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Abstract: Introduction: Diseases of the mus-
culoskeletal system are common in the general pop-
ulation. They significantly contribute to increased 
morbidity, more frequent use of healthcare services, 
reduced working capacity, increased professional ab-
sences, and the occurrence of disability.

Methodology: This study involved patients who 
underwent knee replacement surgery at the Clinical 
Center of Montenegro, Podgorica. We employed the 
SF-36, a widely used universal standard questionnaire, 
which has been applied in over 4,000 published studies.

Results: Statistically significant improvements in 
quality of life were observed in all examined domains: 
physical functioning (p = 0.0001), role limitations due 
to physical problems (p = 0.0001), role limitations due 
to emotional problems (p = 0.0001), vitality/energy (p 
= 0.0002), mental health (p = 0.0004), social function-
ing (p = 0.0001), physical pain (p = 0.0001), and per-
ception of general health (p = 0.0001) following knee 
endoprosthesis implantation.

Conclusion: Statistically significant differences 
were observed in all quality of life domains before 
and after knee endoprosthesis surgery, confirming the 
improvement in patients’ quality of life after the pro-
cedure.

Keywordsjesus: knee endoprosthesis, quality of 
life, disability, working ability.

INTRODUCTION

Knee osteoarthritis is one of the most common 
joint diseases worldwide, particularly in the elderly 
population, who often have multiple comorbidities. 
This condition leads to disability and impairs the mo-
bility of patients, disrupting their normal functioning 

(1-4). The World Health Organization (WHO) defines 
quality of life as an individual’s personal perception 
of their objective reality. This includes how the envi-
ronment affects them in the context of their personal, 
family, and work environments, the culture and value 
system in which they live, and in relation to their own 
goals, needs, expectations, standards, and interests (5, 
6, 7). In 2001, the WHO also defined disability as an 
impairment of body structure and organ function (5). 
In many countries, the concept of disability has been 
redefined with the goal of improving quality of life (8, 
9, 10).

The human body represents a harmonious, essen-
tial entity composed of numerous parts with different 
functions that interact and complement each other. All 
living beings share a universal need for movement, 
as life cannot exist without it. A lack of movement in 
modern humans leads to various health problems and 
reduces quality of life (9, 10).

Degenerative, inflammatory, metabolic changes, 
and post-traumatic conditions can occur in the knee 
joint. Degenerative changes, particularly in bones and 
soft tissues, take center stage, leading to changes in 
mechanical relationships. Excessive cartilage wear has 
multiple causes, with some of the most significant be-
ing knee joint overload, congenital joint deformities, 
excessive weight, constant strain due to work, and mi-
cro-injuries from recreational sports or improper en-
gagement in sports without professional supervision 
(10).

The most well-known types of osteoarthritis are 
coxarthrosis (hip joint osteoarthritis) and gonarthrosis 
(knee osteoarthritis), but osteoarthritis can also affect 
small joints in the fingers and spine, leading to painful 
syndromes in the back (9, 11, 12). The knee joint is 
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particularly vulnerable to osteoarthritis, which can be 
very unpleasant as it causes pain, limited joint mobil-
ity, and significant limitations in daily activities (10, 
13).

Quality of life is a concept studied across many 
scientific disciplines (medicine, physiology, psychol-
ogy, sociology, etc.). There are numerous definitions 
of quality of life in medical literature, all emphasizing 
physical, psychological, and social dimensions. Gen-
eral quality of life provides insights into human aspi-
rations, while health-related quality of life (HRQoL) 
focuses only on aspects directly related to health. 
“Health-related quality of life encompasses the phys-
ical, psychological, and social domains of health, in-
fluenced by human experiences, beliefs, expectations, 
and perceptions” (14). Reduced quality of life is par-
ticularly evident in older individuals, as previously 
published studies show a strong association with the 
prevalence of psychosomatic and motor disorders (15).

When considering the determinants of quality 
of life, physical activity often ranks low on the pri-
ority list. However, insufficient physical activity can 
lead to muscle atrophy, sarcopenia, osteoporosis, and 
chronic non-communicable diseases, including type 2 
diabetes, arterial hypertension, coronary heart disease, 
obesity, and certain types of cancer. Engaging in prop-
erly dosed physical activity and adhering to a balanced 
diet can help older working-age people maintain their 
physical and mental fitness, effectively performing 
their social and professional duties (16).

Aim
To assess the quality of life in patients before and 

after knee endoprosthesis implantation.

PATIENTS AND METHODS

This study included patients who underwent total 
knee replacement at the Clinical Center of Montenegro 
in Podgorica. The research was conducted from April 
to August 2022 and focused on patients with knee joint 
disease who were treated surgically. The patients were 
surveyed about their general and socio-demographic 
characteristics, as well as their quality of life before 
surgery and after the implantation of the total knee re-
placement.

The SF-36 universal standard questionnaire was 
used in this study, which is widely applied in over 
4,000 published studies to assess quality of life in 
specific populations. This questionnaire collects da-
ta on the impact of impaired health on patients’ daily 
lives. It consists of 36 items, each addressing different 
health aspects. It measures health multidimensionally, 
including: physical functioning, role limitations due to 

physical health, bodily pain, social functioning, role 
limitations due to emotional difficulties, vitality, men-
tal health, and overall self-assessment of health sta-
tus. A higher score reflects a better self-assessment of 
health in these areas.

The physical health profile (PCS, Physical Com-
ponent Summary Measure) includes four of the eight 
dimensions: physical functioning, role limitations due 
to physical difficulties, bodily pain, and perception of 
overall health. The mental health profile (MCS, Men-
tal Component Summary Measure) includes vitality/
energy, social functioning, role limitations due to emo-
tional difficulties, and mental health. The SF-36 ques-
tionnaire represents an empirically validated opera-
tionalization of two general health concepts—physical 
health and mental health—and their manifestations in 
functioning and well-being.

Statistical analysis will be performed in collab-
oration with a statistician, utilizing descriptive and 
inferential statistics through both parametric and 
non-parametric tests. The study was approved by the 
Ethics Committee of KCCG/2021. Participation in the 
research was voluntary and anonymous, with patients 
providing informed consent. All procedures were in 
accordance with institutional and national research 
ethics standards, as well as the 1964 Helsinki Declara-
tion and its later amendments.

RESULTS

For this study, participants with gonarthrosis of 
the knee and injuries leading to knee replacement sur-
gery were intentionally selected. Since every patient 
had an equal chance of participating, this sample is 
considered a simple random sample. Some general and 
sociodemographic characteristics of the participants 
are presented in Table 1. Out of 32 participants, the 
majority were women (24, or 75%), while 8 were men 

Table 1. Sociodemographic and general 
characteristics of the respondents

N %

Gender
Men 8 25.0

Women 24 75.0

Year categories

36-47 year 3 9.4
48-60 year 7 21.9
61-73 year 11 34.4
74-85 year 11 34.4

A type 
of trauma

Gonarhtrosis 29 90.6
Injury 3 9.4

Localization 
of trauma

Right knee 15 46.9
Left knee 17 53.1
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(25%). The majority of participants were in the age 
groups of 61-73 and 74-85 years (11 participants each, 
34.4%), while the fewest were in the 36-47 years group 
(3 participants, 9.3%), and 7 participants (21.9%) were 
in the 48-60 years group. Regarding the type of trau-
ma, most participants (29, or 90.6%) had gonarthrosis, 
while 3 had an injury. Out of the 32 participants, 17 
(53.1%) had trauma in the left knee, and 15 (46.9%) 
had trauma in the right knee.

Analysis of the SF-36 Questionnaire
For the purpose of researching quality of life 

before and after knee replacement surgery, with cor-
responding healthcare, the standardized SF-36 ques-
tionnaire was used. It consists of 36 questions, 35 of 
which are grouped into 8 different domains: physical 
functioning, role limitation due to physical difficulties, 
bodily pain, perception of general health, energy and 
vitality, social functioning, role limitation due to emo-
tional difficulties, and mental health (38, 39). Within 
this questionnaire, respondents were given the oppor-
tunity to self-assess their health compared to the pre-
vious year, both for the period before and after knee 
surgery.

In the health assessment before surgery compared 
to the previous year, most respondents (15, or 46.9%) 
defined their health as the same, 12 (37.5%) charac-
terized it as somewhat worse, while only 5 (15.6%) 
indicated that it was much worse than a year ago. After 
surgery, 19 (59.4%) respondents stated that their health 
was much better compared to the previous year, while 
the remaining 13 (40.6%) rated their health as some-
what better compared to the previous year. For the pe-
riod after surgery, there were no negative responses.

In Table 2, the average values of all quality of life 
domains before and after knee surgery for the total 
number of respondents (n = 32) are presented. To de-
termine potential differences in all domains of health 
and quality of life before and after surgery, the paired 
sample t-test method was used. It is evident that the av-
erage health score in the physical functioning domain 
before surgery (M = 25.56) was significantly lower 
compared to the period after surgery (M = 53.76). This 
difference was statistically significant (p = 0.0001).

We tested differences in the role limitation com-
ponent due to physical difficulties before and after knee 
surgery using the paired t-test. The results showed that 
there was also a statistically significant difference in 

Table 2. Average values ​​of the quality of life domains before and after surgery

Surgery N Mean Std.  
Deviation

Std.  
Error 
Mean

p

Physical functioning
before surgery 32 25.56 17.91 4.93

p = 0.0001
after surgery 32 53.76 7.37 3.07

Role limitation due to 
physical disabilities

before surgery 32 40.07 9.53 1.13
p = 0.0001

after surgery 32 65.61 14.80 2.62

Body pains
before surgery 32 63.20 10.55 1.91

p = 0.004
after surgery 32 55.81 9.92 1.78

Perception of general 
health

before surgery 32 53.24 17.68 3.13
p = 0.0001

after surgery 32 64.76 9.98 1.76

Energy and vitality
before surgery 32 38.64 21.94 3.88

p = 0.002
after surgery 32 54.16 16.45 2.91

Social functioning
before surgery 32 38.28 11.76 2.08

p = 0.0001
after surgery 32 72.13 10.16 1.80

Limitations due to  
emotional difficulties

before surgery 32 48.11 5.92 1.71
p = 0.0001

after surgery 32 31.93 11.76 1.05

Mental health
before surgery 32 54.35 20.97 3.83

p = 0.004
after surgery 32 67.50 16.64 3.04
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this domain (p = 0.0001). Before surgery, the average 
health in the role functioning domain was M = 40.07, 
and after surgery, there was significant improvement, 
with an average of M = 65.61, ranging from a mini-
mum of zero to a maximum of 100 on the health scale.

The level of bodily pain before surgery (M = 63.2) 
was higher compared to the level of bodily pain after 
surgery (M = 55.81). The paired sample t-test showed 
that these differences were also statistically significant 
(p = 0.004).

Regarding the perception of general health, it 
is evident that respondents perceived their health as 
much better after surgery (M = 64.76) compared to the 
period before surgery (M = 53.24). The differences, 
based on the results of the paired t-test, also proved 
to be statistically significant in this case (p = 0.0001).

The application of the paired sample t-test con-
firmed a statistically significant difference in the do-
main of energy and vitality (p = 0.002). The results 
show that energy and vitality in the sample patients 
increased after surgery (M = 54.16), while before sur-
gery, the values in these domains were much lower (M 
= 38.64).

The level of social functioning also significantly 
improved in the subjects after surgery (M = 72.13), 
whereas before the surgery, it was significantly lower 
(M = 38.28). Differences measured by the paired t-test 
in this domain also proved to be statistically significant 
(p = 0.0001).

Limitations due to emotional difficulties were 
much greater in the subjects before surgery (M = 
48.11), while they visibly decreased after surgery (M 
= 31.93). The observed difference, according to the 
analysis of the paired sample t-test results, proved to 
be statistically significant (p = 0.0001).

In the domain of mental health, the results were 
significantly better after surgery (M = 67.5) compared 
to the period before surgery (M = 54.35). The differ-
ences determined by the paired sample t-test were sta-
tistically significant in this domain as well (p = 0.003).

DISCUSSION

The quality of life is influenced by personal de-
velopment (14). Based on the results of our study, 
we assessed the quality of life of a sample of patients 
across eight different domains: physical functioning, 
role limitation due to physical difficulties, general 
health perception, bodily pain, energy and vitality, so-
cial functioning, role limitation due to emotional dif-
ficulties, and mental health. According to previous re-
search, the prevalence of women with an average age 
of 62-72 who have undergone total knee replacement 
is higher compared to men. Therefore, our findings 

align with those results, as the majority of our sample 
consisted of women (24, or 75%), most of whom were 
aged 61-73 and 74-85 years (14-19).

In terms of self-assessed health before surgery, 
compared to the previous year, most respondents de-
fined their health as the same, while after surgery, 19 
(59.4%) respondents reported that their health was 
much better compared to the previous year. Mobility 
limitations and the development of flexion contrac-
tures are cited as some of the most common effects of 
pathological knee processes, making range of motion 
an important measure of postoperative outcomes (19).

The study by Walid Kamal M. and associates, 
as well as many studies before it, found that regular 
physical activity, especially in the elderly population, 
significantly improves health, mobility, and quality of 
life (20, 21). Furthermore, according to the research 
of Legović A. (22), a significant increase in quality of 
life was observed in respondents three, six, and twelve 
months after surgery. Similarly, our research results 
show that the average health score in the domain of 
physical functioning before surgery was significantly 
lower, with health in the domain of physical role func-
tioning showing significant improvement after surgery.

A study that included 41 patients who underwent 
total knee replacement found that the comparison of 
preoperative and postoperative quality of life assess-
ments using the SF-36 form showed significant dif-
ferences at the 5% level in the categories of “somatic 
pain” and “psychological well-being.” The parameter 
“somatic functionality” showed almost significant im-
provement with a p-value of 0.0616. The study con-
cluded that after total knee replacement, an improve-
ment in quality of life could be documented (23).

According to the findings of certain authors (19), 
pain is an essential measure of postoperative out-
comes. Alleviating pain significantly improves a pa-
tient’s quality of life and their ability to perform func-
tional activities. In line with these findings, the results 
of the same authors’ research showed significant im-
provement in terms of pain reduction, as measured by 
the Visual Analog Scale (VAS). Our research results 
follow the same trend, with the level of bodily pain 
before surgery being higher than the level of bodily 
pain after surgery.

It is evident that our respondents perceived their 
health as much better after surgery compared to the 
period before surgery, and energy and vitality in these 
patients increased after surgery. The relationship be-
tween impairment and limitations in participation in 
activities is largely determined by the type of illness, 
but contextual factors such as social support and/or 
work demands also play a crucial role. Accordingly, 
the level of social functioning also significantly im-
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proved in respondents after surgery, whereas it was 
significantly lower before surgery (19).

According to various literature sources, pain 
from osteoarthritis can significantly reduce mobility 
and participation in daily activities, becoming a major 
source of stress, affecting both the body and mind, and 
manifesting as panic attacks and deteriorating general 
health. The findings of the mentioned research have 
proven that psychological conditions such as anxiety 
and depression correlate with pain intensity and low-
er functional ability in people suffering from hip and 
knee osteoarthritis (24).

In the research results of Šantić V. et al., statis-
tically significant improvements were evident after 
surgery, measured in terms of physical function, role 
limitations due to physical problems, social function, 
energy and vitality, pain, general health, and role lim-
itations due to emotional problems, except in the do-
main of mental health, where statistically significant 
improvement was not found. If we summarize our 
research, it is evident that it correlates with the afore-
mentioned study, where statistically significant im-
provements were found in the same domains, includ-
ing mental health (25).

Considering that quality of life is a subjective as-
sessment, differences in coping with illness, fears, and 
emotional control strategies are to be expected. Wom-
en over the age of 60 have worse physical function-
ing than younger women. Additionally, older women 
have greater limitations in performing their roles due 
to emotional problems, vitality, mental health, and so-
cial functioning. High stress levels, memory issues, 
and fear of illness are factors that can potentially affect 
mental health and usually occur alongside treatment 
(26).

Accordingly, the results showed that limitations 
due to emotional difficulties were much greater in re-
spondents before surgery, while in the domain of men-
tal health, results were significantly better after sur-
gery. Based on the obtained results, statistical signif-
icance was achieved in all domains of quality of life, 
indicating that the quality of life of patients improved 
after total knee replacement surgery compared to the 
preoperative period.

The limitation of our study lies in the sample of 
patients who were operated on in the Clinical Centre 
of Montenegro without considering patients who were 
not operated on and who underwent alternative thera-
peutic methods and rehabilitation.

Further research should focus on early recogni-
tion of patients with knee diseases, as these individuals 
experience limitations in both their quality of life and 
ability to work. It is especially important to emphasize 
early disease detection and rehabilitation to prevent 

future adverse health and economic consequences for 
patients with knee conditions. Additionally, it is essen-
tial to design preventive programs at the primary level 
of healthcare.

CONCLUSION
According to the criteria of the instrument used in 

this research, it is evident that before surgery, respond-
ents experienced difficulties in all domains of patient 
quality of life covered by this survey instrument. 
When providing quality healthcare, attention should 
be focused on the patient and their needs to maintain 
and improve their safety, satisfaction, independence, 
and recovery. At the forefront of recovery through 
proper healthcare, patients need guidance and educa-
tion on potential limitations, the risks of not following 
instructions, the use of assistive devices, and the im-
plementation of physical exercises to improve health. 
Healthcare facilitates the patient’s recovery as quickly 
as possible and allows for the gradual increase of dai-
ly activities according to their capabilities. Along with 
medical-technological advances and established treat-
ment standards, healthcare ensures comprehensive 
quality, safety, and continuity of healthcare procedures 
to protect health. Accordingly, the analysis of patients’ 
quality of life after total knee replacement surgery, 
with adequate healthcare, in our study demonstrated 
significant improvements in quality of life across vari-
ous domains compared to the preoperative period.
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Uvod: Bolesti sistema za kretanje česte su bolesti 
u opštoj populaciji. One značajno utiču na porast mor-
biditeta, češće korišćenje zdravstvene zaštite, smanje-
nje radne sposobnosti, porast profesionalnog apsenti-
zma i nastanak invalidnosti.

Metodologija: U ovom istraživanju su učestvo-
vali ispitanici (pacijenti) sa ugrađenom endopretezom 
kolena u Kliničkom Centru Crne Gore – Podgorica. 
Koristili smo istraživačku metodu univerzalnog stan-
dardnog upitnika SF 36 koji je najšire primenjivan na 
više od 4 000 objavljenih publikacija. 

Rezultati: Poboljšanje kvaliteta života pacijenta, 
u svim ispitivanim domenima (fizičko funkcionisanje 

p = 0,0001; ograničenje funkcije pokreta zbog fizičkih 
problema p = 0,0001; ograničenja funkcionisanja zbog 
emocionalnih problema p = 0,0001; vitalnost/energi-
ja p = 0,0002; mentalno zdravlje p = 0,0004 socijalno 
funkcionisanje p = 0,0001; opšte zdravlje p = 0,0001), 
identifikovano je nakon ugradnje endoproteze kolena.

Zaključak: Budući da su u svim domenima kva-
liteta života dobijene statistički značajne razlike u re-
zultatima pre i nakon operacije ugradnje endoproteze 
kolena, potvrđeno je da se kvalitet života pacijenata 
nakon ugradnje endoproteze kolena poboljšao.

Ključne reči: endoproteza kolena, kvalitet života, 
invaliditet, radna sposobnost.
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Abstract: Introduction: Breast cancer (BC) is the 
most common malignant tumor and the leading cause 
of cancer-related deaths among women in Serbia. 
Malignant pleural effusion (MPE) is a common man-
ifestation of metastatic BC. Among solid tumors, BC 
accounts for the second-highest prevalence of MPE, 
occurring in 25% of cases. Current guidelines identi-
fy talc pleurodesis (TP) as one of the most effective 
treatments for MPE in most patients. This study aims 
to evaluate the effectiveness of TP in managing breast 
cancer-caused MPE.

Patients and Methods: This retrospective study 
included 21 patients with metastatic BC and MPE who 
were hospitalized at the Clinic for Thoracic Surgery, 
University Clinical Center Niš, during 2023. The suc-
cess of TP was assessed using predefined clinical and 
radiographic criteria.

Results: TP was successful in 15 patients (71.4%). 
Luminal B BC was the most common subtype (42.9%). 
In the majority of cases, MPE was serous (71.4%) and 
ipsilateral (61.9%) to the primary breast tumor. Pleural 
cytology was positive in 28.6% of cases.

Conclusion: TP is an effective treatment for 
breast cancer-caused MPE. MPE is predominantly 
associated with Luminal B BC, and patients typically 
present with ipsilateral, serous MPE.

Keywords: malignant pleural effusion, breast can-
cer, thoracic drainage, talc pleurodesis.

INTRODUCTION

MPE is the pathological accumulation of free flu-
id in the pleural space, caused either by a malignant 
tumor originating in the pleura or by a metastatic tu-
mor affecting the pleura (1). It occurs in approximately 
15% of oncology patients and is often a manifestation 
of terminal disease (2, 3).

In developed countries, MPE is the third most 
common cause of pleural effusion, following con-
gestive heart failure and parapneumonic effusion (1). 
Among malignant tumors, breast cancer (BC) is the 
second leading cause of MPE, accounting for 25% of 
cases, while lung cancer ranks first, with a prevalence 
exceeding 40% (1).

The primary goal of MPE treatment is to improve 
quality of life and prolong survival (4, 5). Treatment 
options include thoracocentesis, tube thoracostomy, 
drainage and pleurodesis, indwelling pleural cathe-
ter, pleuroperitoneal shunt, pleurectomy, and, in rare 
cases, extrapleural pneumonectomy (1, 6). Chemical 
pleurodesis, categorized as a secondary treatment op-
tion for MPE according to the 2023 BTS guidelines, is 
the focus of our research. Our study specifically evalu-
ates BC patients undergoing this treatment (4).

The term “pleurodesis” originates from “pleura” 
(the lining of the lung) and “desis” (binding), reflect-
ing its purpose: to obliterate the pleural space and pre-
vent fluid accumulation (7). This effect is achieved by 
introducing an appropriate chemical agent (e.g., talc 
slurry, doxycycline, bleomycin, povidone iodine) into 
a previously well-drained pleural space, inducing iat-
rogenic pleurisy that results in pleural membrane ad-
hesion and fibrosis (8).

This research aims to evaluate the success of TP in 
patients with breast cancer-caused MPE. Additionally, 
it examines the characteristics of the study subjects, 
including gender, age, immunohistological subtype of 
BC, macroscopic appearance and cytological features 
of pleural effusion, and the side of the effusion relative 
to the primary BC.

PATIENTS AND METHODS
This study was designed as a retrospective, mono-

centric study. It included 21 patients with metastatic 
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BC and MPE, comprising 20 females and one male, 
with an average age of 53.6 ± 10.9 years. All patients 
were hospitalized at the Clinic for Thoracic Surgery, 
University Clinical Center Niš, between January 1, 
2023, and December 31, 2023. The youngest subject 
was 29 years old, and the oldest was 78. Disease-relat-
ed data were obtained from the medical database.

Subjects were selected for the study based on pre-
defined clinical and radiographic criteria (Table 1).

Therapeutic Procedure
For thoracic drainage, polyvinyl chloride chest 

tubes (size 24 Fr.) were used. Effusion was evacuated 
through an underwater or active drainage system (-20 
cm H2O) until complete lung re-expansion or for up to 
48 hours. After achieving lung re-expansion, a previ-
ously prepared talc slurry was administered through 
the chest tube into the pleural space, which was then 
clamped for 4–6 hours. At the end of this period, the 
chest tube was returned to active drainage mode until 
secretion dropped to < 150 mL/24 h or for the next 48 
hours.

The talc slurry was prepared by mixing 4 g of 
medical talc, 20 mL of 2% lidocaine-chloride solution 
(40 mg/2 mL), and 100 mL of 0.9% sodium chloride 
solution (NaCl).

TP success criteria
1) post-interventional secretion via chest tube < 

150 ml/24h,
2) absence of respiratory problems within 7-10 

days of drain removal, or
3) absence of clinically significant radiographic 

progression of MPE within 7-10 days of drain removal.
The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013). Informed 
consent from individuals was waived due to the retro-
spective nature of the study.

RESULTS
TP was successful in 71.4% of cases (Figure 1).

Luminal B BC was the most prevalent histological 
subtype of BC in the sample, accounting for 42.9%. In 
second place, in terms of frequency, was Luminal A BC 
(23.8%), followed by triple-negative BC (19%) and 
HER2+ BC (4.8%). In 9.5% of cases (2 subjects), the 
histological subtype of BC was not defined (Figure 2a).

Table 1. Inclusion and exclusion criteria for study

Inclusion criteria Exclusion criteria
1) patients with histologically verified BC and radio-
graph-confirmed pleural effusion

1) MPE patients with histologically verified malig-
nancy elsewhere

2) data on the performed TP with a minimum of 4g 
of medical talc

2) patients treated using thoracentesis or thoracic 
drainage without TP
3) record of previous chemical pleurodesis with less 
than 4g of medical talc or using another chemical agent
4) other medical conditions associated with pleural ef-
fusion (pneumonia, heart / kidney / liver failure, etc.)

Figure 1. Research results

Figure 2. Research results
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Regarding the macroscopic appearance of the 
pleural fluid, MPE was serous in 71.4%, serohemor-
rhagic in 23.8%, and hemorrhagic in 4.8% of cases 
(Figure 2b).

Relative to the side of the primary BC, MPE was 
ipsilateral in 61.9%, contralateral in 9.5%, and bilater-
al in 28.6% of cases (Figure 2c).

Cancer cells were identified in the pleural fluid in 
28.6% of cases. In 19%, no cancer cells were present, 
while data on cytological examination were missing in 
52.4% of cases (Figure 2d).

DISCUSSION

BC is the most common malignant tumor and the 
leading cause of cancer-related deaths in women in 
Serbia and globally (9). Thanks to organized screen-
ing programs, the disease is increasingly detected at 
an early stage, where treatment success is higher and 
prognosis more favorable. However, in some cas-
es, BC can be insidious, presenting without obvious 
symptoms for extended periods, which leads to late-
stage detection.

MPE can often be the first manifestation of ad-
vanced BC. It occurs in 7-11% of women at some stage 
of their illness, with over 15% of cases having MPE as 
the first sign (10). Among oncology patients with MPE, 
BC patients typically have a longer expected survival, 
ranging from 6.1 to 15.7 months, according to various 
studies (1, 10-16).

While BC in men is less common, with approx-
imately one hundred times lower prevalence than in 
women (17), it is still notable. In men, MPE is present 
in about 7% of BC cases at the time of diagnosis (17).

The development of MPE is a complex, multifac-
torial pathological process. It is primarily caused by 
an imbalance between pleural fluid production and re-
sorption. Pleural fluid hyperproduction can be driven 
by tumor cells and/or cytokines (e.g., interleukin-2, tu-
mor necrosis factor, angiopoietin 1 and 2). Reduced re-
sorption occurs due to obstruction of the parietal pleu-
ra pores and lymphatic capillaries, often as a result of 
direct invasion or lymphatic spread of the malignancy 
(6, 18). Most researchers believe that impaired pleural 
fluid resorption is the primary cause of MPE in BC 
patients (15, 19, 20).

Given these mechanisms, it is unsurprising that 
the majority of our patients had effusions on the ipsi-
lateral side of the primary BC (61.9%), which aligns 
with findings in other studies (10, 13-15, 21-23). Only 
Chemow et al. reported differing results, with 64.7% 
of patients having bilateral MPE (16).

MPE can be serous, serohemorrhagic, or hemor-
rhagic in nature (2, 6), with the presence of hemor-

rhagic fluid often indicating metastatic invasion of the 
pleura (2). According to the Light criteria, an effusion 
containing > 100,000 erythrocytes/µL (in the absence 
of trauma) suggests an occult malignancy as the likely 
underlying cause (24). In our study, most patients had 
serous MPE (71.4%).

Cytological examination of pleural effusion re-
vealed cancer cells in only 28.6% of cases, which is 
lower than the range of 47.5% to 78% reported in other 
studies (11, 13-15, 25, 26). The absence of cytologi-
cal data for 52.4% of patients is due to the retrospec-
tive design of our study (whereas the aforementioned 
studies were prospective). Despite this, the presence 
of cancer cells was only one inclusion criterion, so the 
lack of cytological data did not affect the overall study 
results.

The classification of BC based on membrane 
receptor expression (ER, PR, HER2) plays a critical 
role in guiding treatment and determining prognosis. 
The disease is divided into four subtypes: Luminal A, 
Luminal B, HER2+, and triple-negative BC (27). Al-
though some studies suggest MPE is more common in 
patients with triple-negative BC (28, 29), the majority 
of our subjects had Luminal B BC (42.9%), likely due 
to the small sample size.

According to the British Thoracic Society (BTS) 
and American Thoracic Society (ATS) guidelines, TP 
is one of the most effective treatments for MPE in 
patients who have achieved complete lung re-expan-
sion through thoracic drainage, possess good perfor-
mance status, and have a longer expected survival (> 1 
month) (4, 30). As mentioned in the introduction, the 
goal of TP is to obliterate the pleural space and pre-
vent fluid buildup, which has a long-term positive ef-
fect on the clinical course and prognosis of the disease 
(7, 31). While the precise mechanism of pleurodesis 
remains unclear, it is known that transforming growth 
factor-β plays a key role. This cytokine induces ep-
ithelial-mesenchymal transition and collagen pro-
duction in mesothelial cells, leading to pleural space 
obliteration (2).

A meta-analysis published in 2020 confirmed the 
superiority of talc over other chemical agents (e.g., 
doxycycline, silver nitrate, bleomycin, povidone io-
dine, tetracycline, and mustin) in terms of effective-
ness (7). Furthermore, talc is more cost-effective than 
other options (32, 33), and in 12-month survival anal-
yses, bedside TP was found to be the least expensive 
treatment for MPE (32).

Our study is the first to evaluate the efficacy of TP 
specifically in the BC population. A 2024 meta-analysis 
by Rodrigues et al. (which included at least 117 BC pa-
tients treated with TP) found the overall effectiveness 
ranged from 54.2% to 96.5%, depending on the study 
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(34). In our study, TP was effective in 71.4% of cases, 
which is within the range reported in these studies.

CONCLUSION
From the results of our research, it can be con-

cluded:
1) TP is an effective MPE treatment method,
2) MPE is most commonly associated with Lumi-

nal B BC, and
3) The majority of BC patients with MPE exhibit 

ipsilateral, serous effusions

Study limitations 
and future directions
The main limitations of our study include its ret-

rospective design, small sample size (n = 21), and in-
complete medical records in some cases (particularly 
the absence of data on cytological examination and BC 
subtypes). We attribute the small sample size to the 
fact that, prior to 2023, pleurodesis in our clinic was 
predominantly performed using less than 4g of talc or 
alternative chemical agents.

Future research should involve a prospective 
study with a larger sample size, conducted under con-

trolled conditions, to assess the response of different 
BC subtypes to TP treatment.
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Uvod: Karcinom dojke (engl. BC) je najčešći ma-
ligni tumor i vodeći uzrok smrti od malignih bolesti 
kod žena u Srbiji. Česta manifestacija metastatskog 
BC je MPE. Među solidnim tumorima, BC je drugi 
najčešći uzročnik MPE, sa prevalencom od 25%. Pre-
ma aktuelnim smernicama, TP je terapija izbora za ve-
ćinu pacijenata sa MPE. Cilj našeg istraživanja je pro-
cena uspešnosti TP kod pacijenata sa MPE zbog BC.

Ispitanici i metode: Istraživanje je dizajnirano 
kao retrospektivna studija. Studijom je obuhvaćen 
ukupno 21 ispitanik sa metastatskim BC i MPE. Svi 
pacijenti uključeni u studiju bili su hospitalizovani na 
Klinici za grudnu hirurgiju Univerzitetskog kliničkog 
centra u Nišu, tokom 2023. godine. Efikasnost TP smo 

procenjivali na osnovu unapred definisanih kliničkih i 
radiografskih kriterijuma.

Rezultati: TP je bila uspešna kod 15 ispitanika 
(71,4%). Luminalni B BC je bio najzastupljeniji u 
uzorku (42,9%). U većini slučajeva MPE je bila sero-
zna (71,4%) i ipsilateralna (61,9%) u odnosu na stranu 
primarnog tumora dojke. Citologija pleuralnog punk-
tata je bila pozitivna u 28,6% slučajeva.

Zaključak: TP je uspešna metoda lečenja MPE 
izazvanih BC. U osnovi MPE uglavnom leži Luminal-
ni B BC. Pacijenti najčešće imaju ipsilateralnu, sero-
znu MPE.

Ključne reči: maligna pleuralna efuzija, karci-
nom dojke, torakodrenaža, talk pleurodeza.
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Abstract: Introduction: Invasive nontyphoidal 
salmonellosis occurs in 5–10% of all nontyphoidal 
Salmonella infections, with an increasing trend, even 
in non-endemic areas. Extraintestinal manifestations 
may include inflammation or abscess formation in 
various organs, such as the lungs, meninges, kidneys, 
testes, muscles, and gallbladder.

Case report: We present the case of a 65-year-old 
female patient admitted for treatment due to fatigue, 
dyspnea, and weight loss. She did not report diarrhea 
or fever, and no epidemiological factors suggested a 
gastrointestinal infection. Her medical history includ-
ed hypertension and long-term heavy cigarette smok-
ing. A chest X-ray, followed by a CT scan, revealed a 
pleural effusion, and Salmonella enteritidis was isolat-
ed from the pleural fluid. Stool, blood, and urine cul-
tures were negative. Further diagnostics revealed dilat-
ed bile ducts, mild thickening of the gallbladder wall, 
and chronic gastritis. Laboratory findings indicated an 
elevated erythrocyte sedimentation rate, leukocytosis 
with neutropenia, and increased levels of C-reactive 
protein and lactate dehydrogenase. The patient was 
treated with ceftriaxone. The clinical course was com-
plicated by an ischemic cerebrovascular accident, but 
the overall outcome was favorable.

Conclusion: Pulmonary salmonellosis is rare but 
can occur in the absence of the typical gastrointesti-
nal symptoms associated with Salmonella infection. 
Early diagnosis is crucial for successful treatment. In 
this context, prompt microbiological sampling and the 
initiation of broad-spectrum antibiotics are essential.

Keywords: Salmonella, pleural empyema, nega-
tive stool cultures, negative blood cultures.

INTRODUCTION

Salmonellosis is one of the leading gastrointesti-
nal infections worldwide, with over 90 million cases 

and more than 155,000 deaths annually (1). These in-
fections are classified into three main types: typhoidal, 
nontyphoidal invasive, and nontyphoidal noninvasive. 
Typhoidal forms are the most severe and are most com-
monly observed in endemic regions. Nontyphoidal in-
vasive salmonellosis accounts for 5–10% of all Sal-
monella infections and remains a significant challenge 
in diagnosis and treatment (2). Nontyphoidal noninva-
sive salmonellosis is the mildest clinical form.

The most common clinical manifestations include 
fever and signs of enteritis, such as diarrhea accom-
panied by abdominal pain. The bacteria can spread 
from the intestines through the bloodstream or lym-
phatic system, causing inflammatory changes in var-
ious organs, including the meninges, bones, skeletal 
muscles, heart, lungs, kidneys, and testes. In affected 
organs, empyemas or abscess-like formations may de-
velop (3, 4). Salmonella has also been isolated from 
cultures of patients with skin lesions, external audito-
ry canal infections, or infections at the tip of a dialysis 
catheter (5).

The most common risk factors for Salmonella 
infection include residing in endemic areas such as 
sub-Saharan Africa, the Middle East, and Southeast 
Asia (6). Additional risk factors include male gender, 
advanced age, comorbidities, and the use of immuno-
suppressive medications (7).

CASE REPORT

A 65-year-old woman was admitted to Gener-
al Hospital Užice in August 2024 due to fatigue and 
difficulty breathing. The fatigue had persisted for two 
months, and dyspnea had worsened over the past few 
days. During this period, she had lost 5–6 kg of body 
weight. She also reported nausea but no vomiting, fe-
ver, or diarrhea. Her medical history included hyper-
tension and long-term heavy smoking.

PLEUROPULMONARY SALMONELLA INFECTION – A CASE REPORT
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A previous abdominal ultrasound revealed only 
one abnormal finding: the presence of free fluid in the 
Douglas pouch. A computed tomography (CT) scan of 
the abdomen showed a heterogeneous liver structure, 
a gallbladder wall thickness of 4 mm, dilation of the 
hepatic duct and common bile duct up to 12 mm, and 
suspected early dilation of the intrahepatic bile ducts in 
the left liver lobe. Numerous lymph nodes, measuring 
up to 8 mm, were observed in the hepatogastric and 
hepatoduodenal ligaments, as well as para-aortically 
and paracavally. Free fluid was also noted perihepati-
cally and in the pelvic cavity. An esophagogastroduo-
denoscopy revealed chronic gastritis.

Magnetic resonance cholangiopancreatography 
(MRCP) showed mildly dilated intrahepatic bile ducts 
and dilated extrahepatic bile ducts extending to the major 
papilla. The common hepatic duct measured 8 mm, and 
the common bile duct measured 9 mm, with smooth con-
tours up to the intrapancreatic section, where there was 
luminal narrowing and wall thickening of up to 4 mm.

Upon admission, the patient was afebrile, cachec-
tic, and dyspneic. Peripheral oxygen saturation (SpO2) 
on room air was 83%. On auscultation, breath sounds 
were absent in the right lower lung field. The heart 
rate was irregular. The abdomen was non-tender and 
non-distended, with no palpable hepatosplenomegaly.

The electrocardiogram showed atrial fibrillation with 
absolute ventricular arrhythmia, an average ventricular 
rate of 70–80 beats per minute, and micro R waves up to 
V3, indicating systolic overload of the left ventricle.

A chest X-ray revealed lung parenchymal opac-
ity on the right side, suggestive of a pleural effusion 
(Figure 1).

A CT scan of the chest revealed early emphy-
sematous changes of the centrilobular type bilaterally 
and an atypical pleural effusion on the right, measur-
ing up to 50 mm in thickness. The effusion extended 
to the lung apex and interlobarly in the cranial part of 
the costal margin, with axial dimensions of 72 × 43 
mm and caudal dimensions of 26 × 9 mm. There was 
associated compressive atelectasis and ground-glass 
opacities in the adjacent lung parenchyma (Figure 2).

Laboratory findings showed an elevated erythro-
cyte sedimentation rate (ESR), leukocytosis with neu-
trophilia, and increased levels of lactate dehydroge-
nase and C-reactive protein (Table 1). A pleural punc-

Figure 1. Chest X-ray 
(Source: image is from the author’s archive)

Figure 2. Computed tomography of the chest 
(Source: image is from the author’s archive)

Table 1. Laboratory analyses at the patient’s 
admission

Parameters (normal range) Measured 
value

Erythrocite sedimentatiton rate (< 20 mm/hr) 98
Red blood cells (4-5.9 x 1012/L) 3.5
White blood cells (4–10 x 109/L) 13.9
Neutrophil count (1.9–8.0 x 109/L) 9.6
Platelet count (150.0–450.0 x 109/L) 263
Fibrinogen (2.0–4.0 g/L) 4.5
Blood sugar (4.1–5.9 mmol/L) 5.5
Blood urea nitrogen (2.8–7.2 mmol/L) 7.2
Serum creatinine (59.0–104. Umol/L) 34
Alanine aminotransferase (<45 U/L) 97
Aspartate aminotransferase (15.0-60.0 U/L) 48
Alkaline phosphatase (30–120 U/L) 64
Serum amylase (30–118 U/L) 54
Urine amylase (21–447 U/L) 142
Sodium (132–146 mmol/L) 136
Potassium (3.5–5.5 mmol/L) 4.1
Lactate dehydrogenase (208.0–378.0 U/L) 547
Creatne kinaze (32.0–294.0 U/L) 69
Creatine kinaza-MB (< 24 U/L) 9
C-reactive protein (< 5 mg/L) 104
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ture evacuated 1400 mL of purulent fluid, and SpO2on 
room air improved to 96%.

Salmonella enteritidis was identified in the punc-
ture culture using the Vitek® 2 Advanced Expert Sys-
tem (bioMérieux). Antibiotic susceptibility testing, 
performed using the disk diffusion method, showed 
sensitivity to Amoxicillin, Ceftriaxone, Ciprofloxacin, 
and Trimethoprim-sulfamethoxazole. No isolates were 
found in the urine culture or repeated stool cultures.

Treatment included oxygen support, antibiotics 
(Ceftriaxone), cardiotonics, calcium channel blockers, 
diuretics, and antithrombotic therapy (acetylsalicylic 
acid).

On the fifth day of hospitalization, the patient 
developed right-sided weakness and difficulty speak-
ing. A CT scan of the brain revealed a large area of 
hypodensity in the middle and, to a lesser extent, in 
the upper right frontal gyrus, consistent with an old-
er ischemic lesion. In the upper left frontal gyrus, one 
relatively larger and one smaller area posterior to it 
appeared as more recent ischemic lesions.

Further neurological monitoring was conducted, 
followed by physical therapy.

The hospitalization lasted 12 days. The patient 
was discharged without respiratory or gastrointesti-
nal complaints, with normal auscultatory findings and 
chest X-ray. The neurological examination revealed 
mild sensory dysphasia and moderate right-sided 
hemiparesis.

DISCUSSION

Pulmonary infections caused by gram-negative 
bacteria in community settings are rare (8). Extraint-
estinal salmonellosis is also uncommon and typically 
occurs in individuals with immunodeficiencies (9).

We present a case of a patient who acquired the 
infection in a community setting. She did not belong to 
the typical high-risk group—elderly men on immuno-
suppressants—and primarily presented with respira-
tory symptoms. Similar cases have been reported by 
other authors (10, 11).

Our patient had experienced fatigue but attributed 
it to the effects of smoking. The most common symp-
toms of non-typhoidal Salmonella infection are diar-
rhea and abdominal pain (12). However, in our case, as 
well as in other reported cases, these symptoms were 
absent (10, 11). Pulmonary Salmonella infection was 
also described by Kaur et al., who diagnosed a bron-
chogenic Salmonella cyst in their patient (13).

While investigating the source of the infection, it 
was suspected that Salmonella may have entered the 
bronchi through inhaled marijuana vapors. Our patient 

was a long-time smoker but denied marijuana use, 
although she occasionally rolled cigarettes with cut 
tobacco. Based on Kaur et al.’s reasoning, we cannot 
definitively exclude this route of pathogen entry.

As with previous reports, blood cultures in our 
case were sterile. The patient denied experiencing fe-
ver during the two months of her symptoms. Before 
hospitalization, she had been prescribed amoxicil-
lin by a gastroenterologist, which she took for seven 
days. The Salmonella enteritidis strain isolated from 
the pleural puncture was sensitive to amoxicillin. It is 
possible that the antibiotic therapy partially affected 
the pathogen and limited early dissemination but was 
insufficient to fully eradicate the infection.

The clinical course and outcome of the infec-
tion depend on the serotype of the pathogen and the 
immune status of the host (14). Different Salmonella 
serotypes produce specific toxins that exert varying ef-
fects on organs (15). The first line of defense against 
enteropathogenic Salmonella is the intestinal immune 
system, which is activated by bacterial toxins (16). 
Macrophages in the intestinal mucosa are activated 
through receptors for the Salmonella flagellin antigen 
(17). In response, Salmonella polarizes macrophages, 
enabling immune evasion and long-term persistence in 
the intestines (18). Among various mechanisms of dis-
semination, Salmonella exploits host cell migration, 
primarily through dendritic cells (1). A key virulence 
factor of these bacteria is the type III secretion sys-
tem, which initiates apoptosis in infected macrophages 
(19). Through this system, Salmonella modulates pro-
grammed cell death, a crucial host defense mechanism 
(20).

The complexity of these immune evasion strate-
gies may explain the increasing prevalence of invasive 
non-typhoidal Salmonella infections (2), which have 
been associated with higher mortality rates and an in-
creased need for intensive care (21). Immediately after 
the pleural puncture, we initiated Ceftriaxone treat-
ment without anticipating the presence of gram-neg-
ative bacteria in the pleural culture. Since Salmonella 
enteritidis was found to be sensitive to Ceftriaxone 
and the patient’s clinical condition improved, we con-
tinued this therapy. Other authors have also reported 
successful treatment of Salmonella-related pulmonary 
infections with Ceftriaxone (22). As in our case, anti-
biotic therapy was often preceded by surgical interven-
tion to drain empyemas or abscesses whenever feasi-
ble (4, 22).

Recent studies have highlighted rising antibiotic 
resistance in Salmonella strains. However, in our case, 
the pathogen remained susceptible to multiple anti-
biotics, and the patient’s symptoms resolved rapidly. 
Laboratory findings were consistent with a bacterial 
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infection, including elevated erythrocyte sedimenta-
tion rate (ESR), leukocytosis with neutrophilia, and 
increased levels of C-reactive protein and lactate de-
hydrogenase. Similar laboratory patterns have been 
reported by other authors (5).

The clinical course of our patient was unexpect-
edly complicated by an ischemic stroke. A CT scan re-
vealed older ischemic changes, but the patient had no 
history of prior neurological symptoms. Long-stand-
ing hypertension may have contributed to vascular 
changes that weakened her immune defenses and in-
creased susceptibility to infection.

Despite the cerebrovascular event, the patient’s 
overall clinical course was favorable. However, the 
exact source of the Salmonella infection remains un-
certain. Given the initial gastric symptoms and imag-
ing findings of biliary tract abnormalities, we consid-
ered the biliary tract a potential source of infection, as 
described in previous literature (23, 24). A bile culture 
would have been necessary to confirm this, but the pa-
tient declined a repeat endoscopic retrograde cholangi-
opancreatography.

In conclusion, this case represents a rare pres-
entation of invasive non-typhoidal Salmonella infec-
tion. Early suspicion of Salmonella infection is crucial 

for accurate diagnosis and treatment, especially in the 
absence of typical enteric symptoms.
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Uvod: Invazivna netifoidna salmoneloza je pri-
sutna kod 5-10% svih netifoidnih salmoneloza, sa 
tendencom rasta, čak i u neendemskim područjima. 
Ekstraintestinalni klinički oblici mogu biti upale ili 
apscesi u raznim organima, kao što su pluća, možda-
nice, bubrezi, testisi, mišici, žučna kesa. 

Prikaz slučaja: Analizirali smo slučaj pacijent-
kinje starosti 65 godina primljene na lečenje zbog 
malaksalosti, otežanog disanja i gubitka u telesnoj te-
žini. Nije imala dijareju, niti febrilnost. Nije bilo epi-
demioloških podataka za crevnu infekciju. Prethodna 
medicinska dokumentacija je ukazala na arterijsku hi-
pertenziju i dugogodišnje intenzivno pušenje cigareta. 
Na radiografskom snimku, a zatim i skeneru grudnog 
koša viđen je pleuralni izliv, a u punktatu je izolova-
na Salmonella enteritidis. Koprokulture, hemokulture 
i urinokultura su bile negativne. Dijagnostikovano je 

proširenje žučnih puteva i lako zadebljanje žučne ke-
se, kao i hronični gastritis. U laboratorijskim nalazima 
je imala ubrzanu sedimentaciju eritrocita, leukocitozu 
sa neutropenijom, povišene vrednosti c-reaktivnog 
proteina i laktat dehidrogenaze. Lečena je ceftriak-
sonom. Klinički tok se komplikovao ishemičnim ce-
rebrovaskularnim insultom, ali je ishod lečenja bio 
povoljan.

Zaključak: Plućni oblik salmoneloze nije čest, 
ali je moguć bez prethodnih simptoma uobičajenih za 
crevnu salmoneloznu infekciju. Za uspešno izlečenje 
je važno rano postavljanje dijagnoze. U tom smislu je 
potrebno što ranije uzimanje uzorka za mikrobiološku 
dijagnostiku i uvođenje antibiotika širokog spektra 
dejstva.

Ključne reči: Salmonella, pleuralni empijem, ne-
gativne koprokulture, negativna hemokultura.
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Abstract: Introduction: Congenital knee dislo-
cation is a rare orthopedic condition characterized by 
abnormal positioning of the knee joint at birth, with 
an estimated incidence of approximately 1 in 100,000 
live births. It is often associated with other congenital 
anomalies, necessitating prompt diagnosis and man-
agement.

Case Report: A male neonate delivered via cesar-
ean section was referred for orthopedic evaluation due 
to a left lower extremity deformity. Initial examination 
revealed left knee hyperextension of approximately 
-45 degrees and restricted passive flexion limited to 90 
degrees. Neurovascular assessment was normal. Radi-
ographic imaging confirmed hyperextension without 
additional skeletal deformities. The treatment plan 
involved above-knee cast immobilization in maximal 
flexion, changed weekly for six weeks. By the end of 
the immobilization period, the patient exhibited signif-
icant improvement, achieving a full passive range of 
knee flexion and extension. Follow-up two weeks later 
confirmed normal passive and active ranges of motion, 
with no residual impairment.

Conclusion: Early intervention in congenital knee 
dislocation is crucial for achieving favorable function-
al outcomes, emphasizing the effectiveness of non-op-
erative strategies in neonates.

Keywords: Knee dislocation, Congenital abnor-
malities, Conservative treatment, Neonatal orthopedics.

INTRODUCTION

Congenital knee dislocation (CKD) is a rare con-
dition characterized by abnormal positioning of the 
knee joint at birth, with an estimated incidence of ap-
proximately 1 in 100,000 live births (1). It is frequent-
ly associated with other congenital anomalies, such as 
hip dislocation and clubfoot, with studies indicating 
that 60-88% of patients with CKD present with ad-

ditional musculoskeletal abnormalities (2, 3, 4). The 
etiology of CKD is largely idiopathic; however, it has 
been associated with various factors, including muscle 
imbalance, ligamentous laxity, and other congenital 
abnormalities of lower extremities (2, 5). Diagnosis is 
typically made after physical examination and imag-
ing studies, including X-rays, which reveal character-
istic features such as anterior tibial translocation on the 
femur and hyperextension of the knee joint (1).

Management typically involves non-operative 
techniques such as closed reduction and immobiliza-
tion, which have shown success in restoring normal 
knee function when initiated promptly (5, 6). Early in-
tervention is crucial, as delayed treatment can lead to 
more complex surgical requirements and poorer func-
tional outcomes (2, 3, 4). Therefore, while isolated 
congenital knee dislocation is uncommon, its implica-
tions for pediatric orthopedic practice are significant, 
necessitating awareness and appropriate management 
strategies.

CASE REPORT

A male neonate was delivered via cesarean sec-
tion and referred for orthopedic evaluation on the same 
day due to a left lower extremity deformity. Upon in-
itial examination, the left knee was hyperextended at 
an angle of approximately -45 degrees, with passive 
flexion restricted to 90 degrees (Figure 1). The neuro-
vascular status of the limb was assessed and found to 
be normal.

Radiographic imaging was performed, and X-rays 
confirmed hyperextension of the knee; however, no ad-
ditional skeletal deformities were identified (Figure 2).

Based on the clinical findings and imaging results, 
the patient was diagnosed with isolated congenital knee 
dislocation. The initial treatment plan involved above-
knee cast immobilization, with the knee positioned in 
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maximal flexion to promote proper alignment and fa-
cilitate correction of the dislocation (Figure 3).

The cast was changed weekly for a period of six 
weeks. During each follow-up examination, the cast 
was removed, and a regimen of passive range of mo-
tion exercises was implemented. Specifically, passive 
flexion and extension exercises were performed for 
a duration of five minutes before reapplying a new 

above-knee cast in maximal flexion. This approach 
aimed to enhance joint mobility while maintaining the 
necessary immobilization to correct the dislocation.

At the conclusion of the six-week immobilization 
period, the cast was removed, revealing a significant 
improvement in the knee’s range of motion. The pa-
tient demonstrated full passive range of knee flexion 
with a loss of 10 degrees in passive knee extension 

Figure 1. Clinical images on the day of birth A. – Knee in maximal extension  
and B – knee in maximal flexion (from authors’ archive)

Figure 2. X-rays of the knee in maximal passive 
extension show hyperextension of the knee joint  

(from authors’ archive)

Figure 3. Above-knee cast immobilization 
in maximal flexion placed after the examination  

(from authors’ archive)
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(Figure 4). Following this examination, the parents 
were instructed to continue passive range of motion 
exercises several times per day to further promote joint 
function and prevent stiffness.

A follow-up examination conducted two weeks 
after the cast removal revealed that both passive and 
active ranges of motion had normalized, confirming 
the successful management of the congenital knee dis-
location.

DISCUSSION

Congenital knee dislocation (CKD) is a rare con-
dition that poses significant challenges in both diagno-
sis and management. The estimated incidence of CKD 
is approximately 1 in 100,000 live births, making it 
less common than other congenital musculoskeletal 
disorders, such as developmental dysplasia of the hip 
(1). In our case, the male neonate presented with a left 
knee hyperextension deformity, which was promptly 
identified and managed through conservative meas-
ures. This aligns with current literature that emphasiz-
es the importance of early intervention in improving 
functional outcomes and preventing complications as-
sociated with delayed treatment (5-9).

The association of CKD with other congenital 
anomalies is well-documented, with studies indicating 
that 60-88% of patients with CKD may present with 
additional musculoskeletal abnormalities, including 
congenital hip dislocation and clubfoot (3, 4). In our 
case, the absence of additional skeletal deformities is 
noteworthy, as it suggests a more isolated presentation 
of CKD. The literature highlights that the presence of 

concomitant deformities often necessitates a more com-
prehensive treatment approach, including the need for 
surgical intervention in more complex cases (5, 6, 10).

The etiology of CKD remains largely idiopathic, 
although it has been associated with factors such as 
muscle imbalance, ligamentous laxity, and anatomical 
abnormalities (2, 3). In our patient, the hyperextension 
of the knee and limited passive flexion were indicative 
of a structural deformity that required intervention. 
The treatment protocol employed, which involved 
above-knee cast immobilization in maximal flexion, is 
consistent with recommended practices for managing 
CKD. This approach has been shown to be effective in 
restoring knee function when initiated early (5, 6, 10).

At the conclusion of the six-week immobilization 
period, the patient exhibited significant improvement 
in the range of motion. This outcome is consistent 
with findings from other studies that report success-
ful restoration of knee function through conservative 
management (4, 6, 11). However, it is important to 
note that not all cases of CKD respond favorably to 
non-operative treatment. The classification of CKD 
into types based on reducibility and stability can influ-
ence treatment strategies and outcomes (3, 4, 12). In 
cases where the dislocation is irreducible or associated 
with significant instability, surgical intervention may 
be warranted to achieve optimal results (2, 6).

CONCLUSION

In conclusion, this case underscores the impor-
tance of early recognition and appropriate manage-
ment of congenital knee dislocation (CKD). The suc-

Figure 4. Images at the end of 6 weeks of treatment A. – Knee in maximal extension  
and B – knee in maximal flexion (from authors’ archive)
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cessful outcome achieved through conservative treat-
ment highlights the potential of non-operative strate-
gies to restore knee function in neonates with CKD. 
Future research should focus on refining classification 
systems and treatment protocols to optimize outcomes 
for patients with CKD, particularly those with associ-
ated congenital anomalies.
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IZOLOVANA KONGENITALNA DISLOKACIJA KOLENA: PRIKAZ SLUČAJA
Mesanovic Edin,1 Fajic Fikret,1 Mesanovic Amra2

1 Kantonalna bolnica „Dr. Safet Mujić“, Odeljenje za ortopedsku hirurgiju i traumatologiju, Mostar, Bosna i Hercegovina 
2 Kantonalna bolnica „Dr. Safet Mujić“, Odeljenje pedijatrije, Mostar, Bosna i Hercegovina

Uvod: Kongenitalna dislokacija kolena je retko 
ortopedsko stanje koje karakteriše abnormalan položaj 
zgloba kolena pri rođenju, s procenjenom incidencom 
od 1 na 100 000 živorođene dece. Često se povezuje s 
drugim kongenitalnim anomalijama, što zahteva brzu 
dijagnozu i lečenje.

Prikaz slučaja: Muško novorođenče rođeno car-
skim rezom upućeno je na pregled ortopeda zbog de-
formiteta levog donjeg ekstremiteta. Početni pregled 
otkrio je hiperekstenziju levog kolena do približno -45 
stepeni i ograničenu pasivnu fleksiju do 90 stepeni. 
Neurovaskularni status je bio normalan. Radiografski 
snimak potvrdio je hiperekstenziju kolena bez dodat-
nih deformiteta skeleta. Plan lečenja je uključivao nat-

kolenu gipsanu imobilizaciju u maksimalnoj fleksiji, 
koja se menjala sedmično tokom šest sedmica. Na 
kraju perioda imobilizacije, pacijent je imao značajno 
poboljšanje lokalnog nalaza, puni opseg pasivne flek-
sije i ekstenzije kolena. Kontrolni pregled dve sedmice 
kasnije potvrdio je normalan pasivni i aktivni raspon 
pokreta, bez zaostalog deformiteta.

Zaključak: Rana intervencija kod kongenitalne 
dislokacije kolena ključna je za postizanje povoljnih 
funkcionalnih ishoda, naglašavajući efikasnost neope-
rativnog lečenja kod novorođenčadi.

Ključne reči: dislokacija kolena, kongenitalne 
abnormalnosti, konzervativno lečenje, neonatalna or-
topedija.
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Abstract: Introduction: Metallic implants are 
widely used for the reconstruction of bony defects 
caused by fractures, excision of cancer, and degen-
erative bone disorders. These implants are associated 
with complications, including exposure and infection, 
particularly when vascularized tissue is needed for re-
construction. A key tool in plastic surgery to address 
these complications is the pedicled muscle flap.

Case Report: This article presents two cases in 
which pedicled medial gastrocnemius and peroneus 
brevis muscle flaps were successfully used to salvage 
the hardware and achieve effective wound coverage.

Conclusion: Pedicled medial gastrocnemius and 
peroneus brevis muscle flaps are valuable options for 
covering complicated skin defects over exposed implants.

Keywords: hardware salvage, peroneus brevis, 
medial gastrocnemius, pedicled muscle flap, external 
fixators, free flap, graft take, total knee arthroplasty.

INTRODUCTION
Implants are commonly used in the lower limbs to 

manage degenerative, neoplastic, and traumatic condi-
tions. However, they carry a significant risk of expo-
sure, infection, and failure, particularly in trauma cases. 
The literature reports a hardware infection rate of up to 
27% in Gustilo type III open tibia fractures (1). When 
complications arise, a multifaceted approach is used to 
salvage the implant, which includes debridement, anti-
biotics, and muscle flap coverage (2,3). We present two 
cases in which pedicled muscle flaps were successfully 
used to salvage the implants in the lower extremities.

CASE PRESENTATION

Medial Gastrocnemius Muscle Flap
A 62-year-old female presented with a non-heal-

ing wound (Figure 1) two months after undergoing 
right total knee replacement for chronic osteoarthritis. 

Her medical history included controlled hypertension 
(on ramipril 5 mg/day), hypothyroidism (on thyroxine 
100 micrograms/day), and an uneventful cholecystec-
tomy for symptomatic cholelithiasis 9 years prior. On 
examination, she was morbidly obese (weight 103 kg; 
BMI 34 kg/m²). A dehiscence measuring 3.5 x 3 cm 
with necrosis was observed at the distal end of a 15 
cm long postoperative scar over the right knee (Figure 
1 A-B).

Wound debridement and exploration revealed a 
7 cm deep sinus that accommodated the entire shaft 
of a size 00 Spratt Brun bone curette (Figure 1 C-D), 
placing the hardware of the replaced knee at signifi-
cant risk of exposure. There were no signs indicative 
of chronic arterial insufficiency. Blood work revealed 
leucocytosis and elevated C-reactive protein (CRP) 
levels. Microbiological analysis of the wound swab 
identified gram-positive bacteria (Staphylococcus au-
reus/epidermidis). Antibiotics were initiated according 
to the sensitivity reports, and the VAC-Instil system 
with Granudacyn (Molynlyke) antiseptic solution was 
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Figure 1. A-B) Chronic wound post-total knee 
replacement. C-D) Wound leading to a 7 cm deep 

sinus. (Image credits: Saleh Alhotan - Author)
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applied to the wound, set at 125 mm Hg continuous 
pressure with added wash-suck cycles (15 minutes 
wash, 3 hours suck) twice daily.

Following nine days of diligent wound care, swabs 
showed no signs of bacterial growth. A pedicled, prox-
imal-based medial gastrocnemius muscle flap with a 
meshed split-thickness skin graft was used to close the 
wound. The skin graft was harvested from the right me-
dial thigh. Postoperatively, the VAC (vacuum-assisted 
closure) system was reapplied with continuous pressure 
of 75 mmHg, and the knee joint was immobilized in a 
macron cast to prevent flexion (figure 2 A-B). The VAC 
system was discontinued on the fifth postoperative day 
when 100% graft take was achieved, and the muscle flap 
showed no signs of infection and was viable (Figure 2 
C-D). On the seventh postoperative day, the patient was 
discharged to home care. The graft donor site and flap 
harvest surgical incision healed without complications. 
At the 6-month telephonic follow-up, the patient reported 
no complaints and was highly satisfied with the outcome.

Peroneus Brevis Muscle Flap
A 58-year-old female presented with an exposed 

plate and screws four weeks after open reduction and 
internal fixation (ORIF) of a fracture in the lower third 
of the fibula. She had controlled diabetes (managed with 
oral hypoglycemics) and hypertension (treated with 
ramipril). Her medical history included a laparoscopic 
appendectomy performed 15 years ago. On examina-
tion, she was of average build (weight: 82 kg; BMI: 27.7 
kg/m²) and showed no clinical signs of chronic arteri-
al insufficiency. The wound, measuring 5 cm x 2.5 cm, 
showed exposed plate and screws along the lower lateral 
surface of the left leg (Figure 3 A-B). The wound edges 
appeared healthy, with no significant discharge. Blood 
work was normal, and a CT scan of the left leg revealed 
incomplete healing of the fracture, but no signs of active 
osteomyelitis. Wound swabs did not grow any bacteria.

Figure 2. A) Gastrocnemius muscle flap with meshed 
split-thickness skin graft. B) Wound attached to the 
VAC system, and knee immobilized with a macron 

cast. C-D) Healed wound, surgical incision,  
and skin graft donor site, 2 weeks post-surgery.  

(Image credits: Saleh Alhotan - Author)

The wound was debrided under general anes-
thesia, the hardware was removed, and external fix-
ators were applied by the orthopedic team. A VAC 
system with 125 mm Hg pressure was applied for 5 
days. Wound biopsy revealed no bacterial growth, and 
wound closure over the exposed bone was achieved 
under general anesthesia using a distally based pedicle 
peroneus brevis muscle flap with a meshed skin graft. 
Postoperatively, the VAC system (continuous pressure 
75 mmHg) was reapplied.

However, on the first postoperative day, profuse 
soaking of the dressings was observed (Figure 3C), 
and upon removal, bleeding and hematoma forma-
tion (Figure 3D) were detected. This required limited 
re-exploration to evacuate clots and achieve hemosta-
sis. After this, the course was uneventful, and by the 
fifth day, about 80% of the skin graft had taken (Figure 
4A). The patient was discharged home on the seventh 
postoperative day and was advised to follow up with 
the orthopedic team, who later removed the external 
fixators after 8 weeks. The flap was fully viable, and 
complete skin coverage was gradually achieved as the 
patient was followed up for 10 weeks (Figures 4B-C).

Figure 3. A-B) Exposed hardware over the lateral 
surface of the left leg. C) Blood soakage of dressing 
on the first postoperative day. D) Hematoma at the 

flap inset site. (Image credits: Saleh Alhotan - Author)

Figure 4. A) Viable flap with 80% graft take 
at 5 days. B) Viable flap with 90% skin coverage 

at 3 weeks. C) Viable flap with complete skin 
coverage at 10 weeks. 

(Image credits: Saleh Alhotan - Author)

DISCUSSION
The pedicled gastrocnemius muscle flap is con-

sidered a reliable option for soft tissue reconstruction 
around the knee and upper leg, particularly when ex-
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posure of bone, tendon, hardware, or joint capsule 
threatens the limb (4). Each head of the gastrocnemi-
us muscle can be independently harvested due to its 
distinct vascularization, with a vascular pedicle sup-
plying each head. This flap is particularly well-suited 
for restoring soft tissue and the extensor mechanism 
around the knee and popliteal fossa. The large muscle 
belly fills the dead space, and its transfer does not sig-
nificantly impair the function of the donor limb, result-
ing in minimal donor-site morbidity (5).

In our case, the flap was harvested as muscle on-
ly, and skin coverage was achieved with a split-thick-
ness skin graft. Alternatively, the gastrocnemius flap 
may be raised as a chimeric musculocutaneous flap, 
avoiding the need for a skin graft and the associated 
prolonged immobilization (6).

Tetreault et al. (7) analyzed the risk factors for 
medial gastrocnemius flap failure in total knee arthro-
plasty (TKA) patients and found that 52% of patients 
experienced persistent or recurrent infection. At four 
years, the survivorship of the TKA prosthesis was 
48%. Importantly, no flap-related complications were 
reported. The authors concluded that the high failure 
rates were not related to the flaps themselves but to the 
complexity of the clinical issues at hand.

The peroneus brevis is a versatile and reliable flap 
that can be harvested with minimal donor-site morbid-
ity (8). Its unique vascular supply runs down its deep 
aspect, connecting perforators from the anterior tibial 
artery and peroneal artery. This feature allows the flap 
to be raised on a single perforator, either proximally or 
distally, depending on the requirements. The peroneus 
brevis flap is easy to harvest and suitable for coverage 
of small- to moderately large distal leg, ankle, and foot 
defects. Donor-site closure is typically possible by pri-
mary intention, resulting in a linear and aesthetic scar 
(8, 9).

Well-vascularized pedicled flaps provide blood 
flow to the recipient area, facilitating the delivery of 
systemic antibiotics, immune cells, and antibodies. 
This enhances infection control and promotes wound 

healing. In advanced healthcare facilities with robust 
microvascular surgery capabilities, free flaps are of-
ten preferred over pedicled flaps for covering wounds 
with exposed hardware. However, Fallico et al. (3) re-
viewed the outcomes and complications of both free 
and pedicled flaps for exposed hardware in the lower 
extremities and concluded that pedicled flap recon-
struction should be reconsidered as a valid alternative 
option when possible.

CONCLUSION

Pedicled muscle flaps, including the gastrocnemi-
us and peroneus brevis, are viable options for manag-
ing soft tissue defects, particularly in complex clinical 
situations involving exposed metal implants. Mastery 
of these flaps by plastic and reconstructive surgeons is 
crucial for limb salvage, especially when resources for 
free flap procedures are limited.
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Uvod: Metalni implantati se široko koriste u re-
konstrukciji koštanih defekata izazvanih prelomima, 
ekscizijom tumora i degenerativnim bolestima kostiju. 

Međutim, ovi implantati su povezani sa komplikaci-
jama, uključujući izlaganje i infekciju, posebno u slu-
čajevima kada je potrebna upotreba vaskularizovanog 
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tkiva za rekonstrukciju. Vezani mišićni režnjevi pred-
stavljaju ključni alat u plastičnoj hirurgiji za rešavanje 
ovih komplikacija.

Prikaz slučaju: Ovaj članak prikazuje dva slu-
čaja u kojima su vezani mišićni režnjevi medijalnog 
gastroknemijusa i peroneusa brevisa uspešno prime-
njeni za spašavanje implantata i postizanje efikasnog 
pokrivanja rana.

Zaključak: Vezani mišićni režnjevi medialnog 
gastroknemijusa i peroneusa brevisa predstavljaju 
vredne opcije za pokrivanje komplikovanih kožnih de-
fekata na izloženim implantatima.

Ključne reči: spašavanje implantata, peroneus 
brevis, medialni gastroknemijus, vezani mišićni re-
žnjevi, spoljašnji fiksatori, slobodan režanj, uzimanje 
grafta, totalna artroplastika kolena.
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Abstract: Colorectal cancer is one of the most 
common malignant tumors, with numerous studies 
highlighting the role of inflammation in its onset and 
progression. Cytokines such as IL-6 and TNF-α play 
a crucial role in sustaining inflammation, contribut-
ing to the malignant transformation of cells. The di-
etary inflammatory index, which reflects the intake 
of pro-inflammatory nutrients, is associated with an 
increased risk of developing colorectal cancer. Serum 
cytokine concentrations may serve as biomarkers for 
risk assessment, while dietary modifications aimed at 
reducing inflammation can significantly impact both 
prevention and therapy. This knowledge opens pos-
sibilities for a personalized approach to the treatment 
and prevention of colorectal cancer.

Keywords: Colorectal Neoplasms, Inflammation, 
Cytokines, Feeding Behavior.

INTRODUCTION

Colorectal cancer (CRC) is one of the leading 
causes of cancer-related mortality worldwide, with 
genetic, epigenetic, and environmental factors play-
ing a significant role in its prevalence (1). Key genes 
involved in CRC pathogenesis include Tumor Protein 
53 (TP53), Adenomatous Polyposis Coli (APC), Kirst-
en Rat Sarcoma Viral Oncogene Homolog (KRAS), 
and those responsible for DNA mismatch repair, such 
as Mismatch Repair (MMR) genes (2). Mutations in 
TP53 are frequently associated with tumor progres-
sion, whereas mutations in APC constitute one of the 
initial steps in CRC development, triggering a cascade 
of genetic changes that may lead to the malignant 

transformation of intestinal cells (2, 3). Similarly, mu-
tations in KRAS occur in a substantial number of cas-
es, with their detection holding prognostic significance 
(4, 5). The frequency of these mutations varies among 
patients, underscoring the importance of advanced di-
agnostic techniques for their identification and classi-
fication. These advancements pave the way for a more 
personalized approach to CRC treatment (6, 7).

Inflammation plays a critical role in carcinogen-
esis, including CRC. Inflammatory bowel diseases, 
such as ulcerative colitis and Crohn’s disease, are sig-
nificant risk factors associated with an increased like-
lihood of CRC development (8). In these conditions, 
chronic inflammation drives continuous regeneration 
of damaged cells and tissues, potentially leading to 
mutations and changes that promote malignant trans-
formation (9–13). Additionally, inflammation contrib-
utes to the creation of a microenvironment that stim-
ulates epithelial cell proliferation in the colon, fosters 
angiogenesis, and recruits immune cells, which may 
further damage surrounding tissues and promote mu-
tations (10).

Moreover, inflammation induces the release of 
pro-inflammatory cytokines, such as tumor necrosis 
factor-alpha (TNF-α), interleukin-6 (IL-6), and inter-
leukin-1 beta (IL-1β), which activate signaling path-
ways associated with tumor cell proliferation, surviv-
al, and migration (14–17). Systemic inflammation, 
triggered by factors such as obesity, smoking, and 
alcohol consumption, is also linked to CRC, as it am-
plifies the body’s pro-inflammatory response (18, 19, 
20). Conversely, factors such as regular physical ac-
tivity and a diet rich in anti-inflammatory components 
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(e.g., fruits, vegetables, omega-3 fatty acids) help re-
duce inflammation, thereby exerting a protective effect 
against CRC (2, 14, 15, 21). While the roles of cyto-
kines, inflammatory processes, and dietary patterns are 
well-documented, many aspects of their interplay and 
precise impact on carcinogenesis and disease progno-
sis remain unclear (14, 15, 17).

Although advanced diagnostic methods have 
improved the understanding of genetic mutations in 
TP53, APC, and KRAS, further research is required 
to enable personalized therapeutic approaches, par-
ticularly concerning the role of inflammation at vari-
ous stages of the disease (22). Additionally, growing 
evidence highlights the importance of dietary factors 
and physical activity in regulating inflammation and 
reducing CRC risk. However, the lack of consensus re-
garding optimal dietary and physical activity regimens 
warrants further investigation (2, 14, 15, 21).

The aim of this study is to examine the signifi-
cance and interconnection between cytokines, inflam-
matory responses, and specific dietary patterns in the 
context of CRC by analyzing existing evidence. This 
analysis seeks to elucidate the mechanisms underly-
ing these complex interactions. Furthermore, the study 
aims to contribute to the understanding of how these 
relationships can inform the prevention, diagnosis, and 
therapy of CRC, thereby advancing the development 
of personalized treatment strategies.

CYTOKINES AND THEIR 
ROLE IN CRC

Cytokines are soluble proteins that act as media-
tors in numerous immune and inflammatory reactions. 
Although predominantly secreted by leukocytes, par-
ticularly macrophages and T lymphocytes, cytokines 
can also be produced by other cells in the body (23). 
Cytokines, especially interleukins as a subgroup, sig-
nificantly influence various cell types, including leu-
kocytes and other body cells, promoting malignant 
transformation and becoming key contributors to the 
development and progression of pathological condi-
tions such as carcinoma (24). Tumor cells can activate 
oncogenic signaling pathways through cytokine secre-
tion, thereby supporting tumor growth (25).

Chronic inflammation, which is commonly ob-
served in the tumor microenvironment, plays a crucial 
role in cancer progression. In this context, pro-inflam-
matory cytokines, such as IL-6, Interleukin 17A, In-
terleukin 17ATumor Necrosis Factor Alpha (TNF-α), 
and Interferon Gamma (IFN-γ), produced during in-
flammation, can directly contribute to tumor growth 
and spread (26). The CRC microenvironment exhibits 
high concentrations of these cytokines, which enhance 

the inflammatory response and have the potential to 
stimulate various oncogenic signaling pathways. For 
instance, IL-6 is known not only to promote tumor 
growth but also to increase the tumor’s ability to me-
tastasize to other parts of the body (27). TNF-α, as-
sociated with advanced disease stages, also plays a 
significant role in modulating the tumor microenviron-
ment, promoting metaplasia and invasiveness (28, 29).

Conversely, Interleukin-10 (IL-10), often consid-
ered an anti-inflammatory cytokine, has a complex role 
in the tumor microenvironment. While IL-10 reduces 
the inflammatory response, which can be beneficial in 
preventing tissue damage, excessive production of this 
cytokine may suppress an effective immune response 
to the tumor (30). This effect can contribute to tumor 
development by reducing the activity of cytotoxic T 
lymphocytes and macrophages, which are critical for 
eliminating tumor cells (31, 32). Some studies suggest 
that elevated levels of IL-10 may be associated with 
poor prognosis in patients with various cancers, in-
cluding CRC. In such cases, IL-10 may contribute to 
immune suppression, allowing tumor cells to survive 
and spread (29).

However, cytokines such as Interleukin-12 (IL-
12), a pro-inflammatory cytokine, have demonstrated 
anti-tumor activity in various studies (33). IL-12 ex-
erts its effects by activating natural killer (NK) cells 
and T lymphocytes, enhancing the body’s capacity to 
eliminate tumor cells. Although the effects of IL-12 in 
the tumor microenvironment are complex, evidence 
suggests its potential therapeutic application due to 
its ability to amplify the immune response against tu-
mors. Unfortunately, the therapeutic use of IL-12 re-
mains underdeveloped because of challenges related 
to its stability and potential side effects (33, 34).

The elevated concentration of pro-inflammatory 
cytokines in the tumor microenvironment is often used 
as a biomarker of poor prognosis, as it may indicate 
accelerated tumor growth and metastasis. Given the 
complex role of cytokines in tumor biological dynam-
ics, understanding their specific functions could aid in 
the development of novel therapeutic strategies target-
ing cytokines and their signaling pathways (35). For 
instance, cytokine pathway inhibitors may enable se-
lective modulation of the inflammatory response, po-
tentially enhancing the immune response to the tumor 
and reducing its capacity to spread (36).

DIETARY INFLAMMATORY  
INDEX AND CRC RISK

The Dietary Inflammatory Index (DII) is an in-
novative tool designed to quantify the inflammatory 
potential of a diet and its impact on disease develop-
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ment, such as colorectal cancer (CRC). Developed in 
2009, the DII synthesizes the effects of dietary compo-
nents on inflammation in the body, using data from nu-
merous studies linking diet to inflammatory processes 
(37–40). The index categorizes diets as pro-inflam-
matory or anti-inflammatory, with a higher DII score 
indicating a diet that promotes inflammation, while a 
lower score reflects a diet with reduced inflammatory 
potential (39, 40, 41).

Consumption of pro-inflammatory foods, such 
as red and processed meats, has been associated with 
an increased risk of CRC (37, 42). Conversely, diets 
rich in fiber and anti-inflammatory components are 
linked to a reduced risk of CRC (38). Studies have 
demonstrated a significant correlation between high 
DII scores and an elevated risk of CRC, while lower 
DII values indicate a reduced risk (43). These findings 
suggest that dietary modifications aimed at reducing 
inflammatory potential could be a crucial strategy for 
CRC prevention and management (38, 43).

Previous research has analyzed inflammation 
markers such as C-reactive protein (CRP), IL-6, and 
TNF-α, showing a positive association between high 
DII scores and elevated levels of these biomarkers 
(24, 32, 39). For example, higher DII scores were as-
sociated with increased high-sensitivity CRP levels 
in several studies (41, 44–46). Additionally, elevated 
DII scores have been linked to a greater risk of other 
cancers and higher mortality rates from cardiovascular 
and cancer-specific causes (47–49).

However, there remains a lack of data on the 
precise relationship between DII scores and cytokine 
profiles, particularly pro-inflammatory and anti-in-
flammatory cytokines, in CRC patients. This presents 
a significant avenue for future research (50, 51, 52). 
Such investigations could enhance our understanding 
of the impact of diet on the inflammatory microenvi-
ronment in CRC (38, 40). Furthermore, these findings 
could pave the way for the development of new ther-
apeutic strategies, including immunotherapy and die-
tary adjustments aimed at reducing inflammation (53).

ASSOCIATION BETWEEN SERUM 
CYTOKINE LEVELS AND THE  
DIETARY INFLAMMATORY INDEX

DII serves as a valuable tool for assessing the 
inflammatory potential of a diet and its impact on 
systemic inflammation. A higher DII score indicates 
a pro-inflammatory diet that may elevate levels of 
pro-inflammatory cytokines, whereas a lower DII 
score, reflecting an anti-inflammatory diet, is associ-
ated with reduced levels of cytokines such as IL-6 and 
TNF-α (39, 40, 41).

Interestingly, studies have demonstrated a posi-
tive correlation between higher DII scores and elevated 
levels of inflammatory markers such as CRP, IL-6, and 
TNF-α. This correlation suggests that an inflammatory 
diet can modulate the body’s immune response, poten-
tially contributing to the development or progression of 
CRC (41, 54, 55). Research indicates that patients with 
higher DII scores are at increased risk of CRC, with 
those in the highest DII score quartile showing up to a 
40% greater risk compared to those with lower scores 
(43, 52, 56).

Although the link between inflammatory cy-
tokines and DII is well established, limitations exist in 
current research. Many studies have focused on only 
one or a few cytokines without evaluating a broader 
spectrum. Including a wider range of both pro-inflam-
matory and anti-inflammatory cytokines could provide 
a more comprehensive understanding of the mecha-
nisms by which diet influences inflammation and CRC 
progression (50, 51, 52).

Improved insight into this relationship could aid 
in developing more effective strategies for CRC pre-
vention and treatment. These strategies might include 
dietary modifications and immunotherapy aimed at re-
ducing inflammation and, consequently, lowering the 
risk of cancer development (38, 57).

CLINICAL SIGNIFICANCE  
AND PERSPECTIVES IN THERAPY 
AND PREVENTION

Understanding the relationship between serum 
cytokine concentrations, the DII, and CRC develop-
ment holds significant potential for advancing diag-
nostics, personalized nutrition, and treatment strat-
egies for patients with this disease (37). Biomarkers 
such as TNF-α, IL-6, and CRP provide valuable in-
sights into systemic inflammation, a key factor in CRC 
development and progression (39, 41, 58).

Diagnostics leveraging these biomarkers could en-
able the identification of patients in the early stages of 
CRC, when treatment options are most effective and 
impactful. For instance, elevated levels of inflammatory 
cytokines, particularly IL-6, have been linked to more ag-
gressive forms of CRC and could serve as indicators of 
disease progression (39, 41). Additionally, these biomark-
ers could identify high-risk individuals before the onset 
of clinical symptoms, facilitating the implementation of 
preventive measures and earlier interventions (59, 60).

Beyond diagnostics, these biomarkers support 
personalized approaches to nutrition and treatment. 
Tailored dietary plans based on specific cytokine lev-
els and DII scores could aim to reduce inflammation 
and minimize CRC risk. Recommendations for an an-
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ti-inflammatory diet rich in fiber, omega-3 fatty acids, 
and antioxidants may substantially reduce systemic in-
flammation and, consequently, the risk of CRC devel-
opment or progression (39, 41). Furthermore, person-
alized dietary interventions might enhance treatment 
responses, such as chemotherapy efficacy, by mitigat-
ing inflammation, improving therapeutic outcomes, 
and reducing adverse effects (34).

In the context of therapy, the manipulation of in-
flammatory cytokines through biological drugs or spe-
cific immunotherapies also represents a promising direc-
tion. Research indicates that inhibiting specific cytokines, 
such as TNF-α or IL-6, has the potential to direct therapy 
towards specific molecular pathways, thereby increasing 
treatment efficacy and reducing side effects (40, 41). Ad-
ditionally, research in inflammation-reducing therapies 
could introduce new approaches to treating patients with 
CRC, particularly those with high inflammatory scores or 
advanced stages of the disease (43, 44, 54, 55).

Finally, the significance of biomarkers such as 
IL-6, TNF-α, and CRP in CRC prevention should not 
be overlooked. Their integration into routine practice 
could help identify individuals at high risk and moni-
tor the effectiveness of preventive interventions, such 
as dietary changes, exercise, and supplementation 
(24). A healthy lifestyle, which includes reducing in-
flammation, could be a key factor in lowering CRC in-
cidence, with biomarkers serving as tools for assessing 
the success of these preventive strategies (39, 41, 57).

CONCLUSION

Our study explored the impact of serum cytokine 
concentrations and the DII index on the onset and pro-

gression of CRC, aiming to identify their significance 
in the pathogenesis of the disease.

An analysis of data from available medical lit-
erature highlighted the significant role of pro-inflam-
matory cytokines, such as IL-6, TNF-α, and Interleu-
kin-17A, in increasing inflammation and contributing 
to the onset and progression of CRC. Additionally, the 
DII index, reflecting both nutritional and inflammatory 
parameters, proved to be a useful predictive marker in 
relation to cytokine levels and the prognosis of these 
patients. Elevated cytokine levels, combined with a 
higher DII index, contributed to the deterioration of 
clinical status and poorer prognosis. These findings 
suggest that targeting inflammatory pathways, along 
with optimizing nutrition, could have significant thera-
peutic value in the treatment of CRC. Further research 
is needed to thoroughly examine the role of diet in 
modifying inflammatory responses and their connec-
tion to serum cytokine levels, which could contribute 
to the development of personalized therapeutic ap-
proaches for CRC patients.
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INFLAMATORNI MEHANIZMI KOD KOLOREKTALNOG KARCINOMA: 
ULOGA CITOKINA I DIJETALNOG INFLAMATORNOG INDEKSA

Sarajlić Lana,1 Mekić Abazović Alma,2 Hodžić Edin,1 Gavrić Igor,1  
Bajramagić Salem,1 Mehić Amina,1 Halilović Emsad,1 Firdus Nedžad1

1 Klinički centar Univerziteta u Sarajevu, Klinika za opštu i abdominalnu hirurgiju, Sarajevo, Bosna i Hercegovina 
2 Klinički centar Univerziteta u Zenici, Klinika za onkologiju, Zenica, Bosna i Hercegovina

Karcinom debelog creva jedan je od najčešćih 
zloćudnih tumora, a brojna istraživanja ističu uticaj in-
flamacije na njegov nastanak i progresiju. Citokini kao 
što su IL-6 i TNF-α igraju ključnu ulogu u održavanju 
inflamacije, koja može pridoneti malignoj transforma-
ciji ćelija. Inflamatorni indeks u prehrani, koji se od-
nosi na unos proinflamatornih nutrijenata, povezan je s 
povećanim rizikom od razvoja kolorektalnog karcino-

ma. Koncentracije citokina u serumu mogu poslužiti 
kao biomarkeri za procenu rizika, dok modifikovane 
prehrambene navike usmerene na smanjenje inflama-
cije mogu značajno uticati na prevenciju i terapiju. 
Ova saznanja otvaraju mogućnosti personalizovanog 
pristupa u lečenju i prevenciji raka debelog creva.

Ključne reči: kolorektalne neoplazme, inflamaci-
ja, citokini, obrasci ishrane.
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Abstract: Brain-computer interfaces (BCIs) rep-
resent an innovative approach to neurorehabilitation 
for neurological conditions, particularly stroke, mul-
tiple sclerosis, and Parkinson’s disease. This paper 
provides a comprehensive analysis of current BCI 
applications, technological developments, and clini-
cal outcomes in these conditions. Recent advances in 
electroencephalography-based BCIs have demonstrat-
ed promising results, with classification accuracies 
exceeding 90% in stroke rehabilitation and compara-
ble performance in multiple sclerosis and Parkinson’s 
disease. Meta-analyses of stroke rehabilitation trials 
(n=235) indicate significant motor function improve-
ments, with standardized mean differences of 0.79 in 
upper limb assessment scores compared to conven-
tional therapy. Disease-specific challenges necessitate 
tailored approaches, while hybrid systems combining 
multiple signal types and integration with virtual real-
ity or robotic assistance enhance therapeutic potential. 
The development of portable, home-based systems 
offers increased therapy intensity but raises concerns 
about remote monitoring and safety protocols. This re-
view synthesizes current evidence supporting BCI ap-
plications in neurorehabilitation and highlights critical 
areas for future research, including cognitive rehabili-
tation optimization and the standardization of outcome 
measures for cross-condition comparison.

Keywords: brain-computer interface, neuroreha-
bilitation, stroke, multiple sclerosis, Parkinson’s dis-
ease, motor imagery, neuroplasticity.

INTRODUCTION
Diseases of the central nervous system, such as 

stroke, multiple sclerosis (MS), and Parkinson’s dis-
ease (PD), represent significant global health challeng-
es, with diverse pathologies affecting neural structure 

and function. Stroke remains one of the leading causes 
of adult disability, affecting approximately 16.3 mil-
lion people worldwide annually, as estimated by the 
WHO. Half of all stroke survivors experience lasting 
disabilities that impact motor and cognitive functions 
(1). The challenges of stroke-related neuroplasticity 
necessitate effective rehabilitation methods that target 
damaged neural pathways to restore motor function 
and improve quality of life.

Multiple sclerosis, affecting roughly 1.8 million 
people globally (WHO), causes neurodegeneration 
and demyelination, disrupting motor and sensory 
processing and leading to physical and cognitive im-
pairments (2). Current MS therapies often prove in-
sufficient in addressing progressive motor decline and 
cognitive dysfunction (3). Parkinson’s disease affects 
approximately 1% of individuals over 60, causing mo-
tor deficits due to the degeneration of dopamine-pro-
ducing neurons, which results in tremors, rigidity, and 
bradykinesia (4). Traditional rehabilitation methods 
show limitations in providing targeted neurostimula-
tion for PD’s progressive symptoms (5).

These conditions present substantial challenges in 
neurorehabilitation, as existing approaches often fail 
to achieve long-term recovery due to the brain’s lim-
ited capacity for self-repair. While conventional reha-
bilitation remains a cornerstone of treatment for these 
neurological disorders, its limitations in addressing 
disease progression highlight the need for complemen-
tary therapeutic approaches to enhance rehabilitation 
outcomes.

Brain-computer interfaces (BCIs) establish direct 
communication channels between the brain and exter-
nal devices, enabling control of assistive technologies 
and therapeutic systems through neural signal inter-
pretation. These systems fall into two main categories: 
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invasive and non-invasive interfaces. Electroenceph-
alography (EEG) is a widely used non-invasive BCI 
method, valued for its cost-effectiveness, safety, and 
practical implementation (6). Motor imagery (MI)-
based BCIs show promise in motor function restora-
tion by leveraging the brain’s ability to activate motor 
regions during imagined movement. These systems 
detect and translate neural activity into physical or 
virtual actions (7). EEG-based BCIs effectively cap-
ture motor-related signals, particularly sensorimotor 
rhythms associated with imagined movement, thereby 
engaging neuroplastic mechanisms that promote mo-
tor recovery (8, 9).

BCIs offer significant value in neurorehabilitation 
by harnessing neuroplasticity—the brain’s ability to 
reorganize and strengthen neural connections through 
activity (10). In stroke rehabilitation, BCIs facilitate 
repetitive, targeted activation of specific neural path-
ways, reinforcing motor intention through movement 
simulation tasks. This process, combined with BCI 
feedback via visual or robotic-assisted systems, sup-
ports neural circuit reorganization and functional re-
covery (11, 12).

This paper examines recent developments in BCI-
based neurorehabilitation for stroke, MS, and PD, 
analyzing clinical applications and emerging research 
directions. The analysis covers EEG-based BCI appli-
cations in motor, cognitive, and speech rehabilitation, 
including MI-based BCIs for upper limb motor recov-
ery and EEG-based network analysis in chronic stroke 
patients. Additionally, it explores BCI integration with 
virtual reality (VR) and robotics—technologies that 
enhance user engagement and promote neuroplastici-
ty through interactive therapeutic environments (13). 
Given the experimental nature of BCI-based treat-
ments, this review also addresses technical challenges 
related to neurological signal accuracy and user-spe-
cific calibration, as well as ethical considerations in 
clinical rehabilitation (14, 15).

By evaluating current BCI methodologies, this pa-
per provides a comprehensive analysis of optimal BCI 
integration in neurorehabilitation, offering insights for 
researchers and clinicians advancing this field.

BRAIN-COMPUTER  
INTERFACE TECHNOLOGY 
IN NEUROREHABILITATION

Brain-computer interfaces (BCIs) have emerged 
as innovative tools in neurorehabilitation by estab-
lishing direct communication pathways between the 
brain and external devices. These systems have shown 
significant development in recent years, offering vari-
ous approaches to facilitate motor recovery and neural 

plasticity in patients with neurological conditions. A 
bibliometric analysis by Angulo Medina et al. (15) re-
vealed a substantial increase in BCI research focused 
on rehabilitation applications, particularly in motor 
recovery and cognitive rehabilitation. The integration 
of advanced signal processing techniques and artificial 
intelligence has expanded these systems’ capabilities, 
enabling more precise and adaptive rehabilitation pro-
tocols (16). Understanding the different types of BCIs, 
their underlying signal acquisition methods, and the 
current technical challenges is essential for advancing 
their clinical implementation.

Types of BCIs Used in Rehabilitation
Motor Imagery (MI)
Motor imagery-based BCIs demonstrate value 

in neurorehabilitation, especially for stroke recovery. 
Research has identified distinct patterns of neural acti-
vation during MI tasks in stroke patients, showing in-
creased activity in the contralateral motor area, while 
healthy controls exhibit higher activity in the ipsilater-
al motor area (8). MI-BCIs show notable effectiveness 
in the beta band, where stroke patients demonstrate 
significantly higher clustering coefficients during MI 
tasks compared to active and passive movements. 
Studies reveal that node strength in the gamma band 
during MI paradigms shows marked improvement 
over both active and passive paradigms, suggesting 
enhanced neural engagement during imagery-based 
tasks (8). Miladinović et al. (17) conducted a system-
atic study of temporal parameters in MI-BCI systems, 
determining that time windows of 1-2 seconds provide 
an optimal balance between classification accuracy 
and system responsiveness. Their research compared 
multiple classification approaches, with linear discri-
minant analysis showing superior performance for MI 
task classification.

Passive BCIs
Passive BCIs monitor brain states without requir-

ing active user commands, offering an alternative ap-
proach to rehabilitation. Simon et al. (14) emphasize 
these systems’ particular value for patients with severe 
motor impairments who may find active BCI control 
challenging. Recent developments have integrated 
passive BCIs with virtual reality and robotic systems 
to create more engaging rehabilitation environments 
(13) for patients with limited abilities, including those 
with complete paralysis.

Closed-loop BCIs
Closed-loop BCI systems provide continuous ad-

aptation based on patient performance and physiolog-
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ical feedback. Saga et al. (18) developed an approach 
combining EEG and EMG in a closed-loop system, 
demonstrating feasibility for continuous motion con-
trol. Zhan et al. (9) provided evidence that BCI-FES 
(functional electrical stimulation) systems can im-
prove motor function in chronic stroke patients, show-
ing significant improvements in Fugl-Meyer assess-
ment scores compared to FES-only controls.

Signal Acquisition  
and Processing Techniques
EEG remains the primary signal acquisition meth-

od in rehabilitation BCIs due to its practical advantages 
in clinical settings. A comprehensive bibliometric anal-
ysis by Tsiamalou et al. (6) identified EEG as the most 
significant input method for BCIs, citing its non-in-
vasive nature, accessibility, and cost-effectiveness. 
Recent advances in signal processing have focused 
on improving classification accuracy through various 
methods. Guerrero-Mendez et al. (19) investigated the 
effects of temporal and frequency segmentation com-
bined with common spatial pattern methods for move-
ment identification, demonstrating the importance of 
dynamic temporal segmentation strategies. Additional-
ly, Rosanne et al. (20) introduced novel features based 
on EEG amplitude modulation dynamics, showing sig-
nificant improvements in classifier performance when 
combined with conventional power spectral features.

Challenges and Limitations
Signal Noise and Classification Accuracy
BCI systems continue to face significant techno-

logical challenges despite recent advances. Simon et 
al. (14) identified several critical barriers to widespread 
BCI adoption, including signal quality variability and 
maintaining consistent classification accuracy across 
sessions. Miladinović et al. (17) specifically addressed 
these issues in their work on optimizing real-time MI-
BCI performance, highlighting the balance between 
classification accuracy and system responsiveness.

User Adoption
Gunduz et al (21) reviewed challenges in novel 

stroke neurorehabilitation approaches, emphasizing 
the heterogeneity of patient populations and the need 
for standardized methodologies. Their work highlights 
the importance of biomarker-driven individualized ap-
proaches and large-scale clinical trials with well-tar-
geted patient populations.

Ethical and Practical Barriers
A recent bibliometric analysis by Angulo Medina 

et al. (15) identified system inefficiencies and acces-

sibility issues as key challenges. The authors empha-
size the need for expanding global participation in BCI 
research and development, particularly in underrepre-
sented regions, while addressing ethical considera-
tions, including data privacy and equitable access to 
BCI technologies. The scientific community continues 
to evaluate the long-term efficacy of BCIs and their 
impact on rehabilitation alongside existing treatment 
options (15, 22).

BRAIN-COMPUTER 
INTERFACE APPLICATIONS  
IN STROKE REHABILITATION

Motor Rehabilitation

Mechanisms of BCI  
in Post-Stroke Recovery
BCIs have demonstrated significant potential as 

therapeutic interventions for post-stroke motor recov-
ery. These systems facilitate neuroplasticity through 
direct neural feedback loops, enabling patients to en-
gage in rehabilitation exercises even without voluntary 
movement capacity (14). The therapeutic mechanism 
relies on coupling intended motor actions with sen-
sory feedback, reinforcing neural pathways involved 
in motor control. Recent neurophysiological studies 
have revealed underlying mechanisms of BCI-me-
diated recovery. Su et al. (8) documented significant 
alterations in brain network connectivity during BCI 
interventions, particularly in the beta frequency band. 
Their findings showed enhanced clustering coeffi-
cients during motor imagery tasks compared to active 
and passive movements, suggesting distinct patterns 
of functional reorganization. These studies observed 
increased activity in contralesional motor areas, indi-
cating potential compensatory mechanisms in the re-
covery process.

Clinical Applications  
and Intervention Protocols
Several therapeutic protocols have been devel-

oped for BCI-mediated stroke rehabilitation. MI-BCIs 
have shown promise in clinical settings. In a signifi-
cant clinical study, Irimia et al. (12) evaluated MI-BCI 
control in stroke patients using the recoveri X system. 
Their research demonstrated high classification ac-
curacies (mean 87.4%) across patient sessions, with 
peak accuracies exceeding 96%. Notably, stroke pa-
tients achieved higher control accuracies than previ-
ously reported in healthy subjects, potentially due to 
increased therapeutic motivation. Their intervention 
protocol combined motor imagery with simultane-
ous functional electrical stimulation (FES) and visual 
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feedback through simulated environments, creating a 
comprehensive sensorimotor feedback loop. Building 
on these findings, Kaviri and Vinjamuri (16) imple-
mented advanced source localization techniques with 
a neural network architecture, achieving 91.03% clas-
sification accuracy with dipole fitting. Their method-
ology demonstrated superior performance compared 
to conventional approaches in differentiating motor 
imagery patterns. The integration of multiple physio-
logical signals has enhanced therapeutic applications. 
Saga et al. (18) developed a hybrid system combining 
EEG and EMG, enabling continuous motion detection 
and feedback, facilitating more natural movement pat-
terns during rehabilitation sessions.

Clinical Outcomes  
and Therapeutic Efficacy
Meta-analytic evidence supports the clinical effi-

cacy of BCI interventions in post-stroke motor recov-
ery. A systematic review of nine randomized controlled 
trials (n = 235) by Cervera et al. (10) demonstrated a 
standardized mean difference of 0.79 in upper limb 
Fugl-Meyer Assessment scores compared to control 
interventions, suggesting clinically meaningful im-
provements in motor function following BCI therapy. 
Further evidence comes from comparative effective-
ness research. Ang et al. (11) showed that BCI-trig-
gered robotic feedback achieved comparable motor 
gains to intensive robotic therapy while requiring 
significantly fewer movement repetitions (136 versus 
1,040 repetitions per session), suggesting enhanced 
therapeutic efficiency through more precise timing of 
sensorimotor feedback.

Cognitive and Speech Rehabilitation

Cognitive Recovery Outcomes
BCI interventions have shown efficacy in ad-

dressing post-stroke cognitive deficits. Controlled tri-
als of EEG-based neurofeedback training have demon-
strated specific improvements in working memory and 
short-term memory function (23). These cognitive im-
provements appear to be protocol-specific, with effec-
tiveness noted in interventions targeting upper alpha 
frequency modulation.

Speech and Language Recovery
Recent technological advances have expanded 

BCI applications to speech rehabilitation. Systematic 
investigation of BCI-based communication systems 
has demonstrated feasibility for patients with severe 
post-stroke speech impairments (24). These systems 
utilize neural signal processing to decode speech in-

tentions, providing alternative communication path-
ways for severely affected patients.

Recent Clinical Advances  
and Future Directions
Protocol optimization continues to advance ther-

apeutic applications. Miladinović et al. (17) identified 
optimal temporal parameters for real-time MI-BCI im-
plementation, determining that 1-2 second processing 
windows maximize both classification accuracy and 
therapeutic responsiveness. BCI intervention acces-
sibility has improved through technological develop-
ments. Craik et al. (25) validated a low-cost, mobile 
EEG-based system achieving clinical-grade signal 
quality (SNR = 121 dB, CMRR = 110 dB) while main-
taining closed-loop functionality. These developments 
suggest potential for expanded therapeutic applica-
tions in outpatient and home-based settings. Despite 
these advances, significant challenges remain in proto-
col standardization and clinical implementation (14). 
Future research directions include the development 
of adaptive therapeutic protocols and integration of 
artificial intelligence for enhanced signal processing. 
Additionally, large-scale clinical trials are needed to 
establish optimal treatment parameters and identify 
patient populations most likely to benefit from BCI 
interventions.

BRAIN-COMPUTER INTERFACE  
APPLICATIONS IN MULTIPLE 
SCLEROSIS REHABILITATION

Motor Rehabilitation

BCIs for Motor Impairment in MS
Multiple sclerosis (MS) presents unique rehabil-

itation challenges due to its progressive nature and 
variable symptom presentation. Brain-computer in-
terface technology has emerged as a promising inter-
vention for addressing motor impairments in MS pa-
tients. Carrere et al. (26) investigated BCI combined 
with functional electrical stimulation (FES) for gait 
rehabilitation in MS patients, demonstrating statisti-
cally significant post-treatment improvements in gait 
speed and walking ability. Their findings showed ear-
lier event-related desynchronization onset latency af-
ter treatment, suggesting changes in functional brain 
connections involved in sensorimotor rhythm modula-
tion. Recent feasibility studies have shown promising 
results for BCI application in MS patients. Russo et al. 
(27) demonstrated that neural sources generating mo-
tor imagery originated from similar motor areas in MS 
patients compared to neurotypical participants, though 
with notable differences in alpha power during image-
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ry tasks, indicating preserved motor imagery circuits 
for BCI control despite disease progression.

Neuroplasticity and MS
Evidence suggests specific neuroplastic mecha-

nisms influenced by BCI interventions in MS patients. 
Pinter et al. (28) examined the effects of EEG-based 
neurofeedback training through fMRI studies in MS 
patients. Their research revealed increased fractional 
anisotropy and functional connectivity within the sali-
ence and sensorimotor networks following successful 
BCI training. These structural and functional changes 
correlated with cognitive improvements, suggesting 
beneficial neuroplastic adaptations from BCI interven-
tions.

Cognitive Rehabilitation

Memory and Executive  
Function Training
Cognitive impairment affects a significant propor-

tion of MS patients, particularly impacting attention, 
processing speed, and executive function. Kober et al. 
(23) demonstrated significant improvements in long-
term memory and executive functions through EEG-
based neurofeedback training in MS patients. These 
improvements occurred specifically in patients who 
successfully learned to self-regulate their brain activ-
ity through neurofeedback training. Riccio et al. (29) 
evaluated a hybrid BCI system combining P300-based 
BCI with conventional assistive technologies, show-
ing comparable usability to conventional assistive 
technology inputs, suggesting potential applications 
for cognitive training and communication support.

Recent Clinical Advances  
and Future Directions
BCI implementation in MS rehabilitation faces 

several distinct challenges. Buyukturkoglu et al.(30) 
identified fatigue as a significant factor affecting BCI 
performance, documenting specific EEG-derived func-
tional connectivity patterns associated with MS-relat-
ed fatigue. Their findings suggest the need for fatigue 
monitoring and adaptation mechanisms in future BCI 
systems. Disease progression variability presents ad-
ditional complications for long-term BCI implemen-
tation. Shiels et al. (31) demonstrated that while MS 
patients achieved BCI control comparable to healthy 
controls, performance variability was higher, poten-
tially due to disease-related fluctuations, indicating 
the need for adaptive BCI systems. Martinez-Cagigal 
et al. (32) developed an asynchronous P300-based 
BCI web browser achieving an average accuracy of 

84.14% in MS patients, demonstrating feasibility for 
practical, daily-use applications despite disease-re-
lated limitations. However, fatigue management and 
system adaptability remain critical considerations for 
long-term use. Recent technological developments 
show promise in addressing these challenges. Chen 
et al. (33) demonstrated successful implementation of 
steady-state visual evoked potential (SSVEP)-based 
BCIs for assistive device control in MS patients, sug-
gesting multiple BCI paradigms might accommodate 
different disease progression stages and symptom 
presentations. Future directions for BCI applications 
in MS rehabilitation include the development of hy-
brid systems combining multiple input modalities 
(26), integration of artificial intelligence for adaptive 
control (27), and implementation of fatigue manage-
ment strategies (30). Additionally, the development of 
home-based BCI training systems, as demonstrated by 
Pinter et al. (28), may improve accessibility and facili-
tate more consistent therapeutic applications.

BRAIN-COMPUTER INTERFACE 
APPLICATIONS IN PARKINSON’S 
DISEASE REHABILITATION

Motor Rehabilitation

Addressing Motor Symptoms
Parkinson’s disease (PD) manifests through a 

complex array of motor symptoms, including resting 
tremor, bradykinesia, rigidity, and postural instability, 
which significantly impact daily activities and quality 
of life (4). BCI technology has emerged as an interven-
tion option for addressing these motor manifestations, 
offering both rehabilitative and assistive approaches 
for symptom management (34). Recent advances have 
led to the development of non-invasive and invasive 
BCI systems categorized into two approaches: reha-
bilitative BCIs aimed at promoting neuroplasticity and 
recovery, and assistive BCIs designed to provide direct 
control over external devices or stimulation parame-
ters (5, 35).

Closed-loop BCIs for Adaptive Treatment
Closed-loop BCI systems, particularly in con-

junction with deep brain stimulation (DBS), represent 
a significant advancement in PD treatment. These sys-
tems provide real-time feedback and adjust stimula-
tion parameters based on ongoing neural activity and 
motor performance (36). Studies have demonstrated 
superior clinical outcomes compared to conventional 
approaches, with evidence showing better preserva-
tion of functional daily beta fluctuations and improved 
motor control (37). Machine learning algorithms have 
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enhanced these systems’ capability to identify pa-
tient-specific neural markers of motor performance. 
Castaño-Candamil et al. (38) demonstrated that super-
vised machine learning approaches can identify indi-
vidual neural markers that are both sensitive to ther-
apy and potentially useful as controllable variables in 
adaptive BCI systems.

Cognitive Rehabilitation
Executive Function and Memory Support
Beyond motor symptoms, cognitive decline rep-

resents a significant challenge in PD management. 
BCI-based cognitive training paradigms have shown 
promise in addressing executive function and memory 
deficits. Recent work combining BCI with virtual reali-
ty and artificial intelligence has demonstrated potential 
for enhancing adaptive responses and improving quali-
ty of life (13). Motor imagery-based BCI systems have 
shown particular promise in cognitive rehabilitation, 
improving both motor planning and execution through 
cognitive motor network engagement (39). This ap-
proach has demonstrated specific benefits for gait con-
trol, where motor imagery integration with BCI feed-
back can help patients overcome locomotor deficits.

Recent Clinical Advances  
and Future Directions
BCI implementation in PD rehabilitation contin-

ues to evolve with several significant developments. 
Rossi et al. (40) proposed integrating action observa-
tion treatment (AOT) with BCI-triggered muscle stim-
ulation, suggesting potential enhancement of motor 
execution during rehabilitation sessions. Belkacem et 
al. (41) reviewed advanced closed-loop BCI systems 
incorporating various stimulation techniques (electric, 
magnetic, and optogenetic), demonstrating how feed-
back-based adaptation could improve therapeutic out-
comes. Regarding signal acquisition and processing, 
Merk et al. (42) demonstrated electrocorticography 
(ECoG) superiority over subthalamic local field poten-
tials for movement decoding in PD, with performance 
correlating to disease state. Their connectomic analy-
sis approach showed potential for predicting individ-
ual channel performance across patients, supporting 
personalized BCI implementations. While Möller et 
al. (5) emphasize the need for additional research to 
establish feasibility, efficacy, and safety of technolo-
gy-based neurorehabilitation in PD patients, key areas 
for future development include standardization of pro-
tocols across different disease stages, development of 
more user-friendly and accessible systems, integration 
of artificial intelligence for improved accuracy and ad-
aptability, investigation of potential neuroprotective 

effects, and long-term studies to evaluate sustained 
benefits.

The field continues to advance, focusing on devel-
oping sophisticated closed-loop systems that adapt to 
individual patient needs and disease progression pat-
terns. Recent advances in electrophysiological record-
ing and analysis techniques, combined with machine 
learning approaches, suggest promising directions for 
BCI applications in PD rehabilitation (36).

Comparative Analysis  
of Brain-Computer Interface  
Applications in Stroke, MS, and PD

Efficacy Comparison
Brain-computer interface applications demonstrate 

varying levels of effectiveness across stroke, multiple 
sclerosis (MS), and Parkinson’s disease (PD). In stroke 
rehabilitation, BCI systems present the most robust ev-
idence base, with meta-analyses of nine randomized 
controlled trials (n = 235) showing a standardized mean 
difference of 0.79 in upper limb motor recovery com-
pared to control interventions (10). MS studies demon-
strate that patients can achieve BCI control comparable 
to healthy individuals (27, 31), though with higher per-
formance variability due to disease-related fluctuations, 
with accuracy rates ranging from 84.14% to 93.18% de-
pending on the paradigm used (29, 32). In PD, closed-
loop BCI applications show particular promise, with 
adaptive systems demonstrating superior clinical out-
comes compared to conventional approaches (37), in-
cluding better preservation of functional daily beta fluc-
tuations and improved motor control (36, 37).

Disease-Specific Challenges  
and Adaptations

Each condition presents unique challenges re-
quiring specific BCI adaptations. Stroke rehabilitation 
requires BCIs to address lesion location heterogeneity 
and its impact on neural signal generation (9, 14). Stud-
ies show that both ipsilateral and contralateral motor 
areas may need targeted intervention depending on le-
sion location (8). MS systems must adapt to both dis-
ease progression and symptom fluctuation, with studies 
identifying specific EEG-derived functional connectiv-
ity patterns associated with fatigue(30). These systems 
require session-by-session calibration based on patient 
status (31). PD applications face challenges of dynam-
ic symptom fluctuation and medication effects, neces-
sitating sophisticated closed-loop systems that adjust 
stimulation parameters based on real-time neural activ-
ity (36, 37). These adaptive systems must account for 
both motor and non-motor symptoms, as demonstrated 
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by variations in beta-band activity and movement de-
coding performance across medication states (42).

Patient Suitability and Customization
Patient characteristics significantly influence BCI 

effectiveness across all three conditions. For stroke, 
technical factors such as optimal processing time win-
dows (1-2 seconds) affect system responsiveness and 
accuracy (17), while individual brain network connec-
tivity patterns can predict therapeutic response (9). In 
MS, successful BCI implementation requires consid-
eration of both fatigue levels and disease stage, with 
studies showing that neurofeedback training effective-
ness correlates with specific changes in brain micro-
structure and functional connectivity (28). MRI stud-
ies reveal that successful BCI users show increased 
fractional anisotropy and enhanced connectivity with-
in the salience and sensorimotor networks (28). In 
PD, movement decoding performance correlates with 
disease severity, with electrocorticography showing 
superior results compared to subthalamic recordings 
(42). The effectiveness of closed-loop systems varies 
with individual patient characteristics and disease pro-
gression (37), highlighting the need for personalized 
calibration approaches.

Promising Cross-Condition Findings
Several BCI approaches show promise across all 

three conditions, though with varying implementation 
requirements. Motor imagery protocols demonstrate 
effectiveness across conditions, achieving classifica-
tion accuracies of 91.03% in stroke (16), comparable 
accuracies to healthy controls in MS (27), and success-
ful integration with gait control in PD (39). Studies 
show that motor imagery activates similar motor areas 
across conditions (7), though with disease-specific var-
iations in signal characteristics. Hybrid systems com-
bining multiple signal types improve reliability across 
conditions, particularly when integrating EEG with 
EMG for continuous motion detection (18) or combin-
ing BCI with conventional assistive technologies(29). 
Recent advances in artificial intelligence and adaptive 
algorithms have enhanced system performance across 
all three conditions (15,43), suggesting a promising di-
rection for future development.

Future Directions and Emerging Trends

Advancements in BCI Technology

Artificial Intelligence and Machine 
Learning Integration
Artificial intelligence is advancing BCI applica-

tions across neurological conditions. Machine learning 

algorithms improve signal classification accuracy and 
enable real-time adaptation to patient states (43). Re-
cent developments in neural networks and advanced 
signal processing have achieved superior performance 
in decoding motor intentions, with classification accu-
racies exceeding 91% (16).

Hybrid BCIs

Emerging hybrid systems combine multiple neu-
roimaging and physiological monitoring approaches. 
The integration of EEG with EMG has demonstrated 
improved outcomes, enabling continuous motion de-
tection and more natural interaction in rehabilitation 
settings (18). These multimodal approaches show im-
proved reliability and broader application potential 
compared to single-modality systems.

Home-Based BCI Rehabilitation

The development of portable, user-friendly BCI 
systems enables home-based rehabilitation. Craik et 
al. (25) demonstrated the feasibility of low-cost, mo-
bile EEG-based BCIs with high signal quality (SNR 
= 121 dB, CMRR = 110 dB) and reliability. Such sys-
tems could increase therapy intensity and accessibili-
ty, though they require careful consideration of remote 
monitoring and safety protocols.

Ethical Considerations  
and Quality of Life

The implementation of BCI technology requires 
addressing several key concerns. Access equity re-
mains a significant challenge, with current systems of-
ten limited to specialized centers (15). Privacy and data 
security considerations become increasingly important 
as systems move to home settings. Long-term impacts 
on quality of life require systematic monitoring, par-
ticularly in progressive conditions like MS and PD.

Suggested Areas for Further Research

Several critical areas require additional investiga-
tion:

• Optimization of BCI protocols for cognitive re-
habilitation across conditions, building on promising 
findings from both MS and stroke studies.

• Development of adaptive algorithms for disease 
progression in MS and PD, considering the dynamic 
nature of these conditions.

• Integration of BCI systems with existing reha-
bilitation protocols, focusing on complementary rather 
than replacement approaches.
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• Standardization of outcome measures for 
cross-condition comparison, enabling more robust 
evaluation of intervention effectiveness.

• Long-term effectiveness studies in home-based 
settings, particularly important given the chronic na-
ture of these conditions.

BCI technology in neurorehabilitation continues 
to advance toward increasingly sophisticated, person-
alized, and accessible systems. As highlighted by re-
cent reviews (15), success depends on addressing both 
technical advances and practical implementation chal-
lenges. The field’s evolution from technical achieve-
ments to patient-centered, home-deployable solutions 
represents a crucial step toward broader clinical adop-
tion. Standardization of protocols and outcome meas-
ures remains essential for establishing evidence-based 
guidelines across conditions while maintaining flexi-
bility for condition-specific adaptations.

CONCLUSION

Brain-computer interfaces have emerged as trans-
formative tools in neurorehabilitation, demonstrating 
significant potential across stroke, multiple sclerosis, 
and Parkinson’s disease treatment. The evidence pre-
sented in this review highlights both the remarkable 
progress in BCI technology and the distinct challenges 
that remain. Meta-analytic findings support BCIs’ clin-
ical efficacy, particularly in stroke rehabilitation, while 
emerging applications in MS and PD show promising 
results through adaptive and closed-loop systems. The 
integration of artificial intelligence, advanced signal 
processing, and hybrid approaches has substantially 
improved BCI performance and reliability. Classifica-
tion accuracies exceeding 90% in motor imagery tasks 
and successful implementation of home-based systems 
demonstrate the technology’s growing maturity. How-
ever, the field must address several critical challenges 
for widespread clinical adoption, including protocol 
standardization, accessibility, and long-term effective-
ness evaluation.

Disease-specific adaptations have proven crucial 
for successful BCI implementation. Stroke rehabilita-
tion benefits from targeted neural pathway activation, 
MS applications require fatigue management and ad-
aptation to disease progression, and PD systems show 
promise through real-time symptom monitoring and 
stimulation adjustment. The development of portable, 

user-friendly systems represents a significant step to-
ward broader therapeutic applications, though careful 
consideration of remote monitoring and safety proto-
cols remains essential.

Future directions should focus on optimizing 
cognitive rehabilitation protocols, developing sophis-
ticated adaptive algorithms for disease progression, 
and establishing standardized outcome measures for 
cross-condition comparison. The potential for home-
based rehabilitation could significantly impact thera-
py intensity and accessibility, particularly benefiting 
patients with chronic conditions. As BCI technology 
continues to evolve, its role in neurorehabilitation will 
likely expand, offering increasingly personalized and 
effective treatment options for patients with neurolog-
ical conditions.
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Interfejsi mozak-računar predstavljaju inovativni 
pristup u neurorehabilitaciji neuroloških stanja, poseb-
no moždanog udara, multiple skleroze i Parkinsonove 
bolesti. Ovaj rad pruža sveobuhvatnu analizu trenut-
nih primena interfejsa mozak-računar, tehnološkog 
razvoja i kliničkih ishoda kod ovih stanja. Nedavni 
napredak u sistemima zasnovanim na elektroencefalo-
grafiji pokazuje obećavajuće rezultate sa tačnošću kla-
sifikacije preko 90% u rehabilitaciji nakon moždanog 
udara i uporedivim performansama kod pacijenata sa 
multiplom sklerozom i Parkinsonovom bolešću. Me-
ta-analize studija rehabilitacije moždanog udara (n = 
235) ukazuju na značajna poboljšanja motorne funkci-
je, sa standardizovanim razlikama od 0,79 u ocenama 
gornjih ekstremiteta u poređenju sa konvencionalnom 
terapijom. Specifični izazovi bolesti zahtevaju prila-

gođene pristupe, dok hibridni sistemi koji kombinuju 
više tipova signala i integraciju sa virtuelnom real-
nošću ili robotskom asistencijom pokazuju povećan 
terapeutski potencijal. Razvoj prenosivih sistema za 
kućnu upotrebu pruža mogućnosti za povećanje in-
tenziteta terapije, istovremeno postavljajući pitanja o 
daljinskom praćenju i protokolima bezbednosti. Ovaj 
pregled sintetiše trenutne dokaze koji podržavaju pri-
menu interfejsa mozak-računar u neurorehabilitaciji, 
istovremeno naglašavajući ključne oblasti za buduća 
istraživanja, uključujući optimizaciju kognitivne reha-
bilitacije i standardizaciju mera ishoda za poređenje 
između različitih stanja.

Ključne reči: interfejs mozak-računar, neurore-
habilitacija, moždani udar, multipla skleroza, Parkin-
sonova bolest, motorna imaginacija, neuroplastičnost.
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Abstract: For over a century, the ventriculoperi-
toneal shunt has been a standard neurosurgical proce-
dure for treating hydrocephalus. However, this proce-
dure is associated with a variety of complications. One 
uncommon but notable complication is the abdominal 
cerebrospinal fluid (CSF) pseudocyst. This pseudocyst 
is histologically characterized by a fibrous wall devoid 
of an epithelial lining, and its exact etiopathogenesis 
remains unclear. Patients with abdominal CSF pseu-
docysts often present with nonspecific symptoms, and 
treatment is tailored to each individual’s clinical situa-
tion. This article reviews the epidemiology, etiopatho-
genesis, clinical characteristics, histology, imaging 
features, and available treatment options for abdom-
inal CSF pseudocysts.

Keywords: Ventriculoperitoneal shunt, pseudo-
cyst, neurosurgery, hydrocephalus, cerebrospinal fluid, 
shunt revision.

INTRODUCTION
Ventriculoperitoneal (VP) shunt surgery is a com-

monly performed neurosurgical procedure used to treat 
hydrocephalus. It takes advantage of the peritoneal sur-
face’s ability to absorb cerebrospinal fluid (CSF) (1). VP 
shunt complications are frequent, with 60% of shunts 
failing within ten years of placement, and up to 30% fail-
ing within the first year (2). Abdominal complications 
are particularly common and include fluid collections, 
peritonitis, gut perforation, shunt catheter displacement, 
fracture, migration, knot formation, and abscess for-
mation (3, 4). Fluid collections secondary to VP shunt 
placement are relatively rare and typically present in two 
forms (5, 6): the accumulation of CSF (known as CSF 
ascites) and encapsulated fluid collections, referred to as 
abdominal pseudocysts (APCs). APCs, also known as 
‘CSFomas,’ were first described by Harsh in 1954 (7). 

Their incidence is low, ranging from 0.33% to 6.6%, 
with a recurrence rate of 19.8% (8).

This article reviews the epidemiology, etiopatho-
genesis, clinical characteristics, histology, imaging 
features, and available treatment options for APCs.

Methods and materials
A comprehensive search was conducted in Pu-

bMed, Google Scholar, and ResearchGate using the 
following keywords: ‘peritoneal cerebrospinal fluid 
pseudocyst,’‘pseudocyst after ventriculoperitoneal 
shunt,’‘abdominal pseudocyst,’ and ‘complications 
of ventriculoperitoneal shunt.’ No specific timeframe 
was set for the literature search; however, articles pub-
lished within the last two decades were prioritized.

Epidemiology
Abdominal pseudocysts (APCs) occur more com-

monly in children than in adults. The formation of an 
APC can take anywhere from three weeks to five years 
following the placement or revision of a VP shunt (6, 
9). In some instances, formation has been reported to 
occur more than a decade later. For example, Wang HC 
et al. (10) described a 68-year-old woman who experi-
enced increasing stomach pain and distention for four 
months. She had been treated for idiopathic normal 
pressure hydrocephalus with a VP shunt 15 years prior, 
and a 15-cm APC was detected upon evaluation (10).

Pathogenesis
Several hypotheses have been proposed to ex-

plain the pathophysiology of cerebrospinal fluid (CSF) 
pseudocysts, including elevated protein levels in CSF, 
a foreign body reaction to silicone, and alterations in 
CSF absorption caused by persistent subclinical in-
flammation or infection (9, 11).
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In various studies, 17–80% of cases have been 
found to have a subclinical infection, with pathogens 
such as Streptococcus, Staphylococcus aureus, and 
Staphylococcus epidermidis identified from CSF cul-
tures (12). However, repeated CSF cultures may ap-
pear sterile, and the infection can remain latent. In a 
review of 18 case reports, Ohba et al. (9) found that 
only 3 (16.7%) of the patients had Staphylococcus ep-
idermidis cultured, while 15 (83.3%) had sterile CSF. 
Adults are reported to have a higher rate of infection 
than children (9).

Mobley et al. (13) suggested several risk factors 
for the development of APCs, including a history of 
necrotizing enterocolitis, previous shunt revisions, and 
prior abdominal surgery (excluding shunt revision). In 
contrast, Gmeiner et al. (14) found that the etiology of 
hydrocephalus, age at the first surgical procedure, and 
the type of first surgical procedure did not contribute 
to APC formation.

APCs may adhere to the parietal peritoneum or 
the serosal surface of abdominal viscera, or move 
freely within the peritoneal cavity. This explains why 
some APCs cause intestinal obstruction, while others 
undergo torsion.

APCs may also develop in relation to the liver, 
leading to hepatobiliary symptoms. Hepatic APCs can 
be classified as intra-axial or extra-axial. In intra-axial 
hepatic APCs, the tip of the VP shunt lodges within the 
liver parenchyma, forming a pseudocyst. In extra-axial 
hepatic APCs, the tip penetrates only Glisson’s capsule, 
resulting in a hepatic subcapsular pseudocyst (15, 16).

Histopathology
An APC is characterized by a fibrous wall and 

the absence of an epithelial layer (Figure 1). This 
lack of epithelium differentiates APCs from true cysts 
(17,18,19). Other pathological features that may be 
observed in APCs include granulomatous tissue, acute 
inflammatory changes, lymphocytic infiltration, and 
an outer layer of fatty tissue of mesenteric origin (9).

Clinical Presentation
Symptoms of APCs are generally nonspecific. 

Patients may present with abdominal pain, distention, 
and a palpable lump, or may exhibit low-grade fever, 
backache, poor appetite, and shortness of breath (20). 
The pressure from the APC increases the VP shunt’s 
resistance to CSF flow, which can lead to shunt dys-
function and raised intracranial pressure. This often 
manifests in children as headache, nausea, and vom-
iting (21).

APCs can grow to large sizes and, due to their 
mass effect, may obstruct the inferior vena cava, ure-

ters, and intestines (22-25). Leung (22) reported a 
14-year-old girl who presented with bilateral ankle 
edema as the sole symptom of a large non-infected 
APC. Imaging revealed obstruction of the inferior ve-
na cava (IVC) and bilateral hydronephrosis caused by 
the APC. MPharm et al. (23) described a 12-year-old 
girl with bilateral lower limb pitting edema and ab-
dominal distension; imaging showed compression of 
the IVC from a massive (20 × 18 × 8 cm) septate APC. 
Buyukyavuz et al. (26) reported a 3-year-old boy with 
a pseudocyst who presented with a hyponatremic sei-
zure. Wang B et al. (27) reported a 19-year-old female 
with a VP shunt who presented with abdominal dis-
tension resembling that of a full-term pregnancy; the 
pseudocyst contained 12.7L of fluid.

Imaging studies

Ultrasound
Ultrasound is a rapid, non-invasive, and radia-

tion-free imaging modality that can effectively diag-
nose APCs at a low cost (28, 29). On ultrasound, APCs 
appear as distinct hypoechoic or anechoic (black) flu-
id collections with well-defined hyperechoic (bright) 
margins. The tip of the VP shunt is often visualized 
within the pseudocyst as two hyperechoic (bright) 
lines (27, 28, 29), as shown in Figure 2. Chronic le-
sions may have multiple internal septations. Infected 
APCs typically exhibit debris and internal echoes (2). 
Larger lesions can exert pressure on adjacent organs 
(22-25).

Figure 1. Histopathology of CSF pseudocyst. (A) 
Photomicrograph showing a fibro collagenous cyst 
wall without definite lining epithelium (Hematoxylin 
and Eosin stain, 100×). (B) Photomicrograph show-
ing cyst wall with many non-caseating epithelioid cell 
granulomas with Langhans giant cells (Hematoxylin 
and Eosin stain, 400×). Image credit: Shetty D, et al. 
Intriguing case of giant intra-abdominal pseudocyst: 
Diagnostic dilemma. Int J Health Sci (Qassim). 2020 
Sep-Oct;14(5):58-60.Reused under the terms of the 
Creative Commons Attribution-Noncommercial-Share 

Alike 3.0 Unported
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CT Scan
CT scans delineate a loculated cyst-like structure 

at the distal tip of the VP shunt, and the measurement 
of attenuation values helps characterize the water con-
tent (Figure 3 and 4). CT scans also assist in ruling out 
other etiologies, such as peritonitis, bowel obstruction, 
ascites, appendicitis, diverticulitis, abscess, and cystic 
abdominal lesions (20, 30).

Nuclear Medicine
 A nuclear medicine shunt-o-gram can be used to 

identify APC. It reveals the normal passage of a radi-
otracer through the shunt tubing but without normal 
dispersion into the peritoneal cavity. Schmieder and 
Schraml (31) reported its successful use in a 73-year-
old man who presented with forgetfulness, gait distur-
bance, and urinary incontinence. The shunt-o-gram 
showed normal antegrade flow through the patent tub-
ing of the VP shunt, but with spillage into the perito-
neal cavity without dispersion. CT further confirmed 
the diagnosis.

Plain X-ray Abdomen
 A plain X-ray of the abdomen may reveal fea-

tures of mass effect if the APC is large (Figure 3A). 
Similarly, it can identify signs of bowel obstruction or 
pneumoperitoneum, helping to rule out other differen-
tial diagnoses.

Figure 2. Point-of-care ultrasound performed with a 
curvilinear probe in the right lower quadrant shows a 
large, anechoic (black) collection of cerebrospinal flu-
id (white star) encapsulated by a fibrous layer (white 
arrow) and containing echogenic debris and hyper-
echoic (white) septations (black arrowhead). Image 
credits: Guest et al. Abdominal Cerebrospinal fluid 
pseudocyst diagnosed with point-of-care Ultrasound. 
Clin Pract Cases Emerg Med. 2019 Jan 7;3(1):43-46. 
doi: 10.5811/cpcem.2018.11.40780. Reused under the 
terms of the Creative Commons Attribution-Noncom-

mercial-Share Alike 3.0 Unported

Figure 3. (A)An X-ray showing the abdominal end 
of the shunt (black arrow) in the location of pseudo-
cyst. (B, D, E) non-contrast computed tomography 
(NCCT) abdomen showing large pseudocyst abdo-
men with abdominal catheter lying along its anterior 
wall, as shown by black and bold white arrows. (C) 
NCCT head showing the ventricular end of the shunt. 
(E)NCCT head after removal of the shunt with no hy-
drocephalous. Image credits: Kumar M, et al. Central 
dilemma in CSF pseudocyst - A case series and re-
view of literature. J Neurosci Rural Pract. 2022 Oct-
Dec;13(4):753-758. doi: 10.25259/JNRP-2021-7-25. 
Reused under the terms of the Creative Commons At-

tribution-Non-Commercial-Share Alike 4.0 License

Figure 4. Axial CT showing abdominal fluid collec-
tion adjacent to ventriculoperitoneal shunt catheter 
tip located on right abdomen. Image credits: Risfandi 
M, Celia C, Shen R. Abdominal wall pseudocyst as a 
complication of ventriculoperitoneal shunt insertion: 
a case report. Pan Afr Med J. 2022 Jan 10;41:23. doi: 
10.11604/pamj.2022.41.23.29426. Reused under the 
terms of the Creative Commons Attribution Interna-
tional 4.0 License (https://creativecommons.org/li-

censes/by/4.0/)
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Differential Diagnosis
APC and CSF ascites are closely related differential 

diagnoses that can be difficult to distinguish. Clinically, 
shifting dullness is absent in pseudocysts and present in 
CSF ascites. Imaging technologies aid in making the final 
diagnosis. Cystic abdominal lesions such as pancreatic 
pseudocyst, cystic ovarian neoplasm, lymphocele, cystic 
teratoma, enteric duplication cyst, mesenteric cyst, and 
cystic mesothelioma are other differential diagnoses. A 

comprehensive evaluation employing cutting-edge im-
aging techniques and in-depth histopathology analysis is 
necessary for an accurate diagnosis.

Management
External drainage or surgical excision of APC 

(Figure 5 and 6) followed by shunt system reconstruc-
tion and repositioning of the abdominal catheter of the 
shunt are the major treatment options (1, 20, 21) men-
tioned in the literature. The approaches adopted for the 
surgical intervention are minimally invasive (laparo-
scopic) or laparotomy (Figure 6). There is no univer-
sally accepted therapeutic approach for CSF pseudo-
cysts, and each patient’s treatment should be tailored 
based on the specific clinical presentation. Following 
external drainage and cessation of CSF inflow, the ab-
sence of secretory epithelium results in collapse and 
gradual disappearance of APCs.

If the peritoneal cavity is unsuitable due to ad-
hesions or infection in shunt-dependent patients, the 

Figure 5. Peritoneal cerebrospinal fluid pseudocyst 
as depicted on CT scan in Figure 3 : (A) pseudocyst 
before aspiration; (B) pseudocyst after aspiration of 
750 ml of fluid, the distal shunt was identified. Image 
credits: Risfandi M, Celia C, Shen R. Abdominal wall 
pseudocyst as a complication of ventriculoperitoneal 
shunt insertion: a case report. Pan Afr Med J. 2022 
Jan 10;41:23. doi: 10.11604/pamj.2022.41.23.29426. 
Reused under the terms of the Creative Commons At-
tribution International 4.0 License (https://creative-

commons.org/licenses/by/4.0/)

Figure 6. Abdominal pseudocyst as depicted in Fig-
ures 3 &5. A) intraperitoneal cyst 10cm x 8cm x 7cm 
was excised; B) the distal side of the peritoneal shunt 
catheter was reinserted to the abdominal cavity. Im-
age credits: Risfandi M, et al. Abdominal wall pseudo-
cyst as a complication of ventriculoperitoneal shunt 
insertion: a case report. Pan Afr Med J. 2022 Jan 10; 
41:23. doi: 10.11604/pamj.2022.41.23.29426. Reused 
under the terms of the Creative Commons Attribution 
International 4.0 License (https://creativecommons.

org/licenses/by/4.0/) Figure 7. An algorithm that summarizes the approach 
for patient with abdominal CSF pseudocyst. Image 
credits: Fatani GM, Bustangi NM, Kamal JS, Sabbagh 
AJ. Ventriculoperitoneal shunt-associated abdomi-
nal cerebrospinal fluid pseudocysts and the role of 
laparoscopy and a proposed management algorithm 
in its treatment. A report of 2 cases. Neurosciences 
(Riyadh). 2020 Aug;25(4):320-326. doi: 10.17712/
nsj.2020.4.20200053. Reused under the terms of the 
Creative Commons Attribution-NonCommercial Li-

cense (CC BY-NC)
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abdominal end of the VP shunt may be externalized 
and placed at an alternate site on the same or contralat-
eral side of the abdomen after eradication of infection. 
Ventriculo-atrial (VA) shunt, ventriculo-pleural (VPL) 
shunt, or endoscopic third ventriculostomy are the oth-
er available options if the abdomen is not suitable. In 
patients with shunt independence, shunt removal may 
be undertaken safely.

Various algorithms have been proposed in the lit-
erature to suggest management strategies (20, 33). An 
easy-to-apply algorithm was proposed by Fatani et al. 
(32), as depicted in Figure 7.

CONCLUSION
Ventriculoperitoneal shunt placement poses a life-

time risk of complications, necessitating careful mon-
itoring. Every healthcare provider should be aware of 
abdominal pseudocysts and consider them when mak-
ing a differential diagnosis in patients with VP shunts 
who present with vague abdominal symptoms. Treat-
ment is tailored according to clinical circumstances, 
and the management strategy continues to evolve.
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ABDOMINALNA PSEUDOCISTA KOD VENTRIKULOPERITONEALNOG ŠANTA: 
RETKA KOMPLIKACIJA ČESTE NEUROHIRURŠKE PROCEDURE

Alfallaj Muath Ibrahim,1 Salati Ahmad Sajad,1 Malik Riaz Faiza2  
1 Qassim University, College of Medicine, Department of Surgery, Unaizah, Kingdom of Saudi Arabia 

2 Department of surgery, Qassim university Medical city QUMC, Kingdom of Saudi Arabia

 Ventrikuloperitonealni šant je standardna neuro-
hirurška procedura za lečenje hidrocefalusa već više od 
jednog veka. Iako je efikasna, procedura je povezana s 
različitim komplikacijama, među kojima je abdominal-
na pseudocista retka, ali klinički relevantna. Ova pse-
udocista histološki se karakteriše fibroznom kapsulom 
bez epitela, dok njena tačna etiopatogeneza ostaje neja-
sna. Klinička slika je nespecifična, što otežava dijagno-

zu, a terapijski pristup se prilagođava individualnim 
karakteristikama pacijenta. U ovom radu se razmatraju 
epidemiologija, etiopatogeneza, kliničke karakteristi-
ke, histološki nalazi, radiološke osobine i dostupne te-
rapijske opcije za ove abdominalne pseudociste.

Ključne reči: ventrikuloperitonealni šant, pseu-
docista, neurohirurgija, hidrocefalus, cerebrospinalna 
tečnost, revizija šanta.
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Abstract: Proton pump inhibitors (PPIs) are 
among the most widely prescribed medications in clin-
ical practice, primarily used for managing acid-related 
gastrointestinal disorders. While generally regarded 
as safe, with adverse effects being rare and typically 
mild, PPIs have been associated with hypersensitivity 
reactions. These reactions, which may be immediate 
or delayed, vary in severity from mild to potentially 
life-threatening.

This review provides an in-depth analysis of key 
aspects of PPI use, with a particular emphasis on the 
pathophysiological and clinical characteristics of both 
immediate and delayed hypersensitivity reactions. It 
also explores cross-reactivity among PPIs and offers a 
practical framework to assist clinicians in diagnosing 
and managing these conditions effectively. Addition-
ally, the review highlights the critical need for fur-
ther research to develop standardized diagnostic and 
therapeutic protocols, enabling personalized and evi-
dence-based care for patients experiencing PPI-related 
hypersensitivity.

Keywords: Proton pump inhibitors, hypersensi-
tivity reactions, immediate hypersensitivity, delayed 
hypersensitivity, prick test, patch test, lymphocyte ac-
tivation test, cross-reactivity.

INTRODUCTION
Proton pump inhibitors (PPIs) are widely pre-

scribed for managing acid-related gastrointestinal 
conditions such as gastric and duodenal ulcers, dys-
pepsia, gastroesophageal reflux disease (GERD), 
Zollinger-Ellison syndrome, Helicobacter pylori (H. 
pylori) eradication, and the prevention and manage-
ment of ulcers associated with nonsteroidal anti-in-
flammatory drugs (NSAIDs) (1). These drugs suppress 
gastric acid production by irreversibly inhibiting the 
H+/K+-ATPase enzyme in gastric parietal cells (2). Al-
though generally considered safe and effective, PPIs 
have been associated with a range of adverse effects 
(1). Among these, hypersensitivity reactions stand 
out as significant clinical concerns, encompassing a 
spectrum of manifestations from mild dermatological 
symptoms to severe systemic complications (3).

Immediate hypersensitivity reactions (HSRs) 
to PPIs are primarily IgE-mediated and occur rapid-
ly after drug administration, presenting with symp-
toms such as urticaria, angioedema, and potentially 
life-threatening anaphylaxis. These reactions are driv-
en by histamine release from mast cells and basophils 
and are further complicated by cross-reactivity among 
PPIs due to their structural similarities. This cross-re-
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activity limits therapeutic options and necessitates 
careful diagnostic evaluation (4).

Delayed hypersensitivity reactions to PPIs are less 
common but often more severe, primarily mediated by 
type IV hypersensitivity mechanisms involving T-cell 
activation. These reactions present a broad spectrum of 
clinical manifestations, ranging from mild cutaneous 
symptoms to severe systemic involvement, including 
potentially fatal conditions such as Stevens-Johnson 
syndrome (SJS), toxic epidermal necrolysis (TEN), 
and drug rash with eosinophilia and systemic symp-
toms (DRESS) (5).

This review integrates current evidence on the 
pathophysiology, clinical manifestations, diagnostic 
methods, and management strategies for both immedi-
ate and delayed PPI-induced HSRs, offering guidance 
to clinicians in addressing these uncommon but clini-
cally significant challenges.

PPIs: Structure, Mechanism of Action, 
and Pharmacokinetics

The class of proton pump inhibitors (PPIs) in-
cludes six FDA-approved drugs: rabeprazole, lanso-
prazole, pantoprazole, esomeprazole, omeprazole, and 
dexlansoprazole (1). These weakly basic substituted 
benzimidazoles are specifically designed to accumu-
late in the highly acidic environment of parietal cell 
canaliculi, achieving high local concentrations and 
effectively inhibiting the H+/K+ATPase—the proton 
pump responsible for gastric acid secretion (6, 7). Ad-
ministered as enteric-coated tablets or capsules to pro-
tect against gastric degradation, PPIs are absorbed in 
the proximal small intestine (6). Despite a short plas-
ma half-life of approximately one to two hours, their 
duration of action is significantly extended due to their 
unique mechanism.

Once in the acidic canaliculus, PPIs are protonat-
ed and converted into their active sulfenamide form, 
which covalently binds to specific cysteine residues 
on the proton pump, causing irreversible inhibition of 
acid secretion. Recovery of acid production requires 
the synthesis of new proton pumps or the activation of 
resting ones (6). The activation kinetics and binding 
site preferences of individual PPIs, influenced by their 
chemical structures, determine their biological activity 
and duration of inhibition. Rapidly activated PPIs bind 
fewer cysteine residues, allowing for faster recovery 
of acid secretion, while delayed activation facilitates 
binding to additional sites, prolonging their effect (7).

PPIs are prodrugs requiring acid activation and 
are metabolized primarily by the cytochrome P450 sys-
tem, with CYP2C19 and CYP3A4 playing key roles. 
Genetic polymorphisms, particularly in CYP2C19, 

significantly impact plasma levels and efficacy, under-
lining the importance of individual variability in ther-
apeutic outcomes (8).

Clinical Applications of PPIs
Proton pump inhibitors are indispensable in the 

management of a range of acid-related disorders. They 
are the first-line therapy for gastroesophageal reflux 
disease (GERD), particularly in patients with erosive 
esophagitis, where they promote effective symptom 
relief, esophageal mucosal healing, and the prevention 
of complications such as stricture formation or Bar-
rett’s esophagus. In non-erosive GERD, PPIs are also 
highly effective in symptom control compared to H2 
receptor antagonists (9).

In the context of peptic ulcer disease, PPIs play a 
pivotal role in both healing and prevention. For ulcers 
associated with Helicobacter pylori infection, PPIs are 
an integral part of eradication regimens, as they sup-
press gastric acid, enhancing the efficacy of antibiotics 
like amoxicillin and clarithromycin. For NSAID-in-
duced ulcers, PPIs reduce the risk of ulcer formation 
and facilitate healing, especially in high-risk individu-
als such as older adults or those with a history of ulcers 
(9, 10).

High-dose PPIs are essential in managing 
Zollinger-Ellison syndrome, a rare condition charac-
terized by gastrin-secreting tumors that lead to exces-
sive gastric acid production. PPIs effectively control 
acid hypersecretion, alleviating symptoms and pre-
venting complications like severe peptic ulceration 
(11).

In critically ill patients, PPIs are commonly em-
ployed for stress ulcer prophylaxis, particularly in 
those with risk factors such as mechanical ventilation, 
coagulopathy, stroke, or burns. PPIs are also used in 
managing eosinophilic esophagitis, where they can re-
duce esophageal inflammation and improve symptoms 
in a subset of patients (9).

Additionally, functional dyspepsia—a common 
condition characterized by upper abdominal discom-
fort or pain—may respond to PPI therapy, particularly 
in cases associated with acid-related symptoms (12). 
Other less common indications include their use in 
treating gastric hypersecretory states and assisting in 
the management of conditions like laryngopharyngeal 
reflux, where acid plays a contributing role (9, 13).

Adverse Effects of PPIs
PPIs are generally well-tolerated, though their use 

can result in both short-term and long-term adverse ef-
fects. In the short term, common side effects include 
gastrointestinal symptoms such as diarrhea, constipa-
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tion, nausea, and abdominal discomfort. Headaches 
are also frequently reported among users (14).

Long-term use of PPIs, however, has been asso-
ciated with more significant complications. Chronic 
suppression of gastric acid can impair the absorption 
of essential nutrients, including vitamin B12, magne-
sium, and calcium, leading to conditions such as ane-
mia, hypomagnesemia, and osteoporosis. Prolonged 
acid suppression has also been linked to a higher risk 
of infections, such as Clostridioides difficile-associat-
ed diarrhea and small intestinal bacterial overgrowth 
(SIBO) (15, 16). Moreover, there is an increased sus-
ceptibility to respiratory infections, including pneu-
monia.

Emerging evidence suggests a potential relation-
ship between long-term PPI use and chronic kidney 
disease or acute interstitial nephritis. Cardiovascular 
risks have also been postulated, with some studies re-
porting a possible link to myocardial infarction in cer-
tain populations, though the data remain inconclusive 
(15). Neurological concerns, such as cognitive decline 
and dementia, have been noted in association with ex-
tended PPI use; however, causality has not been firmly 
established (17).

Additionally, gastrointestinal effects such as gas-
tric hyperplasia and the development of fundic gland 
polyps have been observed, particularly in long-term 
users (18). While these polyps are generally benign, 
they warrant monitoring to ensure patient safety.

PPIs as a Risk Factor  
for Allergic Disease Development

Emerging evidence suggests that gastric acid sup-
pression, including the use of PPIs, contributes to the 
development of allergic diseases (3). Maternal PPI 
use during pregnancy has been associated with an in-
creased risk of asthma in offspring, highlighting the 
need for cautious prescribing during pregnancy to mit-
igate potential respiratory risks in children (19). Simi-
larly, the use of acid-suppressive drugs within the first 
six months of infancy has been linked to a heightened 
likelihood of developing allergic diseases later in life, 
indicating a critical window during which such medi-
cations may influence immune development (20).

A large Swedish cohort study of 80,870 matched 
pairs of children and adolescents further supports this 
association, demonstrating that PPI use significantly 
increases the risk of incident asthma. This risk was par-
ticularly pronounced in infants and toddlers, with haz-
ard ratios (HRs) of 1.83 for children under six months 
and 1.91 for those aged six months to two years. Var-
iability in asthma risk among individual PPIs was ob-
served, with pantoprazole exhibiting the highest HR of 

2.33. These findings underscore the necessity of pre-
scribing PPIs to children only when clearly indicated, 
carefully balancing the therapeutic benefits against the 
potential risks (21).

Mechanistically, PPIs suppress gastric acid se-
cretion, permitting intact food allergens and pro-
tein-bound oral drugs to persist in the digestive tract, 
thereby enhancing their capacity to sensitize and trig-
ger allergic reactions. Additionally, PPIs may promote 
Th2-biased immune responses, particularly in the off-
spring of sensitized mothers. Impaired gastric acid 
production, whether due to PPI use or conditions like 
atrophic gastritis, has been strongly associated with 
an elevated risk of sensitization to oral allergens and 
drugs (22).

HSRs to PPI: Underlying Mechanisms 
and Clinical Features
While generally safe, hypersensitivity reactions 

(HSRs) to PPIs, although infrequent, are increasingly 
recognized as significant adverse events. These reac-
tions encompass a broad spectrum of clinical mani-
festations, ranging from mild cutaneous symptoms to 
severe systemic involvement, and may present early or 
delayed (23). The growing awareness of these adverse 
effects necessitates a detailed understanding of their 
underlying mechanisms and clinical features.

Immediate HSRs
The majority of HSRs to PPIs are immediate in 

onset and predominantly IgE-mediated, as confirmed 
through diagnostic methods such as skin prick tests 
(SPT), intradermal tests (IDT), oral provocation tests 
(OPT), and basophil activation tests (BAT) (4). These 
reactions occur when antigens bind to IgE molecules 
attached to high-affinity FcεRI receptors on mast cells, 
leading to the release of inflammatory mediators, in-
cluding histamine, leukotrienes, and prostaglandins, 
which cause the characteristic symptoms of hypersen-
sitivity (24). Immediate HSRs are more common in fe-
males, with reported rates ranging from 61% to 81.5%, 
and are primarily observed in adults, with a mean age 
between 43 and 54 years across multiple studies (25, 
26, 27). Only a few cases have been reported in pedi-
atric patients (28).

Studies have identified differences in the prev-
alence of PPI-induced HSRs based on the specific 
PPI involved. Bose et al. reported omeprazole as the 
most frequently implicated PPI (45.76%), followed 
by lansoprazole (20.34%), pantoprazole (16.95%), es-
omeprazole (14.41%), and rabeprazole (2.54%) (25). 
Conversely, Bonadonna et al. identified esomeprazole 
as the most frequently involved (30%), followed by 
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lansoprazole (26.4%) and omeprazole (18.9%) (26). 
A 2013 study by Ozdemir et al. found lansoprazole 
to be the primary culprit in 80% of cases, with eso-
meprazole (16.9%), pantoprazole (13.8%), rabepra-
zole (3.1%), and omeprazole (1.5%) occurring less 
frequently (27). A subsequent analysis in 2020 by the 
same group, which included data from 12 studies in-
volving 395 patients and 416 immediate HSRs, found 
lansoprazole to account for the highest proportion 
of cases (40.6%), followed by omeprazole (26.2%), 
pantoprazole (15.6%), esomeprazole (14.4%), and ra-
beprazole (3.1%) (5). The researchers suggested that 
regional prescribing practices may influence the dis-
tribution and prevalence of hypersensitivity reactions 
associated with specific PPIs. Notably, there are no re-
ported cases of immediate HSRs to dexlansoprazole.

Across various studies, urticaria and/or angioede-
ma were observed in 44.1% to 49.2% of patients, 
while anaphylaxis, the most frequently reported clini-
cal presentation, occurred in 50.8% to 53.6% of cases 
(5, 27). Additional manifestations included general-
ized pruritus, hypotension, non-urticarial skin rashes, 
erythema, and dyspnea or shortness of breath (25), re-
flecting the diverse clinical spectrum of immediate hy-
persensitivity reactions to PPIs. Immediate hypersen-
sitivity reactions most commonly occur within the first 
hour of medication intake (75.4%), but they can also 
present up to 24 hours later (24.6%) (27). A patient 
with a history of pantoprazole-induced anaphylaxis 
exhibited a 7-hour latency period, with a positive IDT 
supporting an immediate hypersensitivity mechanism 
(29). In another case, a 47-year-old Hispanic male was 
referred for recurrent idiopathic anaphylaxis, with the 
most recent episode occurring 3 hours after pantopra-
zole intake and previous episodes reported at 24, 10, 
and 4 hours post-intake. Positive IDT with pantopra-
zole confirmed an IgE-mediated hypersensitivity reac-
tion (30). This delayed onset may be attributed to the 
enteric coating of PPIs, which can slow the release of 
the active compound. Additionally, polymorphisms in 
the CYP2C19 gene, associated with a poor metabo-
lizer phenotype, have been hypothesized to influence 
the timing of reactions (29). Consequently, patients ex-
hibiting symptoms consistent with immediate allergic 
reactions to PPIs, even when delayed up to 24 hours, 
may still involve an IgE-mediated mechanism. Such 
cases warrant further evaluation using immediate skin 
tests to confirm the underlying cause.

Delayed HSRs

Drug-induced delayed HSRs encompass a broad 
range of clinical manifestations, spanning from mild 
to severe presentations. Mild reactions, such as mac-

ulopapular exanthema (MPE) and fixed drug eruption 
(FDE), are typically self-limiting and resolve with ap-
propriate management. In contrast, severe and poten-
tially life-threatening cutaneous adverse reactions, in-
cluding SJS, TEN, and DRESS, require urgent medical 
intervention due to their high morbidity and mortality 
risks. Although delayed HSRs are well-characterized 
for many drug classes, data specific to their association 
with PPIs remain limited (5).

Among hypersensitivity reactions to PPIs, 
non-IgE-mediated responses are relatively uncommon 
(14%) compared to IgE-mediated reactions (86%), of 
which 10% are type IV cell-mediated hypersensitivi-
ty responses (25). This finding suggests that type IV 
hypersensitivity, which includes reactions mediated 
by T cells and delayed in onset, is the most frequent 
mechanism underlying these reactions, as all hyper-
sensitivity reactions beyond type II culminate in type 
IV responses.

A landmark 14-year case series has significantly 
advanced the understanding of PPI-related delayed 
cutaneous adverse reactions, reporting 69 cases—the 
largest dataset to date. The study identified a spectrum 
of clinical presentations, including 29 cases of MPE, 
27 of SJS/TEN, 10 of DRESS, two of FDE, and one of 
acute generalized exanthematous pustulosis (AGEP). 
Esomeprazole emerged as the most commonly impli-
cated PPI, particularly in severe cases such as SJS/
TEN and DRESS (51%, 35/69), followed by omepra-
zole and lansoprazole. The latency period varied by 
reaction type, with an average of 18.6 days for MPE, 
20.8 days for SJS/TEN, 7.0 days for AGEP, and 27.2 
days for DRESS (31). These findings underscore the 
delayed nature of PPI-induced hypersensitivity and 
highlight the need for clinical vigilance in monitoring 
patients on PPI therapy.

Other cutaneous reactions associated with PPIs 
include symmetrical drug-related intertriginous and 
flexural exanthema (SDRIFE), also referred to as 
drug-related baboon syndrome. A recent study report-
ed three cases of SDRIFE linked to PPIs, with two 
cases caused by omeprazole and one by pantoprazole. 
The latency period for these reactions ranged from 3 
to 7 days after drug administration (32). Additionally, 
cases of severe exfoliative dermatitis have been docu-
mented, including an 82-year-old male who developed 
symptoms two weeks after initiating esomeprazole 
therapy (33) and a 41-year-old male who experienced 
persistent dermatitis for 18 months after discontinuing 
omeprazole (34).

PPIs have also been identified as potential triggers 
for occupational exposure-related contact dermatitis, 
particularly in individuals frequently handling these 
medications (5, 35). In a study by Ghatan et al., ap-
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proximately one-third of 96 individuals with suspected 
occupational exposure-related symptoms were diag-
nosed with omeprazole-specific allergy. The diagnosis 
was confirmed using patch testing or the lymphocyte 
transformation test (LTT), demonstrating the utility of 
these diagnostic tools in occupational settings (36). 
Additional reports have documented contact dermati-
tis linked to omeprazole in a horse breeder (37) and 
similar reactions associated with pantoprazole and lan-
soprazole (38, 39).

Another recognized immunological adverse re-
action to PPIs is subacute cutaneous lupus erythema-
tosus (SCLE), which typically manifests within the 
first year of treatment, though cases have been report-
ed with latencies ranging from 1 week to 3–5 years. 
SCLE predominantly affects women (89%) and is as-
sociated with antibodies such as anti-Ro/SSA (73%) 
and antinuclear antibodies (61%). Lansoprazole and 
omeprazole are the most frequently implicated PPIs, 
with cross-reactivity documented among these medi-
cations. Individuals with a history of cutaneous lupus 
erythematosus appear to have an elevated risk of de-
veloping PPI-induced SCLE (40).

In addition to dermatological reactions, hemato-
logical adverse effects such as neutropenia, thrombo-
cytopenia, and hemolytic anemia have been linked to 
PPI use (41,42,43). These conditions are thought to 
be mediated through type II hypersensitivity mecha-
nisms, suggesting immune involvement in their patho-
genesis (35).

This growing body of evidence highlights the di-
verse clinical spectrum of PPI-induced hypersensitiv-
ity reactions, emphasizing the importance of accurate 
diagnosis, awareness of underlying immune mecha-
nisms, and tailored management strategies to mitigate 
associated risks.

Diagnostic Approaches

Immediate HSRs
The evaluation of HSRs to PPIs requires a multi-

faceted approach, incorporating clinical history, phys-
ical examination, and targeted diagnostic procedures. 
For IgE-mediated reactions, the preferred methods for 
confirming sensitization include SPT, IDT, and OPT. 
Advanced techniques, such as the BAT, can further aid 
diagnosis in ambiguous cases (4). Two pivotal mul-
ticenter studies, conducted by Bonadona et al. (26) 
and Ozdemir et al. (27), assessed the diagnostic util-
ity of SPT and IDT compared to OPT in patients with 
PPI-induced HSRs.

In the Bonadona et al. study, 53 patients were ana-
lyzed, with 12 demonstrating positive skin test results, 
predominantly in cases of severe reactions. Skin tests 

exhibited high diagnostic accuracy, with 100% speci-
ficity, 100% positive predictive value, and 91.9% neg-
ative predictive value, though sensitivity was moder-
ate at 50–61.3%. These findings highlight the value of 
skin testing in minimizing the need for OPT in patients 
with positive test results (26). Similarly, the Ozdemir 
et al. study evaluated 65 patients with suspected im-
mediate HSRs to PPIs and 30 control subjects. SPT 
and IDT displayed high specificity (100%) and posi-
tive predictive value (100%), but sensitivity was mod-
erate (58.8%). In 12 patients with negative diagnostic 
skin test results, OPTs with the suspected PPIs were 
conducted, yielding a positive result in eight cases 
(66.7%). This study concluded that skin tests are high-
ly specific and valuable for diagnosing PPI-induced 
hypersensitivity, but OPT remains indispensable for 
confirming negative skin test findings (27).

SPTs were conducted using both undiluted com-
mercial oral and injectable PPI formulations. Tablets 
and capsules were crushed and diluted in saline, and 
the tests were performed on the volar forearm. A wheal 
at least 3 mm larger than the negative control after 20 
minutes was considered positive. For patients with 
negative SPT results, IDTs were conducted using se-
rial dilutions of injectable PPI preparations. A small 
volume of the test solution was injected intradermal-
ly, and an increase in wheal size of at least 3 mm ac-
companied by erythema after 15 minutes was deemed 
positive. Patients with negative skin test results sub-
sequently underwent single-blind, placebo-controlled 
OPTs with alternative PPIs. Doses were administered 
incrementally at 30-minute intervals until the full dose 
was reached or a reaction occurred. Vital parame-
ters, including blood pressure, pulse, and FEV1, were 
closely monitored throughout. A positive OPT was 
defined by objective signs of hypersensitivity, such as 
urticaria, angioedema, bronchospasm, or a 20% reduc-
tion in FEV1 (27).

These studies collectively emphasize the critical 
role of skin tests in the diagnostic evaluation of im-
mediate PPI-induced HSRs, while underscoring the 
complementary importance of OPT in confirming cas-
es with negative skin test results. The dosages of PPIs 
utilized in these studies for skin testing and OPT are 
detailed in Table 1.

Currently, there are no studies on the detection of 
specific IgE antibodies for PPIs. The BAT has emerged 
as a promising diagnostic tool for immediate PPI aller-
gic reactions, offering a sensitivity of 73.8% and spec-
ificity of 100% in studies involving omeprazole. Com-
bining the BAT with skin tests increases diagnostic 
accuracy, enabling confident diagnoses of PPI HSRs 
in 85.7% of cases, though research on other PPIs re-
mains limited (4).
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Delayed HSRs

Diagnosing delayed HSRs to PPIs relies on a 
combination of detailed clinical history and patch test-
ing, which is regarded as an effective and reliable ap-
proach. Patch testing offers a non-invasive method to 
confirm the involvement of PPIs in hypersensitivity re-
actions and is particularly useful when other diagnos-
tic tools are limited (4). PPIs have been tested at con-
centrations ranging from 0.1% to 50%, using various 
vehicles such as petrolatum, saline, and occasionally 
alcohol (23). Patch tests are typically performed on the 
upper back or other suitable sites by applying small 
amounts of the prepared PPI mixture in specialized 
chambers. Reactions are assessed after a designated 
period, often 96 hours, to detect positive responses in-

dicative of delayed hypersensitivity mechanisms (31). 
Lin et al. conducted patch testing 3–8 months after the 
resolution of delayed HSR episodes, using a panel of 
suspected drugs administered within one month of the 
onset. Powders were diluted to a 10% concentration in 
petrolatum, and 57% (4/7) of the patients exhibited a 
positive reaction, confirming the PPI’s role in delayed 
HSR causation (31). Bavbek et al. recommend reduc-
ing PPI granules or tablets to a fine powder, diluting 
the material to a 30% concentration in petrolatum, and 
documenting the active ingredient concentration. For 
injectable formulations like esomeprazole and pan-
toprazole, they propose a 10% dilution in petrolatum 
(Table 2) (4).

The LTT is a widely used in vitro diagnostic tool 
for detecting delayed HSRs. This assay measures the 

Table 1. Recommended nonirritant skin test concentrations and provocation doses  
for diagnosis of immediate HSRs to PPIs

PPIs SPT IDT OPT References
Omeprazole 40 mg/ml 0.4, 4 mg/ml 5, 5, 10, 20 mg

Bonadonna P,  
2012 (26)

Pantoprazole 40 mg/ml 0.4, 4 mg/ml 5, 5, 10, 20 mg
Esomeprazole 40 mg/ml 0.4, 4 mg/ml 5, 5, 10, 20 mg
Rabeprazole 40 mg/ml / 5, 5, 10, 20 mg
Lansoprazole 30 mg/ml / 5, 10, 15 mg

Omeprazole 20 mg/ml
0.4, 4 mg/ml 0.004, 0.04, 0.4 mg/ml 5, 10, 20 mg

Kepil Ozdemir S, 
2013 (27)

Pantoprazole 40 mg/ml
0.4, 4 mg/ml 0.004, 0.04, 0.4 mg/ml 5, 10, 20 mg

Esomeprazole 20 mg/ml
0.8, 8 mg/ml 0.008, 0.08, 0.8 mg/ml 5, 10, 20 mg

Rabeprazole 20 mg/ml / 5, 10, 20 mg
Lansoprazole 30 mg/ml / 7.5, 15, 30 mg

*PPIs = Proton Pump Inhibitors; SPT = Skin Prick Test; IDT = Intradermal Test; OPT = Oral Provocation Test

Table 2. Patch test preparations for the diagnosis of delayed HSRs to PPIs

PPIs Concentration Solvent Form References

Omeprazole 30% petrolatum granules/tablets

Bavbek S, 
2024 (4)

Pantoprazole 30% petrolatum granules/tablets

Esomeprazole 30% petrolatum granules/tablets

Rabeprazole 30% petrolatum granules/tablets

Dexlansoprazole 30% petrolatum granules/tablets

Lansoprazole 30% petrolatum granules/tablets

Pantoprazole 10% petrolatum powder

Esomeprazole 10% petrolatum powder

*PPIs = Proton Pump Inhibitors
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proliferation of drug-specific T cells upon stimulation 
with suspected offending drugs. In a study by Lin et 
al., LTT was performed on 27 patients with PPI-re-
lated delayed HSRs and 7 healthy controls. Periph-
eral blood mononuclear cells were cultured with the 
suspected PPIs and a solvent control for one week. 
The granulysin-based LTT demonstrated a sensitivity 
of 59.3% (16/27) and a specificity of 96.4% (27/28), 
with significantly higher granulysin release in the 
PPI-delayed HSRs group compared to controls. In 
contrast, the IFN-γ-based LTT showed a lower sensi-
tivity of 29.2% (7/24) while maintaining a high spec-
ificity of 95.0% (19/20), with no significant differenc-
es in IFN-γ release between groups (31). Ghatan et al. 
examined occupational hypersensitivity reactions to 
omeprazole using LTT. Among 96 symptomatic indi-
viduals, 31 (32%) tested positive, compared to 2 of 21 
control subjects (9.5%). Patch testing identified pos-
itive results in 33% (28/84) of symptomatic individ-
uals, with a strong correlation between patch test and 
LTT results. Among those with positive patch tests, 
82% (23/28) also had positive LTT results, demon-
strating its high sensitivity and specificity. Combining 
patch testing with LTT identified an additional eight 
individuals with omeprazole allergy, underscoring 
the value of integrating these methods for improved 
diagnostic accuracy, particularly in cases of occupa-
tional hypersensitivity (36). These findings highlight 
the complementary roles of patch testing and LTT in 
diagnosing delayed hypersensitivity reactions to PPIs 
and their importance in managing drug-induced aller-
gies.

The diagnostic utility of SPT and IDT with de-
layed readings for identifying delayed HSRs to PPIs 
remains poorly investigated. To date, the only available 
data comes from a study by Ghatan et al., which report-
ed that all 18 individuals who underwent prick testing 
showed negative results (36). Similarly, the role of OPT 
in diagnosing T cell-mediated delayed reactions to PPIs 
is not well-defined. Although no studies have specifical-
ly evaluated the effectiveness of DPTs in PPI-induced 
delayed hypersensitivity, their use may be justified in 
cases with inconclusive clinical histories and negative 
skin test results. In nonsevere delayed reactions, DPTs 
could serve as a valuable tool to rule out PPI hypersen-
sitivity (4). This approach ensures a more comprehen-
sive assessment of delayed hypersensitivity to PPIs.

Cross-Reactivity Between PPIs

Cross-reactivity among PPIs is well-documented 
and primarily attributed to their structural similari-
ties, particularly the modifications in the benzimida-
zole and pyridine rings (5). Four distinct patterns of 

cross-reactivity have been observed. In some cases, 
patients exhibit hypersensitivity to all available PPIs, a 
phenomenon known as whole group hypersensitivity. 
Others may experience allergic reactions specifically 
to omeprazole, esomeprazole, and pantoprazole, while 
tolerating lansoprazole and rabeprazole. Conversely, 
some patients show hypersensitivity exclusively to 
lansoprazole and rabeprazole but tolerate omeprazole, 
esomeprazole, and pantoprazole. Additionally, a pat-
tern of selective hypersensitivity has been identified, 
where patients react to only one specific PPI while 
tolerating all others (1). Skin testing and oral provo-
cation testing (OPT) are crucial for identifying safe 
alternatives for patients with hypersensitivity. Studies 
indicate that 61.6% of patients with immediate HSRs 
to one PPI may exhibit cross-reactivity to another (4). 
Comprehensive testing across all available PPIs is es-
sential for accurately identifying safe options for af-
fected patients.

Data on cross-reactivity in delayed HSRs to PPIs 
is more limited. A study by Lin et al. highlights the 
challenges of managing cross-hypersensitivity reac-
tions due to the structural similarities among PPIs. In 
a cohort of 27 patients with PPI-related delayed HSRs, 
13 patients were able to tolerate structurally different 
PPIs, while others exhibited cross-hypersensitivity, 
particularly within two structurally similar groups: 
the omeprazole-esomeprazole-pantoprazole group and 
the lansoprazole-dexlansoprazole-rabeprazole group. 
These findings underscore the importance of structural 
differences, such as side chain substitutions, in deter-
mining tolerability (31).

Management of HSRs to PPIs

Immediate HSRs
The first step in managing immediate hypersensi-

tivity reactions (HSRs) to PPIs is to identify the sus-
pected PPI as the causative agent and discontinue its 
use until the diagnostic process is complete. In cas-
es of acute reactions, emergency interventions such 
as the administration of epinephrine, antihistamines, 
fluids, airway management, and corticosteroids are 
essential for stabilizing the patient (44). Skin test-
ing should be performed on the suspected PPI, and if 
the results are positive, the implicated PPI should be 
avoided. If skin tests for the suspected PPI are neg-
ative and the reaction was mild, an oral provocation 
test (OPT) can be conducted. A negative OPT result 
excludes hypersensitivity, while a positive result 
confirms the need to avoid the specific PPI. In cases 
where skin tests are negative but there is a history of 
severe reactions to the suspected PPI, the drug should 
be avoided regardless.
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When PPI therapy is essential, skin testing and 
OPT should be performed on alternative PPIs within 
the same class to evaluate cross-reactivity. An alter-
native PPI with negative skin and OPT results may 
be safely used. If cross-reactivity is identified across 
all PPIs, alternative acid-suppressing medications 
such as histamine (H2)-receptor antagonists or po-
tassium-competitive acid blockers (e.g., vonoprazan 
fumarate) should be considered (45). If PPI therapy 
is deemed essential, desensitization may be a viable 
therapeutic option (Figure 1); however, current data 
on desensitization protocols are limited, with only two 
documented case reports involving omeprazole and ra-
beprazole in immediate HSRs.

In one case, a 44-year-old man with immediate 
HSRs to omeprazole and Helicobacter pylori infection 
underwent oral desensitization using serial dilutions of 
omeprazole, starting at 0.001 mg and escalating over 
5.6 hours to a final dose of 16 mg, successfully toler-
ating a 20 mg capsule thereafter. Post-desensitization 
skin tests showed significantly reduced reactivity, and 
the patient tolerated subsequent treatment with levo-
floxacin, tetracycline, and omeprazole (20 mg twice 
daily) for a 14-day therapy regimen without hypersen-
sitivity, effectively managing his condition (46). In an-
other case, a 26-year-old woman diagnosed with a du-
odenal ulcer experienced anaphylaxis after taking pan-
toprazole and esomeprazole. Skin testing confirmed 
hypersensitivity to all tested PPIs, leaving no alterna-
tive treatments. As a result, a desensitization protocol 

with rabeprazole was successfully implemented, en-
abling the patient to tolerate rabeprazole therapy with-
out further hypersensitivity reactions (47).

These cases highlight the potential efficacy and 
safety of desensitization protocols for patients requir-
ing PPIs despite a history of immediate HSRs. Howev-
er, further research is needed to establish standardized 
desensitization approaches.

Delayed HSRs
The initial step in managing delayed HSRs to PPIs 

is to identify the suspected PPI as the causative agent 
and discontinue its use immediately. For non-severe 
delayed HSRs, patch testing, with or without an LTT, 
should be performed on the suspected PPI. A positive 
test result confirms hypersensitivity, and the implicat-
ed PPI should be avoided. If the patch test and/or LTT 
results are negative, an OPT can be conducted (4). A 
negative OPT excludes hypersensitivity, allowing for 
the continued use of the suspected PPI. However, if 
the OPT is positive, the specific PPI must be avoided, 
and alternative PPIs from a structurally different group 
should be evaluated using patch testing, LTT, and OPT. 
If all tests for the alternative PPI are negative, it may be 
safely used. If any of these tests are positive, alternative 
acid-lowering treatments should be used (45). In cases 
with a history of severe delayed HSRs, the suspected 
PPI should be avoided without testing. If PPI therapy is 
essential, the diagnostic steps for alternative PPIs men-
tioned above should be followed (Figure 1).

*HSRs = Hypersensitivity Reactions; PPIs = Proton Pump Inhibitors; SPT = Skin Prick Test; IDT = Intradermal Test; OPT = Oral 
Provocation Test; H2-Receptor Antagonists = Histamine Type 2 Receptor Antagonists; LTT = Lymphocyte Transformation Test

Figure 1. Schematic representation of the diagnostic and therapeutic approach  
for immediate and delayed HSRs to PPIs ( authors archive)
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Management of severe delayed hypersensitivity 
reactions involves the immediate withdrawal of the 
causative drug, maintenance of proper hydration and 
electrolyte balance, regulation of body temperature, 
and meticulous care of damaged skin. Advanced strat-
egies, such as autoclaved banana leaves, porcine xen-
ografts, and stem cell therapies, have been explored to 
enhance wound healing. Pharmacological treatments, 
including corticosteroids, cyclosporine, intravenous 
immunoglobulins (IVIg), and newer agents like tac-
rolimus and biologics, have demonstrated varying lev-
els of efficacy. Among these, cyclosporine has shown 
particularly promising results in reducing mortality 
rates. Emerging therapies, such as plasmapheresis and 
intravenous N-acetylcysteine, also show potential ben-
efits, though their broader application is often limited 
by cost and accessibility (48).

Further research is required to refine these thera-
peutic strategies and establish standardized protocols 
for the diagnosis and management of delayed HSRs to 
PPIs, ensuring optimal patient outcomes.

Future Perspectives

The future of diagnosing and managing immedi-
ate and delayed hypersensitivity reactions (HSRs) lies 
in advancing diagnostic precision, leveraging person-
alized medicine, and developing innovative therapies. 
Emerging diagnostic tools, such as in vitro tests and 
biomarkers, are set to revolutionize accuracy, with the 
cytokine release enzyme-linked ImmunoSpot (ELIS-
pot) assay gaining attention. This assay detects cy-
tokine release, typically IFN-γ, when a patient’s pe-
ripheral blood mononuclear cells are stimulated with 
suspected drugs, offering a reliable method to identify 
triggers. Pharmacogenomics, particularly the identifi-
cation of genetic markers like human leukocyte anti-
gens, is poised to play a pivotal role in personalizing 
treatment, enabling the identification of at-risk patients 
and optimizing drug selection (49).

On the therapeutic front, immunomodulatory 
treatments, including biologics that target specific in-
flammatory cytokines, show great promise for manag-
ing severe hypersensitivity reactions while minimizing 
side effects (50). Additionally, refined desensitization 
protocols will enhance the ability of patients to toler-
ate essential medications, even in cases of confirmed 
hypersensitivity. These advancements collectively aim 
to improve patient outcomes through safer, more pre-
cise, and individualized approaches to diagnosis and 
treatment.

Improved understanding of drug cross-reactivity 
will facilitate safer alternative therapy selection, par-
ticularly for structurally similar medications like PPIs. 

Alternative therapies, such as potassium-competitive 
acid blockers (45), will continue to evolve, offering 
safer options for affected patients. Challenges remain 
in establishing standardized diagnostic and treatment 
protocols and ensuring cost-effective, accessible solu-
tions. Ongoing research into immune mechanisms and 
genetic factors is essential to advance the field. These 
advancements aim to deliver more accurate, efficient, 
and tailored care, improving outcomes and quality of 
life for patients with HSRs.

CONCLUSION
Hypersensitivity reactions to PPIs represent a 

significant clinical challenge due to their potential se-
verity and the widespread use of these medications. A 
thorough understanding of the immunological mecha-
nisms, clinical presentations, and appropriate diagnos-
tic and therapeutic strategies is essential for optimal 
management. Future research should focus on improv-
ing diagnostic accuracy and exploring innovative ap-
proaches to minimize the risk of hypersensitivity while 
maintaining the therapeutic benefits of PPIs.

Abbreviations
PPIs - Proton Pump Inhibitors
GERD - Gastroesophageal Reflux Disease
H. pylori - Helicobacter pylori
NSAIDs - Nonsteroidal Anti-Inflammatory Drugs
HSRs - Hypersensitivity Reactions
SJS - Stevens-Johnson Syndrome
TEN - Toxic Epidermal Necrolysis
DRESS - Drug Reaction with Eosinophilia and 

Systemic Symptoms
SIBO - Small Intestinal Bacterial Overgrowth
SPT - Skin Prick Test
IDT - Intradermal Test
OPT - Oral Provocation Test
BAT - Basophil Activation Test
MPE - Maculopapular Exanthem
FDE - Fixed Drug Eruption
AGEP - Acute Generalized Exanthematous Pus-

tulosis
SDRIFE - Symmetrical Drug-Related Intertrigi-

nous and Flexural Exanthema
LTT- Lymphocyte Transformation Test
SCLE - Subacute Cutaneous Lupus Erythemato-

sus

Conflict of Interests: The authors declare no con-
flicts of interest related to this article. 

Funding: No. 

Author contribution: V.Ć. and I.Ć. contribut-
ed equally to this work, designing and coordinating 



78	 Ćorović Vahida, Ćorović Irfan, Ademović Vahid, Gegić Altan, Dazdarević Zećirović Mirzeta, Ćorović Kemal, Suljić Lejla, 
	 Ćorović Ličina Emina, Ziljkić Vahid, Plojović Haris, Maksić Mladen, Džanković Fuad, Vučelj Samir, Suljić Muamer	

the study, performing the literature review, analyzing 
the data, and writing the manuscript. V.A., M.D.Z, 
K.Ć.,L.S. and S.V. assisted in the study design, data 
analysis, and manuscript writing. A.G., E.Ć.L., V.Z., 
H.P., M.M. and F.Dž. aided in data collection, inter-
pretation, and manuscript preparation. L.S., E.Ć.L., 
and S.V. provided critical revisions and intellectual 
contributions to the manuscript. M.S. offered expert 
guidance and critical revisions.

Acknowledgments: Special appreciation to Dr. 
Biljana Milojković-Kicevski for her invaluable sup-
port, insightful suggestions, and the foundational idea 
that contributed to the development of this publication.

Note: Artificial intelligence was not utilized as a 
tool in this study.

Licensing: This work is licensed under a Creative 
Commons Attribution 4.0 International (CC BY 4.0) 
License.

Sažetak

RANE I ODLOŽENE HIPERSENZITIVNE REAKCIJE NA INHIBITORE 
PROTONSKE PUMPE: PREGLEDNI ČLANAK

Ćorović Vahida,1 Ćorović Irfan,2, 3 Ademović Vahid,4 Gegić Altan,5 Dazdarević Zećirović Mirzeta,6 
Ćorović Kemal,7 Suljić Lejla,3 Ćorović Ličina Emina,3 Ziljkić Vahid,8 Plojović Haris,9 Maksić Mladen,10 

Džanković Fuad,2 Vučelj Samir,2 Suljić Muamer2

1 Dom zdravlja Tutin, Odeljenje ginekologije i akušerstva, Tutin, Srbija 
2 Opšta bolnica Novi Pazar, Odeljenje interne medicine, Novi Pazar, Srbija 

3 Univerzitet u Kragujevcu, Fakultet medicinskih nauka,  
Centar za molekulsku medicinu i istraživanje matičnih ćelija, Kragujevac, Srbija 

4 Dom zdravlja Tutin, Odeljenje pedijatrije, Tutin, Srbija 
5 Dom zdravlja Tutin, Odeljenje interne medicine, Tutin, Srbija 

6 Dom zdravlja Tutin, Odeljenje opšte prakse, Tutin, Srbija 
7 Dom zdravlja Tutin, Odeljenje urgentne medicine, Tutin, Srbija 

8 Opšta bolnica Novi Pazar, Odeljenje ginekologije i akušerstva, Novi Pazar, Srbija 
9 Opšta bolnica Novi Pazar, Odeljenje hirurgije, Novi Pazar, Srbija 

10 Univerzitet u Kragujevcu, Fakultet medicinskih nauka, Katedra za internu medicine, Kragujevac, Srbija

Inhibitori protonske pumpe su među najčešće pro-
pisivanim lekovima u kliničkoj praksi, prvenstveno se 
koriste za lečenje gastrointestinalnih poremećaja po-
vezanih sa povećanim lučenjem hlorovodonične kise-
line. Iako se generalno smatraju bezbednim, sa retkim 
i obično blagim neželjenim dejstvima, inhibitori pro-
tonske pumpe mogu biti povezani sa pojavom hiper-
senzitivnih reakcija. Ove reakcije, koje mogu biti rane 
ili odložene, variraju u težini od blagih do potencijalno 
životno ugrožavajućih. Ovaj pregled literature pruža 
detaljnu analizu ključnih aspekata primene inhibitora 
protonske pumpe, sa posebnim naglaskom na patofizi-
ološke i kliničke karakteristike trenutnih i odloženih hi-

persenzitivnih reakcija. Takođe, rad istražuje ukrštenu 
reaktivnost među samim inhibitorima protonske pum-
pe i pruža praktičan vodič koji može pomoći lekarima 
u kliničkoj praksi u dijagnostikovanju i lečenju ovih 
stanja. Dodatno, rad ističe ključnu potrebu za daljim 
istraživanjima kako bi se razvili standardizovani dija-
gnostički i terapijski protokoli, omogućavajući perso-
nalizovanu i na dokazima zasnovanu negu za pacijente 
sa hipersenzitivnošću na inhibitore protonske pumpe.

Ključne reči: Inhibitori protonske pumpe, hiper-
senzitivne reakcije, trenutna hipersenzitivnost, odlože-
na hipersenzitivnost, prick test, patch test, test aktiva-
cije limfocita, ukrštena reaktivnost.
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Abstract: Neuropathic pain is caused by abnor-
mal processing of signals in the peripheral and central 
nervous systems. It is characterized by pain occurring 
without external stimulation or long after the injury 
has passed. Typically, it is chronic, with patients de-
scribing it as burning, stinging, stabbing, or tingling. 
Causes include diabetes, herpes zoster, surgery, stroke, 
multiple sclerosis, tumors, and injuries. Despite signif-
icant advances in neuropathic pain research in recent 
years, therapeutic options remain limited and often 
insufficiently effective. Symptomatic therapy for neu-
ropathic pain is based on the use of drugs from four ba-
sic groups: antidepressants, anticonvulsants, local an-
algesics, and opioids. In addition to pharmacological 
methods, non-pharmacological interventions are also 
used in the treatment of neuropathic pain. A combina-
tion of these methods with pharmacological therapy 
often yields the best results.

Keywords: Neuropathic pain, Clinical presenta-
tion, Diagnosis, Therapy.

INTRODUCTION

According to the International Association for the 
Study of Pain (IASP), neuropathic pain (NeuP) is de-
fined as pain resulting directly from damage or disease 
of the somatosensory system (1). The prevalence of 
NeuP is estimated at 7-10% of the global population, 
making it a significant public health issue (2). Treat-
ment often involves the use of antidepressants and an-
ticonvulsants, which are sometimes ineffective. As a 
result, new therapies, such as selective sodium channel 
antagonists and monoclonal antibodies, are being in-
vestigated (3). Rehabilitation and cognitive-behavioral 
therapy, supported by the environment and the active 
involvement of the patient, are key components of an 

integrated therapeutic approach to this complex chron-
ic pain condition.

Definition of Neuropathic Pain
Neuropathic pain is caused by dysfunction or 

injury to the somatosensory system, which transmits 
sensations such as touch, temperature, and pain. De-
pending on whether the somatosensory component of 
the central or peripheral nervous system is affected, 
NeuP is categorized into two main types: central and 
peripheral NeuP (1). Peripheral NeuP results from 
damage to peripheral nerves, with common examples 
including diabetic neuropathy, postherpetic neuralgia, 
radiculopathy, and trigeminal neuralgia. In contrast, 
central NeuP is caused by lesions or diseases of the 
central somatosensory nervous system, with common 
causes being spinal cord injuries, stroke, brain injuries, 
and multiple sclerosis.

Nociplastic pain, a newer term defined by the 
IASP in 2017, refers to pain resulting from altered no-
ciception without evidence of existing or potential tis-
sue damage that would activate peripheral nociceptors 
or indicate disease or damage to the somatosensory 
system (4). Understanding the different types of pain, 
including neuropathic and nociplastic pain, is crucial 
for proper diagnosis and selection of appropriate ther-
apy.

Classification of Neuropathic Pain
According to the 2008 grading system, NeuP is 

classified into three categories: possible, probable, and 
definite. Possible NeuP refers to the existence of pain 
with the incidence of a lesion or disease of the nerv-
ous system, with pain distribution in the corresponding 
anatomical region. Probable NeuP is characterized by 
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pain accompanied by sensory signs in the correspond-
ing neuroanatomical region, confirmed by a neurolog-
ical examination. Neuropathic pain is caused by a le-
sion or disease of the somatosensory nervous system, 
confirmed by appropriate diagnostic tests. This classi-
fication systemfacilitates more accurate diagnosis and 
a more adequate selection of therapy for patients with 
NeuP (5).

Pathophysiology and Mechanisms  
of Neuropathic Pain
Neuropathic pain arises from lesions or dysfunc-

tions in the peripheral or central nervous system, lead-
ing to aberrant processing of nociceptive signals (6). 
Key mechanisms involved include peripheral and cen-
tral sensitization, ectopic activity of damaged nerve 
fibers, neuroinflammation, and reduced pain inhibition 
at the spinal cord level (7).

Peripheral sensitization occurs due to increased 
excitability of primary afferent neurons, with en-
hanced expression of sodium channels (e.g., Nav1.7, 
Nav1.8) and reduced activity of potassium channels 
(e.g., Kv1.1). This results in spontaneous firing of 
nerve fibers and increased sensitivity to stimuli (8).

Central sensitization, which develops in re-
sponse to chronic afferent stimulation, involves en-
hanced activation of NMDA receptors, dysfunction 
of inhibitory interneurons, and increased release of 
pro-inflammatory cytokines, leading to abnormal pain 
perception.

Neuroinflammation, mediated by microglia and 
astrocytes, further contributes to heightened neuronal 
excitability and long-term changes in pain pathways 
(9).

These mechanisms collectively lead to phenome-
na such as hyperalgesia (increased sensitivity to pain) 
and allodynia (pain caused by non-painful stimuli), 
which are characteristic of neuropathic pain (10).

Clinical aspects of neuropathic pain
Neuropathic pain is a complex condition mani-

fested by a wide range of clinical symptoms, including 
spontaneous pain, hyperalgesia, allodynia, and phan-
tom pain (6). A detailed neurological examination is 
key to identifying the neuropathic component of pain, 
with an emphasis on recognizing “positive” and “neg-
ative” symptoms.

Spontaneous pain is the basic symptom of NeuP, 
where the painful sensation occurs without an obvious 
cause. This type of pain is often intense, long-lasting, 
and significantly impairs the patient’s quality of life (11).

Hyperalgesia means an increased response to 
painful stimuli and is often the result of peripheral and 

central sensitization. It is common in the early stages 
of NeuP, especially after injuries to the nervous system 
or surgical interventions, and can last for weeks (12).

Allodynia is a painful response to painless stimu-
li, such as light touch or gentle pressure, and is associ-
ated with central sensitization which increases the sen-
sitivity of the nervous system to stimuli that normally 
do not cause pain.

Phantom pain is a specific form of NeuP that oc-
curs in patients after amputation. Its development is 
associated with neuroplasticity, whereby the reorgani-
zation of the central nervous system causes erroneous 
signals and painful sensations (13).

Recent research emphasizes the importance of 
an individualized approach in the treatment of NeuP, 
due to the diverse clinical manifestations and mecha-
nisms that contribute to this condition (14). Frequently 
present comorbidities, such as anxiety and depression, 
further worsen the quality of life of patients, which 
indicates the need for a holistic and multidisciplinary 
approach to diagnosis and therapy (15).

Diagnosis of neuropathic pain

The diagnosis of neuropathic pain (NeuP) is 
based on a comprehensive approach that includes a 
detailed history, physical and neurological examina-
tion, laboratory analysis, electrophysiological testing, 
application of advanced imaging methods, and, in ex-
ceptional cases, skin or nerve biopsy. Given that pain 
is a subjective phenomenon, a key role in diagnosis is 
played by the patient’s perception of pain, including 
its localization, distribution, intensity, quality, tempo-
ral dynamics, and factors affecting pain (1).

Validated unidimensional scales such as the 
Visual Analog Scale (VAS), Numerical Scale (NS), 
Verbal Scale (VS), and Facial Expression Scale are 
used to assess pain intensity. In addition, multidi-
mensional tools such as the Douleur Neuropathique 
4 Questions (DN4), painDETECT Questionnaire, and 
Self-Administered Leeds Assessment of Neuropathic 
Symptoms and Signs (S-LANSS) provide additional 
information about localization, the impact of pain on 
daily activities, mood, and the overall quality of life of 
patients (16).

Neurological examination often provides crucial 
information about the presence of “positive” or “neg-
ative” symptoms of NeuP, but alone is not sufficient 
to determine the etiology and extent of damage. Elec-
trophysiological testing, including electromyoneurog-
raphy (EMNG) and somatosensory evoked potentials 
(SSEP), helps localize and quantify damage to pe-
ripheral and central nerve pathways. However, these 
methods are not useful for the diagnosis of thin fiber 
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neuropathy, where quantitative sensory testing (QST) 
and laser-evoked potentials (LEP) are used. The LEP 
method enables a selective assessment of nociceptor 
function, with a high degree of sensitivity in detecting 
neuropathy of thin fibers (17, 18).

 In cases of normal neurological and electrophysi-
ological findings, a skin biopsy can confirm a decrease 
in the density of intraepidermal C-fibers, which is diag-
nostically significant, although the degree of decrease 
does not correlate with pain intensity (19). Additional 
methods, such as corneal confocal microscopy and the 
sudomotor axon-reflex test, are still used for research 
purposes and are not routinely available (20, 21).

Advanced functional neuroimaging techniques, 
such as PET and fMRI, provide insight into region-
al changes in blood flow and metabolic activity in the 
brain, including thalamic dysfunction and asymmetric 
activity of the somatosensory cortex in patients with 
NeuP (9). In rare cases, additional tests such as immu-
nological blood tests and cerebrospinal fluid analysis 
(CSF) may be needed for a precise diagnosis of NeuP. 

This multidisciplinary approach enables not on-
ly the confirmation of the diagnosis but also a better 
insight into the basic mechanisms of NeuP, which is 
essential for the individualization of therapy and the 
improvement of the patient’s quality of life.

Treatment of neuropathic pain
The treatment of NeuP requires a comprehen-

sive, multidisciplinary, and multimodal approach due 
to the complex mechanisms of origin and different 
localizations of damage to the nervous system. Ther-
apy includes a combination of pharmacological and 
non-pharmacological methods to alleviate symptoms, 
improve functionality, and improve the quality of life 
of patients (Table 1).

Antidepressant drugs  
in the treatment of neuropathic pain
Antidepressants, especially tricyclic antidepres-

sants (TCAs) and duloxetine have a significant role in 

Table 1. Treatment of neuropathic pain (revised by reference 12)

Medicine Starting dose Maintenance dose Maximum 
daily dose Recommendations

Tricyclic antidepressants (TCAs)
Amitriptyline 10-25 mg 1/d, in the evening 25-100 mg/d, evening 150 mg First line
Nortriptyline 10-25 mg 1/d, in the evening 25-100 mg/d, evening 150 mg First line
Imipramine 10-25 mg 1/d, in the evening 25-100 mg/d, evening 150 mg First line

Selective noradrenaline/serotonin uptake inhibitors (SNRI/SSRI)

Duloxetine 1x30 mg, in the morning 1x60 mg/d,  
in the morning 120 mg First line

Venlafaxine 1x37.5 mg, in the morning 150-225 mg/d,  
in the morning 375 mg First line

Anticonvulsants
Pregabalin 1x25-50 mg, evening 150-300 mg/d 2x300 mg First line

Gabapentin 3x100 mg/d, starting dose in 
the evening 1200-2400 mg/d 3x1200 mg First line

Carbamazepin 200-400 mg/d 600-800 mg/d 1200 mg/d First line 
(N. trigeminus)

Opioids
Morphin 2x10-30 mg/d Individual 240 mg/d Third line

Oxycodone 2x5-10 mg/d Individual 120 mg/d Second line
Tramadol 

retard 2x50-100 mg/d Individual 2x200 
mg/d Second line

Topical medications
Lidocaine 5% 

patch 1-3 patch/d 1-3 patch/d 3 patch Second line

Capsaicin 8% 
patch 1-4 patch/3 months 1-4 patch /3 months 1-4 patch 

/3 months Second line
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the treatment of NeuP due to their unique analgesic 
mechanism involving modulation of descending in-
hibitory pain pathways (22). Their efficacy has been 
confirmed in several clinical conditions, including 
painful diabetic neuropathy (23), postherpetic neural-
gia (24), and central pain after stroke (25). These drugs 
not only relieve pain but do so independently of their 
antidepressant effect, which makes them suitable for 
patients with and without comorbid depression (15). 
Personalizing the therapeutic approach is essential to 
achieving the best results, taking into account the indi-
vidual characteristics of patients, their comorbidities, 
and drug tolerance. Initial lower doses and a gradual 
increase to the maximally tolerated and effective dose 
enable the safe use of these drugs, while continuous 
monitoring of the therapeutic response and potential 
side effects contributes to the success of the treatment. 
For example, duloxetine is often used in the treatment 
of NeuP in patients with painful diabetic neuropathy 
because of its more favorable side effect profile com-
pared to TCAs, although doses above 60 mg daily do 
not provide additional benefits in pain relief (26, 27). 
Venlafaxine, despite its potential utility in specific 
conditions such as chemotherapy-induced polyneu-
ropathy and painful diabetic polyneuropathy, currently 
has limited use in NeuP therapy and requires further 
research to determine its precise role (28, 29).

Anticonvulsants in the treatment  
of neuropathic pain

The use of anticonvulsants in NeuP therapy repre-
sents a key segment of a multidisciplinary approach to 
this complex clinical condition. Their effectiveness is 
based on specific mechanisms of action that enable the 
reduction of the transmission of pain signals and the 
modulation of neuronal excitability. Gabapentin and 
pregabalin, voltage-gated calcium channel inhibitors, 
have been shown to reduce the release of excitatory 
neurotransmitters such as glutamate, thus successful-
ly treating conditions such as postherpetic neuralgia, 
painful diabetic neuropathy, and central NeuP. Gabap-
entin is effective up to 3600 mg per day, while pregab-
alin offers added benefits in patients with insomnia and 
anxiety at doses up to 600 mg daily. (30,31,32). Car-
bamazepine and oxcarbazepine, anticonvulsants that 
act by blocking voltage-gated sodium channels, are 
particularly useful in the treatment of trigeminal neu-
ralgia and painful diabetic neuropathy. Their action is 
based on the stabilization of neuronal membranes and 
the inhibition of the generation of ectopic impulses, 
with proven results at doses up to 1200 mg per day for 
carbamazepine (33). Lamotrigine, although primari-
ly intended for epilepsy, has a significant role in the 

treatment ofhuman immunodeficiency virus (HIV)-re-
lated neuropathy and central NeuP after stroke. Other 
anticonvulsants, such as topiramate, lacosamide, and 
valproic acid, have also shown potential efficacy, es-
pecially in painful diabetic neuropathy, but their use 
requires further research and more clearly defined pro-
tocols (31, 32). Although anticonvulsants bring signif-
icant relief to patients with NeuP, their use requires 
careful dose titration and regular monitoring of side 
effects, especially in elderly patients and people with 
comorbidities. Common side effects include sedation, 
dizziness, edema, and weight gain, necessitating indi-
vidualization of therapy to achieve an optimal balance 
between efficacy and safety (30, 31). Further research 
is necessary to improve the understanding of the mo-
lecular mechanisms of action of anticonvulsants and to 
define new strategies for their use.

Topical drugs in the treatment  
of neuropathic pain

Topical drugs represent a significant therapeutic 
option for localized NeuP, allowing direct application 
to the painful site and minimizing the risk of system-
ic side effects and interactions with other drugs. Li-
docaine, in the form of a 5% patch, acts by blocking 
voltage-dependent sodium channels in afferent Aδ and 
C fibers, thereby effectively reducing pain (34). Cap-
saicin, available as a 0.075% cream or high-concentra-
tion patch (8%), acts by activating transient receptor 
potential(TRPV1) receptors, causing temporary depo-
larization and desensitization of sensory neurons (35).

Botulinum toxin

Botulinum toxin (BoNT-A) has been investigated 
in painful diabetic neuropathy (36), postherpetic neu-
ralgia (37), trigeminal neuralgia (38), and central NeuP 
(39). The analgesic effect is achieved by muscle paral-
ysis, reduction of spasms, improvement of blood flow, 
and release of nerve fibers from compression caused 
by muscle contraction. Clinical studies conducted on 
a smaller number of patients showed very positive re-
sults, but it is necessary to further investigate the effec-
tiveness of BoNT-A in the treatment of peripheral and 
central NeuP in a larger sample of patients.

Opioid analgesics in the treatment  
of neuropathic pain

Opioid analgesics, including drugs such as tram-
adol, oxycodone, and morphine, are a key therapeutic 
option in the treatment of cancer pain, and they are al-
so used in the treatment of persistent chronic non-can-
cer pain of moderate to severe intensity. In clinical 
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practice, opioids are classified into weak (tramadol, 
codeine, dihydrocodeine) and strong (morphine, oxy-
codone, fentanyl, pethidine) analgesics, and the choice 
of drug depends on the degree of pain and the patient’s 
response to therapy. Tramadol is a synthetic analgesic 
that acts as a weak agonist at mu (μ), kappa (κ), and 
delta (δ) opioid receptors. As a second-line analgesic, 
tramadol is useful in the treatment of acute and chron-
ic pain conditions, and due to its dual mechanism of 
action, it stands out as the analgesic of choice in the 
treatment of pain with a neuropathic component (40). 
The recommended starting dose is 50-100 mg twice a 
day, and the dose is gradually increased to a maximum 
of 400 mg per day. Oxycodone is a strong analgesic, 
about twice as strong as morphine, and is used to treat 
moderate to severe pain. Oxycodone can be adminis-
tered orally (often in combination with paracetamol), 
rectally, parenterally, and epidurally. The initial dose is 
5-10 mg twice a day, and the drug is gradually titrated 
according to the patient’s needs. Oxycodone is particu-
larly useful in elderly patients, as it shows better tol-
erability and fewer side effects compared to morphine 
(41). Morphine is an opioid that represents the “gold 
standard” in pain therapy with an intensity greater than 
6 on the numerical scale. It can be administered orally, 
rectally, subcutaneously, transdermally, intramuscu-
larly, intravenously, epidurally, and intrathecally. The 
initial dose for oral administration is 10-30 mg twice 
daily, especially in elderly patients, and the dose is 
later titrated according to tolerability (42). Morphine 
is extremely effective in controlling pain but requires 
careful titration due to potential side effects.

Cannabinoids
Cannabinoids are used as an adjunct in a multi-

component pharmacotherapeutic concept in carefully 
selected patients with resistant pain (43). Cannabi-
noids are particularly useful in managing painful spas-
ticity in multiple sclerosis, cachexia in HIV, and poten-
tial applications in the therapy of Parkinson’s disease, 
Alzheimer’s disease, cerebral ischemia, and other in-
flammatory diseases (44). However, the lack of rand-
omized studies limits their widespread application.

Non-pharmacological treatment  
of neuropathic pain
Non-pharmacological treatment of NeuP is an im-

portant part of the overall therapeutic approach, which 
often serves as a complement to pharmacological 
treatments. Different methods of physical therapy are 
used in daily clinical practice, such as transcutaneous 
electrical nerve stimulation (TENS), electromagnetic 
therapy, low-intensity laser, massage, and kinesith-

erapy. These methods help reduce pain and improve 
patients’ functionality. TENS is one of the most com-
monly used techniques, although clinical evidence for 
its effectiveness varies, it is often used due to the rel-
atively low risk of side effects (45). Electromagnetic 
therapy and low-intensity lasers have the potential to 
improve circulation and reduce pain, but their use re-
quires additional research to confirm long-term effec-
tiveness. Physiotherapy, which includes specific exer-
cises to improve muscle strength and flexibility, is also 
used to relieve symptoms of NeuP, especially when 
pain is associated with limited mobility. Psychological 
approaches, such as cognitive and behavioral therapy, 
are integrated into treatment plans because of their ef-
fectiveness in managing chronic pain. These methods 
help patients better understand and manage their pain, 
reducing emotional distress and improving quality of 
life (46). Although non-pharmacological treatment is 
often complementary to pharmacological interven-
tions, it plays an important role in a holistic approach 
to NeuP therapy (47). All these methods should be 
adapted to the individual needs of patients, taking into 
account their specific symptoms, comorbidities, and 
preferences.

CONCLUSION
Neuropathic pain represents a serious therapeu-

tic challenge, due to its complex pathophysiology 
and often refractory nature. Modern NeuP treatment 
combines pharmacological and non-pharmacological 
methods, with antidepressants, anticonvulsants, and 
opioids being key in pain control, while topical treat-
ments and physiotherapy help to improve patients’ 
functionality. Although pharmacological therapy is the 
mainstay, non-pharmacological techniques, including 
psychological approaches such as cognitive and be-
havioral therapy, play an important role in a compre-
hensive treatment approach. Educating patients and 
healthcare professionals about the nature of NeuP and 
available therapeutic options can significantly contrib-
ute to better control of this complex condition.

Abbreviation
IASP - International Association for the Study of 

Pain
NeuP - Neuropathic pain
VAS - Visual analog scale
NS - Numerical scale
VS - Verbal scale
DN4 - Douleur Neuropathique 4 Questions
S-LANSS - Self-Administered Leeds Assessment 

of Neuropathic Symptoms and Signs
EMNG - Electromyoneurography
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QST - Quantitative sensory testing
LEP - Laser-evoked potentials 
CSF - Cerebrospinal fluid analysis
TCAs - Tricyclic antidepressants
HIV - Human Immunodeficiency Virus
TRPV1 - Transient receptor potentialreceptors
BoNT-A - Botulinum toxin
TENS - Transcutaneous electrical nerve stimula-

tion
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Neuropatski bol nastaje zbog abnormalne obrade 
signala u perifernom i centralnom nervnom sistemu. 
Karakteriše ga prisustvo bola bez spoljašnjeg nadra-
žaja ili dugo nakon što je povreda prošla. Obično je 
hroničan, a pacijenti ga opisuju kao žarenje, peckanje, 
probadanje ili mravinjanje. Uzroci uključuju dijabe-
tes, herpes zoster, hirurške intervencije, šlog, multiplu 
sklerozu, tumore i povrede. Uprkos značajnom napret-
ku u istraživanju neuropatskog bola tokom poslednjih 
godina, terapijske mogućnosti ostaju ograničene i če-

sto nedovoljno efikasne. Simptomatska terapija neu-
ropatskog bola se bazira na primeni lekova iz četiri 
osnovne grupe, a to su antidepresivi, antikonvulzivi, 
lokalni analgetici i opioidi. Pored farmakoloških me-
toda, u lečenju neuropatskog bola primenjuju se i ne-
farmakološke intervencije. Kombinacija ovih metoda 
sa farmakološkom terapijom često daje najbolje rezul-
tate.

Ključne reči: Neuropatski bol, klinička slika, di-
jagnoza, terapija.
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Abstract: Despite intensive global efforts, tuber-
culosis remains one of the leading global health bur-
dens, with antimicrobial resistance being a significant 
challenge to managing the disease. In addition, the 
current drugs used to treat tuberculosis suffer from 
limitations, such as prolonged therapeutic duration 
and toxicity. Therefore, the development of new an-
ti-tuberculosis drugs is a priority. However, this pro-
cess faces several challenges. The introduction of a 
multiomics approach could serve as an ideal platform 
to accelerate drug development by addressing these 
challenges. This article reviews the potential role of 
multiomics in anti-tuberculosis drug development and 
briefly discusses the associated challenges in utilizing 
multiomics for drug discovery.

Keywords: tuberculosis, drugs, proteomics, mul-
tiomics, Mycobacterium tuberculosis, transcriptomics, 
metabolomics, genomics.

INTRODUCTION

Tuberculosis remains one of the leading global 
public health issues, with a significant disease burden. 
In 2024, approximately 10.8 million new cases were 
reported, 10% of which occurred in children, while 
12% were linked to co-infection with human immu-
nodeficiency virus (HIV) (1). Although the World 
Health Organization (WHO) has approved effective 
therapeutic regimens with an estimated 85% cure rate, 
around 1.6 million deaths were reported (2). Among 
the newly diagnosed cases, drug resistance was iden-
tified in 6.4 million, and 662,000 cases involved 
co-infection with HIV.

Multidrug resistance remains a major obstacle to 
global tuberculosis control efforts. Treating drug-re-

sistant tuberculosis requires between 6 and 9 months, 
presenting significant challenges. The increasing 
prevalence of drug resistance adversely affects treat-
ment strategies, prolonging therapy and complicating 
regimens compared to drug-susceptible tuberculosis. 
This highlights the urgent need for novel antimicro-
bial compounds effective against Mycobacterium tu-
berculosis (M. tb). Despite international efforts, only 
three new tuberculosis drugs—pretomanid, delama-
nid, and bedaquiline—have been introduced in recent 
years (3, 4).

Several logistical and physiological factors have 
hindered the development of new drugs using ex-
isting technologies, including the ability of drugs to 
penetrate the lungs, the lipid-rich nature of the bac-
terial cell wall, and intrinsic mechanisms of drug re-
sistance. The introduction of multiomics technology 
offers a promising solution to these challenges (4). 
Multiomics aims to integrate and analyze combined 
molecular entities based on their biological classifica-
tion, elucidating the roles of individual components. 
This approach can play a crucial role in identifying 
novel drug targets. When applied to tuberculosis re-
search, multiomics can be utilized throughout the 
entire drug discovery process—from initial phases 
to preclinical and clinical stages—helping to define 
mechanisms of action (MoA), derivatives, and formu-
lations for M. tb.

This review will evaluate the role of multiomics 
technology in the development of anti-tuberculosis 
drugs by analyzing key components of multiomics 
approaches, including genomics, metabolomics, pro-
teomics, and transcriptomics (Table 1). It will also ex-
plore their potential in identifying and validating novel 
anti-tuberculosis drug targets and biomarkers for both 
efficacy and toxicity.
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Multiomics Approach
Omics is a systems biology field that integrates 

different sets of biomolecules, such as RNA or me-
tabolites, to enhance our understanding of molecular 
complexity in both health and disease states. Advanc-
es in omics technology have enabled the integration 
of multiple omic data types, collectively referred to as 
multiomics. This integrated approach provides a ho-
listic understanding of biological processes by com-
bining genomics, proteomics, microbiomics, metab-
olomics, transcriptomics, and other multiomics tech-
niques (Table 1).

Multiomics approaches have been instrumental in 
healthcare and beyond. For example, omics technolo-
gy enhances our understanding of disease pathogene-
sis. Additionally, multiomics aids in the identification 
of novel biomarkers. In terms of disease prevention, 
multiomics can help uncover genetic and molecular 
mechanisms that inform preventive strategies, improv-
ing both patient classification and clinical outcomes. 

Furthermore, omics technology plays a crucial role in 
identifying molecular targets for developing new ther-
apeutic agents. In diseases such as infectious diseases 
and cancer, targeting specific proteins or mutations is 
a highly effective strategy for drug development and 
diagnostics.

The advent of artificial intelligence (AI) has fur-
ther advanced multiomics by facilitating computa-
tional techniques such as bioinformatics, which can 
significantly enhance drug development and predict 
drug responses—essential for designing personalized 
treatment plans. Multiomics is also valuable in clinical 
trials, where multiomic data can be used to stratify tri-
al participants and evaluate therapeutic interventions. 
Moreover, statistical analyses in multiomics research 
can help identify the risk of developing certain diseas-
es, further expanding its role in predictive medicine.

These applications highlight the vast potential of 
multiomics technology in advancing healthcare and 
beyond (5).

Table 1. Multi-omics strategies and the processes in reading (Sources: Ref No 4)

Multi-omics approach Molecular read-outs Technology
Genomics Genes (DNA) Sequencing, exome

Epigenomics Alteration of DNA Modification-sensitive PCR and qOCR-next-genera-
tion sequencing, mass spectrometry

Transcriptomics RNA and/or cDNA RT-PCR and RT-qPCR, gene arrays, RNA-sequencing
Proteomics Proteins Mass spectrometry, western blotting, and ELISA

Metabolomics Metabolites Mass spectrometry, nuclear magnetic resonance 
(NMR) spectroscopy and HPLC

Lipidomics Lipids Mass spectrometry, Bioinformatics data mining, and 
Ionization techniques

Microbiomics Microbes 16S profiling
Omic imaging Tissues and biofluids Functional and structural magnetic resonance imaging 

(fMRI and sMRI)

Table 2. Different types of multiomics techniques (Source: Ref No 4)

• Genomics: Use to study of genome sequences and DNA sequences variants (e.g. single nucleotide vari-
ations, insertion-deletions, copy number changes, structural changes

• Transcriptomics: Evaluate or measure complete set of RNA transcripts and their quantity in a cell or 
population of cell

• Proteomics: Use to quantify all protein identity and abundance in a sample such as serum, plasma, 
post-mortem samples. Also useful in analysing altered level of immune system-regulating proteins such as 
apolipoprotein

• Epigenomics: Use to identify chemical changes to DNA and proteins in cell that control gene expression. 
An epigenome is made of chemical compounds that change or highlight the genome is such as wat that it in-
struct it what to do, where to do it, and when to it. Cells have different epigenetic markers

• Metabolomics: Study of small molecules in the body. Four type of metabolomics: target metabolom-
ics- identifying and quantifying small subsets of metabolites. It is ideal for identification of novel biomarkers; 
untargeted metabolomics- used to characterized all possible number of metabolites; fluxomics- monitors the 
movement of isotopic labels through metabolic intermediates and used to measure the reaction rates of metab-
olites; metabolites imaging- involves the detection and visualization of metabolites in tissues
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Currently, different types of omics approaches are 
being used. Multi-omics sequencing allows the simul-
taneous evaluation of multiple molecular layers from a 
single sample, leading to a detailed elucidation of the 
biological system. It plays a significant role in combin-
ing complex data, which is essential for understanding 
biological matrices and pathways.

In single-cell multi-omics, a series of omic data 
are evaluated at the single-cell level to study complex 
diseases. Single-cell multi-omics can help develop an 
understanding of how different cell types in pathogens 
or tumors respond to therapies.

Spatial multi-omics utilizes multi-omics data by 
combining it with spatial information about the sur-
rounding tissues or cells.

The Role of Innovative Technologies  
in Drug Development

The development of drugs is a complex process 
that begins with identifying novel targets and ends 
with introducing a drug into clinical settings. This pro-
cess is typically long and expensive, with most drugs 
tested failing in clinical trials. The ultimate aim of drug 
development is to identify novel molecules that have 
an effect in the human body and establish an effective 
and safe profile that benefits patients.

The US Food & Drug Administration (FDA) es-
timates that it takes more than 12 years for an experi-
mental drug to advance from the bench to the market 
(6). More than $20 billion is expended on a single drug 
discovery, with approximately 20% used in screening 
assays and toxicity testing (7). Furthermore, long ad-
ministrative processes play a significant role in the 
high failure rates associated with new drug develop-
ment.

While the cost of new drug development contin-
ues to rise, there is still a need for new drugs, espe-
cially for infectious diseases such as tuberculosis, ma-
laria, and HIV/AIDS, where antimicrobial resistance 
(AMR) has become a global public health burden. The 
utilization of novel technologies can facilitate the de-
velopment of new drugs. The use of genomics, metab-
olomics, proteomics, and other omics will be essential 
in facilitating drug development and contributing to 
more effective treatment regimens.

In tuberculosis medicine, new drugs are urgent-
ly needed to address both AMR and the duration of 
treatment. Different approaches to multi-omics data 
integration can be used for anti-tuberculosis drug dis-
covery (8, 9). Among these is conceptual integration, 
in which databases and existing information are con-
nected to various omics data according to measurable 
concepts or entities, such as genes or proteins. This 

method is useful for formulating theories and find-
ing connections between various omics datasets. Two 
platforms for comparing omics data are STATegra and 
OmicsON (10, 11).

Combining statistical techniques to compare var-
ious omics datasets using quantitative metrics such as 
regression and correlation is known as statistical inte-
gration. This method is crucial for identifying trends 
and differences in omics data. It can also be used to 
determine whether drug response and gene expression 
are related. However, causal relationships between the 
omics data cannot be established using this technique 
(12).

Using mathematical or computational models to 
forecast a biological system’s behavior based on var-
ious omics data is known as model-based integration. 
Drug absorption, distribution, metabolism, and ex-
cretion in various biological models can be assessed 
using pharmacokinetic/pharmacodynamic models (13, 
14). This technique helps in understanding the biolog-
ical system’s dynamics and regulation (5). However, 
a limitation of this approach is that it requires prior 
knowledge and assumptions about the parameters and 
structure of the system.

Network and pathway data integration involves 
using networks or pathways that depict the compo-
sition and operation of a biological system, derived 
from various omics data. Pathways refer to biological 
processes that occur under specific conditions, while 
networks are graphically represented as nodes and in-
teractions within the system (13). Omics data can vary 
in complexity and format, and this method allows for 
their integration. For example, it can be used to assess 
protein-protein interactions. However, this approach is 
not useful for understanding the system’s geometric or 
temporal details.

Role of Multi-omics in Tuberculosis 
Drug Development

Multi-omics is a promising technology in the de-
velopment of anti-tuberculosis agents (Figure 1), as it 
provides a platform to untangle the pathogenic mech-
anisms of TB infection, drug resistance, and the host’s 
response to infection (15). Data generated from mul-
ti-omics can be utilized to address key research ques-
tions. One of the primary applications of multi-omics 
is the identification and validation of drug targets for 
therapeutic interventions. These drug targets are mol-
ecules that can be modified during the disease state. 
Targets may include genes, proteins, metabolites, or 
transcript markers associated with the pathogenic 
mechanisms of specific diseases, such as tuberculosis, 
COVID-19, and Dengue fever (5).
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In TB drug discovery, like in other disease states, 
multi-omics can be utilized for discovering and vali-
dating drug targets. It helps elucidate the disease pro-
file or molecular signature, as well as the potential 
drug response, by integrating omics data from various 
levels of biological molecules. Multi-omics data can 
identify genes, proteins, metabolites, and transcript 
markers that are differentially expressed or regulated 
in diseased samples compared to healthy ones, or in 
individuals who respond to a drug versus those who 
do not (16). This approach enables the characterization 
of potential drug targets based on their role in the dis-
ease’s pathogenic process and their response to drugs, 
ranking them based on differential expression, disease 
correlation, and other relevant criteria (5). Drug targets 
can then be validated using experimental models that 
assess the effects of modulating these targets in disease 
versus non-disease states. Multi-omics can also guide 
studies on gene knockdown, mutation, inhibition, and 
activation of drug targets (17).

Building molecular networks that integrate omics 
data—such as the correlations among genes, proteins, 
metabolites, and transcript markers—can help identify 
connections to the disease’s pathogenic mechanisms 
and the drug’s mechanisms of action (5).

Beyond discovery and validation, multi-omics is 
valuable for predicting and improving drug responses in 
various disease states. It can be used to identify markers 
of drug efficacy, safety, resistance, and other relevant in-
dicators. In TB drug development, multi-omics can help 

identify genetic variants, such as single nucleotide poly-
morphisms (SNPs), protein and gene expression levels, 
and metabolites and transcript markers that influence 
individual responses to anti-TB drugs. Additionally, it 
can be used to predict optimal drug dosages during the 
discovery and formulation phases. Multi-omics can al-
so categorize individuals based on their drug response, 
which can aid in predicting the efficacy, toxicity, safety, 
and duration of drug response, as well as other impor-
tant markers (18, 19, 20).

Although no research specifically evaluates the 
role of multi-omics in TB drug research, several stud-
ies have explored its role in mycobacterial research. 
Wei et al. used multi-omics to investigate resistance 
mechanisms in folylpolyglutamylsynthetase-dihydro-
folate synthetase gene (folC)-mutated and unmutated 
M. tb strains resistant to p-Aminosalicylic acid (PAS). 
They found that S-adenosyl-methionine (SAM)-de-
pendent methyltransferases were upregulated, while 
PAS uptake was downregulated through the inhibition 
of certain drug transport pathways. These findings 
suggest that these pathways could serve as novel drug 
targets for PAS-resistant M. tb strains (21).

Krishnan et al. employed multi-omics to identify 
serum markers of tuberculosis in individuals with ad-
vanced HIV infection (22). In a case-control study using 
a multi-country, open-label randomized controlled trial, 
they compared a four-drug standard TB treatment with 
isoniazid preventive therapy among people living with 
HIV (PLWHIV) initiating antiretroviral therapy. The 

Figure 1. Multi-omics flow in TB research (Source: Based on protocol  
of the AHRO small drug molecules development portfolio)
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study identified several indicators (microRNAs, metab-
olites, and cytokines/chemokines) associated with new-
ly diagnosed TB among PLWHIV. They found that TN-
Fα and CXCL10 levels were higher in cases than con-
trols, while macrophage-derived chemokine (MDC, al-
so known as CCL22) was higher in controls. This study 
highlighted the potential of multi-omics in identifying 
TB among severely immunocompromised PLWHIV.

Cui et al. used a multi-omics approach to evaluate 
the role and mechanism of DosR (dormancy survival reg-
ulator) in Mycobacterium bovis Bacillus Calmette-Guer-
in (BCG). Their study showed that DosR significantly 
impacted the transcription of 104 genes and 179 pro-
teins, suggesting its involvement in amino acid synthesis 
and metabolism. These findings suggest that DosR may 
serve as a novel drug target against M. tb (23).

One of the problems of global health is AMR. 
Zhao et al. evaluated resistance to capreomycin (CAP), 
a cyclic peptide that is considered the best second-line 
treatment for tuberculosis, using multi-omics analysis 
(24). They evaluated CAP resistance (CAPr) using tlyA-
Mtb strains (CAPr1) and tlyA point mutation CAPr M. 
tb strains (CAPr2), utilizing genomics, proteomics, and 
metabolomic techniques. They found that compared to 
CAPr2 strains, CAPr1 bacteria exhibited greater resist-
ance to CAP. Additionally, CAPr1 strains showed great-
er drug tolerance than CAPr2 strains, which was associ-
ated with deficient S-adenosyl-L-methionine-dependent 
methyltransferase and abnormal membrane metabolism. 
Their research identified a novel drug resistance mecha-
nism in M. tb in CAP therapy, which may help in under-
standing other resistance mechanisms in M. tb. Moreo-
ver, multi-omics was used to elucidate the correlation 
between drug similarities and drug efficacy in type 2 
diabetes (19). Si et al. identified new targets for chronic 
kidney disease (CKD) using multi-omics. They discov-
ered thirty-two new therapeutic targets in a thorough 
analysis of CKD patients’ plasma using proteomics and 
transcriptomics. These included centrosomal protein of 
170 kDa, liver-expressed antimicrobial peptide, fibro-
blast growth factor 5, oromoduline, and others. As a re-
sult, the researchers concluded that these new potential 
therapeutic targets might be used to develop new immu-
notherapy drugs, targeted medications, and CKD com-
bination treatments (20). Bai et al. used data-based Men-
delian randomization (MR) techniques to find a novel 
therapeutic target for Sjögren’s syndrome (SS). Three 
proteins were shown to be associated with the risk of 
SS. TNFAIP3, PLAU, and BNT3A1 were among them. 
They therefore suggested novel drug targets for SS (25). 
All these studies show that multi-omics has potential in 
TB drug development, as outlined briefly below.

Novel pharmacological targets can be identified 
through genomics. Different microenvironments that 

provide beneficial routes for M. tb can be identified 
by inactivating genes through experimental mutation 
using genomics. These may be effective methods for 
discovering new targets. Genomics can also be cru-
cial in clarifying the MOA of new medications. Whole 
genome sequencing (WGS) can be used to identify 
possible mutations that could impact a drug’s mode 
of action. The MOA of bedaquiline was described by 
Kundi et al. in a study, which demonstrated that the 
medication works by targeting the bacterial F-ATP 
synthase’s epsilon subunit (26). To enable the innova-
tive use of licensed medications in TB treatment, WGS 
can also be used to determine the MOA of repurposed 
medications in TB. In an intracellular model of infec-
tion, Rybniker et al. found that lansoprazole protected 
against lung fibroblasts. This medication was found 
in the Prestwick Library pool, which included 1280 
FDA-approved medications (7, 27).

Understanding M. tb transcriptomics is also cru-
cial in identifying novel pharmacological targets for 
TB infection, as it links crucial genomic data to pro-
tein expression targets, revealing new target pathways 
and M. tb’s response to exposure to that novel drug. 
Transcriptomics is an essential tool for understand-
ing the biology of M. tb, the pathogenic mechanism 
of the bacteria, gene function, and the identification 
of new therapeutic targets (4). The drug mechanisms, 
including the metabolism of fatty acids, cholesterol, 
and the glyoxylate shunt of M. tb replicating within 
macrophages, were clarified by Schnappinger et al. 
and Rienksma et al. using transcriptomics (28, 29). 
Additionally, purimidine-imidazole detection during 
whole-cell screening of M. tb was reported by Pethe 
et al. (30). This lends more credence to the claim that 
WGS in transcriptomics is the ideal platform for dis-
covering new, potentially effective therapeutic tar-
gets. As a result, using transcriptomics in conjunction 
with gene mining datasets may be an essential mul-
ti-omics tool for TB drug development. The MOA 
of a novel medicinal molecule can also be better un-
derstood with the aid of transcriptomics. According 
to a study by Wilson et al. using DNA microarray 
to clarify gene expression caused by isoniazid, ex-
posure to the drug led to upregulation of five genes 
encoded by synthesis-type II fatty acid enzymes and 
other genes linked to isoniazid MOA (31). In addi-
tion, Boshoff et al. quantified the effect of various 
inhibitors that affect M. tb transcriptional responses 
(32) by characterizing TB metabolism utilizing var-
ious therapeutic agents, growth environments, and 
drug combinations. They were able to classify differ-
ent medications according to their MOA. As a result, 
they used whole-cell data to predict novel MOA for 
the medications under study.
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Drug discovery for tuberculosis may also benefit 
from a proteomics approach (33). Changes in protein 
levels indicate that proteomics may offer a valuable 
platform for characterizing the physiological response 
of M. tb and expression of novel targets. Although it 
has not yet attained the same potential as transcriptom-
ics and genomics, both in vitro and in vivo data from 
certain research have suggested new pharmacological 
targets. Understanding the mechanism of virulence 
can facilitate the development of a cure for tubercu-
losis. By distinguishing the proteome profiles of viru-
lent strains of intracellular and extracellular M. tb and 
BCG from infected macrophages, Liu et al. elucidat-
ed the virulence mechanism of M. tb. They discov-
ered 1557 proteins linked to the pathogenicity of M. 
tb (34). These proteins were associated with particular 
pathways, including metabolic pathways, which can be 
targeted for therapeutic intervention. A database called 
ProteomicsDB has been created with several molecular 
resources to support proteomics research. For example, 
analysis of the database showed that GSK986310C is 
a candidate that is effective as a spleen tyrosine kinase 
(SYK) inhibitor (35). These resources will therefore be 
helpful in TB drug discovery research and may lead 
to the identification of inhibitors for TB infection. In a 
review study, Bisht et al. suggested that proteomics can 
be a useful platform for the discovery of biomarkers 
for TB and other diseases (36). It can also be useful in 
vaccine development and in providing a platform for 
developing a rapid test for diagnosing tuberculosis.

Finally, just as discussed with other “omics,” me-
tabolomics is another powerful approach that can facil-
itate drug discovery and development. As highlighted 
earlier (Table 2), it evaluates the metabolite profile in 
a biological system, providing insight into therapeutic 
targets in M. tb drug discovery by identifying metabol-
ic pathways essential for the survival of the bacteria. 
In a review discussion, Yu et al. highlighted the role 
metabolomics can play in the identification of TB bi-
omarkers (37). These biomarkers can be important in 
elucidating the MOA of drugs and also play a signif-
icant role in evaluating drug resistance and responses. 
The proteomics approach will be essential in TB drug 
development as it can help elucidate MOA and induced 
drug resistance during drug development. It can also 
play a role in predicting drug toxicity and treatment 
outcomes (38). With the advent of more omics ap-
proaches, multi-omics techniques can be critically used 
in identifying novel drugs for many disease conditions.

Challenges in Multiomics
Although multiomics holds great potential for use 

in human medicine, the technology faces several chal-
lenges. One major difficulty is the integration of data 

generated during the multiomics workflow. This is not 
an easy task due to the diversity of omics data pro-
duced. Each omics workflow generates different types 
of data, which complicates the analytical process. The 
vast volume of data produced by these high-through-
put techniques further complicates matters. Trans-
forming and combining the different sets of data is a 
challenge that must be addressed. Another issue is re-
lated to space. Spatial multiomics assays aim to image 
hundreds or thousands of genes and proteins together. 
This often results in many fluorophores occupying the 
same area in the cell, making it difficult to resolve in-
dividual genes or proteins (8). Establishing standard-
ized protocols is another challenge. These protocols 
should outline how data are collected, evaluated, and 
interpreted. Finally, while multiomics has immense 
potential in research, research partnerships and collab-
orations are crucial for its advancement.

Future Prospects and Conclusion
The multi-omics approach is an exciting develop-

ment in tuberculosis and infectious disease research, 
offering the potential to transform the discovery of an-
ti-tuberculosis agents that could significantly improve 
the efficacy, safety, and specificity of novel drugs. 
Multi-omics can be incorporated into every phase of 
the drug discovery process, including genomics, pro-
teomics, transcriptomics, and metabolomics. Despite 
the immense potential of omic technology, several 
challenges remain. Ethical considerations pose a sig-
nificant challenge, as multi-omics data could reveal 
personal health information. This information might 
be used to stigmatize, discriminate against, or exploit 
individuals. Therefore, multi-omics data must be as-
sembled with the privacy and confidentiality of the 
subjects in mind. Stringent protocols are needed to 
address these challenges, but these should not stifle 
scientific progress.
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Uprkos intenzivnim globalnim naporima, tuber-
kuloza i dalje predstavlja jedan od najvećih globalnih 
zdravstvenih problema, s antimikrobnom rezistenci-
jom koja predstavlja značajan izazov u lečenju bo-
lesti. Takođe, trenutni lekovi za lečenje tuberkuloze 
imaju ograničenja, kao što su produženo trajanje te-
rapije i toksičnost. Zbog toga je razvoj novih lekova 
protiv tuberkuloze prioritet. Međutim, ovaj proces 
se suočava sa brojnim izazovima. Uvođenje multio-

miks pristupa može poslužiti kao idealna platforma 
za ubrzanje razvoja lekova, rešavajući ove izazove. 
Ovaj članak istražuje potencijalnu ulogu multiomiks 
pristupa u razvoju lekova protiv tuberkuloze i ukrat-
ko razmatra izazove u korišćenju ovog pristupa za 
otkriće lekova.

Ključne reči: tuberkuloza, lekovi, proteomiks, 
multiomiks, Mycobacterium tuberculosis, transkripto-
miks, metabolomiks, genomiks.
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Abstract: Stockholm syndrome is a complex 
psychological phenomenon in which some trauma 
survivors develop strong emotional bonds with their 
abusers. Despite the absence of clear diagnostic crite-
ria and its exclusion from official psychiatric classifi-
cation systems, the term has gained widespread recog-
nition in both the media and scientific literature. This 
phenomenon typically occurs in situations involving 
significant power imbalances—such as child sexual 
abuse, intimate partner violence, human trafficking, 
and hostage situations—where the victim may devel-
op positive feelings toward the abuser in response to 
extreme stress. Initially observed during a 1973 bank 
robbery in Stockholm, the syndrome has since been 
identified in various contexts.

Given its similarities to other psychiatric entities, 
such as post-traumatic stress disorder (PTSD) and 
identification with the aggressor, Stockholm syndrome 
remains a crucial area of research in understanding the 
psychological impact of extreme stress.

This paper explores Stockholm syndrome from 
psychological, psychiatric, and neurobiological per-
spectives, highlighting its implications for mental 
health, criminology, and forensic science. Further 
investigation into this phenomenon is essential for 
improving trauma treatment approaches, legal frame-
works, and therapeutic strategies, ultimately enhanc-
ing our understanding of victim-perpetrator dynamics 
in high-stress situations.

Keywords: trauma, Stockholm syndrome, stress.

INTRODUCTION
Stockholm syndrome refers to a hypothetical phe-

nomenon in which trauma survivors develop strong 
emotional attachments to their abusers (1, 2). Due to 
the absence of clear diagnostic criteria and similarities 
with other psychiatric conditions, it is not included in 
any official psychiatric classification systems. None-
theless, the term has been widely popularized in the 

media and has been the subject of numerous scientific 
studies.

The essence of this concept lies in the fact that, 
in certain situations where the victim is expected to 
exhibit a “fight or flight” response, positive feelings 
toward the abuser may instead develop. This attach-
ment can significantly influence the victim’s behavior.

Current research suggests that this phenomenon 
can emerge in any situation involving clear power im-
balances, such as in cases of child sexual abuse, inti-
mate partner violence, human trafficking, and hostage 
situations (1).

The syndrome was first described in 1973, fol-
lowing a bank robbery in Stockholm, where hostages 
developed positive feelings toward their captors. Since 
then, mental health professionals have observed that 
similar situations may lead to the development of this 
syndrome (1). Within current psychiatric classifica-
tions, there are notable similarities between Stockholm 
syndrome and established entities such as post-trau-
matic stress disorder (PTSD), identification with the 
aggressor, and others.

This paper aims to explain this phenomenon 
through well-established psychological, psychiatric, 
and neurobiological perspectives. Further research is 
crucial for understanding the complex psychological 
responses to extreme stress experienced in situations 
perceived as highly threatening and abusive.

This phenomenon also has significant implica-
tions for mental health, criminology, and forensic 
science. Understanding it can contribute to improved 
approaches to traumatized individuals, enhanced ther-
apeutic frameworks, and more informed legal consid-
erations—ultimately offering a better understanding of 
the dynamics between victim and abuser.

The goal of this paper is to provide a deeper un-
derstanding of this phenomenon and highlight its im-
plications in the fields of trauma psychology and fo-
rensic psychiatry.

STOCKHOLM SYNDROME: A DIMENSION OF TRAUMA
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DEFINITION  
AND DIAGNOSTIC STATUS
Stockholm syndrome (SS) is a psychological 

phenomenon observed in some trauma survivors. It 
involves the development of a powerful emotional 
connection toward the abuser or controller (1, 2). Still 
considered a controversial topic, there is considerable 
ethical ambiguity surrounding this term. Numerous 
scientific papers explain that the phenomenon typically 
occurs in individuals who have survived traumatic sit-
uations marked by an extreme power imbalance (2, 3).

Although explored by many authors, one of the 
most significant reviews on this topic remains the one 
conducted by Graham, Rawlings, and Rimini. They 
highlighted that the central symptom of SS is the devel-
opment of positive feelings in the victim toward the ag-
gressor or abuser, which intensifies as the relationship 
progresses. Graham identified four important factors in 
the development of such emotional connections: per-
ceived threat to survival, perceived kindness, perceived 
isolation, and perceived inability to escape (1).

This bond often manifests as positive feelings 
toward the perpetrator, despite the victim’s suffering. 
Over time, victims may also exhibit negative emotions 
toward those attempting to help or free them—such as 
family, friends, or authorities—sometimes even per-
ceiving these efforts as harmful. Additionally, the vic-
tim may begin to rationalize or justify the abuser’s ac-
tions, supporting the reasoning behind the abuse. This 
dynamic is often reinforced when the abuser shows 
affection or positive regard toward the victim, further 
strengthening the connection. In some cases, the vic-
tim may engage in behaviors that support or protect the 
abuser, even at the expense of their own well-being. 
This complex psychological response is often seen as 
a coping mechanism to manage extreme stress and fear 
during periods of captivity or manipulation (3).

Despite its recognition in media and popular cul-
ture, Stockholm syndrome is not included as a diagnosis 
in any official classification of mental disorders (DSM or 
ICD). Standardized diagnostic criteria have not yet been 
described, and there is significant ambiguity in the use of 
the term. Furthermore, behaviors associated with it may 
be better understood as coping mechanisms in response 
to extreme stress rather than as a distinct syndrome. All 
of these factors contribute to Stockholm syndrome’s ex-
clusion from psychiatric classification systems.

PSYCHOLOGICAL 
AND NEUROBIOLOGICAL 
MECHANISMS
In order to understand the complexity of this con-

dition, it is essential to be familiar with the concepts 

of trauma and dissociation, and the roles they play 
in shaping the victim’s perception of reality and the 
world. Research indicates that trauma can lead to dis-
sociative responses, which may contribute to the de-
velopment of Stockholm syndrome.

During traumatic situations, victims often experi-
ence a flood of negative emotions such as fear, help-
lessness, and intense dread for their own lives. As a 
response to such extreme stress, victims can paradox-
ically develop an attachment to the abuser as a cop-
ing mechanism. Dissociation is a well-known defense 
mechanism used, in this case, to “detach from reality” 
and escape the pain, fear, or humiliation the victim is 
experiencing. Through dissociation, the victim might 
downplay or rationalize the abuser’s actions, leading 
to feelings of sympathy or attachment that would seem 
counterintuitive in a less traumatic context (3).

Another important defense mechanism relevant 
to this topic was first described in 1937: identification 
with the aggressor. This occurs when the victim adopts 
the abuser’s values, beliefs, or behaviors—often as a 
coping strategy to manage trauma or regain a sense of 
control. This psychological process can lead the victim 
to internalize the abuser’s perspective, sometimes jus-
tifying or excusing their actions (4).

By aligning with the abuser, the victim reduces 
emotional and psychological conflict, diminishes the 
perceived threat, and reconciles the abuse with surviv-
al needs. This defense mechanism allows the victim 
to navigate the trauma while minimizing further harm.

OXYTOCIN AND CORTISOL

Research has emphasized the critical roles of the 
hypothalamic–pituitary–adrenal (HPA) axis, oxytocin, 
and cortisol in managing the body’s response to stress. 
Dysregulation of these systems can lead to changes in 
the production and release of both cortisol and oxy-
tocin, which in turn may alter the body’s reaction to 
stress and increase vulnerability to the harmful effects 
of stressors.

Evidence suggests that the release of oxytocin in 
the brain helps regulate cortisol levels, supporting a 
rapid return of the body to its pre-stress state and mod-
erating the HPA axis response to psychological stress. 
However, chronic stress may disrupt the function of 
these systems, reducing the synthesis and release of 
oxytocin. This disruption can impair the HPA axis’s 
negative feedback mechanism, potentially leading to 
elevated cortisol levels (hypercortisolemia) (5, 6).

Oxytocin plays a crucial role in adult human bond-
ing by promoting social behaviors such as pair bond-
ing, recognition, and social interaction. It also supports 
physical attachment processes, such as wound healing, 
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as well as psychological and social bonding, which 
may enhance resilience to future traumatic events.

While oxytocin is essential for fostering attach-
ment, cortisol—another key hormone—is released 
in response to stress. Cortisol prepares the body for 
immediate action by heightening alertness and influ-
encing decision-making, but if elevated for prolonged 
periods, it can lead to both mental and physical ex-
haustion (7, 8).

Given the complex interaction between these hor-
mones, it becomes clear how a paradoxical situation 
can arise in which a victim becomes emotionally at-
tached to their abuser despite ongoing harm. This dy-
namic illustrates how the interplay between oxytocin 
and cortisol may shape emotional responses and at-
tachment behaviors, even in the context of trauma.

PARALLELS WITH SIMILAR 
PSYCHIATRIC ENTITIES

TRAUMA BONDING
According to the American Psychological Associ-

ation (APA), trauma refers to any distressing experi-
ence that evokes intense emotions such as fear, help-
lessness, dissociation, or confusion—strong enough to 
cause long-term negative impacts on an individual’s 
attitudes, behaviors, and overall functioning. Traumat-
ic events may result from human actions (e.g., assault, 
warfare, industrial accidents) or natural occurrences 
(e.g., earthquakes), and they frequently challenge an 
individual’s perception of the world as fair, secure, and 
predictable. According to the same source, the term 
bonding describes the connection between two or more 
people, characterized by trust and mutual support (9).

Trauma bonding, as the term itself suggests, re-
fers to a deep emotional connection between an abused 
individual and their abuser, often developed due to an 
ongoing cycle of abuse (10). This concept was first in-
troduced by Dutton and Painter in 1993, who described 
it as the formation of “powerful emotional attach-
ments” within abusive relationships (11). According to 
their theory, trauma bonding is developed, maintained, 
and reinforced by two key factors: power imbalances 
and intermittent cycles of good and bad treatment.

Dutton and Painter emphasized the critical role of 
the power imbalance, which underscores the victim’s 
dependency and sense of powerlessness in contrast to 
the perpetrator’s control and dominance. This dynamic 
is intensified by a vicious cycle in which periods of 
kindness or normalcy alternate with episodes of abuse, 
further distorting the victim’s reasoning and diminish-
ing their ability to leave the relationship. The resulting 
attachment to the abuser becomes a powerful psycho-
logical force (11).

Many authors have noted that the predisposition 
for trauma bonding may be rooted in early childhood, 
particularly in adverse childhood experiences. Such 
early experiences can distort one’s understanding of 
love and attachment, normalizing emotional or physi-
cal abuse in later relationships (11, 12).

The strength of traumatic bonding depends on 
several factors, including the duration of the abusive 
relationship, the intensity of emotional attachment 
to the perpetrator, lack of social support, financial or 
housing insecurity, concerns over child custody, low 
self-esteem, fear of harm, and a sense of helplessness 
(11). Trauma bonding can occur across various con-
texts—such as human trafficking, domestic violence, 
and hostage situations—and affects individuals of all 
demographics, including all ages, genders, sexual ori-
entations, socioeconomic statuses, races, and religions.

While trauma bonding and Stockholm syndrome 
share the core feature of developing emotional attach-
ments to abusers, they differ in context and manifes-
tation. Stockholm syndrome typically occurs in hos-
tage or kidnapping scenarios, where victims develop 
emotional attachments to captors due to fear and de-
pendency. In contrast, trauma bonding is more com-
monly associated with prolonged cycles of abuse in 
relationships, where intermittent kindness strengthens 
the emotional tie.

Despite these contextual differences, both trauma 
bonding and Stockholm syndrome involve psycholog-
ical mechanisms that can trap victims in abusive envi-
ronments and influence their ability or willingness to 
escape. It is important to note, however, that trauma 
bonding—like Stockholm syndrome—is not official-
ly recognized in diagnostic classifications such as the 
DSM-5. Its conceptualization remains primarily used 
in clinical and research contexts to describe the psy-
chological dynamics of abusive relationships.

According to the APA Dictionary of Psychology 
(American Psychological Association, 2015) trauma 
is defined as a disturbing experience from an event 
caused by a serious physical injury, human behavior, 
or nature that generates intense, long-term feelings of 
fear, helplessness, dissociation, and confusion; mala-
daptively effectuating a person’s affective and cogni-
tive behaviors.

IDENTIFICATION  
WITH THE AGGRESSOR

The concept, initially introduced by Ferenczi in 
1936 and later redefined by Anna Freud, describes 
a process in which victims of abuse merge with and 
internalize the experiences of their perpetrators. Fer-
enczi’s theory of identification with the aggressor 
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posits that the phenomenon is not simply the result of 
the aggressor’s influence entering the victim’s psyche 
and triggering reenactments of aggression. Rather, it 
involves a psychic split within the victim, whereby 
a part of the self becomes automatically imitative of 
the aggressor’s behavior (13). This process is under-
stood as an automatic, dissociative response intended 
to ensure survival in situations of persistent, inescap-
able harm—particularly when the victim is emotion-
ally attached to and dependent on the abuser. Victims 
may not only comply with the perpetrator’s demands 
but also become psychologically subordinated to the 
perpetrator’s needs and desires. In an effort to mini-
mize harm, they often develop heightened sensitivity 
to the perpetrator’s emotions and behaviors, internal-
izing their perspective on the abuse. This can result in 
the victim rationalizing or denying the abuse, adopt-
ing the abuser’s viewpoint, and potentially redirecting 
aggression either toward themselves or others (14). 
While identification with the aggressor and Stockholm 
syndrome share certain similarities, they also differ 
in significant ways. Identification with the aggressor 
involves adopting the perpetrator’s traits or behaviors 
as a means of self-protection, whereas Stockholm syn-
drome is characterized by the development of positive 
feelings—such as empathy, affection, or even love—
toward the abuser. The key difference lies in the nature 
of the attachment: in Stockholm syndrome, the victim 
minimizes or rationalizes the abuser’s actions, believ-
ing they are not entirely harmful, whereas in identifi-
cation with the aggressor, the victim mimics the abus-
er’s behavior in an attempt to gain a sense of safety or 
control. Both responses serve as coping mechanisms, 
aiming to manage the traumatic experience and reduce 
psychological distress.

POST-TRAUMATIC  
STRESS DISORDER (PTSD)

Post-traumatic stress disorder is a persistent men-
tal condition that significantly decreases the quality of 
life and deeply affects the survivor’s perception and 
relationships. It develops after exposure to a traumatic 
event, which serves as the catalyst for its onset. Trau-
matic stress (real or perceived threats of harm, death, 
or sexual violence) is essential for the development of 
PTSD.

Key symptoms of PTSD include intrusive thoughts, 
emotional numbness, avoidance, hyperarousal, height-
ened sensitivity to stress, and significant cognitive and 
emotional disturbances (15). While both PTSD and 
Stockholm syndrome occur after a traumatic experi-
ence, they manifest with different symptoms. Some 
PTSD symptoms, such as flashbacks and hypervigi-

lance, are also seen in individuals with Stockholm syn-
drome, but all other symptoms are missing.

PTSD develops after exposure to a traumatic 
event, which may or may not involve a power imbal-
ance. Additionally, individuals with PTSD generally 
do not develop attachments to the aggressor. The main 
focus of PTSD is on distress and re-experiencing trau-
ma, leading to avoidant behaviors, while Stockholm 
syndrome generally involves the development of posi-
tive feelings as a coping mechanism to feel safer.

DEPENDENT PERSONALITY 
DISORDER (DPD)
A shared component of these two conditions is a 

high degree of dependence on others. In Stockholm 
syndrome, the victim becomes dependent on the cap-
tor for emotional support or survival. Similarly, indi-
viduals with DPD may exhibit extreme dependency on 
others for decision-making, emotional support, and a 
fear of abandonment.

DPD, however, is not based on traumatic events; 
it is a long-term personality disorder. It is not charac-
terized by forming emotional bonds with individuals 
perceived as abusers. Additionally, DPD represents a 
consistent pattern of behavior across various relation-
ships (16, 17).

LEARNED HELPLESSNESS
This phenomenon was first introduced in 1967 by 

Seligman and Meyer and remains relevant in psychi-
atry and psychology today. It is described as a dys-
regulation of goal-directed behavior due to repeated 
failure to achieve a goal. Individuals in this state stop 
trying because their goals lose value, or they no longer 
believe that further effort will lead to success. They 
cease initiating actions or efforts, often believing that 
nothing will change the outcome (18).

While Stockholm syndrome involves a psycho-
logical attachment to the aggressor, with the resulting 
behavior aimed at reaching a specific goal, often to 
avoid further harm or secure a better outcome, learned 
helplessness focuses on a more general sense of power-
lessness and resignation to an uncontrollable situation.

ETHICAL ASPECTS  
AND FORENSIC PSYCHIATRY
Understanding the psychological response to 

Stockholm syndrome is crucial for evaluating the 
harm experienced by victims and determining effec-
tive interventions. This phenomenon can be exploited 
by perpetrators to manipulate or control victims, par-
ticularly to avoid legal consequences. Forensic psy-
chiatrists must consider the victim-perpetrator dynam-
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ic, as it influences both the victim’s behavior and the 
perpetrator’s psychological state. Victims may appear 
uncooperative or even defend their abusers, compli-
cating investigations and legal outcomes (19, 20). By 
integrating Stockholm syndrome into forensic assess-
ments, professionals can better understand the com-
plexities of abusive relationships and improve both 
legal and therapeutic interventions.

Ethical concerns arise around the victim’s auton-
omy, as trauma bonding can impair decision-making 
and diminish the capacity for free choice. This rais-
es questions about whether victims’ actions are truly 
voluntary or influenced by psychological manipula-
tion. Therapeutic approaches should empower victims 
to regain control and recognize the effects of trauma 
without re-traumatizing them. Mental health profes-
sionals have an ethical duty to ensure that victims re-
ceive treatment addressing these effects and helping 
them break free from the cycle of control (21).

The term “Stockholm syndrome” also carries 
ethical implications. It can sometimes minimize the 
severity of the abuser’s actions by shifting focus to 
the victim’s psychological response rather than the 
abusive dynamics. This may distort public perception, 
hindering recognition of the abuse’s true impact and 
preventing victims from receiving necessary support 
and protection. The term must be used carefully in 
clinical, legal, and public contexts, ensuring it reflects 
the victim’s experience without overshadowing the 
abuser’s behavior or undermining the victim’s dignity 
and rights to justice and care.

CONCLUSION
Trauma is a widely studied phenomenon in both 

psychiatry and psychology. While definitions of trauma 
may vary across disciplines, the underlying mechanisms 

and coping strategies remain consistent. Individuals ex-
hibit varying predispositions and responses to high-stress 
situations, and the coping mechanisms they employ are 
influenced by numerous factors. Currently, there is no 
established method for predicting how an individual will 
respond to trauma. One potential psychological response 
is Stockholm syndrome. Although not formally recog-
nized as a psychiatric diagnosis, Stockholm syndrome 
is a crucial consideration for professionals working with 
victims of abusive relationships, hostage situations, hu-
man trafficking, and similar circumstances. Its recog-
nition can aid in understanding the multifaceted nature 
of trauma and illuminate the pathological dynamics be-
tween the victim and the perpetrator, thereby improving 
interventions and support strategies.
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Sažetak

STOKHOLMSKI SINDROM: DIMENZIJA TRAUME
Inić Teodora

Univerzitetski klinički centar Vojvodine, Klinika za psihijatriju, Novi Sad, Srbija

Stokholmski sindrom je kompleksan psihološki 
fenomen koji podrazumeva da se kod pojedinih indivi-
dua izloženih traumatičnim događajima razvijaju pozi-
tivna osećanja prema zlostavljaču. Iako još uvek nema 
jasnih dijagnostičkih kriterijuma i nije deo zvaničnih 
klasifikacionih sistema, termin Stokholmski sindrom je 
široko rasprostranjen kako u medijima tako i u naučnoj 
literaturi. Do razvoja ovog fenomena obično dolazi u 
situacijama gde postoji jasno narušena dinamika moći 
kao što su zlostavljanje dece, partnersko nasilje, trgo-

vina ljudima i talačke situacije, gde žrtva može razviti 
pozitivna osećanja prema zlostavljaču kao odgovor na 
ekstremni stres. Prvi put je opisan nakon pljačke ban-
ke u Stokholmu 1973. godine, a od tada je identifiko-
van u različitim kontekstima. S obzirom na sličnosti 
sa drugim psihijatrijskim poremećajima, Stokholmski 
sindrom predstavlja jednu od ključnih tema za razume-
vanje psihičkih posledica ekstremnog stresa.

Ovaj rad prikazuje Stokholmski sindrom kroz psi-
hološke, psihijatrijske i neurobiološke perspektive, is-
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tičući njegove implikacije za mentalno zdravlje, krimi-
nalistiku i forenzičku nauku. Dalja istraživanja ovog 
fenomena su od suštinskog značaja za poboljšanje 
pristupa lečenju trauma, pravnih okvira i terapijskih 

strategija, što će konačno doprineti boljem razumeva-
nju dinamike žrtve i zlostavljača u u izrazito stresnim 
situacijama.

Ključne reči: trauma, Stokholmski sindrom, stres.
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tak naslov rada na engleskom jeziku, naziv institucije 
gde je rad urađen na engleskom jeziku, tekst sažetka na 
engleskom jeziku i ključne reči na engleskom jeziku.

Struktura rada. Svi podnaslovi se pišu velikim 
slovima i boldovano.

Originalni rad treba da ima sledeće podnaslove: 
uvod, cilj rada, metod rada, rezultati, diskusija, zaklju
čak, literatura.

Prikaz bolesnika čine: uvod, prikaz bolesnika, di
skusija, literatura.

Pregled iz literature čine: uvod, odgovarajući 
podnaslovi, zaključak, literatura.

Bo­le­sni­ci i me­to­de/ma­te­ri­jal i me­to­de. Treba 
opisati izbor bolesnika ili eksperimentalnih životinja, 
uključujući kontrolu. Imena bolesnika i brojeve istori
ja ne treba koristiti.

Metode rada treba opisati sa dovoljno detalja ka
ko bi drugi istraživači mogli proceniti i ponoviti rad.

Kada se piše o eksperimentima na ljudima, treba 
priložiti pismenu izjavu u kojoj se tvrdi da su ekspe
rimenti obavljeni u skladu sa moralnim standardima 
Komiteta za eksperimente na ljudima institucije u ko
joj su autori radili, kao i prema uslovima Helsinške 
deklaracije. Rizične procedure ili hemikalije koje su 
upotrebljene se moraju opisati do detalja, uključujući 
sve mere predostrožnosti. Takođe, ako je rađeno na ži
votinjama, treba priložiti izjavu da se sa njima postu
palo u skladu sa prihvaćenim standardima.

Treba navesti statističke metode koje su korišćene 
u obradi rezultata.

Re­zul­ta­ti. Rezultati treba da budu jasni i sažeti, 
sa minimalnim brojem tabela i slika neophodnih za do
bru prezentaciju.

Diskusija. Ne treba činiti obiman pregled litera
ture. Treba diskutovati glavne rezultate u vezi sa rezul
tatima objavljenim u drugim radovima. Pokušati da se 
objasne razlike između dobijenih rezultata i rezultata 
drugih autora. Hipoteze i spekulativne zaključke treba 
jasno izdvojiti. Diskusija ne treba da bude ponovo iz
nošenje zaključaka.

Li­te­ra­tu­ra. Reference numerisati rednim arap
skim brojevima prema redosledu navođenja u tekstu. 
Broj referenci ne bi trebalo da bude veći od 30, osim u 
pregledu literature, u kojem je dozvoljeno da ih bude 
do 50.

Izbegavati korišćenje apstrakta kao reference, a 
apstrakte starije od dve godine ne citirati.

Reference se citiraju prema tzv. Vankuverskim 
pravilima, koja su zasnovana na formatima koja ko
riste National Library of Medicine i Index Medicus.

Primeri:
1. Čla­nak: (svi autori se navode ako ih je šest i 

manje, ako ih je više navode se samo prvih šest i do
daje se ”et al.”)

Spates ST, Mellette JR, Fitzpatrick J. Metasta
tic basal cell carcinoma. J Dermatol Surg. 2003; 
29(2): 650–652.
2. Knji­ga:
Sherlock S. Disease of the liver and biliary 
system. 8th ed. Oxford: Blackwell Sc Publ, 1989.
3. Po­gla­vlje ili čla­nak u knji­zi:
Latković Z. Tumori očnih kapaka. U: Litričin O i 
sar. Tumori oka. 1. izd. Beograd: Zavod za udžbe
nike i nastavna sredstva, 1998: 18–23.
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Ta­be­le. Tabele se označavaju arapskim brojevi
ma po redosledu navođenja u tekstu, sa nazivom tabele 
iznad.

Sli­ke. Sve ilustracije (fotografije, grafici, crteži) 
se smatraju slikama i označavaju se arapskim broje
vima u tekstu i na legendama, prema redosledu poja
vljivanja. Treba koristiti minimalni broj slika koje su 
zaista neophodne za razumevanje rada. Slova, brojevi 
i simboli moraju biti jasni, proporcionalni, i dovoljno 
veliki da se mogu reprodukovati. Pri izboru veličine 
grafika treba voditi računa da prilikom njihovog sma
njivanja na širinu jednog stupca teksta neće doći do 
gubitka čitljivosti. Legende za slike se moraju dati na 
posebnim listovima, nikako na samoj slici.

Ako je uveličanje značajno (fotomikrografije) 
ono treba da bude naznačeno kalibracionom linijom 
na samoj slici. Dužina kalibracione linije se unosi u 
legendu slike.

Uz fotografije na kojima se bolesnici mogu pre
poznati treba poslati pismenu saglasnost bolesnika da 
se one objave.

Za slike koje su ranije već objavljivane treba na
vesti tačan izvor, treba se zahvaliti autoru, i treba pri
ložiti pismeni pristanak nosioca izdavačkog prava da 
se slike ponovo objave.

Pi­sma ured­ni­ku. Mogu se publikovali pisma 
uredniku koja se odnose na radove koji su objavljeni u 
SANAMEDU, ali i druga pisma. Ona mogu sadržati i 
jednu tabelu ili sliku, i do pet referenci.

Propratno pismo. Uz rukopis obavezno priložiti 
pismo koje su potpisali svi autori, a koje treba da sa
drži: izjavu da rad prethodno nije publikovan i da nije 
istovremeno podnet za objavljivanje u nekom drugom 
časopisu, te izjavu da su rukopis pročitali i odobrili 
svi autori koji ispunjavaju merila autorstva. Takođe je 
potrebno dostaviti kopije svih dozvola za: reproduko
vanje prethodno objavljenog materijala, upotrebu ilu
stracija i objavljivanje informacija o poznatim ljudima 
ili imenovanje ljudi koji su doprineli izradi rada.

Tro­ško­vi pri­pre­me ra­da
Svi autori radova, imaju obavezu da pre nego što 

dobiju potvrdu da će rad biti objavljen u Sanamedu, 
izvrše uplatu za pokriće dela troškova štampe koja 
za autora rada iznosi 2500 dinara, a za koautore po 
1500 dinara, za svaki prihvaćeni rad. Za autora rada 
iz inostranstva naknada za štampanje iznosi 40 eura 
(u dinarskoj protivrednosti po kursu na dan uplate), a 
za koautore 20 eura. Dodatno će biti naplaćena svaka 
stranica na kojoj se nalaze slike u boji, po ceni od 30 
eura; crno bele slike se ne naplaćuju.

Za sva dalja uputstva i informacije kontaktirajte 
Uredništvo.

Na­po­me­na. Rad koji ne ispunjava uslove ovog uput
stva ne može biti upućen na recenziju i biće vraćen auto
rima da ga dopune i isprave. Pridržavanjem uputstva za 
pisanje rada za SANAMED znatno će se skratiti vreme ce
lokupnog procesa do objavljivanja rada u časopisu, što će 
pozitivno uticati na kvalitet i redovnost izlaženja svezaka.





	  
	  
	
	

INSTRUCTIONS TO AUTHORS
SANAMED journal is international, peer-re-

viewed, multidisciplinary open-access medical journal, 
founded in 2006 and is published by the Association of 
medical doctors Sanamed, a nonprofit organization of 
physicians and scientists. The journal publishes: origi-
nal articles, case reports, literature reviews, Systemat-
ic review, articles on history of medicine, articles for 
practitioners, book reviews, comments and letters to 
editor, and other medical information dedicated to the 
advancement of medical research, practice, and educa-
tion, in the field of medicine and related fields.

The journal is published both in electronic and 
print format, three times a year. Immediately after pub-
lication, all papers are available online for free, on the 
journal’s website and other databases.

IMPORTANT. Authors please fill out Author 
statement, Patient consent, and Conflict of inter-
ests forms when submitting your article (https://new.
sanamed.rs/).

From February 2022, Sanamed journal started 
using electronic journal management editing via the 
ASSISTANT system. All users of the system: authors, 
reviewers and editors must be registered with a unique 
email address. To register go to https://aseestant.ceon.
rs/index.php/sanamed/about/submissions.

Manuscripts are submitted in electronic form via 
ASSISTANT system.

The papers are always submitted with Abstract in 
both English and Serbian, included in the manuscript 
file. Foreign authors submit papers only in English 
Generic names should be exclusively used for the 
names of drugs. Devices (apparatuses, instruments) 
are termed by trade names, while their name and place 
of production should be indicated in the brackets. If a 
letter-number combination is used, the number should 
be precisely designated in superscript or subscript (i.e., 
99Tc, IL-6, O2, B12, CD8). If something is common-
ly written in italics, such as genes (e.g. BRCA1), it 
should be written in this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, 
or a research project, that should be designated in a 
separate note at the end of the text. Also, if the article 
was previously presented at any scientific meeting, the 
name, venue and time of the meeting should be stated, 

as well as the manner in which the paper had been pub-
lished (e.g. changed title or abstract).

CONFLICT OF INTEREST STATEMENT. The 
manuscript must be accompanied by a disclosure state-
ment from all authors declaring any potential interest 
or stating that the authors have no conflict of interest. 
Conflict of interest statement form must be signed by 
all authors and submitted with manuscript.

AUTHORSHIP. All individuals listed as au-
thors should be qualified for authorship. Every author 
should have participated sufficiently in writing the ar-
ticle in order to take responsibility for the whole article 
and results presented in the text..The authors should 
enclose the description of contribution to the article of 
every co-author individually (at the end of the manu-
script).

PLAGIARISM. All manuscripts have been sub-
mitted to Cross Check (software iThenticate) for pla-
giarism and auto-plagiarism control.

GENERAL GUIDELINES

Text of the paper should be typed in a word pro
cessing program Word, written in Latin, double-spa
ced, only in Times New Roman font size 12 points. All 
margins should be set at 25 mm, and the text should be 
typed with the left alignment and paragraph indentati
ons of 10 mm, without dividing the words.

The manuscript should be arranged as following: 
title page, abstract, key words, introduction, patients 
and methods/material and methods, results, discus
sion, conclusion, references, tables, figure legends and 
figures.

Each manuscript component (title page, etc.) be
gins on a separate page. All pages are numbered con
secutively beginning with the title page.

References in the text are designated with Arabic 
numerals in parentheses, and the order in which they 
appear in the text.

Manuscript volume. The complete manuscript, 
which includes title page, short abstract, text of the ar
ticle, literature, all figures and permisions for them and 
legends (tables, images, graphs, diagrams, drawings), 
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title page and abstract in English, can have the length 
up to 5000 words for original paper, report, paper on 
the history of medicine and literature overview, while 
for patient presentation, practice paper, educative ar
ticle it can be up to 3000 words, and other papers can 
be up to 1500 words.

The word count check in a document can be do
ne in Word processor program in submenu Tools Word 
Count or File Properties Statistics.

All measurements, except blood pressure, are re
ported in the System International (SI) and, if neces
sary, in conventional units (in parentheses). Generic 
names are used for drugs. Brand names may be inser
ted in parentheses. 

Title page. The title page contains the title, short 
title, full names of all the authors, names and full loca
tion of the department and institution where work was 
performed, acknowledgments, abbreviations used, and 
name of the corresponding author. The title of the ar
ticle is concise but informative, and it includes animal 
species if appropriate. A subtitle can be added if ne
cessary.

A short title of less than 50 spaces, for use as a 
running head, is included.

A brief acknowledgment of grants and other assi
stance, if any, is included.

A list of abbreviations used in the paper, if any, 
is included. List abbreviations alphabetically followed 
by an explanation of what they stand for. In general, 
the use of abbreviations is discouraged unless they are 
essential for improving the readabillity of the text.

The name, telephone number, fax number, and 
exact postal address of the author to whom commu
nications and reprints should be sent, are typed at the 
lower right corner of the title page.

Abstract page. An abstract of less than 400 words 
concisely states the objective, findings, and conclusion 
of the studies described in the manuscript. The abstract 
does not contain abbreviations, footnotes or referen
ces.

Below the abstract, 3 to 8 keywords or short phra
ses are provided for indexing purposes.

The structure of work. All headings are written 
in capital letters and bold.

Original work should have the following hea
dings: introduction, aim, methods, results, discussion, 
conclusion, references.

A case report include: introduction, case report, 
discussion, references.

Review of the literature include: an introduction, 
subheadings, conclusion, references.

Patients and methods/Material and methods. 
The selection of patients or experimental animals, in

cluding controls is described. Patients’ names and ho
spital numbers are not used.

Methods are described in sufficient detail to per
mit evaluation and duplication of the work by other 
investigators.

When reporting experiments on human subjects, 
it should be indicated whether the procedures follo
wed were in accordance with ethical standards of the 
Committee on human experimentation of the institu
tion in which they were done and in accordance with 
the Declaration of Helsinki. Hazardous procedures or 
chemicals, if used, are described in detail, including 
the safety precautions observed. When appropriate, a 
statement is included verifying that the care of labora
tory animals followed the accepted standards.

Statistical methods used, are outlined.
Results. Results are clear and concise, and inclu

de a minimum number of tables and figures necessary 
for proper presentation.

Discussion. An exhaustive review of literature is 
not necessary. The major findings should be discussed 
in relation to other published works. Attempts should 
be made to explain differences between results of the 
present study and those of the others. The hypothesis 
and speculative statements should be clearly identified. 
The discussion section should not be a restatement of 
results, and new results should not be introduced in the 
discussion.

References. References are identified in the text 
by Arabic numerals in parentheses. They are numbe
red consecutively in the order in which they appear in 
the text. Number of references should not exceed 30, 
except in the literature review, which is allowed to be 
to 50.

Avoid using abstracts as references and abstract 
older than two years are not cited.

References are cited by the so-called Vancouver 
rules, which are based on formats that use the Natio
nal Library of Medicine and Index Medicus. The fol
lowing are examples:

1. Article: (all authors are listed if there are six or 
fewer, otherwise only the first six are listed followed 
by “et al.“)

Spates ST, Mellette JR, Fitzpatrick J. Metasta
tic basal cell carcinoma. J Dermatol Surg. 2003; 
29(2): 650–652.
2. Book: 
Sherlock S. Disease of the liver and biliary sys-
tem. 8th ed. Oxford: Blackwell Sc Publ, 1989.
3. Chapter or article in a book:
Trier JJ. Celiac sprue. In: Sleisenger MH, For
dtran J5, eds. Gastro-intestinal disease. 4 th ed. 
Philadelphia: WB Saunders Co, 1989: 1134–52.
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Tables. Tables are typed on separate sheets with 
figure numbers (Arabic) and title above the table and 
explanatory notes, if any, below the table.

 Fi­gu­res and fi­gu­re le­gends. All illustrations 
(photographs, graphs, diagrams) are to be considered 
figures, and are numbered consecutively in the text 
and figure legend in Arabic numerals. The number 
of figures included is the least required to convey the 
message of the paper, and no figure duplicates the data 
presented in the tables or text. Letters, numerals and 
symbols must be clear, in proportion to each other, and 
large enough to be readable when reduced for publi
cation. Figures are submitted as near to their printed 
size as possible. Legends for figures should be given 
on separate pages.

If magnification is significant (photomicro
graphs), it is indicated by a calibration bar on the print, 
not by a magnification factor in the figure legend. The 
length of the bar is indicated on the figure or in the fi
gure legend.

Photographs of identifiable patients are accompa
nied by written permission from the patient.

For figures published previously, the original sou
rce is acknowledged, and written permission from the 
copyright holder to reproduce it is submitted.

Letters to the Editor. Both letters concerning 
and those not concerning the articles that have been 
published in SANAMED will be considered for publi
cation. They may contain one table or figure and up to 
five references.

Cover letter. The letter signed by all authors 
must be attached with the manuscript. The letter sho
uld consist of: the statement that the paper has not been 

published previously and that it is not submitted for 
publication to some other journal, the statement that 
the manuscript has been read and approved by all the 
authors who fulfill the authorship criteria. Furthermo
re, authors should attach copies of all permits: for re
production of previously published materials, for use 
of illustrations and for publication of information abo
ut publicly known persons or naming the people who 
contributed to the creation of the work.

Costs of paper preparation 

All authors of papers, have obligation, before 
they receive confirmation that the paper will be publis
hed in Sanamed, to pay part of expenses of printing, 
which is 2500 RSD for author, 1500 RSD for co-aut
hors, for each paper.

For paper author from abroad printing fees are 40 
Euro (in Dinar equivalent at the exchange rate on the 
day of payment), and 20 Euro for co-authors. Additio
nally will be charged each page with pictures in color, 
costing 30 Euro; black and white pictures will not be 
charged.

For any further instructions and information, con
tact Editorial Board.

Note. The paper which does not fulfill the condi
tions set in this instruction cannot be set to reviewers 
and will be returned to the authors for amendments 
and corrections. By following the instructions for wri
ting the papers for Medical Journal, the time needed 
for the process of publication of papers in the journal 
will be shortened, which will have positive impact on 
the quality and regularity of publication of volumes.
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