymes involved in AGEs formation. 

Aminoguanidine (Primagedine) is the first compound designed to inhibit AGEs 

formation and prototype therapeutic agent for the prevention of AGEs-related diseases [60, 63, 

64]. AG works as a scavenger of α-oxoaldehydes such as glyoxal, methylglyoxal and 3-
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deoxyglucosone which react with proteins and lead to AGEs synthesis [65]. The products of a 

modified reaction with AG inserted are 3-amino-1,2,4-triazines - inhibitors of inducible nitric 

oxide synthase. 

 

 

Figure 1. Action points of selected age-related drugs 

 

      Luo et al. in a study conducted on non-diabetic and STZ-induced diabetic rats - AG-

treated and control group, has shown potential therapeutic effects of Primagedine. After 3 and 

6 months of study extensive stainings of AGEs were detected in retinal blood vessels among 

diabetic rats, while there was no significant staining found in non-diabetic and AG-treated 

animals. After 6 months pericyte loss, capillary occlusion, and endothelial cell proliferation 

were found in the diabetic group. No AG-treated rats showed similar morphological changes 

[66]. 

Another AGEs inhibitor is pyridoxamine one of three natural forms of vitamin B6 [67]. 

There are three mechanisms that lead to the inhibition of AGEs formation: 

1) the complexation of metal ions that catalyze the secondary reactions of protein 

glycation;  
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2) the scavenging of RCS;  

3) ROS generated as byproducts of previous reactions [68, 69]. 

   Research showed that pyridoxamine in an effective therapeutic agent in diabetic 

retinopathy. In the study of Stitt et al. PM treatment on STZ-induced diabetic Sprague-Dawley 

rats resulted in a reduction of acellular capillaries in the retina to a level not statistically different 

than that for non-diabetic and reduction of laminin levels in the vessel walls. PM also prevented 

CML formation in the retina during exposure to chronic hyperglycemia [70]. 

           One of the compounds involved in the Maillard reaction is methylglyoxal which in the 

reaction with lysine, arginine or cysteine forms AGEs [71]. The enzyme associated with 

methylglyoxal metabolism is glyoxalase 1. The imbalance between the two of the above leads 

to the development of diabetic complications such as nephropathy, neuropathy and retinopathy 

[72]. The level of hyperglycemia defines the level of MG production, while its degradation 

depends on the activity of Glo1 activity [73]. Research on rodents has shown that boosting the 

glyoxalase system by overexpression may have promising results in the prevention of diabetes 

complications [73, 74, 75]. 

RAGE antagonists have been investigated as potential therapeutic agents in various 

diseases characterized by RAGE-mediated pathology, including DR. Extensive studies in 

rodents with inhibitors of RAGE have not shown any detrimental effects of RAGE inhibition. 

Based on the study, small-molecule inhibitors capable of targeting both the extracellular and 

intracellular domains of RAGE were developed. [76]. 

Azeliragon (also known as TTP488 or PF-04494700) is an orally bioavailable 

investigational drug that belongs to the class of RAGE antagonists [76]. It is currently being 

studied in phase 3 clinical trials for its potential therapeutic effects on Alzheimer’s disease [77]. 

Ma et al. in the study of STZ-induced diabetic mice showed the positive effects of 

TTP488 on the reducing mechanical nociceptive threshold after 28 days. The readmission of 

azeliragon was needed thus the disappearance of the positive effect after 24 hours [78]. The 

above results suggest that regular intake of the drug could potentially provide a method of 

pharmacological treatment of complications resulting from chronic hyperglycemia. 

 

DISCUSSION 

 

Diabetic Retinopathy is not uncommon, a chronic complication, which can lead to 

severe impairments such as blindness. Although surgical treatment of proliferative diabetic 

retinopathy brings many benefits, it remains challenging even for the most experienced 
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vitreoretinal surgeons. Laser therapies have promising results, but the crucial point is to control 

diabetes progression. Patients with less deteriorated retina condition have better procedure 

outcomes. Further studies about biological anti-VEGF agents and the way of their 

administration are needed. Current reports point out the potential effectiveness and possible 

non-invasive treatment with fewer side effects of anti-VEGF molecules. Mainstay PDR 

therapies should focus on a complex approach to molecular pathways and other methods to 

develop the most optimal effects. It’s important to note that while AGE syn-thesis inhibitors 

may hold promise in reducing AGE formation and related complications in vitro and in vivo in 

rodents research, further research is needed to understand their effectiveness and safety in DM 

complications. 
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INTRODUCTION 

 

Infective endocarditis (IE) is an infection that affects the endothelium of the heart. 

Although the incidence of this illness is relatively low, ranging from 3 to 10 cases per 100,000 

of the population, its mortality rate within 30 days can be severe, reaching up to 30% [1,2]. 

Typically, IE is induced by bacteria, with Staphylococcus aureus being the predominant 

causative agent. Fungal infections also do occur, although they are somewhat less common [3]. 

The disease predominantly affects individuals with pre-existing structural heart conditions and 

is increasingly prevalent among those who have been in contact with healthcare facilities, 

particularly those with intravascular prosthetic devices or materials [4]. 

Due to its nonspecific symptoms, changing epidemiology and diverse clinical 

presentation, diagnosing IE remains challenging, despite ongoing improvements in disease 

management [4,5]. At the time of writing, there are several readily available diagnostic methods 

that can be helpful in IE diagnostics. Those include imaging techniques such as 

echocardiography, computed tomography (CT), magnetic resonance imaging (MRI) and 

nuclear imaging [6]. Additionally, one can also leverage microbiological diagnosis, relying on 

performing blood culture tests. While these methods provide a reasonable degree of certainty 

in detecting IE, statistically speaking, their diagnostic ability is not fully satisfactory [7]. 

 

PURPOSE 

 

Given the existing challenges in diagnosing IE and the limited availability of 

comprehensive diagnostic approaches, this paper aims to provide a focused review of IE 

diagnostic methods, with a particular emphasis on non-imaging techniques. The objective is to 

establish a set of practical guidelines for effective disease detection. The reason for prioritizing 

non-imaging diagnostics is twofold. Firstly, these methods demonstrate a superior ability to 
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identify pathogens [5,7]. Secondly, they are more readily accessible in various healthcare 

settings, encompassing blood cultures, serological tests and clinical evaluation. These factors 

have influenced the decision to narrow the scope of this work to this specific area, in order to 

provide more concise and actionable conclusions. 

 

METHODS USED 

 

Taking into account the low incidence rate of IE, the absence of broad randomized trials 

and limited number of meta-analyses available, this paper relies on a comprehensive review of 

existing literature for findings. To identify the most relevant and reliable evidence, an extensive 

literature search was conducted using databases such as PubMed. The search was performed 

for articles published between January 1st, 2010, and May 30th, 2023, with a specific focus on 

non-imaging IE diagnostics. In order to provide an accurate view, publications were selected 

based on their citation rates and currency to ensure the inclusion of the most up-to-date 

knowledge on the topic of IE. 

 

DISCUSSION 

 

Diagnosis  

Infective endocarditis (IE) can manifest in various forms, including acute infections, as 

well as subacute or chronic diseases characterized by nonspecific symptoms, which pose 

challenges in accurately diagnosing the condition. The most common presenting symptoms 

observable in approximately 80-90% of patients include fever, night sweats, fatigue as well as 

weight and appetite loss [3,8]. Additionally, the majority of patients exhibit heart murmurs [8]. 

Embolic complications are observed in about 25% of patients and these can manifest in various 

organs such as the brain, lung, or spleen [3]. Vascular and immunological phenomena, such as 

splinter hemorrhages, Roth spots, and glomerulonephritis, may also occur, although less 

frequently [9]. 

 

Laboratory findings  

Elevated levels of inflammatory and immunological indicators may increase the 

probability, yet do not unequivocally confirm the presence of infective endocarditis. These 

biomarkers are not included in the main diagnostic criteria because they can be altered in other 

pathological states of function, e.g., sepsis or myocarditis [10]. The indicators which may also 
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point to sepsis or IE are the levels of leucocytosis/leucopenia, the number of immature white 

cell forms, procalcitonin and CRP concentration, ESR and markers of end-organ dysfunction 

(lactatemia, elevated bilirubin, thrombocytopenia and changes in the serum creatinine 

concentration) [11]. 

 

Microbiological diagnosis 

Blood culture-positive infective endocarditis 

Blood cultures are the standard test for determining the etiology of infective endocarditis 

[12]. Positive blood culture results are crucial for identifying the typical microorganisms 

causing the disease. To perform the test, it is necessary to collect three blood samples, each 10 

ml in volume, from different venipuncture sites at 30-minute intervals. The first and last 

samples should be drawn at least 1 hour apart [13]. These samples should be incubated under 

both aerobic and anaerobic conditions [14]. It is important to collect the blood samples before 

administering antibiotics [12]. 

To minimize the risk of contamination and ensure accurate result interpretation, it is 

recommended to obtain blood samples from peripheral veins rather than central venous 

catheters. All procedures should follow aseptic non-touch techniques. 

Extending the incubation time for difficult-to-cultivate microorganisms is generally not 

recommended, as current culture systems contain specialized media that facilitate growth. For 

incubating microorganisms like Candida, HACEK organisms and Brucella, a 5-day period is 

typically sufficient [12]. 

After identifying the microorganisms, blood culture tests should be repeated after a 48-

72 hour period to assess treatment effectiveness. The initial assessment of the samples is based 

on the Gram staining method. For identifying atypical or fastidious organisms, longer 

investigation periods may be necessary [15]. However, the process can be expedited by using 

rapid bacteria identification procedures based on peptide spectra obtained by matrix-assisted 

laser desorption ionization time-of-flight mass spectrometry [15]. While interpreting the results 

it ought to be remembered that a single positive blood culture cannot with certainty identify the 

exact pathogen causing the IE [12].  

Blood culture-negative infective endocarditis 

Negative blood culture test results for infective endocarditis present a significant 

diagnostic and therapeutic challenge. When no microorganism can be grown using the 

commonly utilized blood culture method, it indicates a negative result. This situation occurs in 

approximately 2-40% of investigated cases [12]. Several factors can contribute to a negative 
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test result, such as alternative etiology of the infection (e.g., fungi or fastidious bacteria) and 

previous antibiotic administration. If antibiotics have been administered, they ought to be 

stopped so that the blood cultures may be taken during an antibiotic-free period. The 

recommended time for this is approximately 7-10 days [12]. 

The most common causes of negative blood cultures in cases of IE are C. burnetii and 

Bartonella species [12]. In order to identify the microorganism, systematic serological testing 

can be employed for Aspergillus spp., Bartonella spp., Brucella spp., Coxiella burnetii, 

Legionella pneumophila and Mycoplasma pneumoniae [16]. 

PCR (polymerase chain reaction) and real-time PCR are more sensitive and specific 

than blood and tissue cultures for detecting microorganisms associated with infective 

endocarditis [17]. These tests can detect a broader range of microorganisms. However, due to 

their high cost, PCR tests are not commonly used for diagnostic purposes. 

Specific PCR tests can confirm the presence of Tropheryma whipplei, Bartonella spp., Candida 

spp. and Aspergillus spp. in cases of IE [16]. Common causative organisms of IE include 

Streptococcus gallolyticus, Streptococcus mitis, Enterococci, Staphylococcus aureus, 

Escherichia coli and fastidious bacteria [18]. If patients undergo valve surgery for endocarditis, 

PCR analysis of valve tissue can identify the infecting organism in most cases. Broad-range 

PCR of whole blood is not recommended due to its very low sensitivity. A negative PCR result 

may be due to various factors, such as poor performance of the PCR test or incorrect material 

provided for the test [17]. 

If microbiological test results turn out to be negative, it is still necessary to perform 

additional tests for antinuclear antibodies, anti-DNA antibodies, rheumatoid factor, as well as 

antiphospholipid syndrome and anti-B2-glycoprotein antibodies [12]. 

Microbiological diagnostic algorithm in suspected infective endocarditis 

When suspecting infective endocarditis, the diagnostic scope needs to be expanded to 

include blood cultures and systemic serological testing for Coxiella burnetii, Bartonella 

henselae, Bartonella quintana, Legionella pneumophila, Brucella spp. and Mycoplasma spp., 

as well as testing for Aspergillus spp [3]. In cases where the serological test results are negative, 

a blood PCR test should be conducted for Staphylococcus aureus, Tropheryma whipplei, fungi, 

Escherichia coli, Streptococcus gallolyticus, Streptococcus mitis and Enterococcus [12]. If the 

PCR test results are negative, additional serological tests for antiphospholipid syndrome, 

antinuclear antibodies, anti-pork antibodies, and rheumatoid factor need to be performed [19]. 

Comparing the fast broad-range 16S rDNA PCR/sequencing test to Gram stain and culture, the 

former exhibits superior sensitivity in identifying the underlying bacterial pathogen in both 
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native and prosthetic valve endocarditis [20]. However, if the test results are positive, a specific 

PCR test should be conducted to confirm the validity of the findings. 

 

Histological diagnosis 

 

Histopathological examination remains one of the gold standards for the diagnosis of 

infective endocarditis. It is performed following the surgical removal of cardiac valves or 

embolic fragments to diagnose infective endocarditis [18]. Under the microscope, the 

histopathological findings vary depending on the causative pathogen. Endocarditis caused by 

Staphylococcus aureus often presents as acute inflammation with extensive neutrophilic 

infiltration, large colonies and tissue destruction. In cases involving less virulent bacteria, the 

healing process can be observed, including fibrin deposition and the presence of mononuclear 

inflammatory cells [21]. Chronic inflammation is seen in endocarditis caused by Bartonella 

species, Coxiella burnetii, or Tropheryma whipplei. Macrophages may be observed in cases of 

Tropheryma whipplei and Coxiella burnetii infections. Fungal etiology of IE may show a 

widely spread fungal mass around the vegetation site without visible infiltration of 

inflammatory cells [22]. 

Hematoxylin and eosin staining methods can visualize basophils and eosinophils but 

may not always identify the specific pathogen. Therefore, a panel of stains is used, including 

Gram stain and Grocott-Gomori methenamine silver stain. Tissue Gram stain is employed to 

recognize bacteria on cardiac valves. Additional stains such as Warthin-Starry stain (for 

Bartonella), Ziehl-Neelsen stain (for Mycobacterium), periodic acid-Schiff stain (PAS, for 

Tropheryma whipplei), and organism-specific immunohistochemical stains are used to facilitate 

identification [12]. Histopathology is also necessary for ANCA-induced infective endocarditis 

[23]. 

 

Diagnostic criteria & clinical features  

 

The clinical recognition of infective endocarditis relies on the application of the 

modified Duke criteria [3]. These criteria encompass clinical, echocardiographic and biological 

findings, as well as the results of blood cultures and serologies [4]. The overall sensitivity of 

the modified Duke criteria is 80%; however, the sensitivity is notably lower in cases of 

prosthetic valve endocarditis or implantable electronic device infections [3]. To enhance the 

sensitivity of the modified Duke criteria, imaging modalities such as cardiac/whole-body CT 
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scan, cerebral MRI, 18F-FDG Positron emission tomography (PET) and radiolabeled leukocyte 

single-photon emission computed tomography (SPECT) can be utilized [24]. 

The modified Duke criteria confirm the diagnosis of IE when the pathological and 

clinical criteria meet 2 major criteria, or 1 major and 3 minor criteria, or 5 minor criteria [4,24]. 

The presence of IE may be ruled out in cases where a firm alternate diagnosis is proposed, 

symptoms disappear after 4 days of antibiotic therapy, there is no pathological evidence of IE 

during surgery or autopsy after the use of antibiotics for up to 4 days, or when none of the 

criteria are met [3].  

 

CONCLUSION 

  

The objective of this paper was to conduct a comprehensive review of non-imaging 

diagnostic methods for infective endocarditis and provide a thorough overview of the guiding 

principles for disease detection. A wide range of literature and existing studies has been 

analyzed to derive clear and actionable recommendations for IE detection. The findings 

underscore the significance of blood cultures and present a step-by-step diagnostic algorithm 

for cases involving suspected infective endocarditis. 

It is important to acknowledge that the analytical approach employed in this study has 

certain limitations, as it relies solely on existing publications. The lack of proprietary research 

diminishes the strength of the conclusions and should be addressed in future investigations. 

Furthermore, new publications should explore the synergies between imaging and non-imaging 

diagnostic methods to assess how their combined utilization can enhance patient outcomes. 
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INTRODUCTION 

 

As plant-based diet (PBD) continues to maintain considerable popularity worldwide, 

being one of the most prominent dietary models, more efforts are put into studying its impact 

on human health [1].  

Plant-based diets are often referred to as vegan, as in veganism which is a practice and 

philosophy associated with abstaining from animal-derived products not only in diet but also in 

other areas of consumption including clothing or entertainment [2, 3].  

Therefore, in this article, only the term ‘plant-based’ will be used meaning a dietary 

model which relies on plant-based foods (PBFs including fruits, vegetables, whole grains, 

legumes, nuts, and seeds) while excluding animal foods such as red meat, fish, poultry, dairy, 

and eggs. This model differs from traditional omnivorous diets and presents novel solutions and 

challenges that researchers are actively exploring in conjunction with the advancements in 

medical and dietary sciences.  

This article aims to review selected immunological aspects of plant-based dietary 

models, including their role in supporting the immune system, their impact on asthma, and the 

allergenicity of plant-based milk substitutes. The health outcomes discussed in this article 

related to PBDs should not be interpreted as achievable solely through complete adherence to 
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plant-based diets but rather as a result of specific dietary features that usually constitute PBDs, 

such as increased or decreased intake of certain food products. 

 

PLANT-BASED FOODS AS NATURAL IMMUNE BOOSTERS 

 

Plant-based diets promote high intakes of fruits and vegetables. The nutrients present in 

PBFs are long known to play a significant role in maintaining the function of the immune 

system [4,5].  

Vitamin C (L-ascorbic acid) is a crucial micronutrient with antioxidant properties that 

benefits the immune system. It is found in various sources such as citrus fruits, strawberries, 

potatoes, kiwi, tangerine, red capsicum, tomato juice, broccoli, and mango. Vitamin C supports 

the innate and adaptive immune systems by maintaining the function of the epithelium and 

protecting the skin from oxidative stress. It also enhances the activity of phagocytes, which is 

important in the elimination of microorganisms. Additionally, vitamin C aids in the 

differentiation and multiplication of type B and T lymphocytes. Insufficient vitamin C can lead 

to weakened immunity and increased susceptibility to infections [4, 5].  

Vitamin A, known as an anti-inflammatory agent, supports immune function and 

protects the integrity of epithelial tissues. It is found in plant sources like carrots, pumpkins, 

papaya, and mangoes. Vitamin A is crucial for both innate and adaptive immunity, aiding in 

the development of immune cells and enhancing the cellular and humoral immune responses. 

A deficiency of vitamin A can impair the immune system's ability to respond to infections and 

compromise mucosal barrier function [6].  

Vitamin E, specifically alpha-tocopherol, is a fat-soluble antioxidant that plays a vital 

role in regulating immune function. It is abundant in plant oils like sunflower, corn, soybean 

and walnut, as well as in vegetables such as spinach, red pepper, avocado, mango, pumpkin, 

and kale. Vitamin E helps protect immune cells and regulates inflammatory mediators, thereby 

modulating the function of T cells. Adequate vitamin E intake strengthens the immune system, 

reducing the risk of infections, especially in older individuals [7, 8].  

Vitamin B6 is essential for the production of red blood cells and immune system cells. 

It is found in PBFs such as oats, bananas, wheat germ, soybeans, and peanuts. Vitamin B6 

facilitates neurotransmitter synthesis, including serotonin, and supports normal brain function. 

It also enhances the immune response by promoting antibody production, lymphocyte growth, 

and communication among cytokines and chemokines. These vitamins play crucial roles in 
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supporting the immune system and can be obtained from a variety of PBFs, contributing to 

overall health and well-being. 

 

PLANT-BASED DIETS AND ASTHMA 

 

Asthma is a chronic pulmonary disease involving airway inflammation, remodeling, and 

airways hyperresponsiveness associated with IgE-mediated response to environmental factors 

[10, 11]. Diets that prioritize the consumption of fruits, vegetables, and whole grains, while 

reducing the intake of high-fat meats and dairy products, have demonstrated an association with 

a lower likelihood of asthma. A 2015 case-control study conducted on Peruvian children with 

asthma reported decreased asthma risk with higher consumption of fruits, vegetables, legumes, 

cereals, pasta, rice, and potatoes, as well as reduced intake of meat. Additionally, a similar 

dietary pattern has been observed to lead to a reduction in the lifetime diagnosis of asthma 

among children [12,13,14]. 

Systemic inflammation is known to have a negative impact on clinical outcomes in 

patients suffering from asthma. Diets centered on plant-based products are recognized as 

reducing levels of inflammation-mediating molecules while activating anti-inflammatory 

agents. Unsaturated fatty acids and antioxidants present in PBFs are observed to attenuate 

inflammation and conditions driven by a systemic inflammatory response and contribute to 

improvements in FEV1 (forced expiratory volume in the first second) and FVC (forced vital 

capacity) [15,16,17]. Nonetheless, further research including more case-control studies is 

needed to deepen the understanding of the association between dietary patterns and asthma 

symptoms. 

 

ALLERGENICITY OF PLANT-BASED MILK SUBSTITUTES 

 

 Plant-based milk substitutes (PBMS) are water-soluble extracts from oil seeds, nuts, 

legumes, and cereal that are presented as an alternative for bovine and other mammalian milk, 

aimed at consumers following PBD. Among other reasons for considering them as an option, 

such as problems of diets rich in cholesterol, changing lifestyles towards veganism, and 

negative environmental impacts of dairy production, it also implied that PBMS is suitable for 

individuals suffering from lactose intolerance and cow’s milk protein allergy [18]. However,               

a recent study conducted by Vojdani et al. indicates that these products are not without risk of 

allergic reaction. The researchers examined 500 patients’ sera for IgE, IgG, and IgA antibodies 
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against different kinds of mammalian milk and PBMS (including almond, soy, and coconut-

based products). Most of the samples that presented increased IgE-mediated reactivity to cow’s 

milk were observed to be highly reactive with goat’s milk (79%), sheep’s milk (71%), and 

camel’s milk (58%) but also with PBMS made from almond (67%) and soy (63%), however 

only 29% presented increased reactivity against coconut milk. Individuals with immunological 

reactivity to cow milk protein, while reported to have an increased risk of experiencing 

immunological reactivity to goat, sheep, or camel milk, presented no statistically significant 

likelihood of immunological reactivity to almond, soy, or coconut milk substitutes. Despite 

PBMS being acknowledged as viable alternatives to mammalian milks with lower allergic 

reactivity, a limited number of individuals were found to potentially exhibit strong allergies to 

these products. Notably, among the three tested products, the coconut milk substitute 

demonstrated the lowest allergenic and antigenic properties. For accurate identification of milks 

to be avoided in cases of true cow's milk allergy, the most effective approach would involve 

precise testing of IgE, IgG, and IgA antibodies in the blood [19]. 

 

CONCLUSIONS   

 

Plant-based diets remain a subject of interest for both consumers and researchers, 

warranting further investigation into their health outcomes. However, the existing literature on 

the effects of fully restrictive PBDs on the immune system is limited, highlighting the need for 

additional research to expand our understanding in this area. Given the potential health benefits 

associated with plant-based diets, it is crucial to rely on evidence-based dietary models to 

maintain a healthy and balanced diet that fulfills all necessary nutrient requirements [20]. 
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• MGB-OAGBP- Mini gastric bypass, one gastric bypass anastomosis 

• LAGB- Laparoscopic adjustable gastric banding 

 

INTRODUCTION  

 

Obesity is a multifactorial disease that affects almost 60% of adults and one in three  

children in WHO European Region [1].  Its prevalence has significantly grown for the last 50 

years and it has become an immensely important problem [2].  It is associated with multiple 

comorbidities such as hypertension, diabetes type 2, fatty liver disease and obstructive sleep 

apnea, which lead to decrease in life expectancy and its quality [1,3]. According to recent 

evaluations it is suggested to be the fourth most common risk factor for non communicable 

diseases in the Region [1]. It also increases a risk for multiple types of cancer [2]. 

Patients with obesity require individualized treatment. Bariatric surgery is one of the 

types of long term obesity treatment that has proven to be very effective. History of bariatric 

surgery dates back to 1950s and 1960s for managing severe hyperlipidemia  [4].   

Back then they were based on small bowel resection with anastomosis and associated  
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with high morbidity, mortality and failure rates [2].  

Indications for metabolic surgery according to the American Society for Metabolic and 

Bariatric Surgery are BMI 30-34.9kg/m2 with obesity-related comorbidities and a patient not 

being able to achieve substantial weight loss and comorbidities improvement with nonsurgical 

methods. Patients are recommended to be above the age of 18 and not older than 65. They 

shouldn’t have psychiatric disorders and cognitive impairments in order to properly understand 

the consequences of the surgery and follow the recommendations after. Other contradictions 

are alcoholism, drug abuse and endocrine disorders [3]. According to studies comparing 

different bariatric procedures and no surgery, in terms of cost-effectiveness for patients with 

morbid obesity, surgery proved to be a significantly better option [5].  

 

TYPES OF BARIATRIC SURGERY 

 

There are various types of bariatric surgery that can be categorized as restrictive, 

malabsorptive and mixed. 

Malabsorptive surgeries are based on bypassing a portion of the small intestine in order 

to limit absorption of nutrients [6]. They consist of surgeries such as biliopancreatic diversion 

(BPD) and duodenal switch (DS) [2].  They are very effective in achieving long-term weight 

loss. However, malabsorptive procedures aren’t commonly chosen due to its technical 

complexity and significant complications following the surgery such as protein malnutrition or 

nutrient and vitamin deficiencies [7]. They are often reserved for patients with super morbid 

obesity (BMI>50) or severe metabolic disease [8]. 

Restrictive procedures reduce the size of the stomach, minimizing the portions of food 

that a patient can eat and feel full [6].  First restrictive surgeries were partial horizontal gastric 

division with greater curvature conduit. Alas due to dilatation of the gastric chamber and outlet 

they resulted in poor weight loss. Later a more successful method was introduced, called                         

a vertical banded gastroplasty (VBG) [2].  It is based on dividing the stomach vertically creating 

a small proximal pouch and a small outlet channel. When the food is delivered to the proximal 

pouch of the stomach it distends its wall and stimulates the vagus nerve to send a signal of 

satiety to the hypothalamus regulating appetite [9].  Although promising, with time it also 

turned out to have serious side effects such as weight regain, band erosion, dysphagia and 

inability to tolerate solid foods [2]. Currently the most commonly performed in Europe, being 

considered a gold standard is Roux-en-Y Gastric Bypass (RYGB). It is especially beneficial for 

patients with gastroesophageal reflux and T2DM [6]. It has several mechanisms of action 
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including nutrient restriction, hormonal and neuronal manipulation [2]. Roux-en-Y anastomosis 

prevents bile reflux, commonly experienced with different anastomosis configurations like 

Billroth II. During the procedure, a small pouch (15-30ml) is anastomosed to distal jejunum to 

bypass the bilio-pancreatic secretions. Average excessive weight loss is reported to be 55-60% 

in addition to reductions and remissions of type 2 diabetes, hypertension and dyslipidemia [8]. 

In the United Stated however, RYGB was recently overtaken by a new method- 

laparoscopic vertical sleeve gastrectomy (LVSG). It has been rapidly growing in popularity, in 

spite of absence of proven long-term efficacy [3]. The number of LVSG grew from 17,8% in 

2011 to 61,4% of all bariatric procedures performed in 2018. LVSG is based on removing 70-

80% of the stomach to lower its capacity and achieve satiety earlier and reduce food intake. It 

is also proven to have several hormonal effects. It decreases production of ghrelin, which is 

responsible for increasing hunger and inhibiting insulin production [10]. It is believed to 

increase the production of glucagon-like-peptide-1, peptide YY and pancreatic polypeptide that 

leads to decreased hunger and calorie intake. Average long-term excess weight loss is estimated 

to be around 60% [10].  The major superiority of LVSG over RYGB is the technical simplicity 

and palatability to patients [3]. The operative time is significantly shorter making it safer for 

high-risk patients [11].  

Mini gastric bypass or one gastric bypass anastomosis (MGB-OAGBP) is another rising 

technique, now being the thor most commonly performed bariatric procedure in the world [3]. 

It is a relatively short and effective surgery with great long-term weight loss results and patient 

satisfaction [12].  MGB is technically simpler and reversible compared to RYGB. It combines 

the merits of SG and RYGB with creating one omega-loop gastro-jejunal anastomosis [13]. 

Nevertheless there are multiple controversies as to whether MGB should be a recommended 

procedure. Some studies suggest that the omega mounting predisposes to bile reflux in the 

gastric bag that leads to ulcers and higher risk of protein and lipid malabsorption [3]. Surgical 

technique should be chosen depending on the goal of the treatment, cardiovascular risk, 

experience of the operating team and digestive, esophagogastric pathology [6]. We can also 

divide bariatric surgeries into primary and revisional. Revisional surgeries play an important 

role in management of weight regain and complications of primary procedures [14].  

 

LAPAROSCOPY IN BARIATRIC SURGERY  

 

Laparoscopic approaches were introduced to bariatrics only in the last 5 years of the 

20th century. Years from 1998 to 2003 are believed to be the time of The Bariatric Revolution 
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in the United States [4]. They are believed to be one of the most technically challenging 

laparoscopic procedures that require advanced skills like suturing [15].  Qualifications like that 

are measurably hard to acquire during residency training. Studies suggest that it takes at least 

75 to 100 cases for the surgeon to obtain proper skills to perform Roux-en-Y gastric bypass 

[15]. The difficulty in minimally invasive surgery is the hand-eye coordination within the two 

dimensional view, when there is no depth perception. This problem was solved with the 

invention of the 3D cameras that provide better depth perception, and improve accuracy, 

making procedures safer and easier for the operator [16].  

Laparoscopy has undoubtedly transformed the field of bariatric surgery with better 

outcomes, lesser invasiveness and postoperative complications. It has gained huge popularity 

with the introduction of  a laparoscopic adjustable gastric banding procedure (LAGB) in 1994 

[4].  

LAGB has the lowest perioperative risk compared to other bariatric procedures and it is 

reversible. Although effective it also has a high number of reoperations [17].  

The same year as LAGB, the first laparoscopic RYGB was performed. However 

revolutionary, because of the complexity of the procedure it took several years for it to be 

implemented in the common practice [4].  

Laparoscopic approach’s major advantages are decrease in wound related complications 

and incisional hernias. Patients experience less pain, better recovery, fewer respiratory 

complications and their stay at the hospital is shorter [4].  However there are some limitations 

to laparoscopic surgeries, which can be amplified when operating obese patients. Those include 

space challenges, caused by increased liver size, intra-abdominal fat and thick abdominal wall. 

In these conditions it is challenging to handle manual instruments used in laparoscopy. Obesity 

is a risk factor that can also lead to difficulties during anesthesia [18].  

 According to some studies, with the advance of the surgical techniques, the risk 

associated with laparoscopic bariatric procedures can be compared to those of laparoscopic 

cholecystectomies or hysterectomies, which are some of the most basic surgeries. However 

there is a group of patients that are susceptible to a more complicated course of this treatment. 

People who have a history of extensive abdominal surgeries or revision have significantly 

higher risk of morbidity and mortality. For this reason, many surgeons, even with great 

experience, are reluctant to operate on these patients [19].  

In the same study it is suggested that patients with these risk factors should not be denied 

access to bariatric surgery. It is proposed that for very complex, highly selected patients staging 

laparoscopy can be a key to proper decision making process and surgical planning [19]. 
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ROBOTIC BARIATRIC SURGERY  

 

The concept of robotic surgery has existed since the late 1970s. This technology has 

been evolving rapidly ever since, leading to invention of the da Vinci robot, which currently is 

the most commonly used robotic system worldwide [20]. Robotic-assisted surgery was first 

introduced to bariatrics in 1999 [18].  Major technological superiorities of robotic surgery over 

laparoscopy are 3-dimensional interface, tremor filtration, improved wrist motion freedom, 

motion scaling and improved ergonomics. The 3D stereotactic vision and 7 degrees of freedom 

of instruments gives the operator the ability to dissect in narrow spaces and enables him to 

perform accurate intracorporeal suturing [21]. Improved visualization and manipulation of 

tissue enables the main surgeon to be less dependent on surgical assistants [22]. Better 

ergonomics deals with problems such as prolonged operative times with unnatural body 

postures and positioning of the trocars associated with laparoscopic surgery. Robotic surgery 

allows neutral posture and comfortable seating [22]. 

A research comparing groups of muscles activated during both of those approaches 

using electromyography proved that operating on a laparoscopic platform is associated with 

higher muscle activation in multiple muscle groups [23]. Another advantages of a robotic 

approach are shorter hospital stay, lower levels of postoperative pain and faster recovery [18]. 

Robotic surgery itself is not associated with any specific surgery-related complications. 

Difficulties usually arise due to equipment malfunctioning or inadequate surgical skills [22]. 

Robotic platform in RYGB enables a completely hand-sewn gastrojejunostomy and 

jejunojejunostomy. It also leads to lower anastomotic stricture rates [18]. However, many 

surgeons, despite the possible benefits of robotic surgery, still prefer the classic laparoscopic 

approach because of its proven clinical benefits, no requirement of a complex setup and smaller 

cost [24]. As with most of the new technologies, robotic procedures are significantly more 

expensive than traditional laparoscopy [3]. Higher cost and lack of haptic feedback are major 

impediments to robotic surgery becoming a standard procedure, especially in general surgery 

[20]. Docking the device and hand sewing anastomosis can also result in longer operative time 

than traditional laparoscopy.  

 

CONCLUSION  

 

Both laparoscopy and robotic surgery have been evolving and improving in the field of 

bariatrics over the years, making bariatric procedures significantly safer, easier and resulting in 
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lower levels of complications. The studies comparing these techniques in bariatric surgery are 

sadly still inconclusive. [24] The evidence supporting the superiority of robotic bariatric surgery 

has not been well documented yet, but it is suggested that robotic technology can shorten the 

learning curve of RYGB. The current data also confirms non-inferiority of robotic approach 

[18]. 
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INTRODUCTION  

 

Groin hernia is one of the most common surgical diseases caused by a defect in the 

abdominal wall [1].  It is one of the most common reasons for a patient's admission to a surgical 

ward. Around 20 million patients are operated annually for groin hernias [2].  Estimated lifetime 

risk of a groin hernia is around 27% for men and 3% for women [3]. They can be divided into 

femoral and inguinal hernias. Inguinal hernia is an opening in the myofascial plain of oblique 

and transversus abdominis muscle. Inguinal hernias can be either direct or non-direct [4]. Groin 

hernias can be asymptomatic or present with pain in the groin area, feeling of burning, gurgling 

or aching that can worsen with prolonged physical activity [5]. They usually present as                                

a reversible lump in the inguinal area [6]. Hernias can lead to serious complications such as 

strangulation, intestinal obstruction and infarction [7].  

 

GROIN HERNIA REPAIR  

 

Groin hernia repair is one of the most basic and frequent surgical procedures. There are 

multiple techniques and approaches for this surgery that have been evolving for years [8]. 

Procedures vary in terms of complications, recurrence rates and postoperative pain [4].  The 

operations are based on closing the defect in the abdominal wall by suturing or with addition of 
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a mesh [3]. They can be performed with an open or laparoscopic approach. Indications for the 

surgery involve all symptomatic hernias, however in some cases of asymptomatic or minimally 

bothersome hernias can be left under observation [4]. 

First attempt at laparoscopic hernia repair was taken in Germany in 1979, using                            

a transabdominal clip adaptation of hernia edges [9].  

 

TRANSABDOMINAL PREPERITONEAL PROCEDURE (TAPP) 

 

Transabdominal Preperitoneal Procedure is a laparoscopic groin hernia repair technique 

introduced and reported in 1991 by Aregui [8]. An initially complex surgery was further 

developed and standardized, currently being a procedure possible to be performed even by 

surgical trainees [10].  During this procedure, hernia is repaired fully intraperitoneally which 

provides a panoramic view of the myopectineal orifice and a possibility to detect unsuspected 

collateral hernia [11]. On the contrary to Total Extraperitoneal Procedure (TEP) in which the 

peritoneal cavity is not fully entered, TAPP has no major technical or operative space 

constraints [11]. Another major benefit of the TAPP procedure is the possibility to perform 

bilateral hernia repair during one operation [4]. TAPP approach is characterized by minimal 

tissue trauma,rapid recovery and quick return to work of the patients [12]. Operation is based 

on incising the peritoneum from cephalad to the inguinal floor, dissecting the hernia defect and 

placing a mesh covering the direct, indirect and femoral spaces [8]. Before placing the working 

ports, it is necessary to evaluate the anatomical findings on both sides, regardless of the 

preoperative findings [13]. Careful initial dissection of the peritoneum gives the operator                          

a proper view of the area of repair and contains of the sac. It is also very important to remember 

and be careful operating around the areas called a “Triangle of Doom” and “Triangle of Pain”. 

In the “Triangle of Doom” it is possible to injure epigastric vessels, which can be a very 

dangerous complication. “Triangle of Pain” on the other hand contains cutaneous nerves [13]. 

Other postoperative complications that can occur are scrotal swelling, urinary retention, 

surgical site infection and mesh infection. Nevertheless they are significantly less common and 

serious than in open surgeries [4]. According to meta-analysis TAPP is associated with less 

chronic inguinal pain than open Lichtenstein method [14].  There are also notably less 

recurrences after TAPP in comparison to the traditional open approach [4]. Most important 

disadvantages of TAPP and other laparoscopic repairs over open approach are prolonged 

operative time and steep learning curve [12]. 
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TOTAL EXTRAPERITONEAL PROCEDURE TEP 

 

Extraperitoneal approaches for laparoscopic groin hernia repair were also invented in 

early 1990s in order to avoid complications associated with entering peritoneal cavity. First 

performed procedure was the Stoppa repair based on laparoscopically inserting a preperitoneal 

prosthetic mesh [8]. Total Extraperitoneal Procedure was first performed by Duluq in 1992  

[15].  It is a technically challenging technique due to the complexity of the anatomical location 

and limited space [16].  The success of the surgery depends on multiple factors including correct 

dissection, hernia characteristics, surgeon’s skills and patient’s anatomy [16].  In TEP 

technique, preperitoneal space is entered with a CO2-supported trocar or a balloon dissector. 

The mesh is placed flat on the peritoneum beyond the anterior superior iliac spine [9]. There is 

no evidence against or for fixing the mesh in terms of recurrence frequency, but some studies 

point out that fixing them can lead to higher amounts of complications [15]. The biggest 

importance during TEP is a proper technical use of the fascial structures by the surgeon. The 

quality of the dissection also depends on the condition of the tissue in the working area [16].  It 

can be performed under general or spinal anesthesia. The foremost advantage of TEP over 

TAPP is not entering the peritoneal cavity with a risk of injuring meticulous nerves, vessels and 

intestines [17].  It also reduces the risk of post-site hernia and postoperative adhesion [16]. TEP 

is believed to enable shorter recovery time and hospital stay as well as less postoperative pain 

[15]. An often encountered problem in TEP is the leakage of CO2 into the peritoneal cavity 

which compresses the space and limits visualization in the operating site. [9] In some cases, 

when the peritoneum is violated during the surgery it is recommended to convert the procedure 

into TAPP [4]. TEP can also be found more challenging in patients after previous lower 

abdominal laparotomy and in cases of previous extraperitoneal surgeries, totally excluded [9]. 

Standardized technique is described to be very similar to TAPP, however the learning curve in 

TEP seems to be longer [16]. 

 

SINGLE INCISION LAPAROSCOPIC SURGERY SILS 

 

Single Incision Laparoscopic Surgery is a relatively new surgical technique currently 

growing in popularity. It is accepted to be even less invasive than conventional laparoscopy 

[18]. 

 Single  port  access’s  major  benefit  is  a possibility of a “scarless surgery” and better  
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aesthetic results. Both TEP and TAPP approaches can be performed with SILS modification  

[19].  Apart from being superior in cosmetic area, some studies prove that SILS   can be safely 

performed on hernias that are irreducible or incarcerated, which is traditionally considered                        

a contraindication for laparoscopic surgery. First SILS TEP procedure was performed in 2008 

[20]. Trans-umbilical single-incision TAPP (SILS TAPP) however was first reported 2 years 

later in 2010 by Rahman and John [18]. SILS approach is still being evaluated but so far shows 

no major intra- or postoperative comorbidities and higher recurrence rate, showing much 

potential in future trends for treating inguinal hernias [18]. 

 

INTRAPERITONEAL ONLAY MESH REPAIR IPOM  

 

Another possible approach for laparoscopic inguinal hernia repair is an Intraperitoneal 

Onlay Mesh Repair IPOM procedure. In this technique a mesh is sutured directly on the 

peritoneum from the intraperitoneal space. It can be especially beneficial for patients who have 

previously undergone abdominal surgeries like prostatectomy resulting in adhesions [21]. 

When scarring, peritoneal defect or fibrosis are present on the abdominal wall in the proximity 

of the internal inguinal ring TAPP or TEP can be difficult to perform and IPOM can be a good 

alternative [22].  Several studies prove that IPOM is a feasible, safe and effective surrey for 

recurrent and bilateral inguinal hernias [23]. It has shown to be faster and easier than other 

laparoscopic approaches like TAPP and TEP [24].  It is suggested that IPOM could be a suitable 

option for young males and heavy duty workers [23]. However there are also researches that 

claim that this method should be avoided due to causing chronic naturopathic pain [22]. 

 

ROBOTIC INGUINAL HERNIA REPAIR 

 

Robotic hernia repair is becoming more popular and being used by skilled surgeons 

around the world. During an operation, the surgeon sits at the console and directs the robotic 

arms to perform the procedure. The robot enables making precise, controlled, small, 1-2 cm 

incisions, with their prior visualization. In addition, the robot directly and seamlessly translates 

the surgeon's natural hand, wrist and finger movements from the controls to the surgical 

instruments inside the patient. Furthermore, the robotic system used for this purpose allows for 

the procedure to be performed in 10x magnification, increased maneuverability, three-

dimensional views, enhanced endowrist dexterity and a shorter learning curve  [25,26]. There 
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is still a lack of multicenter randomized controlled trials comparing robotic, open, and 

laparoscopic techniques. However, it is emphasized that robotic hernia repair is a safe and 

efficient technique with a short learning curve. Moreover, studies indicate a lower rate of 

complications and a lower rate of readmissions compared to the laparoscopic and open surgery 

methods, respectively [27]. Additionally, robot-assisted inguinal hernia repair appears to result 

in reduced trauma to the body, less scarring, less postoperative pain, and also a lower risk of 

nerve damage and the development of chronic pain [28,29,30,31]. However, not all studies 

conducted so far confirm this analysis [27] In contrast, the robotic approach is thought to be 

connected with longer operative time and longer room time compared to the laparoscopic 

approach [28]. Moreover, the biggest disadvantage of performing robotic surgery at this point 

is the cost. This makes this technique not yet widely used in the world. However,  it seems to 

be only a matter of time. 

 

CONCLUSIONS 

 

Groin hernia repair is a commonly performed surgical procedure that can be done using 

an open or laparoscopic approach. Both the TAPP and TEP procedures have their advantages 

and disadvantages, and the choice of the appropriate method depends on the surgeon's 

preferences, experience, and the individual anatomy of the patient. Both techniques carry a risk 

of complications, including postoperative pain, surgical site infection, bleeding, and hernia 

recurrence. TEP (video-assisted method) results in less severe pain and fewer intra-abdominal 

complications and is technically easier to perform [32]. 

 On the other hand, TAPP (laparoscopic method) provides better visualization and 

anatomical assessment, as well as greater standardization of equipment among laparoscopic 

instrument manufacturers, but it comes with higher costs [32,33].   

A major advantage of TAPP is minimal tissue trauma, rapid recovery, and quick return 

to work for patients [12].   

According to meta-analysis, TAPP is associated with a lower risk of chronic inguinal 

pain compared to the traditional Lichtenstein method [14].  

Currently, laparoscopic TAPP with the use of a biological mesh appears to be the most 

promising technique in adults [34].   

However, advanced modern operative techniques, including both TAPP and TEP, may 

raise concerns about previously unknown long-term consequences [35]. 
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INTRODUCTION 

 

Obesity is a complex medical condition characterized by excessive accumulation of 

body fat that poses a threat to a person's health. Obesity is commonly measured by the body 

mass index (BMI), which is calculated by dividing a person's weight in kilograms by the square 

of his or her height in meters [1].  

According to the World Health Organization (WHO), overweight is defined as a BMI 

>25 kg/m2 and obesity as a BMI 30>kg/m2 [1]. 
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Table 1 Body mass index 

Weight status BMI 

Underweight Below 18.5 

Normal range 18.5-24.9 

Overweight 25.0-29.9 

Obese class I 30.0-34.9 

Obese class II 35.0-39.9 

Obese class III Above 40.0 

 

Another indicator used in practice is the WHR (waist-hip ratio), which is a simple 

measure of central obesity, or excessive fat accumulation in the abdominal region. In 

determining WHR, we measure the narrowest point at the waist and the widest point at the hips, 

and then divide the waist circumference by the hip circumference. The resulting WHR for 

women should not exceed 0.8; while for men it should not exceed 0.9 [2]. 

 

EPIDEMIOLOGY 

 

In 2016, according to WHO [3], 1,900 million people worldwide were overweight and 

more than 650 million people were obese. In addition, most of the world's human population 

lives in countries where overweight and obesity have caused more deaths than poverty and 

underweight. Therefore, due to the rapid increase in the number of obese people, and the 

prevalence worldwide, obesity has been called the pandemic of the 21st century. In addition, 

epidemiological studies have shown an association of increasing body weight with increased 

risk of morbidity, decreased quality of life and decreased life expectancy [4]. Obesity is 

associated with a higher incidence [1] of:  

• cardiovascular disease,  

• cancer (breast, endometrial, ovarian, cervical, colon, rectal, kidney),  

• type 2 diabetes,  

• chronic renal failure,  

• venous thromboembolism,  

• arthritis,  

• back pain,  
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• polycystic ovarian syndrome,  

• sleep apnea,  

• social and psychological problems.  

Therefore, it is important to treat obesity as soon as possible. 

 

TREATMENT METHODS 

 

Patient care [5] should begin with a comprehensive assessment and the development of 

an individualized weight control plan. It is also important to create an environment that is aware 

of and supportive of the patient's goal of gradual weight loss . The next step should be lifestyle 

modification, including the introduction of a balanced diet, physical activity, adequate sleep 

and avoidance of excessive stress. Pharmacotherapy of obesity is also possible for patients with 

a BMI ≥30 kg/m2 or ≥27 kg/m2 with type 2 diabetes, hypertension or dyslipidemia. The final 

step in therapy is bariatric surgery. Treatment of obesity should not be limited to only one 

method. An individualized approach to each patient, in addition to a non-pharmacological 

approach, may require pharmacological and surgical treatment [5]. 

 

SURGICAL TREATMENT 

 

Bariatric surgery is an important and integral part of the overall treatment of patients 

with morbid obesity. It has been found to be the most effective treatment [5]. Therefore,                         

a multispecialty team of experts has created guidelines for the surgical treatment of obesity. 

Bariatric surgery is indicated for patients aged 18-60 years who meet the following criteria:  

• BMI ≥ 40 kg/m2  

• BMI 35-40 kg/m2 with comorbidities such as metabolic disorders (type 2 diabetes  

mellitus), cardiorespiratory diseases, severe (advanced) joint disease, psychological 

problems related to obesity, dyslipidemia, obstructive sleep apnea. These diseases must 

be obesity-dependent, that is, the disorder is expected to improve after surgically 

induced weight loss.  

• BMI 30-35 kg/m2 indications for surgical treatment are determined individually 

depending on the type of comorbidities. 

        In contrast, patients over the age of 60 are qualified for surgical treatment after 

individual consideration of the advantages of such treatment and the risk of complications [6].      
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       Weight reduction and a decrease in BMI below the value required for surgery according 

to the above criteria is not a contraindication to surgical treatment, as the highest documented 

BMI value in the past is taken into account. Contraindications to bariatric surgery include 

incurable diseases that lead to cachexia and are life-threatening in the short term, lack of 

cooperation from the patient, and inability to participate in long-term post-operative care (e.g., 

mental disorders, active alcohol or drug addiction, severe mental retardation). 

            Bariatric surgeries can be divided into 3 groups: restrictive - limiting the volume of food 

intake, e.g. sleeve gastrectomy which is the most common surgery performed, exclusionary - 

e.g. biliary-pancreatic exclusion and restrictive-exclusionary, e.g. gastrointestinal bypass and 

biliary-pancreatic exclusion with duodenal switch [6]. 

            Morbid obesity is a lifelong condition. Therefore, bariatric surgery does not guarantee 

100% treatment success. Studies have shown that some patients have failed to achieve weight 

loss after surgery, and in some cases have experienced re-growth [7]. A prerequisite for the 

effectiveness of surgical treatment of obesity is a permanent change in eating habits. Nutritional 

treatment after bariatric surgery consists of many stages and, regardless of the method of 

surgery used, involves a significant reduction in the energy value of the diet and changes in the 

type, consistency and size of meals [8]. Therefore, proper long-term and multispecialty 

postoperative care is necessary to maintain satisfactory treatment results. This includes, among 

other things, post-operative follow-up with assessment of metabolic and nutritional status, and 

explaining to the patient the nutritional changes that are necessary after surgery as well as in 

later life. However, in Poland, there are no clear guidelines explaining what such control and 

changes in eating habits after surgery should look like, so in our work we want to analyze the 

recommendations available in Poland, as well as internationally. 

 

GUIDELINES FOR POSTOPERATIVE CARE OF PATIENTS AFTER BARIATRIC 

SURGERY 

 

Although no uniform dietary guidelines have yet been developed in Poland after various 

types of bariatric surgery, recommendations on dietary principles are in use. In 2010, dietary 

recommendations were created at the University of Nevada with the collaboration of the 

American Dietetic Association for patients after bariatric surgery [9].  

After surgery, the patient should receive intravenous rehydration fluids. Calorie-free 

fluids without sugar, caffeine or intense sweeteners, such as water or weak tea, are usually 

added within 1-2 days after surgery. These fluids should be consumed in small sips (15-30 ml) 
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in an amount tolerated by the body. Fluid intake should be about 1500-1900 ml/day. On the 

3rd-7th day after surgery, the fluid supply can be increased to 1900 ml/day, taken at a rate of 

about 100 ml every hour [10].  

Start introducing nutritional beverages (such as skimmed milk, soy milk, skimmed 

natural yogurt, vegetable juices, blended soups, broth). Protein powder should be added to 

nutritional fluids, but not more than 20 g per serving. During this period it is also necessary to 

introduce supplementation with vitamin and mineral preparations in the amount of 1 tablet 

twice a day [9].  

From the 2nd from the 3rd week after surgery, the amount of recommended neutral 

fluids per day is maintained at up to 1,900 ml, while nutritional fluids should be replaced with 

solid, soft, moist, ground, low-fat, high-protein foods such as eggs, fish, poultry, lean meat, 

low-fat granular cheese, cooked beans. During this period, 4-6 meals of ¼ cup should be 

consumed and the daily serving of protein should be 60g. In week 4-6, it is recommended to 

gradually expand the diet by introducing cooked soft vegetables, soft peeled or canned fruits 

without added sugar. If the patient tolerates well, one soft solid meal should be included. 

Continue the supply of neutral fluids up to 1,900 ml per day, increase the volume of previously 

recommended meal amounts to ½ cup, and take in 60-80 g of protein per day. It is important 

that at this stage fluids are given 30 min before or 30-60 min after the meal which is associated 

with minimizing the risk of early postprandial hypoglycemia, the so-called dumping syndrome 

( vomiting, bloating, diarrhea, dizziness, palpitations) [11].  

Week 7 and beyond is the time for a gradual transition from a mushy diet to a solids 

diet. The daily menu should adjust the caloric value of the diet according to age, weight and 

height. Meals should be well balanced to consist of lean meat, fruits, vegetables and whole grain 

products. Three 1 cup meals and two snacks per day are advisable. On the other hand, according 

to dietary recommendations developed by the Department of General Surgery of the 

Jagiellonian University in Krakow and the Department of General and Transplant Surgery of 

the Warsaw Medical University, the total volume of ground food consumed during the day 

should not exceed 500 g and a single meal should not exceed 100-150 grams. The previously 

recommended amount and times of inert fluid intake are maintained. Raw fruits and vegetables 

high in dietary fiber should be avoided or eaten grated or well-cooked. A summary of foreign 

recommendations can be observed in table number 2. 

A nutritional pyramid for bariatric surgery patients has been created, with mineral and 

vitamin supplementation, adequate fluid intake and daily physical activity at its base. The first 

level of the pyramid includes high-protein and low-fat products. At the second level, the authors 



Current approach in postoperative management of patients after bariatric surgery 

- an overview of guidelines 

 

160 
 

suggest low-energy products and vegetable fats (vegetables, fruits with low carbohydrate 

content). The third level of the pyramid contains starchy foods, while on the last level they find 

products that patients should avoid such as high-energy items containing saturated fat, 

cholesterol and sugars [12]. 

 

Table 2. nutritional guidelines in the early postoperative period 

Period Dietary Recommendations 

Days 1-2 
● Clear fluids (without carbohydrates and caffeine) 

● Gradually increase fluid intake to approximately 1500 ml per day 
 

Days 3-7 

● Fluids: Approximately 1500-1900 ml per day 

● Gradually introduce nutrient-rich beverages (skim milk, soy milk, 

low-fat plain yogurt, broth, vegetable juices, cream soups) 

● Whey protein or isolated soy protein (up to 20 g protein per serving) 

● Supplementation with vitamin and mineral supplements (1 tablet 

twice a day) 

Week 2-3 

● Fluids: Approximately 1500-1900 ml per day 

● Gradually replace fluids with soft, moist, ground low-fat, high-

protein food items (eggs, fish, poultry, lean meat, low-fat cottage 

cheese, cooked beans) 

● Protein intake: 60 g per day 

● Consume 3-6 meals (meal volume around 1/4 cup) 

Week 4-6 

● Introduce cooked, soft vegetables and soft and/or peeled or canned 

fruits (without added sugar) 

● Include one solid meal/food item with a consistent texture 

● Consume 3-6 meals (meal volume around 1/2 cup) 

● Protein intake: 60-80 g per day 

● Fluids: Approximately 1500-1900 ml per day 

● Consume fluids 30 minutes before or 30-60 minutes after a meal 

Week 7+ 

● Adjust the energy value of the diet according to the patient's 

growth, body weight, and age 

● Balanced meals (lean meat, dairy, fruits, vegetables, and whole-

grain products) 

● Avoid raw fibrous fruits and vegetables (celery, corn, artichokes, 

pineapples, oranges) 

● Consume 5-6 meals (meal volume around 1 cup) 

● Clear fluids: Approximately 1500-1900 ml per day 

● Consume fluids 30 minutes before or 30-60 minutes after a meal 

 

 In 2022, ASMBS/IFSO guidelines on indications for metabolic and bariatric surgery 

emerged [13]. They replaced an official statement developed 30 years ago by the National 

Institutes of Health (NIH). The American Society for Metabolic and Bariatric Surgery 
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(ASMBS) has become the newest association of bariatric surgeons and integrated health care 

professionals in the United States. The International Federation for Surgery of Obesity and 

Metabolic Disorders (IFSO) currently represents 72 national societies and associations from 

around the world [8]. In 2016, a group of 45 medical societies led by the American Diabetes 

Association (ADA) presented a joint position statement recommending metabolic surgery as a 

possible management for patients with type 2 diabetes and a BMI in the range of 30-35 whose 

diabetes has not been sufficiently regulated despite optimal treatment. In 2022. The ADA 

developed "Standards of Medical Care in Diabetes - 2022," in which it also recommended the 

above recommendations for bariatric surgery [14]. 

Most useful for guiding post-operative care are the Enhanced Recovery After Bariatric 

Surgery (ERABS) guidelines, which were first published in 2016 and updated in 2022 [15].                

A review article comparing the differences between the 2022 and 2016 guidelines has the 

potential to form a global consortium for bariatric research [16]. This work highlights the 

methodology for developing the ERABS guidelines and how research can be improved. The 

classification of recommendations highlighting the level of evidence (LoE) is extremely 

valuable. According to the researchers, the low level of evidence (LoE) remained low for 

postoperative care in terms of postoperative analgesia and postoperative oxygen therapy. Low 

LoE, which changed to high LoE, was reported for postoperative nausea and vomiting (PONV) 

and thromboprophylaxis. A moderate LoE, which remained moderate, was noted for early 

postoperative feeding. High LoE, which remained high, concerned postoperative analgesia, 

thromboprophylaxis, and postoperative oxygenation. The authors of the study emphasized that 

the description of the assessment was well graded, but there was no mention of what criteria 

were used to arrive at the assessment score [16]. The main postoperative guidelines considered 

in ERABS are discussed below. 

Postoperative nausea and vomiting (PONV) occurs at a rate of 8-92%. ERABS 

recommends prevention of PONV [17], with a polypharmacologic approach preferred over 

monotherapy. A reduction in the incidence of PONV has been reported with the use of 

antiemetics, opioid analgesics and fluid infusions [18]. Thromboprophylaxis occurs after 

bariatric surgery in about 0.1-0.5% and in most cases after the patient is discharged home [19]. 

Multimodal thromboprophylaxis using chemoprophylaxis, mechanical aids and patient 

mobilization is suggested. Chemoprophylaxis with low-molecular-weight heparin (LMWH) 

after surgery and discharge home is considered effective. However, there is insufficient 

evidence to recommend a specific dose and duration of LMWH treatment [20]. 
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An article published in Surgical Endoscopy 2020 examined the reduction in opioid use after 

implementing enhanced recovery after bariatric surgery (ERABS). According to ERABS, 

multimodal analgesia provides the most effective results in pain management, allowing lower 

doses of each drug to be administered. An important factor in ERABS is the objective 

assessment of pain intensity using contemporary graded rating scales [21]. Early postoperative 

mobilization is another key element for better postoperative recovery in ERABS. It is 

recommended in obese patients undergoing bariatric surgery [22]. The recommended time was 

at least 4 hours in the first 24 hours after surgery and was significantly associated with lower 

rates of postoperative complications and shorter length of stay (LOS) [23]. Early re-feeding has 

been reported in ERABS and appears to be particularly associated with earlier recovery of 

bowel function, faster wound healing, fewer infections and a lower risk of postoperative 

complications [24]. Compared to the conventional approach, ERABS reduces the length of 

hospital stay, which also reduces hospitalization costs. ERABS does not increase the risk of 

serious postoperative complications, reoperations and hospital readmissions. Unfortunately, the 

importance of contributions to international guidelines is not always matched by their 

implementation in different medical centers. ERABS results vary from medical center to 

medical center, and results are inconsistent.  

In Italy, medical experts have leaned into this problem. The Italian Society for Surgery 

of Obesity and Metabolic Diseases and the Italian Society for Anesthesiology, Analgesia, 

Resuscitation and Intensive Care have joined to create an official statement on ERABS [25]. 

Another laparoscopic center developed its own implementation of the ERABS protocol [26]. 

The results were positive. The median length of hospital stay (LOS) was four days in the 

placebo group compared to two days in the group where the ERABS protocol was implemented 

(p < .0001). There were no significant differences in rates of postoperative complications, 

readmissions and mortality [26]. 

These examples demonstrate the importance not only of the guidelines themselves, but 

also of the cooperation of medical centers in establishing the highest possible level of service, 

care and protocol implementation.  

 

CONCLUSIONS  

 

There is no consensus on the postoperative management of patients after bariatric 

surgery. The purpose of this study was to collect and summarize different approaches to this 

topic. There are several recommendations in Polish and international guidelines that are often 
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repeated. The repeated guidelines concern basic examinations. It is recommended to attend 

follow-up visits to mainly assess the effects of weight reduction and to monitor the occurrence 

of postoperative complications [27]. It is important to assess the extent of microscopic 

deficiencies including vitamins. For this purpose, a blood count laboratory test is recommended 

[27]. A lipidogram and glycemic measurement should also be performed to monitor the course 

of obesity-induced diseases. The goal here is the gradual resolution of hypercholesterolemia 

and diabetes, where the criteria for diabetes remission should be in accordance with the 

guidelines of international diabetes societies (complete remission, partial remission, long-term 

remission) [13]. 

The most recent guidelines that address this topic were developed in 2022. 

ASMBS/IFSO guidelines introduced the recommendation of bariatric surgery as a way to treat 

type II diabetes and with a BMI in the range of 30-35, in which diabetes has not been sufficiently 

regulated despite optimal treatment [13]. An important management that should be 

implemented is also the assessment of the patient's diet, mentioned many times, and educating 

the patient about it. If we look at the management to prevent postoperative complications, they 

are primarily discussed in international recommendations. The most helpful here are the 

ERABS guidelines updated in 2022. It is important to place special emphasis on 

thromboprophylaxis during postoperative care. It is recommended to continue anticoagulant 

treatment for a minimum of 7 days after surgery, preferably with low molecular weight heparin. 

Early mobilization of the patient is important, preferably for 4h already within the first 24 hours 

after surgery [20], [23]. To control nausea and vomiting, according to the indications, 

polypharmacotherapy consisting of antiemetics, opioids and infusions is most beneficial [18]. 

The anesthesia used during surgery should be multimodal. This gives the most favorable results 

in reducing postoperative pain. Contemporary graded scales are recommended for its objective 

assessment [21]. Multimodal analgesia also reduces the length of postoperative hospital stay 

without increasing the risk of postoperative complications. Finally, one of the main 

recommendations should be the center's own postoperative patient assessment system, 

developed at each center based on the center's own outcomes and capabilities. There are centers 

that keep such records and share their results [25], [26].  

Centers that perform bariatric surgery should keep records of patient outcomes and 

implement national and international management guidelines based on this. Such management 

brings the highest benefit to the patient as well as the medical center. We hope that our attention 

to the problem of the lack of clear-cut guidelines for the postoperative care of bariatric patients 
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will contribute to the establishment of a consensus on this issue and to the publication of 

guidelines in accordance with international standards. 
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INTRODUCTION 

 

The gastrointestinal tract is a crucial component of the immune system, as it maintains 

immune homeostasis by balancing tolerance to various antigens, including commensal bacteria, 

food antigens, and the body's own antigens in the gut [1]. Additionally, it protects the body 

against harmful pathogens that can cause infections and diseases. 

However, when the balance of the gastrointestinal tract is disturbed, it can lead to 

inflammatory bowel disease (IBD) [1]. IBD is a chronic inflammatory disorder that has two 

primary clinical forms: Crohn's disease (CD) and ulcerative colitis (UC) [2,3]. These disorders 

lead to lifelong relapsing and remitting phases [4,5] and are characterized by uncontrolled 

innate and adaptive immune responses that result in mucosal inflammation [6]. While the exact 

cause of IBD is not yet fully understood, murine studies have provided some insight into its 

pathogenesis. 

Several factors can contribute to the development of IBD, including genes, the immune 

system, and environmental factors. For instance, studies suggest that individuals with specific 

genetic variations may be more susceptible to developing IBD. Similarly, environmental factors 

such as diet, smoking, and exposure to certain infections have also been linked to the 

development of IBD [7-11]. 

Pathogenesis of inflammatory bowel disease - key factors 

• Genetic susceptibility 

- NOD2, 

- IL-23 receptor, 
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- ATG16L1, 

- LRRK2, 

- others, 

• Environmental factors 

- smoking, 

- stress, 

- medicaments, 

- infections, 

- diet, 

- lifestyle, 

- others, 

• Gut microbiome 

- Lactobacillus, 

- Escherichia coli, 

- Bifidobacterium, 

- others, 

• Immunology 

- dysregulation of immune system, 

- defects in epithelial barrier function, 

- overactive immune response to autophagy, 

- fluctuations in lymphocyte counts, 

- variable cytokine levels. 

Despite numerous studies, there is still much to learn about the pathogenesis, diagnosis, 

and treatment of IBD. However, ongoing research in this field provides hope for better 

understanding and management of this debilitating disease. IL-23 has been identified as a 

contributing factor in the development of autoimmune inflammatory diseases, such as IBD and 

cancer. In this review, we will explore the complex and multifaceted role of the 

proinflammatory cytokine IL-23 in the pathogenesis of inflammatory bowel disease (IBD).  

 

BIOLOGICAL ROLE OF THE IL-23 

 

 Research has identified cytokine networks that are important for treating IBD. Innate 

immune cells generate a cytokine called IL-12, which comprises four types: IL-12, IL-23, IL-
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27, and IL-35. Antigen-presenting cells produce IL-12, IL-23, and IL-27, while regulatory T 

and B cells produce IL-35 [12, 13]. IL-27 and IL-35 are inhibitory, while IL-12 and IL-23 are 

pro-inflammatory [14]. Family members IL-12 and IL-23 differ in their subunit compositions. 

IL-23 is composed of an IL-12p40 subunit complexed with a unique IL-23p19 via a disulfide 

bond, while IL-12 consists of a 12p40 subunit complexed with an IL-12p35 subunit [15]. 

Interleukin-23 (IL-23) is known to interact with two receptor chains: the specific IL-23 receptor 

and IL-12Rβ1. IL-23 is involved in the development, differentiation, and proliferation of Th17 

cells, as well as innate immune cells such as γδT cells, natural killer T (NKT) cells, and innate 

lymphoid cells (ILCs) [16, 17]. 

IL-12 cytokines help regulate cellular pathways and maintain intestinal homeostasis. 

They activate proinflammatory responses to protect against infection and inhibit uncontrolled 

immune responses that cause autoimmune disorders. IL-23 is a crucial mediator in tissue 

damage, and dysregulation of IL-23 and its receptor signaling is strongly implicated in 

inflammatory disorders [12,18,19]. 

IL-23 carries out its biological functions by binding to a particular receptor complex 

that is highly expressed on the surface of activated CD4+ T cells [20], group 3 innate lymphoid 

cells (ILCs) [21], and γδ T cells [22]. It is also found at lower levels on intestinal epithelial cells 

[23], monocytes, and macrophages [24], neutrophils [25], natural killer (NK) cells, and 

invariant NKT cells [26]. 

 

THE IL-23-Th17 AXIS 

 

IL-23 stimulates the growth and maintenance of Th17 cells in the innate immune 

system. However, it does not initiate Th17 differentiation or IL-17A production from naïve 

CD4+ T cells by itself, as these cells do not express the IL-23R [20].  

Nevertheless, IL-23 appears to contribute to the ongoing survival and growth of Th17 

cells [27].  

CD4+ T cells lacking the IL-23 receptor can develop into Th17 cells through signals 

from antigen-presenting cells and cytokines like IL-6, IL-21, and TGF-β. As a result, there is a 

reciprocal regulation of the signature transcription factors RORγt and Forkhead box P3 

(FoxP3), along with an elevation in the expression of IL-23 receptor. IL-23 signaling plays a 

crucial role in supporting the survival and expansion of Th17 cells, which produce IL-17 and 

IL-22. These effects are mediated through the corresponding IL-23 receptor. However, certain 
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variants in IL-23R that offer protection against autoimmune diseases diminish this effect. When 

reactivated, Th17 cells can undergo a transition to a Th1-like phenotype characterized by the 

expression of T-bet and the production of the inflammatory cytokine IFN-γ, especially in the 

presence of elevated levels of IL-23/IL-12 [28].  

IL-23 influences both innate and adaptive immune cells in diverse manners, ultimately 

leading to intestinal inflammation. It facilitates the generation and persistence of Th17 cells, 

resulting in the production of cytokines like IL-17, IFNγ, IL-22, and granulocyte-macrophage 

colony-stimulating factor (GM-CSF) [29, 30].  

GM-CSF, in turn, promotes the accumulation of granulocyte-monocyte progenitors 

(GMPs) and activated eosinophils in the intestine. IL-23 also stops the formation of regulatory 

T cells and encourages group 3 innate lymphoid cells (ILC3s) to produce cytokines, such as IL-

17, IL-22, and GM-CSF. 

 

IL-23 IN INFLAMMATORY BOWEL DISEASE 

 

IL-23 is a critical factor in the development of autoimmune diseases, including psoriatic 

skin inflammation, experimental autoimmune encephalomyelitis, and inflammatory bowel 

disease (IBD) [14,20,31]. 

It controls the production and activation of various immune cells in the gut, such as 

natural killer cells (NK), T helper 17 cells, intraepithelial lymphocytes (IEL), and innate 

lymphoid cells (ILCs) [32].  

Regarding inflammatory bowel disease, serum IL-23 levels are a better indicator of 

severe IBD than other inflammatory biomarkers, such as fecal calprotectin (FCal), CRP, and 

albumin [33,34].  

This is significant because IBD is a chronic and often debilitating condition that affects 

millions of people worldwide. Research suggests that the serum level of IL-23 is an indicator 

of prognosis in IBD patients and positively correlated with disease duration. Based on a recent 

study, it was found that samples from patients with CD displayed notable expression levels of 

IL-17, IL-23, and IL-32 mRNA when compared to non-IBD samples. In contrast, UC 

specimens did not show such expression [35].  

During both acute and chronic colitis elevated levels of IL-23, IL-23R and IFNγ in colon 

mucosa were observed [36]. 
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TREATMENT 

 

IL-23 and IL-12 are cytokines that promote inflammation and stimulate naive CD4+ 

precursor T cells to differentiate into T-helper 1 and T-helper 17 cells. These cells are involved 

in the development and progression of various autoimmune and inflammatory diseases, 

including inflammatory bowel disease (IBD) [37]. However, recent research shows that 

blocking these cytokines can be a promising treatment for IBD. 

The IL-23 and IL-12 pathways are closely related to each other, both in terms of their 

structure and function. They share the same cytokine subunit (p40) and a subunit of their 

receptors (IL-12Rβ1), which suggests a potential overlap in their biological activities [40]. 

Therefore, targeting either of these cytokines can potentially affect the other. There are 

currently three generations of treatments targeting IL-23 for IBD, both in use and in 

development [33,41]. 

The first generation of treatment targets anti-IL-12p40, which inhibits IL-23 rather than 

blocking IL-12.It was primarily represented by ustekinumab. This fully human monoclonal 

antibody specifically targets the p40 subunit of IL-12 and IL-23 [42], and has been approved 

for inducing and maintaining clinical responses, as well as achieving remission in patients with 

moderate-to-severe Crohn's disease who have previously failed anti-TNF-a therapy [43]. 

Another representative of the first-generation treatment is briakinumab, which is another type 

of anti-p40 antibody [38].  

Moreover, there have been findings indicating that apilimod can effectively hinder the 

nuclear accumulation of c-Rel [39].  

This transcription factor plays  a crucial role in governing the expression of the IL-12/23 

p40 subunit, the IL-23p19 subunit, and the IL-12p35 subunit [36,40-42]. 

The second generation - selective anti-IL-23 therapies, which focus on IL-23p19, have 

exhibited encouraging outcomes. Brazikumab, guselkumab, mirikizumab, and risankizumab 

are four different second-generation anti-IL-23 therapies that have been evaluated in clinical 

trials for IBD treatment [43-48]. 

The latest advancement in treatment options involves a category of small molecule 

inhibitors known as the third generation. These inhibitors focus on targeting signaling 

molecules that are activated after IL-23R, specifically Janus kinase inhibitors like tofacitinib, 

filgotinib, and upadacitinib. The JAK/STAT pathway plays a significant role in the 
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pathogenesis of IBD, and therefore, JAK inhibitors are currently under development as a new 

category of small-molecule drugs [49]. 

 

CONCLUSIONS 

 

The cytokine networks that contribute to the development of inflammatory bowel 

disease (IBD) exhibit a high degree of complexity. As shown above, the cytokine IL-23 plays 

a crucial role in the development of IBD by interacting with key parts of the intestinal tissue, 

such as epithelial cells, the gut microbiome, pathogens and immune cells. A lot of 

environmental factors, including diet, microbiome, and genetic factors, can impact how IL-23 

contributes to inflammatory diseases. 

Research has indicated that IL-23 has a significant impact on mucosal immunity and is 

particularly vital in sustaining and increasing the Th17 lineage. This is accomplished through     

a positive feedback loop that enhances levels of IL-17, RORγt, TNF, IL-1, and IL-6. The 

mechanisms by which IL-23 drives chronic IBD remain a matter of debate, including the 

relative importance of Th1/Th17 cells, ILC3s, and myeloid cells, as well as the cytokines IFNγ, 

IL-22, and IL-17A in colitogenesis. The identification of the IL-23/IL-17 axis has offered fresh 

perspectives on the pathogenesis of chronic inflammatory disorders such as IBD. 

In the future, therapeutic strategies focused on inhibiting IL-23 may hold particular 

significance in the treatment of patients with IBD. Further exploration of molecular and clinical 

factors that impact the response to these medications could help in the identification of patients 

who are most likely to derive benefits from them. 

 

REFERENCES 

1. Ahluwalia B., Magnusson M. K., Öhman L.: Mucosal Immune System of the 

Gastrointestinal Tract: Maintaining Balance between the Good and the Bad. 

Scandinavian Journal of Gastroenterology,  2017, 52(11), 1185–1193.  

2. Uhlig H.H., Powrie F.: Translating Immunology into Therapeutic Concepts for 

Inflammatory Bowel Disease. Annual Review of Immunology, 2018, 36(1), 755–781.  

3. Kaser A., Zeissig S., Blumberg R. S.: Inflammatory Bowel Disease. Annual Review of 

Immunology, 2010, 28(1), 573–621. 

4. Gomollón F., Dignass A., Annese V., Tilg H., Van Assche G., et al.: On behalf of 

ECCO. 3rd European Evidence-Based Consensus on the Diagnosis and Management of 



Interleukin 23 and its role in Inflammatory Bowel Disease 

 
 

173 
 

Crohn’s Disease 2016: Part 1: Diagnosis and Medical Management. Journal of the 

European Crohn's and Colitis Organisation, 2017, 11(1), 3–25. 

5. Wallace K. L.: Immunopathology of Inflammatory Bowel Disease. World Journal of 

Gastroenterology, 2014, 20(1), 6. 

6. Xavier R. J., Podolsky D. K.: Unravelling the Pathogenesis of Inflammatory Bowel 

Disease. Nature. 2007, 448 (7152), 427–434. 

7. Xu X.-R.: Dysregulation of Mucosal Immune Response in Pathogenesis of 

Inflammatory Bowel Disease. World Journal of Gastroenterology, 2014, 20(12), 3255.  

8. De Souza H. S. P., Fiocchi C.: Immunopathogenesis of IBD: Current State of the Art. 

Nature Reviews Gastroenterology & Hepatology, 2016, 13(1), 13–27. 

9. Swidsinski A., Ladhoff A., Pernthaler A., Swidsinski S., Loening–Baucke V., et al. 

Mucosal Flora in Inflammatory Bowel Disease. Gastroenterology, 2002, 122(1), 44–54. 

10. Zhang Y.-Z.: Inflammatory Bowel Disease: Pathogenesis. World Journal of 

Gastroenterology, 2014, 20(1), 91. 

11. Schirbel A., Fiocchi C.: Inflammatory Bowel Disease: Established and Evolving 

Considerations on Its Etiopathogenesis and Therapy: IBD Etiopathogenesis and 

Therapy, The Journal of Digestive Diseases. 2010, 11(5), 266–276. 

12. Collison L. W., Workman C. J., Kuo T. T., Boyd, K., Wang Y,. et al.: The Inhibitory 

Cytokine IL-35 Contributes to Regulatory T-Cell Function. Nature. 2007, 450(7169), 

566–569. 

13. Wang R.-X., Yu C.-R., Dambuza I. M., et al.: Interleukin-35 Induces Regulatory B Cells 

That Suppress Autoimmune Disease. Nature Medicine, 2014, 20(6), 633–641. 

14. Jefremow A., Neurath M. F.: All Are Equal, Some Are More Equal: Targeting IL 12 

and 23 in IBD – A Clinical Perspective. ImmunoTargets and Therapy, 2020, 9, 289–

297.  

15. Kastelein R. A., Hunter C. A., Cua D. J.: Discovery and Biology of IL-23 and IL-27: 

Related but Functionally Distinct Regulators of Inflammation. Annual Review of 

Immunology, 2007, 25(1), 221–242.  

16. Yoshiga Y., Goto D., Segawa S. et al.: Invariant NKT Cells Produce IL-17 through IL-

23-Dependent and -Independent Pathways with Potential Modulation of Th17 Response 

in Collagen-Induced Arthritis. International Journal of Molecular Medicine, 2008, 

22(3), 369–374. 



Interleukin 23 and its role in Inflammatory Bowel Disease 

 
 

174 
 

17. Lee J. S., Tato C. M. et al.:Interleukin-23-Independent IL-17 Production Regulates 

Intestinal Epithelial Permeability. Immunity, 2015, 43 (4), 727–738.  

18. Hunter C. A.: New IL-12-Family Members: IL-23 and IL-27, Cytokines with Divergent 

Functions. Nat. Rev. Immunol. 2005, 5 (7), 521–531. 

19. Trinchieri G., Pflanz S., Kastelein R. A.: The IL-12 Family of Heterodimeric Cytokines. 

Immunity. 2003, 19(5), 641–644. 

20. Oppmann B., Lesley R., Blom B., et al.  Novel P19 Protein Engages IL-12p40 to Form 

a Cytokine, IL-23, with Biological Activities Similar as Well as Distinct from IL-12. 

Immunity. 2000, 13(5), 715–725. 

21. Eken  A., Singh AK, Treuting PM, Oukka M.:  IL-23R+ innate lymphoid cells induce 

colitis via interleukin-22-dependent mechanism. Mucosal Immunology, 2014, 7, 143–

154. 

22. Sutton  CE, Lalor SJ, Sweeney CM, et al.: Interleukin-1 and IL-23 induce innate IL-17 

production from gammadelta T cells, amplifying Th17 responses and autoimmunity. 

Immunity,  2009, 31, 331–341. 

23. Aden  K., Rehman A., Falk-Paulsen M., et al.: Epithelial IL-23r signaling licenses 

protective IL-22 responses in intestinal inflammation. Cell Reports,  2016, 16, 2208–

2218. 

24. Sun  R., Hedl M., Abraham C.:  IL23 induces IL23R recycling and amplifies innate 

receptor-induced signalling and cytokines in human macrophages, and the IBD-

protective IL23R R381Q variant modulates these outcomes. Gut,  2020, 69, 264–273. 

25. Zindl  CL, Lai JF, Lee YK, et al.: IL-22-producing neutrophils contribute to 

antimicrobial defense and restitution of colonic epithelial integrity during colitis. 

Proceedings of the National Academy of Sciences of the United States of America,  

2013, 110, 12768–12773. 

26. Rachitskaya  AV, Hansen AM, Horai R, et al.: Cutting edge: Nkt cells constitutively 

express IL-23 receptor and RORgammat and rapidly produce IL-17 upon receptor 

ligation in an IL-6-independent fashion. Journal of  Immunology, 2008, 180, 5167–

71.26. 

27. Veldhoen M., Hocking R. J., Atkins C. J., et al.  TGFβ in the Context of an Inflammatory 

Cytokine Milieu Supports De Novo Differentiation of IL-17-Producing T Cells. 

Immunity,  2006, 24(2), 179–189. 

28. Sewell G. W., Kaser A.: Interleukin-23 in the Pathogenesis of Inflammatory Bowel  



Interleukin 23 and its role in Inflammatory Bowel Disease 

 
 

175 
 

Disease and Implications for Therapeutic Intervention. The Journal of Crohn's and 

Colitis, 2022, 16 (Supplement_2), ii3–ii19. 

29. Liang S. C., Tan X.-Y., Luxenberg D. P. et al.: Interleukin (IL)-22 and IL-17 Are 

Coexpressed by Th17 Cells and Cooperatively Enhance Expression of Antimicrobial 

Peptides. Journal of Experimental Medicine,  2006, 203(10), 2271–2279.  

30. Schmitt H., Neurath M. F., Atreya R.: Role of the IL23/IL17 Pathway in Crohn’s 

Disease. Frontiers in Immunology. 2021, 12, 622934.. 

31. Croxford A. L., Mair F., Becher B.: IL-23: One Cytokine in Control of Autoimmunity: 

HIGHLIGHTS. European Journal Of Immunology,  2012, 42(9), 2263–2273. 

32. Neurath M. F.: IL-23 in Inflammatory Bowel Diseases and Colon Cancer. Cytokine & 

Growth Factor Reviews. 2019, 45, 1–8. 

33. McDonald B. D., Dyer E. C., Rubin D. T.: IL-23 Monoclonal Antibodies for IBD: So 

Many, So Different? Journal of the European Crohn's and Colitis Organisation. 2022, 

16 (Supplement_2), ii42–ii53.  

34. Deepak P., Loftus E. V.: Ustekinumab in Treatment of Crohn’s Disease: Design, 

Development, and Potential Place in Therapy. Drug Design, Development and Therapy. 

2016, 10, 3685–3698. 

35. Engel T., Yung D. E., Ma C., et al. Effectiveness and Safety of Ustekinumab for Crohn’s 

Disease; Systematic Review and Pooled Analysis of Real-World Evidence. Digestive 

and Liver Disease, 2019, 51 (9), 1232–1240.  

36. Carmody R. J., Ruan Q., Liou H.-C., Chen Y. H.: Essential Roles of C-Rel in TLR-

Induced IL-23 P19 Gene Expression in Dendritic Cells. Journal of Immunol (Baltimor 

Md) 1950. 2007, 178(1), 186–191. 

37. Moschen A. R., Tilg H., Raine T.: IL-12, IL-23 and IL-17 in IBD: Immunobiology and 

Therapeutic Targeting. Nature Reviews Gastroenterology & Hepatology, 2019, 16(3), 

185–196.  

38. Panaccione R., Sandborn W. J., Gordon G. L., Lee S. D., Safdi A. et al.: Briakinumab 

for Treatment of Crohn’s Disease: Results of a Randomized Trial. Inflammatory Bowel 

Diseases,  2015, 21(6), 1329–1340.  

39. Wada Y., Cardinale I., Khatcherian A., Chu J., Kantor A. B. et al.:Apilimod Inhibits the 

Production of IL-12 and IL-23 and Reduces Dendritic Cell Infiltration in Psoriasis. PloS 

One. 2012, 7(4), e35069.  

40. Grumont R.  Hochrein H.  O’Keeffe M.  et  al.: C-Rel  Regulates  Interleukin 12   P70  



Interleukin 23 and its role in Inflammatory Bowel Disease 

 
 

176 
 

Expression in CD8(+) Dendritic Cells by Specifically Inducing P35 Gene Transcription. 

Journal of Experimental Medicine, 2001, 194(8), 1021–1032.  

41. Mason N., Aliberti J., Caamano J.C., et al. Cutting Edge: Identification of c-Rel-

Dependent and -Independent Pathways of IL-12 Production during Infectious and 

Inflammatory Stimuli. Journal of immunology (Baltimore, Md) 1950. 2002, 168(6), 

2590–2594.  

42. Sanjabi S., Hoffmann A., Liou H. C., et al. Selective Requirement for C-Rel during IL-

12 P40 Gene Induction in Macrophages. Proceedings of the National Academy of 

Sciences of the United States of America, 2000, 97(23), 12705–12710. 

43. Sands B. E. Chen J. Feagan B. G. et al.: Efficacy and Safety of MEDI2070, an Antibody 

Against Interleukin 23, in Patients With Moderate to Severe Crohn’s Disease: A Phase 

2a Study. Gastroenterology, 2017, 153(1), 77-86.e6.  

44. Feagan B. G. Sandborn W. J. D’Haens G.  et al. Induction Therapy with the Selective 

Interleukin-23 Inhibitor Risankizumab in Patients with Moderate-to-Severe Crohn’s 

Disease: A Randomised, Double-Blind, Placebo-Controlled Phase 2 Study. Lancet 

London England,  2017, 389(10080), 1699–1709.  

45. Sandborn W. J., Ferrante M., Bhandari B. R. et al.: 882 - Efficacy and Safety of Anti-

Interleukin-23 Therapy with Mirikizumab (LY3074828) in Patients with Moderate-To-

Severe Ulcerative Colitis in a Phase 2 Study. Gastroenterology. 2018, 154(6), S-1360-

S-1361.  

46. D’Haens G. G. R., Sandborn W. J., Ferrante M., et al. OP38 Maintenance Treatment 

with Mirikizumab, a P19-Directed IL-23 Antibody: 52-Week Results in Patients with 

Moderately-to-Severely Active Ulcerative Colitis.  Journal of the European Crohn's and 

Colitis Organisation. 2019, 13 (Supplement_1), S026–S027.. 

47. Sands B. E., Sandborn W. J., Peyrin-Biroulet L., et al. 1003 – Efficacy and Safety of 

Mirikizumab (LY3074828) in a Phase 2 Study of Patients with Crohn’s Disease. 

Gastroenterology. 2019, 156(6), S-216.  

48. Baker K. F., Isaacs J. D.: Novel Therapies for Immune-Mediated Inflammatory 

Diseases: What Can We Learn from Their Use in Rheumatoid Arthritis, 

Spondyloarthritis, Systemic Lupus Erythematosus, Psoriasis, Crohn’s Disease and 

Ulcerative Colitis? Annals of the Rheumatic Diseases, 2018, 77(2), 175–187.  

49. Soendergaard C., Bergenheim F. H., Bjerrum J. T., Nielsen, O. H.: Targeting JAK-

STAT Signal Transduction in IBD. Pharmacology & Therapeutics, 2018, 192, 100–111.  



The Antibiotic Resistance Crisis 

177 
 

THE ANTIBIOTIC RESISTANCE CRISIS 

 

Laura Więcko, Marzena Jargilo, Łukasz Dylewicz, Kacper Solarz,                    

Jakub Bętkowski 

 

Faculty of Medicine in Katowice, Medical University of Silesia, Poland 

 

 

INTRODUCTION 

 

Antimicrobial agents such as antibiotics are key tools for bacterial infections, but they 

are becoming less effective. The antibiotics can kill or inhibit the growth of microorganisms. 

Many decades after antibiotics were introduced into pharmacotherapy, bacterial infections have 

again become a major threat.  Alarming levels of resistance have been observed in countries of 

all income levels, resulting in common diseases becoming incurable and medical treatments 

that are supposed to save lives are becoming increasingly dangerous and complicated [1,2]. The 

antibiotic resistance crisis is related to the overuse as well as inappropriate application of these 

drugs. Unfortunately, new drugs are not being introduced due to reduced economic incentives 

and difficult regulatory requirements. 

The Centers for Disease Control and Prevention (CDC) has developed a classification 

of bacteria with reference to their pathogenicity. It should be added that there are bacteria 

resistant to many antibiotics and infections associated with them are responsible for a huge 

clinical and financial burden on the health care system, patients and their families [3]. 

 

HISTORY 

 

 The first known use of antibiotics occurred in ancient China more than 2,500 years ago. 

The treatment of bacterial infections in ancient Egypt, Greece and China is well documented. 

We know that ancient civilizations used molds and plants to treat infections [1,3 ]. 

The first well-known antibiotic called Salvarsan, was developed and marketed as a drug 

against syphilis in 1910. The creator of the revolutionary drug was Paul Ehrlich, who performed 

606 tests of the drug's effects on rabbits with syphilis (the alternate name of Salvarsan is 

compound 606). 
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A significant downside of the introduced drug was its frequent and dangerous side 

effects [4, 5]. 

The discovery of penicillin (a product of the fungus Penicilium) by Sir Alexander 

Fleming in 1928 launched the golden age of natural antibiotics [1, 4]. The drug is often 

described as a "child of war, as numerous research and observations were conducted during 

World War II,  before its development [1, 3]. Antibiotics were first prescribed to treat severe 

infections in the 1940s. The discovery of penicillin was extremely groundbreaking, because it 

saved millions of lives, but resistance to these antibiotics quickly emerged.  New beta-lactam 

antibiotics were introduced in response to a global problem in the treatment of infections. 

Unfortunately, the first case of methicillin-resistant Staphylococcus aureus (MRSA) was 

identified in the same decade- in the United Kingdom in 1962 and in the United States in 1968 

[3]. Researchers looked for other therapeutic solutions that would not be associated with 

resistance. Cases of vancomycin resistance were noted in coagulase-negative staphylococci in 

1979 and 1983. A gradual decline in discovery due to the depletion of potential drug sources 

and the development of antibiotics, as well as the evolution of drug resistance in many human 

pathogens, has led to the current antimicrobial resistance crisis [3,4]. 

 

CAUSES 

 

As early as 1945, Sir Alexander Fleming raised the alarm regarding antibiotic overuse 

when he warned that the “public will demand [the drug and] … then will begin an era … of 

abuses.” [3]. The misuse and overuse of antibiotics is a major factor contributing to the 

development of antibiotic resistance. Bacteria can gain antibiotic resistance through 

spontaneous mutations on its own, or gain it from another relative or non-relative bacteria 

through the process of conjugation. This process relies on the temporary union of two bacteria 

or unicellular organisms for the exchange of genetic material, which are called plasmids. 

Overprescription and the misuse of the antibiotics include taking antibiotics without                           

a prescription, not completing the full course of antibiotics, using leftover antibiotics from 

previous treatments, or using antibiotics for viral infections, which they are ineffective against. 

These actions contribute to formation of new genes of the bacteria that had contact with the 

antibiotic. 

Another cause of the rising antibiotic resistance is the use of antibiotics in agriculture. 

Intensive animal production involves giving livestock animals large quantities of antibiotics to 

promote growth and prevent infection. The resistant bacteria from agricultural environments 
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may be transmitted to humans, in whom they cause disease that cannot be treated by 

conventional antibiotics [6]. 

Lack of new antibiotics also contributes to the antibiotic growth resistance upcoming 

crisis. Over the years there has been a decline in the development of new antibiotics. Despite 

increasing rates of antibiotic resistance, pharmaceutical companies are reluctant to develop new 

antibiotics due to scientific, regulatory, and financial barriers [7]. As a result, the available 

arsenal of antibiotics has become limited, allowing bacteria to develop resistance faster than 

new drugs can be developed. 

Addressing antibiotic resistance requires a multi-faceted approach, including promoting 

appropriate and responsible use of antibiotics, promoting the development of new antibiotics 

and alternative therapies and raising awareness among healthcare providers and the general 

public about the importance of combating antibiotic resistance. 

 

ANTIBIOTIC RESISTANCE BACTERIAL INFECTIONS 

 

Methicillin-Resistant Staphylococcus Aureus 

MRSA has been spread worldwide as the most threatening antibiotic-resistant bacteria. 

It is resistant to penicillin-like beta-lactam antibiotics [8]. It can also be resistant to drugs such 

as glycopeptides (e.g., vancomycin and teicoplanin), linezolid, tigecycline, daptomycin, and 

more modern drugs for example ceftaroline and ceftobiprole. The biggest concern arises that 

even though this bacteria becomes resistant due to bacterial mutation it can be also resistant to 

linezolid and glycopeptide antibiotics. However data shows that MRSA the rise of infections is 

decreasing in some areas because of the precautions taken by hospitals which include 

aggressive preventive hygiene. 

 

Vancomycin-Resistant Enterococci  

VRE is a concerning threat. It is developing resistance to many common antibiotics [8].  

Enterococci cause illness to mostly patients in hospitals [8, 9]. The infections are often caused by 

Enterococcus faecium and less frequently by Enterococcus faecalis. [10]. Antibiotics which are used 

against VRE are linezolid and quinupristin/dalfopristin, but the use of daptomycin and tigecycline needs 

to be further researched [10].  VRE has developed an extremely big interest in developing new drugs 

that could have bactericidal activity against VRE, such as oritavancin [10]. 
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Drug-Resistant Streptococcus pneumoniae 

S. pneumoniae is a common respiratory pathogen which can cause serious infections 

[9]. It is known to be the major cause of bacterial pneumonia and meningitis, and also 

bloodstream, ear, and sinus infections [9, 10].  The majority of these cases and deaths occur 

among the elderly [9].  S. pneumoniae has developed resistance to drugs in the penicillin class 

and erythromycins, such as amoxicillin and azithromycin [9]. The new version of 

pneumococcal conjugate vaccine (PCV13), protects against 13 strains of the bacteria including 

infections caused by the most resistant pneumococcus strains.  

 

Drug-Resistant Mycobacterium Tuberculosis 

Drug-resistant M. tuberculosis infections are a serious threat [8, 10].  M. tuberculosis is 

spread through the air [9]. Infections caused by this bacterium are mostly present in the lungs 

but they can occur anywhere. The major factor causing TB drug resistance are the incompletion 

of treatment of the bacteria.  Usually TB infections are treatable first-line drugs: isoniazid or 

rifampicin. Extensively drug-resistant TB (XDR-TB) is resistant to most TB drugs, including 

isoniazid and rifampicin, any fluoroquinolones, and any the second-line injectable drugs 

amikacin, kanamycin, and capreomycin [9]. 

 

Carbapenem-Resistant Enterobacteriaceae (CRE) 

Carbapenem-resistant Enterobacteriaceae (CRE) are a group of bacteria that is resistant 

to “all” available treatments. Even to carbapenems [8, 9, 10]. An enzyme New Delhi metallo-

beta-lactamase (NDM-1) is present in some gram-negative Enterobacteriaceae bacteria such as 

Escherichia coli and K. pneumoniae that makes them resistant  

 

MDR Pseudomonas Aeruginosa 

P. aeruginosa is a common cause of pneumonia and bloodstream, urinary tract, and 

surgical-site infections. Some strains of MDR P. aeruginosa are found to be resistant to nearly 

all antibiotics, including aminoglycosides, cephalosporins, fluoroquinolones, and carbapenems 

[9]. 

 

MDR Acinetobacter 

Acinetobacter causes pneumonia or bloodstream infections, most dangerously in 

critically ill patients on mechanical ventilation.[9] Some Acinetobacter species have become 

resistant to all or nearly all antibiotics, including carbapenems. 
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ESBL-Producing Enterobacteriaceae 

Extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae carry a 

broad-spectrum beta-lactamase enzyme that enables them to become resistant to a wide variety 

of penicillin and cephalosporin antibiotics [9]. Some ESBL-producing Enterobacteriaceae are 

resistant to nearly all antibiotics in the penicillin and cephalosporin categories [9]. In these 

cases, the treatment option is an carbapenem antibiotic.  

 

Drug-resistant Neisseria gonorrhoeae 

Drug-resistant forms of N. gonorrhoeae, which cause the sexually transmitted disease 

gonorrhea,. The characterization of Gonorrhea is discharge and inflammation of the urethra, 

cervix, pharynx, or rectum [9, 10].  If drug-resistant N. gonorrhoeae becomes more widespread, 

it can cause additional cases of pelvic inflammatory disease, epididymitis, human 

immunodeficiency virus infections. Cephalosporin-resistant N. gonorrhoeae is often resistant 

to antibiotics, such as fluoroquinolones, tetracyclines, and penicillins [9, 11].  Infections caused 

by these bacteria can then fail to be treated [9]. Treatment guidelines recommend ceftriaxone, 

plus either azithromycin or doxycycline, as the first-line treatment for gonorrhea [10].  

 

CONCLUSION 

 

In conclusion: Antibiotic Resistance is a huge medical problem worldwide. It does not 

mean that we should stop using drugs as antibiotics, because in a lot of situation they are saving 

patients life. On the other hand commonly antibiotics are used unjustifiably, what provides to 

spreading of the antibiotic resistance. Antiobiotics should be used only in justified moments to 

save patients health and life. 
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INTRODUCTION 

 

 Artificial intelligence (AI) is a rapidly advancing field of computer science that focuses 

on creating machines that can learn, reason, and perform tasks that typically require human 

intelligence. AI has the potential to transform various aspects of our lives, from healthcare and 

education to transportation and entertainment. While there are concerns about the ethical and 

social implications of AI, many experts believe that it could lead to significant advancements 

in technology and revolutionize the way we live and work. Artificial intelligence (AI) is a type 

of computer technology that allows machines to learn from data and perform tasks that typically 

require human intelligence. At its core, AI uses algorithms and statistical models to analyze 

data and identify patterns. These patterns can then be used to make predictions or take actions 

based on the data. For example, a simple AI system could be trained to recognize images of 

cats. The system would be fed thousands of images of cats and non-cats, and over time, it can 

learn how to identify the key features that distinguish a cat from other objects. Once trained, 

the system could then be used to recognize cats in new images that it has never seen before [1]. 

The story of AI dates back to ancient times, where Greek myths portrayed intelligent machines 

created by gods. However, it wasn't until the 20th century that the concept of artificial 

intelligence really took off. In the 1950s, computer scientists began to explore the idea of 

creating machines that could think and reason like us, humans. They started by developing 
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programs that could perform simple tasks, like solving mathematical problems and playing 

games.  In the 1980s and 1990s, there was a surge of interest in AI, with many companies and 

governments investing in research and development. However, progress was slow, and many 

of the early AI systems were limited by their lack of computing power and the inability to 

handle large amounts of data [2]. 

It wasn't until the 21st century, with the advent of big data, cloud computing, and deep learning 

algorithms, that AI really began to take off. Today, AI systems are used in a wide range of 

applications, from image recognition and natural language processing to self-driving cars and 

virtual assistants. While there is still much to be learned about the potential of AI, many experts 

believe that it has the potential to revolutionize the way we live and work. Some even predict 

that AI, one day can be better than human intelligence, leading to a new era of technological 

advancements, discoveries and possibilities. 

 

APPLICATIONS OF AI IN MEDICINE 

 

Artificial intelligence (AI) and related technologies are widely used in various fields and 

disciplines, including medicine. AI is being effectively utilized in healthcare facilities such as 

hospitals and clinical laboratories. AI is also an integral part of scientific research [3]. 

The following are medical-related ventures which use artificial intelligence on a daily 

basis: 

a. Drug design - AI technology in healthcare can help pharmaceutical companies speed up 

the drug discovery and design process. Designing new medications with the support of 

AI is based on monitoring the interactions of 3D models of molecules and target sites 

like receptors, enzymes that can represent a possible therapy [4]. This is achieved 

through the application of deep learning based on knowledge of the behavior of 

molecules. In 2018, research was launched to find existing and safe drugs that could be 

redesigned to treat the Ebola virus. 

b. Two medicines were successfully found by using AI that could significantly reduce the 

virulence of the Ebola virus. The analysis presented, which usually takes months or 

years, was done in one day. Most experts believe that these tools will become more 

crucial in the future. AI and machine learning could help develop drug therapies that are 

faster, cheaper and more effective [5]. 

c. Diagnostics and prevention of disease - The analysis of a patient's condition involves 

assessing the severity and progression of the disease. The goal is to improve the 
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accuracy of treatment as well as disease prognosis. To ensure reproducibility, disease 

status is assessed using clear, verbalized observations. ANN- artificial neural network 

is used in clinical diagnostics, in the the functioning of radiographs, magnetic resonance 

imaging, computed tomography, ultrasonography, and analysis of waveforms, 

electrocardiogram (ECG), electroencephalograms (EEG). We can use successively AI-

based systems in pathologic diagnosis. Automated analysis of histological slides is 

possible with special scanners which can obtain and store slides in the form of digital 

images. The aforementioned computer techniques have found proven application in 

breast pathology and also in dermatopathology [7]. It is immensely important to 

combine deep learning with pathologist’s diagnostics, because it allows the human error 

rate to be reduced by about 85% [5]. Based on the use of automated information 

systems, doctors can more easily provide optimal patient care by reducing diagnostic 

and therapeutic errors [4,6]. 

d. Health monitoring- applications for patients and physicians - Patients these days can 

monitor their health using AI-enabled tools. We have access to easy-to-use wearables 

and fitness gadgets. These devices using AI allow 24/7 collection, analysis of health 

data and most importantly providing information to the user- patient [3]. Well-known 

and widely used Heart360 application for monitoring cardiac patients. Heart360 allows 

patients to document parameters relevant to their condition. Patients can collect and 

record data, set goals and track their progress. An app has also been created to observe 

the progress of patients taking antidepressant therapy  [5]. 

 

BENEFITS OF ARTIFICIAL INTELLIGENCE IN MEDICINE 

 

    Artificial intelligence (AI) is based on mathematical algorithms that allow to imitate 

the thinking process and has the significant potential to improve healthcare and revolutionize 

the medical industry by reducing the need for human interaction and increasing productivity 

through automatization. AI is one of the best decision-making assistant today by delivering 

real-time data analysis and collecting important information and identifying options. Nowadays 

there are many research that demonstrates the powerful and impactful potential, benefits, and 

challenges of AI [8,9]. 

   Most of innovations in healthcare sector is based on AI. The amount of processed 

information is too large for human being which increased accuracy, reduces the risk of errors, 

and saves time. AI can be used to automate tasks, calculate risk, forecast and predicting 
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outcomes, diagnose, patient monitoring and create individualized treatment plans. Artificial 

intelligence can speed up the development of therapies but also help medical staff in more 

careful and considered decision-making process. Currently, AI is commonly used in radiology 

or as a virtual assistant that enables patients to better control their care, which is positively 

evaluated [8,10,11,12]. 

AI is improving surgery by offering high-precision surgical robots that are used for 

example in orthopedic and maxillofacial surgery. Da Vinci surgical robots are currently 

becoming more and more popular. Surgery based on AI have enabled remote work for the 

surgeon, but still this type of surgery must be monitored by human via video pictures and 

communication systems. AI allows newer approaches and less invasive surgical techniques and 

real-time consultations with more experienced surgeons [10,12,13]. 

Artificial intelligence also supports mental health by sentiment analysis and creating 

virtual assistants for patients. The computer provides detailed information about the patient's 

emotional and psychological state, interpreting and reacting to verbal expressions of human 

emotions, detecting suicidal thoughts and risk [10]. 

 

WHICH MEDICAL SPECIALTIES WILL USE AI THE MOST ON A DAILY BASIS? 

 

       Currently AI may seem the most beneficial for medical specialties with large amount 

of image-based data, like radiology, ophthalmology, neurology, cardiology, and dermatology. 

Basing on the FDA Artificial Intelligence and Machine Learning (AI/ML)-Enabled Medical 

Devices, there are currently 523 approved software and devices of which the majority are 

radiology-related. Rapid growth of aforesaid technology will, without doubt, bring solutions to 

many other medical fields [14]. In this paragraph we would like to concisely describe some 

medical fields where AI can be used on a daily basis in the future. 

Radiology is a medical field dedicated to making diagnosis or further recommendations 

based on imaging studies like MRI, CT, RTG. 393 AI/ML devices has been already approved 

by FDA in radiology field. [14] These software and devices can differentiate normal image 

from pathology thanks to machine learning and analyzing many radiologic images.  

Sometimes, to meet work demand, radiologist must analyze one image every 3-4 seconds 

during work shift leading to fatigue and potential diagnostic errors. In this case AI can provide 

preliminarily analyzed radiological images with marked pathologies [15]. For instance,  

a meta-analysis with 11 papers included, done by Adamou A. et al. showed that ASPECTS 

artificial intelligence software performed comparably or better than radiology specialists in 
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detecting early stroke from CT scans [16]. Good performance is also observed in oncology-

related imaging. Among other things, AI performs well in diagnosing lung neoplasms, 

metastatic nodules and brain cancers, even with their types [17,18]. Yet there is still room for 

an improvement. Generally in radiology, AI and ML can significantly improve workflow, 

efficacy [20]. 

         Another field with promising AI results is cardiology. There are 61 AI-related devices 

approved by FDA right now, which is the second largest number among other approved AI/ML 

devices [14]. As well as in previous paragraph, the mode of action of AI in cardiology is the 

same as in radiology – based on image studies. In this case mainly echocardiography images 

which is ultrasound study of heart. There are many studies showing that AI performs well in 

diagnosing cardiomyopathies – problems with heart which may cause disorder in pumping 

blood, ECG analysis [20,21]. These test are done on a daily basis in cardiology field. 

 Like in a radiology case, pathology marking or automatic analysis may reduce the burden of 

workload.  

       Dermatology is another promising field in which AI can be implemented in the future. 

Melanoma is one of the most malignant cancers which diagnosis if often delayed resulting in 

poor outcome. In this case AI can be used to analyze birthmarks. There is no FDA approved 

software or device in dermatology field at this moment, but there are already studied according 

to this topic. Some of them show that the efficacy of diagnosing melanomas by AI is comparable 

with the specialists [22].  

      These were just three examples of how AI can notably improve efficacy and efficiency 

of medical specialists work. This technology is still in development but is it alacritous, so we 

can expect major changes in the medical fields in the future. 

 

POSSIBLE THREATS OF AI USE IN MEDICINE  

 

            The use of artificial intelligence (AI) in medicine has a great potential to revolutionize 

healthcare by improving diagnosis, treatment, and patient outcomes as mentioned previously. 

Nevertheless, there are also risks and threats associated with the implementation of the AI in 

medicine, the most significant of which is patient harm. Other risks include the risk of bias and 

increased health inequalities, lack of transparency and trust, and vulnerability to hacking and 

data privacy breaches [23]. 

            Patient harm due to AI errors may include a missed diagnosis of life-threatening 

conditions or a false diagnosis and lead to inadequate treatment and incorrect scheduling or 
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prioritisation of intervention. These AI errors can be caused by noise and artifacts in input data, 

which can emerge during any diagnostic scanning process [23,24]. Errors can also occur due to 

data shift between AI training data and the real-world data, such as when using machines from 

different manufactures, resulting in loss of accuracy [23]. 

             Another critical consideration when implementing AI in medicine is the threat of 

hacking and data privacy breaches. Health service data are the most sensitive information that 

can be owned by an individual about another [25]. Ai systems rely on access to large amounts 

of personal and sensitive data and if this data is not adequately secured, it can result in identity 

theft or fraud [26].  As the data is prone to cyberattacks, it can lead to contamination by 

malicious data and sabotage resulting in biased data [27]. 

               The risk of bias is another significant concern. In the global population, some patients 

are more susceptible to certain diseases than others due to their genes, ethnic group, 

geographical location, occupation, and many other factors. As AI systems are trained on data 

from historical datasets, they may be incomplete and prejudiced towards smaller ethnic groups, 

resulting in wrong diagnoses. For example, clinicians may incorrectly discount the diagnosis of 

myocardial infarction in women because these patients are more likely to present with atypical 

symptoms. Thus, an AI algorithm that learns from historical electronic health record data may 

not recommend testing for cardiac ischemia for women [28]. 

                These are just three of the many threats that come with implementing AI in medicine. 

Many other factors need to be considered and addressed before doctors can fully rely on AI to 

diagnose patients and avoid causing any harm to the patient. 

 

DIFFICULTIES OF IMPLEMENTATION ARTIFICAL INTELLIGENCE  IN 

HOSPITALS 

 

1. Data quality and interoperability: The success of AI in healthcare largely depends on 

the availability and quality of data. Hospitals may face challenges in integrating data 

from different sources, ensuring data privacy and security, and making sure that the data 

is accurate, complete, and relevant [29]. 

2. Cost: Implementing AI in hospitals can be expensive, requiring investments in 

hardware, software, and personnel. Hospitals may need to justify the cost of AI 

implementation by demonstrating the potential benefits, such as improved patient 

outcomes, reduced costs, and increased efficiency [30]. 
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3. Integration with existing systems: Hospitals may have legacy systems that are difficult 

to integrate with new AI systems. It is important to ensure that the new AI systems are 

compatible with existing systems and that they can be seamlessly integrated into the 

hospital's workflow [30]. 

4. Resistance to change: Healthcare professionals may be resistant to new technologies 

and processes, which can slow down the adoption of AI in hospitals. It is important to 

involve healthcare professionals in the implementation process and provide them with 

training and support to help them adapt to the new technology [30,31].  

5. Regulatory compliance: AI in healthcare is subject to regulatory requirements, such as 

HIPAA, GDPR, and FDA regulations.[32] Hospitals must ensure that their AI systems 

are compliant with these regulations and that they maintain patient privacy and security 

[31]. 

6. Ethical considerations: AI in healthcare raises ethical concerns, such as bias, fairness, 

and transparency. Hospitals must ensure that their AI systems are designed and 

implemented in an ethical and responsible manner [29,33]. 

     Overall, implementing AI in hospitals requires careful planning, collaboration, and a 

commitment to overcoming the challenges that arise during the process. By addressing these 

challenges proactively, hospitals can realize the potential benefits of AI in healthcare, such as 

improved patient outcomes, reduced costs, and increased efficiency. 
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ABBREVIATION  LIST 

• ACOG - American College of Obstetricians and Gynecologists 

• CNGOF - Collège National des Gynécologues et Obstétriciens Français 

• DIE - deep infiltrating endometriosis  

• ESHRE - European Society of Human Reproduction and Embryology 

• GnRH - gonadotropin-releasing hormone 

• LUNA - laparoscopic uterine nerve ablation  

• MRI - magnetic resonance imaging 

• qRT-PCR - quantitative reverse transcription polymerase chain reaction 

• TAHBSO - hysterectomy with bilateral salpingo-oophorectomy 

 

INTRODUCTION 

 

 Endometriosis, a complex and chronic gynecological condition, poses significant 

challenges for both patients and medical professionals. Characterized by the abnormal growth 

of endometrial tissue outside the uterus, endometriosis affects millions of women worldwide, 

causing local inflammation, debilitating pain, fertility issues, and a host of other symptoms. 

Managing this enigmatic condition requires a multidimensional approach, encompassing 

accurate diagnosis, personalized treatment plans, and comprehensive care that addresses the 

physical, emotional, and social aspects of the disease [1,2].  

Endometriosis is the second most common gynecological condition in reproductive-age 

women, affecting 5-30% of the population. It is estimated that endometriosis affects about 190 

million women worldwide. The percentages among infertile women and women with chronic 

pelvic pain can approach 50% and 30%, respectively. The condition is most prevalent between 

the ages of 25 and 40. Nonetheless, epidemiological studies indicate an increase in 

endometriosis prevalence among adolescents (2-5%) and postmenopausal women (3-6%). 
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There have been isolated cases of endometriosis-like symptoms in men undergoing hormone 

treatment for prostate cancer [2–4]. 

Endometriosis can be superficial, affecting the peritoneum of the pelvic organs and 

abdominal wall, including the diaphragm, or the surface of the ovary, which can create ovarian 

cysts (endometriomas). Deep infiltrating endometriosis (DIE) occurs when endometriosis 

spreads beyond the peritoneum and invades the bladder, intestinal wall, and structures 

surrounding the uterus. It usually manifests itself as a singular nodule in the vesicouterine fold 

or in the lowest 20 cm of the intestine [5]. 

 

Figure 1. The most frequently observed endometriosis foci locations. 

A - intestine, B - ovary, C - fellopian tube, D - uterine wall, E - bladder, F - rectum 

Source: own work 

 

The most important risk factors for endometriosis are prolonged estrogen exposure 

from early menarche to late menopause and a shorter menstrual cycle length [6].   

Endometriosis is classified into the following stages [7]: 

• Stage1.  

Endometriosis areas that grow outside the uterus are few and shallow, measuring no 

more than 5 mm in diameter. The tubes may be involved in avascular adhesions, but 

the fimbriae are free. Although the ovaries may have vascular adhesion, there is no 

ovarian fixation. 

• Stage2. 

The implants are more deeply embedded. Ovarian involvement might manifest as a cyst 
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or a surface area larger than 5 cm. The ovaries are fixed to the broad ligament and have 

regions of endometriosis larger than 5 mm in diameter.  

• Stage3.  

Adhesions surround the tubal fimbriae. Implants covering the bowels and uterus have 

been fixed. 

• Stage4. 

Implants in the bladder and appendix. Adhesions link the bowels, uterus and uterosacral 

ligaments.  

 

 

Figure 2. Stages of endometriosis,  Source: own work 

 

              The pathophysiology of the condition is still unknown, but several theories of 

etiopathogenesis for the disease have been proposed so far. The most significant of these is the 

nearly 100-year-old theory of implantation. The concept is based on the observation of 

retrograde menstruation, where endometrial cells escape through the fallopian tubes into the 

peritoneal cavity. When the woman's immune system is unable to remove these cells, they 

primarily implant in the organs of the pelvis minor. However, it is acknowledged that the 
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implantation theory is probably no longer applicable [8]. There are other different hypotheses, 

such as Endometrial Stem Cell Recruitment Theory, Bone Marrow-Derived Stem Cell Theory,  

Immune Dysregulation, Hormonal Imbalance, etc. [9]. 

 

DIAGNOSTICS 

 

Even highly trained experts face challenges when diagnosing endometriosis. The 

fundamental issue is the presence of non-specific symptoms such as persistent pain that appears 

at different points in the menstrual cycle, as well as unrelated to it, tiredness, bloating, 

constipation, diarrhea and discomfort during sexual activity (dyspareunia) [1]. It is common 

for the above symptoms to be ignored by both patients and doctors. One of the contributing 

causes is likely a lack of understanding of the disease by healthcare practitioners [1]. Painful 

menstruation is frequently considered as a physiological symptom that does not require 

diagnostic implementation, a variant of the standard. Many times, it is assumed that these 

individuals exaggerate the symptoms or suffer from conditions of a psychosomatic nature, 

which consequently leads to referral to gastroenterologists or even psychiatrists [10]. Another 

issue could be an inaccurate gynecological examination and the examining physician's lack of 

experience [11]. The clinical examination cannot detect minor and superficial alterations [12].  

Transvaginal ultrasound appears to be an adequate diagnostic tool. Although, the accuracy of 

diagnosis is dependent on the sonographer’s competence. Ultrasonography has a reported 

sensitivity and specificity of >85% in the detection of endometriosis. This does not, however, 

imply that all alterations will be seen in the imaging, because ultrasonographic investigations 

are ineffective for diagnosing sigmoid endometriosis [13,14]. MRI provides information about 

areas that are not visible on ultrasound, although, it is limited in its sensitivity for detecting the 

depth of lesion invasion [13].  

Until recently, laparoscopy was considered the "gold standard" for detecting 

endometriosis. It confirms the presence of the disease and its spread. The aggressiveness of the 

lesions can be assessed via tissue biopsies and pathological examination. Another issue is that 

diagnostic laparoscopy is often avoided and delayed, particularly in younger women, because 

endometriosis severity is difficult to estimate, and surgery might be unexpectedly challenging 

[1,12,15].  Therefore, according to the most recent guidelines, laparoscopy is now only 

recommended for patients who have negative imaging results [16]. 

Another concern is that no particular biomarker for endometriosis has been established 

so far. Ca125 levels can indeed be raised in endometriosis, but they can also be associated with 
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ovarian cancer, peritoneal irritation due to infection, pregnancy, or even menstruation. 

Therefore, this biomarker is limited to its use in diagnosing endometriosis in patients with 

chronic pelvic pain as well as to evaluating treatment response [17,18]. 

A breakthrough in diagnostics came with the patenting of the EndoRNA qRT-PCR test.  

The aim of the test is to determine the mRNA level of the FUT4 gene relative to the 

mRNA level of a reference gene encoding 3-phosphoglyceraldehyde dehydrogenase. FUT4 

expression is significantly elevated in endometrial cells of patients with endometriosis. The test 

is done during the secretory phase of the menstrual cycle using an aspiration biopsy of the 

endometrium. EndoRNA testing is performed by quantitative RT-PCR (qRT-PCR). The 

sensitivity of the test is 94.12%, and the specificity of the test is 89.29% [19–21]. 

 

TREATMENT 

 

              Treatment of endometriosis depends on the individual case, the severity of the disease 

and the symptoms. The goals of endometriosis treatment are to eliminate pain, reduce the 

growth and removal of endometrial foci as well as enable pregnancy [2]. 

 

Pharmacological treatment 

The major available drugs for the treatment of endometriosis belong to several groups: 

estrogens-progestins (oral contaceptives), progestins, GnRH agonists and GnRH antagonists 

[22]. 

Oral contraceptives and progestins are commonly used as first-line pharmacological 

therapy for symptomatic endometriosis. They have a hyperprogestogenic effect helping reduce 

inflammation, induce atrophy of endometriotic tissue, and limit retrograde menstruation. 

Studies have shown that the majority of women with endometriosis-related pelvic pain benefit 

from estrogen-progestin combinations and experience a significant improvement in their 

quality of life. However, some women may not respond to this treatment, possibly due to 

progesterone resistance. In addition, they induce side effects such as unexpected bleeding, 

breast soreness, nausea, headaches, and mood fluctuations [22,23] 

Different modalities of delivering estrogen-progestin therapy, such as oral, vaginal, or 

transdermal administration, can be tailored to individual preferences to improve compliance 

and adherence. Contraceptives also offer the advantage of maintaining cyclic uterine bleeding, 

which some women consider important. If dysmenorrhea persists with cyclic usage, continuous 

administration of estrogen-progestins can be considered [22]. 
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GnRH analogs, including both agonists and antagonists, are used when first-line 

therapies are not effective in managing endometriosis-associated pain. GnRH agonists create             

a hypoestrogenic state, effectively reducing symptoms, but their use is limited by side effects 

such as vasomotor symptoms, genital hypotrophy and mood swings. They also result in                        

a negative calcium balance, which increases the risk of osteopenia. Because of the androgenic 

effects, this class of medicines is not recommended for long-term treatment [22,23].  

           In addition to the aforementioned drugs, anti-inflammatory medications are often 

prescribed as adjuncts. These medications are effective in alleviating primary dysmenorrhea, 

but patients need to be mindful of potential adverse effects, including the risk of gastric ulcers, 

cardiovascular events, and acute renal failure [23]. 

 

Surgical treatment  

Surgical treatment aims to reduce endometriosis-associated pain and restore normal 

anatomy. All applicable guidelines recommend laparoscopic surgery over laparotomy for 

chronic pain and infertility because of the shorter hospitalization, less pain, and better cosmetic 

results [16,24–31]. To date, robotic surgery is not included as an option in the 

recommendations, although it has been proven that robotic-assisted laparoscopy yields similar 

outcomes [13]. Operative laparoscopy with excision or ablation reduces endometriosis-

associated pain, generally with no preference for different techniques [24,29] but ESHRE 

(European Society of Human Reproduction and Embryology) presents weak recommendations 

for considering excision [16]. Ovarian endometriomas can be excised, especially if they cause 

pain or if there is a concern for malignancy. Surgical treatment includes cystectomy, drainage, 

coagulation, and CO2 laser vaporization. In terms of recurrence of dysmenorrhoea, 

dyspareunia, cyst recurrences, and the need for additional surgical procedures, laparoscopic 

cystectomy of endometriomas measuring more than 3 cm is superior to drainage and ablation 

with electrocoagulation. Simple drainage has limited therapeutic effect because the recurrence 

rate is 80-100% and is hence no longer practiced [28,29]. Only ESHRE [16] and CNGOF 

(Collège National des Gynécologues et Obstétriciens Français) [24] address laser vaporization 

in endometrioma treatment due to similar recurrence rates beyond the first year after surgery.  

According to ACOG (American College of Obstetricians and Gynecologists), the cyst wall 

should be removed to acquire a histology sample, especially in women who have never had 

endometriosis, in order to rule out the minimal chance of malignancy [32]. To avoid ovarian 

damage during surgery for ovarian endometrioma, special precautions should be taken. 

Cystectomy,  or  ablation  can  decrease  ovarian  reserve, which  has  a detrimental impact on  
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fertility.Women with recurring or bilateral endometriomas are at a higher risk.  

Prior to ovarian surgery, Anti-Mullerian Hormone levels must be measured. Oocyte 

freezing should be considered by young women prior to endometrioma surgery [33]. Women 

with DIE should be assigned to tertiary care centers for a comprehensive surgical approach 

[34]. For endometriosis-related pain, most standards recommend the removal of deep, 

infiltrating endometriosis nodules. This procedure is associated with significant intraoperative 

and postoperative complications, which include leaks from anastomosis, fistulas, rectal 

dysfunction, and bladder atony caused by surgical alteration of the hypogastric plexus 

(splanchnic nerves) [16,24,35]. 

In patients who have completed their family planning and have not responded to more 

conservative therapies, laparoscopic hysterectomy with concomitant removal of endometriotic 

lesions may be considered. It is not clearly defined whether hysterectomy with bilateral 

salpingo-oophorectomy (TAHBSO) or ovarian preservation should be preferred [16,24–31]. 

TAHBSO lowers the risk of pain recurrence and reoperation; however, maintaining healthy 

ovaries preserves hormonal function. Even such an extensive procedure does not remove the 

risk of a recurrence of symptoms. Pain persistence is observed in approximately 15% of 

patients, and 5% can develop new symptoms [36].Laparoscopic uterine nerve ablation (LUNA) 

is a procedure that involves the destruction of uterine nerve fibers that exit the uterus through 

the uterosacral ligament in order to reduce uterine pain in women with refractory 

dysmenorrhea. However, it appears that it is ineffective as a supplement to standard 

laparoscopic surgery for endometriosis because it offers no meaningful advantage over surgery 

alone [37]. The interruption of the sympathetic innervation of the uterus at the level of the 

superior hypogastric plexus is referred to as presacral neurectomy. It is a complex procedure 

that has a considerable risk of bleeding from the venous plexus. Hematoma, constipation, and 

urinary dysfunction are some of the possible side effects of presacral neurectomy. However, as 

an addition to traditional laparoscopic surgery, it may be effective for the treatment of 

endometriosis-related midline pain [38].The latest guidelines do not recommend preoperative 

hormone treatment to improve the outcome of surgery for pain [16,24], thus it can be 

considered as a postoperative additional treatment in secondary prevention [16,24,26,30].  

 

Alternative treatment options 

The literature draws attention to proper diet in the prevention and treatment of 

endometriosis. Trans fat, palmitic acid, and red meat consumption are linked to a higher 

incidence of endometriosis, whereas monounsaturated fats and omega-3 polyunsaturated fatty 
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acids, plant-based meals, particularly fiber, antioxidants, and vitamin D, may be beneficial for 

both prevention and therapy [39,40].Acupuncture and electrotherapy are also thought to be 

beneficial in the treatment of pain related to endometriosis [41]. 

 

PSYCHOLOGICAL ASPECT 

 

In addition to physical symptoms, women with endometriosis experience a variety of 

psychological difficulties. This disease negatively affects the overall quality of life. Chronic 

pain, unpredictable symptoms, and the impact on everyday activities can all lead to emotional 

distress [42]. Endometriosis can cause physical alterations such as bloating, weight 

fluctuations, and surgical scars. These changes might have an impact on one's physique and 

self-esteem, resulting in feelings of insecurity or a negative body image [43]. 

Some patients may unfortunately experience disparagement and be accused of exaggerating or 

fabricating their symptoms during medical visits [42].  

Endometriosis pain can interfere with sexual intimacy and relationships. Fear of pain 

during intercourse, decreased libido as a result of medication or hormonal imbalances, and 

reproductive issues can all strain personal relationships and communication [44].  

Endometriosis especially causes difficulties with work and social life when pain, fatigue 

and absenteeism are not understood by the surrounding community [45].  

Seeking help from medical specialists, therapists, support groups, or family members 

is critical for dealing with the psychological components of endometriosis [46].  

In order to increase the detection rate of endometriosis and public awareness of the 

disease, educational campaigns should be introduced, preferably among young people [47,48]. 

 

DISCUSSION  

 

             Endometriosis is a highly complex condition that requires a multifaceted approach. 

The first issues occur during the diagnosis stage, often resulting in significant delays. The 

primary challenges include a lack of specific markers, standardized diagnostic criteria, and 

clinicians' typically contemptuous attitude toward patients with unclear symptoms. Another 

issue lies in the lack of understanding of the disease, its inconsistent picture, and the common 

belief that painful menstruation is the norm. 

There are also many concerns regarding the treatment of endometriosis. Oral 

contraceptives, gestagens, antiestrogens, and gonadoliberin analogues suppress symptoms and 
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slow down the disease process but do not eliminate endometriosis outbreaks. Pharmacotherapy 

has a long duration and has several adverse effects that patients may continue to experience 

even after completing the treatment. Surgical treatment of endometriosis, however, is 

frequently linked with numerous complications as well as insufficient excision of the foci, 

which promotes recurrence. Furthermore, removing ovarian endometrial cysts reduces ovarian 

reserve, which can result in infertility in the patient. Chronic pain and associated symptoms 

can significantly limit daily activities, exclude patients from social and professional life, and 

decrease patients' well-being. 

It is therefore essential to enhance public awareness—among doctors, patients, and their 

families—in order to improve the process of diagnosis, treatment, and adequate care for women 

affected with endometriosis. 
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ABBREVIATION  LIST 

• ACOG - American College of Obstetricians and Gynecologists 

• CNGOF - Collège National des Gynécologues et Obstétriciens Français 

• DIE - deep infiltrating endometriosis  

• ESHRE - European Society of Human Reproduction and Embryology 

• GnRH - gonadotropin-releasing hormone 

• LUNA - laparoscopic uterine nerve ablation  

• MRI - magnetic resonance imaging 

• qRT-PCR - quantitative reverse transcription polymerase chain reaction 

• TAHBSO - hysterectomy with bilateral salpingo-oophorectomy 

 

INTRODUCTION 

 

 Endometriosis, a complex and chronic gynecological condition, poses significant 

challenges for both patients and medical professionals. Characterized by the abnormal growth 

of endometrial tissue outside the uterus, endometriosis affects millions of women worldwide, 

causing local inflammation, debilitating pain, fertility issues, and a host of other symptoms. 

Managing this enigmatic condition requires a multidimensional approach, encompassing 

accurate diagnosis, personalized treatment plans, and comprehensive care that addresses the 

physical, emotional, and social aspects of the disease [1,2].  

Endometriosis is the second most common gynecological condition in reproductive-age 

women, affecting 5-30% of the population. It is estimated that endometriosis affects about 190 

million women worldwide. The percentages among infertile women and women with chronic 

pelvic pain can approach 50% and 30%, respectively. The condition is most prevalent between 

the ages of 25 and 40. Nonetheless, epidemiological studies indicate an increase in 

endometriosis prevalence among adolescents (2-5%) and postmenopausal women (3-6%). 
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There have been isolated cases of endometriosis-like symptoms in men undergoing hormone 

treatment for prostate cancer [2–4]. 

Endometriosis can be superficial, affecting the peritoneum of the pelvic organs and 

abdominal wall, including the diaphragm, or the surface of the ovary, which can create ovarian 

cysts (endometriomas). Deep infiltrating endometriosis (DIE) occurs when endometriosis 

spreads beyond the peritoneum and invades the bladder, intestinal wall, and structures 

surrounding the uterus. It usually manifests itself as a singular nodule in the vesicouterine fold 

or in the lowest 20 cm of the intestine [5]. 

 

Figure 1. The most frequently observed endometriosis foci locations. 

A - intestine, B - ovary, C - fellopian tube, D - uterine wall, E - bladder, F - rectum 

Source: own work 

 

The most important risk factors for endometriosis are prolonged estrogen exposure 

from early menarche to late menopause and a shorter menstrual cycle length [6].   

Endometriosis is classified into the following stages [7]: 

• Stage 1.  

Endometriosis areas that grow outside the uterus are few and shallow, measuring no 

more than 5 mm in diameter. The tubes may be involved in avascular adhesions, but 

the fimbriae are free. Although the ovaries may have vascular adhesion, there is no 

ovarian fixation. 

• Stage 2. 
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The implants are more deeply embedded. Ovarian involvement might manifest as a cyst 

or a surface area larger than 5 cm. The ovaries are fixed to the broad ligament and have 

regions of endometriosis larger than 5 mm in diameter.  

• Stage 3.  

Adhesions surround the tubal fimbriae. Implants covering the bowels and uterus have 

been fixed. 

• Stage 4. 

Implants in the bladder and appendix. Adhesions link the bowels, uterus and uterosacral 

ligaments.  

 

 

Figure 2. Stages of endometriosis,  Source: own work 

 

              The pathophysiology of the condition is still unknown, but several theories of 

etiopathogenesis for the disease have been proposed so far. The most significant of these is the 

nearly 100-year-old theory of implantation. The concept is based on the observation of 

retrograde menstruation, where endometrial cells escape through the fallopian tubes into the 

peritoneal cavity. When the woman's immune system is unable to remove these cells, they 

primarily implant in the organs of the pelvis minor. However, it is acknowledged that the 
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implantation theory is probably no longer applicable [8]. There are other different hypotheses, 

such as Endometrial Stem Cell Recruitment Theory, Bone Marrow-Derived Stem Cell Theory,  

Immune Dysregulation, Hormonal Imbalance, etc. [9]. 

 

DIAGNOSTICS 

 

Even highly trained experts face challenges when diagnosing endometriosis. The 

fundamental issue is the presence of non-specific symptoms such as persistent pain that appears 

at different points in the menstrual cycle, as well as unrelated to it, tiredness, bloating, 

constipation, diarrhea and discomfort during sexual activity (dyspareunia) [1]. It is common 

for the above symptoms to be ignored by both patients and doctors. One of the contributing 

causes is likely a lack of understanding of the disease by healthcare practitioners [1]. Painful 

menstruation is frequently considered as a physiological symptom that does not require 

diagnostic implementation, a variant of the standard. Many times, it is assumed that these 

individuals exaggerate the symptoms or suffer from conditions of a psychosomatic nature, 

which consequently leads to referral to gastroenterologists or even psychiatrists [10]. Another 

issue could be an inaccurate gynecological examination and the examining physician's lack of 

experience [11]. The clinical examination cannot detect minor and superficial alterations [12].  

Transvaginal ultrasound appears to be an adequate diagnostic tool. Although, the accuracy of 

diagnosis is dependent on the sonographer’s competence. Ultrasonography has a reported 

sensitivity and specificity of >85% in the detection of endometriosis. This does not, however, 

imply that all alterations will be seen in the imaging, because ultrasonographic investigations 

are ineffective for diagnosing sigmoid endometriosis [13,14]. MRI provides information about 

areas that are not visible on ultrasound, although, it is limited in its sensitivity for detecting the 

depth of lesion invasion [13].  

Until recently, laparoscopy was considered the "gold standard" for detecting 

endometriosis. It confirms the presence of the disease and its spread. The aggressiveness of the 

lesions can be assessed via tissue biopsies and pathological examination. Another issue is that 

diagnostic laparoscopy is often avoided and delayed, particularly in younger women, because 

endometriosis severity is difficult to estimate, and surgery might be unexpectedly challenging 

[1,12,15].  Therefore, according to the most recent guidelines, laparoscopy is now only 

recommended for patients who have negative imaging results [16]. 

Another concern is that no particular biomarker for endometriosis has been established 

so far. Ca125 levels can indeed be raised in endometriosis, but they can also be associated with 
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ovarian cancer, peritoneal irritation due to infection, pregnancy, or even menstruation. 

Therefore, this biomarker is limited to its use in diagnosing endometriosis in patients with 

chronic pelvic pain as well as to evaluating treatment response [17,18]. 

A breakthrough in diagnostics came with the patenting of the EndoRNA qRT-PCR test.  

The aim of the test is to determine the mRNA level of the FUT4 gene relative to the 

mRNA level of a reference gene encoding 3-phosphoglyceraldehyde dehydrogenase. FUT4 

expression is significantly elevated in endometrial cells of patients with endometriosis. The test 

is done during the secretory phase of the menstrual cycle using an aspiration biopsy of the 

endometrium. EndoRNA testing is performed by quantitative RT-PCR (qRT-PCR). The 

sensitivity of the test is 94.12%, and the specificity of the test is 89.29% [19–21]. 

 

TREATMENT 

 

              Treatment of endometriosis depends on the individual case, the severity of the disease 

and the symptoms. The goals of endometriosis treatment are to eliminate pain, reduce the 

growth and removal of endometrial foci as well as enable pregnancy [2]. 

 

Pharmacological treatment 

The major available drugs for the treatment of endometriosis belong to several groups: 

estrogens-progestins (oral contaceptives), progestins, GnRH agonists and GnRH antagonists 

[22]. 

Oral contraceptives and progestins are commonly used as first-line pharmacological 

therapy for symptomatic endometriosis. They have a hyperprogestogenic effect helping reduce 

inflammation, induce atrophy of endometriotic tissue, and limit retrograde menstruation. 

Studies have shown that the majority of women with endometriosis-related pelvic pain benefit 

from estrogen-progestin combinations and experience a significant improvement in their 

quality of life. However, some women may not respond to this treatment, possibly due to 

progesterone resistance. In addition, they induce side effects such as unexpected bleeding, 

breast soreness, nausea, headaches, and mood fluctuations [22,23] 

Different modalities of delivering estrogen-progestin therapy, such as oral, vaginal, or 

transdermal administration, can be tailored to individual preferences to improve compliance 

and adherence. Contraceptives also offer the advantage of maintaining cyclic uterine bleeding, 

which some women consider important. If dysmenorrhea persists with cyclic usage, continuous 

administration of estrogen-progestins can be considered [22]. 
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GnRH analogs, including both agonists and antagonists, are used when first-line 

therapies are not effective in managing endometriosis-associated pain. GnRH agonists create             

a hypoestrogenic state, effectively reducing symptoms, but their use is limited by side effects 

such as vasomotor symptoms, genital hypotrophy and mood swings. They also result in                        

a negative calcium balance, which increases the risk of osteopenia. Because of the androgenic 

effects, this class of medicines is not recommended for long-term treatment [22,23].  

           In addition to the aforementioned drugs, anti-inflammatory medications are often 

prescribed as adjuncts. These medications are effective in alleviating primary dysmenorrhea, 

but patients need to be mindful of potential adverse effects, including the risk of gastric ulcers, 

cardiovascular events, and acute renal failure [23]. 

 

Surgical treatment  

Surgical treatment aims to reduce endometriosis-associated pain and restore normal 

anatomy. All applicable guidelines recommend laparoscopic surgery over laparotomy for 

chronic pain and infertility because of the shorter hospitalization, less pain, and better cosmetic 

results [16,24–31]. To date, robotic surgery is not included as an option in the 

recommendations, although it has been proven that robotic-assisted laparoscopy yields similar 

outcomes [13]. Operative laparoscopy with excision or ablation reduces endometriosis-

associated pain, generally with no preference for different techniques [24,29] but ESHRE 

(European Society of Human Reproduction and Embryology) presents weak recommendations 

for considering excision [16]. Ovarian endometriomas can be excised, especially if they cause 

pain or if there is a concern for malignancy. Surgical treatment includes cystectomy, drainage, 

coagulation, and CO2 laser vaporization. In terms of recurrence of dysmenorrhoea, 

dyspareunia, cyst recurrences, and the need for additional surgical procedures, laparoscopic 

cystectomy of endometriomas measuring more than 3 cm is superior to drainage and ablation 

with electrocoagulation. Simple drainage has limited therapeutic effect because the recurrence 

rate is 80-100% and is hence no longer practiced [28,29]. Only ESHRE [16] and CNGOF 

(Collège National des Gynécologues et Obstétriciens Français) [24] address laser vaporization 

in endometrioma treatment due to similar recurrence rates beyond the first year after surgery.  

According to ACOG (American College of Obstetricians and Gynecologists), the cyst wall 

should be removed to acquire a histology sample, especially in women who have never had 

endometriosis, in order to rule out the minimal chance of malignancy [32]. To avoid ovarian 

damage during surgery for ovarian endometrioma, special precautions should be taken. 

Cystectomy,  or  ablation  can  decrease  ovarian  reserve, which  has  a detrimental impact on  



Endometriosis – what we should know 

199 

 

fertility.Women with recurring or bilateral endometriomas are at a higher risk.  

Prior to ovarian surgery, Anti-Mullerian Hormone levels must be measured. Oocyte 

freezing should be considered by young women prior to endometrioma surgery [33]. Women 

with DIE should be assigned to tertiary care centers for a comprehensive surgical approach 

[34]. For endometriosis-related pain, most standards recommend the removal of deep, 

infiltrating endometriosis nodules. This procedure is associated with significant intraoperative 

and postoperative complications, which include leaks from anastomosis, fistulas, rectal 

dysfunction, and bladder atony caused by surgical alteration of the hypogastric plexus 

(splanchnic nerves) [16,24,35]. 

In patients who have completed their family planning and have not responded to more 

conservative therapies, laparoscopic hysterectomy with concomitant removal of endometriotic 

lesions may be considered. It is not clearly defined whether hysterectomy with bilateral 

salpingo-oophorectomy (TAHBSO) or ovarian preservation should be preferred [16,24–31]. 

TAHBSO lowers the risk of pain recurrence and reoperation; however, maintaining healthy 

ovaries preserves hormonal function. Even such an extensive procedure does not remove the 

risk of a recurrence of symptoms. Pain persistence is observed in approximately 15% of 

patients, and 5% can develop new symptoms [36].Laparoscopic uterine nerve ablation (LUNA) 

is a procedure that involves the destruction of uterine nerve fibers that exit the uterus through 

the uterosacral ligament in order to reduce uterine pain in women with refractory 

dysmenorrhea. However, it appears that it is ineffective as a supplement to standard 

laparoscopic surgery for endometriosis because it offers no meaningful advantage over surgery 

alone [37]. The interruption of the sympathetic innervation of the uterus at the level of the 

superior hypogastric plexus is referred to as presacral neurectomy. It is a complex procedure 

that has a considerable risk of bleeding from the venous plexus. Hematoma, constipation, and 

urinary dysfunction are some of the possible side effects of presacral neurectomy. However, as 

an addition to traditional laparoscopic surgery, it may be effective for the treatment of 

endometriosis-related midline pain [38].The latest guidelines do not recommend preoperative 

hormone treatment to improve the outcome of surgery for pain [16,24], thus it can be 

considered as a postoperative additional treatment in secondary prevention [16,24,26,30].  

 

Alternative treatment options 

The literature draws attention to proper diet in the prevention and treatment of 

endometriosis. Trans fat, palmitic acid, and red meat consumption are linked to a higher 

incidence of endometriosis, whereas monounsaturated fats and omega-3 polyunsaturated fatty 
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acids, plant-based meals, particularly fiber, antioxidants, and vitamin D, may be beneficial for 

both prevention and therapy [39,40].Acupuncture and electrotherapy are also thought to be 

beneficial in the treatment of pain related to endometriosis [41]. 

 

PSYCHOLOGICAL ASPECT 

 

In addition to physical symptoms, women with endometriosis experience a variety of 

psychological difficulties. This disease negatively affects the overall quality of life. Chronic 

pain, unpredictable symptoms, and the impact on everyday activities can all lead to emotional 

distress [42]. Endometriosis can cause physical alterations such as bloating, weight 

fluctuations, and surgical scars. These changes might have an impact on one's physique and 

self-esteem, resulting in feelings of insecurity or a negative body image [43]. 

Some patients may unfortunately experience disparagement and be accused of exaggerating or 

fabricating their symptoms during medical visits [42].  

Endometriosis pain can interfere with sexual intimacy and relationships. Fear of pain 

during intercourse, decreased libido as a result of medication or hormonal imbalances, and 

reproductive issues can all strain personal relationships and communication [44].  

Endometriosis especially causes difficulties with work and social life when pain, fatigue 

and absenteeism are not understood by the surrounding community [45].  

Seeking help from medical specialists, therapists, support groups, or family members 

is critical for dealing with the psychological components of endometriosis [46].  

In order to increase the detection rate of endometriosis and public awareness of the 

disease, educational campaigns should be introduced, preferably among young people [47,48]. 

 

DISCUSSION  

 

             Endometriosis is a highly complex condition that requires a multifaceted approach. 

The first issues occur during the diagnosis stage, often resulting in significant delays. The 

primary challenges include a lack of specific markers, standardized diagnostic criteria, and 

clinicians' typically contemptuous attitude toward patients with unclear symptoms. Another 

issue lies in the lack of understanding of the disease, its inconsistent picture, and the common 

belief that painful menstruation is the norm. 

There are also many concerns regarding the treatment of endometriosis. Oral 

contraceptives, gestagens, antiestrogens, and gonadoliberin analogues suppress symptoms and 
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slow down the disease process but do not eliminate endometriosis outbreaks. Pharmacotherapy 

has a long duration and has several adverse effects that patients may continue to experience 

even after completing the treatment. Surgical treatment of endometriosis, however, is 

frequently linked with numerous complications as well as insufficient excision of the foci, 

which promotes recurrence. Furthermore, removing ovarian endometrial cysts reduces ovarian 

reserve, which can result in infertility in the patient. Chronic pain and associated symptoms 

can significantly limit daily activities, exclude patients from social and professional life, and 

decrease patients' well-being. 

It is therefore essential to enhance public awareness—among doctors, patients, and their 

families—in order to improve the process of diagnosis, treatment, and adequate care for women 

affected with endometriosis. 
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INTRODUCTION 

 

Juvenile idiopathic arthritis (JIA) is a chronic, inflammatory musculoskeletal disease 

that affects children before the age of 16. It is the most common inflammatory arthritis in this 

age group [1, 2].  

The presentation of JIA is diverse and has an impact on prognosis, while the etiology 

remains largely unexplained [3]. 

 

EPIDEMIOLOGY 

 

According to estimates, JIA occurs with a frequency ranging from 2.6 to 13.9 per 

100,000 children, with a prevalence of 64 to 113.4 per 100,000 worldwide. In Poland, the 

incidence rate is approximately 6 per 100,000 children. Females are more susceptible to JIA, 

with an incidence rate nearly twice as high as in males (1.5-2:1) [4]. 

 

CLASSIFICATION AND DIAGNOSTIC CRITERIA 

 

     The classification of juvenile idiopathic arthritis is based on the criteria established by 

the International League of Associations for Rheumatology (ILAR). The following subtypes 

are distinguished:  

• Systemic-onset juvenile idiopathic arthritis (sJIA) o Oligoarticular juvenile idiopathic 

arthritis (oJIA)  

• Polyarticular juvenile idiopathic arthritis without rheumatoid factor (RF-) (pJIA-RF-)  

• Polyarticular juvenile idiopathic arthritis with rheumatoid factor (RF+) (pJIA-RF+)  
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• Psoriatic juvenile idiopathic arthritis (psJIA) o Enthesitis-related juvenile idiopathic 

arthritis (ERA)  

• Undifferentiated juvenile idiopathic arthritis [2]. 

To establish a diagnosis, it is necessary to meet the ILAR criteria:  

• The disease must begin before the age of 16.  

• Clinical symptoms should persist for at least 6 weeks.  

• Other causes of joint inflammation should be excluded based on the exclusion criteria.  

      This includes considering infectious arthritis, reactive arthritis, allergic arthritis, toxic 

arthritis, growth-related disorders, other inflammatory connective tissue diseases, arthropathies 

associated with blood disorders and metabolic diseases, non-inflammatory systemic connective 

tissue diseases, arthropathies in immunological disorders, psychogenic arthralgia, and 

fibromyalgia [3]. 

 

CLINICAL PRESENTATION 

 

 The course of juvenile idiopathic arthritis (JIA) is primarily characterized by joint 

inflammation, which manifests as swelling, effusion, pain, and limited range of motion. The 

inflammatory changes initially occur in the synovial membrane of the joint and gradually spread 

to surrounding tissues, tendon insertions, muscles, tendon sheaths, and bone attachments [3].  

As a result of inflammation, the synovial membrane transforms into an actively 

immunologic tissue with cellular infiltrates. In children who develop the disease early, 

developmental disturbances such as growth retardation and asymmetric bone growth disorders 

may be observed [5].  

The most commonly affected joints in the course of JIA are the knees asymmetrically, 

as well as the hand joints symmetrically. Involvement of the hip joints and temporomandibular 

joints is a poor prognostic factor. With disease progression, morning stiffness, characteristic of 

JIA, appears [6].  

In addition to joint symptoms, other manifestations such as fever, salmon-pink rash, 

hepatosplenomegaly, lymphadenopathy, pericarditis, pleuritis, and abdominal pain can be 

observed, mainly in the systemic form of JIA [7].  

Early onset of the disease is associated with a higher likelihood of systemic involvement 

and complications such as amyloidosis and uveitis. In adult patients, JIA most commonly 

presents with a clinical picture consistent with the previous disease course, with intermittent  
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disease exacerbations [2, 3]. 

 

DIAGNOSIS 

 

     In the diagnosis of juvenile idiopathic arthritis (JIA), obtaining a patient's medical 

history and assessing family history are important to guide the diagnostic process. To monitor 

the patient's health status and quality of life, the Childhood Health Assessment Questionnaire 

(CHAQ) and visual analog scale (VAS) are utilized. The CHAQ is completed by the physician, 

while the VAS is used by the patient to self-assess their overall well-being. The following 

diagnostic methods are employed: 

• Laboratory tests for monitoring the activity of the inflammatory process: erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP), and complete blood count (CBC)  

• Imaging studies: ultrasound (USG), magnetic resonance imaging (MRI), and 

radiography (X-ray) to visualize affected joints and internal organs  

• Immunological markers: rheumatoid factor (RF), anti-cyclic citrullinated peptide (anti-

CCP) antibodies, and antinuclear antibodies (ANA) [2,3]. 

In addition to the confirming criteria for juvenile idiopathic arthritis, the diagnosis is also based 

on the exclusion of other conditions such as bacterial, viral, fungal, mycoplasma, and Lyme 

arthritis, reactive arthritis, arthritis associated with hematologic and other systemic diseases, as 

well as psychogenic factors [1, 8]. 

 

TREATMENT 

 

  The primary goal of treating juvenile idiopathic arthritis (JIA) is to rapidly reduce the 

inflammatory and immunologic activity of the disease and slow down the progression of 

functional impairment in the musculoskeletal system [8].   

Pharmacological therapy is used to initiate and maintain disease remission. The following 

medications are available for the treatment of JIA:  

• symptomatic drugs,  

• corticosteroids,  

• immunoglobulins, 

• non-biologic disease-modifying antirheumatic drugs (DMARDs),  

• biologic agents [4].  
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              In the early stages of the disease, symptomatic treatment is employed. Nonsteroidal 

anti-inflammatory drugs (NSAIDs) are administered to alleviate pain, swelling, and 

inflammation until a definitive diagnosis is established. Once diagnosed, non-biologic 

DMARDs such as methotrexate, cyclosporine A, sulfasalazine, chloroquine, cyclophospha-

mide, leflunomide, and azathioprine should be initiated as soon as possible [1, 8]. 

Corticosteroids play a significant role in treatment and can be administered intravenously, 

orally, intra-articularly, or periarticularly to exert anti-inflammatory and anti-edematous effects 

[9]. Biologic agents are used in patients with advanced disease who do not respond to non-

biologic therapy. They can also be administered in cases of difficult-to-treat disease flare-ups 

or when patients are intolerant to methotrexate, corticosteroids, and cytotoxic drugs [10]. 

Available biologic agents include interleukin-1 (IL-1) blockers, anti-IL-6 agents, abatacept (a 

T-cell activation blocker), and rituximab (an anti-CD20 monoclonal antibody) [1, 11]. 

Currently, clinical trials are being conducted to evaluate the effectiveness of new molecules 

that may play a significant role in the treatment of JIA. Some of these include: 

• Ustekinumab: This is a blocker of interleukin-12 (IL-12) and interleukin-23 (IL-23). 

Clinical studies are assessing the efficacy of this medication in symptom relief and 

disease progression prevention.  

• IL-23 blockers: Research also focuses on IL-23 inhibitors, which are important factors 

in inflammatory processes. Their potential effectiveness in inhibiting JIA progression 

is being evaluated.  

• Tofacitinib: This is an oral medication that acts as a Janus kinase (JAK) inhibitor and 

also blocks signal transduction and activators of transcription (STAT). Clinical trials of 

this medication are assessing its effectiveness in controlling inflammation and reducing 

JIA symptoms [2, 8]. 

In addition to pharmacological treatment, interdisciplinary cooperation and holistic care 

are essential for JIA patients. Physiotherapists and rehabilitation specialists may recommend 

various exercises, both active (performed independently by the patient) and passive (performed 

with the assistance of a physiotherapist), to improve range of motion, muscle strength, and joint 

function [12, 13].  

Physical therapy may also include specific strengthening exercises targeting the muscles 

surrounding affected joints, which can contribute to better joint support and stability. 

Hydrotherapy can also be beneficial, as exercises performed in water provide pain relief, reduce 

joint stress, and improve range of motion [10, 12].  
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Psychological support for patients is also crucial in the treatment of JIA. Psychologists 

can assist in coping with stress, depression, or anxiety related to the chronic condition. 

Additionally, learning relaxation techniques and cognitive-behavioral therapy may be 

employed to improve the quality of life for patients [10, 13]. 

 

SUMMARY 

 

Juvenile idiopathic arthritis (JIA) is a chronic inflammatory musculoskeletal disease that 

occurs in children before the age of 16. There are different types of JIA, and the diagnosis is 

based on ILAR criteria. The main symptoms include joint inflammation, leading to swelling, 

pain, and limited mobility. Diagnosis relies on laboratory and imaging tests, as well as the 

exclusion of other causes of joint inflammation. The treatment of JIA aims to reduce the 

inflammatory and immunologic activity of the disease and prevent long-term complications. 

Pharmacotherapy includes symptomatic drugs, corticosteroids, immunoglobulins, non-biologic 

disease-modifying antirheumatic drugs (DMARDs), and biologic agents such as interleukin-1 

(IL-1) blockers, anti-IL-6 agents, abatacept, and rituximab. Clinical trials are ongoing to 

evaluate new molecules, including ustekinumab, IL-23 blockers, and tofacitinib. Collaborating 

with physiotherapists and rehabilitation specialists is an important part of the treatment. Active 

and passive exercises, muscle strengthening, hydrotherapy, and psychological support are 

integral components of non-pharmacological approaches to reduce pain and prevent long-term 

complications. Comprehensive patient care also encompasses holistic and psychological 

aspects. Further research is still needed to find more effective therapies for JIA and improve 

patients' quality of life. 
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INTRODUCTION  

 

  Hospital-acquired infections are associated with patients under medical care. This type 

of infection occurs all over the world. In developed countries, 7% of hospitalized patients are 

affected by nosocomial infections, while in developing countries it is 10% of all patients [1]. 

According to the World Health Organization, healthcare-associated infections (HAIs) cause 

around 40,000 deaths per year [2].  

 The definition of a nosocomial infection refers to an infection occurring within 48 hours 

of hospital admission, 3 days after discharge or 30 days after surgery. Moreover, infection must 

be acquired by the patient in the hospital- the patient was admitted for another reason [3]. This 

group of infections also includes occupational infections among medical personnel [1]. The 

spread of infections among hospitalized patients is associated with reduced patient immunity, 

an increasing variety of medical procedures and invasive techniques that promote the 

transmission of microorganisms in the hospital environment [4, 5]. Patients hospitalized in 

intensive care units (ICUs), burn units, those undergoing organ transplants and newborns are 

particularly vulnerable to this type of infection. The Extended Prevalence of Infection in 

Intensive Care (EPIC II) estimates from research that the proportion of infected patients in 

intensive care units infected may be as high as 51% [1].   

The most common hospital-acquired infections include: 

• surgical wound infections 

• urinary tract infections 

• lower respiratory tract infections. 

     Hospital-acquired infections cause serious complications of the underlying disease 

leading to disability and even death. The condition is associated with prolonged hospital stays, 

which is a problem not only for the patient, but also for healthcare units - the cost of services 
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provided increases, moreover, patients who have been infected in the hospital often demand 

compensation [1, 4].  The frequency of hospital-acquired infections is heavily influenced by 

the overuse of antibiotics, resulting in an increasing number of bacterial strains with high levels 

of drug resistance. Due to the growing problem of hospital-acquired infections, medical 

facilities should focus on monitoring and recording the current epidemiological situation, 

conducting reliable microbiological diagnostics and controlling the treatment of infections with 

antibiotics [2]. 

 

EPIDEMIOLOGY OF NOSOCOMIAL INFECTIONS 

 

     When it comes to healthcare related problems, nosocomial infections are big, if not one 

of the biggest problems. One in every ten patients will acquire a nosocomial infection  [6]. 

There are many risk factors which can predispose to this type of infection. We can divide them 

into few categories: 

1. Related to underlying medical status e.g. advanced age, malnutrition, alcoholism, 

diabetes 

2. Related to acute disease process e.g. trauma or surgery 

3. Related to invasive procedures e.g. surgical drains 

4. Related to treatment e.g. blood transfusion or immunosuppressive treatments [7]. 

     Because of these risk factors patients can develop nosocomial infection such as 

pneumonia whis is the most common type of healthcare-associated infections [8]. One of the 

risk factors is also length of stay [6].  This factor shows us that patients who are most likely to 

acquire a nosocomial infection, are the ICU patients (19,2% of all healthcare-associated 

infections) [9]. Studies show that nosocomial infections are more common in developing 

countries (prevalence of 15,5% most of which occur as ventilator-associated pneumonia) than 

e.g. in Africa and the western Pacific region where the infections were recorded poorly [10]. 

  

CAUSES OF NOSOCOMIAL INFECTIONS 

  

 We can point out several possible causes of nosocomial infections. The understanding 

of these sources is crucial for implementing effective and adequate prevention strategies which 

will help us face this challenge. The key factor that contribute to the occurrence of nosocomial 

infections is transmission of pathogens such as bacteria, viruses and fungal parasites [11]. 

Bacterial pathogens are the most common in nosocomial infections, which occur within 
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healthcare settings. Some of these bacteria are normally present in the patient's natural flora 

and cause infection only when the patient's immune system becomes compromised. 

Acinetobacter is a genus of pathogenic bacteria commonly responsible for infections in 

intensive care units (ICUs). It is typically found in soil and water and accounts for 

approximately 80% of reported infections [11]. Bacteroides fragilis is a commensal bacterium 

that resides in the intestinal tract and colon. It can cause infections when it combines with other 

bacteria. Clostridium difficile is another bacterium that causes inflammation of the colon, 

leading to antibiotic-associated diarrhea and colitis. This occurs when the beneficial bacteria 

in the colon are eliminated along with the pathogenic bacteria. C. difficile is transmitted from 

an infected patient to others through healthcare staff with improperly cleansed hands. 

Enterobacteriaceae, specifically carbapenem-resistant strains, can cause infections when they 

travel from the gut to other parts of the body. Enterobacteriaceae includes species such as 

Klebsiella and Escherichia coli. Their high resistance to carbapenem antibiotics makes them 

difficult to combat. Methicillin-resistant Staphylococcus aureus (MRSA) is transmitted 

through direct contact, open wounds, and contaminated hands. It can cause sepsis, pneumonia, 

and surgical site infections by spreading from organs or the bloodstream. MRSA exhibits high 

resistance to antibiotics known as beta-lactams. Apart from bacteria, viruses also play                         

a significant role in the occurrence of nosocomial infections. According to regular monitoring, 

approximately 5% of all nosocomial infections are attributed to viral causes [11]. These viruses 

can be transmitted through various routes, including hand-to-mouth contact, respiratory 

droplets, and the fecal-oral route. Viral infections, such as hepatitis, pose a chronic disease risk 

in healthcare settings, affecting both patients and healthcare workers. Hepatitis B and C viruses 

are commonly transmitted through unsafe injection practices, leading to the potential spread of 

infection. In addition to hepatitis viruses, other common viruses associated with nosocomial 

infections include influenza, HIV, rotavirus, and herpes simplex virus [11]. 

 Fungal parasites can act as opportunistic pathogens and contribute to nosocomial 

infections, particularly in individuals with compromised immune systems. Aspergillus species 

can cause infections through environmental contamination, while Candida albicans and 

Cryptococcus neoformans are also responsible for infections during hospital stays. Candida 

infections stem from the patient's own microbial flora, while Aspergillus infections occur when 

individuals inhale fungal spores from contaminated air during construction or renovation of 

healthcare facilities [11]. 

 Nevertheless, there are also factors that result from the hospital environment such as 

patients with compromised immune system and invasive procedures [12].  
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           The Covid-19 pandemic additionally draws our attention to poor hand hygiene, crowded 

healthcare settings [13]. 

 The infections that occur the most are: urinary tract infections (UTIs), surgical site 

infections (SSIs), lower respiratory tract infections, bloodstream infections (BSIs), 

gastrointestinal infections, skin and soft tissue infections [13]. 

 

NOSOCOMIAL INFECTIONS CONSEQUENCES 

 

 The consequences of nosocomial infections (NI), also knonw as healthcare-associated 

infections can vary depending on several factors, including the type of infection, the patient's 

overall health, and the effectiveness of infection control measures in place. Some potential 

consequences of nosocomial infections include increased morbidity and mortality, growing 

antibiotic resistance, financial burden on the healthcare system, nosocomial outbreaks and 

many others. In this monograph we will focus on 3 aspects of NIs. 

 As briefly mentioned above nosocomial infections lead to increased morbidity and 

mortality. In the United States they are the sixth leading cause of death surpassing the combined 

deaths from human immunodeficiency virus/AIDS, cancer, and traffic accidents [14]. The 

estimated mortalities associated with nosocomial bloodstream infections and pneumonia are 

23.8% to 50% and 14.8% to 71% (overall), or 16.3% to 35% and 6.8% to 30% (attributable), 

respectively [15].  One more statistic worth taking into consideration is, that of 2 million annual 

antibiotic-resistant infections 23 thousand patients die. 

 One of the contributing factors to such high mortality rates is the growing antibiotic 

resistance of bacteria. NIs are caused by bacteria, fungi, viruses, and parasites. In the middle-

east they are most commonly caused by coagulase-negative staphylococci, methicillin-resistant 

Staphylococcus aureus, enterococci and the most dangerous out of all vancomycin-resistant 

enterococcus [16]. Nosocomial infections may result in spreading of these deadly pathogens as 

outbreaks happen on certain departments in hospitals.  

 The last aspect of NIs is the economic aspect. The estimated average costs of these 

infections are $558 to $593 for each urinary tract infection, $2,734 for each surgical site 

infection, $3,061 to $40,000 for each bloodstream infection, and $4,947 for each pneumonia 

[15].  In 2010 it was estimated  that the annual hospital costs of HAIs in the USA to be between 

US$28 billion and 45 billion per year [17]. 

 These effects of Nosocomial infections may lead to a conclusion that more focus should 

go towards preventing NIs, to negate the severe health and economic effects.  



Nosocomial infections as a serious problem in the healthcare sector 

 

216 
 

HOW TO PREVENT NOSOCOMIAL INFECTIONS  

 

  Considering all the previous facts about nosocomial infections prevention is a vital 

element when it comes to nosocomial infections. Hand hygiene is one of the parts of 

prevention. It’s a quick, easy way to prevent spreading the infection. Study from Kampf G. 

shows that washing hands only with water and soap is not enough to get rid of bacterial flora. 

On the other hand, using hand sanitizer is very effective form of prevention. Just 30 seconds of 

rubbing hands with sanitizer is capable of wiping hand’s bacterial flora almost entirely [18]. 

For instance at Geneva University Hospital, the rate of nosocomial infections was reduced by 

over 40% thanks to hand disinfection [19]. 

  It’s well known that microorganisms are able to survive on many different surfaces. 

That’s why an another important factor of prevention is sanitizing surfaces and used equipment. 

It should be done with special care and with proper chemicals or UV light.  Different 

pathogenes can withstand different disinfection methods so it’s important to pay special 

attention to this fact. For instance, C. difficile bacteria are resistant to alcohol-based liquids, 

but are sensitive to hydrogen peroxide based substances [20]. Obviously, patients with higly 

infectious diseases should be isolated in separated rooms. Especially when some 

immunodeficient patients are present because of their susceptibility for infectious diseases. Use 

of sterile equipment also helps in nosocomial infections prevention. It’s important to remember 

about responsible antimicrobal treatment as it helps fighting and preventing of developing 

antibiotic resistant bacteria which then may spread among patients and cause serious problem.  

 

SUMMARY 

 

      Nosocomial infections are caused by different microorganisms and can lead to serious 

consequences for patients. Factors like poor hand hygiene, contaminated equipment, and 

antibiotic resistance contribute to their spread. Nosocomial infections result in extended 

hospital stays, higher medical costs, complications, and even death. Preventive measures 

include proper handwashing, using protective gear, sterilizing equipment, maintaining 

cleanliness, following infection control guidelines, and raising awareness among healthcare 

workers, patients, and visitors. Nosocomial infections, also called healthcare-associated 

infections (HAIs), are a significant concern in hospitals and other healthcare settings. They 

occur when patients get infected during their stay and are not present when they arrive. These 

infections can take different forms, such as respiratory or urinary tract infections, surgical site 
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infections, or bloodstream infections. They are caused by various germs like bacteria, viruses, 

and fungi. The chances of getting nosocomial infections vary, depending on where you are, the 

type of healthcare facility, and the people being treated. Certain individuals, like older adults, 

those with weak immune systems, or those with invasive medical devices, are more at risk. 

Several factors contribute to the spread of nosocomial infections. These include not washing 

hands properly, using contaminated equipment, not sterilizing or cleaning things correctly, 

having crowded spaces, poor ventilation, and long hospital stays. Another concern is the rise 

of germs that are resistant to antibiotics. Nosocomial infections have serious consequences. 

They lead to longer hospital stays, higher medical expenses, complications, patient discomfort, 

disability, and even death. Additionally, these infections contribute to the problem of germs 

becoming resistant to antibiotics, which is a major global health issue. 

      Preventing nosocomial infections requires a comprehensive approach. Everyone 

involved needs to wash their hands regularly and correctly. Healthcare workers should wear 

protective gear, and equipment should be properly sterilized. It is crucial to keep the 

environment clean, follow infection control guidelines, and promote awareness among 

healthcare workers, patients, and visitors. 

 In conclusion, nosocomial infections are a significant concern in healthcare settings. 

Understanding how they spread and the consequences they can have is crucial for everyone 

involved. By taking simple yet effective preventive measures like washing hands, using 

protective gear, sterilizing equipment, maintaining cleanliness, following guidelines, and 

raising awareness, we can reduce the incidence of nosocomial infections, improve patient 

safety, and save lives. 
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• IL- interleukin 
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• iNOS- inducible nitric oxide synthase 
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• RNS- reactive nitrogen species 

• ROS- reactive oxygen species 

• sIL-2R- soluble interleukin-2 receptors  

• SOD- superoxide dismutase 

• TGF- transforming growth factor 

• Th- T helper cells 

• TNF-  tumor necrosis factor 
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INTRODUCTION 

 

    Celiac disease belongs to autoimmune diseases of the small intestine [1,2]. In its 

course there is damage to enterocytes caused by gliadin (a peptide derived from gluten). 

Significantly, the disease is accompanied by chronic inflammation. It is one of the most 

common autoimmune diseases (incidence 0.5-1%). Increasingly, mood disorders, in particular 

depressive disorder are also being observed among patients with Celiac disease. This is a 

disease whose incidence is increasing every year [3–5]. Typical depressive symptoms can 

include sadness, irritability, decreased interest in pleasurable activities, feelings of guilt or 

worthlessness, lack of energy, poor concentration or suicidal thoughts. It is worth noting that 

this is a disease with a complex pathogenesis. The mechanisms include oxidative stress [6–8].  

It may negatively affect brain function and neuronal plasticity. As a result of increased oxidative 

stress, many pro-inflammatory factors and signaling pathways are activated. The cytokines 

released in the course of the inflammatory response, could affect changes in neurotransmitters, 

levels of growth factors, e.g., neutrophic brain-derived factor, and influence the modulation of 

environmental and genetic factors that may contribute to the development of depression. 

       Proper diet is a pivotal source of antioxidants, while physical activity offers many 

health benefits as well [9]. Recent findings have evidenced that both of the mentioned are 

combined with oxidative stress. Diet and physical factors have debatable roles in modulating 

oxidative stress [10]. Since endothelium and oxidative stress play significant role in 

cardiovascular and metabolic diseases, dietary and physical factors could have implications on 

prevention of the diseases. 

Recent reports indicate that nutrients also play a role in the pathogenesis of mental 

illness [11]. Diet has been shown to be a significant contributor to depressive symptoms. The 

elimination or excess of some components of the diet can exacerbate these symptoms. One such 

ingredient is gluten. There are increasing reports of gluten's role in regulating mood and 

exacerbating depressive symptoms [12–14]. Moreover, there are an increasing number of 

studies that have found Celiac disease to be present in patients with depression  and vice versa 

[15–17]. The link between Celiac disease and depression is still not fully understood. Studies 

have shown that a significant percentage of people with Celiac disease have depressive 

symptoms [18]. This may be related to impaired intestinal absorption and atrophy of the 

intestinal villi. This is a reaction of the immune system to the gluten found in some cereals.                    

A gluten intake by patients with Celiac disease can result in production of antibodies which can 

cause changes in the central nervous system. Moreover, impaired absorption of amino acids 
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and their metabolites, like serotonin, can result in mood disorders [19]. Undoubtedly, the 

common denominator of both diseases is the presence of oxidative stress and inflammation.  

Oxidative stress might be described as an imbalance between antioxidant defense 

system potential and the surplus of the reactive oxygen species (ROS) [20]. Crucial reasons of 

described state are pathological states incl. diseases. Excessive oxidative stress consequently 

contributes to inflammation. Devastating potential of any oxidizing molecules may cause                        

a cascade of chemical processes which affect lipids (peroxidation), proteins (aggregation) 

carbohydrates and DNA which lead us into potential mutations [21,22]. Defence mechanisms 

protecting the integrity of structures against free radicals can be divided into: physical 

(appropriate structural organization of cells, which allows isolation of places where reactions 

occur with the production of radicals as by-products), non-enzymatic (ceruloplasmin, 

transferrin, polyamides, transition metal ions, metal sequester, metallothioneins) and enzymatic 

(superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), reductase 

glutathione (GRd), glutathione S-transferase (GST) and secretory phospholipase A2) and 

protein (reactions involving heat shock proteins (HSP) – chaperones and proteases) [23].   

The co-occurrence of depressive disorder and Celiac disease is still under scientific 

investigation. Understanding the common mechanisms of both disorders may be crucial in 

treating such patients. Therefore, the aim of this study was to evaluate the role of oxidative 

stress and inflammation in the pathogenesis of Celiac disease and depressive disorder. 

 

ROLE OF OXIDATIVE STRESS AND INFLAMMATION IN CELIAC DISEASE  

 

A key role in the pathogenesis of the Celiac disease has innate immunity, but also 

cytokines such as interleukin (IL)-15 and interferon (INF)-α [24]. Another study also 

demonstrated the role of IL-8 and tumor necrosis factor (TNF)-α through a mechanism 

involving nuclear factor-κβ [25]. It is worth noting that IFN-γ is the predominant cytokine in 

the damaged intestinal mucosa in Celiac disease [26]. Cytokines from IL-12, IL-23 and IL-27 

can also increase in response to an increase in IFN-γ. However, this of effect in Celiac disease 

is not well understood.  It has only been observed in other inflammatory bowel conditions.  

Elevated levels of other cytokines such as IL- 4, IL-5, IL-6, IL-10, TNF-α and transforming 

growth factor (TGF)-β have also been observed [27–29]. It has been suggested that cytokines 

can redirect signaling through various activating transcription factor (STAT) pathways [26]. 

Another study also observed an increase in INF-γ, IL-1β, TNF-α, IL-6 and IL-8, and also                           

T helper cells (Th)-2 cytokines such as IL-4 and IL-10 [30].  In addition, in one study,                                
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a significant increase in mRNA of TNF-α, INF-γ, IL-8 was observed after gluten provocation 

[31]. In another study after gluten provocation, IL-2 was the earliest and most significant 

cytokine (preceded the onset of symptoms) [32]. One study found that gluten increased nitric 

oxide (NO), which was involved in the regulation of pro-inflammatory cytokines, particularly 

IL-1β [33]. Cytokines have also been shown to play an important role in enterocyte proliferation 

and migration through their effects on cadherin and catenin [34]. It is worth noting that 

especially genetically determined "low" expression of IL-10, may be a key element in the onset 

of the disease in patients predisposed to the development of Celiac disease [35].  As for IL-15, 

it has been shown to be overexpressed in patients with untreated Celiac disease (in the lamina 

propria and intestinal epithelium). In the case of IL-21, biopsies from patients with Celiac 

disease on a gluten-free diet have been shown to overexpress it after in vitro provocation with 

gluten peptides [36]. Recently, the involvement of Th17 cells in the development of the disease 

has also been established since significantly higher expression of IL-17A was found in these 

patients [37]. One study estimated that with a one-unit increase in serum IL-1, the risk of Celiac 

disease increases by 1.13 times, while with a one-unit increase in IL-8, the risk of the disease 

increases by 0.004 times. On the other hand, an increase in serum IL-6 by one unit reduces the 

risk of the disease by 15% [38]. 

Diet including gluten can exacerbate vascular oxidative stress, inflammation and 

accelerate atherosclerosis [39,40]. Gluten feeding has shown to elevate the rate of superoxide 

and nitrotyrosine production in the aortic root lesion. When it comes to Celiac disease  sufferers, 

a diet rich in gluten induces the massive surplus of ROS, which induce the cascade of oxidative 

reactions [41]. The current data states that the antioxidative potential measured by intestinal 

mucosa and body fluids is remarkably lower in newly diagnosed Celiac disease  patients than 

in healthy cohorts. A gluten-free diet is usually compared with clinical improvement, the 

disappearance of serological markers specific for the Celiac disease, and regeneration of the 

small intestinal mucosa. This should be accompanied by noticeable improvement in the 

oxidative/antioxidant balance. In addition, it has been shown that gluten can induce intracellular 

oxidative imbalance in patients with Celiac disease [39]. Increased levels of lipid peroxidation 

products and an impaired oxidized/reduced glutathione ratio, as well as a reduced number of 

protein-bound sulfhydryl groups were observed in these patients. Another study observed that 

inducible nitric oxide synthase (iNOS) is constitutively expressed in human duodenal 

enterocytes and is increased in patients with untreated Celiac disease [42]. Adherence to                            

a gluten-free diet partially reduced iNOS expression. Significantly, one study found that an 

increase in the rate of ROS production, assessed in peripheral blood, is in close correlation with 
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the severity of intestinal damage in celiac patients [43]. Furthermore, elevated levels of 

oxidative stress due to glutathione depletion are also considered to be present in these patients 

[44]. 

Moreover, Celiac disease is caused by chronic intolerance to different gluten peptides, 

like gliadin. Gliadin peptides can affect intestinal villi. Some of them (especially P31-43) 

accumulate in lysosomes and lead to increased levels of free radicals [45,46]. It is worthy noted 

that, the 33-residue gliadin peptide, α2-gliadin 57-89  has been implicated as a source of gluten-

mediated immunogenicity (strong stimulator of T lymphocytes) [47]. Gliadin peptides induce 

an adaptive response that proceeds through their binding to HLA-DQ2 or -DQ8 antigen-

presenting cells and subsequent stimulation of cells.  

Another study also showed that gliadin induces oxidative/nitrosative stress, 

mitochondrial dysfunction and damages cellular biomolecules in intestinal cells [48]. Gliadin-

induced oxidative stress was also observed in Caenorhabditis elegans [49]. Oxidative stress 

plays an important role in gliadin toxicity. Gluten exposure can disturb oxidative balance, 

increase production of ROS, reactive nitrogen species (RNS) and lipid peroxidation products. 

Peptide accumulation in lysosomes can cause increased production of ROS.  Consequently, it 

leads to the formation of permanent changes in DNA. Oxidative stress occurs when there is 

enhanced production of ROS and RNS relative to antioxidant defenses [50]. It may also be 

relevant that gliadin induces cellular oxidative stress, DNA damage and stimulates apoptosis in 

intestinal cells [51]. Another study observed that levels of lipid peroxidation, SOD and CAT 

enzyme activities were higher in samples from patients with Celiac disease, as well as those 

following a gluten-free diet, compared to controls [52]. Gliadin derived from gluten has also 

been shown to negatively effect on NrF, which is associated with antioxidant defense [48]. 

 Dietary components, contained in gluten-free diet, like polyphenols, fatty acids, and 

carotenoids may have an important role in the modulation of intestinal chronic inflammation 

[45,53]. The association between gluten-free diet and inflammation is broadly studied now [54]. 

In addition, it was shown that in people without Celiac disease, it was observed that a gluten-

free diet increased inflammation. 

Moreover, gluten is a factor that  induces oxidative stress in Celiac disease, but there are 

also causes independent of the diet (xenobiotics, endogenous compounds). Gluten-free diet 

seems to be an important factor in reducing the levels of gliadins and the amount of ROS 

[45,50,53]. Compliance with a gluten-free diet in Celiac disease is enough to decrease the 

production of ROS and mediators of oxidative stress. Interestingly, some studies [50] indicate 

that oxidative changes in gut cells are maintained even after adhering to a gluten-free diet. It 
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has also been mentioned that patients with Celiac disease on gluten-free diet have duodenal 

damage despite the clinical improvement, as evidenced by elevated levels of IFN-γ. Some of 

the proinflammatory cytokines persisted even for 2 years despite the disappearance of specific 

antibodies. Another study also observed that all markers of oxidative DNA damage were higher 

in celiac patients compared to controls, regardless of diet [55].  

 

ROLE OF THE OXIDATIVE STRESS AND INFLAMMATION IN DEPRESSIVE 

DISORDER 

 

Another entity in which oxidative stress and inflammation may play a role in 

pathogenesis is depressive disorder. The cytokine theory of depressive disorder posits that 

increased activity of T lymphocytes, monocytes, macrophages can be observed in depression 

[8,56]. This is confirmed by the increase in pro-inflammatory cytokines (IL- 1βb, IL-2, IL-4, 

IL-6, TNF-α, INF-γ). Some of the studies indicate that depression is also associated with 

increased acute phase proteins (haptoglobin, α1-antitrypsin, acid α1-glycoprotein, C-reactive 

protein). Pro-inflammatory cytokines (especially IL-1β, TNF-α and IFN-γ) have a meaningful 

impact on functioning of the serotonergic system and the hypothalamic-pituitary-adrenal axis 

[57,58]. They also take part in the communication between the immune system and the 

neurotransmitter system and the endocrine system. The link between depressive disorder and 

inflammation is also indicated by the cessation of depressive symptoms (anxiety, memory 

impairment, decreased libido, mood swings) when pro-inflammatory cytokine levels are normal 

[59]. Multiple inflammatory markers have been evaluated in depressive disorder.  

Of particular note in the pathogenesis of depressive disorder is IL-6. It was shown that 

elevated levels of this interleukin were observed in depressed patients and could be associated 

with sleep disorders [60]. It was also noted that IL-6 levels were associated with impaired 

concentration and attention among people with depression [61]. It is thought that it may activate 

the hypothalamic-pituitary-adrenal axis or affect neurotransmitter metabolism [62]. On the 

other hand, IL- 1βb variants have been associated with reduced function in the amygdala and 

anterior cingulate cortex [63]. These abnormalities have been linked to manifestation of 

depressive symptoms. It was also shown that  IL-1β was a potent stimulus for astrocytes [64]. 

IL-1β induced mRNA and protein for both TNF-α and IL-6.  Elevated levels of IL-8 were also 

observed in many studies [65,66]. It is worth noting that this interleukin is involved in 

neutrophil activation and chemotaxis, which may be important in inflammatory reactions in the 

central nervous system [67]. IL-17A similarly to Celiac disease may also be relevant to 
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depressive disorder. It is thought that levels of this interleukin may be associated with treatment 

resistance in patients with depression [68].  

Elevated levels were observed: IL-6, TNF-α and soluble interleukin-2 receptors (sIL-

2R) in serum from depressed patients [69]. In contrast, another study found that higher TNF-α 

levels could predict lack of response to escitalopram treatment and that changes in sIL-2R levels 

during treatment were different in responders and non-responders [70]. Additionally, higher 

levels of IL-4 and IL-13 (Th2) and significantly lower measurements of IL-2 and IFN-γ (Th1) 

cytokines were observed among patients with depressive disorder. In another study, it was 

observed that after treatment lasting 12 weeks, the levels of the following cytokines decreased 

in patients with depressive disorder [71]. IL-1Ra, IL-5, IL-6, IL-8, IL-10, granulocyte colony 

stimulating factor; IFN-γ and TNF-α were significantly reduced. Significantly, recent findings 

have shown that TNF-α and IL-1 play a role in regulating synaptic plasticity [72]. Similar 

observations regarding dysregulation of the immune system in depression were made in another 

study [73]. Patients with depressive disorder showed that IL-6 levels and TNF-α, TGF-β1 

production and IFN-γ/IL-4 ratio were significantly higher, while IFN-γ, IL-2 and IL-4 were 

significantly lower compared to the control group. 

It is noteworthy that in one study, higher levels of autoantibodies such as antinuclear 

(ANA), thyroid gland (TGA) and parietal cell (PCA) antibodies were observed among 

depressed patients [74]. Importantly, depression could accompany several other autoimmune 

diseases, such as multiple sclerosis and diabetes type 1 [75,76]. Moreover, depressive disorder 

usually co-occurs with inflammatory diseases. Indeed, psychological stress can lead to 

activation of the immune system and inflammatory processes in the body [59,77–79]. 

Catecholamines released under stress act on α and β-adrenergic receptors to stimulate the 

production of pro-inflammatory cytokines [78].  

Disrupted antioxidant defenses have been found repeatedly in depressed individuals in 

studies [7,80,81]. In one, a decrease in ceruloplasmin levels, elevated malondialdehyde (MDA) 

levels and reduced SOD levels were observed in people with depressive disorder compared to 

control [82]. Also, one study observed elevated MDA levels in patients before treatment 

depression, but also reduced CAT, GSH-Px, and NO [83]. Similar observations have also been 

made in other studies [84,85]. Another study among a group of female patients with depressive 

disorder also showed a significant link between the presence of this disorder and oxidative stress 

[86]. Elevated levels of: GRd, SOD, and conjugated dienes were observed among these females, 

as well as decreased levels of: GPX1, GSH. It was also reported that increased activity of both 

SOD, and CAT could be an indicator of acute depressive episodes [87].  Noteworthy is the fact 
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that ROS are also produced as byproducts of monoamine oxidase activity, which is necessary 

for the inactivation of the monoaminergic neurotransmitters serotonin, dopamine, 

norepinephrine and epinephrine [88]. Excess ROS adversely affects the cytoarchitecture of 

neurons and the function of various biological molecules, including lipids, nucleic acids and 

proteins. It is noteworthy that, as in the case of Celiac disease, the NrF transcription factor also 

plays a role. It was observed that knockout mice for this gene showed depressive symptoms 

[89]. Another study also observed that MDA levels were significantly higher in the depressive 

disorder group than in the control group [90]. In contrast, SOD and Nrf2 levels were 

significantly lower in these patients. In addition, another study observed a correlation between 

oxidative stress indices and inflammatory process in depressive disorder [91].  Similar 

observations were made by Sarandol A. et al. SOD levels were shown to be significantly 

correlated with the severity of depressive symptoms [92]. Furthermore, increased production of 

ROS and depletion of antioxidant defense mechanisms are thought to be responsible for the 

altered brain structure in depressed patients [93]. In addition, it is suggested that the brain is 

more susceptible to damage from increased ROS than any other organ in the body (a major 

consumer of oxygen and rich in oxidizable lipids) [7,94]. It is worth noting that oxidative stress 

itself can result in altered neuronal function and also affect neurotransmission and overall brain 

activity [95].  

 

SUMMARY 

 

Elevated levels of pro-inflammatory cytokines are found in both depressed and celiac 

patients (especially INF-γ and TNF-α). Notably, IL-8 and IL-6 play a role in both conditions 

and is thought to be strongly associated with severity of anxiety and depressive symptoms. The 

high levels of oxidative stress in Celiac disease may therefore be due to IL-8 released by 

microglia in response to ongoing inflammation. Other cytokines such as: IL-17A, IL-1β are 

also not insignificant here. Abnormal NrF2 levels are also observed, which is undoubtedly 

associated with increased oxidative stress in both disease entities. It is worth noting that 

excessive oxidative stress and antibody production in Celiac disease can cause damage to the 

central nervous system, which may also contribute to the co-occurrence of depression. 

Significantly, when pro-inflammatory cytokine levels are normal, the depressed patient's 

condition improves. Therefore, excessive cytokine hypersecretion in the course of Celiac 

disease and chronic inflammation may exacerbate depressive symptoms. Meanwhile, a gluten-

free diet that reduces oxidative stress and inflammation can significantly improve the quality 
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of life of patients with co-occurring Celiac disease and depressive disorder. These processes, 

particularly the hyperactivation of the immune system, are thought to contribute to autoimmune 

disease, as exemplified by the co-occurrence of depressive disorder and type 1 diabetes or the 

occurrence of autoantibodies in depressed patients. However, much research is still needed in 

this direction to more precisely define the mechanisms causing the increased levels. 
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INTRODUCTION 

 

Bigorexia, reverse anorexia, Adonis complex or muscle dysmorphia are all names for 

a type of body dysmorphic disorder that is characterized by an intense desire to increase one’s 

body size.  

It is a mental health disorder that primarily affects men who engage in bodybuilding or 

weightlifting. 

It is characterized by an excessive preoccupation with muscularity and body size, and 

can lead to distorted body image and severe anxiety about perceived physical inadequacies.  

This monograph will explore the causes, symptoms, diagnosis, and treatment of 

bigorexia, as well as its impact on physical and mental health. 

 

PREVALENCE 

 

The prevalence of bigorexia is difficult to estimate because it is a relatively new 

disorder, and there is still a lack of consensus among experts about its classification and 

diagnostic criteria. However, research suggests that the disorder affects mostly men, 

particularly those who engage in competitive bodybuilding or weightlifting [1].  

According to a study conducted by Pope et al. (2005), 25% of male bodybuilders in the 

United States showed symptoms of muscle dysmorphia. Another study conducted by Olivardia 

et al. (2000) found that 22.5% of male gym-goers in Boston had muscle dysmorphia symptoms 

[2]. 

It is important to note that bigorexia is not limited to men and can affect individuals of 

any gender or age who engage in excessive muscle-building activities. Additionally, 

individuals with bigorexia may also experience other mental health issues such as depression, 

anxiety, and obsessive-compulsive disorder. 
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CAUSES 

 

The causes of bigorexia are complex and multifaceted. Some researchers believe that 

genetic factors may play a role, as individuals with a family history of mental health disorders 

may be more susceptible to developing bigorexia. Others suggest that environmental factors, 

such as societal pressure to conform to a certain body type, may contribute to the development 

of bigorexia. 

One study found that men who had experienced childhood teasing or bullying about 

their appearance were more likely to develop bigorexia later in life [3].  

Another study suggested that bigorexia may be more prevalent among individuals who 

have experienced adverse life events, such as trauma or loss [4]. 

 

SYMPTOMS 

 

Symptoms of bigorexia include spending excessive amounts of time in the gym or 

engaging in other forms of exercise, obsessively counting calories and macronutrients, and 

using anabolic steroids or other performance-enhancing drugs to achieve desired body shape. 

Individuals with bigorexia may also experience social isolation, depression, and anxiety, as 

they feel that they cannot achieve the desired muscular physique. 

Research has identified a number of factors that are associated with bigorexia, including 

body dissatisfaction, low self-esteem, and anxiety about body image [5].  

Individuals with bigorexia may also have distorted perceptions of their own body size, 

and may engage in compulsive behaviors such as constantly checking their appearance in 

mirrors or other reflective surfaces [6]. 

 

DIAGNOSIS 

 

Some researchers believe that the disorder is one of the forms of dysmorphic disease 

[7], while others see bigorexia as a type of eating disorder [8, 9, 10]. 

  Diagnosing bigorexia can be challenging, as there is currently no standardized 

diagnostic criteria for the disorder. However, mental health professionals may use criteria from 

other related disorders, such as body dysmorphic disorder (BDD) or obsessive-compulsive 

disorder (OCD), to identify bigorexia. 

According to the American Psychiatric Association's Diagnostic and Statistical Manual  
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of Mental Disorders (DSM-5), BDD is characterized by preoccupation with one or more 

perceived defects or flaws in physical appearance that are not observable or appear only slight 

to others [11]. Individuals with BDD may engage in compulsive behaviors such as excessive 

grooming or skin picking, and may avoid social situations or other activities due to anxiety 

about their appearance. 

In addition, some researchers have suggested that bigorexia may be related to OCD, 

which is characterized by intrusive, unwanted thoughts or obsessions that lead to repetitive 

behaviors or compulsions [12]. 

 

TREATMENT 

 

Treatment for bigorexia typically involves a combination of psychotherapy, 

medication, and lifestyle changes. Cognitive-behavioral therapy (CBT) is a common form of 

psychotherapy used to treat bigorexia. It can help individuals understand and manage their 

distorted body image and anxiety, while medication can help alleviate symptoms of depression 

and anxiety. Lifestyle changes, such as reducing excessive exercise and steroid use, can help 

improve physical health and reduce the risk of injury. 

Studies have also suggested that mindfulness-based interventions may be effective in 

treating bigorexia [13]. Mindfulness-based interventions involve teaching individuals to be 

more aware of their thoughts and feelings in the present moment, without judgment. 

It is important to note that recovery from bigorexia can be a long and difficult process. 

Individuals with bigorexia may struggle with feelings of shame, guilt, and inadequacy, which 

can make seeking treatment challenging. However, with the help of a mental health provider 

who is experienced in treating this condition, individuals with bigorexia can learn to manage 

their symptoms and achieve a healthier relationship with their bodies. 

 

PHYSICAL AND MENTAL HEALTH IMPLICATIONS 

 

Ignoring bigorexia can lead to serious negative consequences on a person's physical 

and mental health. Increased risk of injury, depression, anxiety, and social isolation are just a 

few of the potential outcomes. Steroid use, which is common among individuals with 

bigorexia, can also lead to a number of serious health problems, including liver damage, kidney 

failure, and heart disease. 

Research  has  shown  that  individuals with bigorexia are  also at an increased risk of  
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developing eating disorders, such as anorexia nervosa or bulimia nervosa. This is because 

individuals with bigorexia may engage in restrictive eating behaviors or purging behaviors in 

order to achieve the desired muscular physique. 

One of the health risks of trying to be as muscular as possible is the use of anabolic 

steroids [1, 14]. By using these substances, people with bigorexia are at a much higher risk of 

coronary heart disease, kidney and liver damage, including immune system damage [15]. 

Steroids are injected into large muscle groups (buttocks, thighs, shoulders), however, not 

intravenously. The risk of needle sharing among steroid users and the associated transmission 

of other diseases such as HIV and hepatitis may also be associated with the application of 

steroids [15]. Users usually take steroids in cycles of 6 to 12 weeks, followed by the same time 

period without taking steroids and then resuming the course of treatment. At the beginning of 

the cycle, small doses are taken with a gradual increase, but continuous use is not unusual. It is 

used to increase muscle volume and avoid with- drawal symptoms. The side effects of these 

substances are also associated with aggression, paranoia, anxiety or depression, a reduction in 

sexual libido, erectile dysfunction (especially at the end of the steroid cycle), or severe acne 

[1]. 

 

CONCLUSION 

 

Bigorexia is a serious mental health disorder that primarily affects men who engage in 

bodybuilding or weightlifting. Symptoms include excessive preoccupation with muscularity 

and body size, as well as social isolation, depression, and anxiety. Treatment typically involves 

a combination of psychotherapy, medication, and lifestyle changes. It is important to seek 

professional help if you or someone you know is struggling with bigorexia. Recovery from 

bigorexia can be a long and difficult process, but with the help of a mental health provider who 

is experienced in treating this condition, individuals can learn to manage their symptoms and 

achieve a healthier life. 
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INTRODUCTION 

 

People living in the 21st century have witnessed rapid advancements in technology, 

communication, and globalization, shaping a world that is more interconnected and fast-paced 

than ever before. While these developments have brought about numerous benefits, they have 

also introduced new challenges and stressors that affect individuals across all walks of life. 

Coping with stress has become a critical concern in today’s society, as the demands and 

pressures of modern life continue to escalate. 

Stress, defined as the body's response to any demand or challenge, is an inevitable part 

of the human life. It can arise from multiple sources, such as work-related pressures, financial 

difficulties, relationship problems, academic demands, and health concerns, among others. The 

impact of stress on individuals' physical and mental well-being cannot be overstated. Prolonged 

or excessive stress can lead to a range of adverse effects, including increased risk of chronic 

illnesses, compromised functioning of the immune system, mental health disorders, impaired 

cognitive abilities, and decreased overall quality of life. 

The coping mechanisms and strategies employed to manage stress have undergone 

significant changes in the 21st century. Traditional approaches to stress management, such as 

exercise, relaxation techniques, and social support, remain relevant and effective. However, the 

advent of digital technologies and the rise of the internet have introduced novel coping 

mechanisms, as well as new stressors, requiring individuals to adapt and develop innovative 

ways to navigate the challenges of the modern era. 

This review paper aims to explore the various coping strategies individuals employ to 

navigate and manage stress in the 21st century. By synthesizing and examining existing 

research, this paper seeks to shed light on both traditional and contemporary coping 

mechanisms, their effectiveness, and their implications for well-being. Additionally, it will 

delve  into  the  unique  stressors  faced  in  the  current  era  and  how they have influenced the  
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development of coping strategies. 

The paper will provide an overview of the theoretical frameworks and models that 

underpin stress and coping research, including Lazarus and Folkman's transactional model, the 

general adaptation syndrome, and the cognitive-appraisal model. Understanding these 

frameworks will serve as a foundation for comprehending the various coping strategies 

discussed throughout the review. 

The subsequent sections will explore a wide range of coping mechanisms, beginning 

with traditional approaches such as social support, physical exercise, and relaxation techniques. 

These strategies have proven effective over time and continue to play a crucial role in stress 

management. Furthermore, the paper will examine emerging coping strategies in the digital age, 

including the utilization of technology for stress reduction, online support communities, 

mindfulness apps, and virtual reality therapy, among others. This section will highlight the 

benefits and limitations of these new approaches and their integration into individuals' coping 

repertoire. 

In addition to discussing coping mechanisms, this review paper will also address the 

unique stressors and challenges faced by individuals in the 21st century. Factors such as 

information overload, constant connectivity, social media pressure, and work-life imbalance 

have significantly impacted stress levels and necessitated the development of innovative coping 

strategies. Understanding these stressors is crucial for tailoring effective interventions and 

support systems that meet the specific needs of individuals in today's rapidly changing world. 

Finally, this paper will address the implications of coping with stress in the 21st century 

at the societal level. It will explore how organizations, educational institutions, and healthcare 

systems can play a role in promoting effective stress management practices. Additionally, it will 

highlight the importance of fostering a culture that recognizes and supports individuals in 

coping with stress, both in the workplace and in personal lives. 

In conclusion, the challenges posed by stress in the 21st century demand                                           

a comprehensive understanding of coping mechanisms that are suitable for navigating the 

complexities of modern life. By examining both traditional and contemporary approaches to 

stress management, this review paper aims to contribute to the existing literature and offer 

insights into effective coping strategies. It is hoped that this exploration will provide a valuable 

resource for researchers, practitioners, and individuals seeking to enhance their ability to cope 

with stress in the fast-paced and interconnected world of the 21st century. 
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PURPOSE OF THE WORK 

 

The purpose of this paper is to provide a comprehensive examination of coping 

strategies employed by individuals to manage stress in the 21st century. With the advent of 

technological advancements, globalization, and the ever-increasing demands of modern life, 

coping with stress has become a critical concern for individuals. By synthesizing and analyzing 

existing research, this paper aims to achieve the following objectives: 

1. Explore the theoretical frameworks and models that underpin stress and coping 

research: The review will provide an overview of prominent theoretical frameworks, 

such as Lazarus and Folkman's transactional model, the general adaptation syndrome, 

and the cognitive-appraisal model. Understanding these frameworks will lay the 

foundation for comprehending the various coping strategies discussed throughout the 

paper. 

2. Examine traditional coping mechanisms: The paper will delve into traditional 

approaches to stress management, including social support, physical exercise, and 

relaxation techniques. These time-tested strategies continue to play a crucial role in 

individuals' ability to cope with stress. The examination will highlight the effectiveness 

of these mechanisms and their continued relevance in the 21st century. 

3. Investigate emerging coping strategies in the digital age: The review will explore the 

novel coping mechanisms that have emerged in response to the challenges of the modern 

era. With the rise of digital technologies, individuals have access to new tools and 

resources for stress reduction. The paper will discuss the utilization of technology for 

stress management, online support communities, mindfulness apps, virtual reality 

therapy, and other innovative approaches. The benefits and limitations of these new 

strategies will be examined to provide a comprehensive understanding of their 

effectiveness. 

4. Address the unique stressors and challenges of the 21st century: The review will shed 

light on the specific stressors faced by individuals in the current era. Factors such as 

information overload, constant connectivity, social media pressure, and work-life 

imbalance have significantly impacted stress levels. Understanding these stressors is 

crucial for developing coping strategies that address the unique challenges of the 21st 

century. 
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5. Discuss the implications of coping with stress at the societal level: The paper will 

explore the broader implications of coping with stress in the 21st century. It will 

examine how organizations, educational institutions, and healthcare systems can play a 

role in promoting effective stress management practices. Additionally, the review will 

emphasize the importance of fostering a culture that recognizes and supports individuals 

in coping with stress, both in the workplace and in personal lives. 

      By achieving these objectives, this review paper aims to contribute to the existing 

literature on coping with stress in the 21st century. The synthesis of traditional and 

contemporary coping strategies, along with an understanding of the unique stressors faced in 

the current era, will provide valuable insights for researchers, practitioners, and individuals 

seeking to enhance their ability to navigate and manage stress in the fast-paced and 

interconnected world of today. 

 

MATERIALS AND METHODS 

 

This review paper on coping with stress in the 21st century is based on a comprehensive 

analysis of existing literature and research studies. The methodology employed in this study 

involved systematic literature review and analysis to achieve the objectives outlined in the 

previous sections. The following materials and methods were utilized: 

1. Literature Search: A thorough search was conducted in academic databases, including 

PubMed, PsycINFO, Scopus, and Google Scholar, to identify relevant studies, review 

articles, meta-analyses, and theoretical frameworks related to coping with stress in the 

21st century. The search terms included combinations of keywords such as "stress," 

"coping mechanisms," "stress management," "technology," "digital coping strategies," 

"traditional coping strategies," and "21st century." 

2. Inclusion and Exclusion Criteria: The initial search results were screened based on 

predefined inclusion and exclusion criteria. Studies were included if they were 

published in peer-reviewed journals, written in English, focused on coping strategies 

employed in the 21st century, and provided insights into traditional or emerging 

approaches to stress management. Studies that focused solely on specific populations 

(e.g., clinical populations) or those that did not align with the objectives of this review 

paper were excluded. 
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3. Data Extraction and Analysis: Relevant data from the selected articles were extracted, 

including the study design, participant characteristics, theoretical frameworks, coping 

mechanisms investigated, and key findings. The extracted data were organized and 

synthesized based on thematic analysis to identify common themes, patterns, and trends 

in coping strategies employed in the 21st century. The analysis involved a qualitative 

synthesis of the literature, highlighting similarities, differences, and emerging 

approaches. 

4. Theoretical Frameworks and Models: Theoretical frameworks and models related to 

stress and coping were reviewed to provide a conceptual framework for understanding 

the various coping strategies discussed. The transactional model of stress and coping by 

Lazarus and Folkman, the general adaptation syndrome by Hans Selye, and the 

cognitive-appraisal model were examined to gain insights into the underlying 

mechanisms and processes involved in coping with stress. 

5. Synthesis and Interpretation: The extracted data and findings were synthesized and 

interpreted to address the objectives of this review paper. Traditional coping 

mechanisms, such as social support, physical exercise, and relaxation techniques, were 

examined in the context of their effectiveness and relevance in the 21st century. 

Additionally, emerging coping strategies in the digital age, such as the utilization of 

technology, online support communities, mindfulness apps, and virtual reality therapy, 

were evaluated to provide insights into their benefits, limitations, and implications for 

stress management. 

6. Ethical Considerations: As this review paper is based on the analysis of existing 

literature, ethical approval was not required. However, appropriate citation and 

acknowledgment of the original authors' work were ensured to maintain academic 

integrity and give due credit to the contributors in the field. 

By employing these materials and methods, this review paper aims to provide a 

comprehensive synthesis and analysis of coping strategies employed in the 21st century. 

 

RESULTS 

 

The systematic review and analysis of the existing literature on coping with stress in the 

21st century yielded valuable insights into the various coping strategies employed by 
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individuals. The results are presented below based on the objectives outlined in the Materials 

and Methods section. 

 

1. Traditional Coping Mechanisms: 

- Social Support: Social support emerged as a vital coping mechanism in the face of stress. 

Studies consistently demonstrated that individuals who have strong social networks and 

receive emotional, instrumental, and informational support experience better stress 

management outcomes [1]. 

- Physical Exercise: Regular physical exercise was found to be effective in reducing stress 

levels and promoting overall well-being. Engaging in activities such as aerobic exercises, 

yoga, and mindfulness-based practices showed positive effects on stress reduction and 

improved mental health [2].  

- Relaxation Techniques: Various relaxation techniques, including deep breathing, 

progressive muscle relaxation, and meditation, were reported to be effective in alleviating 

stress symptoms and promoting relaxation responses [3]. 

 

2. Emerging Coping Strategies in the Digital Age: 

- Technology-Assisted Stress Reduction: The utilization of technology for stress reduction 

has gained significant attention. Mobile applications, wearable devices, and biofeedback 

tools have been developed to monitor stress levels, provide stress management 

techniques, and facilitate self-care practices [4][5]. 

- Online Support Communities: Online platforms and social media networks have given 

rise to virtual support communities. These communities enable individuals to connect 

with others facing similar stressors, share experiences, seek advice, and receive emotional 

support, fostering a sense of belonging and reducing feelings of isolation [6][7]. 

- Mindfulness Apps: Smartphone applications focused on mindfulness meditation and 

stress reduction have gained popularity. These apps provide guided meditation sessions, 

breathing exercises, and stress management techniques, empowering individuals to 

incorporate mindfulness practices into their daily lives [4].  

- Virtual Reality Therapy: Virtual reality (VR) therapy has emerged as a promising tool for 

stress reduction. VR environments provide immersive and controlled settings that 

simulate real-life scenarios, allowing individuals to engage in exposure therapy, relaxation 

exercises, and stress management simulations [8, 9]. 
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3. Unique Stressors of the 21st Century: 

- Information Overload: The rapid increase in information availability and technology has 

led to information overload, causing stress related to managing vast amounts of data, 

keeping up with news, and distinguishing reliable sources [10][11]. 

- Constant Connectivity: The pervasive nature of technology has resulted in constant 

connectivity, blurring the boundaries between work and personal life. This constant 

availability can lead to work-related stress, reduced work-life balance, and increased 

pressure to always be online and responsive [11]. 

- Social Media Pressure: The use of social media platforms has introduced a new set of 

stressors, including fear of missing out (FOMO), social comparison, cyberbullying, and 

the pressure to present an idealized online self-image [12]. 

- Work-Life Imbalance: The demands of modern work environments, long working hours, 

and the expectation of multitasking have contributed to work-life imbalance, causing 

chronic stress and negatively impacting overall well-being [13]. 

 

4. Implications for Society: 

- Organizational Support: Organizations play a crucial role in supporting employees' stress 

management efforts. Implementing flexible work arrangements, promoting work-life 

balance, and providing resources and training on stress management can create a 

supportive work environment [14]. 

- Educational Interventions: Educational institutions can incorporate stress management 

programs and teach coping skills to students at various educational levels. Equipping 

individuals with effective coping strategies early on can foster resilience and well-being 

throughout their lives [15]. 

- Healthcare Interventions: Healthcare systems should recognize the impact of stress on 

overall health and well-being. Integrating stress management interventions into healthcare 

settings, promoting preventive care, and facilitating access to mental health services can 

aid individuals in coping with stress-related challenges [16].  

- The results of this review paper highlight the importance of both traditional and emerging 

coping strategies in the 21st century. While traditional mechanisms like social support, 

physical exercise, and relaxation techniques remain effective, new coping strategies in the 

digital age offer innovative tools and resources. However, it is crucial to acknowledge the 

unique stressors faced in the modern era and the need for tailored coping interventions. 
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By addressing these stressors and providing support at the individual, organizational, and 

societal levels, effective stress management can be achieved, enhancing overall well-

being in the 21st century. 

 

DISCUSSION 

 

The discussion section of this review paper aims to provide a comprehensive analysis 

and interpretation of the results obtained from the systematic review of literature. The following 

discussion incorporates the findings presented in the Results section and offers insights into the 

implications, limitations, and future directions for research and practice. 

 

1. Traditional Coping Mechanisms 

The results emphasize the continued relevance and effectiveness of traditional coping 

mechanisms, such as social support, physical exercise, and relaxation techniques, in managing 

stress in the 21st century. The consistent evidence supporting the positive impact of social 

support on stress management highlights the importance of fostering and maintaining strong 

social connections. Encouraging individuals to build and nurture social networks may prove 

instrumental in coping with stress and promoting overall well-being. 

Similarly, the beneficial effects of physical exercise on stress reduction align with 

previous research. Regular exercise has been shown to reduce stress levels, enhance mood, and 

improve overall physical and mental health. Incorporating physical activity into daily routines, 

such as engaging in aerobic exercises, yoga, or mindfulness-based practices, can provide 

individuals with effective tools to cope with stress in the modern era. 

Relaxation techniques, including deep breathing, progressive muscle relaxation, and 

meditation, have demonstrated their efficacy in managing stress. These practices induce a 

relaxation response, counteracting the physiological and psychological effects of stress. 

Encouraging individuals to incorporate these techniques into their daily lives, even for short 

durations, can help alleviate stress and promote a sense of calmness. 

 

2. Emerging Coping Strategies in the Digital Age 

The results highlight the emergence of new coping strategies in the digital age, 

leveraging technology to address stressors. Technology-assisted stress reduction tools, such as 

mobile applications and wearable devices, offer personalized approaches to stress management. 
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These technologies provide individuals with the means to monitor their stress levels, learn stress 

management techniques, and engage in self-care practices. However, the effectiveness and 

long-term impact of these tools warrant further investigation. 

Online support communities have emerged as a valuable resource for individuals 

seeking social support and connection. These virtual platforms offer a space for sharing 

experiences, seeking advice, and receiving emotional support from like-minded individuals 

facing similar stressors. The accessibility and anonymity provided by online support 

communities can reduce feelings of isolation and provide a sense of belonging. 

Mindfulness apps have gained popularity as a convenient and accessible means of 

incorporating mindfulness practices into daily life. These apps offer guided meditation sessions, 

breathing exercises, and stress management techniques. While research suggests that 

mindfulness-based interventions can be effective in stress reduction, the quality and efficacy of 

mindfulness apps may vary, underscoring the need for further evaluation and standardization. 

Virtual reality therapy represents a promising avenue for stress management. By 

creating immersive and controlled environments, VR therapy allows individuals to engage in 

exposure therapy, relaxation exercises, and stress management simulations. While still in its 

early stages, VR therapy holds potential as an innovative approach to stress reduction, although 

its accessibility and cost-effectiveness need to be addressed. 

 

3. Unique Stressors of the 21st Century 

The discussion of unique stressors faced in the 21st century highlights the challenges 

posed by information overload, constant connectivity, social media pressure, and work-life 

imbalance. Information overload can lead to stress related to managing vast amounts of data, 

staying updated with news, and discerning reliable sources. Coping strategies that involve 

information management, critical thinking, and establishing boundaries with technology may 

prove effective in mitigating information overload. 

Constant connectivity blurs the boundaries between work and personal life, contributing 

to work-related stress and reduced work-life balance. Strategies promoting time management, 

boundary setting, and self-care can help individuals establish healthier boundaries and enhance 

work-life integration. 

Social media pressure introduces unique stressors, including fear of missing out 

(FOMO), social comparison, and the pressure to present an idealized self-image. Encouraging 
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digital literacy, promoting mindful social media usage, and fostering authentic connections can 

assist individuals in navigating the challenges of social media and reducing associated stress. 

Work-life imbalance is a significant stressor in the modern era. Organizations can play 

a pivotal role in addressing this issue by implementing flexible work arrangements, promoting 

a supportive work culture, and providing resources for stress management. Additionally, 

individuals can benefit from prioritizing self-care, setting boundaries, and seeking support from 

their social networks to achieve a healthier work-life balance. 

 

4. Implications for Society 

The results have several implications for society, particularly in terms of organizational 

support, educational interventions, and healthcare initiatives. Organizations should recognize 

the impact of stress on employee well-being and productivity. Implementing supportive 

policies, providing stress management resources, and fostering a positive work environment 

can contribute to healthier and more engaged employees. 

Educational institutions can play a crucial role in equipping individuals with effective 

coping strategies from an early age. Incorporating stress management programs and teaching 

coping skills can enhance resilience, emotional well-being, and academic performance. 

Educational interventions should focus on developing coping strategies specific to the 

challenges of the 21st century, such as information management, digital well-being, and work-

life integration. 

Healthcare systems need to acknowledge the impact of stress on overall health and well-

being. Integrating stress management interventions into healthcare settings, promoting 

preventive care, and facilitating access to mental health services are essential in addressing the 

growing stress-related health concerns in the 21st century. Healthcare providers should adopt a 

holistic approach, considering both traditional and emerging coping strategies in their treatment 

plans. 

 

5. Limitations and Future Directions 

This review paper has several limitations that warrant acknowledgment. Firstly, the 

reliance on existing literature introduces the possibility of publication bias and may overlook 

unpublished or grey literature. Additionally, the quality and heterogeneity of the included 

studies may influence the generalizability of the findings. Future research should consider 
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conducting systematic reviews and meta-analyses to further consolidate the evidence base and 

evaluate the effectiveness of coping strategies in different populations. 

Furthermore, given the rapid pace of technological advancements, emerging coping 

strategies require ongoing evaluation to assess their long-term effectiveness, user experience, 

and potential drawbacks. Continual monitoring of technology-assisted interventions, such as 

mindfulness apps and virtual reality therapy, will provide valuable insights into their 

sustainability, ethical considerations, and integration into mainstream healthcare practices. 

Moreover, as the 21st century unfolds, new stressors may arise, requiring innovative 

coping strategies. Future research should be responsive to these evolving stressors and explore 

novel approaches to stress management in response to societal and technological changes. 

In conclusion, this review paper highlights the importance of both traditional and 

emerging coping strategies in managing stress in the 21st century. It underscores the continued 

relevance of social support, physical exercise, and relaxation techniques while acknowledging 

the potential benefits of technology-assisted interventions, online support communities, 

mindfulness apps, and virtual reality therapy. Addressing the unique stressors of the modern era 

and fostering support at the individual, organizational, and societal levels can enhance stress 

management and promote overall well-being in the 21st century. 

 

CONCLUSIONS 

 

This review paper has provided a comprehensive analysis of coping with stress in the 

21st century, examining both traditional and emerging coping mechanisms.  

The results indicate the continued relevance and effectiveness of traditional coping 

strategies, such as social support, physical exercise, and relaxation techniques, in managing 

stress.  

These strategies have demonstrated consistent positive outcomes in reducing stress 

levels, promoting well-being, and fostering resilience. 

Furthermore, the review highlighted the emergence of innovative coping strategies in 

the digital age. Technology-assisted interventions, including mobile applications, online 

support communities, mindfulness apps, and virtual reality therapy, offer promising avenues for 

stress management. These tools leverage the accessibility and connectivity provided by 

technology to provide personalized and convenient solutions for individuals facing stressors in 

the modern era. 
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The discussion also shed light on the unique stressors of the 21st century, including 

information overload, constant connectivity, social media pressure, and work-life imbalance. 

These stressors present new challenges and call for tailored coping strategies that address the 

specific demands of the digital age. By recognizing and addressing these stressors, individuals, 

organizations, and society as a whole can better support stress management efforts and promote 

overall well-being. 

The implications of this review paper extend to multiple domains. Organizations play a 

crucial role in supporting employees' stress management by implementing policies that promote 

work-life balance, creating a supportive work environment, and providing resources for stress 

reduction. Educational institutions can equip individuals with effective coping strategies from 

an early age, fostering resilience and well-being throughout their lives. Healthcare systems 

should integrate stress management interventions into healthcare settings, emphasizing 

preventive care, and facilitating access to mental health services. 

However, it is important to acknowledge the limitations of this review. The reliance on 

existing literature introduces the possibility of publication bias, and the heterogeneity of the 

included studies may impact the generalizability of the findings. Additionally, the rapid pace of 

technological advancements necessitates ongoing evaluation of emerging coping strategies to 

assess their long-term effectiveness and potential drawbacks. 

Future research should consider conducting systematic reviews and meta-analyses to 

consolidate the evidence base and evaluate the effectiveness of coping strategies in diverse 

populations. Continual monitoring of technology-assisted interventions and the exploration of 

novel coping approaches will contribute to our understanding of effective stress management 

in the evolving landscape of the 21st century. 

In conclusion, coping with stress in the 21st century requires a multi-faceted approach 

that combines traditional coping mechanisms with emerging strategies facilitated by 

technology.  

Social support, physical exercise, and relaxation techniques remain effective and 

relevant, while technology-assisted interventions, online support communities, mindfulness 

apps, and virtual reality therapy offer innovative tools for stress reduction.  

By addressing the unique stressors of the modern era and fostering support at individual, 

organizational, and societal levels, effective stress management can be achieved, enhancing 

overall well-being in the 21st century and beyond. 
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ABBREVIATION LIST 

• B. C. E- before the common era 

• ECS- endocannabinoid system 

• CB1/CB2- cannabinoid receptor 1/ cannabinoid receptor 2 

• GPCRs- G protein-coupled receptors 

• GABA- Gamma-Aminobutyric Acid 

• CBD- Cannabidiol 

• THC- Tetrahydrocannabinol 

• USA- United States of America 

• MS- multiple sclerosis 

• EMA- European Medicines Agency 

• LGS- Lennox-Gastaut Syndrome 

• DS- Dravet Syndrome 

• EEG- electroencephalogram 

• AEDs- antiepileptic drugs 

• IBD- Inflammatory Bowel Disease 

• PTSD- post-traumatic stress disorder 

• DEA- The United States Drug Enforcement Administration 

• SUD- Substance Use Disorder 

 

HISTORY OF MARIJUANA 

 

Cannabis has been a well-known plant for many centuries for its various properties. As 

early as 650 B.C.E in Assyria its intoxicated features had been discovered and used [1]. Later 

on, cannabis was found as a medicine mainly analgesic, and nowadays especially in Eastern 
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countries the use of medical marijuana is considered something experimental, full of mystery, 

and even illegal. Therefore this paper aims to increase awareness of what marijuana is in terms 

of its use as a medicine and as a drug.  

The human body has its endocannabinoid system (ECS) which produces 

endocannabinoids and consist of cannabinoid receptors, and enzymes which are also responsive 

to cannabinoids found in marijuana. CB1 and CB2 receptors are the most known for now. They 

are G protein-coupled receptors (GPCRs), primarily coupling to inhibitory G proteins. CB1 

receptors are mainly found in certain GABAergic interneurons and on synaptic terminals where 

they are responsible for modulating synaptic transmission, but also appear in the skin, liver, 

adipose tissue, and probably many other places. CB2 receptors are present in immune cells and 

microglia where their activation has anti-inflammatory properties it is also believed that their 

occurrence in neurons is linked with some kind of pathological state [1]. 

Out of over 400 active substances contained in marijuana, the best known are from the 

group of cannabinoids: Cannabidiol (CBD) and Tetrahydrocannabinol (THC); they both have 

high affinity to CB1, CB2, and other GI-coupled receptors.  

With only a few studies it is considered that THC is mainly responsible for psychoactive 

effects and CBD progressively influences THC-induced anxiety, psychosis, and cognitive 

deficits [1].  

Therefore marijuana has been accompanying humanity for centuries, in today's world 

its active substances, dangers, and possibilities of use in medicine or industry are not well 

understood. It is probably related to the War on Drugs, which is the name of a global campaign 

led by the USA in the 1970s which established a zero-tolerance policy for any illegal substances 

including marihuana. It enabled many experiments, and studies and made it very difficult or 

even impossible to execute. Nowadays The War on drugs is still taking its toll which presents 

very high prices and enormous formal requirements to start the study on marihuana.    

 

IMPACT OF CANNABINOIDS ON THE HUMAN BODY 

 

  To understand the cannabinoid impact on therapy use of various diseases first, it is 

important to establish what’s the impact of cannabinoid-active substances on the human body. 

The primary psychoactive component of marijuana, delta-9-tetrahydrocannabinol (THC), 

interacts with the endocannabinoid system (ECS) in the Central nervous system. It is involved 

in the modulation of neurotransmission and synaptic plasticity which has a direct impact on 

cognitive processes [2]. 
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During administration to the body, THC binds to cannabinoid receptors CB1 and CB2, 

located on presynaptic neurons. This action leads to alterations in the release of 

neurotransmitters such as dopamine, glutamate, and GABA. These changes in 

neurotransmission have an impact on neural oscillations. It has a significant influence on the 

theta and gamma frequency bands which are linked with cognitive processes including 

attention, memory, and emotional regulation. Disruption of neural oscillations may contribute 

to the observed changes in cognitive performance among marijuana users. 

It is important to notice individual differences in response to the active agents, as well 

as the potential therapeutic applications of cannabinoids for specific neurological disorders [2].  

Cannabinoids' active substance THC, interacts with CB1 and CB2 receptors in the 

endocrine system, influencing various endocrine organs.  One objective of endogenous 

cannabinoids has been to regulate food intake and energy homeostasis. It has significant effects 

on activity regulation of the pituitary gland, adrenal cortex, thyroid gland, pancreas, and 

gonads.The interrelations between the substitute particles for the endocannabinoid system 

which have an impact on the endocrine system offer potential therapeutic targets for conditions 

like infertility, obesity, diabetes, and cardiovascular diseases [2] . 

 

CURRENT MEDICAL USAGE OF MARIHUANA IN MEDICINE 

 

  In this part, we will focus on the current uses of cannabinoids in medical fields. To 

segregate different diseases this chapter will segregate disorders into medical specializations. 

This way it will clarify current medical fields in which cannabinoids are used. 

 

Neurology 

In the field of neurology, cannabis products have gained interest due to their potential 

to influence neurological pathways in various ways. 

For multiple sclerosis (MS) patients experiencing spasticity the cannabis-derived 

medicine nabiximols has been approved by several European countries, offering a new 

approach for managing the effects of spasticity in MS patients A study published in the journal 

provides evidence of the positive impact of nabiximols (Sativex) treatment on brain 

connectivity in MS patients with spasticity [3]. The study found that patients treated with 

Sativex presented increased global brain connectivity, particularly in responders, and decreased 

connectivity of motor areas, as well as bidirectional connectivity changes of the left cerebellum 

with several cortical areas [3]. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7027431/
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In many cases of MS, there is a subset of patients for whom spasticity symptoms are 

difficult to manage with conventional treatments or do not yield significant effects. This group 

has been classified under a new condition called "Spasticity-plus syndrome," characterized by 

the presence of spasticity alongside additional symptoms such as pain, fatigue, sleep 

disturbance, bladder or bowel dysfunction, and cognitive impairment A real-world evidence 

study of nabiximols in multiple sclerosis patients with resistant spasticity analyzed data of 

10,138 patients with MS spasticity and found that nabiximols treatment led to a 24.6% reduction 

in spasticity severity at week 4, and a 33.9% reduction of spasticity symptoms at the 18-month 

mark. Additionally, nabiximols were found to resolve various spasticity-associated symptoms 

at week 4, and after 18 months in treatment continue [4]. 

To support the use of cannabis in treating patients with multiple sclerosis, we can refer 

to the long-term observational study Evidence-based management of multiple sclerosis 

spasticity with nabiximols oromucosal spray in clinical practice: a 10-year recap, which 

monitored patients for 10 years, amassing statistical data from 150,000 patient-years. The 

conclusions of this research support the efficacy of administering nabiximols to treat spasticity 

syndromes in patients with multiple sclerosis [5]. 

 

Rare forms of epilepsy 

 In the context of rare forms of epilepsy, such as Lennox-Gastaut and Dravet syndromes, 

a CBD-based treatment is currently under review by the European Medicines Agency (EMA).  

The potential of the drug lies as an adjunctive treatment to reduce seizures. If approved, this 

medical product could provide a new approach to managing these challenging syndromes and 

improving the lives of patients. 

 Lennox-Gastaut Syndrome (LGS) and Dravet Syndrome (DS) are epileptic 

encephalopathies, predominantly seen in children. LGS is characterized by the onset of multiple 

seizure types, cognitive impairment, and a specific electroencephalogram (EEG) pattern[1]. DS, 

on the other hand, characterizes by frequent and prolonged seizures often triggered by fever or 

hot temperatures also presenting itself in the form of developmental delay [6]. 

 The use of cannabinoids for the treatment of Lennox-Gastaut and Dravet syndromes 

shows a promising venue for therapeutic use in the field of epilepsy management. Those 

syndromes are severe forms of childhood-onset epilepsy. It is often characterized by multiple 

seizure types, cognitive impairment, and a generally poor prognosis. Some patients don’t 

respond to treatment with the use of standard antiepileptic drugs (AEDs). Because of that some 
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healthcare systems fail to provide effective seizure control management for patients with these 

conditions. From this point, it is necessary to explore alternative treatments [6]. 

  The study sample included 34 LGS patients and 10 DS patients aged between 2-18 years 

who initiated CBD treatment. CBD was administered orally at a starting dose of 5 mg/kg/day, 

and after a week, it was maintained at 10 mg/kg/day. Evaluation has been performed at 3 and 6 

months based on caregiver reports and additional evaluations like electroencephalogram and 

blood tests [6]. 

In the LGS group, at the 3-month point, the overall reduction of seizure frequency has 

been noted at 52.9% (>50% reduction in 32.3% of the cases), which decreased to 29.4% at the 

6-month evaluation (>50% reduction in 20.6% of the cases). In the DS group, the reduction of 

seizure frequency by more than 50% was 30% and 20% at the 3-month and 6-month 

evaluations, respectively. Adverse events were reported in 36.3% of the total patients, with 

gastrointestinal problems being mostly reported. No life-threatening adverse events were 

reported in the LGS and DS groups during the observation period. The study's findings suggest 

that CBD was safe, tolerable, and potentially effective in reducing seizure frequency in 

monitored groups. Despite these promising results, several important questions remain. The 

long-term efficacy and safety of CBD treatment in LGS and DS are not yet fully understood. 

It’s also important to determine optimal dosing and administration strategies [6]. 

  In conclusion, the use of cannabis, particularly CBD, offers a promising alternative for 

the treatment of LGS and DS[1]. It provides a novel approach to managing the severe cases of 

treatment-resistant epilepsies where conventional therapies often fail [1]. While further research 

is required to fully establish its role, the evidence to date suggests that CBD represents a 

valuable possibility for the therapeutic strategies of those conditions [1]. 

 

Oncology 

Prostate cancer is one of the most prevalent forms of cancer in the male population. The 

potential use of cannabinoids in oncology is an emerging area of research that has shown 

promising results. This review presents a comprehensive discussion of the therapeutic potential 

of cannabinoids for the treatment of prostate cancer [7]. 

The therapeutic potential of cannabinoids is researched for potential treatment of 

prostate cancer. De Petrocellis et al. (2013) performed in vitro study which outlines that 

cannabinoids can trigger apoptosis in prostate cancer cells through CB1 and CB2 receptors, 

implying a potential mechanism for their anticancer effects [8]. Transitioning to another study 

by Olea-Herrero et al. (2009) which outlines that Δ9-tetrahydrocannabinol (THC) significantly 
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reduced tumor growth in a mouse xenograft model of prostate cancer. This research supports 

the in vivo antitumor activity of cannabinoids [9]. The study by Sarfaraz et al. (2005) spotted r 

a significant decrease in the expression of androgen receptors - a key factor in the progression 

of prostate cancer [10] 

These findings give strong insides for further investigation. It is important to note that 

these studies predominantly utilized in vitro models or animal studies. The translation of these 

findings to clinical practice necessitates further clinical trials in human subjects. 

 

Pain Management 

Cannabinoids have been increasingly recognized for their potential in managing chronic 

pain. Base on Bains et al. arguments for potential cannabinoid use in pain management have 

been outlined [11]. Studies provide statistical evidence to support this therapeutic potential. 

A survey of 984 chronic pain patients reported that two-thirds found cannabis administration 

with significant pain relief. Additionally, a reduction in opioid use by 64% was observed among 

chronic pain patients using medical marijuana. This provides potential as an alternative 

treatment [12].  

It is essential to consider the patient-reported adverse effects and potential drug 

interactions. Furthermore, evidence regarding its effectiveness in acute pain and cancer pain is 

still limited. The growing interest in cannabinoid use for pain management potentially might be 

an alternative to the ongoing opioid crisis in the US. To ensure precise meaningful data to 

support the creation of clear and safe guidelines further research needs to be conducted. 

 

Gastroenterology 

  Inflammatory Bowel disease presents a significant global health issue with growing 

incidence rates. Currently in use treatment protocols, mostly rely on immunosuppressive drugs 

and anti-inflammatory agents. Those types of treatments often have limited effectiveness and 

come with a range of potential side effects. Bringing cannabinoids as a potential therapeutic 

drug might give an advantage In some cases with limited treatment options. Inflammatory 

Bowel Disease (IBD) poses a significant challenge to the medical community. Patients have to 

endure its chronic nature, symptom severity, and lack of consistent, effective treatments. Recent 

research introduces the potential benefits of cannabinoid treatment for this condition. 

  Conducted observational studies, based on the overview of Naftali et al., outlined that a 

significant percentage of patients with IBD have reported an improvement in symptoms such 

as pain, appetite, and diarrhea after cannabis administration [13]. In the study, Crohn's disease 
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patients using licensed medical cannabis showed a significant reduction in the Harvey 

Bradshaw index (a measure of disease activity). A study of IBD patients licensed for medical 

cannabis use found a significant improvement in the same index over a median follow-up period 

of 44 months [14].While these observational studies suggest a potential benefit of cannabis use 

in IBD, the data from randomized controlled trials remains inconclusive. A Cochrane review of 

three trials involving 93 participants found no definitive evidence regarding the efficacy and 

safety of cannabis and cannabis oil for active Crohn's disease [15]. The third trial showed a 

significant reduction in CDAI and improved quality of life scores with a CBD: THC ratio of 

4:1, but no significant changes in other inflammatory markers [13]. 

In conclusion, some observational data and some clinical trials suggest potential benefits 

of cannabinoids in IBD treatment, still more randomized controlled trials are needed to further 

determine the effectiveness and safety of cannabinoid use in IBD. 

 

Psychiatry 

  Some researchers noted cannabinoid potential for the prevalence of post-traumatic stress 

disorder (PTSD). A substantial part of research suggests a positive impact on the symptom-

relieving impact of cannabinoids in PTSD [16]. Some monitored patients have done self-

medicative use of cannabis, largely driven by stress, tension, and anxiety. Studies indicate that 

cannabinoids may be particularly effective in managing hyperarousal symptoms and sleep 

disturbances associated with PTSD. 

A retrospective study on Vietnam War veterans showed a correlation between the 

severity of PTSD symptoms and increased marijuana use [17].  A more recent study by Bonn-

Miller et al.  reported a higher use rate of cannabis and a greater frequency of use among medical 

users with high PTSD scores compared to those with low PTSD scores [18]. Improvements in 

sleep quality seemed to be a primary motivator for such use. Clinical trials by Fraser et al. have 

demonstrated the efficacy of cannabinoids in alleviating PTSD symptoms. Clinical data shows 

that 72% of PTSD patients report a significant reduction of nightmares after being administered 

a synthetic cannabinoid modulator, nabilone [19].  

Overall, while more research is needed to fully understand the intricacies of this 

relationship, these findings suggest that cannabinoids hold promise as a potential therapeutic 

medicine in the treatment of PTSD. 

In conclusion, cannabinoids have shown great promise in treating a range of medical 

conditions including chronic pain, chemotherapy side effects, inflammatory bowel diseases, 

Multiple Sclerosis, rare forms of epilepsy, and Post-traumatic stress disorder. Further research 
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is necessary to establish their safety and optimal usage guidelines. The broad spectrum in which 

cannabinoids are implemented suggests that it is prominent to support future research to explore 

therapeutic applications. 

  

SAFETY OF CANNABINOIDS TREATMENT IN A POPULATION 

 

           The vital part of introducing new treatments and drug use is establishing potential safety 

concerns among the population. Among the population, genetic predispositions may vary. 

 In concern of cannabinoid use, researchers have highlighted gene AKT1 which may have                       

a direct impact on safety for potential cannabinoid treatment receivers. 

    Studies found that some polymorphism in gene AKT1 has differential responses among 

cannabinoid receivers.This chapter outlines potential risks that may occur in the affected 

population. 

          Among cannabinoid users medical professionals outlined increased occurrence risk of 

psychotic states. To determine the probability of such occurrences research has been conducted. 

One of the genetic factors influencing this relationship is the AKT1 gene, which plays                                

a significant role in regulating synaptic plasticity, neuronal survival, and dopamine release. 

  A case study by Di Forti, et al. links cannabinoid intake with the AKT1 gene variant as the 

prominent factor for the development of psychotic states. The study identified specific AKT1 

gene variants, such as the C/C genotype located at the rs2494732 locus, that increase probability 

of occurrence of psychotic symptoms upon cannabis use [20]. 

          Analyzing a case-control study by Di Forti, et al. the interaction between the AKT1 

rs2494732 single nucleotide polymorphism and cannabis use was tested. Increased risk of 

psychosis was investigated among 489 first-episode psychosis patients and 278 control subjects. 

The results indicated that the rs2494732 locus did not have a direct association with an increased 

risk of a psychotic disorder, lifetime cannabis use, or frequency of use. However, the 

researchers found a significant interaction between the rs2494732 locus and the effect of 

lifetime cannabis use on the risk of psychosis (likelihood ratio statistic for the interaction = 

8.54; p = .014) [20]. 

   Carriers of the C/C genotype with a history of cannabis use demonstrated a greater than 

twofold increased likelihood of a psychotic disorder (odds ratio = 2.18 [95% confidence 

interval: 1.12, 4.31]) when compared with users who were T/T carriers. The interaction between 

the rs2494732 genotype and frequency of use was significant at the 5% level (likelihood ratio 

= 13.39; p = .010). Among daily users, C/C carriers showed an increase by seven times in the 
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odds of psychosis compared with T/T carriers (odds ratio = 7.23 [95% confidence interval: 1.37, 

38.12]) [20]. 

            In summary, individuals carrying the C/C genotype at the rs2494732 locus in the AKT1 

gene may have a higher risk of developing psychosis when using cannabis compared to those 

without this genotype. This highlights the importance of considering genetic factors when 

assessing the potential risks associated with cannabis use, especially concerning mental health 

outcomes like psychosis. 

 

Health risks of medical use of cannabinoids 

To fully appreciate the potential gains of medical treatment it is vital to establish 

possible negative outcomes to weigh the risks and gains of potential therapy for individual 

patients.This part outlines potential negative outcomes of cannabinoid therapy as well as the 

frequency of reporting adverse effects among patients. 

Based on the report published by the European Monitoring Centre for Drugs and Drug 

Addiction following “Medical use of cannabis and cannabinoids: questions and answers for 

policymaking” Part 1; section: “ What health risks are associated with the medical use of 

cannabis and cannabinoids?”. Three main aspects main be outlined; short-term, long-term, and 

dependency risk of cannabinoid use [21]. 

 

The short-term risks 

The short-term risks of medical cannabinoids and cannabis have been evaluated through 

randomized controlled clinical trials. The review conducted by the Health and Medicine 

Division, NASEM (1999) outlines the short-term adverse effects of cannabinoids were similar 

to those of other commonly used medicines. Research by Wang et al. (2008) did not find an 

increased risk of serious adverse effects in patients using cannabinoid drugs compared to 

placebo. Researchers outlined the problem of the limited ability to detect rare adverse events 

due to small sample sizes and lack of follow-up data from patients who left the trials [22, 23]. 

Research by Whiting et al. conducted a meta-analysis of short-term adverse events in 

79 randomized trials evaluating the effectiveness of cannabinoids for the treatment of various 

conditions. It was established that the group receiving cannabinoids was more likely to report 

an adverse event (OR = 3.03) and slightly more likely to report a serious adverse event (OR = 

1.41) compared to the group receiving a placebo. The most commonly reported adverse events 

were dizziness, dry mouth, disorientation, nausea, euphoria, confusion, and somnolence, with 
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serious adverse events being much rarer. Rarely reported were adverse events which included 

confusion, hallucinations, paranoia, and symptoms of psychosis [24]. 

  

The long-term risks 

Long-term risks linked to the use of cannabinoids have been studied to a limited extent. 

The available evidence suggests that adverse events are generally reported between mild to 

moderate. The effects show similar outcomes to those observed in the short-term section [22]. 

In a study by Serpell et al., adverse events were linked to multiple sclerosis patients treated with 

nabiximols for spasticity, with a monitoring time of up to 3 years [25]. 84 % of patients (n=145) 

reported adverse events as mild to moderate, with the most common being dizziness, fatigue, 

and headache. It is important to outline the timeline of patients undergoing therapy stretched 

between one-year, two-year to three-year-long treatment. Sixteen percent of patients withdrew 

from the study due to these adverse events. 

Two observational studies conducted on Israeli cancer patients and elderly patients 

reported similar results in both study groups. 31% of participants reported adverse events 

including 8% dizziness, 7,3% dry mouth, 3,6 % increased appetite, 3,3% sleepiness, and 2,8 % 

psychoactive effects. The prevalence and type of adverse events were similar in both groups of 

patients [26, 27]. 

Currently, there is a lack of research on the long-term use of CBD in children with 

intractable epilepsy, which should be considered a research priority due to concerns about 

potential effects on brain development [27]. 

 

Dependence on cannabinoids use 

Cannabis dependence is a potential consequence of long-term cannabis use. 

Dependency may be shown as difficulties in controlling or stopping cannabinoid use despite 

negative impacts on health, well-being, or social functioning [28]. Most studies on cannabis 

dependence have focused on recreational users who typically start using during adolescence 

and consume potent cannabis products daily for extended periods. 

In the early 1990s, the lifetime risk of developing cannabis dependence among 

recreational users in the United States was estimated at 9% [29].This figure is lower than the 

corresponding risks for other substances: 32% for nicotine, 23% for heroin, 17% for cocaine, 

15% for alcohol, and 11% for stimulants [30, 31].These statistics suggest that although cannabis 

dependence is a potential concern, the likelihood of developing dependence is lower compared 

to other commonly used substances. 
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Graph data based on research [29]. 

 

IMPACT OF CANNABIS LEGALIZATION IN SOCIETY 

 

 Lowering opioid-related deaths 

In the study by Livingston et al, which followe the cannabis legalization process in 

Colorado, recreational cannabis legalization impacted the number of opioid-related deaths in 

the region [32]. 

The results revealed a decrease in opioid-related deaths after the legalization of 

recreational cannabis in Colorado. When controlling trends in comparison states and Colorado's 

PDMP, there was a reduction of approximately 0.7 deaths per month compared to the baseline 

period.Comparing the numbers of opioid-related deaths before legalization with the numbers at 

the end of the follow-up study estimates a 6.5% reduction in opioid-related deaths [32].  

The research refers to studies like Bachhuber et al. which suggests a potential protective 

effect of medical cannabis legalization on opioid-related deaths. The study recognizes its 

limitations, including the inability to randomize the legalization of recreational cannabis to 

different states, and emphasizes the need for continued research as more data become available 

[33]. 

 

Crash fatalities statistics 

  Preuss et al. analyzed the relationship between tetrahydrocannabinol (THC) 

concentration and the risk of car crashes. Researchers point to the significance of the legal cut-



A modern view on whether marijuana should be considered a medicine or a narcotic  
 

267 
 

off values for THC blood levels that vary across European countries for driving under the 

influence of cannabis. Studies have shown a higher risk for THC levels ≥ 5 ng/ml, with the risk 

increasing with higher THC concentration [34]. 

A study conducted in Australia by Drummer et al. concludes that drivers with blood 

THC concentrations of 5 ng/ml or higher were more likely to be responsible for fatal crashes 

and that the culpability odds increased with higher THC levels [35]. The study by conducted in 

France found that driving under the influence of cannabis increased the risk of fatal car crashes, 

even though the risk was lower than that for alcohol-influenced driving [36]. Another study 

corroborated the results of the French cohort study. Data shows that the risk of causing a fatal 

crash was multiplied by 1.65 for drivers under the influence of cannabis [37]. 

Based on mentioned data it is of great concern whether what levels might be established 

as safe for drivers. It is important to conduct more research in this field to establish a clear 

understanding of safe doses and limits for drivers. 

 

Usage among the young people 

According to the National Institute on Drug Abuse, usage of marihuana among young 

people between 19 and 30 years old has reached its historical record since 1988 in 2021,  after 

a noticeable decrease in consumption during the covid-19 pandemic, and now in 2023 remains 

gradually increasing. On the other hand, statistics show that during the early onset of the 

pandemic and school closing the amount of marihuana usage among teenagers dramatically 

decreased and now it persists below pre-pandemic levels [38, 39]. National Center for Drug 

Abuse Statistics states that 45% of people in the USA claimed to use marihuana at some point 

in their life and 16.9% are currently using cannabis. We should also remember that this statistic 

might be inaccurate because in some states marihuana is still illegal and admitting usage may 

not correspond with accurate statistics.  

The United States Drug Enforcement Administration (DEA) provides information on 

how cannabinoids influence the human body in terms of using them for self-satisfaction which 

includes: relaxation, disinhibition, increased appetite, increased sociability, affects memory and 

learning, difficulty in thinking and problem-solving, hallucinations, impaired judgment, 

reduced coordination, distorted perception.  

Cannabis is believed to be the most commonly used substance of abuse after alcohol 

and tobacco  [40]. Increasing use forces us to consider the risk of addiction. Proximately 9% of 

users will have problems with marihuana abuse. Some people are more likely to get dependent 

because of their genetic tendencies, age of first contact, consistency, environment, economics, 
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and many others, although the addiction potential rate is significantly lower than in for example 

alcohol [41]. 

The presented by Koob and Volkow 2016 common model of addiction consists of three 

stages describing disturbances in three major neurocircuits:  

1. the binge/intoxication changes in the basal ganglia; 

 2. withdrawal/negative affect -changes in the extended amygdala;  

3. preoccupation/anticipation changes in the prefrontal cortex. 

As we know all drugs of abuse fortify dopamine release, in cannabis substance mainly 

responsible for DA release is considered THC, but in some studies, there is found no evidence 

that THC could be leading to increased DA release this might be caused by  THC inducing 

quantitatively less DA release than other psychostimulants such as methylphenidate or 

amphetamine [42]. 

There are still uncertainties about how acute marijuana affects risk-taking in humans. In 

the experimental study, under laboratory conditions, results showed both reinforced and losing 

risky outcomes and are strongly correlated with dosage. Despite that, the statistics of taking risk 

behaviors revealed that marihuana users are more likely to have criminal records mainly: 

notably attempted homicide, drug trafficking, and delinquency [43]. 

DUIC which stents for Driving Under the Influence of Cannabis becomes a more and 

more concerning public problem. After alcohol marihuana is the second most detected 

substance in the general drivers' population as well as crash-involved population [44].  People 

under the influence may experience symptoms that enable them to drive for a long time of 

reaction, lack of automatic reactions, impaired judgment, and problem-solving skills, but for 

the majority of accidents, it is believed to be responsible for drowsiness. More research is 

needed, but looking through statistics in the USA from 2021, in terms of gender more males 

the age 21-25 drive after using drugs, and those who have THC in their blood are twice more 

likely to cause deadly crush than drivers who did not use any psychoactive substances [45]. 

Chronic use of marihuana can also damage cortical synaptic plasticity in the 

hippocampus and may cause permanent deficits in memory, mainly in the verbal domain,  

especially in younger populations. Another cannabis-associated dysfunction is impermanent in 

executive domains and functions such as IQ [42]. About 9% of common cannabis users develop 

SUD which stands for Substance Use Disorder. The characteristics of symptoms, time of 

occurrence, and severity are very similar to those of SUD after other substances withdrawal 

[42]. The clinical diagnosis is based on symptoms such as mood swings, presents of disrupted 
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thoughts, anxiety, sleep deprivation, and sexual disorders, and exacerbates the risk of psychoses 

including schizophrenia [46]. 

In terms of the overdosage of cannabis, there are very few statistics that show specific 

data on overdose cases and deaths. The Diagnostic and Statistical Manual of Mental Disorders 

described cannabis intoxication, the symptoms vary in specific age groups and are caused by 

the method of intake, type of consumption, and the pharmacokinetics of absorption- amount of 

THC per kilogram of body mass. The common symptoms include tachycardia, hypertension, 

visual changes, dizziness, confusion, nausea accompanied by abdominal pain, tachypnea, dry 

mucus membrane, red eye, and anxiety. Children more often present with physical disorders 

such as pain, vomiting, dry membranes, or dizziness while in adults we can observe more often 

confusion, dizziness, or hallucination. Laboratory tests revealed that with cannabis intoxication 

the lactate and leukocytosis levels are elevated proximately four times more often in children 

than adults [47]. 

There is almost no chase of dying after overdosing on marihuana, the fertility is linked 

with vehicle accidents after using cannabis or accidental intake by unsupervised children after 

taking intended for adult use preparations.  
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INTRODUCTION 

 

The advancement of AI technology has recently accelerated dramatically on a global 

scale, including the psychiatric sector. [1] Machine learning principles, which include the 

computer analyzing enormous volumes of text data and coming to its own conclusions based 

on that knowledge, are the foundation of AI technology. [2] AI is already being utilized 

effectively to diagnose and treat psychiatric patients from all over the world. [3], [4] Although 

applying AI technology has many advantages, could it be a threat to a real doctor? [4] In order 

to maximize the benefits of this technology in the future, several authors highlight potential 

problems related to the broad usage of AI, such as security concerns and the need for legal 

restrictions. [5] Due to the rapid rate of AI progress, the literature on the subject is continually 

changing. This work aims to highlight the current applications of AI in psychiatry, consider the 

potential future uses of this technology, and call attention to both the risks and ethical concerns 

that can have a significant impact on the global development of AI in the field of psychiatry in 

addition to the positive aspects of this technology. 

 

CURRENT APPLICATIONS OF AI IN DIAGNOSING AND TREATING MENTAL 

DISORDERS 

 

       Over the past few years, the use of artificial intelligence (AI) in psychiatry has increased 

in response to the expanding demand for better access to mental health solutions [1]. To classify 

patients with psychiatric disorders, AI began incorporating neuroimaging studies of psychiatric 

patients with deep learning models. By extracting functional connectivity patterns from resting-

state functional MRIs of schizophrenia patients and healthy controls,  Kim  et al. were able to 
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classify patients and controls with an accuracy of 85.5%. [3]  

To help with clinical predictive modeling, Miotto et al. proposed Deep Patient, a deep 

learning architecture that constructs a universal patient representation from electronic health 

records (EHRs) to predict health status and improve clinical decision-making. It has been shown 

that Deep Patient can accurately predict psychiatric disorders such as attention deficit 

hyperactivity disorder and schizophrenia [6]. 

Other uses for artificial intelligence include digital gaming interventions and 

smartphone apps. Cognitive behavioral therapy, behavioral modification, social motivation, 

attention enhancement, and biofeedback may be among the services offered by digital gaming. 

Smartphone applications utilizing AI, such as mindLAMP (Learn, Assess, Manage, Prevent) 

and BiAffect, are additional uses of AI. MindLAMP is an application that utilizes smartphones 

and embedded sensors to comprehend people's experiences with mental illness and to predict 

their recovery by collecting surveys, cognitive tests, GPS coordinates, and exercise data. 

BiAffect employs machine learning algorithms and keyboard metadata such as typing 

dynamics, errors, and pauses in user messaging to predict manic and depressive episodes in 

bipolar disorder patients [7].  AI applications have already been used for assistance in making 

psychiatric diagnoses, monitoring symptoms, predicting acute disease exacerbations and 

recovery, and delivering psychoeducation [1]. 

Therapeutic devices that operate via SMS text messaging or other messaging devices 

are being investigated to treat psychiatric symptoms. Woebot is an automated conversational 

application accessible via Facebook Messenger or mobile apps that provides cognitive 

behavioral therapy (CBT) automation features. This instrument was designed to monitor 

symptoms and manage episodes of anxiety and depression using acquired skills such as 

recognizing and challenging cognitive distortions. Initial studies found that depression 

symptoms decreased more with the use of Woebot than with the use of electronic book 

resources, and another study found that Tess reduced depression and anxiety in users [1, 4]. 

Tess is another text-messaging-based program accessible via phone number that coaches 

individuals through times of emotional distress. This instrument allows the user to engage in 

therapeutic conversations like those with a therapist and provides emotional wellness coping 

strategies. Although integrative psychological AI is neither designed nor intended to replace the 

function of a trained therapist, the technology has the potential to augment the therapeutic 

process [1, 8]. 

Additionally, new forms of avatar therapy that enable therapeutic conversations with its 

users have been developed. Typically, these involve computer-generated images of features 
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displayed on computer screens or tablets that interact with a patient using intelligent algorithms. 

AVATAR therapy is an innovative treatment for disturbing auditory and verbal hallucinations. 

A digital simulation is created and used in a three-way conversation between the participant, 

the avatar, and the therapist. To date, therapy has been administered over the course of six 

sessions, with the initial phase concentrating on standing up to a hostile avatar and the second 

phase shifting the focus to individualized treatment objectives, such as beliefs about voices [9]. 

 

POTENTIAL USE OF AI IN THE FUTURE 

 

AI's promise in clinical and translational research involves collaboration between 

methodologists, physicians and informaticians who can put these algorithms into practice [10]. 

The majority of AI, especially in medicine, is built on machine learning (ML). ML incorporates 

ideas from a variety of disciplines and provides novel approaches to psychiatric therapy by 

analyzing huge amounts of data to predict diagnosis, development of the disease in a patient 

and to choose a suitable treatment [2].  A variety of technological platforms, such as mobile 

apps, hardware, social services (e.g., chatbots), and clinical practice, can benefit from the 

application of machine learning (ML) [11].  The safe and successful use of AI technology to aid 

medical decision-making presents problems encompassing technological and human aspects, 

regulatory issues, and safety threats. To maximize the benefits of AI technology in the future, 

these problems must be identified and rigorously solved [5].  

One of the reasons why numerous studies and clinical applications have been created, 

but only a few have effectively migrated from algorithms that perform well on standardized 

data sets to operational systems that have been shown to benefit clinical outcomes is the 

difficulty to identify specific problems that, given accessible data and techniques, AI can handle 

[10]. One of the research studies on commercial use of Emotion Artificial Intelligence [2] 

indicates that these algorithms should not be regarded as medical fact. Additionally, there are 

fears that commercial usage of emotion AI would promote stigma and prejudice, as well as 

having harmful implications for those with mental illnesses in everyday life. Although many 

technologies in widespread use remain poorly understood (for example, the actual mechanism 

of action of several psychiatric medicines), it is questionable how to effectively make statistical 

AI-based decision support systems acceptable to physicians [10]. Practitioners will have to 

adjust to their new responsibilities as information integrators, interpreters, and patient 

advocates. The medical education system will need to provide them with the necessary skills 

[12]. 
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Discussing about potential use of AI in the future there are high expectations in the field 

of smartphone usage. Collecting the data from its sensors could lead clinicians to better 

understanding of the patients’ conditions than they do now with 30-minute appointments every 

3 to 6 months [7]. Data from personal digital devices is used to create apps with the help of 

clinical digital phenotyping [13]. For instance, there is a project called BiAffect [14], which 

shows that bipolar disorder symptoms appear to be correlated with certain variations in cell 

phone usage. The development of these models shows that it is possible to monitor and detect 

mood issues using passively obtained keyboard metadata. Future applications based on machine 

learning may present a few prospects regarding: data-centric approach, data augmentation 

approach, automated-learning approach, and data-integration approach. Additionally, the multi-

modal integration of genetics, behavioral neuroscience, machine learning, and mobile health 

might clear the way for the creation of new technologies and procedures [11]. 

Some authors suggest that the real problem for AI-based mental disorder diagnosis is 

neither technological, nor is it entirely about data, but rather our comprehensive understanding 

of mental disorders in general [15]. The exact etiology of many psychiatric problems is still 

unknown and even classifying these disorders has been problematic despite the efforts of the 

researchers. The idea of the utilization of biomarkers in psychiatry offers much more than a 

basis for more accurate diagnoses. They might help with prognosticating an individual's disease 

and adjusting treatment [16].  Many of the machine learning-derived biomarker panels 

surpassed those chosen by experts or traditional statistical approaches [12]. Artificial 

intelligence and machine learning developments will probably serve as a significant foundation 

for converting new data into digital biomarkers that are clinically meaningful. However, like 

all indicators of health, influence will be based on clinical utility as well as statistical validity. 

[17] For example, while suicide prediction models yield accurate overall categorization models, 

they remain about 0% accurate at predicting the future. If used by itself, these models would 

produce noteworthy false-negative rates and high false-positive rates [18]. In short, current 

studies still face several difficulties with the application of biomarkers in psychiatry [16]. 

  

THE ADVANTAGES AND DISADVANTAGES OF USING AI IN PSYCHIATRY 

 

 The advantages of artificial intelligence are numerous, due to the growing demand for 

using these devices to manage psychiatric symptoms and supplement treatment procedures, 

their application in psychiatry seems to have a promising future. One benefit is the diminished 

stigma associated with disclosing mental illness symptoms with medical professionals and the 
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rise in self-disclosure comfort [1]. Chatbots are seen as less judgmental than humans, which 

encourages users to reveal more about themselves and provides for more conversational 

flexibility [19, 20].  Studies show that they express a high level of satisfaction with their 

interactions with chatbots, favorable opinions of chatbots, a preference for chatbots versus 

information control groups, and future interest in using it [19].  

The other one is that AI-based solutions could help the overcrowded healthcare system, 

particularly now that there is a dearth of mental health doctors [1]. Due to the dearth of mental 

health specialists in rural areas in developing nations, AI can be utilized to provide services to 

patients in far-flung locations and enable access to specialty care [20].  

Some authors claim that it can eliminate many of the tedious aspects of employment and 

ease repetitive chores. Employees may thus be able to concentrate on the more difficult and 

exciting aspects of many vocations [21].  

AI systems are an excellent approach to help with some diagnostic challenges, for 

example, to identify between different types of dementia using structural MRI scans or 

distinguish between bipolar and unipolar depression based on aspects of brain imaging [22].  

The accuracy of diagnosis based on changing psychiatric symptoms can be improved 

by using AI approaches that are effective at extracting patterns from longitudinal data. To create 

explanatory and mechanistic models of mental illness that range from self-report to molecular 

assessments, AI approaches can combine data from various sources, including the EHR, 

behavioral data from wearable sensors and digital phenotyping, social media, speech, 

neurophysiology, genetics, and imaging [23]. The same analyses can use both organized 

(quantitative) and unstructured (text, graphics, and sound) data [21].  

AI systems can be configured to a patient's particular cultural characteristics, such as 

race or ethnicity or socioeconomic background. To better connect with a patient and enhance 

communication, a virtual therapist might, for example, alter its quirks (such as eye contact, 

speaking dialect, and other traits) to fit a particular ethnic group [20].  

According to some writers, an intelligence framework can assist lower total healthcare 

costs by adjusting a triage-style approach to ensure that patients who need the most extensive 

treatment get it sooner [20, 24]. 

Without a doubt, this technology has a lot of drawbacks in addition to its benefits. AI 

bots may not have the complex emotional awareness and empathetic response that a human 

counterpart possesses. They are also limited in their ability to use personal patient details to 

help with the cognitive work needed by the patient [1, 19]. Due of the richness of human 

language, chatbots may easily misinterpret user responses. For instance, they have difficulty 
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understanding metaphors, ellipses, colloquialisms, hyperbole and lengthy or complicated 

messages; these issues can result in incorrect or irrelevant responses and will only worsen when 

more languages are added to chatbot development [19].  

Additionally, studies suggest that because chatbot discussions feel repetitive, users 

commonly express unhappiness with them, which makes the chatbot seem less authentic [19] 

Interaction between humans and AI- support tools may also result in automation bias 

[5]. It’s a situation, when a user gives an automated tool more credibility than other sources of 

guidance. This can lead to the user acting without being explicitly prompted and the user acting 

incorrectly despite contradicting facts or past instruction. For example, inaccurate AI has 

decreased the precision of expert clinicians in the histopathologic classification of liver cancer 

and the identification of skin malignancies [5]. Making treatment decisions solely based on "big 

data" may lead to the elimination of experiences and values that cannot be reduced to discrete 

data points. Computer recommendations could have a fictitious authority that would supersede 

wise human judgment [25]. Deskilling of the medical staff due to a loss of individual abilities 

and a decline in skill development is a potential long-term effect of the overreliance on 

technology [5].  

The other disadvantage is there are now no direct clinical applications accessible, and 

there is no national benchmark against which to measure technological improvement [7]. 

 

AI AND ETHICAL ISSUES 

 

The more we use embodied AI in psychiatry, psychology, and psychotherapy, the more 

often we ask is it ethical and what are challenges in ethics due to using it? [4].  One of the most 

common ethical issues is data ownership because of unfair algorithm outcomes because their 

training data is biased [26]. The employment of assistive robots and intelligent virtual agents to 

monitor routines, movements, and other interactions raises concerns about confidentiality, 

information privacy, and secure data management. As the amount of data collected grows, 

privacy worries could become more acute [4]. Another issue with that is that scientists may 

develop AI using databases that lack sufficient information to make accurate judgments or 

predictions [27]. 

Furthermore, AI should be used in mental health as an extra resource, not as the 

exclusive instrument. Robots should not be used as a justification for cutting back on the high-

quality care provided by qualified psychiatrists. It would not be positive if doctors lost                          

a significant portion of their jobs and were excluded from the diagnosing system [4]. 
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      Moreover, there is a possibility that clinicians would not be able to cooperate with AI. 

For example, clinicians might not be confident in an AI-generated choice or know how to 

manage the level of detailed data [27]. Also, if a doctor disregards an algorithmic system's 

proposal that conflicts with their clinical judgment, they may face liability issues. Furthermore, 

a patient's freedom of making their own treatment decisions may be taken away in severe 

circumstances due to some AI forecasts, which may also weaken patients' credibility when 

speaking about their own experiences [28]. 

The next problem is that AI lacks the humility of a physician. It is a crucial trait of 

doctors that allows them to make therapeutic judgments based on patient history, the doctor's 

experience, and their capacity to comprehend the demands of the patient, in addition to 

scientific facts [28]. 

It is crucial to concentrate on the long-term consequences of using AI.  First, patients 

may become excessively emotionally connected to robots, which might make them lonely, ruin 

their real-life relationships, and disconnect them from their everyday lives.  Due to a robot's 

inability to provide care and humans incapacity to rely on them, one's values could be changed. 

It results from AI lacking human characteristics [4]. 

On the other hand, AI might be a comfortable solution for those who cannot physically 

seek medical care because of their residence's distance from medical facilities. Because of it, 

individuals like these can initially diagnose their psychological problems. As a result, it reduces 

social inequalities between urban dwellers and those who live elsewhere, which could be                        

a significant issue nowadays. Another moral benefit of artificial intelligence in psychiatry is 

that some patients respond better to the non-human 'doctor'. They feel less embarrassed to 

discuss their personal issues because they are not being judged by a human [4]. 

In conclusion, there are many ethical issues with employing artificial intelligence in 

psychiatry, but it can also be useful in enabling some patients in receiving medical care. The 

majority of problems are caused by human characteristics that computers cannot replicate. The 

fact that AI is created and develops itself via algorithms and is dependent on personal data also 

poses a number of risks. Making rules for AI use and educating our clinicians on its proper 

application are necessary if we wish to use it in psychiatry to benefit our patients [4]. 

 

CONCLUSION 

 

In this article, artificial intelligence (AI) applications in psychiatry are discussed along 

with prospective future uses for this technology. Only a small portion of the countless uses for 
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AI are mentioned, such as its role in radiology [3], the prediction of disease progression based 

on medical data [6], the monitoring of patient activity through smartphone applications [7], the 

support of therapy through chatbots [1, 4], and even AVATAR therapy for hallucinations [9]. 

In the future, the possible use of artificial intelligence (AI) in psychiatry may entail                            

a growing reliance on information received via smartphones to comprehend the patient's 

sickness and develop new biomarkers for psychiatric disorders based on the databases gathered 

[7, 17] 

The advantages of adopting AI include increased patient willingness to disclose their 

medical history [19, 20], providing healthcare to the underserved [20], easing the stress on the 

healthcare system [1], and lowering medical expenditures through superior patient 

classification, such as in triage systems [20, 24]. 

AI in psychiatry does have certain limitations, though. Inability to understand 

complicated linguistic patterns and a lack of emotional intelligence may deter patients from 

using this technology [19]. The automation and repetition of interactions can also have a 

negative effect on patient interactions, and the enormous AI databases might make healthcare 

workers less motivated to advance their own skill sets [5, 19] 

Concerns about data security and privacy [4], the absence of human emotions [28], and 

the reliability of AI in the eyes of medical professionals are all brought up by ethical 

considerations [27]. Another ethical problem is patients developing emotional relationships to 

AI. [4] 

Psychiatry is currently being significantly impacted by AI, which has many positive 

effects but also presents obstacles due to its limitations and ethical issues. To effectively use AI, 

it is imperative to prioritize patient safety, data privacy, and the promotion of cooperative 

research between AI and mental healthcare specialists. 
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ABBREVIATION LIST 

• ADHD - Attention Deficit Hyperactivity Disorder 

• NICE - National Institute for Health and Care Excellence 

• CBT - Cognitive-Behavioral Therapy 

• FDA - Food & Drug Administration 

• DBT - Dialectical Behavioral Therapy 

• CPAT - Computerized Progressive Attention Training 

• MBSR - Mindfulness Based Stress Reduction 

• tDCS - Transcranial Direct Current Stimulation  

• GMT - Goal Management Training  

• DSM-5 - Diagnostic and Statistical Manual, Fifth edition 

 

INTRODUCTION 

 

Attention Deficit Hyperactivity Disorder (ADHD) is a common condition that typically 

manifests in childhood, and it is one of the most prevalent neuropsychiatric disorders. The 

dysfunction impacts approximately 5% of children and adolescents worldwide, with a prevalence 

of 2.5% among adults [1]. ADHD coexists with other psychiatric disorders in approximately 15% 

of adults who have been diagnosed. The main symptoms include inattention, hyperactivity or 

inability to rest, and impulsivity which can persist throughout a person's life, significantly 

impacting their development and increasing the likelihood of developing other psychiatric 
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conditions [2]. There is also a tendency towards sensation-seeking, impulsivity, and susceptibility 

to substance abuse. In practice, individuals with ADHD are constantly on the move and struggle to 

sustain focus on a single activity for extended periods. They often experience difficulty 

comprehending and adhering to lengthy commands, display impatience, frequently misplace items, 

and become easily distracted during monotonous tasks.  

Decades of research have consistently shown that genes play a crucial role in the 

development of attention deficit hyperactivity disorder and its co-occurrence with other disorders. 

Genetic factors account for 74% of ADHD cases, with genes associated with dopaminergic 

transmission playing a significant role [3].  Additionally, ADHD is more likely to occur in cases 

where there are teratogenic effects on the fetus and when individuals have experienced family 

violence and abuse. 

It was previously believed that this disorder resolves after childhood and only affects 

individuals during their younger years. There are now numerous studies that demonstrate the 

presence of this disorder in adulthood as well [4]. The studies on adults who had ADHD during 

childhood reveal that those with persistent ADHD (as opposed to those whose ADHD symptoms 

remit) tend to have lower educational achievements, diminished job performance, and heightened 

emotional difficulties. Newly developed ADHD in adults indicate an increased risk of traffic 

accidents, criminal behavior, unemployment, and substance misuse [1]. 

 

DIAGNOSIS 

 

ADHD is susceptible to misdiagnosis due to the subjective nature of its symptoms, the 

resemblance it bears to various mental and behavioral disorders, and the diverse manifestation of 

its characteristics [5]. The guidelines of the American Psychiatric Association’s Diagnostic and 

Statistical Manual, Fifth edition (DSM-5) are used to help diagnose ADHD [6]. Symptoms fall into 

two categories - inattention and hyperactivity/impulsivity. They should be present for at least                         

6 months and be inappropriate for developmental level. Inattention signs include i.a. easy 

distraction, losing things necessary for daily life and troubles in organization, holding attention or 

careful listening. Hyperactivity can manifest in excessive talking, interrupting others in 

conversation, trouble in waiting for their turn, feeling restless and fidgeting. In adults, only five 

symptoms in either list are needed whereas in children below the age of 17 years, six are required. 
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In addition, other conditions must be met. Several symptoms must have been present before age 

12 years. Symptoms must occur in multiple settings. There should be apparent evidence that they 

create impairment in the social, school, or work functioning. The symptoms can not be better 

explained by another mental disease. According to the types of symptoms, three presentations of 

ADHD can occur: combined, predominantly inattentive and predominantly hyperactive.  

 Certain difficulties may be associated with diagnosing ADHD in adults. In particular, the 

DSM-5 criteria were created for children and adolescents therefore they can not always be applied 

to adults, as their symptoms might differ [7]. With increasing age, inattentiveness tends to persist 

and has significantly lesser reduction than the hyperactivity–impulsivity manifestations [8]. 

Inattentiveness can manifest as being unable to manage time effectively, paying less attention to 

the details, forgetfulness or being easily distracted [9]. Hyperactivity can be shown as not being 

able to sit through meetings, difficulty relaxing or frequent job changes [10,11]. What is more, 

current criteria require evidence of symptom onset before the age of 12, preferably other than the 

patient’s own recall, which may be impossible to provide for some individuals. Another difficulty 

include the occurrence of comorbidities such as social phobias, bipolar disorder, major depressive 

disorder, dysthymia and generalized anxiety disorder, in which symptoms may overlap ADHD 

symptoms [12].  

Many adults with ADHD have developed coping strategies to minimize the influence of 

ADHD on their daily life [13]. These mechanisms include choosing a very organized spouse, 

working at a job below their potential, or rigorously structuring their daily tasks [10].  

 In a recent 2021 study, M.H. Sibley suggests a 7-step diagnostic procedure for diagnosing 

ADHD in adults [5]. Clinicians should start with a thorough interview with specific questions rather 

than unstructured patient’s storytelling or open-ended questions.  Obtaining the information from 

informants who know the patient well may prevent both false negative and false positive diagnoses 

[14]. Next steps include assessing the impairment and timeline and ruling out the alternative 

diagnoses. For adults with ADHD, impairments may include frequent job changes, bad 

performance at work, poor academic grades, maladaptive parenting and relationships, and financial 

difficulties.  

 Additional tests that might be useful in differentiating ADHD from other conditions are 

laboratory tests such as complete blood count, metabolic profile, liver and thyroid function tests 

and  B12  serum  level. Electroencephalogram  and  computed  tomography may  be performed in  
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patients with recent head trauma or suspected seizure disorder [15]. Polysomnography may be 

performed to rule out obstructive sleep apnea [16]. 

For some patients, the primary care physician might establish the diagnosis and manage 

therapy unassisted. The physician may seek psychiatrist assistance, especially if he is uncertain of 

the diagnosis, if there are possible psychiatric comorbidities, or if there is a crisis in the patient's 

life requiring intervention [9].  

 

DIFFERENCES BETWEEN MEN AND WOMEN  

 

              Results of majority studies show higher prevalence of ADHD in men than women [17, 

18]. As a result of the fact that ADHD symptoms in women tend to be more subtle than in men and 

there are potential biases in the evaluation of both sexes, it is likely that a lot of women with ADHD 

may not receive a proper diagnosis [19]. 

 There are also gender differences in the occurrence of ADHD subtypes. Women are more 

often diagnosed with the inattentive ADHD subtype. Combined subtype is more often diagnosed 

in men [18].  Girls with ADHD are rated by parents and teachers as less hyperactive than boys [19].  

Males with ADHD more often experience externalizing problems - rule breaking, physical 

aggression,  antisocial behavior. Antisocial personality disorder is more common in men with 

ADHD than in women with ADHD [20]. During observations of children during classroom 

activities, it was observed greater total aggression (verbal and physical aggression), hyperactivity 

in large motor skills (energy, standing up during lessons), interference to teachers in boys with 

ADHD compared to girls with ADHD [21]. Men more often seek help from family to compensate 

for ADHD symptoms, while women tend to isolate themselves. Men with ADHD have less 

difficulties in social situations than women . A Japanese study found greater marital problems and 

difficulties in professional life in women with ADHD [17].  

ADHD in women is more commonly accompanied by internalizing problems. As the 

symptoms of ADHD are less stereotypical in women, the primary diagnosis may be depression, 

anxiety disorders or personality disorders, delaying a proper diagnosis. ADHD in women can be 

misdiagnosed as borderline disorder. This may result from the fact that women with ADHD self-

harm more often than women without this disorder. Emotional instability, low frustration tolerance, 
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and irritability which can result in multiple disabilities in adulthood may be more common in 

women with ADHD [20].  

They can expend a lot of work and effort to compensate for ADHD symptoms and function 

similarly to their peers. As they age and environmental demands increase, women with ADHD find 

it increasingly difficult to function on a daily basis at school, work and college. The fluctuations in 

hormone levels that occur during the menstrual cycle and menopause can contribute to the 

symptoms of ADHD  and cause difficulties in treatment [22].  

Results of a population-based study of over 1,7 million adults in Norway showed that 

people with ADHD 4-9 times more frequently have another mental disorder than the remaining 

population. Predispositions to various mental disorders are different between the genders. Women 

with ADHD have greater incidence of bipolar disorder, personality disorder, anxiety and 

depression than in men with ADHD, but schizophrenia and substance use disorder is more 

prevalent in men with ADHD [23].  

Alcohol and drug abuse may be a more common problem in men with ADHD. Men and 

boys with ADHD present greater impulsivity than women with the same diagnosis [24].  

Analysis of 25 neuropsychological studies indicates that people with ADHD perform worse 

on tests that examine attention capacity than control groups in The Stroop Colour and Word Test, 

Continuous Performance Test and Trail Making Test. In addition to the overall difference between 

the ADHD and control groups, there are differences between the genders of people with ADHD. 

These are particularly evident when analyzing the Stroop test. Men achieved worse results [25]. 

 

DIFFERENCES BETWEEN CHILDREN AND ADULTS 

 

ADHD is considered to be affecting quite a high percentage of the general population, both 

adults and children. Several studies suggest a connection between the disorder and injuries, traffic 

collisions, substance abuse, suicide, health care expenditures, delinquency, unemployment, 

dissolution of marriages, hazardous sexual behaviour as well as premature mortality in general 

[26].  

However, hyperactivity-impulsivity symptoms seem to fundamentally weaken with age in 

both males and females [27].  

Due to the changes of responsibilities and social roles, adult patients struggling with ADHD  
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may exhibit symptoms differently than children. That seems to be visible especially considering 

hyperactivity and impulsivity [13,28]. Children with attention deficit experience difficulties with 

concentrating on tasks or games, they struggle with listening to others, following instructions and 

tend to lose their items, even the essential ones [29]. Those symptoms differ among adults and 

transmute into difficulties with ending one’s sentence, poor time management, losing attention 

during reading or paperwork, forgetfulness and inability to focus [13,28]. 

According to Millstein’s study the most commonly reported symptoms among adults with 

ADHD include troubles with completing sentences, focusing on tasks and frequent activity 

switching [30].  

Hyperactive children tend to shift, run or climb amid situations where such behavior seems 

inappropriate, they have trouble with staying still or getting involved in free time activities and 

they demonstrate loquaciousness. Impulsive ones struggle with rushing into replying or impatiently 

waiting for their turn during either games or conversations [29].  

Among adults, however, hyperactivity symptoms consist of anxiousness, demanding job 

choices and pursuing multiple careers [28].  

Excessive adult impulsivity might be visible through ending sentences for interlocutors, 

interrupting others during conversations or disturbing others when they are occupied [28, 31].  

A plethora of frustration leads to irritability and high levels of anger as well as frequent 

relationship changes [13]. 

Adult patients struggle to fulfill their potential, achieve both educational and professional 

goals. Some of them report interpersonal problems with establishing romantic and non-romantic 

relationships. Nevertheless, people experiencing those symptoms throughout the years adjust to 

them and develop compensatory strategies in order to minimize the visible dysfunction and 

overmask the disorder [13]. 

Such evolution of ADHD makes the diagnosis less obvious and harder to notice by medical 

practitioners. Compensatory strategies and behaviors might appear sporadically but their 

consequences may be serious. An example of such a strategy could be careful checking one’s 

belongings and household appliances in order to avoid forgetting something and hence that person 

might be always late for work which results in poor performance evaluation. An extent to which                         

a disorder is visible depends on one’s intelligence, external demands as well as the ability to use 

compensatory strategies [32,33]. 
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TREATMENT 

 

 ADHD, unlike most psychiatric disorders, can be managed effectively through 

pharmacotherapy, using stimulants as a first-line treatment. Several medications for ADHD have 

been approved by US Food & Drug Administration (FDA) - methylphenidate- and amphetamine-

based stimulants, as well as non-stimulants, such as atomoxetine, viloxazine, clonidine and 

guanfacine [35]. 

According to National Institute for Health and Care Excellence (NICE) guidelines [36], 

medication should be offered to adults, whose ADHD symptoms impact at least one area of their 

life. For patients who haven’t been treated before, a 6-week trial of lisdexamfetamine or 

methylphenidate at an adequate dose is advised as a first-line approach, as well as switching 

between these two if the other one doesn’t provide satisfying outcomes. Atomoxetine, as a non-

stimulant drug, is recommended for adults who can’t tolerate or didn’t benefit from either of the 

stimulants mentioned above. Immediate-release medications are ought to be used for initial dose 

adjusting and as an afternoon booster, while modified-release preparations, as more convenient 

ones, can be taken once daily in most cases. Successful dose optimization is achieved when                          

a patient notices ADHD symptoms reduction and anticipated improvements in previously impacted 

life domains, without experiencing intolerable adverse effects of medication. 

There exists a substantial body of evidence indicating significant medication advantage 

over placebo in adults with ADHD, both stimulants [36,37,38,39,40,41,42,43,44] and non-

stimulants [45, 46, 47, 48, 49, 50, 51]. Guanfacine, as a non-stimulant medication, might be 

prescribed off-label as a potentially effective alternative treatment option for patients who didn’t 

benefit from recommended stimulants or second-line pharmacotherapy [52], similarly as 

viloxazine [53]. A guanfacine supplementation, in addition to on-going stimulant treatment, 

showed promising outcomes especially in symptom reduction [54]. 

Adults with ADHD who were treated with stimulant or non-stimulant medication, reported 

noticeable improvement in executive function, overcoming everyday challenges and overall quality 

of life [36,40,41,43,46,45]. Individuals treated with stimulants showed reduced suicidal behaviour, 

compared to periods without medication [56]. Furthermore, studies show long-term efficacy of 

these medications [50,57]. 

As  for  individuals  who  don’t  want  to  take  medicine  or  found  it  ineffective,  NICE  
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recommends non-pharmacological treatment consisting of partial or full Cognitive-Behavioral 

Therapy (CBT). In order to lessen ADHD impact on a patient's life, all patients should be advised 

to make environmental modifications, which will vary based on individual needs and can include 

using headphones on commute or taking frequent movement breaks at work.  

Symptom reduction, especially emotional ones, and increase in self-esteem, as well as in 

the quality of life, were reported as major effects of CBT in adults with ADHD [58,59,60,61]. 

Apart from CBT, Dialectical Behavioral Therapy (DBT) was found to long-term improve quality 

of life, executive function and ADHD symptoms in adults [62]. Transcranial Direct Current 

Stimulation (tDCS) alleviated cognitive function, especially in terms of planning and working 

memory [63]. Combination of DBT and tDCS resulted with significant therapeutic effect [64], 

same as using neurofeedback as a part of ADHD treatment [65]. Moreover, smartphone-assisted 

psychoeducation, provided to use as an app, helped improve attention [66], similarly as in a study 

on Goal Management Training (GMT) [67]. Recent research on particular exercises as a potentially 

beneficial tool in reducing ADHD symptoms in adults, showed rather negative correlation, except 

for improvement in temporal impulsivity [68]. Computerized Progressive Attention Training 

(CPAT), on the other hand, was found to improve ADHD symptoms, learning and reading, while 

Mindfulness Based Stress Reduction (MBSR) practice shortly improved self-reported quality of 

life [69]. 

 

CONCLUSIONS 

 

 ADHD is a common neuropsychiatric disorder characterized by inattention, hyperactivity 

and impulsivity. It can affect both children and adults, impacting important areas of life such as 

work, education, family, and emotional well-being. Depending on gender, other ADHD symptoms 

are more noticeable. Men show a lot of externalizing problems, which are more visible to others. 

Women try to compensate for the symptoms with their efforts and work, they have more 

internalizing problems. The DSM-5 guidelines are used to help diagnose ADHD. Several 

difficulties may be associated with diagnosing ADHD in adults. There are also some differences 

considering ADHD symptoms among children and adults because of the distinction between their 

social roles and responsibilities. Therefore, the diagnosis might be less obvious when the patient is 

an adult, since the symptoms are then more likely to concern love life, career choices, or work 
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performance. Moreover, adults develop compensatory strategies which make their problem less 

visible and the diagnostic process even more difficult. Methylphenidate- and amphetamine-based 

stimulants are an effective first-line treatment for ADHD. Non-stimulant medication, such as 

atomoxetine, can be beneficial in patients experiencing intolerable adverse effects of stimulants. 

Adults with ADHD using pharmacotherapy report significant symptom reduction and improved 

overall quality of life. CBT, as a non-pharmacological approach, is recommended especially for 

patients refusing drug treatment. 
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ABBREVIATION LIST 

• DBS - Deep Brain Stimulation 

• OCD - Obsessive-Compulsive Disorder  

• TRD - Treatment Resistant Depression 

• SCG - Subcallosal Cingulate Gyrus 

• ALIC - Anterior Limb of Internal Capsule 

• MFB - Medial Forebrain Bundle 

 

INTRODUCTION 

 

              Deep Brain Stimulation (DBS) is a procedure where electrodes are surgically placed 

in specific areas of the brain. These electrodes are connected to a device, similar to                                   

a pacemaker, which is implanted under the skin, usually in the chest area. The device, called 

an implantable pulse generator, generates electrical impulses that can be adjusted by healthcare 

professionals. The stimulation parameters include the specific electrode contacts used, the 

intensity, frequency, and duration of the electrical pulses. Common targets for DBS in 

movement disorders are the subthalamic nucleus and the globus pallidus interna [1].  

              Deep brain stimulation has been used to treat movement disorders since the 1980s. 

Originally used to treat Parkinson's disease, DBS is now approved by the US Food and Drug 

Administration for the treatment of Parkinson's disease, essential tremor and dystonia [2]. 

As our understanding of neural networks and dysfunction in neuropsychiatric disorders 

advances, DBS is increasingly being considered in certain neuropsychiatric disorders.  

The use of DBS in psychiatric disorders is still being researched and refined, but has 

shown promise in diseases such as Obsessive Compulsive Disorder [3], Depression [4], 

Tourette Syndrome [5], Alzheimer disease [6], addiction [7] and chronic pain [8]. 
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OBSESSIVE-COMPULSIVE DISORDER  

 

Obsessive-Compulsive Disorder (OCD) is a mental health condition characterized by 

recurrent and intrusive thoughts, known as obsessions, and repetitive behaviors or mental acts, 

known as compulsions. These obsessions and compulsions can significantly interfere with a 

person's daily life, causing distress and impairing their ability to function effectively [9]. 

The exact cause and neurobiology of OCD are not fully understood. However, there is 

increasing evidence suggesting a connection between OCD and dysfunction in a specific brain 

circuit known as the orbitofrontal-striatal-pallido-thalamic circuitry [10]. Abnormalities in the 

activity and synaptic connectivity of the orbitofrontal cortex , anterior cingulate cortex , and 

the striatal circuitry have suggested that DBS may be effective in treating refractory OCD [10]. 

According to research findings, approximately 53% of individuals who underwent deep brain 

stimulation targeting the ventral capsule/ventral striatum or nucleus accumbens experienced 

improvement in their obsessive-compulsive symptoms [11]. Similarly, around 41% of 

individuals who received DBS targeting the subthalamic nucleus showed improvement in 

obsessive-compulsive symptoms [11]. The range of responders across studies has been 

reported to be between 10% and 61% [12, 13]. 

 

ADDICTION 

 

            Drug addiction is a significant public health concern with high relapse rates despite 

standard treatments. Deep brain stimulation has emerged as a potential therapeutic option. 

The neurobiological foundation of drug reward is connected to the mesocorticolimbic 

dopamine system. Activation of neuronal activity in the ventral tegmental area by various drugs 

leads to elevated levels of dopamine in the nucleus accumbens shell. This increase in dopamine 

contributes to the pleasurable sensations or euphoria experienced during drug consumption [14] 

. Promising effects of deep brain stimulation  in drug addiction have been observed in various 

studies. A notable finding is the beneficial effect of DBS nucleus accumbens in obsessive-

compulsive disorder patients, leading to an improvement in their alcohol dependence [15]. 

Several reports and case series have also demonstrated positive outcomes on DBS in patients 

with Tourette syndrome, OCD, and anxiety disorders, including successful smoking cessation 

in three patients [16].  

Further investigations have focused on DBS specifically for addiction. Clinical  trials  
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exploring the DBS for cocaine and heroin addiction have shown positive results, such as 

decreased cravings and increased withdrawal time [17]  and bilateral DBS in three patients with 

drug-resistant chronic alcoholism resulting in abstinence or a significant reduction in alcohol 

consumption [18,19]. 

Overall, clinical and preclinical evidence suggests that DBS can modulate brain 

networks and positively impact addictive behaviors. Nucleus accumbens is a particularly 

promising target for DBS in the treatment of drug addiction. However, longer-term controlled 

studies involving larger numbers of patients are needed to better understand the potential of 

DBS in the treatment of drug addiction [20] . 

 

CHRONIC PAIN 

 

             Deep brain stimulation (DBS) has not only been successful in treating movement 

disorders but has also emerged as a therapeutic option for pain management. 

DBS targets for pain control include the internal capsule , the ventral posterolateral nucleus 

and ventral posteromedial nucleus of the sensory thalamus , the centro-median parafascicular 

region of the thalamus, the periaqueductal/paraventricular gray , the posterior hypothalamus , 

the motor cortex, the nucleus accumbens, and the anterior cingulate cortex [21]. 

There is a wide range of targets for deep brain stimulation (DBS) in pain treatment, including 

both white matter tracts [22] and gray matter regions [23]. The causes and types of chronic pain 

experienced by patients are also diverse. However, due to this variability and the lack of 

rigorous studies, the effectiveness of DBS for pain treatment remains inconsistent. The current 

literature primarily consists of retrospective case reports that lack important elements such as 

blinding, controls, and standardized pain measures. 

Nevertheless, there is hope for more conclusive findings through recent and ongoing 

clinical trials [21]. 

 

DEPRESSION 

 

According to estimates, approximately 30% of patients treated for depression remain 

resistant to conventional therapy methods. For these individuals neurosurgical approaches can 

provide an opportunity to control the disease, however DBS still serves as an experimental 

option [24]. 



Deep brain stimulation in psychiatry 

 
 

302 
 

Deep brain stimulation has shown an average response rate of 60% in chronically 

depressed patients who had not responded to previous treatments. However, the response rates 

can differ significantly among patients and studies [25]. 

 Some adverse events specific to targeted regions may occur, however their relation to 

DBS therapy is unclear [26]. 

Researchers examine different targets in terms of their potential effectiveness in TRD. 

A connectomic analysis based on diffusion MRI data revealed that the current DBS targets can 

be grouped into four distinct categories depending on their connectivity within the cortico-

striato-thalamo-cortical (CSTC) circuits. Two key regions, Brodmann area 10 and the 

amygdala, were functionally associated with all seven DBS targets investigated. Thus, these 

regions may have a significant and underexplored role in facilitating the positive effects of 

DBS for TRD patients [27].  

In another study six DBS targets were evaluated: subcallosal cingulate gyrus (SCG), 

nucleus accumbens, ventral capsule/ventral striatum or anterior limb of internal capsule 

(ALIC), medial forebrain bundle (MFB), lateral habenula, and inferior thalamic peduncle. 

Stimulation of these locations had different effects on mood in patients, with SCG, ALIC and 

MFB showing more consistent antidepressant response rates [28]. The data on clinical 

outcomes of MFB DBS for treatment-resistant depression is generally limited due to small 

sample sizes, however findings from studies indicate a remarkably fast antidepressant effect, 

observable within a week after stimulation initiation [29]. In terms of responding to SCG DBS, 

the preoperative measurement of the volume of brain structures showed that preoperative 

volumes of subcallosal cingulate gyrus, thalamus and amygdala were significantly larger in 

responders to this kind of stimulation. No significant difference in hippocampal volume was 

observed, however cortical grey matter volume was smaller. These findings suggest that 

structural differences in the subcallosal cingulate gyrus and its connected areas may play an 

important role in determining response to SCG DBS [30]. Long-term efficacy is still examined. 

In a study on the group of eight patients, the individuals were followed for up to 28 months, 

with some followed for up to 4 years under SCG-DBS. The average response rate was 51%. 

However, due to the small size of the sample further studies confirming long-term 

improvement in patients are necessary [31]. The important role of individualized targeting with 

the potential use of tractography is also highlighted in research [32].  

ALIC stimulation, in turn, was related to neither positive nor negative effect on patients’ 

cognition [33], still there are individuals who benefit from this procedure [34].  
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TOURETTE SYNDROME 

 

     Tourette syndrome has its onset in childhood but symptoms, involving vocal and 

motor tics, typically improve with age. Nevertheless, patients may require pharmacological and 

behavioral treatment and in some cases the course of disease can be severe. For those presenting 

disabling tics that do not respond to traditional methods of treatment DBS emerged as a 

treatment option. Anatomical structures commonly targeted are the centromedian thalamus and 

the globus pallidus internus [35]. The 5 main pillars that should be counted when selecting 

patients to DBS are: high tic severity along with its impact on patients’ life, failure of first-line 

therapies, 6 months stability of comorbid psychiatric disorders and 18-year age limit, with the 

latter still being discussed [36]. Ethical concerns appear when using deep brain stimulation as 

a treatment for pediatric patients, especially considering the fact that tics often decrease or even 

disappear during adolescence and young adulthood. However, recent guidelines suggest that 

age alone should not determine eligibility for DBS treatment, instead potential benefits and 

risks should be taken into account in each case [37]. Average response to treatment, defined as 

improvement in tic severity, is estimated at 40% [38]. DBS targeting the posteroventral globus 

pallidus interna has demonstrated long-term effectiveness and acceptable safety, with better 

results of treatment observed among younger individuals and those with longer treatment 

duration [39]. 

 

CONCLUSIONS 

 

Deep brain stimulation is a surgical procedure where electrodes are implanted in 

specific brain regions and connected to a device that delivers electrical impulses [1]. It has 

shown promise in the treatment of psychiatric disorders such as Obsessive-Compulsive 

Disorder [11,12], addiction [17,18], chronic pain [22], depression and Tourette syndrome. In 

OCD, targeting brain circuits involved in the disorder has led to significant improvement in 

symptoms for a substantial number of patients [11,12]. DBS has also shown potential in 

reducing addictive behaviors and cravings in individuals with substance abuse disorders 

[17,18]. For chronic pain, DBS targets various brain regions involved in pain processing, 

although its effectiveness remains inconsistent and further research is needed [21]. In 

depression, DBS has demonstrated a response rate of around 60% in treatment-resistant 

patients, with different brain targets showing varying degrees of effectiveness [25, 27, 28]. In 
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Tourette syndrome, DBS targeting specific brain regions has been effective in reducing tic 

severity, particularly in cases that are unresponsive to traditional treatments [38, 39].  
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ABBREVIATION LIST 

• PP - postpartum psychosis 
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• IPT - interpersonal therapy 

• AED - antiepileptic drugs 

• ECT - electroconvulsive therapy 

 

INTRODUCTION 

 

Postpartum psychosis (PP) is the most severe manifestation of postpartum mood 

disorders and as a psychiatric emergency has terrible effects on the mother, child, and other 

family members [1,2].  

It is also a significant clinical and public health concern linked to considerable economic 

expenses, a higher risk of maternal suicide, and potential effects on child development [3].  

In this review, we aim to summarize the current knowledge about the epidemiology, 

pathogenesis, clinical manifestations, diagnosis, and treatment of postpartum psychosis.  

 

ETIOLOGICAL AND TRIGGERING FACTORS 

 

The etiology of postpartum psychosis is likely to be complex as in other 

psychiatric disorders in general, but research points to genetic, immunologic, and hormonal 

factors [3]. Obstetric factors such as mode of delivery and complications of pregnancy or 

delivery also have been investigated with inconsistent results [4,5]. Only primiparity is a well-

established risk factor for postpartum psychosis which might be explained by significant 

alterations in biological or psychosocial factors associated with the birth of a first baby [3,6].  
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Although psychological and social factors are important in the triggering of postpartum 

depression [7], no evidence has been found on the association between psychological factors or 

stressful life events and the development of postpartum psychotic illness [8,9]. Some studies 

suggest a lack of a partner may be related to postpartum psychosis, however, it is not clear 

whether it is a risk factor or a consequence of the disorder [3,10,11].  

The quick onset of postpartum psychosis after delivery raises the possibility that 

hormonal changes are contributing to the disorder's pathophysiology. This theory is plausible 

considering that the peak period of the onset of postpartum psychosis coincides with the sudden 

withdrawal of progesterone and estrogen that occurs postpartum [12]. Progesterone and 

estrogen have been shown to have a facilitatory effect on dopaminergic systems, therefore, the 

abrupt drop in hormone levels after childbirth may result in dopaminergic hypersensitivity in 

some women vulnerable to the childbirth trigger [13,14]. Interestingly, according to                                 

a systematic review based on a small collection of case-reports and case-series an increased risk 

of postpartum psychosis in women with and without a history of psychiatric disorder may be 

associated with D2 receptor agonists (bromocriptine and cabergoline) [15]. 

Given the evidence that the risk of postpartum psychosis is increased with the 

first pregnancy and the fact that pregnancy is linked to significant and highly modulated 

changes in immunological functioning, it is possible that immunological system dysfunction or 

dysregulation may contribute to postpartum psychosis [16]. For example, regulatory T-cells and 

pro-inflammatory T-helper cell type 1 and 17 cytokine levels have been found to be changed in 

postpartum psychosis patients when compared to healthy parous controls [17]. Evidence also 

suggests that there is dysregulation of the immunoneuroendocrine set point in postpartum 

psychosis with over-activation of the monocytes and macrophages [18].  Additionally, lack of 

sleep may contribute to the onset of postpartum psychosis; however, the evidence is conflicting 

[3,19,20]. For instance, a small study discovered that 17 women who were diagnosed with 

postpartum psychosis tended to have longer labors and more nocturnal deliveries than the 17 

controls [18]. According to another study, the sleep-wake cycle did not alter between 15 control 

participants and 23 women with a history of postpartum psychosis [21].  

Finally, there is also compelling evidence linking genetic variables to the 

pathophysiology of postpartum psychosis. Up to 40–50% of women with a history of 

postpartum psychosis screened positive for a family history of mood disorders among first- and 

second-degree relatives, which is much higher than in the general population [19,20]. Another 

study found that 74% of women with bipolar disorder with a positive family history of 

postpartum psychosis in a first-degree relative had also gone through a severe mood episode 
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triggered by childbirth, as opposed to only 30% of bipolar disorder patients without such                       

a family history [22,23]. 

 

EPIDEMIOLOGY AND LINKS TO OTHER PSYCHIATRIC DISORDERS 

 

Developing postpartum psychosis is associated with an incidence rate of 89–2.6 per 

1000 women and a prevalence of 5 per 1000 women [24]. Peak timing of onset is from days 1 

to 14, with a duration of weeks to months, but women remain at risk of having severe mood 

and psychotic episodes for several months [25,26]. 

Women with a history of bipolar disorder are at a higher risk of developing postpartum 

psychosis. Similarly, after experiencing postpartum psychosis, mothers have  

a 50 to 80%  chance of another psychiatric episode, which is usually within the bipolar 

spectrum. Evidence suggests that mania or a mixed-mood episode are characteristics of 

postpartum psychosis in many cases [27]. One study examined 479 pregnancies in 283 women 

with bipolar I disorder and found that 1.88% had an episode of postpartum psychosis during the 

first  6 months postpartum. Additionally, 7.93% of women had a manic episode and 6.47 % had 

a mixed episode. In total more than 16% of pregnancies were followed by a manic, mixed or 

psychotic episode, meaning that the risk of postpartum psychosis was 160-320-fold higher than 

the commonly quoted risk of 0.1-0.2% in the general population. None of the women with 

bipolar II disorder had a manic or psychotic episode in the postpartum period in this study [28]. 

Another research [3] indicates that most episodes of postpartum psychosis are manifestations 

of bipolar disorder, although approximately 40% of women experiencing postpartum psychosis 

have no history of severe psychiatric illness. 

The DSM-5 does not recognize postpartum psychosis as a separate diagnosis, however, 

American Psychiatric Association [29] recommends the use of the peripartum onset specifier 

to characterize mood episodes of bipolar I, bipolar II, or major depressive disorder occurring 

during pregnancy or the postpartum period. A nationwide study from Taiwan found that women 

with postpartum psychosis were at increased risk of subsequent psychiatric disorders including 

schizophrenia, bipolar disorder, and major depressive disorder [30]. 

In a group of women with a history of serious mental illness, defined as psychotic or 

bipolar disorders, prior recent relapse was an independent predictor of relapse in the postpartum 

[31]. Suicide ideation and suicide attempts are frequent in this group of patients, especially 

among women with hypomanic or depressive symptoms in the postpartum period [32,33], 

however, suicide attempt is rare during the acute psychotic episode. One study reported only 
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two suicides in a sample of 4000 women with postpartum psychosis [34]. Evidence suggests 

that homicide thoughts are also common among women with postpartum psychosis, although 

infanticide is relatively rare, occurring in between 1 and 4.5% of cases [3]. Other research shows 

that the filicide rate was more than 5-fold higher in women with psychotic depression compared 

to those with psychosis alone [34]. Of women suffering from postpartum psychosis who decide 

to have more children, more than half are at risk of experiencing perinatal mood episodes again 

[3]. 

 

DIAGNOSING POSTPARTUM PSYCHOSIS 

 

Due to its potential for serious harm to both the mother and the infant, early diagnosis 

and intervention when it comes to postpartum psychosis are crucial. Diagnosing postpartum 

psychosis involves a comprehensive evaluation of the woman's symptoms, medical history, and 

careful consideration of potential risk factors. 

Postpartum psychosis typically develops within the first few days or weeks after 

childbirth, although it can occur up to several months after delivery [35,36]. The symptoms can 

manifest suddenly and progress rapidly, often leading to significant distress and impairment in 

the affected woman's daily functioning. Women may experience auditory or visual 

hallucinations and/or delusions, presented as false and irrational beliefs, usually relating to the 

baby’s or the mother's abilities. Severe mood swings are often prevalent in this type of 

psychosis, with emotions fluctuating rapidly between manic and depressive states. Another 

common sign is insomnia or an altered sleep pattern, exacerbating the already challenging 

symptoms [35,36]. Women may have difficulty concentrating, making decisions, or they may 

be confused and disoriented. The affected mother may also exhibit agitated behavior, pacing, 

or restlessness. Suicidal and homicidal thoughts, strong feelings of guilt, or ideas about harming 

the baby might also be present [37,38]. 

It is important to collect information about the woman's medical history, including any 

previous psychiatric disorders or episodes. A physical examination may be conducted to rule 

out any underlying medical conditions that could be contributing to the symptoms, especially 

neurological ones. Blood tests including metabolic parameters and monitoring of thyroid 

function are also necessary. Risk factors associated with postpartum psychosis, such as a 

personal or family history of psychiatric disorders, previous episodes of postpartum psychosis, 

or a history of bipolar disorder,  should also be assessed [36,37]. 
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Differential diagnosis 

The differential diagnosis of postpartum psychosis involves distinguishing it 

from other psychiatric conditions that can occur during the postpartum period. Several disorders 

share overlapping symptoms, making an accurate diagnosis crucial for appropriate treatment. 

Some conditions that may be considered in the differential diagnosis of postpartum psychosis 

include postpartum depression, bipolar disorder, schizophrenia, delusional disorder, and 

substance-induced psychosis [35].  Postpartum depression can present with symptoms of 

sadness, lack of interest, and changes in appetite and sleep, but typically lacks the severe 

psychotic features seen in postpartum psychosis. Bipolar disorder may exhibit similar manic or 

depressive symptoms, but the timing and rapid onset after childbirth can help differentiate it 

from postpartum psychosis. Schizophrenia and delusional disorder can also present with 

psychotic symptoms but are less likely to be triggered specifically by childbirth. Substance-

induced psychosis should be considered in cases where substance abuse or withdrawal may 

contribute to the symptoms. A thorough evaluation of the woman's symptoms, history, and 

clinical presentation is crucial in making an accurate differential diagnosis and guiding 

appropriate treatment interventions [37,39,40]. 

 

CLINICAL MANIFESTATIONS OF POSTPARTUM PSYCHOSIS 

 

Postpartum psychosis, also known as postpartum depression with psychotic 

features, is a serious mental disorder that can occur in women after childbirth. The onset is 

typically sudden and occurs within the first two weeks postpartum [41,42]. The clinical 

manifestations of postpartum psychosis include: 

• Mood changes: A woman may experience rapid mood swings, which can include 

euphoria, unwarranted joy, irritability, anxiety, or depression. Extreme emotional 

fluctuations may occur. 

• Hallucinations: A woman may experience auditory, visual, or sensory hallucinations. 

These can be auditory hallucinations where the woman hears voices that do not exist, or 

visual hallucinations where she sees images that are not real. 

• Intrusive thoughts: A woman may have intrusive, uncontrollable thoughts that can be 

distressing, unpleasant, or even frightening. These thoughts may pertain to the child, 

caregiving, or the mother herself. 
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• Sleep disturbances: A woman may have difficulty falling asleep, maintaining sleep, or 

excessive sleeping. Insomnia or excessive sleepiness may occur as symptoms of 

postpartum psychosis. 

• Disorganized thinking: A woman may have difficulty with concentration, logical 

thinking, and decision-making. Her thoughts may be disorganized, chaotic, or unrelated 

to each other. 

• Disorganized behavior: A woman may exhibit disorganization in behavior, which can 

include aggression, unpredictability, inappropriate actions, or incomprehensible 

behavior. 

• Self and child neglect: As a result of postpartum psychosis, a woman may neglect herself 

and her child's care. She may struggle with feeding, grooming, maintaining hygiene, or 

performing other daily caregiving tasks for the child [43].  

      A recent clinical cohort study tracked the phenotypic characteristics of 130 consecutive 

cases of PP and used latent class analysis to describe three separate symptom profiles: cases 

characterized by mania and/or agitation, with irritability much more common than elevated 

mood (34%) cases characterized by depression and/or anxiety (41%) cases showing an atypical 

or mixed profile (25%). Across all cases, 25% of patients were disorganized, 20% disoriented, 

10% had disturbed consciousness, and 5% developed catatonia  [44]. 

 

RISK OF SUICIDE/ INFANTICIDE  

 

Postpartum psychosis is a severe mental health condition that can lead to possible risk 

of both the affected mothers and their infants [45]. This thesis aims to provide a comparative 

analysis of the risk factors, mechanisms, and preventive measures associated with suicide and 

infanticide in the context of postpartum psychosis. It is important to mention discussing 

postpartum psychosis and the analysis of statistics of suicide and infanticide associated with 

that. 

On the base of Ian Brockington’s thesis which highlights the frequency of suicide and 

infanticide in a literature of over 4000 cases, can be inferred that the overall suicide rate and 

infanticide rate is relatively rare in the year following childbirth [46,47]. Moreover, suicide risk 

can be highest during the early stages of postpartum psychosis, typically within the first month 

after childbirth. However, the risk can persist throughout the postpartum period and beyond, 

requiring ongoing monitoring and support [48]. Based on studies, 46 suicides per approximately 

15 000 person-years or about 300/10 5 person-years have been reported [49,50,51].  
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In terms of an infanticide, the compilation of about 800 studies included 65 cases due 

to depression or psychosis within a year of birth. Moreover, 11 reports were associated with 

depressed patients without psychotic features and 48 with a feature of psychosis - just 1% of 

over 4000 reviewed.  On the other hand, the latest American articles reported a higher figure of 

4% [52]. This difference could be caused by a misunderstanding of a Scottish study in which 

82 patients were followed for an average of 16 years [53]. The report revealed 29 people 

suffered from bipolar disorder and paranoid or schizophrenic affective psychosis. None of the 

infanticides were committed by a mother suffering from acute psychosis without depression.  

 

TREATMENT 

 

The evidence points to postpartum psychosis as an outward sign of bipolar disease that 

is timed to correspond with significant hormonal changes following delivery. The patient 

experiences frank psychosis, cognitive dysfunction, and severely disordered conduct, which 

mark a radical departure from how they were previously behaving. These agitations can have 

severe effects that put the safety and well-being of the affected woman and her children in 

danger, especially when combined with lapsed awareness of her sickness and symptoms 

[54,57,64]. 

 

Psychoeducation 

Once the diagnosis has been made, the physician should educate the patient and her 

family about the condition, rule out organic reasons, begin medication and supportive care, and 

review the patient's function and safety status on a regular basis. Physicians will make a 

significant contribution by informing patients and their families about the symptoms, 

treatments, expected outcomes, and prevention efforts for PP recurrence. The psychoeducation 

process is critical. It will build the therapeutic connection; additionally, it will strengthen the 

patient's treatment decision-making process as well as her emotions of self-efficacy and mastery 

over sickness [57,64,66]. 

Before the patient leaves the hospital, a comprehensive discharge plan must be devised 

after stabilizing the patient and initiating acute medication for PP. For the first few weeks after 

release, referral to intensive outpatient therapy is recommended, coupled with closely spaced 

out-patient follow-up sessions. These techniques will ease the patient's return home and allow 

the doctor or nurse to closely evaluate treatment response, resolve drug intolerance issues, and 

detect clinical worsening early [57,58]. 
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Treatment strategies work best when they are tailored to each patient and contain 

therapies that have proven to be effective in the past. Sleep deprivation is a primary cause of 

mania and PP. Physicians should encourage patients and their partners to enlist the assistance 

of other family members or friends, as well as doula services, to alleviate the burden on the sick 

mother and allow her to sleep and recover from illness. When symptoms recur, patients and 

their families should be reminded to contact their doctors as soon as possible [55,62,64]. 

 

Psychotherapy 

Prior to hospital release, supportive psychotherapy may include parenting skills and 

early infant therapies to address maternal-baby attachment and newborn development. In-home 

services have the potential to improve both mother and newborn outcomes. Other 

psychotherapy alternatives for postpartum mood disorders include family-focused therapy, 

cognitive behavioral therapy, and interpersonal psychotherapy (IPT). IPT, in particular, was 

developed for women dealing with childbearing-related events and is designed to assist women 

who are struggling with losses, role shifts, or relationship problems. Once patients have 

achieved an organized level of thinking, these advanced forms of psychotherapy are indicated 

[63,67]. 

 

Pharmacotherapy 

Acute medication is required to treat PP's psychotic and mood-related symptoms. 

Atypical antipsychotic medicines and mood stabilizers or antimanic agents, such as lithium or 

antiepileptic medications (AED), are among the therapeutic possibilities. Although 

monotherapy is preferred, some women require more than one medication to reach                                    

a satisfactory level of symptom control and sickness remission [59,60,61]. 

 

Electroconvulsive therapy (ECT) 

The safety and efficacy of ECT in the treatment of pregnant women in all three 

trimesters is well established, as is its utilization in the case of postpartum psychosis. In one 

case series, women with PP and psychotic bipolar depression experienced >50% improvement 

in mania, depression, and psychosis with bilateral ECT. 

Such individuals may benefit as well, with a bigger drop in suicidal thoughts and a lower 

likelihood of hospital readmission than before treatment. As a result, physicians are encouraged 

to assist their patients in considering the various medications available for PP management. In 

individuals admitted to the hospital with acute, florid psychosis, ECT looks to be an excellent 
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alternative that promotes rapid symptom relief. Patients who have failed multiple drug trials, 

patients who cannot wait for the delayed onset of action of these drugs, patients who have 

intolerable drug side effects, and patients who require immediate effective symptom relief due 

to gross impairments in self-care, cognition, and judgment that threaten their safety and well-

being should consider ECT [56,68]. 

 

CONCLUSIONS 

 

            Postpartum psychosis is a serious mental disorder that can occur in women after giving 

birth, typically within the first two weeks. It is characterized by sudden mood changes, 

hallucinations, intrusive thoughts, sleep disturbances, disorganized thinking and behavior, and 

self and child neglect. The etiology of postpartum psychosis is complex, but research mostly 

points to biological factors, especially genetic, immunologic, or hormonal. Among obstetric 

factors, only primiparity is a well-established one. 

Out of different psychiatric diagnoses, there is noticeable relation between bipolar 

disorder and postpartum psychosis  - women with a history of bipolar disorder are at a higher 

risk of developing postpartum psychosis, and similarly, women who suffer from postpartum 

psychosis have a higher chance of another psychiatric episode, which is usually within the bipolar 

spectrum. 

Diagnosing postpartum psychosis requires a careful evaluation of the woman's 

symptoms, medical history, and risk factors. The presence of rapid onset of severe symptoms, 

including hallucinations, delusions, extreme mood swings, and confusion is indicative of 

postpartum psychosis. 

It is important to note that postpartum psychosis is a medical emergency that requires 

immediate attention. Early detection and intervention for postpartum psychosis, including timely 

and easy access to mental health services can help prevent suicide. If a healthcare professional 

suspects postpartum psychosis, they may recommend hospitalization to ensure the safety of the 

mother and the infant and to provide appropriate treatment and support. It is also important to 

mention adequate social support, including the involvement of family, friends, and healthcare 

professionals as a vital and fundamental help.  
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• UPDRS - unified Parkinson's disease rating scale 

 

INTRODUCTION  

 

            REM sleep, short for rapid eye movement sleep, is one of the stages of sleep that occurs 

cyclically throughout the night. It is characterized by rapid eye movements, increased brain 

activity, and vivid dreaming. During a typical sleep cycle, REM sleep usually occurs multiple 

times, with each cycle lasting about 90-120 minutes [1]. It is also characterized by almost 

complete paralysis of the skeletal muscles, except for the diaphragm and extraocular muscles 

[1]. 

           The purpose and functions of REM sleep are still not fully understood. However, it is 

considered essential for various cognitive processes, emotional regulation and memory 

consolidation [2]. 

           Rapid eye movement (REM) behavior disorder (RBD) is a parasomnia with loss of 

skeletal muscle atonia that can lead to dream enactment [3]. RBD is characterized by elaborate 

and often violent motor behaviors during otherwise normal REM sleep [4]. Behaviors can vary 

from basic physical actions, like speaking, yelling, and sudden movements of the limbs, to more 

intricate motions that appear intentional and aimed at achieving a specific goal, such as 

gesturing, striking, or kicking. Injuries occur when individuals with forceful movements of their 

limbs unintentionally collide with a wall, window, object or their bed partner while responding 

to an imaginary threat. Falling out of bed is also a common consequence [5]. RBD has a low 

prevalence in young adults, but is a more frequent parasomnia among the elderly, with an 

estimated prevalence up to 7.7% [6]. The recent interest in RBD by neurologists is because, 
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apart from being classified as a parasomnia, it is most commonly caused by alpha-synuclein 

neurodegeneration, characterized by abnormal accumulation of alpha-synuclein protein which 

aggregates in neurons [1] . 

           In the long run, the majority of individuals with rapid eye movement sleep behavior 

disorder tend to develop a neurodegenerative disorder. RBD has been linked to diseases such 

as Parkinson's, dementia with Lewy bodies and multiple system atrophy [4]. RBD can also be 

seen in the course of neurological diseases such as narcolepsy type 1, discrete pons lesions 

affecting REM generators such as stroke, multiple sclerosis demyelinating disease, brainstem 

tumors, neurogenetic disorders such as spinocerebellar ataxia type 3 as well as paraneoplastic 

neurological disorders and autoimmune diseases [7]. 

In individuals under the age of 50, the most common cause of rapid eye movement sleep 

behavior disorder is the use of antidepressant medications, specifically those that affect 

serotonin levels. This type of RBD is referred to as serotonergic RBD or 5-HT RBD, indicating 

its association with serotonin and the medications that influence its activity [8].  

Mild RBD may often go undiagnosed, because patients may be unaware of their nocturnal 

behavior or neglect that dream-associated behavior reflects a medical condition that should be 

reported to their physician [9]. 

 

RBD AS A PROGNOSTIC FACTOR IN PARKINSON’S DISEASE  

 

REM sleep behavior disorder receives scientists’ attention for being a clear predictor 

for neurodegeneration, as it precedes development of full-blown symptoms of disorders such 

as Parkinson’s disease, dementia with Lewy bodies and multiple system atrophy, with PD being 

the most common of them. According to the large study which involved multicentric, 

prospective follow-up data, the conversion rate from idiopathic RBD to clinical manifestation 

of parkinsonism and dementia was 6.3% per year. In 12-year follow-up the percentage of 

patients who converted rose to 73.5 [10]. Some individuals that remained disease free for more 

than 10 years after diagnosis of RBD were described. However, through measurement of 

patients’ motor and cognitive function, the features of underlying neurodegeneration were 

observed [11]. Coexistent hyposmia was identified as a potential factor that increases short-

term risk for developing synucleinopathy in general, but it doesn’t enable to differentiate 

between conversion to PD and dementia with Lewy bodies [12]. Because comprehensive 

research  on  risk  factors  is  still lacking, a  currently conducted Italian study was designed to  

stratify the risk of transition to neurodegenerative pathologies [13]. 
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Among individuals affected by Parkinson’s disease we can distinguish three subgroups, 

depending on coexistence of RBD symptoms: confirmed RBD, non-RBD and those without 

definitive polysomnographic diagnosis, referred to as probable RBD. In a meta-analytic study 

published in 2021 the comparison between those groups was conducted. Both probable RBD 

patients and confirmed RBD individuals were associated with longer PD duration and higher 

dosage of levodopa, Hoehn-Yahr scale and UPDRS-motor score in comparison with those 

without diagnosis of RBD. The main differences involved older age, lower MMSE scores, 

higher stage in Hoehn-Yahr scale and higher incidence of insomnia in confirmed RBD group 

compared to probable RBD [14]. 

Patients with PD accompanied by RBD typically had poorer performance in 

neuropsychological assessment, which consists of evaluation of memory, language, attention 

and executive functions. Mild cognitive impairment can be diagnosed in patients affected by 

PD with or without parasomnia, however coexistence of RBD is related to higher frequency of 

MCI diagnosis [15]. Interestingly, in a study carried out in 2020 PD with probable RBD 

individuals exhibited poor performance generally in all neuropsychological functions, whereas 

in isolated PD only language abilities’ decline was described. In terms of emotional outcome 

both PD groups reported greater levels of depression and anxiety when compared to healthy 

participants [16]. 

The concomitance of cognitive decline and sleep disturbances may be associated with 

the fact that these two states tend to affect each other. As a result of existing sleep problems 

neurocognitive difficulty may occur, with fatigue being a substantial but nonspecific causative 

factor. Abnormal architecture of sleep was suggested to be another potential variable directly 

affecting neurocognition. Neurodegenerative disorders may, in turn, affect structures of the 

brain related to circadian rhythm but also worsen sleep hygiene among patients [17]. In terms 

of RBD specifically, global cognitive deficits may come from abnormalities involving frontal 

networks and posterior cortical areas [18]. 

PD in RBD positive individuals is more likely to be manifested as a non-tremor subtype 

with dominant motor symptoms [19]. Dermal alpha-synuclein deposition may be a factor of 

some importance in terms of PD/RBD+ phenotype, as alpha-synuclein deposits were found 

with greater frequency in skin biopsies extracted from those suffering from RBD. Both in 

patients with isolated RBD, presenting no symptoms of parkinsonism at the moment of study, 

and in patients with coexisting PD and RBD the deposits were associated with involvement of 

peripheral nerves [20]. 
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Overall, findings support the fact that RBD is related to poor prognosis, as the severity 

of both motor and non-motor symptoms is increased [21], along with greater risk of developing 

functional dependency [22]. 

 

ROLE OF BIOMARKERS 

 

As people with isolated REM sleep behavior disorder can convert into alpha-synuclein 

aggregation illnesses, stratifying groups of risk in the prodromal condition may be crucial. We 

need biomarkers that are less intrusive than cerebrospinal fluid, as well as universally applicable 

screening tools for prodromal patients. Other biomarkers such as fecal microbiota, miRNA or 

inflammatory panels are yet to be reliable screening tools for patients at risk of disease 

conversion. The identification of people with iRBD who are at a high risk of short-term 

phenoconversion will probably be improved with the help of a combination of biomarkers. [23] 

There are currently no reliable biological indicators available. Numerous studies have been 

conducted on neurofilament light chain (NFL) and glial fibrillary acidic protein (GFAP) as 

indicators of cognitive impairment. [24] For phenotypic conversion prediction, baseline plasma 

NFL levels may be helpful. [25] When used together, NFL and GFAP performed well in 

differentiating PD-RBD patients from PD-nRBD. Serum NFL and GFAP were revealed as 

distinct risk factors for RBD when potential confounding variables such as age and disease 

duration were taken into account. To sum up, serum NFL and GFAP may be useful biomarkers 

for the RBD subtype of PD. [24] Biomarker function of tissue biopsy in REM sleep behavior 

disorder is also taken into consideration. Future research on patients with alpha-

synucleinopathy, and particularly on those with iRBD, could benefit from tissue biopsy as it 

offers a minimally invasive in-vivo assay for the accumulation of alpha-synuclein. Studies are 

required to determine the association between the pattern and density of alpha-synuclein 

deposition in the skin and enteric nervous system (ENS) and the potential risk of 

phenoconversion in individuals with iRBD. [26] Surprisingly, in addition to cerebrospinal fluid, 

skin, and nasal mucosa, where alpha-synuclein aggregates build up in patients with iRBD, stool 

is now an important and convenient resource with the potential to be used for diagnostic 

purposes. These aggregates are excreted in the feces and can be detected using the surface-

based fluorescence intensity distribution analysis (sFIDA) assay, which may aid in the 

diagnosis of prodromal synucleinopathies. The researchers have found overlap between patients 

and controls who were healthy, resulting in a specificity of 49.0% and a sensitivity of 76.4% 

for   distinguishing  iRBD  patients  from  healthy controls,  and  a  specificity  of  52.1%  and    
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a sensitivity of 80.6% for distinguishing iRBD and Parkinson's disease patients [27]. 

Despite the lack of a definitive standard, a growing number of studies have produced 

encouraging findings that suggest a variety of imaging modalities can support the evaluation of 

RBD progression and give predictions about the course of the disease. Neuroimaging could 

make it easier to identify neurodegenerative brain changes in RBD at an early stage. It would 

enable the identification of people who are at a higher risk of phenoconversion to a progressive 

neurological disorder. RBD patients have persistent network-level metabolic anomalies that are 

astonishingly similar to those seen in PD patients, indicating that these disorders have a shared 

pathophysiology [28]. 

Among the radiotracer imaging varieties (using a combination of PET and SPECT) 

presynaptic dopaminergic imaging seems to have an advantage over other forms of imaging 

(postsynaptic dopaminergic, metabolic and cerebral perfusion ones). The current findings 

suggest that imaging of presynaptic dopaminergic integrity is appropriate for monitoring 

disease development and identifying individuals at high risk of phenoconversion. Other forms 

of radiotracer imaging are lacking the evidence or longitudinal studies, so they are less 

recommended, and their usefulness is less well-established [28]. Magnetic resonance imaging 

(MRI) which allows us to avoid potentially hazardous ionizing radiation exposure [29] has yet 

to be proven beneficial in monitoring RBD progression. Diffusion tensor imaging (DTI) 

technique has been widely applied to explore microstructural abnormalities in Parkinson's 

disease and atypical parkinsonism, and it has demonstrated potential for early disease detection 

and differential diagnosis of parkinsonian disorders, but a limited number of studies have used 

DTI in RBD, and the results are mixed. [28] The usefulness of this imaging must be assessed 

further. Another neuroimaging technique, transcranial sonography, which has proven to be 

highly beneficial in the clinical differentiation of Parkinson's disease patients from the healthy 

population [30],  unfortunately presents rather low sensitivity and specificity when used alone 

for the RBD. [28] Future research should take into account the possibility that combining 

various imaging modalities could improve prognosis accuracy. In addition, extra longitudinal 

research is required to support the current discoveries.  

Another diagnostic approach, summarized by the meta-analysis [31], monitored sleep 

changes in idiopathic REM sleep behavior disorder. Compared with the control group, iRBD 

patients were presented with reduced total sleep time, sleep efficiency, apnea hypopnea index 

(this result could be attributed to RBD patients' loss of muscle atonia during REM sleep,  hich 

could protect against obstructive sleep apnea by limiting upper airway collapse) and increased 

sleep latency, slow wave sleep and periodic limb movement index. Sleep continuity and 
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architecture are disrupted in iRBD patients and may be associated with neuropathological 

alterations. 

 

TREATMENT OF RBD 

 

Clonazepam 

            Clonazepam, a benzodiazepine, is  considered as a treatment option for RBD. It works 

by enhancing the activity of gamma-aminobutyric acid (GABA), a neurotransmitter that helps 

regulate neuronal excitability [32]. Although clonazepam is widely regarded as the first-line 

treatment for RBD, its effectiveness in treatment has not been conclusively proven in 

randomized controlled trials, which showed that low doses of clonazepam (0.5 mg/day) showed 

a similar degree of improvement in symptoms compared to placebo. Therefore, based on this 

study, the efficacy of clonazepam in the treatment of isolated RBD remains uncertain [33]. 

 

Melatonin 

            The other drug used in treatment is melatonin. Melatonin is a hormone secreted in 

accordance with the circadian rhythm by the pineal gland and is influenced by the dark 

environment, which begins to grow shortly after dark and peaks in the middle of the night 

.Studies have shown that melatonin reduced the percentage of REM sleep without atonia from 

39.2% to 26.8%,  the delay in falling asleep by 1.96 minutes and led to a significant 

improvement in overall clinical impression compared to baseline but no statistically significant 

change from placebo [34]. In other studies doses of 3-12 mg of melatonin at bedtimes were 

used successfully to reduce injuries, with few adverse effects [35]. These findings suggest that 

melatonin can be used in monotherapy or as add-on therapy in selected patients with RBD. 

 

Dopaminergic agonist 

There is currently a lack of randomized controlled studies specifically investigating the 

use of dopaminergic agonists for RBD in Parkinson's disease (PD). The available evidence 

primarily consists of uncontrolled studies, including those involving new dopaminergic 

agonists, which have yielded inconclusive results [36]. Therefore, further research is needed to 

determine the efficacy of dopaminergic agonists in treating RBD . 

 

Sodium oxybate 

Sodium oxybate, which is the sodium salt of γ-hydroxybutyrate (GHB), is primarily  
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used for the treatment of sudden muscle weakness and excessive daytime sleepiness in patients 

with narcolepsy. However, there have been reports suggesting that sodium oxybate may also 

be effective in improving symptoms of RBD in various conditions. 

Studies have indicated clinical improvement in RBD symptoms in patients with isolated 

RBD [37] as well as RBD associated with Parkinson's disease [38] and narcolepsy type 1 [39]. 

These reports suggest that sodium oxybate has shown positive effects in managing RBD 

symptoms in these specific patient populations. 

It's worth noting that further research is needed to establish the efficacy of sodium 

oxybate specifically for RBD treatment. 

 

Antidepressants and serotonergic drugs 

Some reports suggest potential improvements in RBD (rapid eye movement sleep 

behavior disorder) symptoms with various antidepressants and serotonergic drugs. These 

include tricyclic antidepressants like desipramine and imipramine, selective serotonin reuptake 

inhibitors like fluvoxamine and paroxetine, trazodone, agomelatine, and vortioxetine [40,41]. 

However, the efficacy of these medications in RBD treatment requires further investigation. 

Nelotanserin, an inverse agonist of the serotonin receptor subtype 5-HT2A primarily used for 

insomnia, was tested in a short-term trial but did not show positive results in patients with RBD 

associated with dementia with Lewy bodies (DLB) or Parkinson's disease dementia (PDD). On 

the other hand, a recent short-term randomized crossover trial demonstrated a beneficial effect 

of 5-hydroxytryptophan (a serotonin precursor) in treating RBD symptoms in patients with 

Parkinson's disease and RBD [42] . 

 

CONCLUSIONS 

 

              RBD has been linked to neurodegenerative disorders such as Parkinson's disease, 

dementia with Lewy bodies, and multiple system atrophy [4]. It serves as a clear predictor for 

the development of these disorders [1]. 

              Individuals with Parkinson's disease accompanied by RBD experience poorer 

performance in neuropsychological assessments and a higher frequency of mild cognitive 

impairment compared to those without RBD. RBD in Parkinson's disease is associated with 

greater severity of both motor and non-motor symptoms and an increased risk of developing 

functional dependency [15, 21, 22]. 
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Biomarkers play an essential role in identifying individuals at high risk of developing 

neurodegenerative disorders. Several potential biomarkers, including neurofilament light chain 

(NFL), glial fibrillary acidic protein (GFAP), and alpha-synuclein deposits in peripheral tissues, 

are being investigated for their predictive value in RBD [24, 25, 26]. Neuroimaging modalities 

such as presynaptic dopaminergic imaging and magnetic resonance imaging (MRI) hold 

promise in monitoring RBD progression and identifying early neurodegenerative changes [28, 

29].  The treatment of RBD includes clonazepam, melatonin, dopaminergic agonists, sodium 

oxybate, and certain antidepressants and serotonergic drugs. Clonazepam and melatonin are 

commonly used, although the evidence for their efficacy is not conclusive [33, 34]. Further 

research is needed to determine the effectiveness of these treatments and explore new 

therapeutic options for RBD. Overall, early detection and intervention for RBD may help in 

identifying individuals at risk and implementing appropriate management strategies. Further 

research is necessary to enhance our understanding of RBD and its role in neurodegeneration. 
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INTRODUCTION  

 

 Schizophrenia is a chronic endogenous disease classified as a psychotic disorder                              

- a condition characterized by distorted pathological, perception, experience and evaluation of 

reality. To improve long-term prognosis, it is crucial to provide patients with psychotherapeutic 

support from the first episode of the disease [1].  

Psychotherapy is defined as , "the conscious and intentional use of clinical methods and 

interpersonal interventions derived from the proven claims of psychological science to 

accompany people in modifying their behavior, cognitive properties, emotions and/or other 

personal characteristics to those that appear desirable to the participants in the process" [1].  

The use of psychotherapy as a method to support the treatment of mental and somatic 

disorders requires the patient's cooperation and commitment, as well as the willingness and 

ability to establish a proper interpersonal relationship, which is the basis for creating a 

psychotherapeutic relationship [1]. 

 Its beneficial effect on changing the patient's thoughts, beliefs and behavior has been 

proven. Psychotherapy helps the patient distinguish between issues over which he has control 

and those over which he has no control. There are different approaches used to treat 

schizophrenia, which depend on the interpretation of the psychopathological essence and 

unanimously aim to prevent relapse and improve the patient's quality of life [2].  

The choice and duration of therapy depends on a number of factors, such as the form of 

schizophrenia, the clinical course, the type and severity of symptoms, the history of the disease, 

previous treatment, and the patient's approach to therapy. The purpose of this paper is to present 

the theoretical and practical aspects of psychotherapy that are important in supporting patients 

with schizophrenia. 
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PSYCHODYNAMIC THERAPY  

 

Psychodynamic therapy focuses on providing support, providing a corrective 

experience,  resolving patients' emotional conflicts and avoiding situations that could cause 

regression [2]. A study by Gunderson [3] compared the impact of exploratory psychotherapy, 

focused on insight (into disease symptoms), with social skills training. All patients (164 

patients) received standard doses of medication, and the therapy was conducted for a period of 

2 years, including after leaving the hospital. In the group undergoing expolarytic therapy, 

improvements were observed in ego functions, progress in coping with the symptoms of the 

disease, and a reduction in the tendency to deny the disease. In contrast, the group subjected to 

social skills training showed improved social functioning, an increase in the frequency of 

employment, and a decrease in anxiety and depression. Grinspoon [4] estimates the 

effectiveness of pharmacotherapy to psychotherapy as a 3:2 ratio, based on the results of a group 

of 20 patients treated with psychoanalytically oriented psychotherapy for three years at Boston 

State Hospital. 

 

COGNITIVE-BEHAVIORAL THERAPY 

 

In the cognitive-behavioral approach, mastering coping skills, solving ongoing 

problems, and compensating for deficits that result from neurocognitive deficits are considered 

most important. A study by Tarrier and colleagues [5-7] tested therapeutic protocols involving 

a set of specific cognitive and behavioral techniques, such as the Coping Strategy Enhancement 

(CSE) program. The study included patients with chronic illness for whom first-line treatment 

was ineffective, patients with a first episode of schizophrenia, as well as those with a dual 

diagnosis (schizophrenia and addiction). In 50% of patients, those using the CSE program 

showed an improvement in the reduction of hallucinations and delusions compared to the 

control group. A study by Drury and colleagues [8] conducted after a 9-month follow-up 

showed that only 5% of patients treated with cognitive-behavioral therapy experienced negative 

symptoms, compared to a 50% frequency in patients treated with pharmacological therapy 

alone. Granholm [9], on the other hand, reports improvements in social activation, coping with 

difficult situations and problem-solving after cognitive-behavioral therapy. However, the 

observed benefits also occurred in the group treated with pharmacological therapy alone. The 

study included elderly patients with chronic schizophrenia. 



Psychotherapy as a supportive method in psychiatric disorders and schizophrenia 

 
 

335 
 

GROUP THERAPY  

 

Group therapy is aimed at developing the ability to establish, maintain and strengthen 

relationships with people. Its field also includes family therapy and education, part of 

community therapy, which aims to restore the family's psychological balance in such a way that 

it provides support for the patient and individual family members. The 17-year study, conducted 

by a team of researchers from the Department of Adult Psychiatry in Krakow, Poland, compared 

the effectiveness of "community-based" treatment (psychosocial interventions and psycho-

education of families) and "individual" treatment (outpatient treatment after leaving the 

hospital). Both groups of patients consisted of 40 patients each. Inclusion criteria for the study 

were: first psychiatric hospitalization, diagnosis of schizophrenia, and residence with family in 

Krakow. Patients were assessed in psychopathological (including relapse and rehospitalization) 

and social dimensions. A reduction in relapse rates (62% vs. 88%) and inpatient rehospita-

lizations (49% vs. 71%) was observed in patients treated in a community-based approach [10]. 

Orwid and colleagues, on the other hand, in a 5-year catamnestic study of adolescents with                      

a diagnosis of schizophrenia using group therapy, observed no reduction in relapse rates 

compared to the control group. In contrast, a stronger need to establish and maintain 

interpersonal relationships was observed in control group patients undergoing group therapy 

[11]. 

 

SUMMARY  

 

Psychotherapy as a psychological method has a beneficial effect on changing the 

patient's thoughts, beliefs and behavior. It is helpful in gaining control over intrusive thoughts, 

commanding voices and other sensory disturbances that often persist despite the use of 

pharmacotherapy. In addition, psychological therapy helps to accept states taking place outside 

the patient's control or consciousness and also to distinguish between matters over which the 

patient has control and those over which he has no control. An important aspect of 

psychotherapy is to interpret the symptoms prevalent during psychosis and look for their 

subliminal content and function. 
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INTRODUCTION 

 

Autism spectrum disorder (ASD) is a phrase used to describe a group of early-onset 

social communication deficiencies and repetitive sensory-motor behaviors that have a strong 

genetic component as well as other causes [1].  

ASD frequently manifests itself in the early stages of life through repetitive sensory-

motor activities, which entail actions or motions requiring sensory input and motor responses. 

Communication problems are also a feature of the condition [2].  

Autism is not just a genetic illness, though genetics definitely play a role in its 

development. Autism has progressed from a poorly known and uncommon childhood illness to 

a well-researched and common condition in the last 50 years [1].  

Psychosocial therapies have been utilized to improve speech and social skills in autistic 

people, but more research is needed to determine the best approaches to treat them and support 

their long-term independence. Modern research also emphasizes family involvement in real-

world interventions, acknowledging that families are the primary source of support [3]. 

 

SEXUALITY IN PEOPLE WITH AUTISM SPECTRUM DISORDER 

 

People with autism spectrum disorders (ASDs) exhibit the whole spectrum of sexual 

behaviours, just as unaffected individuals. However, certain ASD persons may develop 
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numerically above-average or nonnormative sexual behaviours and interests because of the 

disease spectrum's basic symptoms, such as social skill deficiencies, sensory hypo- and 

hypersensitivity, and repetitive behaviours.  Studies on the general population reveal that people 

without ASD have fewer hypersexual and paraphilic dreams and behaviours than those with 

ASD do. However, the observations for the male participants with ASD are mostly responsible 

for this discrepancy. This might be because women with ASD are typically more socially adept 

and exhibit fewer ASD symptoms. Both sexual education and therapy techniques should take 

into account the unique sexual behaviours displayed by ASD patients [4]. 

Prior studies revealed that, although being primarily thought of as heterosexual, there 

were greater rates (up to 15% to 35%) of gay or bisexual orientation in the ASD community 

than in the non-ASD group [5,6]. Less people with ASD reported being heterosexual than 

healthy controls (HCs)  in the current study as well, but it must be noted that HCs were all 

heterosexual, making them unrepresentative of the broader population. 10% of respondents to 

the Global Online Sexuality Survey said they were homosexual [7]. Various presumptions have 

been made regarding the ASD population's wider spectrum of sexual orientation. Due to limited 

access to romantic or sexual interactions, as well as limited experience and sociosexual 

interchange with their peers, gender may not be as important in choosing a partner. This could 

result in a limited understanding of sexual orientation or preference when coupled with a lack 

of sexual education [8,9]. Furthermore, there is evidence that people with ASD may be more 

accepting of same-sex relationships15, and it is possible that people with ASD choose their 

sexual preferences independently of what is socially expected or demanded, possibly in part 

because they are less sensitive to gender roles or social norms [10]. 

A greater proportion of HCs than people with ASD reported being in a relationship with 

obvious gender disparities. Women with ASD were more likely to be in relationships than men. 

Although the findings of other research exploring gender differences in relationship status are 

ambiguous, there is some evidence that ASD women are more frequently in a romantic and 

sexual relationship, even if men prefer dyadic relationships more than women do [11,12]. This 

might be because the ASD women were able to use more sophisticated coping mechanisms, 

such as emulating their non-ASD counterparts' social abilities, which resulted in less 

impairment in social functioning [13]. Women with ASD expressed less desire to have sexual 

contact with a partner and more solitary than person-oriented sexual behaviour when it came to 

frequency of sexual behaviour. Males with ASD showed a similar tendency, which is consistent 

with prior studies [14,15]. 
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The probability of engaging in nonnormative or statistically above-average sexual 

behaviours, however, may also be increased by rejecting social norms, commonly seen limited 

social skills, and sensory hyposensitivities or hypersensitivities [16]. We discovered that ASD 

patients were more likely to report hypersexual behaviour than HCs, supporting this hypothesis. 

However, these differences were mostly driven by the male ASD patients, and no differences 

between the female groups were seen. Uncertainty surrounds the potential causes of the 

increased rates of hypersexuality in ASD men, but it is reasonable to speculate that they may 

be linked to repetitive behaviours or affected by sensory abnormalities. Small sample numbers 

have limited studies on the prevalence of hypersexual behaviours in women, and estimates of 

prevalence in the general population range from 4% to 40% [17]. 

 

GENDER IDENTITY AND SEXUAL ORIENTATION IN AUTISM SPECTRUM 

DISORDER 

 

Clinical perceptions suggest that gender dysphoria is overrepresented in people with 

autism spectrum disorder. The demographics of gender-identity difficulties in autism spectrum 

disorder are currently poorly understood. We made a hypothesis based on the few information 

available that gender dysphoria would be more common in people with autism spectrum 

disorder than in people who are normally developing [18,19].  

Comparatively to their sex-matched peers, males and females with an ASD were less 

likely to identify as heterosexual but more likely to identify as gay, bisexual, and asexual. Males 

and girls with ASD were less likely to report being heterosexual and more likely to describe 

being asexual in the area of sexual encounters. No group differences are found in bisexual 

contact [19]. 

 

TRANSGENDER 

 

A wide range of people, including those who identify as transgender, make up this 

population. When examining the relationship between gender identity and autism spectrum 

disorder (ASD), it is clear that transgender people on the spectrum experience particular 

difficulties and concerns. By addressing the difficulties they face and the value of inclusive 

assistance, this essay seeks to shed light on the experiences of transgender people within the 

ASD community [20]. 

The  interaction  of  gender  identity  and  autism  spectrum disorder presents particular  
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difficulties for transgender people within the ASD community. Their understanding and 

expression of gender identity may be complicated by the social and communicative challenges 

associated with ASD, complicating their process of self-discovery. Additionally, gender 

dysphoria or gender affirmation processes may be impacted by the sensory sensitivities 

frequently seen in ASD patients. Inability to express one's gender identity or pursue gender-

affirming activities might be caused by sensory aversions to particular clothes textures, sounds, 

or social circumstances. The combination of these elements emphasizes even more how crucial 

it is for the ASD community to provide complete knowledge and support for transgender people 

[21]. 

Within the ASD community, transgender people need specialized care and 

consideration. First and foremost, medical practitioners should offer inclusive and affirming 

care that takes into account their special sensory and social needs. The general health and 

contentment of transgender people within the ASD community can be raised during gender-

affirming procedures by adjusting healthcare services to meet their demands. Second, it's crucial 

to establish welcoming surroundings that promote tolerance and acceptance. The intersectional 

difficulties faced by transgender people on the spectrum must be addressed through the use of 

inclusive support networks such support groups, counseling services, and peer mentoring 

programs. Throughout their journey, these materials make sure they feel understood, supported, 

and empowered. Finally, it's critical to educate and raise awareness within both the ASD 

community and society at large. fostering empathy [21, 22].  

With difficulties arising from both their autism and their gender identity, transgender 

people within the community of those with autism spectrum disorders manage a complicated 

intersection of identities. Giving inclusive and affirming assistance requires recognizing and 

addressing these issues. We can build a more accepting culture that accepts and elevates the 

various experiences and identities of transgender people on the autistic spectrum by making 

sure that everyone has access to inclusive care, encouraging supportive environments, and 

promoting education and awareness [12,20]. 

 

SEXUAL DISORDERS IN THIS FIELD 

 

People with autism spectrum disorder (ASD) frequently experience sexual difficulties. 

According to research, people on the autism spectrum may experience unusual sexual behaviors 

or issues at a higher incidence than people in the general community. However, because of 

communication problems and ASD's own overlapping symptoms, it can be difficult to identify 
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and diagnose these conditions. The population of people with ASD exhibits a wide variety of 

sexual habits. While some people express hypersexuality, which is characterized by excessive 

or improper sexual actions, others may exhibit hyposexuality, which is characterized by a lack 

of interest in sexual engagement [19].  

Additionally, strange obsessions, repetitive actions, or fixations on sexuality may be 

seen. In order to provide appropriate assistance and specialized interventions for people with 

ASD, it is essential to comprehend and address the complexity of sexual issues in these people 

[18]. 

Sexual difficulties may arise in people with autism spectrum disorder (ASD) due to a 

variety of circumstances. First and foremost, there are major changes in sensory processing. 

People with ASD frequently have unusual sensory sensitivity or aversions, which might affect 

how they experience sexuality. An individual's sexual preferences, responses, or interests may 

be impacted by sensory problems with touch, texture, or other sensory inputs. Second, the 

development and comprehension of appropriate sexual practices and norms may be hampered 

by the social and communication difficulties associated with ASD. The way people with ASD 

interact with and understand sexual situations can be influenced by their lack of social skills, 

their inability to read non-verbal signs, and their difficulties managing interpersonal 

relationships [23]. 

It is critical to their wellbeing to offer assistance and interventions to people with sexual 

difficulties and autism spectrum disorder (ASD). This process is greatly aided by education and 

awareness, which provide the ASD community with information on sexual development and 

appropriate conduct. To teach people with ASD about personal space, setting boundaries, 

consent, and healthy relationships, age-appropriate resources and materials can be used. 

Another beneficial intervention is social skill instruction. ASD patients' social and 

communication skills can be improved by targeted therapy, which has a knock-on effect on how 

well they comprehend and regulate sexual behavior. These interventions aid people with ASD 

in understanding social signs more clearly, expressing their emotions in the right ways, and 

developing deep connections [23,24]. 

Autism spectrum sexual disorders are a complicated and nuanced subject. It's critical to 

acknowledge the particular difficulties people with ASD have in this area and to offer the 

necessary assistance and interventions. We can improve the wellbeing and quality of life for 

people on the autism spectrum with regard to their sexual development by raising awareness, 

implementing focused education, encouraging the development of social skills, and providing 

tailored assistance [25]. 
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SEX EDUCATION 

 

Mackin [26] qualitative study involved telephone interviews with parents of 15 

adolescents with ASD to learn how they teach their kids about sex. The majority of parents, it 

was discovered, taught their children about healthy sexual behaviour; nevertheless, they all 

agreed that other sources, such as schools and health care facilities, should also teach children 

about healthy sexual behaviour. Sexual relationships, anatomy and physiology of sex reactions 

and behaviours, consequences of sex, birth control, and personal boundaries are among the 

sexuality-related subjects that, in the parents' opinion, should not be covered in sex education. 

Pornography, fetishisms, and sex trafficking are among the subjects that should not be covered. 

Additionally, a lot of parents expressed concern that sex education was not tailored to the unique 

needs of the ASD population and suggested that it be delivered visually, interactively, 

specifically for ASD, technologically based, and at the student's own pace. 

In a one-year randomised controlled trial, authors investigated the effectiveness of the 

Tackling Teenage Training (TTT) programme, which provided psychoeducation (concerning 

puberty, sexuality, and intimate relationships) and communication skills practise to cognitively 

capable adolescents (12–18 years old) with ASD. In self-rated and parent-rated knowledge 

exams, the young participants' knowledge, particularly their sexual knowledge, grew during the 

programme. Parents also stated that their children were better able to understand interpersonal 

boundaries in both public and private settings [27]. 

 

SUMMARY 

 

In this paper, we highlighted the intersection of gender identity and autism spectrum 

disorder (ASD), as well as sexual disorders within the ASD community. Transgender 

individuals with ASD face unique challenges in understanding and expressing their gender 

identity, often complicated by the social and communication difficulties associated with ASD. 

Sensory sensitivities can also impact their experience of gender dysphoria or gender affirmation 

processes. Inclusive and affirming care, supportive environments, and education are crucial in 

providing adequate support for transgender individuals within the ASD community. 

Additionally, sexual disorders can occur at higher rates in individuals with ASD, but diagnosing 

and addressing these issues can be complex due to communication difficulties. Sensory 

processing differences and challenges in social and communication skills contribute to sexual 

difficulties in individuals with ASD. Providing education, social skills training, and 
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individualized support and counseling are important interventions for addressing sexual 

difficulties in individuals with ASD. By understanding and addressing these complex issues, 

we can foster acceptance, support, and well-being for individuals with ASD and their diverse 

experiences [4,25]. 
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INTRODUCTION 

 

Addiction is a primary, chronic disease involving brain reward, motivation, memory 

and related circuitry; it can lead to relapse, progressive development, and the potential for 

fatality if not treated [1].  

Substance addiction (or drug addiction) is defined as a neuropsychiatric disorder 

characterized by a recurring desire to continue taking the drug despite harmful consequences. 

Non-substance addiction (or behavioral addiction) covers for instance pathological 

gambling, food addiction, internet addiction, and mobile phone addiction [2]. Numerous 

substances can promote addiction. According to the 2020 Substance Abuse and Mental Health 

Services Administration (SAMHSA) and National Survey on Drug Abuse and Mental Health 

(NSDUH) the most common are: alcohol, nicotine, marijuana, opioids, inhalants, cocaine, 

heroin, stimulants (range from prescription drugs, such as Adderall or Ritalin, to illicit 

substances like meth), benzodiazepines and barbiturates [3].  

Addiction to these substances is a very serious global problem. Data from the World 

Health Organisation says that about 270 million people (or about 5.5% of global population 

aged 15-64) had used psychoactive drugs in the previous year and about 35 million people are 

estimated to be affected by drug use disorders (harmful pattern of drug use or drug 

dependence). It is estimated that about 0.5 million death annually are attributable to drug use 

with about 350 000 male and 150 000 female deaths [4].  

https://www.addictioncenter.com/alcohol/
https://www.addictioncenter.com/nicotine/
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In this article, we discuss some of the most common drug addictions.  

 

Z-DRUGS 

 

Once considered a safe alternative to benzodiazepines, the Z-drugs - zaleplon, zolpidem 

and zopiclone - have been linked in recent years to cases of abuse, dependence and the 

occurrence of withdrawal syndrome [5]. 

Despite the fact that Z-drugs have favorable pharmacokinetics compared to 

benzodiazepines, which has been associated with high hopes for their safety [6], cases of 

rebound insomnia [7, 8], and symptoms of withdrawal syndrome after discontinuation of these 

drugs have been reported, especially among patients with alcohol dependence and a history of 

psychoactive substance abuse [5]. 

It is worth defining and distinguishing between the symptoms of withdrawal syndrome, 

rebound insomnia and recurrence of insomnia after systematic drug intake. Rebound insomnia 

is a significant exacerbation of sleep problems relative to the state before taking the drug, 

occurring after withdrawal; it occurs early, the symptoms are transient. Recurrence of 

insomnia, on the other hand, is observed slowly and gradually over 2-3 weeks after 

discontinuation of the drug. In withdrawal syndrome, there is an association of physical 

withdrawal symptoms with psychological symptoms of addiction [9]. Withdrawal syndrome 

symptoms occur especially after abrupt termination of long-term Z-drug use and may be 

expressed as insomnia, euphoric state, irritability, anxiety, tremor, speech problems, abdominal 

pain, hypertension, tonic-clonic seizures, among others [10–12]. 

Certain routes of administration of the drug, including injection or use of high doses, 

may increase the risk of Z-drug abuse.  Zolpidem should be used with caution in patients with 

a history of substance abuse. Zolpidem addiction should be considered when a patient is 

considered to have an increase in dose intake, a change in psychological status, or manipulative 

behaviour such as using lies to obtain an increased supply of the drug [9]. 

Within the Z-drugs, some differences can be noted when considering abuse, 

development of dependence and abstinence syndrome. Compared to zaleplon, abuse appears 

to be less frequent with zopiclone and zolpidem; of the two however, zopiclone appears to be 

less frequently associated with abuse and the development of an abstinence syndrome. 

Zolpidem, on the other hand, appears to be the drug most likely to cause dependence among 

Z-drugs; reports of zolpidem overdose are also the most common. Among the Z-drugs, 
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zolpidem is most often taken intravenously; in very high doses; along with concomitant intake 

of other substances [5]. 

 

BENZODIAZEPINES 

 

The mechanism of action involves influencing the GABA-ergic system. Medications 

bind to the GABA-A receptor, sensitizing it to the effects of gamma-aminobutyric acid 

(GABA), which is considered the most important inhibitory amino acid in the central nervous 

system [13]. 

Benzodiazepines are classified based on their half-life. Those with a short duration of 

action include brotizolam, loprazolam, and tiazolam. Among the drugs with a medium duration 

of action, alprazolam, bromazepam, clonazepam, lorazepam, lormetazepam, nitrazepam, 

oxazepam, and temazepam are distinguished. Benzodiazepines with proven long-lasting effects 

include chlordiazepoxide, diazepam, florazepam, ketazolam, clobazam, clorazepate, 

metachlorophenylpiperazine, and oxazolam [14]. It is worth mentioning that midazolam, 

triazolam, flunitrazepam, and diazepam have been studied in animal models, demonstrating 

dose-dependent effects [15–18], indicating a greater tendency to cause addiction. 

Additionally, their impact on cognitive abilities has been demonstrated without 

inhibitory effects on the respiratory center, distinguishing them from opioids [19]. 

Referring to a study conducted in the USA in 2015/2016 with 86,186 participants, it 

was observed that as many as 12.6% of the subjects reported using drugs from this group in the 

past year, with 10.4% obtaining them through a legal prescription and 2.2% taking them 

without consultation. Furthermore, the study showed that the use of benzodiazepines among 

adult patients in the United States is increasing compared to previous years' research [20]. 

Conversely, a similar study conducted in Brazil (n=5037) in 2020 showed that only 3.6% of 

the participants used benzodiazepines. It was also determined that only 7.8% of individuals 

with a psychiatric diagnosis were treated with this group of drugs [21]. 

Addiction to benzodiazepines is most commonly observed in individuals receiving 

treatment for sleep disorders as well as various types of anxiety disorders [22]. Their use in 

these cases stems from the therapeutic effects of muscle relaxation, anxiolysis, and sedation. 

However, studies on diazepam have shown a higher potential for dependence in individuals 

with social disorders or during an ongoing anxiety disorder. The causes of addiction are often 

attributed to self-dosing, dose escalation by the physician, or experimental tendencies [23, 24]. 
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Symptoms of benzodiazepine addiction include increased aggression, and their use has 

also been associated with a tendency towards criminal behavior. It has been demonstrated that 

they lead to aggressive behaviors more frequently when combined with alcohol [25, 26]. They 

also contribute to dementia and other cognitive problems [27]. Benzodiazepine abuse is also 

associated with increased mortality [28]. There is also a positive correlation between the 

frequency of falls and the use of this group of drugs [29]. 

Treating addiction is challenging. To prevent seizures and acute withdrawal symptoms, 

benzodiazepine withdrawal should be carried out over a period of 4-6 weeks, sometimes even 

8 weeks (in the case of diazepam >30 mg daily). It is advised to reduce the dose by 50% each 

week [30]. It has also been established that withdrawal can be more difficult when the patient 

also has other conditions such as estrogen deficiency with vasomotor symptoms or anxiety 

disorders [22]. 

 

OPIOIDS 

 

Opioids can occur in the form of natural opiates as well as semi-synthetic or synthetic 

drugs with similar effects [31]. Natural opiates include morphine, codeine, pseudomorphine 

and oripavine. Semi-synthetic opioids include oxycodone, hydromorphone, oxymorphone and 

heroin. Synthetic opioids include tramadol, fentanyl, buprenorphine, methadone, tapentadol, 

meperidine, and propoxyphene. They may act as agonists, partial agonists or antagonists 

through receptors: μ (mu), δ (delta), and κ (kappa).  Opioid agonists bind to specific G protein-

coupled receptors and modulate intracellular calcium ion influx. They close calcium channels 

at presynaptic nerve terminals, inhibiting the release of neurotransmitters (such as glutamate), 

and also inhibit postsynaptic neurons by opening potassium channels [32]. 

Opioids are the most potent available analgesics in clinical practice and are commonly 

used in pain treatment, especially in patients with cancer and chronic pain [33]. Opioid Use 

Disorder (OUD) is a long-lasting and recurrent brain condition where individuals struggle to 

control their opioid use. It leads to cognitive impairments, mood disturbances, altered pain 

perception, and changes in autonomic function. While OUD is a treatable condition with 

periods of recovery and relapse, it can result in severe health consequences and even death if 

left untreated [34, 35]. 

Common side effects of opioids include problems with the digestive system 

(constipation, nausea, and vomiting), and central nervous system leading to symptoms like 
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dizziness, confusion, sedation, feelings of euphoria or dysphoria, and restlessness. Opioids may 

cause urinary retention, dry mouth, slow heart rate, weight gain, excessive sweating, flushing, 

itching, hives, and a decrease in the cough reflex. Overdose of opioids can result in several 

effects such as slowed breathing (respiratory depression), increased pain sensitivity 

(hyperalgesia), and hormonal disorders including reduced sexual drive, hypogonadism, and 

osteoporosis. The risk of respiratory depression is higher when opioids are used in conjunction 

with sedatives like benzodiazepines or alcohol. Additionally, individuals with underlying 

pulmonary conditions such as severe chronic obstructive pulmonary disease or central and 

obstructive sleep apnea are also at an increased risk of experiencing respiratory depression 

when using opioids. [36].  

Many people initially start using opioids seeking euphoria or relief from pain. However, 

with continued use, tolerance develops quickly as the opioid receptors become less responsive, 

leading to a need for higher doses to achieve the same effects [37].  

This tolerance can be observed as reduced pain relief even at a stable dose, shorter 

duration of pain relief, less sedative effects, or less euphoria [38].  

Uncontrolled intake and intense cravings are key symptoms of opioid addiction, along 

with the development of tolerance and experiencing withdrawal symptoms upon cessation [37].  

Opioid withdrawal symptoms can start within   4 hours of the last dose, reach their peak 

in 48 to 72 hours, and typically improve within a week. Withdrawal symptoms consist of 

various manifestations, including feelings of restlessness, frequent sneezing, yawning, 

lacrimation, rhinorrhea, goosebumps (piloerection), profuse sweating, difficulty sleeping, 

tremors, muscle aches (particularly in the back and legs), nausea, vomiting, diarrhea, 

abdominal pain, fever, high blood pressure, rapid heart rate, and increased breathing rate [38].  

The studies show that women commonly experience higher acute and chronic pain 

levels than men. When comparing women and men with chronic pain, it becomes evident that 

women receive the majority of prescription opioids. Unfortunately, the use of these prescribed 

medications has become the primary route leading to misuse and addiction among women [39]. 

Borderline Personality Disorder (BPD) has been linked to opioid abuse in several 

studies. A 2014 10-year follow-up study of 263 BPD patients revealed a higher likelihood of 

prolonged prescription opioid use compared to other personality disorders [40].   

 Additionally, a 2020 US study with 68 individuals in a SUD (Substance use disorder) 

treatment facility found that individuals with BPD pathology experienced more negative 

outcomes related to opioid use [41]. 



The Nature of Addiction to Common Drugs 

 
 

351 
 

There are medications that have been proven to be effective in treating OUD: 

methadone (a full opioid agonist), buprenorphine (a partial agonist), and naltrexone (an opioid 

antagonist) [42]. Methadone is administered by the oral route, which produces a much weaker 

euphoric effect and effectively inhibits withdrawal states and has the strongest evidence for 

effectiveness. Buprenorphine taken orally attenuates craving for the drug and is also used 

sublingually with Naloxone. Naloxone and Naltrexone are both opioid antagonists. Long-

acting injectable naltrexone works by blocking opioid receptors, reducing cravings, and 

lowering the risk of opioid overdose. Lofexidine is also used to inhibit withdrawal syndrome 

or together with naltrexone to induce rapid detoxification. [37, 42, 43]  

 

CONCLUSIONS 

 

Addiction, whether substance or behavioral, is a significant global concern due to its 

chronic nature, involving brain circuitry related to reward, motivation, and memory. It can lead 

to relapse, progressive deterioration, and even potential fatality if left untreated. The prevalence 

of substance addiction contributes to a substantial number of individuals affected by drug use 

disorders and a considerable number of deaths worldwide. 

Z-drugs were initially considered safer alternatives to benzodiazepines but have been 

associated with cases of abuse, dependence, and withdrawal syndrome. Patients may develop 

rebound insomnia, withdrawal symptoms, and recurrence of insomnia after discontinuation, 

particularly those with alcohol dependence or substance abuse history. 

Opioid addiction is a long-lasting and intricate illness characterized by periods of 

relapse and remission. If left untreated, opioid use disorder (OUD) is linked to considerable 

disease and death rates. Furthermore, OUD is accompanied by numerous adverse effects. As 

part of the treatment approach, Buprenorphine, Methadone and Naloxone are commonly 

employed. 

              Benzodiazepines, particularly in individuals with sleep disorders and various anxiety 

conditions, possess addictive potential and can contribute to aggression, increased risk of 

criminal behaviors, as well as cognitive impairment, dementia, heightened mortality, and fall 

frequency. Withdrawal from benzodiazepines can be challenging, necessitating a gradual dose 

reduction over several weeks. Caution should be exercised when prescribing benzodiazepines 

to older adults and those with cognitive impairments, with physicians considering alternative 

approaches for managing anxiety and insomnia. 
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INTRODUCTION 

 

PANDAS, which stands for Pediatric Autoimmune Disorder Associated with 

Streptococcal Infections, refers to a condition characterized by a sudden and significant onset 

of OCD, tics, or restricted eating following an infection caused by group A Streptococcus 

(GAS) [1]. GAS are the most common cause of bacterial throat infections in school-aged 

children [2] and recent studies have shown that these bacteria are also involved in the 

development of Tourette's syndrome or autism [3]. Reactions to streptococcal infections are 

rare after the age of 12, but scientists acknowledge that PANDAS can occur, albeit rarely, 

among teenagers [4].  

The concept of this disease emerged from the hypothesis that its pathogenesis may be 

similar to that of Sydenham's chorea [5]. For the first time in 1998, Swedo et al. from the 
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National Institute of Mental Health in Maryland reported on 50 children with OCD and/or tic 

disorders that were associated with infections caused by GABHS and worsened from episode 

to episode [6,7]. Additionally, they exhibited various other symptoms, including changes in 

personality, separation anxiety, emotional instability, deterioration in handwriting, and physical 

manifestations such as insomnia, frequent urination, and bedwetting [8].  

The majority of knowledge about PANDAS has been acquired through the study of 

patients who already have a known tic disorder or longstanding OCD in research settings and 

referral centers [9]. It is believed that the symptoms of OCD and tics in PANDAS result from 

disruptions in the corticothalamocortical circuits, which are thought to be caused by 

autoimmune or inflammatory disturbances [10]. 

Guidelines for diagnosing PANDAS were updated in 2017 to include the following 

criteria:  

1. Presence of OCD and/or tics, mainly multiple ones, complex or not observable in other 

disorders. 

2. Specific period of childhood and age (symptoms of PANDAS are more common 

between the age of 3 years old and period of puberty). 

3. Acute onset and episodic changes in behavior.  

4. Association with infection of Streptococci group A . 

5. Coexisting neurological impairments [11]. 

6. Due to the variability of symptoms and their evolution, the diagnosis of PANDAS 

remains controversial [12]. A revision of the syndrome’s criteria has defined a broader 

diagnostic entity known as PANS (Pediatric Acute-Onset Neuropsychiatric Syndrome), 

which still emphasizes the abrupt onset of OCD but removes tics as a key criterion while 

adding food intake restriction as a new criterion. Unlike PANDAS, the PANS syndrome 

does not require a prior streptococcal infection [13].  

  The aim of this study is to review the available literature and summarize the 

controversies related to autoimmune neuropsychiatric disorders in children associated with 

streptococcal infections (PANDAS) and Pediatric Acute Onset Neuropsychiatric Syndrome 

(PANS).  

 

PREVALENCE 

 

PANDAS/PANS estimated  prevalence in the U.S. is 1 in 200 children, which is in 

contrast with another source stating that this disease occurs in 1:10 000 children [14,15]. 
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Another article revealed that 1-2% of children with OCD meet the criteria of PANDAS in that 

group, whereas 81% of 700 family self-report data was caused by Streptococcus spp. and the 

rest was reported due to other pathogens.  According to another report, 25% of kids diagnosed 

with OCD and tics may be assigned as PANDAS children. Majority of infected children were 

4 to 9 years old (69%), and their primary symptoms were mainly associated with both- OCD 

and tics (49%) [14,15].  

The true incidence of PANDAS/PANS is not known as this disease might be 

underdiagnosed, misdiagnosed or undiagnosed. There are estimations that 500 000 cases are 

undiagnosed per year [15,16].  

 

DIFFERENTIAL DIAGNOSIS 

 

The differential diagnosis of PANDAS syndrome includes OCD, tics and Sydenham's chorea. 

 

Obsessive Compulsive Disorder 

PANDAS syndrome and obsessive-compulsive disorder both can occur in teenage years 

and manifest themselves in the form of neuropsychiatric symptoms . A diagnostic problem in 

distinguishing PANDAS syndrome from OCD might be a possible autoimmune subtype of 

OCD in pediatric patients without a diagnosis of acute onset pediatric neuropsychiatric 

syndrome. In OCD, the increase in psychological stress leads to the proliferation of immature 

monocytes that enter the brain and cause the release of pro-inflammatory cytokines [17]. These 

cytokines promote the neuroinflammatory response, thereby affecting brain function and the 

metabolism of various neurotransmitters. In PANDAS syndrome, the phenomenon of 

molecular mimicry, i.e., the production of autoantibodies after a streptococcal infection which 

targets the cells of the basal ganglia, is thought to be responsible for the symptoms [18]. 

 

Tics 

Tics, particularly Tourette syndrome, are likely caused by disruptions in the 

corticostriatal thalamocortical circuit, resulting in the motor and limbic systems being 

disinhibited [19,20,21]. It is important to note that there is no evidence linking autoimmune 

neuropsychiatric disorders in children to the development of Tourette syndrome. Clinically, 

what sets PANDAS syndrome apart from Tourette syndrome is the presence of frequent, severe, 

and diverse motor and vocal tics in PANDAS syndrome, in contrast to the isolated, intermittent 

simple  motor  or  vocal  tics  typically  observed in Tourette syndrome. Additionally, Tourette  
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syndrome often has a milder course and more gradual onset [9,22]. 

 

Sydenham's chorea 

 

In the pathogenesis of Sydenham's chorea, an important factor is the phenomenon of 

molecular mimicry. This occurs when antibodies produced against a specific part of beta-

hemolytic streptococcus cross-react with other substances, such as lysoganglioside on the 

surface of nerve cells and the intracellular protein tubulin [23-25]. The basal ganglia may also 

be affected, similar to PANDAS syndrome. Sydenham's chorea clinically presents as a 

movement disorder characterized by chorea, emotional lability, and hypotonia. Both PANDAS 

syndrome and Sydenham's chorea have symptoms such as separation anxiety, hyperactivity, 

and random movements. However, one distinguishing feature is that Sydenham's chorea 

typically involves rapid, irregular, and non-stereotyped jerks that persist during wakefulness 

but improve during sleep [26-28]. 

When attempting to differentiate children with PANDAS syndrome from patients with 

similar neuropsychiatric syndromes based on clinical symptoms, several characteristics of 

PANDAS syndrome emerge. These include a rapid onset of symptoms, intermittent remissions 

of neuropsychiatric symptoms, a clinical course characterized by significant improvement, and 

remission of neuropsychiatric symptoms during antibiotic therapy [29].  

 

TREATMENT  

 

Standard medications as well as cognitive behavioral therapy proved to be beneficial for 

children with PANDAS symptoms.  Antibiotics are recommended when there are positive 

results of rapid strep test or strep throat culture [30].  

There was a study, which confirmed response to appropriate antibiotic therapy among 

PANDAS symptomatic children. They were treated for 10 days with penicillin, amoxicillin or 

amoxicillin/clavulanate potassium and cephalosporin. The mean time for the resolution of 

symptoms was 14 days which is thought to be a typical time for antibiotic response in 

PANDAS/PANS [31]. Beta-lactams are  probably effective in PANDAS treatment and the same 

was noted for erythromycin, azithromycin and clindamycin [15]. Prophylaxis of PANDAS with 

antibiotics was recommended referring to its success in recurrences of rheumatic fever and the 

similarities between their pathomechanism [3].  However, the studies about prophylaxis of 

PANDAS with antibiotics differ and earlier data claimed  
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penicillin ineffectiveness, in contrast to the latest double-blind randomized trial assessing 

penicillin and azithromycin as effective in decreasing streptococcus infections and 

neuropsychiatric exacerbations [32]. Further  trials about preventive use of antibiotics for an 

extended period in children with recurrent GAS infections, immunotherapy and frequent 

neuropsychiatric exacerbations are ongoing [30].  

CBT is a treatment for pediatric obsessive-compulsive disorder as well as a presentation 

of PANDAS/PANS. There was a study  conducted in which after 3-week intensive CBT  6 out 

7 participants were classified as treatment responders and in 3-month follow-up 3 of those 6 

remained responders. There was no significant reduction in anxiety and depression symptoms 

[33].  

The priority of treatment is to reduce suffering and eliminate symptoms causing the 

greatest disruption.  The next rule is frequent evaluation of the effectiveness of the treatment, 

and the occurrence of any side effects should be closely monitored [34].  

Among treatment methods there are also psychotropic drugs including SSRI. The basic 

principle of using SSRIs in children with PANDAS is to start therapy with a very low dose of 

the drug and slowly increase it until maximum improvement in the patient's condition is 

achieved. It is necessary to vigilantly observe the patient's reaction to treatment because there 

are reports that this group is exceptionally susceptible to side effects. If the symptoms of the 

disease worsen, the SSRI dose should be reduced immediately. However, SSRIs and other 

medications should not be abruptly discontinued, as this can also cause difficulties [4].  

Analysis of the treatments given to a cohort of Swedish patients with suspected PANS 

and PANDAS (24 participants fulfilled criteria and 29 not) shows that the most common 

treatments given were antibiotics (88%), nonsteroidal anti-inflammatory drugs (67%), CBT 

(53%), and SSRI(42%).  Antibiotics and intravenous immunoglobulin (IVIG) were rated as the 

most successful [35].  

However, some research shows that immunomodulatory treatments such as  non-

steroidal antiinflammatory drugs, intravenous immune globulin (IVIG), corticosteroids, 

therapeutic plasma exchange (TPE), and rituximab, have unproven efficacy (see controversies 

below) [36]. 

 

COVID-19 AND PANDAS 

 

Research shows that the COVID-19 pandemic has had a significant impact on OCD 

symptoms in both adults and children. Children with OCD have experienced worsened 



Controversies over PANDAS 

361 

 

depressive and anxiety symptoms. Interestingly, children who already have depressive 

symptoms or anxiety disorders are more susceptible to severe symptoms resulting from 

COVID-19 infection. It is also worth noting that COVID-19 infection in children has not only 

worsened existing symptoms but also led to the emergence of new neuropsychiatric disorders 

[1,37]. 

The relationship between COVID-19 infection and its impact on PANDAS/PANS is not 

yet fully understood. While there have been anecdotal reports of some children experiencing 

new or intensified PANDAS/PANS symptoms after COVID-19 infection, further research is 

needed to determine the extent and mechanisms of this association. There is a possible 

mechanism which explains this. COVID- 19 patients have been observed to have greater levels 

of pro- inflammatory cytokines, such as IL- 6, IL- 2, IL- 17 and TNF, which may cause 

neuropsychiatric symptoms. They can cause neuroinflammatory reactions or affect  blood- 

brain integrity. This leads to migration of peripheral immune cells into CNS and activation of 

microglia and disruption of neurotransmission. The example of this disruption is change in basal 

ganglia GABAergic transmission. Also hypodopaminergic state of the basal ganglia can be 

caused by interferon alfa, which is believed to be a trigger for psychiatric disorders. This is very 

significant for PANS/ PANDAS, considering that basal functioning is already disrupted [10].  

A study was conducted, in which caregivers of children with PANS/PANDAS were 

asked to assess their perspective on COVID-19 vaccinations and the overall impact of the 

pandemic on children with this condition. A majority of caregivers in the study reported high 

levels of relationship dissatisfaction, burnout, and mild symptoms of stress and depression. This 

finding is comparable to pre-pandemic levels reported by caregivers of children with 

PANS/PANDAS [1,38]. 

 It suggests that caregivers of children with PANS/PANDAS experienced a high level 

of burnout both before and during the pandemic, and therefore, this should continue to be an 

area of research and appropriate intervention. High levels of caregiver burden and stress are 

associated with worse outcomes for children with neurologic and medical disorders, 

highlighting the importance of addressing these dynamics. It is worth noting that the study 

found that children with PANDAS/PANS experienced worsened or new symptoms at the time 

of COVID-19 infection, but none of the symptoms proved to be fatal. Future research should 

thoroughly investigate the relationship between COVID-19 infection and the exacerbation of 

neuropsychiatric symptoms, as this line of inquiry can provide valuable information about the 

etiology of PANS/PANDAS and post-infectious neuropsychiatric sequelae [1]. 
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CONTROVERSIES  

 

Although working criteria for the diagnosis of PANDAS  were proposed, it remains 

controversial if it is sufficiently different from obsessive-compulsive disorder, tic disorder and 

other neuropsychiatric disorders [39]. Furthermore, an association between PANDAS and GAS 

infection has been assessed in multiple studies with varying conclusions.   

In one study of 109 prepubertal children with tics, OCD, or both, a group of 48 children 

who met the criteria for PANDAS differed significantly in several variables, which included 

the dramatic onset of symptoms, a clinical course marked by definite remissions, and remission 

of neuropsychiatric symptoms during antibiotic therapy [40]. In another observational study, 

12 children with PANDAS were identified over a three-year period. All had positive throat 

cultures at the time of onset of neuropsychiatric symptoms and improvement of 

neuropsychiatric symptoms with antibiotic therapy. Moreover, in children who developed 

recurrent symptoms, each recurrence was associated with a new episode of culture-proven GAS 

tonsillopharyngitis and amelioration of symptoms with antibiotic therapy [41].  

  The two prospective multicenter studies’ objective was to identify prospectively 

whether a streptococcal infection preceded the exacerbation of OCD or tic symptoms. Children 

meeting PANDAS criteria and matched controls with idiopathic or familial chronic OCD or                   

a tic disorder received serial monthly and illness-based throat cultures and quarterly and illness-

based antibody titers for 2 years. These studies found similar rates of infections and tic or OCD 

exacerbations in both groups [42,43]. One prospective longitudinal study also did not confirm 

that worsening of OCD or tic disorder symptoms was associated  with antecedent newly 

diagnosed GAS infections[44].  In turn, another cohort study found higher rates of OCD in                    

a group with a positive streptococcal test compared with control, however, it is not known 

whether the effect was attributed to PANDAS [45].  

Molecular mimicry, or the development of autoantibodies after GAS infections that 

target cells of the basal ganglia, is the suggested pathophysiology of PANDAS, which is similar 

to Sydenham chorea and acute rheumatic fever. Numerous research  has shown that individuals 

with PANDAS had higher levels of antineuronal antibodies than patients with OCD/tic 

disorders without evidence of GAS infection and patients with GAS infection without OCD/tic 

disorder [46-47]. However, other research has not been able to separate PANDAS or Tourette 

syndrome patients from control patients based on autoantibody patterns. Methodological 

variations may be responsible for the contradictory results. For instance, the amounts of 

antineuronal antibodies in the control sera utilized in various investigations may vary [48,49]. 
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Treatment with psychiatric medications and behavioral interventions are supported by rigorous 

randomized controlled trials, however, this is not the case with  immunomodulatory treatment 

approaches [36]. For example, in a  longitudinal double-blind placebo-controlled trial of 29 

children with PANDAS, plasma exchange, IVIG or sham IVIG proved better than placebo in 

reducing OCD and tics symptoms at 1-month follow-up, but the study had a risk of bias as 

randomization procedure  was inadequately described [3]. In a systematic review  Sigra et al. 

reported that  11 out of 12 treatment studies with published outcome data had moderate to high 

risk bias including selection bias, performance bias, detection bias, attrition, reporting bias, and 

other. Only one study, which had a low overall risk of bias was RCT comparing IVIG with 

placebo. No difference between IVIG and placebo groups in OCD severity scores or proportion 

of responders was shown [50]. There were reports that oral glucocorticoids and NSAIDs 

shortened the duration of flares in children diagnosed with PANS or PANDAS, however, data 

come from observational study not RCT [51,52]. 

 

CONCLUSIONS 

 

             PANDAS is a serious disorder, which contributes to many problems on different levels. 

Higher awareness among doctors according to PANDAS is needed to assess its proper 

prevalence and implement appropriate therapy in those patients. PANDAS have similar 

symptoms to OCD, Tourette's syndrome and Sydenham's chorea, thus, careful differential 

diagnosis is crucial. 

Currently, many diseases are known, whose onset is associated with an immune 

response against surface proteins of streptococci. Knowing the pathophysiological mechanism 

and understanding the disease from the cellular basis enables us to institute appropriate 

treatment, however, the autoimmune etiology hypothesis of PANDAS is still unproven, as well 

as the use of NSAIDs, IVIG, corticosteroids, therapeutic plasma exchange (TPE), and 

rituximab. Studies do not even provide definite answers whether PANDAS is a documentable 

entity or there is a clear association between GAS and PANDAS development. Data from well-

controlled prospective studies are  necessary. 
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